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Preface 

toTile U.S. Agency for International Development is comnmitted 

helping people in developing countries improve tile condition of 

this I)rocess, tile importance of prodUCtive, sujstainabletheir lives. In 
agriculture cannot be overestimated. The new methods of 

to susbiotechnology are important tools in addressing constraints 

tainable agricultural development. Involvement of the private sector 

should hasten the process of moving research results from scientists' 

lahoi atories to farmers' fields. 

A.I.D. sponsored the conference, Strengthening Collaboration in 

Biotechnology: International Agricultural Research and the Private 
Sector, in order to bring together those working in this field. Our 

a forum for discussing thepurpose was twofold: first, to tirovide 
latest applications of biotechnology to crop an( livestock improve

ment and their potential benefits to intenational research initiatives; 
provide the framework for exploring collaborativeand second, t(o 

research aiI commercial development of agricultural products. 

The results of the conference more than met our expectations. The 

high quality of the presentations and the frank exchange in the 

discussions set a precedent for future dialogues. The workshops and 

informal sessions provided opportunities for beginning to build 

linkages between the international agricultural research system and 

the private sector in applying biotechnology to the problems imi

peding agricultural development in the Third World. 

This publication of the conference proceedings includes the formal 

presentations, reports and recommendations from tile six con

ference workshops, and complete registration list. The enthusiastic 
efforts of ir(ividuals who participated in the conception, develop

ment, and organization of this conference are sincerely appreciated. 

I also want to thank all those whose partic'pation iade the con

ference a success. 

N. C. Brady 
Senior Assistant Administrator 

for Science and Technology 
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Strengthening Collaboration in Iiotechnology: 
International Agricultural Research and the P."vate 
Sector 

N.C. Blady 
Senior Assistant Administrator for Science and Technology 
U.S. Agency for International Development 
Washington, DC 

On beha F of the Agency for International Development, I want to 
welcome you to Liis International Biotechnology Conference, the 
first of its kind to be sponsored by A.I.D. Our mutual interest in 
both research and development as istance provides an excellent 
foundation for the discussions that will take place here during the 
next several cys. 

As representatives of the international development, rescarch, and 
private sector communities, we will: 

* 	 share our perspectives on the state-of-the-art in biotechnology 
and its applications in the Third World; 

" 	 speculate on future dpvelopments in this important emerging 
field; and 

* 	 begin a linkage process to ensure that developing couniries will 
benefit from biotechnological research as its applications con
tinu? to increase in number and variety. 

The Necessary Role of New Technology in Development 

The necessit" of new and improved technologies to support 
development assistance has been debated again and again during 
the last three decades. In the early years, development experts 
assumed that the necessary technologies existed in the industrial 
world and just needed to be transferred to newly ir:dependent 
developing countries. Research endeavors during i'nd after World 
War II produced technologies that were widely adopted in develop
ing countries. These included, for example, antibiotics, the 
smallpox vaccine, and malaria controls. 

Some of the medical '-eakthroughs have been extremely valuable, 
especially in countries where the physical and human channels 
exist to deliver effective, affordable drugs, vaccines, and other 
treatments. The evolution of contraceptive technology, which began 
in the 1960s, continues to generate a more responsible view of 
human reproduction, and has, in that process, given women much 
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more control over their reproductive potential. Family planning is 
now a widely accepted concept that will eventually have almost 
universal application in one form or another. 

In many cases, however, the desired results could not be ac
complished with existing technologies. Further research was 
needeo, at the very least, to adapt existing technologies to local 
conditions so that etfective application could be achieved. Nowhere 
was the need for research more evident than in agriculture, where 
rainfall, temperature, soil quality, and numerous other variables 
usually preclude direct transfer of even the rnot promising 
technologies. Only through research carried out in the countries 
themselves coul(J scientists generate or adapt the new technologies 
needed to overcome agricultural constraints, increase agricultural 
productivity, and move economic development forward. 

In the 1960 and early 1970s, die pressures of overpopulation and 
hungei precilitated in-country agricultural research that led to im
proved varieties and management packages. Subsequent adaptation 
made these new technologies effective in large areas of the 
developing world, particularly in Asia and Latin America. The 
resulting Green Revolution greatly increased wheat and rice pro
duction worldwide. 

For many of the world's people, Unfortunately, these scientific 
achievements have macie very little difference. The people who re
main virtually untouched by technological advances live in the 
least-hospitable, least-accessible rural areas of the developing world. 
Many of them have meager, undependable incomes and poor ac. 
cess to energy resources. Even where significant progress has taken 
place, more research is needed as population, and resulting 
pressure on the productive resource base, increases. For many poor 
people in the developing countries, the simple expectations of 
reasonably good health, sufficient food, and a predictable, depend
able income are still only a dream. 

Support of scientific research that yields more-suitable technologies 
is one way to give substance to those not-very-ambitioUs expecta
tions. As we break down the barriers to knowledge, and increase 
our ability to manage and sustain the natural environment, we 
come closer to solving the more tenacious problems that still 
plague the lives of so many people in the developing world. 

Biotechnology and Development Assistance 

Today, we are entering an era of unprecedented scientific potential 
in which biotechnology is already playing a major role. The new 
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tec,,nologies have opened new ways to attack problems and con
straints, and rsearch efforts are finding new applications daily. 
Unless we also address Third World problems in that effort, the 
already enormous chasm that exists between developed and 
developing countries will grow wider. Apart from basic 
humanitarian considerations, there are sound economic reasons for 
using these "state-of-the-art" approaches to solve LDC problems. 
LDCs have more to gain than developed countries in terms of over
coming diseases and insects, and soil toxicities. 

What A.I.D. is Doing 

Understanding the need and potential that exists, A.I.D. has begun 
a variety of programs to harness biotechnology to address develop
ment problems. In agriculture, researchers under one project are 
designing a better vaccine for rinderpest, an acute, highly con
tagious viral disease of ruminants. Another group is attempting to 
increase the efficiency of nitrogen-fixing organisms, and their pro
duction, distribution, and use in Third World settings. Other AID
supported scientists are helping developing countries establish 
capability in plant tissue-culture research to overcome toxic-soil 
constraints to increased crop production. 

Many of the international agricultural research centers (IARCs), to 
which A.I.D. Drovides core budget suppcrt, as well as several of 
A.I.D.'s Collaborative Research Support Programs (CRSPs) are using 
various biotechnological methods to speed the development and 
testing of plant varieties with tolerance to adverse soil, moisture, 
and temperature conditions. Our Science and Technology Initiative 
(STI) with India isemploying biotechnology in several joint research 
efforts. 

Clearly, we view biotechnology as an integral and valuable tool in 
our agricultural research arsenal-not as an isolated, esoteric 
endeavor. A.I.D. is in the business of dealing with real problems by 
identifying and developing real solutions. That focus is exemplified 
in our agricultural research endeavors, including use of the new 
technology. Molecular biology holds out a promise we cannot 
ignore. We know that if the products of biotechnological research 
are to become widely available in the developing countries, there 
needs to be movement from the scientist's laboratory and test plots 
to the fields of farmers in developing countries. We are seeking 
your collaboration in this effort through wide-ranging formal con
tacts and through informal contacts stimulated at a meeting such as 
this. We are hopeful that the collaborative approach which 
characterizes the U.S. private sector's relationship with U.S. univer
sities and other research institutions can be duplicated in the inter
national arena to the benefit of the developing countries. 
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Involvement of the Private Sector 

Thus, one of the Agency's major strategies to meet development 
goals is increased involvement of the private sector, both in this 
country and the developing world. U.S. private enterprise is already 
at the forefront of biotechnological research and commercialization. 
In addition to a large and capable scientific community, an ag
gressive and savvy business community has welcomed high-risk, 
high-potential ventures associated with research. In the 
biotechnology arena, the private sector has especially good poten
tial for active involvement as we move needed LDC technologies 
from government-funded basic research to private sector develop
ment of commercially viable applications. 

Issues Unique to Biotechnology 

The involvement of private firms and laboratories in research and 
technology applications has been valuable, and is increasing. But 
collaboration on research involving biotechnology presents difficult 
issues in developing countries, similar to those that have already 
surfaced in the Unied States. These issues must be resolved if the 
developing world is to have access to the benefits of this new 
agricultural research. In fact, a root cause of some of these prob
lems is the speed with which applied research in this field can pro
duce patentable products with a high market value. 

The issue that has become increasingly ;mportant in the United 
States, and soon will in the developing countries also, is one of 
health and safety to people and protection of he environment. 
While this iisue is still being debated in the popular press as well 
as in scient fic journals, we at A.I.D. mu5t exercise due caution and 
international responsibility for biotechnology applications we foster. 
A newly created Standing Committee on Biotechnology is responsi
ble for monitoring A.I.D. projects and activities in this domain. The 
committee's fo-mnal working group has identified three initial goals: 

1. 	to inventory ail A.I.D. projects that involve biotechnology 
research or products; 

2. 	to develop a review process for Agency biotechnology projects; 
and 

3. 	to educate appropriate A.I.D. staff about general biotechnology 
techniques and applications. 

We are also involved in the interagency councils founded 
specifically to address the special issues related to biotechnology. 
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Another issue is, of course, one that is commonly referred to as the 
"intellectual property rights" or "technology drain" issue. Here, I 
believe that a number of well-thought-out procedures can help to 
facilitate successful cooperation. 

First, I believe there needs to be a framework within which scien
tists can collaborate without concern about proprietary risk. Re
searchers in the private sectors and national research systems of in
dustrial and developing countries who work with counterparts in 
the international research centers must be assured that the fruits of 
their labors will not be improperly appropriated. Developing coun
try researchers, particul rly, are sensitive to the use of their "in
tellectual property" to profit the industiialized countries with little 
benefit to their own. 

Second, through positive, productive iateractions, developing coun
tries must be h ped to overcome their negative perceptions of the 
industrialized world private sector. 

Third, developing country scientists and governments must be 
assured that applications intended tor their specific adaptation and 
use can be safely tested and applied in their countries, some of 
which have a more fragile natural resource base than do the 
industrialized nations. 

To these end,,, gerieric questions about regulation, patent rights, 
biosafety, and so forth will be openly addressed in the final ses
sions of this conference. [lopefully, this will be the beginning of 
not only useful dialogue, but also fruitful cooperation among the 
groups represented here today. 

As collaboration increases, we expect that the scientific capacities 
of developing countries will be strengthened to work with recombi
nant DNA, cell fusion, and other bioprocessing techniques. The 
cadre of scientists thus trained will become the backbone of 
developing country efforts to meet the agricultural production 
challenges they face today. Human resource development in this 
emerging field will requilie very careful guidance. 

This ci nterence provides 1, very timely forum in which to explore 
the issues of biotechnology coop-ation and ways in which they 
can be resolved. You collectivel .present an ideal combination to 
do that and to identify areas of p( mtial. specific collaboration. 
Among you are scientists and research ;eaders from public and 
private institutions from both developed and developing countries; 
corporate leaders faced with major investment decisions on a day
to-day basis, and policymakers from governments and international 
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agencies responsible for deployment of public resources. Most im
portant, cutting across all the groups present, there is also con
siderable general experience in what makes development work. 

This, then, is a very special opportunity. I look forward to a "wrap
up" session on Thursday that distills your discussions and SUml
marizes your insights and r'commericlations. We all want to move 
ahead to harness these exciting new development tools that will 
help us reach the longstanding goals -to eradicate hunger, hasten 
economic development, and bring prosperity to people everywhere. 
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Conference Overview and Technology Integration 

Joel 1. Cohen 
Office of Agriculture 
Agency for International Development 
Washington, DC 

I Would like to extend my welcome to everyone here as well as my 
thanks to the Program and Steering Committee members who have 
hel)ed develop, guide an1d implement this Conference. Members of 
both committees, those due special thanks and a complete list of 
presenters is foLInLd immediately after the Prograim. 

Technology Integration 

Biotechnology encompasses ai array of techniques providing new 
abilities to man ipulate germplaSml. Wlile Much attention has fo
cused on potentiai achievements that biotechnology offers for 
transferring genes between organisms, relatively litt!e attention has 
focused ori institULional arrangements that enhance the integration 
of biotechn ology in aglichLtUrai rMearch. FUrposeful irntegrat ioL of 
biotechnology with conventional crop improvement programs, as 
opposed to this integration occurring on its own--or not occurring 
at all-increases ot-portLuriti e, to maximize efficiency of available 
funding, personnel, ad facilities while accelerating delivery 
cLltivars to farmers. 

As deta led by Dr. Brady, our inULtual goal is to identify, explore, 
and develop new linkages for collaborative research and/or com
mercial t):o(hict dewelopnent. While the Conference has focused 
om ret)resentative tech logies, it is not intended to dissociate these 
from traditional or coumlentinal approaches. Rather, to identify 
research ob'iectives that completely integrate cellular and molecular 
technologies with conventoral crop (Table 1) and livestock im
provement. The technologies which \. e have idenlified have been 
grouped into five se-sions, mcicLiding the following: plant cell and 
tissue culture, v<accine development, molecular technologies (in
cluding genetic engineering and restriction fragment length 
polyiiorphism), and immunodiagnostics. 
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Table 1. Potential applications of biotechnology for integration with con
ventional cultivar development. 

COMPONENTS OF CONVENTIONAL 

GERMPLASM-BASED TECHNOLOGIES 


1. 	 Geneic Resources 

A. 	 Acqujisit ior! :,ch ge 

B. Conservation 

C. Evaluation 
D. Germplasm Enhancement 

E. Wide Ilybridization 

11. Breeding 

A. 	Selection of Parental Germplasm 
1. Elite lines 
2. Adapted p)pulations 
3. Exotic materials 

B. Initial development cross (FI) 
C. Production & Selection of 

Segregating lines (F2-F3) 
D. Controlled inbreeding (F4-F7) 
E. Bulk increase of finishIed lines 

II.Testiig 

A. 	ObservationaIl Tri,,I and/or 
Preliminary Te!,tlng 

B. International trials 
C. Advanced testing in nationial 

coordinated trials 
D. Farmei's field trials 

IV. 	Distribution 

A. 	Bulk increasc 
B. Certification 

C. Quarantine 

CONVEN-TIONAL
TIMSANTIME SPAN 

1 year 

Ongoing 

2 seasons 
3-5 seasons 

2 years 

1 year 
2 seasons 

3-4 seasons 
2 seasons 

2 seasons 
2 seasons 

2 seasons 
2 seasons 

1-2 seasons 
I season 

I season 

POTENTIALBIOTECHNOLCGv
COTRIUTONSCONTRIBUTIONS 

In vitro (ulture, disea,,e index
ing and eradication, 
micropropagation 
In vitn) conseration, gene 
liblaries 
Molecular diagnosi(s, RFLPs 
Embryo res(tue, molecular 
diagnostics, selection in tissue 
culture, somacl oal variation, 
gene tramfer 
Ernbryo rea.ue, sor.aclonal 
variation, aither , ltu re, pro
toplast fusion 

Molecular diagnostics, tissue 
culture derived lines, gene 
transfer 

Somilonal variation, anther 
culture, molecular diagnostics 

Pathogen elimination, 
mi(ropropagation 

Molecular diagnostics 

Micropropagation 
Disease indoxing and 
eradication 
Disease indexing, molecular 
diagnostics, micropropagation 
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Biotechnology Integration at International Agricultural 
Research Centers 

The goal of biotechnology at the IARCs is to enhance the efficiency 
of estahbi:hed breeding programs and to devise new crop improve
nent strategies as quickly as possible. These centers ale assuming 
an important role in identifying appropriate biotechnology applica
tions in agric.ulture, training scientists from national programs, and 
transferring technologies to national programs so that their expertise 
does not lag I)ehind thlat of industrialized nations and the private 
sector.
 

IRRI isdeveloping it,[i(ed inolOgy program for rice through efforts r 
begun withil its Plant Pathology Dpaitment in 1981. Nov con
tained within the Innovative t3reeding Te(chnoiogies Unit (I13T)-in 
turn, a part of the Germnipasm EvaluIation and Utilization program-
IRRI's bioteclinology progra m is heavih, involved in anther culture 
research. The original olbjectives Of the ant her culture program were 
to estahlislh elfe(tive r,,geneoation and plating iethodologies and to 
determine 'hi rice varieties %,ere c l)<ale of regeneration. More 
recently, ,pe( iftu program,, have )een establlsed to stipptort con
ventio-al rice hreediig efforts, <1,,such rapid production of 
homozygoUs liie,, and increasing solection efficiency of desi rable 
traits.
 

The IMT1 nit involves a iilerdis, itlinary tean of five scientists. A 
plant plhys itogist heads the ant her culture effort. The I1T isalso in
volVed inlissue cultUI, wide hyhridization, and hyhrid rice. Ex
panded biotechnology progralns generate additional germplasm and 
lines which reluire hreediig, testing, and storage. To accomniodate 
this rinrtal, the 113T unit recently added a facility to house work
ing collections of rice Iines (erived from tissue culture. 

CIAT estlalished itsBi3oteclhology Research Unit (BRU)for work 
on cassava, ri e and beans in 1 985. The BRU emphasizes applied 
biotechnology and ,erves as a liaison betwveen CIAT breeders and 
institutions that Jevelr) technrioOgies Of itotential value for germ
plasm iniprovernti. Current res;earc dircas inclutie haplo d produc
tion inlric, ailt hearis, ern)ryo rescue ilrinterpecific bean crosses, 
,Ul1d (olilhborative researclh on gen' trainsler an(t r(Oniiinant DNA. 

ICRISAI- scienti Is within the egume pirogran elploy elbryo 
rescue to sustaii wide crosses. A unified biotechnology prograit is 
leing )roposed at ICRISAT that wOUlld include eribryo rescue, 
haploid production inpeainut and cereals, pollen transformation in 
sorghum and pearl millet, construction of a restriction fragnien, 
riiap for sorghum, and riolecular diagnostics. Such efforts will con
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tribute to conventional breeding efforts through identification and 
transfer of genes contributing to agronomic fitness. 

Collaborative potato research at CIP has extended capabilities in 
biotechnology to include genetic engineering, protoplast fusion, and 
anther culture. A synthetic gene which enhances nutritional value 
has been inserted and expressed. However, appropriate regulations 
will need to be established before these plants can be field tested. 
Protoplast fusion is facilitating the transfer of cytoplasmic male 
sterility. Anther culture research seeks to understand mechanisms 
responsible for obtaining dihaploids from diverse genetypes. 

Conference Structure 

Identification of integrated, collaborative research opportunities is 
not a function of technologies alone, but also the national and in
ternational context in which they will be developed, tested and 
utilized. Because of this fact, the Conference has been divided 
equally between technology-oriented and contextually-oriented ses
sions, each one listed in the Program section of your Conference 
notebook. To facilitate identification and discussion of collaborative 
opporturities, specific topics of conmon interest will he covered in 
each talk: 

1. 	First, each speaker will present the current "state-of-the-art' of 
their respective subject, whether that be a technology or contex
tual issue. 

2. 	Second, they will discuss anticipated problems and needs, and, 

3. Finally, present potential areas for joint collaboration, develop
ment, and/or commercialization, if appropriate. 

Each of the 13 plenary sessions is scheduled for 90 minutes with 
20-30 minutes reserved for discussion. Please hold your questions 
until the presenters have finished their talks, at which time the Ses
sion Chair will moderate the resultant discussion. 

Formal presentations are directly related to six workshops address
ing the following topics: vaccines, cell and tissue culture, molecular 
technologies, biosafety, genetic resources, and diagnostic tech
niques. The first three are on Tuesday afternoon from 1:30-3:30 and 
the final three on Thursday morning from 10:30-12:30. These 
workshops provide an opportunity to formalize key recommenda
tions concerning collaborative research initiatives. This is your op
portunity to enhance the meeting's value by presenting unique
perspectives not able to be included in the formal program. 
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The workshop discussions will register the interest in specific: 
technologies and their utility to scientists in developing countries. 
They will also indicate abilities and interests in commercialization 
and suggest strategies which ensure safe prod n(1 developmIlent and 
testing. Finallv, they offer each of us the chance to (onslider the ot)
portUl ities and concenis regarding relevant technologies and to use 
this information in providing guidance to our respective institutions. 

As this is an international forum, we want to particUlarly' encourage 
our distinguikhed international colleagues to use this Oplportunity to 
infonir the United States agri(ultural and developulent community 
as to their plerception and interests in (ollab()rative research. Of 
particular interest are yOUr l)ercel)tions concerning genetic 
resou rces, mutual henefit, Of patent protection, hiosafety, ability to 
support collaborative mid commeicial research, and national 
strategies in iote(lnology. These topics, and others, will be 
covered formally by repiesetitative from C11P, Mahidol University of 
Thai laud, CATIF, CI\T, IRRI, ILRAD, ICRISAT, CIMMYT, National 
Bureau For P Ant Genetic Resource, ()f hnltia amd ICARDA. 

On the domesti( side, we vould hoIle that the representatives froll 
agricultural bioteclhnology and ee(l conpanies, aldI Uli\ersities, 
will be willing anld interested in forming research partnIerships with 
scientists fron1 the international coMMUllity. 'o)r (.oldl(5"of pro
prietary rights, market assessment, i;rodLIct dev'elo0prrellt, adeqCuiate 
and safe testing arrangements should be brought to the forefront. 
These topics, as well as proprietary technologies, will [WXcovered 
formally by representatives from Pioneer 1Ji-Bred International, 
DNA Plant Technology Corporation, Molecular Genetics Inc., 
Biotechnica Canada, Rohm and H-Iaas, Agrigenetics Advanced 
Science Company, Monsanto, Agri-Diagnostics Associates, AgriTech 
Systems, and Crop Genetic, International. 

We look forvard to this slaring of perspectives as the first step in 
the long process reCuired to develop collaborative research which 
meets the combined needs of all partners. New Agendas in Col
laborative Research is tile foccus of Session 9. Examples of current 
oppoitcinities illustrative of these (oncepts are presented by Richard 
Baldwin and Clive James. Both the complexitles and opportunities 
available to donor organizations with iiterests in biotechnology will 
be explored ill Session 10 by Dr,,. Toenniessen and Jones of the RF 
& USAID, respectively. Special issues pertaining to Plant Genetic 
Resources will be discussed in Session 8 on Tuesday evening from 
7-8:30 P.M. 

I would encocirage you to take full advantage of our roLdtable 
seating arrallgenlet, coffee breaks, lunch periods and workshops to 
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meet presenters as soon as possible. Previous commitments and 
other responsibilities prevents many of our distinguished guests 
from attending the entire meeting. 

We do plait to develop the piesentations, worlsh1ol) dialogue, and 
conference recommendations into final published pro dings. We 

-hope to rove on this ASAP and will be counting on the cooperra 
tion of all of our speakers as well as tile recording services which 
we have employed for the conference. Please do not let the tape 
recordting inhibit your questions or discus'ion and speak up loudly 
so all can hear. 

Please note the re(eption on Wednresday evemnin g host( by Ad
ministrator Woods and FranL. Press, President of the National 
Academy of Sciences (N.A.S.) at the N.A.S. fioni 6-7:30. 
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The CGIAR Centers-Building Bridges of Collaboration
 
Through Biotechnology
 

Richard L. Sawyer 
Director General 
CIP 
Lima, Pe-ru 

Major shifts in agricultural research have taken place during the 
past 30 years. The impo.,ance of public and private sector institu
tions is changing rapidl, i the present time. This is partly due to 
the lirnitations of hifding fI')agriculturfl research from public 
funds, and partly (dut to opportunities seen by the pr vale sector for 
investments that offer a high potential profit. The nrc-ad to solve 
food problems in the developing \\,rld led to the enleigence ot a 
system of international agriculItu ral research (enters that is funded 
through, or associated with, the Consultative (iroutp for Interna
tional Agricltural Research. It has also le' dhe creation of pro
grains linking public sector institutions in inclustrialized countries to 
programs a Idressi ng the food roublems of the developing nation,;. 

The role of institutiown vailalle .Or sovling agricultural research 
problem , varies from country to country. Although the international 
agricultural research ceiiters were created to help developing 
nations, they also have a tremendous importance and payoff for the 
industrialized nations that fund them. Most developing countries 
are not yet ready for the major shifts in responsibility for 
agricultural research from the public to the private sector, which is 
taking place today in developed countrios. Creation and emergence 
of the new tools of biotechnology such as genetic engineering is 
providing a golden opI)ortUnity for making major progress in solv
ing problems of food, population and the environment. The oppor
tunities and the challenges are so great that a team approach is 
necessary which will utilize the comparative advantage of each of 
the research institutions. The challenges in biotechnology today 
should lead to a global approach to agricultural research involving 
both the public and private sectors in both developed and develop
ing nations. 

CGIAR System 

The Consultative Group for International Agriculturai Research 
(CGIAR) was fcundecl in 1971 with centers first funded in 1972. 
The system has grown quickly io encompass all of the major food 
crops of the developing world. ihe 13 centers of the CGIAR and 
associate centers were established over the past 30 years when 
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many changes were taking place across the developing world. 
There is considerable variation amongst the centers, with early 
centers coming off or foLIIdation drawing boards and later centers 
coming from various CGIAR approaches and the specific interests 
of groups of donors or a specific donor. 

The gains of sonic of the early centers led to the much-publicized 
Green Revolution and high expectations about what CGIAR centers 
could accomplish. The centers have some excellent capibilities for 
addressing a portion of the problems of food )rodLiction for the 
developing world and at the same time have a real value to the 
research programs of the developed world. The centers also have 
some serious limitations that must be recognized as their role in a 
global agricultural research structure is identified. 

For most of the international centers, the collection, classification, 
maintenance, and distribution of genetic material for the crops 
within their mandate is a major comparative advantage of value to 
agriculture in developed and developing countries for public and 
private institutions. Centers have the continuity and levels of 
funding to develop and maintain gerrmplasm banks in a way that 
few national programs can. 

Generally, food commodities can be collected, maintained, and ex
ploited most cost-effectively in their areas of origin. Many of the 
major food crops originated in developing country areas of the 
world where most of the international centers are located. 

ThE scope of center programs is restricted for a number of reasons. 
Each of the centers is staffed at ah;out the level of a major univer
sity department in the developed world. Thus, programs have been 
limited to the highest priorities. With :he many problems of food 
production across the developing world, a major portion of the 
research activities have had to be of a very practical nature. All of 
the major commodity-oriented CGIAR centers are located in 
developing countries where servicing and maintenance of the 
sophisticated equipment now available f)r biotechnology may be 
difficult. 

CIP Strategies 

For these and many other reasons, the success of the CGIAR system 
is dependent on the quality and quantity of collaborative bridges 
across the developed and developing world with both public and 
private sector institutions. Let me use CIP as an example of the 
kinds of collaborative bridges that most centers have in place today 
which are valuable for approaching modern biotechnology. 
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1. Regional Programs 

Most centers have global or major regictial mandates that require 
regionalization for working with n-;iorai programs, transfer of 
technology, and training. CIP has 8 ,cional headquarters around 
the world staffed with senior international scientists and adequate 
supporting staff who work closely with and support national pro
grams in the area with research, genetic materials, consultants, and 
training. 

2. Country Research Networks 

For many small countries, networking is the only way to provide 
up-to-date access to information, training, and research for priority 
problems. Some networks are for the sharing of information, others 
are an actual pooling of research capabilities and depend on each 
other for priority needs in research, training, and transfer of 
technology. CIP has five country research networks in place, 
bridges of research collaboration, some of them active for over 10 
years. 

3. Research Contracts and Collaborative Programs 

The problems across the developing world are many. Some coun
tries now are st-irting to build the institutions needed to solve food 
system problems, the kinds of institutions that made the tremendous 
gains in agriculture across North America and Europe and a few 
developing countries this past half century. To address the many 
problems and yet keep the international center programs limited to 
those areas of research for which they have a comparative advan
tage, most centers have established bridges with cells of expertise 
in institutions around the world. CIP has approximately 40 research 
contracts and a similar number of collaborative projects in place at 
any given time, and some of these contracts have been active for 
over 15 years. Thus, there is not only productivity but continuity. 

Let me mention briefly some of our bridges to public sector institu
tions. Of the 176 wild tuber-bearing species of potatoes, only 12 
have been utilized to any extent for the development of potato 
varieties around the world up until now. To help us exploit what is 
maintained in CIP's world pota'to collection for the future needs of 
mankind, we fund a number of research contracts in institutions in 
North America and Europe to help us identify and make available 
to breeding programs the resistances needed to pests, diseases, and 
environmental stresses across the world today where potatoes are 
grown. 
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Biotechnology plays an important role in all centers nmintaining 
germplasm collections for the development of improved varieties 
today or for future generations. What used to be annual multiplica
tions in the field with exposure to disease organisms now have 
become a routine in vitro maintenance in a disease-free environ
ment. Thus, the Lreeder can start off with relatively disease-free 
parental material, and the cost of maintaining collections can be 
reduced. 

An enzyme-linked imnlunosorbent assay, ELISA, has been in use at 
CIP for over 10 years. Through CIP collaboration, this sensitive 
rapid assay to aid in the elimination of potato viruses and some 
bacterial diseases is now in use in a number of developing 
countries. 

Potito spindle tuber viroid las been a serious problem or threat to 
many potato production areas around the world. CIP and USDA 
scientists at Beltsville, through collaboration, developed a nucleic 
acid spot hybridization test (NASH) to help eliminate the threat of 
spindle tuber viroid. The simple part of the process, the extraction 
of plant sap and spotting onto a test filter, is done in the field by 
national scientists, whereas the hybridization of the viroid with a 
radioactive nucleic acid probe is done at CIP headquarters. 

The ability to regenerate haploid plants from pollen grains is one of 
the success stories of plant tissue culture. In collaboration with the 
Italian Nuclear Research Agency, CIP has explored the reasons why 
in some potato genotypes it is easy to obtain dihaploids, while in 
others it seems impossible. So-called "tissue culture ability" has 
been observed under genetic control, and present data indicate that 
it might be possiblc to transfer this characteristic from one genotype 
to another. 

Potato protein has been improved through genetic engineering in 
collaboration with Louisiana State University. A synthetic gene that 
produces high-quality protein has been incorporated into the potato 
genome using agrobacterium as the gene vector. It has been 
demonstrated that the gene is transcribed and produces a cor
responding messenger RNA molecule which is then 'translated in 
the plant to produce the synthetic protein. 

In collaboration with the Weizman Institution in Israel, CIP is 
developing a potato protoplast fusion program to transfer nuclei of 
one genotype to the cytoplasm of another genotype. This technique 
has already proven useful with some species. Fusion of protoplasts 
between a male sterile and nonmale sterile potato linc should 
allow us to produce female lines for production of true seed with 
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male sterility, thus eliminating the need for emasculation of female 
plants. 

In collaboration with Rothamsted Experimencal Station in the 
United Kingdom, CIP is investigating the genetic stability of potato
plantlets propagated and regenerated through a wide range of in 
vitro methods to determine levels of somatic mutation in tissue 
culture material. 

In collaboration with the University of Wisconsin, CIP is develop
ing a new in vitro methodology oi thermotherapy and 
chemotherapy to clean plants already in an in vitro germplasm col
lection, but still contaminated with viruses. The results from 
Wisconsin indicate high efficiency. This new methodology would 
increase the amount of materi.il that can be treated for virus 
eradication. 

The implications of genetic engineering go far beyond the improve
ment of potato protein quality discussed earlier; it may help to im
prove resistance to several important pests and diseases. Through
additional collaborative links, CIP hopes to genetically engineer 
potato plants for resistance to viroid and virus infection, by insert
ing gene sequences that interfere with the replication of these 
organisms. There may be possibilities ir the future of engineering
resistance to bacterial diseases such as bacterial wilt and soft rot. 
Theoretically, the genetic engineering approach may permit produc
tion of plants with increased resistance to biological stresses 
without making major changes in existing agronomically acceptable 
characters. 

4. Bridges to the Private Sector 

With the rapid movement of fast-food industry into the developing
world, major food processors need local potato varieties that will 
grow well and provide the accepted standard of processed quality
in warm tropical areas. Otherwise, the fast-food industry has to de
pend on imported frozen products, that elevate the cost of the fast
food service and do not provide the income needed by the 
resource-poor farmers of the tropics. Through a collaborative ar
rangement with some major food processors, we are helping
develop potential varieties that will grow well ir, he warm tropics
and meet rigid quality standards of the fast-food industry. Ob
viously, this work is inclose collaboration with scientists in na
tional programs where the final testing is conducted arid varieties 
released. 
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Many of the farmers across the Third World have limited or no 
resources to control the pests and diseases encountered in food 
production. Genetic resistance and biological control are necessary 
low-cost methods of control which have to be explored and 
utilized wherever possible. All of the commodity-oriented centers 
give major attention to genetic resistance and biological control of 
the pests and diseases of their food crops. CIP has identified excel
lent biological controls for root knot nematodes. However, we are 
not in the business of producing, packaginp and marketing such 
products. We are in the business of making sure that such products 
are made available by the private sector at as low a cost as possi
ble to the developing country farmers. Thius, we have a collabora
tive arrangement with a multinational who is exploring the poten
tial of marketing some of these products, with CIP maintaining the 
necessary controls to ensure as low a cost as possible in the 
developing world. 

Through these bridges of collaboration, we become very diversified. 
But this is diversification that leads to strength, not weakness. These 
bridges have become the strength of CIP, and the strength and suc
cess of the CGIAR centers is dependent on such bridges across the 
system. 

Toward a Global System 

These bridges of collaboration are becoming invaluable for all of us 
involved in agricultural research as the new tools of biotechnology
become available. And the time is right for all of us to be thinking 
of a global approach to agricultural research. Through team 
approaches and networking into the private sector, major progress 
can be made that would be impossible for single institutions to 
accomplish in either the p,'hlic nr private sector. rhe centers can 
become the bridges from developed to developing countries so that 
the new tools of biotechnology do not pass by their needed 
application. 

Developed counti,' institutions in the public and private sectors 
have the kinds of facilities and staff for the evolvement of the tools 
of biotechnology, whereas the international centers have the kinds 
of staff and facilities and bridges for the practical application of the 
tools across the developing world. 
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Conclusion 

This overview indicates that biotechnology is already helping 
achieve institutional goals within the CGIAR centers and will con
tinue to play an important role. Two major issues will continue to 
dominate our thinking on the use of biotechnology: (1) Whih of 
the rapidly developing new approachs should be attempted and 
which might be fruitless? (2) How can we finance new approaches 
that often require large investments? Collaboration is the key to 
both issues. The effectiveness of collaborative research with other 
institutions has already been dremonstrated. These linkages with 
experts worldwide have been extremely i... ortant in helping us to 
pursue the most appropriate available experimental approaches; 
they will continue to be effective for CIP because they Involve insti
tutions that are already making the large financial commitments in 
personnel and equiIpment SO often necessary to make sulbstalntive 
hiotechnological progress. Through collaboration, centers can main
ta in a "window" on advances in biotechnology that might be 
useful in solving pira(tica l t)robl-ils for agriculture in developing 
countries. 

Although I have utilized potato and sweet potato examples, other 
centers are maintaining similar windows on jdvances in 
biotechnology that apply to their (:omrnodities. Collaborative 
research is essential if the potential now apparent through 
biotechnology is to be realized for helping solve the problems of 
food, nutrition, and environment in tile world. Through the bridges 
of collaboration in biotechnology, we (an help e':'1lish a global 
research approach to the major problems (onfroling agricuilture in 
a way that Litilizes conmparative advantages of each component. 

May this workshop on biotechnology he successful in forwarding a 
global approach to research through bridges of collaboration across 
the public and private sectors in the developed and developing 
world. May these bridges of collaboration in biotechnology lead to 
improved yields per unit area which we have long been seeking, 
but also may they lead to improved yields per unit input about 
which we have been concerned too little up until now. May these 
bridges of collaboration increase stability and sustainability to 
agriculture with environmentai enhancement and still increase net 
incomes to farmers with small landholdings across the developing 
world. 
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Research Collaboration and Technology Transfer: The 
Public aid Private Sectors in Developing Countries and 
the International Seed Companies 

Donald N. Duvick 
Senior Vice President, Research 
Pioneer Fli-Bred International Inc. 
Des Moines, Iowa 

Introduction 

Developing couitries of the world have as a primary goal the im
provement of their food-production capabilities. In general, they 
need economically and efficiently to increase production per unit of 
land as well as to expand the land areas suitable for agricultural 
production. All technologies and all agricultural systems that canl 
increase productivity per unit of input, therefore, are of interest -) 
developing countries. Biotechnology, hailed for the past ten year, 
as uniquely able to give large increases to agricultural productivity, 
is looked upon with particular interest. Biotechnology sometimes is 
viewed as a means to bypass, or traverse in shortened time, certain 
stages in agricultural development. Developing countries are 
concerned also that delay in adopting this newest aid to agricultural 
production might put them even further behind the industrial 
nations in agricultural pioduction capabilities. 

I will speak to these concerns from my position in agribusiness, an 
employee of an international seed company. I speak only for 
myself, but it is probable that my views in many points will 
coincide with those of international seed companies based in the 
industrial nations. 

A preliminary comment: international agribusinesses, the "trans
nationals," are distrusted by some sectors in the developing 
countries as likely to serve business needs for profits at the expense 
of the people needs of the developing countries. I will not take up
this argument in this forum, but will state simply that I do not think 
needs of the seed companies for profits are incompatible with their 
ahility to serve some of the true agricultural needs of the develop
ing countries. I will point out, in this discussion, areas in which 
mutually profitable collaborations could be effected. 

International seed companies planning to sell improved se'eds in 
developing countries will find that they have been preceded in 
most countries by national (public) breeding and seed-distribution 
organizations, as well as by the international (public) agricultural 
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research centers, CGIAR-supported organiz-itions like IRRI, 
CIMMYT, and ICRISAT. The commercial seed firms, if they are to 
play a useful role in these coUntries, therefore, must find ways to 
breed superior varieties or varieties for unfilled niches, and 
distribute these varieties in needed new ways or in better 
condition. 

()ne alse jjould rn,,o thai thhp )s::C2 ef hrpede'' riuht ; (plant 

variety protection) law,, inmost developing coUntries means that 
,,eed timls' activities in fhose countries usually will be restricted to 
research, procduction, and sale of hybrid crolYs such as maize, 
sorghum, and sunflower. Because self-tiollinated crops can be 
in(reased and sold hy anyone in the absence of legal prohibitions, 
investment of private funds to breed and sell sLCh crops will not 
provide acceptable return n investiieit. But the inbred parents of 

hybrid rtop, (can he prole(ted physically, and in effect give a kind 
tof inte'lle(tuia lpropeoy prtection (specifically, trade-secret protec

tion) to their owners. 

Complementary Strengths of the Public and Private Sectors 

Recogn izing areas of potential (mpetition, the private and public 
sectors then can proceedt to e\plore areas in which they comple
ment each ither. (Of (mirse, in many develo)ing countries tile 

need for improved varietie, is s()great and listribution channels are 
so undeveloped that there pr babl will OItbe r uch cormpetitior 
between private and puJl)lic sUeplyseed services for sonie tinie to 
come; prodLu(ts of both sectors will be ind2mniand, to the extent 
that they meet real needs.) 

The greatest strength of international seed coMitManies (ISCs) is in 

the application (technology transfer) stages of breeding and 
reearch: hybrid aid variety development arid testing, seed produc
lion, and distribution. 

The internationi-l agricLiturl rt,earch centers (IARCs) typically will 
have greater capability than ISCs in development of basic breeding 
stocks and inthe basic research needed to support applied 
breeding. IA-RCs have capabilities in hiotechnology research as 
well, although some ISCs also have large capability inthe new 
sciences that support biotechnology. The national agricultural 
research systems (NARS) vary greatly instrengths and capabilities. 
In general, they are strongest in variety development, but now they 
are interested also in increasing their capabilities in more basic 
types of research such as cell biology and molecular genetics. They 
often are greatly restricted in such efforts, however, because of lack 
of critical mass of skilled scientists per courtry, as well as by 
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reason of deficiencies in facilities and infrastructure able to support 
investigations requiring reliable operation of highly sophisticated 
equipment. 

One other patential player in (levelopnent of bio(techln.logy in 
service of agri(uIlture in the developing (ounLtri(,s is the class 
represented by indigen()uw private firms n11with interest ';.(h 
application. In general, such firms are few o, r not present at all, but 
in countries like India or Argentina, entrepreneriea plant 
biotechrnology-based (ornalnies (FPBC) are appearing, to fill niche 
needs with techniques from (ell biology, for example. Some of 
theseC(0l1Mnie(', (ev-ntUally may look for conne(lion with larger, 
more highly ( llpitaliie(l tzed , as they find ne( for capital to ex
pan(l their )usiness, r need tf(r Ibr )a(ter resear h amd development 
skills than they (an afford to utlpport. 

International seed firm, (in interac beneficially with members of 
each category in the deve hiin04 ou1ritis: oatioia research 
programs, indigenous plant-biote( hnology firms, ain( international 
agricultural research (enters. This discussion initially will deal with 
ways ISCs ind IARCs (an interact in complementary fashion, to the 
benefit of de veloping natioins. 

Collaboration Between International Agricultural Resealch Centers 
and International Seed Companies 

Collaboration between IARCs and ISCs can take place on three 
levels: research, technology transfer (i.e., commercialization), and 
joint policy development. 

Biotechnology research needs in developing countries are large. 
Developing countries recognize the problem and are attempting to 
build up their capabilities, but as noted earlier they are limited in 
what they can do, individually. IARCs, therefore, could add greatly 
to the store of biotechnology knowledge useful to developing 
countries by establishing strong, well-rounded IARC programs in 
basic studies of cellular and molecular biology of their mandated 
crops, the same crops the developing countries would want to 
research. 

To some extent, IARCs have already begun such programs. For 
example: CIMMYT has started work on restriction fragment length 
polymorphisms (RFLPs) for use in locating desirable quantitative 
trait loci in maize. CIAT has used meristen tip culture for develop
ment of an active in vitro g~rmplasm bank of cassava. IRRI is look
ing at somatic variability in rice tissue cultures with hope of select
ing salt- or cold-tolerant lines of rice. 
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But information available to me indicates that by and large the 
IARC biotechnology projects are applied rather than basic in nature 
and involve very little molecular genetics, being more oriented 
toward the kinds of cell and tissue culture work that can give 
immediately useful products. Much needs to be d]one in molecular 
genetics of the major food crops, whether for the developing or the 
developed world. Genetic transformation, transfer of functioning 
genes from one organism to another via steps involving DNA 
technology, will not yet work in any major food crop species 
except rice. Few agronomically important plant genes have yet 
been identified and cloned for use in transformation once the 
technology is workable in impolant food crops. Systems for gene 
regulation in the major food crops are largely unknown, molec
ularly. These problems urgently need solution; the bank of 
knowledge about the niolecuilar biology of the major food crops in 
developing countrie , needs major additions of scientific capital. 

The IARCs could be world-class centers of expertise and informa
tion exchange for the molecular biology of the developing world's 
major food crops and , such could help the developing countries 
to reach parity with the rest of the world in this field of basic plant 
science. They might develop such expertise in the science and 
become vital information transfer centers by collaborating 
scientifically with world-renowned biotechnology institutes in the 
developing countries such as mie Max Planck Institute at Cologne 
(Federal Republic of Germany) or the USDA Plant Gene Expression 
Center at Albany, California. Having deve!oped and shared such 
knowledge, IARCs then could work with applied plant breeding 
organizations (in addition to their own) to transform that basic 
knowledge into useful plant breeding products; they could be 
partners in the transfer of technology. The ISCs would be willing 
collaborators in such transfer. 

(Of course, technology transfer from !/ANRCs to the farmers of 
developing countries should be not only via ISCs. IARC technology 
should be transferred also through the national research programs 
and the indigenous seed and/or biotechnology companies. Each 
class of recipient: NARS, EPBC, and ISC will have its own 
technology needs in addition to the needs all have in common; 
consideration of the differing needs, the differing constraints to 
technology transfer, will stimulate research at the IARCs in ways 
that could benefit all recipients in the long run.) 

One of the best ways to transfer biotechnological knowledge to 
practical plant breeding and variety development is to form teams 
of biotechnologists and plant breeders. For example, a team might 
be formed to use RFLP technology to identify valuable quantitative 
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trait loci in elite maize germplasm and then use that knowledge to 
breed better inbred lines of maize; or, a team could be formed to 
identify, with molecular means, important genes for disease 
resistance and then move them via genetic transformation 
technology into important crop varieties. Breeders and 
biotechnologists both would bring essential knowledge and skills to 
the work and would learn from each other is well, such that 
helpful suggestions could be made reciprocally and usefully. 

IARCs and ISCs (()u d (woIaI)( rate to form SLCh teams (as could also 
IARCs and NARS or IARCs and EPI3Cs) with useful commercial 
products, inbred lines and hybrids, the eventual result of such 
collaboration. But at this point a problem may develop-that of 
ownership of any resulting inbreds and hybrids, biotechnological 
processes, or molecllar products such as cloned genes. It will be
important for ISCs and IARCs to know what rights accrue to each 
collaborator in regard to products of joint research. For example, in 
the absence of assurance of exclusive licenses, ISCs could be reluc
tant to join in such collaborative research and technology transfer. 
This matter (intellectual pr(peri,,, protection) is of equal importance 
to NARS and EBCs in the developing countries, as will be pointed 
out later in this essay. 

Intellectual Property Protection anJ International Seed Companies 

The nature of the private seed business requires that companies 
own or can license, uniquely, their stock in trade (their inbreds, 
hybrids and/or varieties) and, whenever possible, the processes, 
genes or plant parts that make their lines unique and hopefully
superior to the competition. In the industrial countries with a highly 
developed private seed business, a hody of laws and custms has 
evolved, and is still in active evolution, to allow investment in 
research and development of improved varieties to be repaid
through sales of products protected with some combination of 
proprietary rights. Breeders' rights laws (Eurcpean term) or plant
variety protection laws (U.S. term) spell out terms of ownership for 
virieties and inbred lines; in the United States, recent rulings 
additionally have said that U.S. utility patent laws can be applied to 
plait varieties and inbreds, and also to hybrids, genes, plant parts,
and processes connected with plant breeding. 

But in most of the developing countries, breeders' rights protection
is not available, and in fact its establishment often has been resisted 
as giving unfair and unwanted advantage to the transnationals, the 
international seed companies. Further, evaluation of infrastructure 
and social customs of many of the developing countries leaves 
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doubt as to whether effective administration of breeders' rights laws 
could be accomplished at the present time. Patent laws in some 
developing countries might be interpreted as allowing intellectual 
property rights over such things as processes or products of 
biotechnology applied to plant breeding, but to my knowledge, in
vestigation of such potentials is haldly started. 

TIhu,, a prerequisite for significant amounts of (ommnelcial col
laboration between IARCs and ISCs taid, as well, with NARS and 
EPBCs) is development and implementation, country by countt of 
policy on intellectual property rights for plant germplasni and for 
processes connected with its manipulation. Further, in today's 
global economy, an international harmonization of such policy is a 
critical need. This will not be an easy matter, in fact, it will be an 
extremely difficult series of )rol)lenis. 

Even in the inridustrial countries, strong rlifferences ot opinion are 
developing, particularly over the question of ownership of breeding 
rights of released varieties and hybrids. Breeders' rights laws allow 
free use of released protected materials for breeding, continuing a 
custom as old as plant breeding. BLt the U.S. patent law has been 
interpreted by some to say that varieties, inbreds, and hybrids 
patented with the U.S. utility )atent cannot he used (without the 
)atent owner's permission) for breeding new commercial products 
during the life of the patent, although they can be used freely for 
experimentation, with the goal of learning how to make patentable 
improvements on the original patenlte(l product or process (the
"experimental use" doctrine). 

In general, seed (ompanies withouLt direct access to biotechnology 
as an aid to plant breeding advocate use of only one type of variety 
protection, the breeders' rights type, saying that this will guarantee 
free access to release protected materials for breeding. In contrast, 
seed companies with access to bioteclnology (in-house or through 
their pmrent company) generally favor dual protection: breeders' 
tights and also the utility patent, saying that either or both methods 
might be used as appropriate to stimulate progres's in plant 
breeding. 

Members of the first group fear that without completely free access 
to released varieties and hybrids for breeding, the useful gernplasm 
base wottld he dangerously restricted. Those of the second group 
say that genetic diversity actually would he increased in a 
beneficial way by wide-scale utilization of utility patents since each 
commercial organization would be stimulated to develop its own 
unique elite breeding populations (as is already done for develop
ment of proprietary inbred lines in the hybrid crops: maize, 

26 



sorghum, and sunflower). They say also that cross-licensing would 
allow a structured intercharge of patented breeding materials as 
needed, so to some extent there Would continue to be one large 
breeding pool per crop as is true today for crop such as soyl)eans 
or wheat. (However, the pooi would have a broader base of elite 
materials due to greater diversity ,mong the numerous unique 
private germplasm pools.) 

It is clear that if there is as yet no agreement on ownership ques
tions in the industrial coUntries with a history of experience in such 
matters, the matter i_ even farther from settlement in developing 
COLintfrieS. btt this is good reason for IARCs to concern themselves 
with the matter at this time. As parties with interests of the develop
ing countries at heart, but also able to look objectively at the 
possible advantages of involving indUstry to tlhe blenefit of the 
developing countries, IARCs might provide a u',eful forum and 
some ot the needed expertise for discussionl ot the matter, with a 
goal of helping to provide perspective and knowledge to those 
responsible for national decisions on application of intellectual pro
perty rights to plant gernplasni. 

Thus, research, conmercialization, and policy developmerit involv
ing collaboration between IARCs arid ISCs in matters of 
biotechnology anid seeds requires (1) involvement of the IARCs in 
basic reseach in cellular and molecular biology, with possible joint 
research with ISC bioteclnologists, and (2) foniation of 
biotechnologist/breeder tearis, comlposed of individuals from IARCs 
and ISCs, to effect technology transfer to the fairn (commercializa
tiori). But, because any involvement with ISCs will need clear 
understanding about ownership of resulting commercially valuable 
products and processes, IARC/ISC collaboration also will require (3) 
efforts to assist developing countries, as asked, to devise workable 
policies for intellectual property protection of germplasm products 
and processes, policies with the best possible long-term benefit to 
the developing countries. 

Arid, to repeat, commercialization of biotechnology-,upported plant 
breeding to the benefit of developing countries requires that NARS 
and EPBCs also be involved, not only bilaterally with the IARCs, 
but also with the ISCs and with each other. In some instances, 
trilateral or quadrilateral relationships among the four groups will 
be useful. Such commercial interrelationships adjusted appropriately 
for each country, although seemingly complicated in concept and 
perhaps in execution, will in the long run give the most stability to 
agricultural development of the developing countries. And since 
commercial relationships require definition of property rights, it is 
obvious that matters of intellectual property protection applied to 
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plant varieties and hybrids, genes, processes, and plant parts are 
important to all sectors: IARCs, NARS, EPBCs, and ISCs. 

Collaboration Between National Research Programs and 
International Seed Companies 

ISCs aIo might col laborate with NARS ini matters of biolechnology 
related to plant breeding. Some ISCs have considerable expertise it, 
cell and molec bio!ogy related to the products or crops they 
sell or plan to commercialize in some way. 3ut also, during the 
past 10 ye:,,s ;i the United States, numeroUs industry-uiiversity col
laborations inbiotechnology reseaM1 have been crafted to allow 
the ()mpaiies to extend their (,ipibilities iribiotechnology and its 
appli(ation to agriculture, andI OW theirthle tiversities expand 
funding base for research. 

lypic(ally, a company will filn( a tesearcher or lalbortry for a 
mutually agreed--uporn ara o(tcar(h a limited nimber ofreOf for 
years. A pattern has eiierged iiilwhich interests, oI both parties are 
protected-that of the Oniversiti(s tor freedom in research arid 
publication, arrd that of the ((iomranies for ability to Commercialize 
resuIlting research I)rodoRt, (r i)l()W',Ws, with irotection provided, 
ifneeded, by patents. 

Ingeneral, indlustry researchi grait t( tie uiversities stipulate that 
nlb universities will have first right!s to apply for patents oil 
prodhJcts of that research, and the gruritor, the rmpariy, has first 
rights to licenses on the patenltd items. Liennse fees paid to the 
university are negotiated to the sItkftm on rf both parties. Publica
tion is possible once patent applicatiori. have been made on 
discoveries deemed patent,able. 

Perhaps such arrangeieri!, suital)v nrodifieh, alst) muld be riade 
between ISCs and NARS. As noted ealier, paent protectiorn for 
Products and pirocessc1 (uIIbiote(hnology would ricedi to he 
available; bUt, I believe that insoiie developing (,urtrie,, existing 
patent law riay allow such protection. Ilowever, ven it such pro
tection is possible, its extension to varieties and hybrids containing 
patented genes or processes may not le permitted. So again, it is 
probable that broadening the scope Of irtellectuial property protec
tiori applied to plants will be necessary before very rilich 
indLustry/national resear(h collaboratin in bioet(.hology can be in
stituted in the developing COLntries. 

Industry also occasionally makes unrestricted reseatch grants for 
quite basic types of plant research. SLc grants typically are made 
to laboratories doing pioneering research that can advace the 
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entire scientific field. Since individual developing coLintries rarely 
are able financially to buid iup their laboratories to world leader 
class, they may find it difficult to attract grants of this category. 
However, they may be able to secure unrestricted training grants, 
occasionally supplied by industry for individual researchers, in 
order to improve their human reourC(e capa. its' in advanced 
biological research. 

Trade secrets are useCI by inu(LIstry to protect technologies and/or 
other proprietary l)rodL(ts. Sometimrne., as partners or through a 
joint venture, two firms %\illshare knowledge or jointly use trade 
secrets. Conceivably, suLh arrangenents also could be made 
between ISCs and NARS. In Eastern Europe, ISCs and rational or 
regional research institutes have mlade eXclusive agreelents of such 
a nature. For example, an institLute can use an ISC's )k)prietaly 
maize inbreds for prodti(Ction and sale of hybrid seed, with ap
propriate financial arrangellents for both parties. Such agreements
require a high degree of personal trust in addition to legal 
safeguards. They also require that the research iristilrites operate as 
cluasi businesses, often in commercial competition with other 
institutes in the Sanre CouItry. Clearly, research centers in tile 
national programs of developing countries \Vould need to rethink 
their role and mission if they were to erter into similar partnerships 
or joint .erture agreenlents with ISCs. 

But, since in Some cases nationally sponsored and/or subsidized 
researcO and development companies, fully commercial in intent, 
have been set up in developing countries, it may not take too great 
a stretch of imagination to see some of them in partnership with an 
ISC. The prime goal would need to be expeditious delivery of 
agricultural technology (in this case seeds or biotechnology, in sup
port of seed breeding, production, and sales) to those in need of 
that technology. The developing nations would need safeguards to 
protect their economic and technological independence. The ISCs 
would need safeguards to ensure that their investments would not 
be unreasonably confiscated or rendered worthless by other means. 

To review: collaboration between NARS arid ISCs, more or less like 
that between IARCs and ISCs, could involve (1) collaboration at the 
research level (perhaps through research grants), (2) collaboration at 
the commercialization level (perhaps through partnerships or joint 
venture arrangements), arid also would require (3) policy develop
ment in regard to intellectual property protection. 
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The Need for IARCs to Serve All Clients Impartially 

One might, with a large stretch of imagination, also picture a trade 
secret-based IARC/ISC commercial partnership to effect technology 
transfer in seeds, including that from biotechnology. But this would 
seem to be very difficult to do without destroying the IARC's status 
as an impartial assistant or partner to the national programs of its 
client nations, and as an unbiased respondent with EPBCs and ISCs. 

In general, the most uncomplicated and yet most productive way 
for IARCs to aid in technology transfer at the applied level is the 
method they already employ-to release elite breeding materials 
(produced with or without aid of biotechnology) to all qualified 
organizations and individuals. Such material can be at all levels of 
selection, from improved populations and F2s on through several 
generations of selfing and selection. In those crops that can be 
grown as hybrids such as maize, sorghum, and sunflower, finished 
inbred lines could be released also, along with information as to 
their best heterotic combinations. 

Once again, the question of ownership can arise, even with this 
practice of unrestricted release. In order to ensure that the general 
pubiic has equal and unrestricted access to such materials, it would 
be well for IARCs to publicly disclose the origin and characteristics 
of each release in such a way as to preclude any unauthorized 
claims to them. An alternative is for IARCs themselves to obtain 
plant variety protection certificates or patents on the finished 
materials in countries where such is possible, following which 
unrestricted use of the protected lines is granted by the IARCs. 
However, this seems to me to be excessively burdensome; it 
generally cannot be done in those countries of most concern to 
IARCs and, at any rate, I doubt if it would be more effective than 
simple public disclosure, to ensure free and equal availability of 
materials. 

Collaboration Between Indigenous Plant Biotechnology Companies 
and International Seed Companies 

I mentioned earlier the possibility that indigenous entrepreneuring 
plant biotechnology companies sometimes might welcome arrange
ments with ISCs. In the United States, large agrichemical firms and, 
to a lesser extent, independent seed firms have made arrangements 
with entrepreneurial plant biotechnology companies. Types of 
association vary. They include research contracts, licensing 
agreements, equity investments, and joint ventures. Such ar
rangements might be feasible in developing countries, depending 
on local possibilities for foreign investment and control, and (as 
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usual) on local possibilities for intellectual property protection. In
digenous plant biotechnology firms could offer knowledge of the 
territory, local customs, and the intricacics of government 
bureaucracy, in addition to their specialized scientific knowledge 
and trained personnel. ISCs could contribute capital, a broader 
marketing potential, and a broader research base. 

The Bases for Commercialization 

Looking at all the possible commercial interactions among ISCs, 
IARCs, NARS and indigenous EPBCs, it seems to me one needs 
always to keep two salient points in mind: 1) developing countries 
need access to a solid base of basic plant science (including 
cellular and molecular biology) centered on their important food 
crops as grown in their local environments; and 2) developing 
countries need technology transfer from basic and applied plant 
science to the farm, via plant breeding, seed multiplication, and 
sales. This conference is exploring ways in which public and 
private institutions can collaborate to provide the science and ex
pedite the technology transfer. I have listed some ways in which it 
might be done, with particular reference to the international seed 
companies. 

Two Caveats, and Concluding Remarks 

I think, however, that we must remember that influential in
dividuals and organizations, networked in a worldwide coalition for 
social action, believe that for international seed companies, 
"transnationals," to have any part in the seed business of develop
ing countries will be harmful to the people and the economies of 
those countries. Biotechnology in the hands of the ISCs is regarded 
as undesirable also.' And finally, any connection between IARCs 
and ISCs is looked upon with suspicion.2 This is not the forum to 
review in detail the coalition's arguments nor to comment on them, 
but it is imperative that their criticisms and suggestions be kept 

"'For almost a decade now, ICDA has been drawing attention to the ddngerous 
narrowing of our food base and the impact of the increasingly monopolistic control 
of genetic resources in the hands of a few transnational corporations .... 
Biotechnology could be a powerful force for change in agricultural production. But it 
also could be the means by which monopolistic control over agriculture is increas
ed." In New Hope or False Promise? i :.)technology and Third World Agriculture, by 
Henk Hobbelink, p. 6. The International Coalition for Development Action, April 
1987. 

2"...use of the IARC system might yet prove to be one of the few mechanisms that 
could reverse the privatization of biotechnology and challenge the direction of cur
rent research. . . . In the case of the Green Revolution, the TNCs acted "merely" as 
suppliers of the inputs for seeds that the IARCs had developed; for the biorevolution, 
the TNCs are direct competitors of the IARCs in bringing the technology to the 
farmers' fields." Ibid. p. 54. 
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clearly in mind during all considerations of technology transfer via 
commercial activities. The goal of The Internationa! Coalition for 
Development Action and allied individuals and organizations is the 
same as that of those assembled in this forum: to advance the 
agricultural capacity of developing nationis to the benefit of all of 
their people. Differences of opinion as to how best to reach that 
goal should not be an excuse for fruitless disputation, but rather 
should be a basis for re-examination of poposed options, looking 
for previously Unrecognized strengths or weaknesses, following 
which plans can be modified as needed and then put into action. 

A second caveat also must be stated: biotechnology applied to 
plant breeding and other facets of agricul!ure will not bring about 
startling rapid advances in productivity on the farm nor windfall 
profits to agribusinesses. The sUperbly ,Hu((e ,sful new sciences that 
are the basis for biotechnology will be inv\alual)le aids to plant 
breeding and all successful plant breeders will use biotechnology as 
one of their importanL tools in the future, but its contributions will 
be evolutionary, not revo!ltionary, in nature. 

The prediction is at variance with most of the public expectations 
for biotechnology, but many of its practitioners are inagreement 
with it. An important consequence of such knowledge is that plan
ners in the developing countries should not place unwarranted 
reliance on biotechnology as a shortcut, as a way to bypass the 
slow, hard, and persistent work of standard plant breeding, seed 
multiplication, and distribution, integrated with improv2d 
agronomic practices. All of these processes still are needed to 
deliver the products of seed technology to the people of the 
developing nations. 

But the plan-ners' task, the task of those in charge of planning and 
implementing food strategies ',,-develupi,q notions, is tc be sure 
that biotechnology is properly enCouraged and smoothly integrated 
into plant breeding for the developing countries and that broadly
based systems of technology transfer, utilizing all appropriate in
stitutions, are instituted promptly and efficaciously. International 
seed companies eventually may play a useful and significant role in 
this process as they interact, scientifically and commercially, with 
public and private institutions in the developing world. 
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Introduction: Impfications of Biotechnology for Development 

Biotechnology makes many promises for the future. rhese promises 
carry deep irnplications, not only concerning economic benefits for 
those who own the technology, but also concerning the livelihood 
and development of people who will be affected by the new prod
ucts and processes. For the developing world, biotechnology offers 
both threats and opportunities.' 2 The threats are posed by, armong 
other things, substitution of new products for the traditional ones 
which have been the sources of income for the developing coun
tries. An example is the effect on the sugar industry, on which 
many developing countries dept-nd for export income, of the new 
sweeteners produced by biotechnology.4 The opportunities are of
fered by the fact that many developing countries are situated in the 
tropical belt rich in resources from which biotechnology could 
potentially provide value-added products. These opoortunities can 
become realized once developing countries increase their capability 
in the technology.' Good policies and strategies for development 
and utilization of biotechnology can therefore have a very signifi
cant impact on the future of a developing country. 

Opportunities and Needs 

Thailand and other southeast Asian countries, constituting the 
Association of Southeast Asian Nations (ASEAN), are middle-stage 
developing countries with moderate to fast growth. The ASEAN 
region covers a land area of about three million sq. km., and has a 
total population of 309 million, with an annual growth rate of 
about 2%. The total GNP (1986) was U.S. $205 billion, and the 
average GNP per capita was about $675. The general 
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socioeconomic status of the ASEAN countries is given in Table 1." 
For over two decades now, the ASEAN ,ou'Ltries generally enjoyed 
a good SOCiu',no-ic development record ,nd,although still 
relatively weak compared with the developed countries, are poised 
to become important members of the Pacific Rim inthe year 2000 
and beyond. 

Table 1. Basic Secioeconomic Data of ASEAN Countries, 1986-7. 

Philip-

Country Brunei Indo1e,i. %UIatysa pine,, Singapore hivi and 

AREA, 1000 ,rq.ki. 5.8 1,919 129.1 300.4 2.6 514 

POPULATION 

Size (million), 1987 0.2 174.9 16.1 61.5 0.6 53.6 

Average Annual 
Growth, 1979-86 2.6 2.1 2.4 2.8 1.1 2.1 

Projected Year 2000 0.3 219.8 20.2 85.5 2.9 65.5 

Death Rate per 1000 4 10 7 7 5 8 

Birth Rate per 1000 30 31 31 35 17 29 

Life Expectancy 62 58 67 65 71 63 

ECONOMIC DATA 

Workforce imillion) 0.1 63.8 5.6 20.9 1.2 27.9 

GNP/GD' at market 
prices US$ ),1986 3.42 86.47 26.34 30.13 17.97 40.18 

Peal GNP/GDP 
".Growth, 1986 -10 3.2 2.1 1.5 -1.8 3.4 

Average real 
growth (1982-6) -4.8 3.5 3.2 -1.1 7.1 4.1 

Per Capita 
GNP (USS 15,556 530 1,636 515 6,431 612 

The ASEAN region is rich in natural resources, being the only 
region in the world which is both a net exporter of food (from 
Thailand) and of energy (from Brunei, Indonesia and Malaysia). 
Agriculture plays a very important role in the ASEAN economy, and 
will continue to be important despite recent trends towards indus
trilization. The advent of new biotechnology will likely enhance 
the role of agriculture, and help in its linkage vith industries, 
especially those concerning food processing. This has substantial 
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implications. not only for ASEAN countries thienlselves, hut also)for 

in jCoint te(linologyindustrially developed (ounItries ven ture and 


transfer for local )rO(dl(ti)nn Coth fotn ASFAN aid worlId market,,.
 

Ctfil I Ce-s)lir (",, 

tunitieS illdhVe'lOI)tl1eC4t Ofl I1iotetilC)gv illthe ASEAN legion are 
Apart .roni the aldVal gt,age aC tht' ilin op)IOr

' 

offeredl by a relaitive\ l(w-( ,t,-killhd o erniikkilled manp)wer 

hase. A few exa pIe ri (,Ill0 Thailanlid illustrate this po)int. Plant 

tissue C1LtuILre tc(.hnology i) T1hailanl 1as thOUrished (oniniertially. 
,Another exaniple iskthe renarkabll success CI ao(ua(lture 

avanitage aCIS,),xists tor ',L)(lit,,chniology. I lhai lani ,Oill,arati ve 
)f 11(1(JoV,[Strealll t,(ehnihj)gie, as IMrC(L ol OiCCt .lniliCl)ai6 l i anti

,

biotics by termniiitatioCn tC)Cesse,. Ihowever, la( k )thighly C1Ualified 

rnia.po(,er Still t (reCludh'sthe e\l itationi C)tsLCuhlargely ) 
technologie" as ge;letio eigineerinig COrhihridoma te(hnology il the 

productio(i se(tor at ti.ista4e, alth()ugh Cilnl Civersities,arn( 

research i',titt ,are ni,\%uj,,ing them ftoretar.h p)Urllo-,e,,. 

The neel, CC dlevelCl)oient oCfhiotechnology in Thailand Cnd other 

ASEAN c(OCitlri(, arie trMI th( g(neral decline and lIuntuatiols ili 
the p rod to lower thecommodity iries. Thee trend, torte i(ers 

cost of prodLc tion, to Cliversi'fy anI to iM rease the valILie-adde( 

portion of tProdo(ct., allofI whi I require new atiproacli es thlrough 

biotechnology. For e\ample, in ordler to red uo:e the cost of rit)ieC 

production, there is a need topre(lict the lCotential yield of rULlIer 

at the yOlnrg t)lait stage, through tZllZyie typ[iilg or otller tech-

Ci ques, s<othat lii gll-vield varieties Clllie chOseCi for planting 

whiCh will reqtuire soCme five years tC)rach litproliction stage. 
the short terrii by focusinriiCrop diversification cal ie achieved inl 

on import sulstitULIes, for which technologies are well estahlished. 

IliThailand, for e.anlple, the rapidly increasing deiarid for potato 

seeds call he iiet ICy plait tissue cuCllture for production of mini- or 

niicrotubers. lithe longer term, however,strategies for promotion 

of tropical fruits, medicinal herbs and other plants for which the 

ASEAN region is fariious will Lring a higher return, not only from 

the local, but also from export markets. The tec'irologies for these 

plants are not well developed at present, and there is a need for
 

Thailanc and other ASEAN countries to collaborate with more
 

developed countries in research efforts. The need for indigenous
 

technology development is very well demonstrated here, because 

otherwise the result could well le crop diversification for the 

developed countries, with adverse effect on the developing ASEAN 

countries. Ii the longer terri still,lesser-known plants of potential 

use in agriculture7 can lie explored, although there are many
 

hurdles to le oveicome in introducing new crops to the market.
 

Cassava starch provides a good exaaiple whereby various value

added technologies, mostly well established in the developed
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countries, such as enzyme technology, carhohydfiale modification 
technology, an(] fermentation tt-ch nology., car he utilized tolnlowing
successful technology transfer. In other areas, joint research and 
development are needed, as for conversion of pal i oil to more 
valuable products through transeterificatio n aind other IrO(edures. 

Status and Impact of Biotechnology in Thailand 

The iniportaice of 'iotchnirolog to lhailand has leen realized for 
over a decade now. The status ind impact of theSe technologies 

lhas heen the suhect of s-,everaa,inal'se-. ' 0 \lthough the ill
frastructure for hi)technology ru1-hailarnd is relatively -trong ri 
comparisor with other developing, countrie,, it ,till ha; a very small 
number of qualified Scienti,,ts il this s)e(ifi( area. -1llailand has 
some 60,000 s ienti ss aid engin eer-, at degree level, or II er 
10,000 )OI)Lpatiri, l.Ihowever, it ca Iln e,,tinmted that there are 
fewer than 50() vith at leat a nater ' s (egre,-, ho aeactive in 
hiotechrology research, and n1,,t (tf th(s( are inl the universities. 
Current degree prograris , r(nmce "ouls, -1( hahelot's legree 
grahuI,lts j)(1 year irll i('chlnlog ,ril a mother 6(0 per year in 
food scient arn techrmlogv IThe(oohinedprodu(tion capacity 
for agriculture, nedile nid other prngwam related to 
l:iote( lrnlogy i< albout 170 ) lIhlnhr'S pet ,'etr. The rldMuction 
capacity for master's dep.rees in hiOte(l o1gv is ahut 3(0)tr year,
and the (comhined prodution (aa(ity for allied soien(ces is ahout 
330 per vear. IThe dotct)ral degree prograni in life sci.rnces 
presenly eist in three univerrsities,, with the highest strength irr 
,lahidol University which las uLp tn now produced Some 50 
gradutes (luting the past 2) years. -1here Is virtu,lly (1 p1,ost
doctoral system in Thai land at plresent. 

Resear(h and develontprrnt in biotechrnology, as in other areas, are 
mostly (lone it the universities. Mahidol University has 'arious 
active research grou)s, with emphasis on molecular biology and 
genetic engineering of various bionedical areas, especia ly those 
concerning tropical diseases and industrial microbiology. Kasetsart 
University is active in various areas of agricultural bioteclnology, 
including tissue culture for inlrovner t and i)rop,.gation of various 
plants, embryo transfer technology, and fermentation technology.
Chulalorigkorr University is well knrowi for research on 
aIquaculI eOf sh rilnps, rice tissu.,SLe cuhre, mid protcessing 
technologies. Kilri,,tv ongkit Ilistit in ThOnlhuri hasiute Of Techrinology 
various actlvitlies on bioengineerirng a1d hinma',s utilization. All of 
these iristitutes are located in the Bangkok area. Among the l)rovin
cial Universities, Chiang Mai University is tlc most active, vith 
works on tissue culture of various crops, irncludinig Orchids, teak 
and potato, and )ostharvest biotechriology. 
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Among the government agencies, the Department of Agriculture has 
a very large research progranl, muc 01f WhviCh is related to 
biotechnology.,AnA\.l.D.s pported project enahied the productiol 
of Rhizobium oin a large scale. Specialized research institutes in this 
department deal with ri(e, r:ulder, and other crops. Other depart
merits which have resealn h .'th NOte( hnology como)OIents include 
the Department , of ivestor k, fishery and Forestry. 'Ihe Thailand 
lllitiite for ( jeitilk a1id Ietlhinologicl I kesear(h, a government
tfunded i,itinte ( p'ratirig , a il1)lic ener i0ie, also has many 
a(tivities il the, tert iirrolog. arh+l,, m ,tv (onc(rning industrial 

The l)ri',,tte ', t( I i fhilihaild, tor Whi( 1 agri(cultutre and agro
in(lustr',, arf, ver\ i il) 1Itant, al1ia0\ use, hiote(. nology sulbstan-
Iially Ir tli ii I), Iit t, a! l( r i' es,,ie,. E:\aillple' Of va rinus 
Ibi< t,( lIm ok)(J- it, r(, uj \e h,e hl r,\.'' 

A. Agriculture 

Ornamental flower production: A nunber ot small omlpanies pro-
IuLce orchids and other rinilental, thro(ugh ii(rpropagation ill 

tissue cultuire wtli al)OLt $1,8. 5 millioln/year. 

Rhizobium production: Tie Djartlfrliint ri Agriculture produces 70 
tons/year for distriltinI(to ,irier,,. 

Embryo transfer: kiattle industries have started to Use the 
technology. sinia ted saving ot impotrted cattle: about $2 
million/year. 

B. Industry 

Food components production: A lysine production plant estab
lished; estimated riarket: about $2 million/year. Local production of 
citric acid through anl improved method on trial; estimated market: 
about $4 million/year. 

Glucoamylase production: Local production on experimental trial; 
estimated market: ahout $4 million/year. 

C. Energy and environment 

Waste treatment: Treatment of waste from cassava starch factories. 

D. Health 

Diagnostics: Many small companies are engaged in local produc
tion. Total market estimate: about $20 million/year. 
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Antibiotics: First factory in southeast Asia produces kanamycin (10 
tons/year) from agricultural raw materials. 

Problems and Constraints in the Development and Application af 
Biotechnology 

A. Manpowver. Although there is an infrastructure fo, qualifiL d man
power productian in most ASEAN countries, this is presently not 
adequate as the data above show. The inadequacy is not only in 
quantity, but alsO n quality sinc, b)iotechnology i,a very fast
moving field. A recent suIrvey ,howed that the con tent of 
biotechnology progranis offered in the unversities in Thailand 
severely lacks new ,,lpects; of tile technology which Ire responsible 
for its present promimelnce. 

13.Techn)logy develo)pment capalhilitV. With insufficient lima n power 
and lac:- of access to new teclhnio logy, the indigelloLs capalbility for 
technology development islimited. Although the probllenis for 
ASEAN countries, with open economies and easy corllli tillic't ioni 
with developing countries, are not as severe isfor many other 
developing countries, they are substantial and need specific policy 
measures to overcome. One main problem is tln' lack of research 
and developmient activities ini the private production sector, and 
another is the lack of linkage bet ween the private sector and the 
university and government sectors which are the major performers 
of research and development. 

C. Intellectual property rights. Patent laws ii ASEAN coilltries 
reflect the status of industrial development, and have to be imi
proved as the development )ecoies more advanced. Protection of 
biotechnology inventions require various uIliique considerations 
chiefly due to the fact that they deal with living organisms, and 
have only recently started to be clarified in the developed coun
tries. These issues will gain i reasing importance as biotechnology 
beconies more important in ASEAN industries. Although patent 
systems aim to further early disclosure and dissemination of 
knowledge embodied in the invention, there is a reluctance to 
strengthen the systemi rapidly, due to the fear that this will hianiper 
indigenous technological aInd indIustrial development. Thits fear is 
reinforced by the fact that a great majority of the patents are 
granted to foreign biotecinolugy, anii complicainvetors. For added 
tion is the fear that the local genetic resources might, after soiiie 
modification by invenltor,; indeveloped COLntries, be protected 
from use by the local ilnldustries themselves. 

D. Use and conservation oi hiore ;ource.s. A dilemma is faced by 
the bioresource-rich ASEAN countries in collaboration with the 
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developed countries. Put simply, the main problem ix that of halan
cing between the benefits of technology transfer from, and the cost 
of transfer of genetic resources to, the (levelolped countries. On top 
of this are the problens ari,,ing from the impact iOthe use of new 
biotechnology. For exaplnlpe, What effects wou1ld tiehuse of 
herbicide-resistant crops have on the ecw-ysten? What ,tre the 
effects on the total gene pool Of ex\cessiw iise of newly developed 
plant or animal varieties? 

E. Biosafetv. The regulations and legulation enforcemient issues con
cerning biotechnology have hardly been touched inl the ASEAN 
countries. Due to strict an(l comp licated regulatiorrs in the U.S.A. 
and other developed countries, technology develolpers in these 
countries might increasingly look to ASEAN (orintries as venues for 
field trial and envirciimenlal release of new )rodLcts. Furthermore, 
many inrdigenous research and development activities reqtuire new 
guidelines concerning safety to the l)Libli(c and the ell\,iroflnient. 
There is a need therefore to ,tren gthen the regulatory system in 
ASEAN countries in anticipation of future development. 

National Policies and Programs 

Thailand and a few otlier S uitheast Asian countries have specific 
policies andimeasures to promote the development and application 
of biotechnology. Singapore has various schemes to help finance 
research and development activities and commercialization in the 
private sec!or, including the Research aid Development Assistance 
Schenie, the Product Development Assistance Scheme, and various 
tax incentives. The Science Park was recently established near the 
National University of Singapore, and the Institute of Cell and 
Molecular Biology has ben set Up to do research at the leading 
edge. The Philippines, Malaysia, and Indonesia also have 
biotechnology plans and prograris at the national level. The six 
ASEAN countries hav.e recently formulated regional proganis under 
the auspices of the Conmittee on Science and Technology. 

Biotechnology development prograns started in Thailand in the late 
seventies with tle formation of centers in important universities. In 
1983, the government set up the National Center for Genetic 
Engineering and Biotechnology to be the main policy, support and 
coordination center for biotechnology research and developnient 
projects, and to form linkages with the private sector. The establish
ment of the National Center marked, for the first tirie, significant 
local funding from the governient towards development of a 
specific technology. Support for the technology is, moreover, 
provided as a complete package with provision of funding, informrna
tion, training, linkage to industry, and international affiliation. The 
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National Center has foul affiliated laboratories, including pilot
plants, and over 30 projects in nine in,titut ions in the network. The 
emphasis is oil dev elopment, tansfer and ultilization Of 
biotechnology, il ouilg genetic engineering in the following areas: 
industrial, agricultural, Ipll)li( health, energy and environmental 
applications, and .,trengthening of basi(c infrlastructte reqtired for 
genetic engineering, and biotechnology. Unrder these guidelines, the 
National Center coitinissioit, urious studies on the status ot 
spe(ifi( technlo)gie,s Or in(hjstries to assess the e(ontli( id 
social inmportance uf the specific aeis ,id to pinloint the research,
developmient and technology transfer need to)be fulfilled. 
Designated research ptrojects are then (oinulate(l b) researclhers, 
oten from nore tlani oiie institulio(n working ltogethe, in( are 
lwlded after pr(oper peer wOViPW. Tlih, 2 gives a stinisary descrip
tio l of the \arios ogectsjep"Liprml)r by the National Center, andw 
Table 3 gives silminarV or wo)rks liuinerhakeii it tle four affiliated 
laboratories (see end of text). 

The Science ,ilidI le( liology hor Leve)lreii Pliogril,1 estab
lished in 1 8M5 with Oh (operattion of th, U. . ,Agl/n(y foi Interna
tional Develop-ment RISAID), is another majo0r sUlupporter of 
biotechnology resear h and developinent in Ihailand. The 1:(io,:ice
and Ten oloigy De\eh)lopment Board (SIBD ), wlhich rius tIls pro
gram, 
 has a wide interest covering bioscie( e and bitecliolgy,

material tecn:lology ann applied ele( trinics and Cu0nllIiter
 
technology, dl.as which determined
were to be )f high priority by 
previolis studies." Other biotechno ligy research projects are SLIpported by the National Research Council and hy grints from Ihe 
Lniversities. International funding is also signiitant, especially for 
biornedical and life scien(e., proje't. 

International Collaboration in Research, Development and Com
mercialization of Biotechnology
 

Thailand aini other ASEAN memlber countries highly value interna
tional collaboration in research, de\elopment and conmmercializa
tion in biotechnology. The ASEAN countries have various crl
lahorative proje(ts with Australia in biotechnology related to food 
and food waste utilization. Among bilateral programs, the STDB 
program places emlphasis o interaction with counterparts from the 
U.S.A., both scientist and coiiiercial partners. LJ.S. scientists also 
played a signifi(ant par! in the eirly developnient of ideas for collah-"ratiori with the National Center for Geneti( iugineerin g and 

-Biotechnology in Thailand. USAIID has also helped the National 
Center in the studies toward form ation of the national network for 
plant tissue culture tecInology. In addition, the Nitional Cetter 
also has close links with the U.K., Australia, Jlapan, the Netherlands 
and other contries. 
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Collaborative programs betveen ihe National Center in Thailand 
and agencies in the U.K. and Australia Will be given as examples. 
In the Thai-U. K. program, enplha ,is is placed oo Ilie developnlent 
ot enzyme technology, with exchange of scientists, l)rovi 51 of 
fellowships to Vhai ,tudents to do a part of their rese.r'l in the 
U.K. While pursuing,. IPh.D. degree ii,rimi uniriOSities, and col
lahorative research prject,. The 1l'ti-Ausrali.i plonimtll puts em
phasis oil joint coiiniero ial '..t)loitalion. .vitl l ," (l2 i\e ( eritr'l
 

,a1gencei", acting as 1n111mllhnkel in joIimg ((911111'"c iII partners
 
from the two (0,l1tri ' ,
 

There are \'ast opl1porttulitie, lor futhWr inlerniational collaioration. 
The U.S.A., as hpittecohthe woild leader (It 110W 10gy, ',hOtld he a
 
very important prtner in the (o1lallortiol. twvo ill
Ior Ilhaiiuid, atir 
dirtection , ill the ( llaboratiot with the U....\, should ,, if, lihC (
iluisitio;l o t'( l , i(,,,, e,'c') ( i,lly if lar biology andf('\, h1o1 M ole( 
lPro('-,s ell+lil,,eing. '1id illjoint conlnulern i.1l ,1pplic,tioii using 
(oiill)letirltltary ,a\',mlrti-,, tb, MI)Ountries. aind the Nat1W 11)13 
tional Ceti can( t a),(I rlin,i1ting ud )Ortirg agencie,, torjp',L 
collaholbrativ( prgans. In adrditioul to s,,l)l)orting (ollhbiOrltive 
research piojtst, Y11113 &llJ i ; ilustriIl (levehOj)lent sLppot 
program with plolvion It'f ( il ,lin to indtusrie, ftlr v(enltlrdP, ill 

,n1e\ techn hlgiii ,. The, pri\',itt ' (tor also Ih, i('t( to iitw veln
tt;e ('allital 1ron011 ,w 11atd Ioc l SOIrctes.ilitelnilClionil tr 

Conclusion 

National policies uld tprograms oli hiotechnology in Thailand 
deniori strate the current awareness anId optinism in the Southeast 
Asian countries regarding benefits of new technologies. While these 
policies did prograims still need to be deve Ioped ftirt her, they 
provide ample hasis tor international (ooperation ill various forms. 
Agricul;.ure is the most importailt (cOllont ftofour national 
prograls, refltiing its 11111t1i1l(te ill the econo()nly. T1he private 
sector hS a llarge -ole to ,lay in the development oIf hiotichnology 
as a whole, and of agficulturaIl biotechnology in p),tir'ula,. A few 
problems enlaill to he )vercolie regar(ling, technology traln,,fer, 
sharing of henftits froil1 inl le(tual iildgenetl'i( rPSoLlrte'S, and 
regulatiOl 'I()n(erning biosafety. These prob()lems are he ing tackled 
in Thailand thiroigh the Nation,il Center tot Genetic Engineering 
anti [iotechnology, the Science and Technology Develoiment 
Board, and other relevant agencies. The needs for and oljpportunities 
in development of hiotechnology infl,,il and are so su bstan tial that 
the problems seem small by comparison. 
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Table 2. 	Summary Description of Research Projects Supported by the 
National Center for Genetic Engineering and Biotechnology. 

IPoje(, 	 I)t,,(i itik ll 

",1. lnIh.J ,triII Ail)lli(,tion 

1.1 Researdh and Hl ririjrr ohije(tive i' to develop local capabil
[Develol(ment tir the In- ity ili jidustrir J)lduIC:tiOI O1gluCoaiyIl&;e and 
(iLsirial PlMr)(l1 til 01 ,l-llyIse. IWO) irlllntiti()i I)rOCN(IIeres were 

luR )aIryl,(, 111( t ricl 0111 ftor tht' glIu( )O,1iylaSI I)roIMhI.ton. 
O-,n,\ylaie. rhey ie the pilot ,ale olod ihr,fte ernIenia
I0,ahidol tniver.,it')n ' tiri riliing \ niger .t!(CA-i and Ihe 

Idl th( , al mierge (I Lttare ferment,itionIl 'y 'A,c .,u 

utilizillg A nigter KLiii- 1. iw o rr. o i , i llu 
p. KUB-B and KU/B-13 are hieing investigated 

at iolal .)r,de hl velt o( the pr lu t i f 

of ohjective i, to il icin(>l(ugy for the 
Pure Glucose for Phar- irodic tiori ot inj)( tahl, [,() which i, 

1.2 Production lht (iO\to d 
grale g11LIt 

maceutical Purt)O()e". (Llrrenlly imlo)rti'd at I V0rv high vIluW 
(Chulahngkorn ani,' "!y. The hdIt i1n Hil injectaleh grade 
University) anh$(h,:U', gur n-e \%ith univlrll I;trndlr 

IW(e, W', alhi(ved at a bench 'a1C.ificili,.ri, 1)S 
EnLuit)Irrent ftnr Iulh)i.(,I1. l)IO(luctioiui WC 
d(eigned, tubricaled .1rd le-te . 'ilot ,"(ale pro
(ltL(tiol i,., hinIg t r ottair lata foriL crl(Lit to 
iinlIustridla,(,1 l( JdI(tionu 

1.3 Production Of The activitie, inll triii p innl)rl rvemenlfor 
6-Arin openiillani( I ie('-,etenyt t , ()iii/ionl of thel Irru:cl,.ut [i 
Acid by Biutechno- enzly iniiroluin pr(t, earohing Ior ap
logical Processe,. propriite niethod , or eui/tnw arid ( APA 
(Malihidol University) f)uritf(aiu r, ; n hi litinr I enl z, e a1nIlcell; 

ald hitrrto(r (le,,gn. (ClAl d 'I g uells f 1). 
nenaterium LJN I and 1. i i19-1--i were 
studied whiCh includled the rsiriction mapping 

aparentheses indicate the princil)al insilutiori carrying 011t the research. 
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Table 2. Summary Description of Research Projects Supported by the 
National Center for Genetic Engineering and Biotechnology.-Continued 

Projects 

1.4 Citric Acid Pro-
duction in Submerged 
Culture. 
(Kasetsarl University) 

1.5 Development of 
Wine Production from 
Wine Grapes. 
(Kasetsart Univcibiiy) 

1.6 Improvement of 
Yeast Strains for Produc-
tion of Food Yeast and 
Yeast Autolysate. 
(Chiang Mai University) 

1.7 Production and 
Utilization of High Test 
Molasses in the Fermen-
tation Industry. 
(Thailand Institute of 
Scientific and 
Technological Research) 

Description 

and subcloning of both genes. Attempts to join 
strong promoter to the PAC genes to increase 
the enzyme production are being made. Im
mobilization of E. coli is studied using alginate, 
cellulose acetate, and cotton cloth. A low-cost 
medium for enzyme production has been 
formulated. 

Thailand's local citric acid production using 
solid substrate fermentation satisfied about 50% 
of total local demand. This project aims at 
developing a technology of efficient citric acid 
production method using submerged culture 
and a technique for purification of citric acid for 
medical usage. The target is to obtain a com
mercially viable concentration of ,-12%. The 
system developed within this project has pro
duced 13-15"/,) citric acid from cassava starch in 
a laboratory scale fermenter. Scaleup study is 
underway for a stirred tank and an airlift 
fermenter. 

This recently developed project aims to study 
the wine production process and to test the 
suitability of wine grapes grown in Thailand for 
wine production. 

The project aims to select and improve yeast 
strains for the production of yeast and yeast 
autolysate utilizing cassava starch as raw 
material. Standard strain selection methods was 
carried out. Attempts will be made to transform 
amylase gene into C. utilis. 

High test molasses is superior to black strap 
molasses as raw material for fermentation and 
can be produced in current sugar mills with 
only minor adjustment. Technology to produce 
high test molasses from sugarcane was 
developed. It was also shown by the project 
that it is feasible to replace black strap molasses 
by high test molasses as raw material for 
ethanol prodiction. Market study on the pro
duction of high test molasses by the existing 
sugar miller was carried out. 
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Table 2. Summary Description of Research Projects Supported by the
National Center for Genetic Engineering and Biotechnology.-Continued 

Projects 

1.8 Design of a Pilot 
Plant to Produce SO' 
from Cassava. 
(King's Mongkut In-
stitute of Technology, 
Thonburi, and Thailand 
Institute of Scientific 
and Technological 
Research, TISTR) 

1.9 Antibiotic Pro-
duction for Use in 
Animal Feed. 
(Kasetsart University) 

II. Agriculture Applications 

2.1 The Development 
of Embryo Transfer 
Technology in Dairy 
Cattle and Its Applica-
tion tinder Thailand 
Condition. 
(Kasetsart University) 

2.2 Steroid Ir-
munization to Recover 
Fertility in Swamp 
Buffaloes at Village 
Level. 
(Chulalongkorn 
University) 

Description 

A pilot plant to produce feed grade SCP from 
cassava was designed. The pilot plant was 
designed as an attachment to the existing 1,500 
litre/day alcohol pilot plant of TISTR. The 
design was based on results of a 370-litre airlift 
fermenter using S. cerevisiae 281. Preliminary 
economic study showed that the major cos! of 
production was the price of cassava roots. 

The major aiis of the project are to select 
microorganisms which can produce antibiotic 
substances which are effective against a wide 
range of diseases and to develop technology for 
the production of the antibiotic. Two isolates 
have been obtained and are currently being 
investigated. 

Embryo transfer technology has been developed 
in Thailand with two main objectives: to in
crease the rate of milk production and to im
prove dairy cattle breed by developing 
genetically Superior livestock that will yield 
naximum milk and meat production under 
Thailand's condition. Many calves were pro
duced from frozen imported embryos using 
nonsurgical transfer techniques into native recip
ients. Other calves were born from fresh em
bryos produced under Thailand's condition. The 
adaptabilities and performances of offsprings 
born from frozen embryos of exotic breeds will 
be determined. 

Since swamp buffalo commonly -,hows irregular
cycling and sibnormal fertility, a method for 
,.ij)roving ovarijn activity and fecundity is 
niz- ded. Hormone Immuno Neutralization 
(I1N), using steroid immunization, was in
vestigated as a possible means of stimulating 
ovarian function in the swamp buffaloes. A 
strategy and a system of HIN in swamp buf
faloes at small farm level was established and is 
being assessed by the percentage of increased 
fertility. A total of 3,758 females were studied. 
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Table 2. Summary Description of Research Projects Supported by the 

National Center for Genetic Engineering and Biotechnology.-Continued 

Projects 

2.3 Strain Selection 
and Cultivation of 
Terrestrial Snails. 
(Mahidol University) 

2.4 Development of 
Technology for Con-
mercial Production of 
Disease-free Potato 
Seeds. 
(Kasetsart University) 

2.5 Technological 
Development of In-
dustrial Horticulture 
Crop Production. 
(Kasetsart University) 

Description 

It appears that HIN will become perhaps the 
most important tool to efficiently regulate the 
endocrine system of the female and will provide 
a basis for more successful artificial insemina
tion and embryo transfer. 

In Thailand, terrestrial snails are plentiful and of 
high economic value as export items. Among 
the many species of land snails, Achatina fulica 
has been the most popular export item. 
However, the dark flesh of the species has not 
been popular among the Thais. The aim of the 
project is to systematically cultivate the snails in 
order to select strains of albino snails through 
crossbreeding and to increase the growth and 
reproduction rate of the snails by identification, 
isolation, and priming of the hornonal factors. 
These factors and the study of the snails' 
reproductive physiology are being conducted. 

The project's major aim is to develop tech
nology for commercial production of disease
free potaio seed in an attempt to replace the 
nearly 200 tons current annual import of the 
seeds. Virus-free potato plant material was suc
ce:;fully produced by the apical rneristem 
techniques. Disease-free mini- and microtubers 
were also successfully produced. The tubers are 
potentially suitable for large commercial scale 
production. Field trials are being carried out. 

The major aims of the project are to apply 
tissue culture technology for the development of 
temperate cut flowers production and to pro
duce disease-free ginger seed for growers. Mass 
propagation by tissue culture technique was car
ried out for several varieties of temperate cut 
flowers, e.g., chrysanthemum and lily. Gerbera 
hybrids between Thai and European strains 
were produced and the selected plants were 
mass propagated using tissue culture technique. 
New gamma-induccd varieties of chrysan
themum were introduced. 
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Table 2. Summary Description of Research Projects Supported by theNational Center for Genetic Engineering and Biotechnology.-Continued 

Projects 

2.6 Conservation 
Technology of Unique 
Characteristic Plants in 
vitro, 
(Kasetsart University) 

2.7 In vitro Propaga-
tion and Screening of 
Indigenous Costus 
lacerus for High 
Diosgenin Production 
Cultivars. 
(Mahidol University) 

2.8 Plant Tissue 
Culture Biotechnology 

Network. 

(The National Center) 


2.9 Research and 
Development on Rattan 
Production. 
(Kasetsart University, 

2.10 Application of 
Tissue Culture 
Technology for the 
Improvement and Prop-
agation of Oil Palm. 
(Prince of Son'kla 
University) 

Description 

The major aim is to develop technology for 
conserving plants of importance to Thai culture. 
Tissue culture technique was applied to several 
selected plants which included Artocarpus
heterophyllus (jackfruit) and Ervatania coronaris. 

The major aim is to select varieties for high pro
duction of diosgenin. Chemically screened 
Costus laceru.s were mass propagated by in vitro 
techniques. Multishoot was obtained by cultur
ing in a nodal segment in Murashige and 
Skoog's medium supplemented with ben
zyladenine. Vigorous plantlets obtained were 
transplanted. Rates of diosgenin synthesis and 
accumulation thereof are being compared be
tween the mature rhizomes of tissue culture
derived and conventionally propagated plants. 

The network was set up for coordinating the 
research and development among many in
stitutes active in the field of tissue culture. 
Several technical workshops were organized
 
cooperatively. Personnel and Plant Tissue
 
Culture Data Bases have been 
set up. "Plant
 
Biotechnology" newsletter has been published
 
quarterly. 

The major aim of this project is to study factors 
affecting ihe growth and development of rattan 
in an attempt to speed up the propagation of 
rattan. Tissue culture technology has been ap
plied and systematic study of rattan pest and 
disease are studied. 

The unavailability of good quality oil palm
seedling has inhibited the development of the 
Thai palm oil industry. The project aims to 
apply tissue culture technology to mass prop
agate selected oil palin and subsequently to im
prove upon the quality of the palm. 
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Table 2. Summary Description of Research Projects Supported by the 

National Center for Genetic Engineering and Biotechnology.-Continued 

Projects 

2.11 Association be-
tween Rice (Oryza 
sativa L.) on Nitrogen 
Fixing Bacteria. 
(Chulalongkorn 
University) 

2.12 Research and 
Development on 
Microorganisms for 
Compost Production in 
Thailand. 
(Kasetsart University) 

2.13 Research and 
Development on the 
Utilization of Vesicular-
arbuscular Mycorrhiza 
and Their Combined Ef-
fects with I litrogen-
fixing Bacteria in 
Legumes. 
(Thailand Institute of 
Scientific and 
Technological Research) 

2.14 Screening and 
Improving Genetic 
Potential of N2-Fixing 
Blue Green Algal 
Strains for Use as 
Biofertilizer to Improve 
Rice Yield. 
(Thailand Institute of 
Scientific and 
Technological Research) 

De,,cription 

An ability to reduce fertilizer requirement on 
rice l)roduction can have a major impact on tile 

Thai economy and the earning ability of rural 
farmers. The project aims to study' the associa
tion between rice and the nitrogen fixation 
bacteria. Chen.taxonomy o1 the asociative 
bacteria attaching toithe root urta(e and con
tained within the rhizosphere were studied. 
Initial result,, have indicated that rice lectin may 
play a role as an a&,Sociiti\,e factor. 

More than one hundred strains of cellulolytic 
microorganisms were isolated. Their effec
tiveness in the production of compost from 
plant residue under field cond~tions are being 
investigated in (oralarki, on with commercially 
available strains. Seirching for inappropriate 
technique for tlsting microorganisns to assist 
the consumer in ecalliting tile Cffe(tiv(,ness Of 
the commercially available strains is one of the 
aims of this project. 

Vesicular-arbuscular (VA) mycorrhiza fungus is 
known to thrive well in symbiotic association 
with the plant roots and to increase plant pro
ductivity by improving pho.,phate uptake (reduc
ing the fertilizer requirement). Several strains of 
VA-mycorrhiza have been isolated from legume 
planting areas. Preliminary assessment on the ef. 
ficiency and the development of strains 
associated with the plant (Sorghum bicolor) has 
indicated the strains from Glomus spp. to be 
superior to other strains tested. 

The developmental objective of this project is to 
improve the productivity of rice production and 
to reduce the cost associ,., d with fertilizer re
quirement. Nearly 1,000 paddy soil samples 
from all over Thailand were collected and the 
occurrence of N2-fixing blue-green algae were 
investigated. Eighty two strains of the algae 
were isolated and tested for growth and 
N2-fixing abiity. Among other factors studied 
were the effect of salt and pesticide (Propanil) 
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Table 2. Summary Description of Research Projects Supported by the 

National Center for Genetic Engineering and Biotechnology.-Continued 

Projects 


2.15 Biotechnology 
Technique for Selection 
and Breeding of High-
Yielding Rubber Clones. 
(Prince of Songkla 
University) 

2.16 Development of 
Biotechnology for 
Cultivation of Shihtake 
Mushoom (Lentinu 
edodet). 
(Chulalongkorn 
Univer;ity) 

I1l. 	 Public Health, 
Energy and and En
vironmental 
Application. 

3.1 Field Trials of 
Mosquito Control Using 
Spore-forming Bacteria 
in Thailand. 
(Mahidol University) 

Description 

on the growing of the algae. Field experiments 
on the effec-t,, rice yieldoI the biotertilizer on 

will alo he carried out.
 

The main objective k to develop a reliable 
tecnli(ue for yield evaluation of rubber trees at 
the seedling 'tage. A good-yielding tree will 
re',ult in substantial additional output theover 
average taipping period of more than 30 years. It 
was found that the activity of the hydro',.y
methyl-glutaryl Coenzyme A reductase in latex 
tapped from mature tree,, correlates well with 
rubber yield. T,e name wascorrelation found in 
leaves detached fion twro different clones of
 
rulber seedlings, v t-,erea, the activity le.(,I of
 
mevalonic 
acid kinae slowed no correlation
 
with rubber yield.
 

Thailand annually import,; a large amount of 
shiitake mushroons. Until recently the 
Mushroom COtlld only be cultivated on the 
highland in Northern Thailand at the expense of 
the Iprecious oak tree. The project aims to 
develop the cultivation of the mushroom using

agricultural compost. Substrates 
 for the cultiva
tion were successfully developed from para
rubber tree sawdust, rice bran and essential sup
plement extracted from oak sawdust. Factors in
fluencing bag production of the mushroom were 
studied. Several strains with desirable 
characteristics were isolated and physiological 
studies were conducted. 

Field trials of mosquito control using spore
forming bacteria have been carried out in an 
area in Bangkok as well as in rural areas where 
cases of malaria were found. The study has in
dicated that the B. sphaericus 1593 gave a good 
control effect on A. minimus larvae for approx
imately three months while the B. thuringiensis
1-1-14 was effective against A. albopictus. Cur
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Table 2. Summary Description of Research Projects Supported by the 
National Center for Genetic Engineering and Biotechnology.-Continued 

Projects 


3.2 Conversion of 
Solid Waste to Methane 
by Two-stage Anaerobic 
Digestion. 
(Chulalongkorn 
University) 

3.3 Utilization and 
Treatment of Tapioca 
Starch Factory Effluent. 
(King Mongkut Institute 
of Technology, 
Thonburi) 

3.4 	 Preparation of 
Opisthorchis viverrini 
Antigens by Genetic 
Engineering Techniques 
for Use in 
Immunodiagnosis. 
(Mahidol University) 

IV. 	 Strengthening ot 
Basic Infrastructure 

4.1 The Preparation 
of Genetic Engineering 
Materials as a Service. 
(Mahidol University) 

Description 

rent research is concentrated on the minimizing 
of the cost of production of the microorganism 
and searching for effective means for dispensing 
the microorganisms. 

Solid waste from fresh market were digested to 
produCe biogas utilizing a two-stage anaerobic 
digestion technology. Effects of operating 
parameters were ,tudied. 

The major aira of the project was to produce 
valuable products from tapioca starch factory ef
fluent. Bench scale experiments have led to two 
pilot :.r.dction systems for the production of 
biogas for use as fuel in the starch factory and 
the production of Spirolina for animal feed. 
Estimated internal rate Of return for a full-scale 
hiogas plant was shorter than five years in most 
cases. Commercial scale prodtction of spirulina 
would dIepen( on ni aiketability of tle prod uct. 

The project aims to produce the specific antigen 
for 0. viverrini by rDNA Technology using E. 
(oh as host organism. It wa', found at this early 
stage of the project that it was possible to 
prepare RNA and construct cDNA without 
requirement for the poly (A) tail of mRNA. 

This proje.t ainis to stimulate the development 
of genetic engineering in Thailand through the 
preparation and distribution of some basic 
genetic engineering materials as a service. The 
following materials have been prepared: restric
tion endonucleases (EcoRl, Pstl and Bam-Il), 
plasmid vectors (pBR 322, pBR 325 and pUN 
121), DNA marker (pCBI-6), and T4 DNA 
ligase. 
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Table 2. Summary Description of Research Projects Supported by the 
National Center for Genetic Engineering and Biotechnology.-Continued 

Projects 


4.2 Research and 
Development of Cell 
Technology for Produc-
tion, Collection, and 
Dissemination of Mai-
malian Cell and Tissue 
Cultures. 
(Mahidol University) 

4.3 Microbial CultLire 
Collection and SeR'i(e, 
Program. 
(Thailand Institute ot 
Scientific and 
Technologital R' ,irchi 

4.A In citr() Germ-

plasm Colle(tirn and 

Exchange of [conomi 

Plants. 

(Kasetsart University) 


4.5 Developrrent on 
the Production of 
Glucose and Fructose 
from Sucrose by 
Chroniatographi 
Methods. 

(Kasetsart University) 


4.6 Study of Methods 
for Agarose Production 
from Gracilaria spp. in 
Thailand. 
(Srinakarinwirote 
University) 

4.7 Technological 
Development for the 
Commercial Production 
of Viral Insecticide. 
(Kasetsart University) 

Description 

The major )bje(tive(. are to devel )p a roam
malian cell ,ultuire depository to serve the in
creaL-ed dealand in Thailand and to provide 
training in tissue and Cell (:ulture handling and 
manitpulation. Thirty-four (eI line, are Currently 
availahle. Te(hniques tor primary (Ulture Of a 
numler 0)fniammaliari ti,,ues Were developed. 

The naiin J)tLrp;oses of the program are to collect 
and prestre mi roorganim,, to supply (Ultures 
or uLemald., and to help an( assist researchers 
1,eeking strai, whi(h are not available in 
Thailand. The methuds 0ofpreservation use are 
vophilization :id torage inliquid nitrogen. 

The program ain-, to (,rry Out rese,;rch and 
development (n tissul (uiturec tehlinmlogy as ap
plied to the de\elopment of 1)lant,,e(,t-'Indto 
ue (ryo)pre"erv,ition technology in preserving 
gemrnplasr as well a,a(t as a (enter for e
cha.nging of ernl)las . Germplasn ot species 
of sugarca-, papaya. sr.yhean, torniato, fruit 
Irees, and other cash crops,are to be available 
l)y 11)gM. 

Project 4.5 -4.7 are small projects, aimed at 
fostering the development of nanpower 
resources in biotechnology. The project may 
later develop into a larger program under the 
three areas of application. 
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Table 3. Summary of Works Undertaken at the Affiliated Laboratories. 

Affiliated Laboratories 

1. 	Plant Cenetic 
Enjl-'eering Unit at 
Kasetsart University 

2. 	Microbial Genetic 
Engineering 
Laboratory at 
Mahidol University 

3. 	Marine 
Biotechnology 
Laboratory at 
Chulalongkorn 
University 

4. 	 Biochemical 
Engineering and Pilot 
Plant R & D Unit at 
King Mongkut's In-
stitute of 
Technology, 
Thonburi 

Activities 

()rganited in 108i5, 1he unit is iu tive in the 
area oIt development of plants of econoni( in
portan e to Thailand resistant to diseaes and 
adverse conditions, and the devel(ollent of pet 
protection techniques. Current a(tivities i Ci.de 
development of papaya resistan e to the ring 
spot virus ad tomatou resistance to tli yell oW 
leaf (url virus. In addition, the unit regularly 
organi/es serinars and workshops ori various 
aspects of plant itet hohlog,'. 

Organized in 1985, the unit is active il many 
areas of genetic engineering. Current activities 
include the sLc(ess in ( Inning and expression of 
muOsquitulari(idal d-endotoxin gene Of B. thur
,ngienis in I. ((I/i and the development of 
DNA probes for the (etecti;n of 
tnicroorganisns which Cause fish disease. The 
Unit has also prd(1uced highly spe(ific( and sen
sitive DNA proles ftor detection ind ( lassifica
tion Of noscluitnes,Inld malarial parasites. Na
tional seminars nl genetic engineering and 
DNA probe techlnology are organized regularly. 

Organized in 1986, the laboratory is active in 
the devopment (If aquaculture technology and 
the utilization of narine resources. The current 
research topics include improvement of 
technology for oyster cultore, inproverent of 
seabass production using bacterial vaccine, 
strain improvement (if giant prawn by genetic 
nmanipulation, and physiological study of 
selected strains of Spirulina spp. 

Orgn-ized in 1986, the unit is active in 
research and development in engineering and 
processing fields as related to biotechnology. 
Pilot equipment is designed, fabricated, and 
used as research and training tools. Bioreactors, 
separation techniques, and process instrumenta
tion and control are among the areas of 
specialization. Specific examples are the 
development of an Industrial Biogas Project 
utilizing agroindustrial waste, development of 
pilot scale airlift fermenter and membrane reac
tor, process modelling and control of fermenta
tion process. Pilot plant training courses have 
been regularly organized. 
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Biotechnology: New Approach for Agricultural

Research, Training and Development at CATIE
 

Victor M. Villalobos
 
CATIE
 
Costa Rica
 

The Tropical Agriculture Research and Training Center (CATIE),
began its activities at its present site at Turrialba, Costa Rica, in
1942 under the name of the Interamerican Institute for Agricultural
Sciences (IICA). In 1973, following the transference of the IICA 
headquarters to San Jose, the Center was reorganized as a regional
training and research center for rnember corntries of the Central
 
American is.thmus and the 
Dominican Republic. Presently, the 
center has three basic functions: research, teaching, and agricultural
development organized to support the small farmer. 

In order to face the agricultural reality of the region; CATIE recently
modified its structure to embrace three general programs: 1. 
Improvement of Tropical Crops; 2. Production and Sustained
 
Agricultural Development; and 3. Integrated Management 
 of

Natural Resources. The interdisciplinary approach of these three
 
programs proposes 
new strategies for the solution of agricultural
 
problems of the region through continuous involvement with

national programs and through the establishment of pilot research
 
areas in the member countries.
 

Tropical Crops Improvement Program 

This program addresses the improvement of three perennial crops

of major importance in the region arid considers future diversifica
tion using promising new tropical species. The three perennial 
crops are coffee, cocoa, and plantain (cooking banana). Existing
collections of valuable plant ger:etic resources are also being used 
to evaluate other promising species. 

CATIE has gained a reputation ov--r the years for its work on coffee
and cocoa, two major export crops for the region. Recently, plan
tain has been added as another priority crop. At present no other
institution in the region piays such anlimportant role in the 
improvement and conservation of these species. 

The program direction and focus are strongly ielated to the
improvement of coffee, cocoa, and plantain, particularly by obtain
ing highly productive and disease-resistant genotypes. The collec
tion, maintenance, evaluation, and distribution of promising tropical 
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plant genetic resources also will be intensified through technology 
development. 

Using a combination of conventional improvement methods and 
biotechnology, CATIE should be able to accomplish these objec
tives in a shorter period of time, during which technology develop
ment and experimentation will be an important activity. This 
program represents an area of excellence for CATIE and a unique
opportunity for major impact on agricultural production in the 
region. 

The Role of CATIE in Using Biotechnology in Tropical Research 

The response to a survey carried out in 1986 the actual stateon 

and perspectives for biotechnology research in Latin America and
 
the Caribbean (Roca et al., 1987), made it clear that great hopes

and importance were being given to the contribution that applied
biotechnology could make to the region's agriculture. The survey
confirmed the existence of national programs to deal with problems
in the reproduction of desirable genotypes, the elimination of 
viruses in vegetatively reproduced species, and genetic improve
ment and conservation of germplasm. Nevertheless, this survey and 
other studies carried out in the region showed that tropical species
of great importance were not receiving the attention being given to 
many temperate species. 

Research carried out in co intries outside the region has revealed 
considerable evidence of the comparative advantages of using
biotechnology in tropical crops (Litz et al., 1984; Gupta et al.,
1986; Yeh and Chang, 1986, etc.). In support of these advantages, 
three important aspects must be recognized: first, the species that 
grow in the tropics are of great economic importance in the region
and have considerable export potential; second, researchers in the 
temperate zone who have advanced techniques at their disposal are 
rarely interested in unfamiliar species that have a different 
ecological adaptation; and third, the genetic diversity of these 
species is mostly found in the tropics. With respect to theseaspects, research and training centers like CATIE, which are located 
in the tropics, can play a decisive role in the development of 
research using biotechnology applied to tropical species. 

Biotechnology Research in Coffee 

Coffee is the major export crop of the CATIE mandate region. The 
emergence of new destructive pests and diseases, such as coffee 
rust, coffee borers, and nematodes, has reduced yield and increased 
the cost of production. Ui;til recently, genetic improvement of cof
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fee needed 25 to 30 years to obtain isogeric varieties. In recent 
years, however, tissue culiure techniques have opened important
perspectives in research and practical applications for solving agro
nomic problems. In the Biotechnology Unit of CATIE, in coordina
tion with IICA, two lines of research have been followed. 

1. Somatic embryogenesis 

2. Use of microstakes for the multiplication of superior genotypes 

Somatic embryogenesis: Fhe first investigator who succeeded in 
obtaining somatic embryogenesis in coffee was Staritsky (1970),
using, as explants, orthotropic young sterns of Coffea canephora.
Herman and Haas (1975) and later Sondahl and Sharp (1977) were 
able to produce somatic embryogenesis in Coffea arabica using, as 
explants, fragments of young leaves. The latter authors found two 
types ol response in embryogenesis: direct somatic embryogenesis,
without an internediate call-is formation stage and embryogenesis 
induced from callus cells. From the viewpoint of multiplication,
direct somatic embryogenesis permits the differentiation of 40 to 50 
embryos from an explant of 1 cm, anwhile with intermediate 
callus step, the quantity of mature embryos obtainable reaches 200. 

In CATIE's lalx)ratory, results have been obtained using both pro
cesses, on different varieties. Nevertheless, the methodology has not 
yet been completely refined since the level of production of 
somatic embryos varies drastically with the environmental condi
tions in which the parent plants are grown. While the results with 
somatic embryogenesis using leaf fragments represents an important
alternative in the massive multiplication of desirable genotypes, this 
method requires further study. On the other hand, other problems 
can be resolved more readily using different methods. 

Use of microstakes for the multiplication of superior genotypes.
This methodology is widely used in CATIE's laboratory to induce 
the development of lateral buds. There are three steps to the 
procedure: 

1. Collection of orthotropic stems and their in vitro cultivation to 
establish an explant bank. 

2. Clonal multiplication subcultivating the developed buds. 

3. Rooting and acclimatization of the plants produced in vitro. 

The results in our laboratory show the feasibility of the method, so 
long as certain factors are regulated: 
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1. Strict control of the explants to avoid bacterial aid fungal 

contamination. 

2. Adequate use of antioxidants to reduce polyphenols. 

Experimental results at CATIE show that once the explants are
available, 7 to 9 micro.takes can be produced every 80 days. Use
of the Caturra cultivar in this system has actually resulted in pro
duction of 20,000 to 25,000 plants per year. Acclimatization ofthese plants has been carried out in the greenhouse with no major
problems and a 90!,, survival rate. 

Since 1986, the laborator) has produced about 100,000 plants, ofwhich approximately 60,000 have been grown in the field and sent 
to member countries of CATIE. The first experiments with the
material produced from micropropagules were established in CostaRica in 1987 and should produce their first crop by the end of
1988. So far, the coffee plants produced using this technology have
shown no genetic alteration and their behavior and development

Ihas been siniilar to the parent plants.
 

Recently, another line of research was initiated at CATIE using
mncrografts. The objective of this research is to study new alternatives for nematode control, usi ,a resistant genotype such as the
robust species as a stock and the Catinor arabica clone, which isresistant to rust, as a graft. Very prelirlinary results show that thereis compatibility between the two species and as soon as thetechnical problems of handling the micrografts in vitro are resolved,
this methodology could be employed for the large-scale production
of highly productive individuals resistant to both the major diseases 
and nenlat(xle pests. 

Biotechno!ogy Research in Cocoa 

Cocoa has become a very important crop for the economy of Cen
tral America and other tropical countries. Indeed, this crop is agood example of a major agricultural product that is produced by
developing nations in the tropics and consumed largely in theindustrialized countries (Lass and Wood, 1985). The seeds of beans
of Theobroma cacao provide the raw material for the manufacture 
of chocolate and for the extraction of cocoa butler. 

In many ways, cocoa is an ideal crop for the small farmers with
limited resources who constitute the principal target of CATIE's
activities. However, cocoa suffers greater losses from a number ofserious pests and diseases than many other tropical tree crops.
According to Lass and Woods (1985), solutions to some of the 
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major problems are likely to come through further breeding and 
selection. Sources of new germplasm still exist; but the collection, 
evaluation, and maintenance of this material is a major task which 
is only now being addressed in an international context and to a 
lesser degree by the Regional Program in the various producing 

--countries. At present, genetic improvement of cocoa is mainly
based on exploitation of the heterosis that occurs in hybrids
between the upper Amazon types and the amelonado or trinitario 
genotypes. This relatively simple cross of strong interpopulation
heterosis provides the basis for almost all modern cocoa breeding 
programs (Kennedy et al., 1987) 

In the CATIE Biotechnology Unit, tissue culture methods are being
employed in genetic improvement of cocoa: by developing haploid
plants, by implementing a method of micropropagation, by using
organogenesis and especially embryogenesis, ,aidby studying
methods that will permit the storage and free interchange of cocoa 
germplasm using simple methods of in vitro conservation. 

Development of haploid cocoa plants. Dublin (1972, 1973) found 
that it was possible to obtain haploid plants spontaneously from 
monoembryonic and polyembryonic seeds. Our experience in the 
field has indicated that even when the haploid plants occur with 
low frequency, it is possible to identify haploid seeds by their flat 
shape. Using the CATIE germplasm bank and the CATIE method of 
producing hybrid seed, we separated flattened seed and found an 
adequate culture medium for the development of haploid embryos.
It has been possible to isolate and germinate embryos that appear 
to be haploid under in vitro conditions. This material has been the 
source of explants for morphological studies with the aim of finding 
ways to stimulate organogenesis and especially embryogenesis. A 
high proportion of cytokinins with respect to auxins in the culture 
medium permitted the development of adventitious embryos from 
cotyledonary explants. It has also been possible to develop adven
titious sprouts from lateral buds, all these coming from juvenile
tissues. 

Plants that appear to be haploid show marked morphological dif
ferences. We are intensifying our studies to confirm the level of 
ploidy in plants, and in tissue culture, and then to determine their 
point of origin. According to Laneud (1987), there are four types of 
spontaneous haploids in cocoa: from the female parent (Type A);
from the male parent (Type B); those formed from a chimera of 
male and female parent tissue (Type C); and haploid-diploid
chimeric parts in which the diploid part is a heterozygote (Type D).
We have not yet clarified the origin of our in vitro cocoa plants;
nevertheless, these plants show the characteristic morphology of 
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haploid plants: small leaves, special veining patterns, and small 
plant size. 

The studies with these presumed haploids may lead to obtainingisogenic lines following duplication of the genome with colchicineand to the development of an efficient means of clonal propagationof those superior individuals, either by tissu; culture or by conventional methods of cloning and grafting. 

Micropropagation. We are studying possible techniques of massivepropagation using somatic embryogenesis and de novo organogenesis. In the first case, we have found that it is possible todevelop callus of juvenile tissue, both haploid and diploid. In bothcases, the callus emerge from the surface of the cotyledons or fromthe meristematic apices of plants that germinated a few days earlier. 

The white callus shows differences after about forty days: embryogenic structures are observed which take considerable time indeveloping. We have found that from veins of the cotyledons,somatic embryos are similarly differentiated, apparently withoutpassing through the callus stage. Preliminary studies utilizing mediaof different pH show that both callus formation and somaticembryogenesi; are increased through the use of more alkaline pH,as by using cu'ture media with a pH above 6.7. 

A system of micropropagation of microstakes derived from adulttissues is being used. The major limiting factor in this method is toadequately oisinfect plants that generally come from the field. 

Conservation and :xchange of Cocoa Germplasm. The exchange ofgermplasm between countries is considerably limited byphytosanitary problems. Furthermore, the viability of cocoa seed isof short duration, making exchange of germplasm by means of seedespecially difficult. Even adult vegetative material has shown a shortstorage life. For this reason, we have begun studies for themainten3nce and exchange of germplasm in vitro coming fromseed, principally of self-compalible individuals. The seed isgerminated in vitro and the resulting plants maintained for periodsgreater than four months. The use of growth retardants is beingstudied as well as the use of liquid media for transport and culturing in the absence of light. Material germinated in vitro hasremained viable for more than four months, a period that weconsider adequate for exchange of genotypes among countries. Inthe future, we are contemplating the use of micrografts for grafting
adult buds into juvenile material in vitro. 
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The development of efficient micropropagation is vital to the 
management of genetic resources of cocoa. A rapid, inexpensive
micropropagation technique would have great impact on the 
economics of germplasm multiplication and distribution. In vitro 
techniques for collecting cocoa germplasm from the wild will also 
make a major contribution to g2netic conservation (Yidana et al., 
1987). 

It is our feeling that the present research in biotechnology for cocoa 
is not yet sophisticated enough to use techniques such as recombi
nant DNA. Further advances in our knowledge of organogenesis
and embryogenesis in vitro are needed to develop efficient systems
of regeneration of plants by any process. Advances in tissue culture 
methods do permit the use of micropropagalion for cloning
desirable genotypes at the present time. It will also be possible in 
the near future to conserve genotype in vitro. Long-term expecta
tions include the use of genetic engineering in cocoa for genetic
improvement, obtaining resistance to disease, and finally conserving
germplasm indefinitely through the use of cryopreservation. 

Biotechnology Research in Plantain 

Unfortunately, there is reIatively little information about the role of 
the Musaceas (bananas and plantains) in the diet of the inhabitants 
of most tropical countries. Possibly for this reason, little effort has 
been made with these crops, resulting in considerable gaps in the 
technology available to work with them. 

Jaramillo (1987) estimates that world production of Musaceas is 
more than 60 million tons of which about 20 million are produced
in Latin America and the Caribbean, occupying an area of some 
1.5 million hectares. Of this prcduction, about one seventh, with a 
total value of some 1,100 million dollars, is exported. Plantain 
exports account for approximateiy 600 million dollars. These figures
should give some idea of the great importance of the plantain, in
dicating how urgently the Musaceas need greater scientific 
attention. 

As was indicated previously, CATIE has certain advantages for 
carrying out research with Musaceas, especially plantain. Research 
in plantain will emphasize the production of clones that a2e 
tolerant or resistant to plantain diseases and identification cf 
biological control methods for black sigatoka, the major disease of 
the crop. To attain these objectives, tissue culture techniques are 
being used to obtain somaclonal variation and micropropagation of 
individuals that show desirable characteristics, principally resistance 
to disease. Different "variants" have been obtained and are being 
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planted in the lowland experiment station of CATIE, "La Lola," to 
be evaluated in the field under high selection pressure. A con
current program mictopropagates genotypes that have been selected 
in the field for diseas, resistance. The present capacity of CATIE's 
laboratories permits h,:-production of more than 400,000 plantain
plants per year wilhout greatly affecting the continuity of other 
research projects. 

The plantain varieties presently under study are of the Horn plan
tain (AAB), locally known as "Currare," and of the French plantain
(AAB), locally known a."Doninico," groups. The micropropaga
tion system developed in the CATIE laboratory has proved to be 
quite efficient, permitting the initiation of plantings this year to 
evaluate the performance of genotypes presently found in our germ
plasm bank. 

The International Network for the Impiovement of Banana and 
Plantain (INIBAP) was established in November 1984 by a group of 
donor countries and organizations with the general mandate to 
improve Musas. Under an agreement between CATIE and INIBAP,
the regional office of INIBAP was established at the CATIE head
quarters in Turrialba, Costa Rica and CATIE assumed responsibility
for receiving and maintaining the worlo reference collection for 
Musas. To properly fulfill this responsibility, CATIE is assessing the 
comparative adequacy and security of conserving this important
germplasm. Economic support has been requested from IBPGR to 
develop techniques of crvconservation in the Musas. The material 
that is received now and in the near future will be stored in vitro. 

In order to intensify basic research in the Musas, exchange agree
ments have been signed with several research centers in France. As 
a resuft, CIRAD in Montpelier has agreed to send French research 
personnel to work in coordination with CATIE researchers on the 
pathology and genetics of Musas, using biotechnological tools. In 
preparation for this collaboration, CATIE researchers have received 
training in cryoconservation and other laboratory methods in the 
CNRS laboratory it-, Meudon, France. 

Biotechnology Research in Promising Tropical Crops 

The tropics have a tremendous potential for iuman food produc
tion. The possibility for year-round production and the presence of 
greater biological diversity are only two of the comparative advan
tages upon which this potential isbased. The lack of research atten
tion to tropicnl crops, however, is an obstacle to realizirg the possi
ble prodi ct vi .'gicultural research has concentrated on less than 
20 edible ,,iecie, and' has emphasized production in the temperate 
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zopes. The development of greater crop diversity will depend on
whether the tropics can preserve their biological diversity as a
genetic bank for species improvement and the appropriate technol
ogies for gemlplasm utilization and preservation can be developed. 

A number of promising crops have the potential to contribute to 
the economy of the Central American region through agricultural
diversification. These crops fall into four categories: 1. roots and
tubers that have great potential as human food; 2. fruit trees; 3. 
spices and dyes; and 4. ornamentals. Until now, biotechnology
methods have been applied to root and tuber species for germ
plasm conservation and for the elimination of vir ses. The principal
objective of research on ornameantals is micropropagation of orchids 
in danger of extinction. The use of biotechnology in tropical root 
and tuber crops will be discussed. 

The principal tropical root and tuber species are cassava (Manihot
esculenta), sweet potato (;pomoea batatas, coco yam (Xanthosoma
spp.), true yam (Dioscorea spp.), taro (Colocasia spp.), and some 
others of local importance. The genetic diversity of these species
has been studied in Central Ameica as well as in other tropical
regions. CATIE now has large living collections of many genotypes
of these species. There is considerable risk involved in maintaining
germplasm in field collections as they are exposed to epidemics,
environmental catastrophes, and human error. Mairiaining living
collections in the field is also extremely expensive, due to the large
amount of labor and other inputs required. It "vas therefore con
sidered expedient to establish in vitro germplasm banks for this 
material. Presently, at least six clones of every introduction are
being maintained in vitro (Table 1). Depending on the species,
these materials are transferred to t -sh media every six to twelve 
months. As this transfer of germplasm from field collections to in 
vitro conditions occurs, studies are carried out to reduce the
frequency of transplants needed and to consider the use of cryo
preservation. The use of growth retardants appears to be a good
method of reducing the need for such frequent transplants. Several
such materials, including aspirin (Acido acetil salicato) have been 
tested in sweet potatoes. The results were very satisfactory with 
reductions of up to 100% in the growth rates being found. Field 
experiments indicate that after exposure to acido acetil salicilate for
various periods, plants recover their normal growth without 
evidence of phenotypic changes. Current morphological and 
anatomical studies on this material emphasize stomatal behavior. At
the same time, biochemical anal".-es are determining proteic and 
enzymatic profiles associated with respiration. The studies with 
salicylic acid are being extended to other species of roots and 
tubers that have similar problems. 
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Table 1. Root and Tuber Species Maintained in the In Vitro Germ
plasm Bank. 

NumberGenus Species Common Name of Introductions 

Colocasia esculenta Tiampi 1

Colocasia sp fiampf 9

Dioscorea alata Fiame 5

Dioscorea dunetorurn fiame 
 1
Dioscorea sp fiame 11
Dioscorea trifida fiame 7
lpomoea batatas camote 67
Manihot esculentum yuca 78

Xanthosoma nigrum tiquisque 
 2
Xanthosoma sagittifoliunl tiquisque 3

Xanthosoma sp tiquisque 18
 

Economic support has been requested of IBPGR to begin research
in cryoconservation. Although cryoconservation techniques will beapplied first to the crops given priority in the program, they may
later be applied to root and tuber crops. 

Parallel to germplasm conservation, programs are being imple
mented to obtain virus-free root and tuber plants. The objective is 
to develop efficient micropropagation systems that can provide
virus-free planting material to farmers in CATIE's member Countries.
Hopefully, a program currently being developed in Costa Rica
eventually can be extended to the other member countries. 

Training in Biotechnology 

CATIE is regarded as the -ost important center in agricultural
education in the Central American isthmus and the Caribbean.
During the forty-year cxistence of the graduate program, over one
thousand Masters degrees have FKeen awarded it, students trom all
countries in the Western He-,iisphere. Ea.-h year, CATIE receives
250 to 300 applications tor the M.S. progiram .ot only from Latin
America, but also from the Caribbean, Caidea, the United States,
Asia, and Europe. 

The role of CATIE in enhancing human resources is vital for the
development and modernization of agriculture in the region. While
this training is directed to produce a primary impact in Central
America and the Caribbean, CATIE's educational mandate covers all
countries of Latin America. The Center does not limit its training 
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activities to the Masters degree program and a significant portion of 
the educational activity focusses on training agricuitural technicians 
through refresher and in-service co(urses. 

Each year, the program of tropical crop improvement trains more 
than 250 technicians at different levels and in a variety of' 
specialties. In the area of biotechnology, for example, two courses 
were given in 1987, one at the Masters degree level and an inter
national training course whith participants from fourteen Latin 
American countries. At the same time, in-,erice training in tissue 
culture techniques was given to 20 researchers from Latin ,rmerica 
and Europe. based on the appli(ations for admission re(:eived for 
1988, teaching and training activities should b e even greater this 
year. 

Coopermtivc training and teaching ,rrangemnnts. In rder to sup)
port bictechnology development in Latin Ameri(an (ULintries, an 
international course was organized at CATIE in ((Ilahloriti. with 
Colorado State University (CSU). Arranged through CSU's Tissue 
Culture for Crops Project (TCCP), the (ourse familiarized 22 
scientists from 14 Latin American countries with in vitro techniques 
applied to important agricultural and forestry ,pecies in the tropics.
This course, tpartia!y financed by USAID, ,stimlnllateol great interest 
in agricultural biotectnology in the c(nunriet involved. With the 
.,upport of Colorado Stc te Univer., ry throughi the International Plant 
Biotechnology Network (IPNet), this course will Ihe given again in 
1988. 

CATIE offers many advantages for teaLhilg such (ourses because of 
its strategic location, close involvement with regional )roblems,
modern facilities, and traiining niaterials in the Span il I language. A 
similar approach will be used in a course in genetic engineering to 
be given in 1989 in collaboration with the Johann Wolfgang 
Goethe University of Frankfurt, Vest Germany. The course will be 
offered to scientists in the rcgion who are interested in developing 
research in the area of cellular transformations. Other (ducational 
activities have included intensive training of young researchers in 
the field of biotechrology in Guatemala, the Dominican Republic,
and Costa Rica. In future years, this activity will contiiiue to give 
great impetus and support to national prograrlis in I)iotechnology 
that are emerging diroughout Central America. 

Research Agreements and Commercial Arrangements 

The application of biotechnology to agricultural crops has great
economic potential for CATIE's member countries. This importance
is being recognized not only by government programs but also by 
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the private sector. The great number of requests for training
received by the Biotechnology Unit is evidence of this interest. At 
the same time, agreements have been reached for the sale of plants
produced by tissue culture, principally with Costa Rican enterprises.
The principal interest isthe pu ,rhase of ornamental plants cloned 
by nicropropagation. Similar material ,hould be available in plan
tains, cocoa, and bananas at a later date. 

The Biotechnology Unit of CATIE is applying )iotechnological tools 
to the solution of specific problens in the agriculture of the 
meniber countries. For example, undher an agreement with the 
University de Valle in Guatemnal a, rirs-ie (ar ( (leittaria
cardamomurn) plants ,will be obt,ifrre through meristem culture. 
Within the guidelines of this agreemrent, (,AllF is developing
technology for obtaining healthy gernipla&,n. That tech nology will 
then be transfe;red to and used by the Univerity d1lel Valle. 
Another agreement has been signed with the Ministry of Agriculture 
of the Dominican Repilrlic for asSistaru(e in the establishliient, 
training, and donation of invitro gerniplasni that will txrmit the 
massive multiplication Of Musas, roots, and tubers (cassava, yarns, 
sweet potatoes, and others). This agreement resulted in the reactiva
tion of a tissue culture laboratory, the training of technical 
personnel, and the initial production of plant,, obtained through 
micropropagation techniques. 

In Costa Rica, CATIE signed an agreement witlh the Ministry of 
Science and Technology to implement a national program for 
obtaining basic seed free of virus in four spe(ies: cassava, yariis, 
taro, and cocoyams. As was pointed out earlier, the roots and 
tubers are of great importance as a so(urce of nutrients in the region
and have considerable export p)otential as well. Through this agree
ment with the government oifCo(st, Rica, CATIE hopes to establish 
a prograr of basic seed production that includes the whole process
from rieristem isolation to the delivery of planting manterial to the 
farmer. The participation of both the Ministries of Agriculture aid 
of Science and Technology is contemplated as well as that of the 
private sector and medium- and large-s(ale producers. Although
such interdisciplinary activities are complex and require much corm
mitment from the participating individuals and agencies, it is hoped
that 25 demonstration plots xvill be established in representative
regions of the Central American isthmus. In these plots, virus-free 
plants obtained by in vitro techniiques will be cormpared with plants
multiplied by farmers using traditional methods. 

Farmers who grow ornamental species for export have shown great
interest in the use of tissue culture techniques for cloning selected 
individuals. An agreement is presently under study with a private 
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flower-exporting firm i-, wHil;which CATIE develop the technology 
and multiply selected genotypes of shade plants, orchid,,, and other 
exotic species. This type of agreeiniont will open the door to self
financing activitie, aid may eve:i help CAlT[ to generate some 
resoUrces fIor resear h en(dP\'ors, 

Areas of Collaboration 

Biotechnology clearly s ilaying an iiportiant role in C,\TIE's 
activities, a role thit will ilite sify if) the near fuluIe. the urgent 
need to in(rease vield,, and produlce genotyljxs< resistant to diseases 
in the coffee, (o()i, mi1d plmtainr(r), ot the region cannot be 
ignored. 1hu, tar, ;eal,1Ivan(ce,,in hiot(*( ln,)logyi in these crops
have been mo(hlest, despite tlhelr iiHoitaie tothe egiol,t1 
compil)ared to theIpro.r,-,,, 1,l(e iiniiim t prate crops. For this 
reason, tissue ( Llile stifdies 1nuIt be llt'ns1tied illorder t(J unders
tland the nii)rpholigi cal evetns that plti,(ed(I nii( roploo)galoll 

,(organogenesi<s aii , i i' ,ui). , ge'lnetic( stdies niustmiidrularl 
behil(rea l thP, La,,,t )iih( ,, till o0i loiiil cariti n. iining haploid
plal ,W ild(, f)lll(n(i <>,,,imt(01,lI!,11l~ n ,
 

(C,\IIE's (NthIll\ 't ij la' iu ot miolnl ,w , I' (rl a',tiivi k tie ' 
very advailntage-(Ju )osililn, \%ith eps'(t Ito0tl1') ceiit('rs. This 
advantage, hoevever, is somewli limited by the lack Of personnel 
al resources to ( arry Out ad('(Uate aild tiniely evailtiion of this 
gernplasim. We believe that studit of morphogenic (onditions 
should be intlensitied in order to arrive it ill efficient system of 
micropropagatioriol co ia. Genelic vaialhilitV in the Musas Must 
be increased; while :offee mLISt Ix illprO\,(C With respect to 
resistance to nematodes, borers, anId rust. to theseIn order lulfill 
objective;, interdisciplinary resear(h teaiis and econimic support 
are urgently needed. It is inithis area that collaboration is most 
essential. 

Economically promising (rops ae anothet in)ortant componlent on 
the biotechnological horizon. For this purpos>e, as well, the 
importance of a center with large germila:,m banks cannot be 
overestinlate(. Even with this advantage, very few studies have 
been made of the tissue culture methods for species such as black 
pepper, vanilla, cardamom, tropical fruits, loots and tubers, 
orriamentals. Our strategy is to develop technological packages and 
to be able to multiply superior germplani through tissue culture 
techniques. For this reason, collahoration is Also sought from com
mercial enterprises interested in supporting research with such 
species and researchers who are interested in working with these 
species. 
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A central necessity for CATIE's activities in biotechnology is,
without a doubt, the intensive study of all of the possible options
for preserving germplasm banks with naVial'rii stability for the
longest period at the lowest cost, especially for species propagated
organically. This activity is of the highest priority in the application
of biotechnology to tropical si)ecies. In this respect, CATIE has
received consideral e support from the IBPGR and the government
of the Federal RepIublic of Germany. Because adequate
maintenance and use,* () these genetic resources requires the
 
combined effort otfmany research institution; arid the private

sector, this is the third area 
of 	priority for (ollaborative activities. 

Finally, the training and teachilg (01)pol0t sho111Ld be c(onsidered 
as a major priority f i inter-ilistitotiona I activity. The agreemerlts
with the Johann Wolfgang Goethe University and with Colorado 
State Un iversity advance this objective. Efforts should be made to
increase collabomation in biotechnology education ani( training for
scientists and technicians from the countries of Latin America and 
the Caribbean. 

Future Goals 

CATIE's program inthe improverient of tropical crops proposes

four orig-teml goals:
 

1.	 Improvement of c(ffee, cocoa, and plantain with the objective
of obtaining more pro)ductive and disease-resistant planting 
mnaterial. 

2. 	Collection, n11diltnliance, ev\aluation, aid distribution of promis
ing tropi( al geriet ic resources.
 

3. Technology develonment through eriphasizing research on
critical components of perennial and promising tropical crops. 

4. 	Teaching and training in moderi techniques of biotechnology 
applied t) trolical pecies. 

To obtain these goals, special erphasi l Must be given to 
biotechiological tools (hat can be used in combination with con
vntiorial breeding ald agrononic methods to obtain solutions as
rapidly as posSibe to pro)duction problems in coffee, cocoa, plan
tains, and other promising crops for the Central American region. 

In 	 the near future, CATIE will also promote positive interaction with
other research inIstitutions and with the private sector to initiate
research into nev technologies to increase agricultural production. 
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In this respect, it is important to recognize the enormous potential
of plant-microbe interactions that can play a decisive role in achiev
ing the goals of the program. 

Another area Otfintr,,t t( CATIF isthe implmentation (tfmethlods 
of biologi( al (tiOttol of foliar diseases, in( (Oa, plantain, anid (offee
which are pIresently theO Of pe:ticides (at high(ottrolled throug use 
cost. Preliminar resarch cOrnu( ted inthe ( ontrol of mniliasis of 
(ocoa and l:la(k sigatoka oft pl,ntain through the tve of antago
risti( hat teria haS had lr),itiVe re'ults. 

We ate pIitmntil\ !ntt,,ed in t(Olah1dating with institutiolns and 
erterpri st, that are a(lively wirkiig with geneti( engineering
 
ap)roai(euing ,,Proxriitii in the area, of nitrogen fixation
 
and Iiologi(al ( otnol. Our goal is t adopt one of the ,,..
 
technol()gics to ehistitig a(tivities 
at CATIE and to0 (orvdct joint 
resear( ) eft irts ot ecOlogical studi(, that rita' utravel the complex 
inter ,t(tiol,, 1n(1, thu,, 11a\ (etermine the sofes, ot this approach. 

Filally, it is impOlrtatit to rilrrliai/e that the advantages otfmtodern 
hiotehimlogi( al e(hltique tw (tienrging (an MOtst c(Otstructively
 
lbe ,sed 
 ill trop)i(al (()ntries to solve stttie of the collirnlicated
 
prtohlevfi, that ta(e tt())i(al (:rt10t TO use
) ,iecies. t these techri( ues,
 
an irter(tiscilplintay approach is r(uired 
tror 1)th the private avnd 
I)I)li(se(tr . W ithioitt this ( Otl)iriatiOlt of efforts, the ad(vaiM es that 
seent) poAlilmv.er the shlIrt and medium termr may not he realized 
for a long tirie tot (corriC. DurIihg sLch a )eri(xlt(01'dklbious effort, 
genetic resoLurces, )retltly avai ldl)ea e iermanently lost. 
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Use of Cell Genetics for Crop Improvement 

M.R. S6ndahl and D.A. Evans 
DNA Plant Technology Corporation 
Cinnaminson, New Jersey 

Selecting Technology 

Successful commercialization of plant biotechnology requires the 
application of a wide spectrun of technologies, ranging from 
modern forms of plant breeding (plant level) to cellular genetics 
and l) ecu lar biology. Carefil selection and integration of such 
technologies ire key elements for development of new products. 
Depending on the project goal, vety simple and short-tertii 
technolgies COIid be applied; whereas, in other cases, only 
mediuLI m- to long-term technologies will deliver new products. It is 
very (ritical to analy.4e the feasibility v5. costs and timetable to 
coallpletion before Undertaking a project. Such a risk/beiefit assess
ment could result in recommendation of the use of different 
technologies with different consequeLCUs regarding the final com
pletion of a product and its to!tal development costs. 

A balanced portfolio of short-, middle-, an( long-term projects 
would bring maxirnILt benefits to most biotechnology companies. 
Micropropagation coupled with disease-free stocks can offer imi
mediate payhacks. In cases of high costs of micropiopagation units, 
this technology shonld be applied in conjunction with standard 
horticulture and/or breeding methods. 

Somaclonal an( gametoclonal valiation are cellular methods that 
exploit natural variation within plant cells. Such a program begins 
vith removal of cells from the best plant varieties or hybrids, 
recovers regenerated plants, and selects new variants under 
greenhouse and field conditions. Depending on the species, 
vegetative or seed propagation schemes have been established to 
ascertain the stability of new traits during subsequent generations 
and under different environmeital conditions. Such techniques 
allow the development of new plant varieties in about half the time 
required using conventional methods. Within cellular genetics, the 
production of homozygous lines froi F, hybrid or highly 
heterozygous niaterials is accomplished by recovering double 
haploid plants derived frorn the culture of gamete cells (pollen 
grains or ovules). In contrast with the need for 6-8 successive 
generations of selfing, this gamete culture technology can deliver 
new inbreds within one cycle (less than one year for annual crops). 
Distant crosses can be obtained by embryo rescue techniques, 

69 

http:analy.4e


whereby immature hybrid embryos are recovered under culture 
conditions. Protoplast fusion methods permit access to new plant 
hybrids, but perhaps the most interesting advantage of this 
technology is to allow organelle transfer between such fusion prod
ucts. Plants derived from embryo rescue or protoplast fusion tech
niques must undergo standard breeding procedures to recover 
commercial varieties. 

Molecular biology is enlarging our knowledge of the complex 
genetic structure and control of gene expression at the cell, tissue, 
and whole plant level. Recombinant DNA lechnology offers the 
ultimate tool to transfer specific genes to develop new plant 
varieties or hybrids. Although this approach has a much longer 
timeline than cellular genetics, a balanced level of activity in this 
area will assure future success where plant breeding and cell 
genetics would be limited. 

Another area of interfacing technologies is in the development of 
plant disease diagnostic kits using hybridoma technology for the 
production of monoclonal antibody reagents specific for certain 
plant or soil pathogens. 

Programs on development of new plant varieties that focus on proc
essing and/or consumer benefits would also require expertise in the 
area of food technology to successfully screen new value-added 
products. Similarly, if the R+D goal is directed to the agrochemical 
industry, additional activities, such as chemical registration, have to 
be added to permit a successful completion of the program. 

Once the new plant variety or hybrid is produced], it will require 
additional expertise to first produce test-market or )ilot-plant quan
tities, followed by a large-scale production scheme. 

Defining Strategy 

It is imperative that short-, middle-, and long-term strategies are 
defined in order to guide decisions and thus enhance the probabil
ity of success. A private plant biotechnology company has to 
devote its efforts to generation of significant revenues to pay for 
R+D expenises, costs of market introduction, and to ensure a 
reward to investors. In addition, it should focus Oin specific market 
areas arid develop maximum technological leader-hip. Private con
panies could focus on variety improvement to enhance farming pro
ductivity and provide new value-added products for the processing 
industry or final consumers. Whatever the position of the biotech 
product, the activities should be consistent with the overall strategy 
for product commercialization, i.e., directed to seed sales designed 
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for the processing industry, or focused on supermarket sales. Sen
sitivity to changing trends and values of modern society would help 
the success of future products. It is necessary to focus on early 
product introduction, development of a constant flow of new pro

ducts, and development of new technologies to insure a long-term 
a proprietary portfoliosurvival. An active patent strategy will secure 

of products and technologies for commercialization and future 
developments. 

Selected DNAP ?roducts 

DNA Plant Technology Corporation, (DNAP), focuses on the 

development of new plant varieties with value-added to the final 
consumer and industrial markets. 

One opportunity DNAP has identified is to develop new improved 
produce. Little, it seems, has changed in the produce section of the 

supermarket over the past s, veral years. A tomato is still a tomato, 
although its taste and texture might be different at different times of 

the year. A carrot is still a carrot. Ai times it might be juicy and 
flavorful and at other times its taste ar.d texture might be dis

canappointing. It is a rare occasion today when the consumer 
reach for a brand name of produce and be assured of an eating ex

perience that measures up to his or her expectations day in, day 
out, week after week, and month after month. All of this is about to 

change. It is now becoming possible to offer products that are still 

100% natural, have the same nutritional content of current varieties 
and yet have a better taste, a better texture, a more enjoyable 
aroma and, importantly, offer these benefits consistently, year 
round. The ichnologies are available for producing new varieties 
of vegetables and fruits that will offer superior values to the con
sumer and that can be branded for easy recognition. This revolution 
in technology is taking place at the same time that consumers are 

becoming increasingly interested in good health and nutrition and 
are looking to satisfy these needs with fresh, natural produce and 
fruit items. DNAP is focusing on applying these new technologies 
to develop new and improved varieties of agricultural products to 
meet this consumer demand. 

A. VegiSnax 

VegiSnaxR vegetables consist of a whole line of superior-tasting 
fresh vegetables, pre-cut and packaged, available all year in super
market and convenience stores. DNAP has been test-marketing 

carrots and celery. The development of VegiSnaxRVegiSnaxR 
vegetables reflects the approach we are taking in the whole area of 

branded produce. We began with the consumer. We asked con
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sumers, in focus groups, to identify for us the qualities of the ideal 
carrot and the ideal celery. From these focus groups we developed 
a standard which became our product objectives. We began by 
searching the globe for the best varieties in existence. Our plant 
breeders worked to optimize these varieties. Then we began to 
develop varieties that would improve on these through the use of 
cell genetics and plant breeding. Market projection for this product 
line in the United States is estimated to be $100 ,,ilion a year. 

B. Fresh Market Tomato 

Our work in the area of fresh market tomatoes 's proceeding along 
the same lines as our VegiSnaxR branded vegetable strategy. Con
sumers would like to enjoy all year round the taste of a vine
ripened tomato picked at the height of the growing season. We 
seirched 'or the best available varieties, and we have been apply
ing cell genetics technology to develop new varieties that will meet 
the standard consumers are V,;king for. The market for fresh 
tomatoes in the United States is approximately $500 million 
annually, at retail. 

C. Rice 

Rice is the second largest cvup produced in the world today, and 
rice products account for close to $750 million of sales annually in 
U.S. supermarkets alone. The application of biotechnology to 
develop new proprietary hybrid rice varieties and new rice-based 
food products for the consumer market represents a major commer
cial opportunity. 

D. Popcorn 

Popcorn is one of America's most popular snacks. The total U.S. 
popcorn market is $1.2 bilion' a year. The U.S. market for 
microwave popcorn amounts to about $350 million annually. Pop
corn is a healthy snack, but most people typically add salt and 
butter to improve taste. If, for ex.-,mple, a better-tasting popcorn 
could be developed, it would allow consumers to enjoy popcorn 
without "additives." DNAP is using both modern forms of classical 
plant breeding and somaclonal variation to develop superior 
varieties of popcorn. 

E.Natural Sweeteners 

Several plant-based sweeteners exhibit sweetening power many 
times that of sugar and can be used effectively to sweeten low
calorie food and beverage products. While the existence of such 
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compounds has long been known, the "productivity" of plants 
producing them is currently too low to make them commercially 
viable on a large scale. DNAP is applying various cell culture 
techniques to develop improved varieties that will produce greater 
quantities of these natural sweeteners. One current advantage of 
such natural sweeteners will be the heat stability during cooking 
and baking. 

F. Flavor and Fragrances 

Plants are the principal source for many compounds used in the 
flavor and fragrance industry. Improving yields or enhancing the 
plant's adaptability to different growing environments can 
significantly reduce costs, improve the quality, and add to the 
reliability of the supply of many key flavor and fragrance com
pounds. DNAP is applying somaclonal and gametoclonal variation 
technology to develop improved varieties of plants producing com
mercially important flavor and fragrance compounds. 

G. Processing Tomato 

The food processor-the maker of tomato sauce, paste or 
ketchup-makes use of the solid portion of the tomato, not the 
liquid. The U.S. market for processing tomatoes is $500 million a 
year. To the extent that solids can be increased without changing 
flavor or nutritional qualities, considerable savings can be generated 
at the farm and the processor level. Through somaclonal variation 
technology, DNAP, starting with the 5% solids variety, has suc
ceeded in developing a new variety that is approximately 20% 
higher in solids. DNAP was awarded a Plant Variety Protection Act 
Certificate by the U.S. Department of Agriculture for this new 
variety, the first ever awarded for a variety developed through 
somaclonal variation. 

I-. Tropical Plants 

Coffee, cacao, banana, and citrus are just a few plantation crops 
produced in tropical and sub-tropical areas that enjoy very large 
markets in the United States (ca. $12 billion a year) and other 
temperate countries. Coffee and cacao are two major tropical plants 
that DNAP has targeted in its product development program. The 
processing of coffee beans and cacao beans, depending on the end 
product, can involve a number of steps that will affect quelity and 
cost. Traditionally, food companies have sought to improve quality, 
lower costs, and add value to the product delivered to the 
consumer by process improvements at the manufacturing facility. 
Advances in plant tissue culture and cellular genetics now make it 
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possible to create processing efficiencies and add value to the prod
uct at the raw material stage by developing new, improved plant 
varieties. 

1. Plant Diagnostic Kits 

Early detection of plant diseases can enable lawn care specialists, 
growers, and nurserymen to intervene effectively before serious 
damage has occurred. Detection of plant diseases is often a time
consuming, costly process, typically involving delivery of a sample
of the infected plant material to the plant pathology laboratory. An 
inexpensive detection system that can be used by a layman in the 
field represents an important commercial opportunity. DNAP, 
through its Agri-Diagnostics Associates' joint venture with Koppers
Company, has developed monoclonal antibody-based detection kits 
for fungal diseases affecting turf grass. These kits are now being
test-marketed to golf courses, with future testing planned for lawn
care profe-,ionals. The development of detection kits for diseases 
affecting a major commercial row crop, is now under way. Other 
applications of monoclonal antibody technology, including use for 
the detection of chemical residues in soil, are also targets for Agri
D:lgnostics Associates. 

Strengthening Collaboration in Biotechnology 

Public and private biotechnology institutions havc important and 
distinct MISSIONS to society. National and international research 
institutions should have primary responsibility in the areas of high
risk technology development, personnel training, supporting data 
for new legislation, recommending guidelines, and monitoring 
safety of rDNA experiments. Private companies have a primary
mission to generate and commercialize products, operate within a 
profit margin that compensates the capital of public investors, and 
at the same time provides jobs and pays taxes to the society. Efforts 
to make profits at public institutions or to have non-profitable
activities in the private sector would distort these missions and 
most frequently lead to complete failure. 

Every institution should recognize WHAT ARE THE BIOTECH PRODUCTS 
within the scope of its activity: (a)technology (patents; licensing
and royalties); (b) seeds; (c)proprietary products (flowers, etc.); (d) 
new varieties or hybrids; (g)gene constructions, etc. 

In addition, new biotech products and discoveries have to be 
recognized and treated as any other INVENTION produced by 
mankind, if full benefits are to be returned to our society. To 
accomplish that, adequate patent legislation should be in existence. 
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All institutions engaged in biotechnology should make a fair ASSESS-

MENT OF THE VALUE of each product and thus be in the position to 
enter into either a commercialization activity or licensing 

agreements. 

Any technology or product developed by the public sector could 

be immediately commercialized by the private sector under ex

clusive or non-exclusive licensing agreements, provided that pro

prietary patent protecticn has been secured. It is important that 
in place thatnational and international institutions have a system 

permits such patent applications before public disclosures take 

place, and thus secure revenues from commercialization or even

tual royalties to ihe institution and inventors. Lack of such a policy 

seems to be the most common factor leading to failure of col-
It is fundamenlaborations between the private and public sectors. 


tal that private companies must guarantee proprietary protection or
 

exclusive agreements in order to justify the long-term investment 

necessary to bring a product to test marl:et and full-scale commer
tremencialization. A clear policy on this issue would facilitate 

dously the relationship between public and private sectors. 

In other instances, research groups from both the private and public 

sectors could jointly develop products and technologies and have 

joint ownership of their discoveries. 

In ummary, we firmly believe that once legislation to protect all 

discoveries of biotech research aie in place and adequate policies 

are implemented in order to deal with the proprietary nature of 

R+ D discoveries, collaboration between public and private sectors 

will be fostered to a greater extent. 
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Tissue Culture Micropropagation and CIAT 
Biotechnology Research 
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CIAT Cali, Colombia
 

Introduction 

Root and tuber crops such as cassava, potatoes, sweet potatoes, 
yams, taro, and the Andean tubers are preferentially, or only, prop
agated by vegetative means and grown as clones. This mode of 
propagation often exposes these crops to pests and diseases that 
may be transmitted from one vegetative generation to the next, with 
the result that entire cultivars may become infected. Viral diseases, 
in particular, may remain latent, but crop yield and/or quality 
decline over time. Viruses and other systemic pathogens restrict the 
international exchange and conservation of crop genetic resources. 
Breeding for resistance to viruses is generally difficult in vegeta
tively propagated crops arnd does not allow rehabilitating cultivars 
with already valuable agronomic attributes; therefore, production ol" 
high-quality planting material constitutes a very important factor for 
good cv. performance. 

Asexual propagation utilizing variuus plant parts, e.g., cuttings, 
stakes, tubers, corms, rhizomes, etc., has been developed into 
standard agricultural practice. In the l~st 10-15 years, asexual pro
pagation methods have been extende(c to tissue culture techniques. 
Guided by specific agronomic objectives, tissue culture 
methodologies may (as much as possible) provide support to, or 
replace, some stages of the propagation process. A combination of 
tissue culture and traditional vegetative propagation techniques may 
be beneficial in one particular stage, while propagation by sexual 
means may be more appropriate at another stage for the same crop. 

Micropropagation 

Clonal propagation is currently the first important practical applica
tion of plant tissue culture. In vitro propagation techniques have 
received increased attention because: a) pathogens can be excluded 
from systematically infected plants and, thus, certified disease-free 
clones can be produced; b) only a small amount of space is re
quired to multiply and maintain large numbers of plants; and c) 
rates of multiplication much greater than with traditional techniques 
can be obtained. 
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Micropropagation Methods 

There are two possible routes for in vitro culture propagation: a) 
through enhancement of preexisting meristems, and b) through de 
novo formation cl meristem primordia or somatic embryos. The 
former is the most common route of micropropagation. Since 
multiplication takes place by enhancing preformed axillary buds, 
genotypic stability is maximized. An important added advantage is 
the possibility of disease elimination. Although it is possible to 
geometrically multiply shoots, this route requires much labor to 
generate whole plants since shoots need to be individually rooted. 
Hence, in vitro propagation has major commercial application in 
the propagation of high-value plants, e.g., ornamentals, and the pro
duction r,.early generation disease-free transplants. 

The c cond route of micropropagation utilizes expl~nts which do 
not '-,arbor ry preformed meristem. Propagation takes place 
through direct oi indirect organogenesis or somatic embryogenesis 
(Fig. 1); the latter pathway potentially offers very high multiplication 
rates. The occurrence of an intermediary callus in the indirect route 
may cause cytogenetic instability and somaclonal varialion 
(Scowcroft, 1984). Because of their bipoiar structure, somatic em
bryos do not require separate shoot growth and rooting steps (Bon
daryk and Styer, 1985); furthermore, embryogenic cultures can be 
multiplied in suspension cultures to very high numbers; in this 
stage, such cultures may be amenable to bioreactor automation 
(Fig. 1), and production of artificial seeds by embryo encapsulation 
or production of synchronized embr,'o cul .Ares for fluid drilling 
transplanting (Ammirato, 1983). Major needs to develop somatic 
embryogenesis propagation for important agricultural plants include: 
regeneration of somatic embryos, controi of the process in suspen
sion cultures, and improvement of current bioreactor limitations, 
i.e., doubling time, cell clustering, etc. 

Disease Elimination 

Disease elimination enables rehabilitating yield and quality of local 
cvs. Application of thermotherapy and/or chemotherapy to infected 
plants and cultures, in association with meristem-tip culture, 
generally increases the rate of pathogen exclusion (Roca, 1985). An 
inverse relationship exists between the size of the explant and the 
rate of virus elimination; highest rates are achieved with explants 
comprising the apical dome plus one or two of the youngest 
primordial leaves (Schilde-Rentschler and Roca, 1986). The tech
nique is valid for all infectious agents, but is particularly important 
for viruses and virus-like agents. Pathogen elimination depends not 
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only on a good tissue culture technique, but also on reliable 
methods of disease indexing. 
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Figure 1. Possible routes of micropropagation: a) through enhancement of 
axillary buds using meristem tips, shoot tips and nodes, and b) 
through organogenesis and somitic embryogenesis using explants 
devoid ot preformed meristems. While route a) favors trueness-to
type, somatic enibryogenesis in *;iquid-shake culture provides 
the highest propagation potential. (Adapted after George and 
Sherrington, 1984). 

Applications of Advanced Detection and Diagnostic Techniques to 
Viruses Infecting Cassava in Latin America 

To date, five plant viruse and several virus-like diseases have been 
reported on cassava in L.:n America. The relative importance of 
these agents to cassava '. , duction reflects their geographic distribu
tion and severity. 

Viruses Origin Distribution Severity 

Cassava Rhabdovirus Brazil Narrow Low 
Cassava Vein Mosaic Virus 

(CVMV) Brazil Intermediate Medium 
Cassava Common Mosaic 

Virus (CCMV) Brazil Wide Medium 
Cassava Colombian Syrnp

tomless Virus (C.SV) Colombia Narrow Low 
Cassava X Virus (CsXV) Colombia Intermediate Low 
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Viruslike Diseases Origin Distribution Severity 

Caribbean Mosaic Disease 
(CMD) 

Frogskin Disease (FSD) 
Latent Agents 

Colombia 
Colombia 
Colombia 

Narrow 
Intermediate 
Wide 

High 
High 
Medium 

Cassava Aucuba Mosaic Cuba Narrow Low 

The cassava common ind cassava X viruses and the Caribbean 
mosaic, frogskin, and latent igents caus;e the most economically im
portant viral diseases on cassava in Latin America. All cassava 
germpla.'m dispatched as in vitro propagated plantlets from CIAT 
are tested for freedom from these agents. A range of traditional 

Imechanical and graft transmission) and recently developed (im
mune electron microscopy (IEM), enzyme-linked inmunosorbent 
assay (El ISA) and double-;tanded RNA (dsRNA) analys:s virus 
detection methods are employed in the virus testing program at 
CIAT. There are potential applications of more advanced tech
niques, such as monoclonal antibodies (MAbs) and nucleic acid 
hybridization for diagnosis of viruses in Latin American cassava 
clones. 

Cassava Common Mosaic Virus. CCMV, a plant pot.xvirus, has a 
wide geographical distribution occurring n:ost frequently in the sub
tropical regions of Argentina, Brazil, and Paraguay. The concentra
tion of virus in cassava is usually high, allowing efficient 
mechanical transmission to several indicator plant species. A high 
titer polycloniaI anti-serum is available for use in IEM and ELISA 
tests. Several antigenically similar but biologically distinct isolates of 
CCMV have been identified (CIAT, 1986) which cannot be differen
tiated with polyclonal antiserum. Recently, an antigenically distinct 
strain of CCMV has been reported from Mexico (Zettler and Elliot, 
1986). The production ,jt MAbs against a strain of CCMV would 
likely permit the selecton of MAbs with either broad specificity for 
detecting all strains o: with narrow specificity for individual strain 
identification. MAb have been produced ,igainst potato virus X, a 
potexvirus (Torr-irce et al., 1986), and against African cassava 
mosaic virus (Thomas et al., 1986). Strain-specific MAbs would 
enable the rapid identification of CCMV stiains ')r accurate map
ping of their geographical distribution and for n. ,nitoring spread. 

Cassava X Vi,'us. CsXV is also a member of the plant potexvirus 
group. However, in contrast to CCMV, it occurs in very low con
centrations in cassava and is difficult to mechanically transmit. A 
polyclonal antiserum has been produced against the type strain for 
use in IEM and ELISA. Often the virus concentration in cassava is 
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below the detection limits of IEM. Although ELISA is more sen
sitive, multiple sampling over time is necessary to avoid false 
negative reactions. There is evidence for at least one antigenically 
similar strain of CsXV (CIAT, 1986). The advantage of MAbs would 
be realized ill increased ELISA sensitivity by reducing the 
nonspecific background reaction encountered in some i)olyclonal 
sera when used in plate-based and menbrane-based ELISA (Martin, 
1987). MAbs would also be useful for strain diagnosis. 

Frogskin and Caribbean Mosaic Disease Agents. The agents causing 
these diseases have not been characterized. !-Iowever, a graft 
transmission test to a sLiscet)tiblle indi(ator (lone is available for 
detecting both agents in inf ected ( as,,ava clmrnes. Mech anical 
transmission to other plant species has not been p)(ssib)le. The isola
tion and purification of these agents directly from infected cassava 
has not been successful. Based on ,imilar sympttolatology and in
sect transmission properties, they are both likely members of the 
plant geminivirus groulp. However, a seriological reaction was not 
detected with any of the geminiviruses tested. The application of 
nucleic acid hybridization techniques may aid in the identification 
and classification of the viruses involved. Spot hybridization (Robin
son et al., 1984), restriction fragment patterns (Hlaber et al., 1987), 
and Southern blotting (Coutts ar d Bu k, 1987) have been used in 
the identification of geminiviruses. 

Latent Agents. A range of dsRNA species have been detected in ap
parently disease-free cassava clones (Gabriel et a/., 1987). Nor
mally, csRNAs in plaits are associated with a viral infection. The 
dsRNA analysis technique has been adapted as a general method 
for detecting latent, unknown RNA plant viruses in cassava (CIAT, 
1986). It may be possible to simplify and increase the sensitivity of 
the standard dsRNA detection method (Dodds, 1984) through the 
application c 'I serological tectniques, using either polyc!onal 
antiserum (G, I, 1986) or MAbs (BenharnOu t a/., 1987), or, (2) 
nucleic acid hybridization (Jordan arnd Dodds, 1983). 

Germplasm Exchange and Conservation 

Transfer of genetic resources from the major centers of diversity to 
other regions of the wor!d is restricted because viral, fungal, and 
bacterial pathogens tend to persist in the vegetative material, i.e., 
stakes, cuttings, tubers, corms, etc. Exhaustive pathogen testing of 
micropropagated plantlets after rueristern-tip culture and therapy 
treatments, substantially minimizes, or eliminates, the risk of pest 
and disease dissemination. This approach ha.. been implemented, in 
the last few years, for the international exchange of cassava, 
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potatoes, and sweet potatees. (Roca et al., 1979; Schilde-Rentschler 
and Roca, 1987; Frison, 1981). Elite clones of these crops are 
routinely distributed in the form of individual well.-ooted plantlets 
in sterile media and contained in test tubes. In addition, cassava 
and potatoes are also aseptically shipped in larger numbers in 
plastic containers, and potatoes in the form of in vitro-induced 
tubers. The two latter techniques have been found to greatly 
facilitate handling (i.e., micropropagation, potting, field transplant) 
at the receiving end. In viON culture of cuttings, shoot tips, buds, 
and sexual embryos has been advocated as a means for field col
lection of primitive and wild genotypes. This technique can be 
useful for crops such as cacao, where seeds are unavailable or in
appropriate, or for collecting expeditions in isolated areas (Withers, 
1988). 

Small samples of pathogen-tested clones can be maintained in vitro 
to allow new propagation of disease-free plants to be made at any 
time; in vitro maintenance prevents recontimination with 
pathogens. Large germplasm collections of vegetatively propagated 
crops are traditionally maintained in the field; this exposes the 
material to losses due to pest or disease attack, climatic changes, 
and soil problems. Modifications of micropropagation techniques 
provide methods for germplasm conservation in vitro which can be 
valuable adjuncts to traditional procedures. Two typ~s of in vitro 
gene banks have been proposed (Withers arid Williams, 1986): (a) 
in vitro active gene banik (IVAG) where cultures are maintained 
under slow growth; and, (b) in vitro base gene bank (IVBG) where 
cultures are cryopreserved. To minimize chances of somaclonal 
variation, cultures derived from preexisting meristems, e.g., shoots, 
rooted shoots, plantlets, or embryos, are preferred for genetic con
servation (Scowcroft, 1984). The IVAG constitutes a working collec
tion; several of these exist for vegetatively propagated crops; two 
major ones are the cassava and potato in vitro collections at CIAT 
and CIP, respectively. Techniques for these two crops allows a 
1.5-2.0 year subculture interval under reduced temperature and il
lumination, and modified culture media. However, it is necessary 
to develop monitoring criteria for genotype stability, culture viabil
ity, and other logistical aspects involved in running an IVAG; this 
work has been initiated at CIAT on a pilot basis, using cassava as a 
model, in an IBPGR-CIAT collaborative project (Chavez et al., 
1988). Although there is not an IVBG inoperation, this approach 
theoretically should enable full maintenance of germplasm 
genotypic stability. Organized structures like buds, shoot tips, and 
embryos are also preferred for this technique in order to facilitate 
retrieval of plants from storage. Generally, liquid nitrogen (-196°C) 
is used for maintenance of cultures; procedures for hardy fruit tree 
buds, e.g., apple, pear, have been developed as well as for other 
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herbaceous species like carrots and strawberries; research into 
cryopreservation of root tuber crops such as cassava and potatoes is 
underway (Withers, 1988). 

Commercial Micropropagation 

Although methodologies exist for tissue culture propagation of 
nearly 1,000 plant species, only the herbaceous and woody or
namentals, some woody perennials, and a few plantation crops 
have been micropropagated commercially. Current nicropropaga
tion through enhanced axillar' branching (Fig. 1) is very labor
intensive; around 40(, of the process is used in manual operations 
(Walker, 1986). Suggestions have been made to develop somatic 
embryogenesis in continuous liqjuid culture and embryo encapsula
tion techniques in order to greatly increase micropropagation 
efficiency. 

There are approximately 150 laboratories dedicated to commercial 
micropropagation; the majority are located in North America and 
Europe; some 25 exist inAustralia and New Zealand (George and 
Snarrington, 1981) and a few in Southeast Asia and I atin America 
(Roca et al., 1988). While the great majority are dedicated to 
ornamentals, and a few woody fruits and forest trees, commercial 
production of early generation disease-free potatoes is the only 
root/tuber crop included. A recent survey with 107 institutions in 
23 countries of Latin America and the Caribbean revealed that 
micropropagatiun isoverwhelmingly the most important research 
activity, and applications to root/tuber crops are also the most ii
portant inpLblic institutiolns of the region. However,only 10 
laboratories are dedicated to commercial micropropagation of 
ornamentals, industrial crops, tempe, ate fruits, and one root/tuber 
crop. Links between Liniversities, national agricultural research pro
grams, and the private sector are notoriously weak in the region. 
For the next five years itis likely that tissue culture will remain as 
the most important activity in [atin America, followed by molecular 
and biochemical research (Roca et al., 1988). 

Biotechnology Research at CIAT 

Tissue culture research at CIAT began 10 years ago, and in 1935 
CIAT established the Biotechnology Research Unit (BRLJ) to func
tion as a link between advanced research institutions, CIAT com
modity programs, and national programs, for the application of 
biotechnology information and tools. The areas of research pursued 
are: (a)eliminating major constraints to improving production and 
utilization of CIAT commodities; (b)traditional approaches have 
shown limited Ipronise; and there is reason to believe that cellular 
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and molecular biology research and tools can aid in solving the 
problem; and (c)where widespread application of the technology 
can be expected. 

Applications of Available Techniques. Currently, routine applica
tions of biotechnology to CIAT commodities include tissue culture 
and biochemical techniques (Table 1). Germplasn managcment
related constraints were the first to be tackled in cassava. Thus, 
micropropagation techniques for virus elimination (Roca, 1985), 
and virus indexing have Ixen successfully applied for viral diseases 
known in the Americas. CIAT in vitro active gene hank (IVAG) now 
comprises over 3,500 clones, and over 600 elite clones and germ
plasm accessions have been distributed in vitro to national pro
grams in Latin America and Southeast Asia; similarly, nearly 2,000 
cassava cUltigens have been introduced to CIAT from 12 countries 
using in vitro techniques. To facilitate in vitro germplasm exchange, 
training of national program personnel has been carried out for 15 
countries. Trials with micropropagated disease-fiee clones have 
resulted in yield gains of up to 100% in many local cassava 
cultivars. For example, from a few elite cassava clones sent from 
CIAT, in vitro massive multiplication has been carried out at the 
South China Institute of Botany. In 15 on-farm tiails in Guangdong 
province, average 80% yield increase over local varieties has been 
obtained with micropropagated clones (oa CIAT-improved 
genotype. Planting of 30,000 hectares in the Guangdong province 
has been projected for 1989. (K.Chun-Yen, personal communica
tion). Isoenzyme electrophoretic techniques (Hussain et al., 1987) 
have enabled researchers to identify duplicates among cassava 
germplasm accessions. Clustering of duplicated accessions from the 
collection will facilitate germplasn managinet. 

Table 1. Current Applications of Available New Techniques to CIAT 
Commodities (April, 1988). 

Constraints 	 Techniques 

CASSAVA 

1. 	Restricted international 1. Disease elimination 
exchange G'clones 

2. 	Problems ot germplasm field 2. Slow growth in vitro 
conservation 

3. Yield decline of local cvs. 3. Micropropagation 
4. 	Redundancy in gerniplasni 4. Isoenzyrne electrophoresis 

accessions 
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Table 1. Current Applications of Available New Techniques to CIAT 

Commodities (April, 1988).-Continued 

Constraints Techniques 

RICE 

1. Long breeding cycle 
ecosystems 1. Anther culture breeding 

COMMON BEANS 

1. Dispersal/evolution of gernl- 1. Phaseolin electrophoretic 
plasm in Africa markers 

TROPICAL PASTURES 

1. Restricted exchange of 1. Micropropagation 
Brachiaria 

Based on the work by Gepts and Bliss (1986), electrophoretic pat
terns of common bean phaseolin have been used to track the 
evolution and dispersal of P. vulgaris germplasm between Latin 
America and Africa. Phaseolin electrophoretic types are correlated 
with the major common bean domestication centers in the 
Americas. 

Rice anther ct!' :; techniques have been improved at CIAT (CIAT, 
1984) and used by CIAT rice program breeders to produce 
thousands of doubled haploid lines to address breeding problems in 
the Southern Cone and the upland, savanna, soils of Latin America. 
This project is part of the Rockefeller Foundation rice 
biotechnology network. In those ecosystems, only one generation 
can be grown per year, extending the breeding process to 12-15 
years. Major constraints in Southern Cone rice are cold and poor 
grain quality. In 1987, cold-tolerant and high-quality grain rice iines 
were selected out of 800 doubled haploids produced three years 
before for this target ecosystem (CIAT, 1987). 

Methodology Development Research. Methodological research 
aims at improving current routine procedures and developing new 
approaches to selected constraints in CIAT commodities (Table 2). 
Under a special collaborative project with IBPGR, moniioring 
techniques (morphological, cytological, biochemical) are being 
developed for assessment of genotypic stability and culture viability 
at various stages of in vitro storage of cassava germplasm (Chavez 
et al., 1988). 
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Table 2. Methodolcical Development in Biotechnology at CIAT 
(April, 1988). 

Constraint Metl'odological Appi oadi. 

CASSAVA 

1. 	Monitoring needs in in vitro 1. Pilot IVAG' 
conservation 

2. 	Somatic embryogenesis2. 	Regeneration problems 
3. 	Haploid incLtuCiorl/ mutagenesis3. Cyanogene is 

COMMON BEANS 

1. Regeneration recalcitrancy 1. Tissue culture of wild P. 
vulgaris 

2. Gene pool in(oni)atlhility 2. 	Isoenzyrne Electrophoresis" 

TROPICAL. PASTURES 

1. 	S. guianensis improvement 1. Somaclonal variation 
Protoplas: fusion 

2. 	Slow identifiatior, Br.ich.aria 2. Isoenzyme Electrophorecis** 
iecombinant5 

Special proie(t with IBPGR 
*Special proje. is witl University of Manitoba, Canada 

Research to re-generate cassava plants from somatic and 

gametophytic tissues is underway at the BRU. While a considerable 
number of carsava plants regenerated through somatic embryo
geness have been moved to the field for eva'uation of agronomic 

1937), the haploid inperformance (Szabados el :1., 1987; CIAT, 

duction project has just began. Since acy-inogenesis seems under
 

recessive genetic control, microspore-derived cassava plants shouid
 

display variability for this trait.
 

beans has resulted in the regeneration 	ofResearch on common 
plants on callus Jerived fr-m embryogenic axis of several wild 
relatves of P. vulgaris (CIAT, 1988). This research complements 
collaborative efforts at Colorado State University with P. acutifolius, 
and in Vtterbo, italy with P. vilgaris (Table 3). On the other hand, 
isoenzyme electrophoretic analysis is belii-g developed to study the 

genetic relationships between germplasm accessions of P. vY-,garis 

from the gene pools of Mes'america and Southern Andes, where 
restriction to recombination exists. 
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Table 3. CIAT Collaborative Research Projects in Biotechnology 
(April, 1988) 

Project 	 Institution 

CASSAVA 

1. 	Cryopreservation of meristemns IBPGR/PBI, Canada 
2. 	rDNA for gene transfer LSU, Baton ,ouge 

COMMON BEANS 

1. 	Molecular markers for Univ. California, Davis 
geographic distribution of 
variability 

2. 	RFLP's markers for BCBB Univ. Florida, Gainesville 
3. 	Regeneration of P. acutifolios TCCP, CSU, Foit Collins 
4. 	 Regeneration of P. vulgaris last. Bioi. Agr., Viterbo, Italy 
5. 	rDNA for gene transfer Inst. Ortic., Montanas, Italy 

In the tropical forage legume Stylosanthes guianensis, a wide range 
of heritable tissue culture-generated variability (e.g., chromosome 
doubling, leaf area, growth habit, seed production, anthracrose 
tolerance, etc.) has been identified in 1he progeny of plants 
generated from callus cultures (CIAT, 1987). Plants have been 
regenerated from S. guianensis + 5. capitata protoplast fusionlprod
ucts (Szabados an( Roca, 1986). Isoenzyme electrophoreic 
analyses have shown the c-)mbination of parental bands at two loci 
in several plants. The objective of this research is to transfer 5. 
capitata traits to I'. gianen:ois. 

CIAT Collaborative Projects in Biotechnology. A total of seven col
laborative projects ha',e been established in the last two years with 
advanced research institutions of the USA, Canada, and Europe to 
address key research constraints in cassava and common beans 
('-hle 3). 

Early success in cassava cryopreservation at the Plant Biotechnology 
Institute, Canada (Kartha et al., 1982) has stimulated efforts to 
develop the t chnique further. An IBPGR postdoctoral fellow has 
begun research in this area iii Canada and will be transferring the 
technology to CIAT in the near future. Reseaich at Louisiana State 
University to develop Agrobacterium-niediated gene transfer tech
niques began last year; evidence of cassava tissue transformation 
has been shown through a kanamycin resistance gene j. Jaynes, 
personal communication). 
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In common beans, collaborative projects include both cellular and 
biochemical/molecular research. At the University of Florida, 
development of DNA-RFLP's as molecular genetic markers to tag 
bean common bacterial blight (BCB13) resistance has been initiated 
this year. Twenty-five cDNA and genonlic clones have been 
hybridized to restriction digests of cv. "Calima" and the BCBB line 
"XR-235-1." Out of these, 11 have revealed polymorphisms be
tween the two lines (Vallejo and Chase, 1988). BCBB was selected 
because of the difficulties encountered in progeny screening and 
Lackcrossing. Collaborative projects in two Italian institutions aim at 
developing the components for an in vitro gene manipulation 
strategy in beans, i.e., plant regeneration and gene transfer tech
niques (Table 3). 

Constraints Requiring Generation of New Information and Tech
niques. CIAT is in the process of identifying constraint priorities it, 
Manihot and Phaseolus that require networkng of stronger col
laborative research to generate basic information and techniques for 
the application of biotechnology. Projects that are already under
way (Tables 2 and 3) will be a natural [)art of the larger network. 
Among the major constraints identified at this time for collaborative 
research are: cyanide (CN) toxicity, postharvest physiological root 
deterioration, propagation-related constraints, photosynthetic capa
city under stress, nutritional quality, viral diseases, and insect pests. 
Some of these constrai-its may be approached with some of the 
emerging biotechnologies, e.g., virus resist-ince through incorpora
tion of virus capsid protein genes or insect resistance by the B.T.i. 
gene. Others, however, would reqiuire previous biochemical/ 
genetical research to identify possiblk targets for application of 
biotechnological tools. 

Work is in progress to prioritize constraints on cassava production. 
A sinilar exercise will then be followed for common bean. 
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Breeding for Rice Varieties Tolerant to Adverse
 
Conditions Through Tissue Culture at IRRI
 

F.J. Zapata, Tissue Culture Specialist 
and 
L.B. Torrizo, Senior Research Assistant
 
International Rice Research Institute
 
Manila, Philippines
 

The fast rate of world population increase is constantly imposing 
pressure on the agricultural sector to produce enough food (both in 
quantity and (Juality). This problemi k being attacked on two 
fronts-to increase prodluctivity in the available arable land, and to 
utilize the currently idle land, which mainly are comprised by 
those exposed to subJ)optirnal (.nditions for crops' growth. Signifi
cant increases in crop productivity have progressively become dif
ficult to obtain since the gap between actual and potential yields 
has increasingly become narrower Clue to better crop management 
and higher-yielding varieties. On the other hand, considerable yield 
increases could be gained in the second alternative due to the vast 
areas of land subjected to adverse conditions such as salinity (Table 
1), drought Table 2), ard other stresses. 

Table 1. Distribution of Saline Lands (Ponnamperuna, F.N., 1984). 

Area (million ha) 

Strongly Moderately 
Region Saline Saline Total 

Africa 16.5 37.0 53.5 

Australasia 16.6 0.79 17.4 

Mexico and Central America 0.24 1.72 1.96 

North America 0 6.2 6.2 

South America 10.5 58.9 69.4 

North and Central Asia 22.5 69.2 91.7 

South Asia 47.2 36.1 83.3 

Southeast Asia 0 20.0 20.0 

Total 113.5 230.0 343.5 
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1986).Table 2. Estimated Upland Rice Area in the World (Tran Van Dat, 

Area Production Yield 

Region (thousand ha) (thousand 0 (t/ha) 

0.502047 1023Africa 

1.0011593 11593Asia 

1.106724 8820Latin America 

1.0520364 21436World 

Rice ranks first in importance as a foo( crop since it provides more 

a per hectare basis, although it iscalories than any cereal on 
second to wheat in terms of area hatvested (De Datta, 1981). 

Breeding for rice varieties takes several years since it takes several 

generations of selfing until homozygosity is reached. Although wild 

in improving the resistance to pests,rices (Table 3) could be useful 

diseases, and adverse environment of the cultivated species, 
Since the objectivecrossability barriers often have to be overcome. 


is to breed desirable genotypes best suited to the adverse growth
 
being aware of theconditions at the shortest possible time, and 

in crop improvelimitations of conventional breeding, some areas 


ment have been identified where biotechnology, which inIcludes
 

tissue culture, could be valuable (Khush and Virmani, 1985).
 

Table 3. Wild Species of Oryza with Useful Traits (Swaminathan, 1986). 

Wild Species Useful Trail 

0. perennis Tolerance to stagnant flooding and acid sulfate soils 

0. navara Resistance to grassy stunt virus and blast 

and GLH0. officinalis Resistance to BPH, WMBPH 

0. australiensis Resistance to BPH and drought 

0. barthii Resistance to bacterial leaf blight 

0. longistaminata Floral characters for out pollination 

0. coarctata Tolerance to salinity 

The tissue culture methods employed at the International Rice 

Research Institute include anther, isolated pollen, somatic cell, and 

protoplast cultures. In the future, protoplast fusion and DNA 

transfer techniques will be incorporated. These methods are utilized 
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at IRRI as they are applicable in the breeding of varieties adapted 
to adverse conditions through: (1) immediate fixation of 
honozygosity for faster production of stable lines, (2)generation of 
somaclonal/gametoclonal variants, (3) somatic hybridization, and in 
the future, (4) gene transfer techniques. As these innovative 
breeding techniques are relatively new technologies, most of our 
research is still hasic in nature, which ultimately will be of practical 
value in the pursuance of our research objectives. 

Immediate Fixation of Homozygosity 

Among the different methods of haploidy, anther and isolated 
pollen cultures are the most practical as pollen grains come in large 
numbers. The advantages of using haploids in breeding have been 
discussed by Snape (1982). Since this technology requires plant 

<,production in large nuhrlll , basic research oi increasing callus 
and plant regeneration efficiencies is constantly being undertaken. 

Analysis of Genetic Control on Callus Induction and Plant 
Regeneration Using Diallel Crosses 

Japonicas are generally responsive, while Indicas are considered 
recalcitrant to anther culture. Althouigh in vfitro culture conditions 
could be nmade ol)timal to effect nmaximliUn response from the an
thers, incorporation of responsiveness into the Ind icas through the 
genes may have more-lasting results. Thus, inheritance of callus in
ductiol and plant regeneration was studied using 16 genotypes 
from a 4-parent ctiallel set. Both callus induction and greln plant 
regeneration were indicated to be highly recessive characters with 
large amounts of genetic variance due to additive gene effects. Par
tial dominance and nuclear control of these characters were also in
dicated (Quinio and Zapata, 1988a and b). These results suggest 
the possibility of transferring the high culturability of the Japonicas 
into Indicas by proper choice of parents. 

Other Factors Affecting Androgenesis 

Aside from the influence of genetic factors on androgenesis, the ef
fect of culture conditions, media andi nedia components, physical 
treatments and physiological state of the donor plants is also being 
studied. Physical treatments such as irradiation (Zapata et al., 1986) 
and heat treatment (Zapata and Torrizo, 1986), for example, have 
increased callus induction and plant regeneration. Irradiation 
dosage of 20 krad to the seeds for panicle collection resulted in 
26"/o green plant regeneration while there was no regeneration in 
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as test variety, heatthe control. On the other hand, using IR42 
treatment of panicles at 35' for 15 minutes prior to anther culture 

increased callus production by as much as 100'%, relative to the 

control. 

sucrose, abscisic acid (ABA), and condi.Chemical factors such as 
tioned medium also significantly affect culturability. Increasing con

centrations of sucrose up to 12(%, resulted in increased callus induc

tion. Likewise, plant regeneration (both green and albino) was 

enhanced (Mercy and Zapata, 1986). Addition of abscisic acid into 

callus induction and plant regeneration media enhanced anther 

culture efficiencies. ABA at a concentration of 2.5 mg/I was op

timum for callus induction. For semisolid and i quid niedia, the op
for 2 and 3 days. respectivelytimun duration of exposure was 

(IRRI, 1987). Likewise, stressing anther-derived calli in ABA

containing medium before transferring them to regeneration 
medium without ABA significantly increased green plant regenera

tion (Torrizo and Zapata, 1986). Earlier findings by other research

ers showed that ABA given for short periods increased pollen em
bryogenesis in tobacco anthers (Imnamura and Harada, 1980) and 

stimulated shoot bud and plantlet formation in rice somatic callus 

cultures (Inoue and Maeda, 1981). 

Likewise, culturing anthers on conditioned medium not only in

creased callus induction but also enhanced green plant regeneration 

in some varieties (Zapata et al., 1985). 

Isolated pollen culture. As in anther LAulture, this technique
 
likewise provides a method of recovering homozygous plants from
 

to anther
heterozygous materials in a single generation. Compared 
culture, however, the efficiency is still low. It has an advantage 

over anther culture, however, in that possible inhibitory effects of 

the anther wall on microspore development are eliminated. Further
manner asmore, microspores can be manipulated in the same 

single cells and are thus appropriate for selection of variants. Pollen 

grains are also natural cellular "vectors" and have a potential use 

in genetic transformations. Foreign DNA can be introduced into the 

developing male gametophyte and transported to the embryo sac as 

a part of regular fertilization process. 

A routine procedure has been established in obtaining callus induc

tion and green plant regeneration in Taipei 309. Preculture of an

thers before pollen isolation and addition of amino acids to callus 

induction medium greatly increased callus induction and subse

quent plant regeneration (Cho and Zapata, 1988). Table 4 shows 
varieties being used and response observed. We are optimistic that 

follow. Getting considerablypositive results in Indicas will soon 
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higher efficiency using this technique will definitely improve the 
screening and selection system at cellular level for recombinants
 
tolerant to various stresses.
 
Table 4. Response of Various Rice Varieties to Isolated Pollen Culture.
 

Varieties Response 

Japonicas 
Taipei 309 Plant regeneration
 
RAC 3 Plant regeneration
 

Indicas' 
JR36 Multicellular pollen grains
 
IR42 Callusing
 
IR43 Callusing
 
Pokkali Multicellular pollen grains
 
IR54754A Callusing
 
IR54754B Callusing
 

*Experiment in progress. 

Development of lines for adverse conditions. One of the main ac
tivities in our laboratory is tile use of anther culture in the fixation 
of homozygosity from F1 crosses bred for different adverse condi
tions. These projects are in collaboration with different institutions 
and IRRI plant breeders. Tolerance to salinity, drought, cold, blast, 
and hoja blanca are being worked on. Summary of the data on 
these projects are shown in Table 5. 
Table 5. Green Plant Regeneration in Various Collaborative Projects on 

the Production of Hornozygous Lines Tolerant to Adverse 
Conditions through Anther Culture. 

Crosses 
Plated 

for Green 
Adverse Anther Plants L.ines Lines 
Condition Collaborating Culture Produced Tested Selected 
Bred For Country (No.) (No.) (No.) (No.) 

Cold tolerance Korea 5. 11 r,.i5 1367 13" 

Resistance to Peru 25 781 273 3 
Blast/Hoja blanca 

Upland In-house 107 1,988 419 25 
conditions (M. Arradeau) 

Salt tolerance In-house 101 1,622 65 13 
(D. Senadhira) 

*One line nominated as Suweon 357. 
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Cold tolerance. Screening of anther culture-derived materials isa. 
done in Suweon, Korea by the Rural Development Administra
tion and in the International Rice Cold Tolerance Nursery 
(IRCTN) by the International Rice Testing Program, IRRI. One 

line has been nominated as SLuweon 357 from anmong 13 lines 

selected for replicated yield trials (Table 6). This line is earlier
most important, hasmaturing, has shorter plant height, and 

resistance to blast and leaf blight among its advantages over the 

anther culture-derived variety Hwaseongbyeo and the check 
in replicated yieldDaelwanbyeo. Suweon 357 will be retested 

trials and tested in the repional adaptability test nursery in 

1988. Thus, this possibly cold-tolerant and blast-resistant variety 
asdeveloped through anther cultuIC took aroLInd 3 years, 

years it \vould take by ( onventionalagainst 10 or more 
breeding in coUntries like Korea where there is only one crop

the 1 lines selected earlier,ping season per year. A;ide from 
another 31 lilnes were selected in 1987 and these will be tested 

in the yield trial nursery this year. 

On the other hand, one line (from Taipei 309/Tatstimi mochi) 

of three lines tested was comparable to the resistant check, 
Stejaree 45. This screening was conducted in 15 locations com

posing IRCTN. 

com-Salinity tolerance. Three anther culture-derived lines wereb. 
pared to the resistant check, Pokkali, at different levels of elec

trical conductivity (Table 7). Two lines, AC6530 and AC6526, 
were comparable to the check in some aspects such as percent
age survival, relative leaf area, and relative leaf weight. In some 

cases such as in relative sheath and root weight, AC6530 and 

6526 were even better than Pokkali at EC= 5. Anther culture 

lines from crosses bred for salt tolerance were tested under 
13 out of 65 were selected.field conditions, and 

anther culture derivatives ofIRRI breeders found that some F1 
crosses designed for improving salt-tolerant traditional cultivars 
exhibited good agronomic traits as well as salt tolerance level 

comparable to the donor parent, a process that would have 
taken more than a decade in conventional breeding (Senadhira, 
1988). Whether the vigor of the anther culture lines was due to 

the stress induced by in vitro culture or the possible selection 
of gametes will need further investigations. The fact remains 
though, that some steps in the breeding process can be re
placed or improved by the tissue culture methods. 

98
 



Table 6. Replicated Yield Trials of Selected Cold-tolerant Lines (Suweon, 1987). 

1000 

Genotype 

Days 
to 

Head. 
Height 

(cm) 

Plant 
Panicles 

(no.) 

No. of 
Grains 
/pani. 

Grain 
wt 
{gr) 

Filled 
grain 
(%) 

Grain 
Yield 
it/ha) 

WCAIB 
(0-9) 

Blast 
(0-9) BLB Remarks 

SR12197-T7 107 
SR12197-T8 107 
SR12212-T2 127 
SR12212-T4 126 
Hwaseongbyeo 117 
SRI 1452-T231 95 
SR11452-T232 95 
SRI 1452-T233 97 
SRI 1452-T234 97 
SRi 2200-T5 124 
Hwaseongbyeo 119 
SR11452-T305 97 
SR11453-T107 110 

JR11453-T277107 
Daelwanbyeo 112 

94 
95 

116 
106 
104 

71 
76 
72 
73 

104 
103 

92 
108 
97 

105 

17 
16 
14 
14 
14 
15 
19 
15 
15 
16 
15 
11 
21 
15 
16 

79 
85 
95 
79 
97 
5, 
80 
64 
55 
83 
94 
57 
35 
42 
65 

22.1 
22.4 
22.8 
23.4 
23.5 
26.1, 
24.8 
26.0 
27.0 
22.2 
21.9 

-
-
-

--

74.3 
69.7 
80.7 
84.7 
87.3 
62.5 
65.0 
78.0 
83.0 
78.0 
77.5 

50.7 
52.3 
41.1 
50.2 

5.3 
5.8 
5.1 
5.1 
6.1 
3.2 
3.3 
3.0 
3.4 
5.6 
6.1 

2.9 
4.9 
4.7 
6.1 

wx 
wx 
0/1 
1/0 
0,'0 
wx 
wx 
wx 
0/0 
0/0 
0/0 

-
-
-

-

2 
2 
8 
8 
9 
0 
0 
0 
0 
9 
9 

3 
3 
3 
3 

R 
R 
S 
S 
S 
-
-
-
-
-
-
S 
S 
S 
S 

Suweon 357 

Notes: Genotypes 1-11 
Seeding: Aprii 15 
Transplanting: May 25 
Fertilizers:N-PO,-KO = 120-90-110 

Genotype 12-16 
Seeding: April 1 
Transplanting: May 12 
Fertilizer,:N-P.O,-KO = 120-70-80 

Spacing: 30 x 15 cm (3plants/hill) Spacing: 30 x 15 cm (3plants/hill) 



Table 7. Response of Anther Culture-derived Rice to Salinity Based on 
Relative Growth of Various Pzrarneters. 

Electrical 
Conductivity Pokkai 

0 100 
5 100 

10 100 

0 1.0 
5 0.84 

10 0.66 

0 1.0 
5 0.95 

10 0.82 

0 1.0 
5 0.94 

10 0.94 

0 1.0 
5 1.05 

10 1.16 

0 1.0 
5 0.96 

10 0.90 

Va ri (1yi . i e 

AC06530 AC6520 AC6533 

Survival % 

100 100 100 
100 100 10 
99 9-1 100 

Relative Leaf Area 

1.0 1.0 1.0 
0.Uo 0.87 0.65 
0.45 	 0.41 0.44 

Relative Leaf Weight 

1.0 1.0 1.0 
0.92 0.94 0.74 
0.65 0.62 0.54 

Relative Sheath Weight 

1.0 1.0 1.0 
1.07 1.02 0.78 
0.69 	 0.67 0.50 

Relative Root Weight 

1.0 1.0 1.0 
1.06 1.19 0.81 
0.78 	 0.88 0.69 

Relative Total Weight 

1.0 1.0 1.0 
0.98 1.0 0.75 
0.68 0.67 0.54 

'Pokkali-resistant check; AC6530 and 6526 = IR5657-33-2/IR4630-222-5-1-3;
AC6533 = IR4630-22-2-5-1-3/Pokkali. 

c. 	 Other studies on tolerance to various stresses. In-house col
laboration on the development of lines tolerant to upland con
ditions resulted in the selection of 25 out of 419 lines tested 
(Table 5). Likewise, 3 of 273 lines from crosses bred for 
resistance to blas, and hoja blanca were selected. 

100 



promising anhn a study conducted by CIAT comparing one of our 
ther culture lines (AC800-1) with their checks under favored upland 

two checks and wasconditions, AC800-1 flowered earlier than the 
NBI and 	BS than one or both check varietiesmore resistant to BI, 

(Table 8). 

Table 8. 	Performance of Anther Culture-derived Line (ACOO-1) and Two 
Checks under Favored Upland Conditions (CAT, 1987). 

Disease,' 

Day,, to 
Lines Flower 131 NBI LSc BS 

AC800-1 88 2 4 4 3 

Checks 

Oryzica 	1 99 4 5 3 8 

Cica 8 109 5 5 3 2 

'831 Leaf h1,t: NBI = Neck and 1 de hliast; ISc = Leat scald; BS - Brown spot. 

BS eVaoiutii n, I in 	 in Villavi(encio,were Wndlt \lanie, I'mima; the rest 
Co[omi)ia. 

the sister lines AC 800-1 

the cross IR48/Suve(n 290 consistently vielded higher than the 

parents in replicated yield trils tot 3 seasons (Table 9). Further in
said anther culture 

In an earlier study at IRRI, 	 00 a!icd from 

vestigation showed higher harvest indices of !he 
lines. Other distinguLishillg features ohserved incldicid earlier 

maturity, higher tillering, erectness and shorter plant height, and in
irls of the anther culture linescreased resistance to rice tungro 

compared to the parents. 

Table 9. Agronomic Data of Selected Anther Culture-derived Lines and 
I'arents (IRRI, 1985-1986). 

Grain Yield 	 Harvest Index 

Designation 1985WS 1986DS 1986WS 1986DS 1986"'S 

AB -1.65 A6AC800 5.4)A 5.65 ABC ).53 A 0.50 A 

6 25 A 	 (}.53AC800..1 5.87 A 5.15 A A 0.51 A 

IR48 41.97 BC 503 B-F 3.61 DEF (. 8 C 0.32 C 

5.60 A-D 0.44 B 0.37 BSuweon 290 2.92 D 4.50 BC 


1Ina column, umbers tollowed by the same letter -a not significantly different
 

from each other.
 

101
 



Generation of Somoclonal and Gametoclonal Variants 

Somaclonal or gametoclonal variation, whic'i is the term applied to 
enhanced genetic variability in plants regenerated from tissue 
culture, could also be in some cases utilized for the production of 
lines tolerant to various stresses (Scowcroft et al., 1985, 1987; 
Evans et a., 1984). Various possible mechanisms for somaclonal 
variation have been indicated (Scowcroft and Larkin, 1982). 

Somaclonal and gametoclonal variations in rice have been reported 
(Zhao et Al., 1985; Oon,), 1985). In some cases, positive variations 
such as increase in prodLi live tiller, fertility, and de( reased plant 
height were produced. 

Reports on somaclones adapted to adverse environmental condi
lions include improvement of salt-tolerant lines by cellular selection 
(Woo et al., 1984). Sixty percent of the lines regenerated were 
reported. In our studies on stressing cell., with NaCI at 15 g 
NaCl/liter, we were able to regenerate lines after 32 months (Zapata 
and Abrigo, 1986). The regenerated plants, however did not survive 
when grown in culture solution containing 5-15 g NaCl/liter and 
those kept in solution without NaCI showed 100"/, sterility. This ex
emplifies a case where the regenerated plants did not carry the 
NaCI tolerance trait present in the calli. 

Variants that are more resistant to diseases could be possible to 
obtain through tissue culture. Two somatic cell culture lines from 
iR43, which have been selected from 125 lines in observational 
yield trials, were subjected to advanced yield testing and screened 
for disease/insect reactions (Table 10). Aside from the statistically 
significant increase in yield in one somatic culture line (IR453SC3-8), 
it was also more resistant to rice tungro virus. Physiological studies 
will be conducted to pinpoint the iactors that account tor the 
increased yield of this somaclonal variant. 

Table 10. 	 Yield and Reaction to Diseases/Pest of Somatic Culture Lines of 
IR43 nd Parent (IRRI, 1987). 

Yield RTV BPH 
Designation (t/ha) %) Blast 1 2 3 

IR43SC3-8 3.34 A 62.0 5 5 7 5 

IR43SC1-7 2.37 B 77.5 5 5 5 5 

IR43 2.04 B 79.0 6 7 7 7 
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Somatic Hybridization 

One of the limitations in sexual hybridization is the difficulty in 
realizing crosses between interspecific and intergeneric species. 
Since wild species possess most of the characteristics for resistance 

to pests and diselses lhat are lacking in the cultivated genotypes, it 

is necessary to find o.,!er means of hybridization such as protoplast 

fusion, otherwise known as somLrac hybridization. In addition, 
somatic hybridization allows the expression of cytoplasnic traits 

from both pacrents in comparison to sexual hybridization where 
areonly the cytoplasmic characteristics from the female parents 

transmitted to the offspring. 

So far, the oniy known successful gene transfer through interspecific 
oratio l of grassy stunt virus resistancehybridization is the incor 

from Oryza nivara into ()ryza sativa (Khush et a., 1977; Goodman 

et al., 1987). transfer of brown planthopper resistance fromh-lie 

Oryza officinalis into cu tiVted species was done using embryo 
culture techniCtues (Jena and Khush, 1984). The Chinese have 

likewise reported the screening of plants from the cross Orvza 

ruipogon x ()ryza sativa for resistance to blight and good grain 

quality (Swaminathan, 1987). 

Before attempting sonatic hybridization, two very important
 
form
characteristics have to be demonstrated, i.e., the ability to 

plants through sonatic emtryogenesis and to regenerate plants from 
on these aspects inprotoplasts. Basic research has been conducted 

preparation for future work on protoplast fusioni. 

Plant regeneration through somatic enibryogenesis from mature 
seed and young inflorescence of the wild rice ()r'za perehlis was 

observed (Mang et al., 1987). The frequency of callus induction 
was higher from young inflorescences (62'!) than from mature 

seeds (42%) as explant. Green plant regeneration frequency in both 

explants decreased with increasing duration in culture. The 

regeneration capacity of the calli from the two types of explant did 
seeds are more practicalnot differ significantly. However, mature 

sources of explants since these can be stored and are more readily 

available any time of the year. 

Formation of embryogenic calli and plant regeneration was likewise 

observed il somatic cultures of Echinochloa glabrescens using 

young inflorescences anrd leaf segments as explants (Mang and 
Zapata, 1987). On the other hal, Echinochloa glabrescens is a 

gramineae which can be adapted for cultivation as a forage and 

grain crop inarid and semiarid regions, as a single watering suffices 
to harvest. The callus induction frequency wasfrom germination 
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91% in young inflorescence and 41"/o in leaf segments. The green 
plant regeneration efficiency decreased from the 2nd to 6th 
passages with young inflorescence as better explant than young leaf 
segment in terms of plant regeneration. 

Although several researchers have denlonstrated the ability to 
regenerate plants from protoplasts isolated from sLIoension cultures 
derived from different explants such as basal leaf segments and 
scutella (Abdul lali et al., 1986), anther-derived calli (Toriyama and 
Hinata, 1985, 1986), embryo callus (Shimamoto et al, 1986), in
mature embryo calli (FUjimura et al., 1986), intact seeds (Coulibaly 
and Denarly, 1986; Yamada et al.. 1986), and root tips (Zimny et 
a;., 1986), no successful protoplast fusion between different rice 
species has been reported except for the rice-barnyard grass somatic 
hybrids (Echinochloa orvzicola) (Terada et a/., 1987). 

Protoplast culture at IRRI was initiated in 1987 using the model 
variety Taipei 309. Plant regeneration has been realized and oui 
present work include-; other varieties and wild species. The status 
of response to protoplast culture of these are shown in Table 11. 
From the knowledge gained in the basic studies, we hope to in
clude somatic hybridization in our future research work. 

Table 11. Response of Various Rice Varieties to Protoplast Culture. 

Genotype Response 

Japonicas 
Taipei 309 Greca pLant regeneration 
Taipei 177* Callusing 
RAC3' Callusing 

Indicas 
Kulu Albino plant regeneration 
Tetep" Division 

*Experinment in progress. 

Besides the use of protoplasts in somatic hybridization, these are 
now being utilized in gene transfer techniques (Cocking and Davey, 
1987; Goodman et al., 1987). IRRI will also venture on this aspect 
as a valuable research area. 

With tile fast deveiopments in ssue culture technology coupled 
with the identification, isolation, :,nd cloning of genes for 
resistance/tolerance to various stresses, development of rice and 
other crops for adverse conditions through innovative methods may 
be realized sooner than tfxected. 
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Tissue Culture Techniques for Germplasm Improvement 
and Distribution 

lohn H. Dodds 
International Potato Center 
Lima, Peru 

Introduction 

For many years, tissue culture has been applied to improve potato 
production by means of micropropagation, pathogen elimination, 
and germplasm conservation. ' -'- However, some of these tech

s
niques are still '5eing rerined and improved.- Intermediate-level 
technologies such as in vitro tuberization,' and embryo and anther 

culture are having some direct application on germl)lasni distribu
tion and gerniplasm- improvement.' In the case of sweet potato, 
tissue cultue and rapid prp)agatioln have been a'pplied in many 
countries. The most sophli;ticated technologie'. Such as genetic 
engineering and protoplast fusion have potential to improve potato 

and sweet potato production although translation of that "potential" 

into reality will have to be carried out with appropriate care. This 

article will analyze the spectrum of technologies nentioned in this 

section and consider their impact on potato and sweet potato in

provernent and production. 

IN VITRO GERMPLASM CONSERVATION 

A number of tissue (Li ture methods have been applied for conser

vation of potato and sweet potato germplasm in vitro; these include 

the use of growth-retarding conip)ounds," reduction in incubation 
temperature," and, less commorly, freeze [)reservation by 
cryopreservation. 1(' Most potato and some sweet potato programs 

apply tissue culture germplasm conservation to some extent; this 

may be the maintenance of a few genotypes used in a seed pro

gram, or it may be a major germ plasm collection such as that at 

CIP with over 5,OOU clonal accessions of potato and 2,500 of sweet 
potato. 

A number of advantages exist Ior in vitro germplasn collections 
over that of field-maintained collections: (1) the material is available 
all year round, (2) it is protected from environmental and pathogen 

risks, and (3) it is relatively simple to produce multiple copies of 

the collection to maintain duplicates in different geographical 
locations. 
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(a) Use of Growth Retardants 

A wide range of chemical growth retardants have been tested on invitro potato and sweet potato plantlets. The objective in using these 
compounds is to lower the growth rate of the in vitro plantlets in 
order to lengthen the time between subcultures. 

Maleic hydrazide (MI-), an active compound in a number of com
mercially available growth retardants, has been shown to promote
tuberization in cultured stem sections of S.tuherosum cv. British 
Queen.12 Diarnonozide (B995) is normally used extensively as a 
foliar spray on ornamental plants such as chrysanthemum and 
azalea; however, Humphries and Dyson reported a 10%, increase in 
tuberization after spraying it on plants of S. tuberosun cv. 
Majestic;' it also retarded plant growth. Phenolic compounds such 
as transcinnamic acid (TCA) have been shown to stimulate luberiza
tion from stem cutting,( in vitr(o. Abscisic acid (ABA) is present in 
potato tubers and it is involved in the control of dormancy where it 
has been used to act as a :1atural growth retardant. 

An alternative approach to use growth retardants has been increas
ing the osmotic pressure of the medium, hy adding sucrose or the
metabolically inactive sugar alcohols mannito and sorbitol, in order 
to reduce the water available to growing cultures.' 

Changing the available carbon source, generally sucrose, can have 
a marked effect on growth rate, either as a nutritional factor or an 
osmotic factor. Increasing the sucrose concentration in the medium 
up to 8% is an effective method to retard growth; however, there 
are problems of high mortality rates after six months of storage with 
both potato and sweet potato. An alternative rmethod of reducing
growth is to include a sugar alcohol that cannot be metabolised 
such as sorbitol or mannitol in the medium. These additives are 
very effective for regulating in vitro plantlet growth. 

(b) Growth Regulation by Reduced Femperature Incubation 

Plants, like most organisms, live within a fairly restricted tempera
ture range. Plant growth processes are under the control of a large
number of regulatory enzymes. Biochemically, each of these en
zymes has a well-defined temperature optimum, and this conse
quently results in a temperature optimum for growth of the plant. It 
follows, therefore, that if the in vitro plants are maintained at 
temperatures either significantly above or below this optimum, their 
growth will be restricted, and care must of course be taken not to 
overstress the plant. If temperatures fall much [lelow 3C in potato
and 15°C and below in sweet potato, cold damage will kill the 
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plants. Likewise temperatures above 280C in potato and 400 C in 

sweet potato will cause excessive heat stress. Within this range of 

temperatures, plants will survive and grow; however, the time 

period between subcultures changes markedly on either sid(e of the 

60C mark in potato and 18" C in sweet potato. The optimal growth 

inhibition temperature for potato plantlets while mairraining high 

whilst 18'C is optimal for sweet potato.viability is 6°C,'1 

study survival ofAlthough some experiments were performed to 

material maintained below 0°C down to -1 2'C, the success of 

these experiments was limited. [However, some success has been 

achieved by dropping to extremely low temperatures (-196°C) 
9.-20

using techniques of cryopreservation. 16. 17.1.8 

(c) Cryopreservation oft Germplasm 

)y Withers (and references cited therein)A comprehensive review 
has discussed fully all aspects of the cryopreservation of plant cell, 

tissue, and organ cultures. 2' Only the basic principles and 

methodology of freeze-preservation will be discussed in the follow

ing sections, since any atteml)t to briefly survey and discuss the 
beyond the scope of thisliterature already ,Wailable would go 


paper.
 

The successful cryopreservation of a particular plant tissue requires 
by ice crystal formation within the individualthat lamage caused 

to 

the adoption of two basic approaches to cryo)preservation: either 

ultrarapid freezing or slow/stepwise treezing. The process of rapid 

freezing results in the formation of ice crystals within the cells 
not disrupt the inter

cells of tile tissue is eith(-r prevented or minimized. This has led 

which are of microscopic size, and which do 
be carriednal organelles and merillranes. iowever, thawing must 

hasout rapidly enough to prevent recrystallization. Menshaw 22 


use of this method for successfully freeze-preserving
reported thle 
potato shoot-tips. Slow or stepwise freezing has been applied to 

many tissuc culture systems and depends upon extracellular freez

ing for protection against cellular damage. As cells are cooled, the 

surrounding liquid (either interceliular fluid or extracellUlar culture 

medium) will eventually freeze due to ice nucleation. However, the 

intacellular fluid will not yet be frozen, and so a process of 
water vapourcellular dehydration will be initiated due to the 

pressure deficit established by extracellular ice formation. The con

centration of intracellular solutes resulting from dehydration then 

further depresses the freezing point of the cell contents. This proc
"protectiveess of gradual removal of intracellular water is termed 


dehydration," and effectively prevents ice formation in the
 
to date the success rate ofcytoplasm or vacuole. Howevei, 
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cryopreservation with potato gerrnplasnr is generally low, and little
is known of the genetic damage that may be caused by the tech
nique. At the present lime, to my knowledge, no institution is using
cryopreservation as a standard method for gempliasm, conservation. 
However, many institutions are Currently using growth inhibitors 
and reduced incubation temperatures. 

PATHOGEN ELIMINATION 

Ihe use of nei istem culture coupled to thermotherapy or
chemotherapy has for many years been an important component of 
pathogen elimination to potato and sweet potato seed programs.
r-he techniques can not only increase marketable yield by produc
ing pathogen-tested planis, but also facilitates gerniplasn exchange
)y rernovirrg virus infections which allow compliance with quaran
tine regulations. 2 The estahlishniert of pathogen elimination pro
grams has greatly aided the international distribution of both potato
and sweet potato germl)lasri, and thus indirectly, potato and sweet 
potato produLIction. It is worth noting, however, that experiments are
inprogress in several institutions to streamline pathogen (virus)
elimination proc edares. 2-.The basic procedures are as follows: 

Thermothetapy 

Thermotherapy t elevated temperature (37°C) does riot eliminate
the potato spindle tuber viroid (PSTV). PSTV consists of a single
stranded, ring-shaped RNA that is twisted in the form of a super
coil. In this form it is resistant to nucleases. Elevated temperature,

far fron decreasing the concentration of the viroid, favors its

multiplication.2 Therefore, 
 a first test for PSTV should he carried
 
out at the end of the thermotherapy period.
 

2A method that permits the eradication of PSTV 6 is based on the

observation that in plants grown at 
 low temperatures, the viroid
 
concentration is low. In an experilent, plants were grown at 8VC
for four months. Then apical domes were excised. Thirty percent of
the plantlets regenerated were free of PSTV, even in the second 
tuber generation. A cledr (negative) relationship between 
nieristematic explant size and eradication success was observed.27 

This method, however, is not suitable as a routine technique, since
it is time-consuming arid costly. It may be useful in specific cases
in which a valuable clone is heavily infected and no pathogen
tested material is available. 

Experiments carried out with different virus host systems have
shown that treatment of plants with elevated temperatures (ther
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motherapy) leads to a reduction in virus concentration (titre) in the 
plant."' Different reasons have been given to explain this 
phenomenon; probably not one alone, but a combination of several 
may be the cause for reduction in virus titre. These can include 
competition for sites of synthesis of nLcleic acids and proteins be

host cells and the virus particles, which maytween the fast-dividing 
."the balance between synthesis and degration oflead to a change 

virus particles. Also, the nucleic acid of the virus, the carrier of its 

genetic information, 's usually protected from attacks by degrading 
of many protein subunits. Atenzymes because of a coat made 

elevated temperatures the linkage between these subunits becomes 

weaker, temporary holes may open and permit the attack of 

nucleases, leading to inactivation of virus and decrease of virus 

concentration. 

potato tubers. AThermotherapy has been applied to dormant 
reduction of virus concentration, miainly of potato leaf roll virus 

(PLRV) has been observed. However, elimination was not generally 

achieved except tor PLRB. 

as well as to sproutedThermotherapy applied to the whole tlari 
tubers followed by meristem rulture has been successfully used for 

" .'[ielimination of many viruses in potato. 

best have heen 

the plant isdecap;itated before introdLiction inrto thermothera, . nd
 

axillar' buds krown whilI undergoing heat treatnert. A daily
 

temperature reginre of 36"C for 16 hours aid 30"C for 8 hours
 

and continuous iight of high intensity (10,000 ILx) imlproved
 
are under lhe-e conditions for 4
 

In the standard L)rtnedore,resu lts o(ltai ned wh,-n 

elimination rates. Plants kept 
weeks. Fron axillary buds ab Well as apical buds, rnieristems are
 

isolated and cultivated.
 

Chemotherapy 

As an alternative to tliermotherapy, chemotherapy has been trier in 
potato. A nucleoside analogue, Virazole, known for its broad spec
trurn against animal 7NA and RNA viruses, has shown variable 

spray or in hydroponicresults when app:ied to the potato plarrt as 
culture followed by neristem cuiture. Prelirinary results show 

some promise when culturing excised meristen tips in the presence 

of 100 ppr Vrazole in the mediuri. 

However, some reports indicate that antiviral chemicals may cause 
mutations in the plant. Therefore, at the present time, thermo

therapy is definitely the preferred method of pretreatment prior to 
meristem culture. 
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Meristern Isolation and Culture 

The active growing point of the plant shoot is the meristen. It is a 
small region compo,,ed Of raiidly dividing (meristenatic) cells. 

The dome of a shoot api, al neritem (oi:tains the iruly
meristematic (ells iud is suruouIM( ! leaf priro,dia and primary
leaves. Since the more differentiated vscular ti YLes are found dis
tant from the meristem (towards the older tissue of the stem), the 
vascular emenients of the leat priioroi a are Aill incipient, and have 
not yet made c(ntaict with Ite iain stranld of the vascular system in 
the stem. Therefo re, v irt,- particle,,, w,.vich may be present in the 
vascu,, systerl, can rea(Ii the nieri ,teniiatic region of tie apex only
through cell-to-( ell no)vement; a slow proc(es,,. l his is one of the 
main reasons why in a virus-iniectedI plant, virus (onM(ertrati rn 
decreases acrontially toward the iieristerli of both the apical and 
the axillary buds. 

Isolation of the apical jiortion. (alled thie nieristern tip, under asep
tic conditions arid its (u tire on an adequate aseptic nutrient 
riediuni, leads to the developiieent of )laintlets. This developnienial
seqLiConce, inpnirinciple, follows a tt)alern similar to that inithe nor
mal plant growth. The cells of the rieristei divide and tle differen
tiation of new tissues continues. The nUtrition oi the excised por
tion of the Ilani is Supplied by the artificial riiediuii. This tech
niique, called nieristen cuItUre, was first applied for virus eradica
tion some 30 years ago by Morel arn( Martin (1952) on Dahlia, and 
leads to pathogen-free !)lants. 

The aseptic dissection of the rnieristem is a delicate process and re
quires many hours of practi,.,. The sequence of dissection is shown 
photograpiically (Figure 1) and is carried out as follows: 

Sterns are cut fioni tiie plant that has just undergone tliermotherapy 
into segments each containing one node with its axillary bud. The 
leaves are carefully renloved. The steri segments are disinfected for 
30 seconds in 70% alcohol, followed by 2.5% calcium 
hypochlorite for 15 minutes. Then the stems are washed four times 
5 minutes each with sterile distilled water to remove excess 
hypoch lorite. 

Under a binocular dissecting microscope, tile leaflets surrounding 
the growing point are removed until only the apical dome and a 
few leaf primordia remain. The donie and two leaf primordia are 
excised and transferred to meristem culture medium. The excised 
apical dome is transferred weekly to fresh mediuni. After 6-8 
weeks, the small plantlets are subcultured for further growth and 
micropropagation.31 
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After regeneration from the cultured meristems, plants are tested 
(indexed) to detect any persisting virus infections, 

ab 

Figure I Plhotog~raphic .wquence of merislem disvction: 

(a) The i,oldted qirur¢-.turiliwed bud. (1),Kc; Various stlages 01
the dis eclin process where primary leave.s are removed. (W)The 
fully dissected meristem iwith two leaf primordia. 

115 



IN VITRO MICROPROPAGATION 

Most pIotato and] sweet potato seed programs Uset as starting 

material, in vitro pathogen-tested larit lets produced using clean up 
methods describhed above. The initial stages of the Seed program' 
can make ,eof varyirg an(0Lints of in Nit()Inicropropagat ion 
(lependin t:, e .i;ze, location, and facilities of the program. The 
basic methods id, however, are very similar it) InIst irstitutions 
and are based on the rapid growth on solid or liquid (ulture media 
of single-node Cuttings or stem explanl The basic micropropaga
tion methods used at CI and Oanv asn other institutions are 
described below: 

(a) Gowth otf Singh -,N'e(' u(tihr, 

Single nodes \vith leavies are ex cised from smiall in vitro plantlets; 
in sonie genotypes the irage leaves are carefully removed. The 
removal of the leav,, ensures uniform growth of the newly 
developing shuloit. If large leaves are left on the single-node pieces, 
it is believed that horm ones from the senescing leaf can inhibit 
growth of the newly developing shoot. Each node is then in
oculated Onto the surface of agar-solidified rueditu.1i.1 The axillary 
bud quickly grows out (Figure 2), and in 3-4 weeks a plantlet with 
six or seven more nodes becomes availah'e i'Or suIIculture. Figure 2 
shows micropropagation of both iotato arid sweet potato cultures. 

(b) Liquid Shaken Cultures-

Ehis type of culture is perfonried to rapidly produce large numbers 
of nodes for subseqjuent nodal cutting preparation. 

In vitro plantlet; are cut into stern cuttings each with three to four 
nodes; the large leaves are removed. Each stern piece is placed ill 
15 ml of liquid mediurii and the flasks are shaken (80 rpi). After 
2-3 weeks of rapid growth, each flask contains 60 to 70 nodes in 
case of potato, 20-25 in the case of sweet potato. In the case of 
sweet potatoes, the plants are of such a size that 20-30 nodes/flask 
would be an upper limi. Once a suitable number of small plantlets 
have been produced, single-node cuttings are irepared arid grown 
in vitro until tiier --aii be transferred to nonsterile conditions, i.e., 
transplanted into hecls or pots for tuber production (see Figure 2). 

(c) Rootni and Transfer to Nonsterile Conditions 

After removal of the large leaves, between 16-25 excised single 
nodes of in vitro plantlets are place(] on agar-solidified medium in 
a suitable container. When lie plantlets are 3-5 cm. high and have 
developed a good root systeri (Figure 2), they are ready for 
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transplanting into pots or beds containing a suitable high-organic 
mixture (Figure 2). 

These basic technologies have had a dramatic effect on the amount 
of high-quality seed produced .-I many programs. In recent years, a 
number of institutions have been using in vitro potato plantlets 
transplanted at high densities (i.e., 100/m) to) produce small, high
quality tubers for subsequent field multiplication. Small storage 
roots have also been produced in sweet potatoes, however, at 
lower planting densities. 

IN VITRO TUBERIZATION (Potato) 

Inrecent years, interet ha, d(evehp)ed inlinre y countries on the in
dliuCtioI () lotato tubers ino(ler invitro ontitions. Several different 
miethods are available to bring about th(. in(luction pirocess. '-"'' At 
ClP, we have developed a rapid, ((st-etfective method that involves 
the addition of CCC (Chilorocholine Chloride) and sucrose to the 
liquid medium used t0! I)Iragalion. "' We hive shown that this 
technique is liot on'y rai)i(i an(l efficient but is ipplicable to a wide 
range of potato genotypes. 

Figure ia show, diagrarmiiati(ally the basi nietho)ds Used for the 
ilductirirn)rO("'-,. Prdgrans, ill many developed and develo,)ing 
countries, have starti it) vitro tuberizatiOn prograrms. 1he tubers are 
normally utilized inl twO difnere(t Way,. Firstly, for distribltion of 
germplasni either nationally or interation.lly; SecOndly, these small 
tubers can be used a s an additional (orrll)()nent ol(the standard 
methods of rapid prolagationl u.1ed in a eet] tnbr pro)ductio(n 
program. 

At C1IP, the use (0 it) vO) tLlilers ofers soinle advantages for 
(tistri bution of germ plasm. The tubers ire produced under in vitro 
conditions from pathogen-tested plantlets and thus comlply easily 
With international quaantin( requiremnu its. lIO(Wever, unlike in 
vitro plaintlets, if the package is delayed in transit, there are less 
problems of lo)sing the material. I-gm e -1a shovws freshly packed in 
vitro tubers for exhort whilst Fiine 41) shows the ,ame tubers after 
eight weeks at 22°C packed in th same way as distribute(] tubers; 
clearly, even after this period of timre, material can still be utilized. 
There are disadvantages, h)wever--the unit Lost tfproduction of 
an in vitro tuber is signifi(antly more than that Of an in vitro 
plantlet. For that reason,('l P is olly LusinIg this ty)e )f distrilitiol 
to certain location, vhe normal transit times are prolonged. 

The unit Cost analysis should also be used for 'eed programs. 
Although there are many advantages to Isirig in vitro tubers in a 
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seed program, care mud !,e exercise(] in deciding where it is useful 
in terms of a cost-benefit analvsis. -or exaimple, in areas where it) 
vitro plantlets can be transplanted all year round, there is little 
point in prodlucig ill itrlo tubt'rS. In the cse Of weet I)Ot,at(es, 

attempts to produce in 0110 storage ft'0t, have so far been 
unsuccessful. 

RECEIPT AND MULTIPLICATION OF MATERIAL BY NATIONAL 
PROGRAMS 

In recent years, signifi(ant L'\tra training has been (arried out 
through CIP's global regi(ma l network to enable national programs 
to receive and nultiply in vitro materials. Figures 5a and 51) show 
the number of people tra iaed b' CIP in tissue cL Ituiiretechniqlues 
over a ten-year periodc and t1 W mbrtL,Of in Vitro) clones 
distributed. National pograms, now normally prefer to receive new 
clones as in vitro materials so a, to be able to quickly multiply the 
new material and get it to ftarmer,. In some cases, i.e., Vietnam, the 

tissue culItuiire prOtiagat ion ha even reached small farmer level. 

USE OF CONTRACT RESEARCH IN BIOTECHNOLOGY FOR 
G-RMPLASM IMPROVEMENT 

In collaboration with the lBio(hmistry Department at Louisiara 
State University, CIP has de\eloh pe a project to insert synthetic 
genes into potato and sweet pioato plants by genetic engineering. 
In this project LiSin, ,Agrohacterium plasmid vectors, '' "1 we have 

established a system of gene transfer the same as is now used by 
several laboratories worl(iwide, including laboratories in Europe, 
the Un;ted States, Brazil, Mexico, and India. The primary objective 
of the project is to enhance the nutritional value of the potato and 
sweet potato by obtaining the supplemerintary production of a syn
thetic protein rich in essential amino acids. The synthetic protein is 
produced from a gene that has been synthesized artificially in the 
LSU laboratory. 

Through this research collaboration, insertin , the synthetic gene 
into potato and sweet potato plants has been successful. In the case 
of potato, evidence has also been obtained that the gene is 
transcribed and produces a corresponding messenger RNA (MRNA) 
molecule, which is then trans!ated in the plant to produce the syn

' thetic protein (Figure 6 shows hese translational steps). This syn
thetic gene project has shown that the technology now exists to 
genetically engineer genes into the potato and perhaps into sweet 
potato. However, much more research, as well as tile appropriate 
international legislative measures, will be needed before these 
genetically engineered plants can be released to national programs. 
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On the basis of the success with the synthetik, protein gene, CIP is 
directing attention to the possible use of genetic engineering to give

m
the potato or sweet potato plant resistance to pests and diseases. 0 

Through collaborative link,, C1 hope" to genetically engineer 
plants for resistance to)virioid ani vi'ru infe(tinl' hy inserting gene 
sequences that will intertere with virus and ,,iOid rell)i(ation. flis 

approach would alloy, potato) plants to he grown for meiore genera
tions in the field befoe de,eneration of seeds occurs. 

Collaborative research i alo heing (hevel ped to attellpt to 
engineer resistance in the t)ntat() to dliease cueld l)y bac-teria such 

as Pseudonn na and I rwiDa. :r theFM erimeits,e e0,,l we are using 
genes that have lheen ltriified ad that1 (Oe ftor proteins with 
known, potent antihat terial ao.tivitv. A gellekit enginering approach 
to bacterial diseae reSi e may ah1,w u, to clones with1t.ve develo) 
resistance to both I rxima ani idt jm(nrr,b in the samne clone 
without major the t agroninically ac(eptable01hange,, 
character,, of that ( lone 

Conclusions 

The range of ,ophisti(atedt hniou,. available in tissue culiture is 
clearly a broad one. Sne of these tehn ique, are a ready having a 
direct and signifi.mt impat oi lpot,ilo produ(ltion, and their use is 
widespread. ( W)ther at a (lveloplrental t,lag(;technioILe" are ,till 
they offer greall potential for odirect or indile(t irlprovement of 

)otato) I)r(Lucti)l. Ihowever, time w,.illbe needed before the
 

possible benefits of these types ot r ,.arch are tran,,ferred to
 

farmers' fields. 
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a 

Figure 2A: Potato 

(a) (r owth ungle-nde cuttIings on %( lid media. (b) Shaken 
cultures with tcm .emt.lIs in liquid medium containing CA.( 
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Vr
 

Figure 2B: Sweet Potato 

(c) lI'(lti( box vith individual rooted plantlets ready tor transfer 
to i)ot. or sCe.f lb)d. (d) In vitro plnth,:, a tw days after 
transplant to ifty pot. 
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b 

Figure 4 (a) Sterile petri di4 h. ( tfling in vitro tilher.; the~e dishes are 
packed with cotton ix in or VCern iCulit0 .nd shipped air freight to 
their detinatiun. (b)A similar roup or in vitro tuber after four 
months of storage at room temperature. Although sprouts are 
long, plantlets can be recued from this material. 
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Figure 5 	 (a) Number of in vitro clones distributed to National Programs 
between 1977 and 1986. (b) National collaborating scientists 
trained by C! in micropropagationand rapid multiplication 
techniques between 1977 and 1986. 
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A 

AATTCGGSGATCGTAAGAAATGGATGGATC GTCATCCATTTCTTCATCCATTTCTTAC
 
GZCCCTqAGCATTCTTTACCTACCTAGCAGTAGGTAA;'ASTASGTAIAGAATG
 

ATGA.GAC7A.CcAT(C7.T'ICTTGATCCATCCATT TCTT AAGT@TGGAT.AAG. 	 ..

CAT CCAT TTCTT AT CATTTCTT A':GATCA. AVIAT.JU:TGA-IJ GST; 

GTAGGTAA; TA .- , AAGATGCTAGTTCTTTA T', CTT TATACCTAC7TCT 

AATGATGG GGATCATC A TTTCTTAA77 CL',;;,STAG3TA
S;G, 


7TTACCTA:TC'7 	 -CGGT1uJA
A 

AA AA A A AC .CCATTT"ACGATC 

CC2G 

GGZCTTAA 

B 

GvAspArgLsLysTrpMetAIpArgHisProPheLeuHisProPheLuThr l isProPhe 
Leu LysLysTrpMet LysLysTrpMetThrIleH ProPheLeuHProPheLeuHisProPheLeuThr 
ileLysi.ysTrpMetLysLysTrpMetLysLysTrpMetLys.ysTrpMetHisProPheLeuLysLysTrp 

Met LysLysTrpMetLysLysTrpMetThrleAspArgLysLysTrpMetThrleHisProPheLeuTIsr 
lePro 

Figure 6 	 (a) A synthetic N.\ Sequenc (ding tor a protein rich in essen

tial amino (id (SI'47). TIis gene can he translated in either 
direction A or 3 to produce 2 syntheti( proteins (1) and (2) 
whose imin ,wid copo((,ition is shown in (b). 
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Impact of Somaclonai Variation on Plant Improvement 
and IARC/Private Sector Collaborative Research 

William R. Scowcroft 
Biotechnica Canada Inc. 
Calgary, Canada 

Introduction 

The original concept of somaclonal variation (Larkin and Scowcroft, 
1981) has gained widespread acceptance and has been the subject 
of numerous reviews (see Scowcroft, 1985; Larkin, 1987). This 
variation, which arises as a consequence of tissue culture, has been 
found in essentially all plant species that have been regenerated 
from tissue culture. Recently, research has been directed at 
understanding the cause of somaclonal variation rather than mere 
documentation of the phenomenon and, significantly, to integrate 
the findings into plant breeding. 

Genetic and molecular analysis is providing some understanding of 
the events that give rise to somaclonal variation. In maize, a new 
fully functional electrophoretic variant at the alcohol dehydrogenase 
locus has been found among somaclones and subsequently 
characterized as resulting from a single nucleotide substitution. In 
wheat, variants have been analyzed that affect traits such as height 
and alcohol dehydrogenase synthesis. Somaclonal analysis in maize 
and alfalfa has shown that cell culture greatly enhances the activa
tion of transposable elements. For plant improvement, the en
hanced frequency of genomic rearrangements during culture pro
vide a new option to introgress alien genes from wild relatives into 
domesticated crops, as well as provide genetic variability for 
genetic improvement of asexually propagated crops. 

Several critical analyses have been conducted at the genetic, 
cytogenetic, and molecular levels. These analyses reveal that 
somaclonal variation can give rise to mutants that behave as 
classical Mendelian mutants, genetic changes that affect characters 
under the control of multigene families, those that affect 
polygenically determined traits, and those that give the appearance 
of resulting from activation of transposable elements. Polyploid and 
aneuploid variants occur frequently, as do chromosomal rear
rangements such as duplications, deficiencies, translocations, and 
other interchanges. 

This following discussion provides some details of several recently 
analyzed somaclonal variants. They give some insight into the 
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nature of the genetic changes that occur during tissue culture. 
Somaclonal variation has been integrated into a number of plant
breeding programs at national, international, and private corpora
tion levels. 

Mendelian Mutants 

The genetic analysis of plants regenerated from tissue cultures of 
diverse species such as rice, wheat, maize, lettuce, tobacco,
tomato, celery, and rapeseed demonstrates the occurrence of
classical point mutations. Many of these mutants are allelic to other
known mutants. In many cases, there is substantial evidence that
these mutations occurred during the tissue cultture phase because 
sister plants regenerated from the same callus were nonmutant. 
One such mutant, which has been analyzed at the nucleotide level, 
arose in regenerated maize plants that were screened for *isozyme
variants at the alcohol dehydrogenase (Adh i) locus (Brettell et al., 
1986a). 

Maize Alcohol Dehydrogenase 

Plants regenerated from an F, heterozygous for the allelic variants
 
Adh I-S and Adh I-F were screened for *isozyme variation by elec

trophoresis. Among 645 primary regenerants, several showed
 
presumptive variation, but only one 
(Adh 1- Usv) was stably
transmitted in subsequent seed generations. This mutant allele pro
duced a functional enzyme with a slower electrophoretic mobility

than either one of its progenitor alleles. The mutant allele was
 
subsequently cloned using an ADH genomic DNA probe derived
 
from the Adhi-S allele. Subsequent restriction endonuclease
 
analysis showed 
no major sequence reorganization and also con
firmed that the mutant allele was derived from the parental Adh I-S 
allele rather than the fast-migrating Adhi-F allele. 

Sequencing of the entire mutant Adh 1-Usv gene revealed a single
base change in the coding triplet of exon 6 immediately adjacent to 
the junction with intron 6. This substitution, where a thymine
residue replaced adenine, translated into a polypeptide sequence
where a glutamic acid residue was replaced by valine. This, in turn,
significantly affects the charge on the ADH protein resulting in 
slower electrophoretic mobility. 

The spontaneous rate of mutation at the Adh locus is very low, i.e.,
10-1-10 -6. Although only a siligie mutant has been found as a
result of somaclonal variation, the frequency at A'hich it occurred 
was in the neighborhood of 10-3. 
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SomacIonaJ Mutants and Chromosomal Rearrangement 

One of the most frequent causes of somaclonal variation is 
chromosomal rearrangement. Larkin (1987) documents numerous 
examples of recorded evidence for deletions, chromosome fusion, 
and interchanges. The consequences of such rearrangements can 
result in mutations that affect the phenotypic expression of one or 
more genes. 

In wheat, Larkin et al. (1984) reported extensive genetic variability 
among somaclonal regenerants and simultaneously Karp and 
Maddock (1984) reported frequent occurrence of chromosome 
variation in wheat plants regenerated from tissue culture. In a re
cent analysis, Davies et al. (1986) analysed the progeny of more 
than five hundred plants regenerated from a wheat cultivar for 
potential variation in the expression of alcohol dehydrogenase-1 
isozymes. Adh 1 in hexaploid wheat is complicated by the fact that 
the locus is triplicated and that functional ADH 'iso-ynies are 
dimers formed by random association of each of tlhe three different 
monomers. 

Seventeen ADH variants were identified and analyzed. Simple 
aneuploidy for chromosomes 4A or 4D accounted for 13 of these 
variants and the remaining four were eiiploid. A genetic and 
cytogenetic analysis of three of the mutant euploid somaclonal 
variants indicated that three different types of chromosomal rear
rangements had occurred. The translocation mutant, SVI, resulted 
from a translocation of part or all of the chromatin from 4A to the 
short arm of chromosome 7B. The translocated segment carried the 
Adh-A 1, Gail (gibberellic acid insensitive) and Rhtl (reduced 
height) loci. This stable, nonreciprocal translocation line now has 
four doses of the Adh-A I and Rht 1/Gail loci rather than the normal 
two. The phenotypic consequences of this are an altered alcohol 
dehydrogenase isozyme pattern and plants that are substantially 
reduced in height 

A second mutant, SV5, was also shown to be the result of a 
nonreciprocal translocation. A segment of the short an, ut 
chromosome 3B had been translocated to chromosome 4A resulting 
in the loss of function of the Adh-A 1, Rht 1 and Mslc: (nale sterility) 
loci. 

The third mutant, Iso 4A, presumably resulted fron breakage and 
centric fusion to result in an iso-chromosome. The phenotype 
reflected effects of increased dosage of both Adh-A1 and Rht1 
genes. 
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The reason why cell and tissue culture results in an increased fre
quency of chromosomal aberration is yet to be explained. Several
authors, but most notably Benzion et al. (1986), argue that late
replicating heterochromation "may occasionally replicate so late in
mitosis of cultured cells that bridge formation and subsequent
chromosome breakage occurs at anaphase." This would lead to a
breakage-fusion-bridge cycle with consequent genetic affects such 
as deletions and chromosome interchanges. 

Modified Gene Copy Number 

Plant genornes can be large, with as much as 00% of the genome
composed of repeated DNA. Repeated DNA can have a reiteration
frequency per sequence as high as I(0 --10" and can be clustered 
as tandem arrays or dispersed throughout the genome. 

The ribosomal RNA (rRNA) genes ol plants represent such highiy
repeated DNA sequences. Brettell ot al. (i 9861) examined the con
sequences of soniaclonal variation in regenerated triticale plants by
screening for possible perturbatoin of rRNA genes. 

From among 192 regenerated plant,, of trili(ale ,cieened l)y
southern hybridization with a rDNA spacer pro)e, one variant
displayed substantial perturbation. This variant showed an 80%
reduction i the rDNA spacer sequences of rye chromosome 1. The 
sequence depletion, detected initially by the rDNA spacer probe,
also had a substantially reduced level of C-band staining as re
vealed by cytological analysis. This rDNA depleted locus is the site
of the nucleolar organizer in the rye genome component of 
triticale. 

There is increasing evidence that somaclonal variaticn can lead to
depletion or amplification of gene sequences. Peerbolte et al.
(1987) established that an introduced DNA sequence in a tobacco
cell line which resulted from transformation with an Agrobacterium
tumefaciens construct, underwent modification during subsequent
tissue culture cycles. Changes included depletion and rearrange
ment of the sequence. In addition, in vitro selection has resulted in
genetic tolerance to antinetabolites, such as herbicides. In cases
such as glyphosate tolerance in Petunia and phosphinotricin
tolerance in alfalfa (Donn et al., 1984), the tolerance arose as a
result of amplifications of specific genes coding for an enzyme
product which is the target for the herbicide in question. 
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"New" Genes from Somaclonal Variation 

The question is frequently put, "Among the array of sornaclonal 
variants derived from ti-,sue culture, are the mtants tle result of 
changes at preexisting loci, or do entirely new mutLIt. occur?" 
Certainly, the latter is true, ,,,ti[.t.evidence fur entirely new 
mutants is, at best, only circunistantial. 

Some genetic events, which OCCur at a very low rate slx)ntalleOLISly, 
occur far more freq]Uettly during ti,,sue C(ltUre and for this reason 
give the impre,;sion that .,omra Ional vat iation "creates" new genes. 

Evidence isaflredy a0 unulatilng that tran0.11 element activity
,sp,"able 
is greatly enhanced during tissue (II tUre. In maize, activity of the 
Activator com pornent of the classicil Ac-Ds trainsposable element 
system is greatly enlianc(ed in plants regenerated from rrize tissLIe 
culture (Pesuchke et al., 1987). Inalfalfa, the ocurrence (If an 
Unstable aitho,yaninmnttat i)ln in )lants regene-rated fron tissue 
CuItre has a1So heen reported (Binghani aind McCoy, 1986). 

Ifenhanced tianspos,le elenlrent -ictivityisa corsequtence of tissue 
culture, then several oppo)rtunities exist for seemingly 'new' genes 
to appear.Transposition of DNA seq(Uences (an relieve genes from 
preexisting repre,,sion (I activity, or excision of an element from a 
structural gene can restore tLinCtilln to the gtie prodcICt. Transposi
tionS can also mov stlructural gene se(ILenc-s into regions where 
they fallUnder the ( ontrul of difeternt irornoters, Whid, 1COLdcon
ceival)ly alter tilelevel and d'velolental liming of gene
 
expression. 

A sornaclonal variant has recently been described which affects the 
isozyme pattern of one of the seed protein complexes of wheat, 
namely,/J-arnylase (Ryan andlScowcrolt, 1987). iIe nILitlllt 
phenotype appears to be entirely new. -his variant was foLuird 
ationg 149 regeneraits and was chara(terized hy at least five new 
isozyme bands, as ,,ell as an increased intensity of two previoLisly 
existing bands. This variant segregated with Mendelian fidelity. 
Recombination has not been observed between the variant hands, 
and mitosis and ineiosis are cytologically normal both inthe 
homnozygc .'-variant aid inthe F,between the variant aind its 
parent. The v.riant pattern has not been observed in a sUrvey of 
more than I0)diverse wheat genotyl es that represent the 10
 
known /'-armylase phenotypic grOIt)S. This new variant has not
 
previously been observed and therefore gives the apl)earance of
 
being a new gene. Itcould repreent a rare mutation leading to the
 
expression of a previously silenced locus.
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Integration into Plant Improvement Programs 

Controversy still surrounds the potential value of somaclonal varia
tion in plant improvement. It ,hould be remembered that mutants
arising from cell culture are random and more likely than not will
have deleterious effects. Like any mutation program, the likely
value of any new mutant will depend on the objectives of the
breeding program and the skill of the scientist to recognize them as 
useful. 

a) Agronomic Traits 

Several analyses have evaluated progeny populations of
somaclones for variation in agronomic traits. Ryan et al. 
(1987) evaluated a total of 256 selected lines of wheat de
rived from somaclones of three different cultivars. Under 
replicated hill plot conditions, significant variation was found
for cll the characters evaluated, namely height, grain number 
per spike, kernel weight, yield, total dry w'lght, and harvest 
index. Subsequently, 32 lines selected fro n the original hill
plot experiment were evaluated in larger replicated plots.
None of the lines had superior yield performance or better 
harvest index relative to the parental lines. However, signifi
cant improvement in kernel weight, hardness, and protein
content were found, and some lines had a significant reduc
tion in yellow pigmentation of the grain. 

b) Sexually Reproducing Crop Species 

It is doubtful whether somaclonal variation can contribute a 
great deal of useful genetic variability to breeding in normal 
sexually reproducing species other than that which derives
from the use of in vitro selection. In vitro selection is an effi
cient way to recovei mutants within a particular cultivar that 
are tolerant to particular antimetaholites such as host-specific
pathotoxins, some herbicides, and heavy metals. In these 
cases, somaclonal variation generates an array of mutants, and 
in vitro selection is utilized to enrich for those tolerant 
mutants of choice. Other deleterious mutants will also occur,
but these can be rapidly eliminated by routine backcrossing. 

c) Asexually Reproducing Species 

For many asexually reproducing crop species such as sugar
cane, pineapple, root crops, bananas, date palm, coconut, and 
numerous fruit trees, breeding through hybridization and
recombination is difficult or impossible or very long term. 
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Coincidentally, many of these species are amenable to tissue 
culture and plant regeneration and, hence, somaclonal varia
tion could have a significant role as a breeding tool. Fre
quently, cultivars of asexually propagated species are 
genotypically unique and an agricultural system has evolved 
around such cultiv,.rs. Therefore, genetic hImprovement of 
single traits affecting agronomic performance or quality 
features 'xthcut altering the )road characteristics of the 
cultivar .s highly desirable. In this case, ,omaclonal variation 
should be viewed as a means of generating potentially useful 
variability. 

d) Alien Gene fratoshr 

One of the n ajor underlying causes of soriiclonal variation 
results frori chromosomal rearrangeme.a, i.e., translocations, 
insertions, etc. Frequently, alien gene irtrogression by in
terspecitic hybridization is utilied in plant improvement, but 
irtrogressiori iav Ihe difficult because of the, lack of Iomology 
between the genoie of the crop species ind that of the alien 
gene parent. Introgression as a consequerice of mitotic ex
change during tissue culture, i.e., somacloial variaio], is a 
valid option. Other unwanted exchanges, .vill also Occur bIut 
these can be eliminated by recurrent ba.kcrossing. Tile use of 
sonlacloal variation t(J erlanl alien gene transfer requires a 
definite focu,(In Iee(ing objectives <in(h selec\elI-defined 
tion t)rolo(for tile trget gene.sI'< 


IARCs and the Private Sector-Strengths and Collaboration 

Apart froni atddressing ,cientific issues, a major objective of this 
workshop is to identiiyf areas of potential collaboration between the 
International Agriculturail Research Centers and components of the 
private secto(r biote(irnlogy industry. 

The analysis of tle various facets of a pilant breeding and variety 
development program reveals that the IARCs and agricultural 
biotechnology companies have complementary strength. Col
laborative rclattionshi p,not only need to address the practicalities of 
introducing biotechnology into plant breeding but also downstream 
issues con(erned with regulatory approval and protection of in
tellectual property. 

A first positive step is to identify the respective strengths of the 
IARCs and the private sector. In this way, opportunities nia, be 
identified from the respective complementary strengths. Table 1 
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reflects the author's opinion on the respective abilities of the IARCs
and the private sector in prosecuting what can be referred to as the 
Plant Breeding Cascade. 

Table 1. 	Relative Strengths of IARCs and the Private Sector in Various
 
Aspects of Plant Breeding.
 

IARCs Private 
Sector Sector 

PREBREED!NG
 

* Prod.j( er need,, X
 
" Market o')portunitie,, 
 x 
" Gerniplasni acu isition X
 
" Biote:h input 
 X 

BREEDING AN) VARIEIY DEVELOPMENT 

• Ily)ridiziti()n and '-,e( tion
 
" Efficient ,(reening 
 X 
" Generation ttirriaronnd X
 
" Greenhoue, field evaluation X
 
" Enhanced germplasm 	 X 
* New gene systenms X 
" Agronomic packaging x
* Processoi evaluation x 

VARIETY 	 EVALUATION, PRODUCT APPROVAL AND RELEASE 

" National evaluation X X 
• International assessmrent X 
, Regulatory approval 

- GE release x 
- food production approval X 

* Plant variety protection X 
' Seed increase and distribution X X 

This cascade has three main components. The first phase is 
piebrieding which establishes the need for a plant breeding pro
gram either with a new crop or to refocus or enhance objectives
toward a particular product or agronomic end point. In general, the 
IARCs are better skilled at identifying producer needs, particularly
for less-developed countries, and accessing and assembling germ
plasm resources. The private sector understands how to address 
market opportunities and has been more aggressive in developing
and adopting new and faster breeding technologies from plant 
biotechnology. 
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The main phase in the cascade is breeding and variety develop
ment. The IARCs and the private sector each have superior
strengths in different aspects of the breeding program. The IARCs 
have a long and creditable record in hybridization and selection, 
enhancement of gerroplasm, evaluation of breeding lines, and 
developing the appropriate agronomy for the improved material. 
The private sector, on the other hand, tends to exploit efficient 
screening systems more effectively, readily develops new 
technology to isolate and introduce new gene systems into 
breedirg programs, and places attention on downstream value of 
crop products through processor evaluation. Both the IARCs and 
the private sector seek to speed u1p generation turnaround in a 
breeding program. 

The final phase of the breeding cascade i. variety evaluation, pro]
uct approval, and release. Both IARCs and the private sector are 
concerned with evalluation at the national level, but the private sec
tor tends to be more concerned with evaluation for use by 
developed country agriculture, vhereas the IARCs focus on die 
needs of less-developed and dlevelocping coulitry national programs. 
Clearly, the IARCs are also far better equipped for international 
assessment. lhe private sector companies are already adklressing the 
issues associated with regulatory approval of varieties developed 
with the input of genetic engineering. Similarly, new regulations 
governing approval of food products for hiunian consumption put a 
new complexion on plant breeding enterprises. Not only has the 
private sector taken the lead in these areas, but government 
regulatory xodies alppear to have singled Out the private sector to 
establish legal pre(:edent and case law. This issue is of concern 
primarily in developed western couinties where seldom has public 
sector research taken tie lead in active promotion of the benefits to 
be derived from the release of gen,etically engineered organism. 
The developed co(untrie;l are the test case for the use of new 
technologies to enhance plant variety devel'prenl. The results of 
this, be it favorable or otherwise, will ultimately inipa( I on plant 
variety developnent in those areas of the world serviced by the 
IARCs. 

Protection of plant varieties under plant patent law is now available 
in some 18 countries and the number is expected to increase. Any 
collaborative effort between the IARCs and the private sector will 
need to address this issue perhaps as early as the prebreeding 
phase. For many of the agricultural biotechnology cornipanies in
volved in plant breeding, the marketing and/or licensing of new 
varieties is a profit center. Therefore, the protection of intellectual 
property in the form of plant variety rights is essential for the 
private sector. 
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Finally, seed increase, certification, and distribution is of vital con
cern to both the private sector and the IARCs. Significant oppor
tunities exist for collaboration in the more efficient production and 
distribution of seed, particularly hybrids, in both developing and 
developed countries. 

The manner in which the IARCs and the private sector collaborate 
will have to be determined on a case-by-case basis. Negotiation of 
a workable and profitable relationship will be accelerated by an 
early recognition of the complementary strengths of the respective 
partners. 
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Commercialization and Research Perspectives for 
Vaccines 

Charles C. Muscoplat 
Molecular Genetics, Inc. 
Minnetonka, MN 

Introduction 

With the discovery in 1953 of the molecular structure of DNA 
came the birth of genetic engineering, a field whose most recent in
novations have included such biotechnlological developments as 
that of recombinant DNA technology which permits the altering of 
heredity by transplanting genes from one organism t,)another. Such 
an advance has made possible the manipulation of genetic 
materials in order to develop commercial products and processes. 
Further advances in iiimmunology have been responsible for the 
development of hybridoma technology in which specific antibody 
molecules, termed monoclonal antibodies, have befn responsible 
for additional advances in biotechnology. The impact of these 
technologies has been far-reaching with the most rapid 
developments occurring in agriculture, specifically in improved 
animal production. A variety of approaches have been developed 
including: 1. reducing anillud losses by preventing infectious 
disease through genetically engineered vaccines and antitoxins; 
2. increasing prodUction of beef protein and milk through the use 
of growth promoters; and 3. improving the nutritional value of 
animal feed. 

Biotechnology has promised a revolution in the development of 
arinial health care products. Products envisioned include growth 
hormones to improve efficiency of livestock production and vac
cines and monoclonal antibodies to treat and/or prevent infectious 
diseases. Beginning in 1980, many laboratories around the world 
began ambitious programs to genetically engineer subunit vaccines 
and prepare monoclanal antibodies. Numerous attempts at subunit 
vaccines against most major classes of viruses were difficult if not 
impossible. Reasons for this apparent failure are as yet unclear and 
may remain so for some time to come. Alternatives to subunit vac
cines, which are being attempted by many laboratories, are things 
such as: i) cloning specific genes into vaccinia virus vectors, ii) 
genetically altering native viruses by deletion of virulence genes, 
and iii) producing native protein subunit vaccines through the use 
of improved separation techniques, specifically through the use of 
monoclonal antibodies. However, there is a real need for new vac
cines for diseases that are as yet not controlled by any existing vac
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cine or product. For these diseases, the need and the challenges are 

great. 

Recombinant DNA 

Recombinant DNA technology is not a single discipline in itself but 
rather a fusion of ideas and techniques from biochemistry, 
molecular biology, genetics, and organic chemistry. It involves the 
restructurinig and editing (;!genetic information and the' constIlUC
tion of microorganisms with new genetic information. The 
technology allows one to isolate genes from any source, from virus, 
bacteria, fungi, plants, or animals, to amplify isolated genes to 
unlimited quantities through fermentation, and finally to manipulate 
genes by mutating or rearranging their components for the develop
ment of hybrid gene products. Essential to this process is the iden
tification and isolation of specialized enzymes, termed restriction 
endonucleases, which act as biological scissors cutting DNA into 
unique pieces and enabling the isolation of specific genes or gene 
fragments. The result is a piece of DNA with complementary 
cohesive or "sticky" ends that can be recombined with another 
piece of DNA that has been cut by the same enzyme. 

The basic reconhinant DNA experiment is depicted in Fig. 1. Th_ 
essential ingredients in this technology include: (I) a DNA vector 
that can replicate inliving cells after foreign DNA is inserted into 
it. (Such a vector generally consists of the chioniosone of either a 
plasmid, an autonoIously replicating DNA molecule found in 
bacteria and yeast, or a virus that can infect bacteria or higher 
organisms.); (2) a DNA fragment to be inserted into the vector; (3) a 
method of joining the insert DNA to the vector; (4) a method of 
introclucing the joined molecules, or recoinbinar'ts, into a host thiat 
can replicate them; and (5) a method of detecting those cells that 
carry the desired recombinant DNA molecule., )nce the vector 
carrying the inserted foreign DNA molecule is placed into an 
organisms SLIch as a bacterium or yeast, it will replicate to make 
many copies of itself and the foreign gene insert, thereby providing 
an unlimited supply of the gene of interest. In order for the foreign 
gene insert to be expressed into protein in the bacterial cell, certain 
specific feature"; that are inportant to the bacterium's biosynihetic 
machinery must be availaible to the gene (Fig. 2). For example, 
appropriate recognition signals for both bacteria-mediated transcrip
tion (RNA prodtction) and translation (protein procluction) must be 
present. 
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Cut open 
DNA circle 

Vector DNA 
(plasmid) Linear Vector 

Insert DNA 

Recombinant Plasmid DNA 

Transformation 

Fig. 1. The basic recombinant DNA experiment is depicted schematically. 

Hybridoma Technology 

Another major biotechnological development that will impact on 
animal health and production is hybridoma technology. This tech
nique, which results in the generation of monoclonal antibodies by 
cell fusion procedures, will be useful for the diagnosis of specific 
diseases as well as for the therapeutic prevention and cure of 
diseases ,ffecting the morbidity and mortality of farm animals. The 
procedure involves fusing spleen cells from mice immunized with 
an antigen to which a monoclonal antibody is desired to mouse 
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for messenger RNA (mRNA) transcription (promoter)
 
and a signal for the protein synthesis machinery to
 
attach to ihe mRNA (ribosome binding site).
 

2. Transcription can be turned on or off 
by other control elements (operators). protein 

Fig. 2. A schematic repreientation c)fthe pro( ess inv(oled in the typical
 
bacterial gene expression.
 

myeloma cells in culture and screening fused cells for production
of the specific monoclonal antibody with the labeled antigen. The 
myeloma cells serve to immortalize the spleen cells so that they 
may be maintained indefinitely in cell culture. Specific procedures 
are employed such as the use of nyelona cells requiring certain 
growth factors provided by the spleen cells fused over unfused 
myelomna cells. The monocloral antibodies can then be obtained b)'
harvesting the liiqLid medium from the cell cultures or Iv injecting
the fused cells into the peritorieni of mice and collecting the fluid 
present alter ascites turiiors have developed. 

Vaccines and Antitoxins 

One of the riajor ways in which recormbinart DNA and hybridoma
technologies will improve aninial production will be to reduce mor
bidity and mortality from infectious disease. For example, since 
antibiotics are ineffective in reducing the severity of diseases caused 
by viruses, riany virUs-iidLrced diseases go unchecked either 
because of the lack of an appropriate vaccine or because of the 
availability of an ineffective vaccine Recniir inant DNA procedures
will enable the developrmernt of vaccines ro infectious agents that 
grow poorly in cell culture. Moreover, a genetcally engineered
vaccine will be not only both potent and effective, but also safe, 
easy to manufacture, and economical to produce. It will have a 
long shelf-life, will lack infectious virus, and will be stable at am
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bient temperatures. Imrnunologici'lly, the genetically engineered 
vaccine must be developed in such a way as to be administered in 
a single dose so as to induce immunity of long duration. It must 
protect against all serotypes in a given geographic region and must 
not induce adverse reactions. The protool for developing a 

genetically engineered vaccine reqJires: (1) identification of the 
major surface antigen of the pathogenic organism of interest that 
will induce an antibody capable of neutralizing the ii fectious 
organism: (2) identification of the surface antigen gene or its 
specific antigenic determinants; and (3) isolation and transfer of this 

gene into a plasmic vector capable of expressing large amounts of 

its product in fermentable organisms such as bacteria or yeast (Fig. 
3). Such methodologies have been employed to generate large 
amounts of vaccine proteins against bovine l)apillomavirus, porcine 
parvovirus, canine parvovirus, foot-and-mouth disease virus and 
K99 E.coli. Although reports of these vaccines are presently 
awaiting the completion of preclinical, clinical, and field trials, 
preliminary tests on several of these genetically engineered vaccines 
indicate that they are excellent inmunogens. 

Monoclonal antibodies have also been generated for protection of 
newborn calves and swine against enteric colibacillosos responsible 
for neonatal diarrhea or st,..urs. Although1 both conventional and 
genetically engineered vaccines are available, the monoclonal anti
body approach appears to be superior to vaccination for two 
reasons. First, vaccination of the dam requires anticipating the prob
lem, which may not be feasible. Second, it requires that breeding 
records be maintained since vaccination Must be given twice, at six 
2nd two weeks prior to birth. Since scours usulally occurs within 
the first 24 hours of life, and since the action of the pathogenic 
bacteria is restricted to the intestine, oral administration of a protec

tive monoclonal antibody to provide passive immunity within 12 
hours of birth serves to protect newborns from developing the 
disease on farms where the disease is prevalent. In both preclinical 
and clinical testing tn date (Table 1), a monoclonal antibody against 
the K99 strain of E. ,oli protected animals from lethal closes of the 
pathogenic strain of bacteria. The K99-specific monoclonal antibody 
appears to be grouf-specific, capable of reacting with the adhesive 
entity on the pilus ot over 100 strains of E.coh. Additional attri
butes of this monoclonal antibody include reproducible specificity, 
high titer, and reduced costs. Similar monoclonal antibodies for two 
additional strains of pathogenic E.coli responsible for scours in 
newborn piglets (i.e., K88 and K987) have also been developed 
and are presently in preclinical testing. 
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0 _1_ 	 BOVINE PAPILLOMAVIRUSBacterial plasrpid(a ring of DNA) is Isolated DNA
 
frum a bacterium.
 

Coat Protein 
Gene 

/ 
Same enzyme used to cut DNA 

An enzyme is added to the plasmid, cutting of interest 

the DNA al specific sites and allowing It to open. 

DNA fragment containing the 
viral coat protein DNA gene. 

The second gene is inserted into the 

opened plasmid, where it fits exactly, 
and forms recombinant DNA. 

The recombinant plasmid iso o o "inserted back into the bacterium, 
) 	which divides and replicates, 

copying itself and the 
recombinant DNA. 

Expression of bovine papillomavirus 
coat protein genet 

Production of bovine papillomavirus 
coat protein vaccine by fermentation 

Fig. 3. A schematic representation of the development of a papilloma virus 
vaccine by recombinant DNA techniques. 

Growth Promoters 

The development of natural growth hormones for livestock and 
poultry represents a means of improving animal production, and 
genetic engineering techniques have made this development a real
ity. 	Several groups have now cl'ned bovine Growth Hormone 
(bGH) to expression in bacteria aiid yeast. The recombinant DNA 
procedures employed were similar to those utilized for cloning 
virus genes for vaccine production. A messenger RNA (mRNA) 
species from pituitary gland enriched for bovine growth hormone 
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Table 1. 	Protection of Newborn Pigs and Calves by the Oral Ad
ministration of a K99-Specific Monoclonal Antibody. 

Pigs 	 Calves 

Tiial Group 	 Alive Dead Alive Dead 

Monoclonal antibody 11 3 9 1 

Placebo 	 2 8 2 12 

nucleotide sequences was first reverse-transcribed into DNA, and 
then this DNA copy was inserted into plasmids for expression in 
bacteria and yeast. Because this cow/bovine growth hormone gene 
lacks the reqluired regulatory features necessary for thes, 
microorganisms to express this gene, some additional restructuring 
of the gene is required. One of the maneuvers results in the addi
tion of an acdditinorla anino acid, methiionine, at the begiinring of 
the bovine growth hornone gene ,oit differ, slightly from naturally 
occurring bovine growth hormones. Despite this additional amino 
acid, however, prelininary clinical stUdies have idicated that it is 
as effecti. as naturally occurring hGtt instimulating nilk plroduc
tion. For instance, whereas milk yields were increased 10.3"', for 
natural bGtH over a six-day period of treatment, milk yield" were 
increased by 12.9% for recombinant I)Gt. Neither milk fat, lactose 
nor protein percentages were affected by the treatnrent, and feed 
intake too remained unchanlged. Feed efficiency (kg niilk/kg feed) 
was inproved by 9.5% and 15.2%, for natural and reconlhinant 
bGH, respectively, and no adverse effects were observe( based 
upon body temperature and somatic cell counts. Genetically 
engineered approaches to improving animal production, then, 
appear to be directly applicable where the availability of hormones 
and other natural growth promoters is limited and the costs pro
hibitive. Further studies are required to determine the safety of 
recombinant bGH for both treated animals and consumers of its 
milk. An additional growth promoter presently under development 
s porcine 	growth hormone. 

Feed Improvement 

Certain agricultural crops, particularly corn, are used as a major 
source of feed for animals. Corn is an excellent source of energy 
but a poor source of protein for hogs and poultry, and poor pru~ein 
quality is directly related to deficiencies of essential amino acids 
such as lysine. Hog and poultry farmers must therefore purchase 
additional protein to supplement a corn-based ration if they are to 

147
 



maximize such factors as rate of gain and feed efficiency. Recombi
nant DNA technology, however, offers an answer to this problem 
by providing a method for selecting specific desirable traits and 
excluding undesirable traits. In the case of corn, it is known that 
50% of the bulk protein of the corn kernel is a storage protein 
referred to as zein. This zein storage protein is low in lysine and 
tryptophan, twi, essential amino acids for man and mlonogastric 
animals; consequently, these proteins influence the nutritional 
quality of the corn kernel. Recombinant DNA I)rocediires have 
been utilized to isolate the zel igene and deternine its precise 
biochemical structure. W ith the availability of this information, it is 
now possible to emply geneti(-engineering appr(aches to alter the 
zein gene struct lre iii an eff irt to in(rea&.e its Iysine content. Once 
this has been acconiplihd, the Iigh-lysilne /ei n gene (an be 
transferred back into corn cells and corn t)1lats regenerated with a 
higher lys-ine storage protein. 

Al though the f rmwer task is still in the experimental stages, the 
latter is not sin(e tissue CilItore pro(edures, capable of plant 
regeneration initiated frm juvenile tissues of corn, have already 
been developed. Sisnpl sat(ed, tisue (u turing is tile process 
whereby large IN)pRllatio s of (ells are StiLilatel )y nutritional and 
hornrial (coditions to grow in a defin)ed labo0ratory elnvironment. 
Shoot-neristems develop in large Mlnui,,,rs in th,ese (ulture, and 
under the proipter (ondition, these meristemns develop rapidly into 
complete plants 0hat l)uduce seed at lllturity. Ill tact, the tissue
culture corn-regener,ilion te( tnolo1gv' has beeln useful in isOlating 

,amino aciid-overl)rw.u( ig mutnlt bvirtue of the fa(t thlt theseh\' 
tissues will randomly' ulndefrg ) ,IO mLutations cell)tneis in 
culture. Recently, overpro((u ing mutants from the ispartlite bio
synitlletic paitlway, the pathway lespt(n ibfle for synthesis of lysine, 
thteonine, methoinie i and isoleucine, were isolated d-e to an 
increase of approximately 100%, in the level of threonine. This 
represents a 30 to 60% increase in the total tihreonine content of 
the kernel, an an1t1)Ml that would greatly impirove the nutritional 
value of the grain if lysine andltryptophan were si niluilly in;creased. 

Analysis of the threonine (iverl)rodiucers indicates that they are 
inherited as dominant mutations and have the advantage of creating 
very specific changes in the kernel suchI as selectively increasing 
the concentration of specific amino acids without causing unwanted 
pleiotropic effects in other kernel or plant characteristics. In a 
similar fashion, new strains of corn that offer resistan(e to disease, 
tolerance to herbicides, increased yields, and shorter maturation 
times will be developed as methodologies are improved. 
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Conclusion 

It is evident that the indlustrializatin of recoimb inant DNA 

technologv can lead to useful )rod Lct, and processes. Because this 

is a basic methodology, the unforeseen applicaltiOns may well be 
more important than any of those that have been proposed thus far. 

The underlying science of niolecuLilar biology and inolec:ular 
genetics is dynamic, and itis reasonable to assume that new ()por

tunities will be creatxed as the del)th of our scientific understndinfg 

increases. This new technology is surely no panacea. On the other 

hand, it Ias the ptitential of (o.ntributing significantly to the solu

tion of somie t(the Mo difficult prolblems facing animal health 

and t)r()(ILJ(t ioIi t1d(ay. 
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Vaccine Development: The Role of Biotechnology, 
ILRAD and the Private Sector 

J.J. Doyle 
The International Laboratory for Research on Animal Diseases 
Nairobi, Kenya 

Introduction 

The International Laboratory for Research on Animal Diseases 
(ILRAD) is the Center of the Consultative Group for International 
Agricultural Research (CGIAR) that has a mandate to develop imi
proved control measures for livestock diseases. The Laboratory was 
established in 1973, at a tine when developments in immunology 
gave hope that new vaccines could be devised to control 
econonili :ally-inil)oftatt parasitic dieases of livestock of the 
developing world, especially Africa. This paper describes ILRAD's 
steps, since 1970, in developing one sucl, vaccine against the tick
transmitted protozoxn parasite Thileria par'a, the causative agent 
of East Coast Fever (ECF) in cattle inEast and Southern Africa. It is 
est;mated that 25 million cattle inthe ret;on are at risk from this 
disease, whik h is (urrently controlled through acaricide appli cation 
to kill the tick vector. 

The Research Strategy 

It was known, prior to the establishment of ILRAD, that the small 
numbers of cattle that re(overed from the uisual Ily fatal disease, ECF, 
were resistant to further infection ifthey were nintained in the 
areas where they were infected. Movement !o other areas generally 
resulted in further deaths. This observation led to the development 
of a vaccine based on living parasites obtained troni infected ticks, 
administered at ,)ipropriate dilution with a dose of tetracycline an
tibiotic suffi( ient to prevent generalized infection. This vaccine was 
folnd to be parasite strain specific and a numr1ber of different strains 
needed to be incorporated into the vaccine to give broarlI protection 
in a region. 

While effective, this vaccine is coqly to prodhce, requires a cold 
chain for administration, and immunized animals remain carriers of 
the parasite. It was recognised that improved vaccines were 
necessary to provide sustained control of this disease and that 
ILRAD should devise s.,uch vaccines based on parasite components, 
rather than viable parasites. 
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Theileria parasites have complex life cycles in both ruminants and 
the tick veclors. Two stages of this life cycle were chosen as poten
tial sites for iIom unological attack. The first is the sporozoile stage,
the form injected by the infected tick, and the seconld i the schi
zont stage which results when .,prozoites invade blovin( lyniphoid
cells. The latter is the path geni tage of the parasite's life cycle in 
the bovine. 

The research program has three major objectives. The first is to 
deternine the natue of the Irotective bovine immune respOnsees to 
both the spoloro it , an1 Ichizont stages of the parasite's life cycle.
The se(:ond isto identity an(! characterize the parasite antigens that 
induce prjtoe(t iVe innutno responses. The third is to develop effec
live Vacine I sed oin sLtih para',site antigen". 

The Development Strategy 

As soonl a,, it wa, ShMN\ i that inIn nlnity to theileriosis was directed 
)oth at the sliroozite aInlt .chizont st,ages of the parasite, the ques

tions Ot e'ventuil varc(ine producti( m were considered. It was clear 
from the outset that ndero(ular technologies would have a1signifi
cant role to play in the developiment Of novel vaccines against
theileriosis for the following reasons: a) the sporozoite stage of the 
parasite cannot be obtained in sufficient quantities from infected 
ticks, or by in vitro culture, to provide sufficient materials for a 
widely applicalnle va cine, b) while schizont-infected bovine yim
phoid cells can be grown in culture, the costs of such culture 
systems are high and the te(chniques for obtaining purified parasite 
material too complex for r(uline vaccine production. 

The implications of the use of molecular technologies were con
sidered by iLRAD's Board and management and it was accepted
that ILRAD itself could not, with its resources, carry out all the 
steps required to develop, test, and produce a novel vaccine. While 
ILRAD had a colmparative advantage in identifying the antigens and 
immune mechanisms involved, the economic production of suffi
cient quantities of antigens to test their vaccine potential was not 
considered likely to be within ILRAD's capacity. The industrial sec
tor was considered to be an important )articipant in the production
of antigens by molecular technologies for vaccine testing. Industry
has a clear comparative advantage over ILRAD in production 
technologies. 
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Patent Policy Development 

In the light of this decision, the Board commissioned a review of its 
patent policy, by consultants experienced in this area, who met 
with interested parties in the public and private sectors before mak
ing their recommendations. The consultants reaffirmed tile need for 
ILRAD to have a suitable policy on patents and related matters and 
the ILRAD Board of Directors redefined the Jx)licy, in 198-1, as 
follows: 

The Board of )irectors () ILRAID, wishes to ensure that the findings 
accraing to the programne of re.earch of ILRAD,and of such other 
programmes isILRA!) mayi be associated with as a grantor, grantee 
or collaborator, shall he of maxinium public I)enetit. In furtherance 
tc this intent, the Bloard ha/s etahlis!,ed the polic y toretain for 
itself the proprietary right to uch(lidim(v(ries, including the' right 
to determine that the dcoverv shall he yielded into, the puhlit tio-
Iain tlttu;!I Oist Isult, r, ta ,Ocout any copyright or patent in 
such work which enliani os the o sihiht i( hieving ILR.AD'sht 
mandate either dlirectly, or through povi ion of additional financial 
resource:. In furtherance of this policy, al pe. Son. whose work is 
financed inpart or whole by funds under the jur.(liction of the 
13t ),rdshall a, )rt, waite rightsas a ctonditi( In of receiving .uch supp 
to such innfings without th,, prior retuirement that su h he deter
mined to he patentahle y altl\ing their signature toone of the 
following agreenlents, whichet er ,hailhe most Ipplic Ihle. 

1.It is agreed that findings accruing toresear(I tunded ifwhole
 
or inpart by ILRAI) shall be utilised to [ian\mUn public benelt
nit. 
Such resear findings shall thcretore he notitiid inwriting t,) 
the Director General of II.RAD. ILRAI) s/hll share property 
rights inthe subject matter of such findings inthe proportion 
equivalent to the amount which ILRA/D investmnent bears to Ihe 
total ehort. This amount shall be determined by mutual agree
ment between ILRAD and the collaborator. In the event of, con
flict, the determination shall he made by a mutually agreed 
expert in the Subject area. 

2. 	Any data, re.search inrdinq, intormation or discoveries made by 
any person whose partial 01 total salary ispaid by ILRAD and 
accruing inan,' way from employment by ILRAD or use of 
facilities or funds made available by ILRAID become the sole 
property of ILRAD. 

ILRAD will therefore hold the initial patent on any discovery likely 
to be involved in obtaining new vaccines, i.e. the definite descrip
tion of a protective antigen and its uses as an immunizing agent. 
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This wiil give ILRAD the freedom to deternine how the vaccine 
would be subsequently derived in partnership with industry and 
applied to the benefit of the countries affected by ECF. Subsequent
patents relating to development of the vaccine (COtl INhe filed jointl,
by ILRAD and its commercial partner on roun(ls that are mutually
agreeable. Prior to the filing of the master anl(I su )seuuent patents,
ILRAD's discussions with commercial organizations are to he held
under confidentiality agreements agreed to by both parties. ILRAD 
has sought appropriate legal advice on tbe terms of such co1
fidentiality agreements, before entering into them, so as to ensure 
ILRAD's interests were suitably protected. 

Relationships with Industry 

The next point to be considered by the Board arid management 
was that, while ILRAD had considerable expertise in molecular
 
biology, it (lid not have the facilities to carry out certain steps in
 
the characterization of the parasite antigens and identification of
 
their genes necessary to provide the relevant information for patent
application. An approach was therefore made to a biotechnology
 
company to carry out such work as a possible prelude to joint

vaccine development. I[RAD discontinued this approach when it
 
found that the costs proposed by the biotechnology company fo
carrying out the research were higher than those that would accrue 
to ILRAD if it increased its own research capacities and conlracted 
certain aspects of the work, at cost, to non profit-making institutions. 

This is the path that ILRAD followed and while tho research 
program has possibly taken slightly longer to achieve its results, this 
policy has had the following advantages: a) ILRAD has maintained 
its proprietary rights, ) ILRAD gained much relevant expertise to 
apply to other research problems, alI c) the research has been
carried out in an economic manner arnd Jonor resources have been 
avail able for other research. 

ILRAD has now identified, characterized and isolated the genes
coding for two sporozoite antigens, one of which clearly induces 
the formation of protective antibl(Aies in cattle. This antigen is pres
ent on the surface of orozoites tro different parsite strains arid 
therefore represents a potential cross-strain vaccine candidate. 
Another three potential protective antigens are also currently being
characterized. The research team, including those responsible for
production of parasite material, currently involves four senior scien
tific man years/year arid two senior technical staff man years/year.
Amino-acid sequencing, oligonuclC otide and peptide preparation 
were carried out in collaboration with the Wistar Institute, 
Philadelphia on a cost-recovery basis. 
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ILRAD has continued the search for a suitable industrial partner for 
production of parasite antigens and vaccine development, but has 
moved its attention from the newly formed biotechnology com
panies that, because of dependence on venture capital, are unlikely 
to make a commitment to a vaccine for parasitic disease in African 
livestock because of potentially low capital returns, to the establish
ed major pharmaceutical firms with both experience in molecular 
technologies and vaccine development. ILRAD has had fruitful 
discussions with a major American conipany whose subsidiary is 
the largest manufacturer of veterinary vaccines in the USA. The 
basis of the discussions has been that while the company has ex
pertise and facilities for antigen pr(xluction using recombinant DNA 
systems, and in vaccine production, IILRAD has expertise ,,nd 
facilities for parasite antigen identification and isolation, for testing 
of antigens and developing potential vaccines. In practical terms the 
agreement being developed is that ILRAD scientists will make use 
of the facilities and expertise of the company in recombinant DNA 
expression systems to produce sufficient quantities of sporozoite an
tigens for initial testing, at ILRAD, of their vaccine potential. If these 
Results are encouraging then further discussions will be held with 
the company to reach agreement on the terms for vaccine develop
menit and eventual pro(luction. 

Vaccine Development 

This will be a joint exercise using the expertise of both parties. 
*liere are several options for vaccine design based either on the 
antigen itself, in combination with different chemical adjuvants, or 
on its gene, using the newly developing systems of viral vectors. 
An ideai vaccine would give life-long immunity following a single 
administration in all ages and breeds of cattle. It should be stable 
under a wide range of environmental conditions and simple to 
manufacture and monitor quality control. ILRAD has the necessary 
technology for monitoring the immune responses, both antibody 
and cell-mediated, induced by different types of vaccine and to 
relate these responses to the level of protection obtained. It also, by 
virtue of its work on the bovine immune system, may identify 
novel ways of antigen presentation to improve the efficacy of 
vaccines. The use of peptide sequences known to engage T helper
cells as adjuvan s or the use rif bovine interleukins as Iotential 
adjuvants are examples of new technologies that could be applied. 
Through collaboration with industry, ILRAD would also have access 
to vaccine technologies that it could not obtain directly from the 
public sector. The final choice of vaccine design will determine its 
production technology and hence both cost and complexity of 
manufacture. 
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Virally vectored vaccines theoretically woUld appear to have the re
quired characteristics and their use will be carefully explored. There 
are, however, questions concerning the eventual licensing of such 
vaccines for use in the countries affected by ECF, that have to be 
resolved before any final decision is taken on vaccine design. Once 
constructed, however, virally vectored vaccines can he manufac
tured using technologies and equipment similar to those used for
 
other viral vaccines such as 
 foot and mouth disease. Such facilities 
are present in certain of the countries affected by ECF and could 
potentially be used for local production of vlccines against ECF 
under license from ILRAD and its collaborating pharmaceutical 
company. More conventional vaccines using recombinant DNA 
technologies for antigen production may be too complex to 
produce, at the present time, in most of the countries affected by
ECF. 

Conclusions 

It has been ILRAD's experience that, in order to benefit from the 
new technologies to produce novel vaccines against ECF,a careful 
analysis of the areas of comparative advantage in the stages of 
research necessary to develop the vaccines helped greatly to 
identify the respective roles of I[RAD and the private sector. This 
led to the revision of ILRAD's policy on matters relating to patents, 
so as to ensure that ILRAD's research findings would ultimately
lead to a vaccine that would be produced and applied to the 
benefit of the countries affected by ECF. The analysis also defined 
the characteristics and capacities rerquired in the industrial partner
that aided in the identification of suitable companies with which to 
discuss potential collaboration. In practice it has been found most 
useful to develop collaborative agreements that cover specific
phases of the research process, rather than trying to initially put
together an agreement that covers everything, Up to and including
vaccine production and distribution. It is important that both parties
clearly understand the concerns of the other and that they keep
faith with any agreements that are ultimately formulated. 

The concept of using the technologies avlilable in the private sec
tor in the developed countries to benefit the agricultural sector of 
the less-developed countries is not new. Bilateral aid programs
generally have a strong bias towards the products of the donor 
country. The concern, however, is to ensure that the benefits of 
modern technology are made available to such countries to solve 
previously intractable problems of agricultural production. ILRAD 
sees its role as an intermediary in this process where its scientific 
c;<pertise can form the link between the industrial community of 
the developed world and the problems of the livestock owner in 
Africa. 
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Genetic Transformation for Virus Resistance: Needs
 
and Opportunities in Developing Countries
 

Roger N. Beachy 
Professor of Biology 
Washington University 
St. Louis, Missouri 

Tile work that I will present results from interactions between scien
tists at Washington University and Monsanto Company and was 
built upon more than 50 years of basic science. Likewise, the 
application of the research technology described here to situations 
in developing countries will also require a team approach. In this 
paper I will not describe in detail tie molecular biology that was 
done to produce genetically transformed plants that are virus resis
tant, but intend to convey tile basic concepts and features of the 
procedure, emphasizing the simplicity of the research. The work 
was initiated at Washington University in 1981 arid 1982, and col
laboration with scientists at Monsanto was established soon 
thereafter. I'll primarily dliscus the work in my laboratory, and then 
will include a short description of the work done at Monsanto, 
followed by a brief discussion ot the field experiment with 
genetically engineered plants that was carried out in 1987, anid 
lastly, the olportunitics for coll.aboration thati might impact 
agriculture in other countries. 

There are, as you know, many e\amples of plant virus diseases. 
Our work began with tobacco mosaic virus (TMV), which causes a 
disease in tobacco as well as tomato and a number of other 
solanaceous plnt crops. TMV has been %,ellcharacterized during 
the last 50 years, and a great deal is known about its genetics, the 
biochemistry of tile disease it causes, and the biophysics of virus 
assembly (van Regenniortel and Fraenkel-Conrat, 1986). The 
technical approath used to produce genetically transformed plants 
that harbor a viral gene lia. been described in other reports (Powell 
Abel el al., 1986; Beachy el al., 1987). In brief, we enzymatically 
produced a cDNA (copy DNA) from TMV-RNA that encoded the 
TMV coat protein, and attached the double-stranded cDNA 
regulatory elements to produce a chimeric gene. A transcriptional 
promoter was taken from another plant virus, cauliflower mosaic 
virus, to control the expression of the coat l)rotein gene in trans
genic plants. The chimeric gene was constructed in a plasmid 
obtained from Monsanto Company that contains many of the 
features which are needed for transformation of plant cells. This 
plasmid was mobilized into a disarmed strain of Agrobacterium 
turnefaciens; the modified A. tumefaciens was subsequently used 
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for plant transformation reactions. The plant transformation pro
cedures are covered in greater detail in another chapter in this
volume. After carrying out transformation and regeneration of trans
genic plants, the transformed plants were identified on the basis of 
their genotype and phenotype. 

The level of expression of the coat protein gene was determined in 
transgenic plants and those with high levels of gene expression 
were selected for further study. Seeds collected from the parent
transformants were planted, and the segregation ratios of the in
serted genes was determined by analysis of the seedlings. If there 
was an active gene at a single locus, one expected a 3:1 segrega
tion of the introduced gene. The plants that expressed the intro
duced coat protein gene and those that lacked the gene were then 
inoculated with TMV, and disease development and virus replica
tion were monitored. Plants that lacked the coat protein gene (i.e.,
the control plants) developed disease symptons in 3 to 4 days,
while plant, that expressed the gene either escaped infection or 
developed symptoms much later (in time) than did the control 
plants (Powell Abel e/ al., 1986). This type of resistance is referred 
to as "coat protein protection" or "genetically engineered cross
protection." We have extensively characterized transgenic tobacco 
and tomato plants that are resistant to TMV due to "coat protein
protection." The features of the resistance included the following
facts: (1) resistance is largely overcome by inoculation with high
levels of TMV (Powell Abel et al., 1986), or by inoculation with 
TMV-RNA (Nelson et al., 1987); (2) plants that express the TMV 
coat protein gene are resistant to several strains of TMV (Nelson et 
al., 1987) and to several strains of tomato mosaic virus (Nelson et 
al., 1988); (3) plants that express the TMV coat protein gene are 
not highly resistant to infection by other viruses (E.Anderson and 
R.N. Beachy, manuscript in preparation); and (4) the level of 
resistance to infection is directly related to the level of expression
of the gene and the accumulation of coat protein. 

Since there are many different kinds of plant viruses, a question is 
raised as to whether this approach will provide protection only
against tobacco mosaic virus and other tobamoviruses, or for many
different kinds of plant viruses. The answer is that the approach is 
successful with many different kinds of viruses. Resistance against
tobacco rattle virus, a rod-shaped virus whose genome is split into 
two particles, was reccntly reported by van Dun and Bol (sub
mitted). Several groups have produced resistance against alfalfa 
mosaic virus, a virus whose genome is divided into three 
bacilliform-shaped particles (Turner et al., 1987; Loesch-Fries et al.,
1987; van Dun et al., 1987). Protection against a flexuous, rod
shaped virus, potato virus X, was developed through collaboration 
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between researchers at Monsanto Company and Rockefeller Univer
sity (Hemenway et al., !988). These groups also collaborated to 
produce resistance against cucumber mosaic virus, an icosahedral 
virus with a genome that is divided in three parts (Cuozzo et al., 
1987). 

The conclusion thus far is that even though the virus particle shape 
and the replication strategies (i.e., the mechanisms of virus replica
tion and gene expression) are different with each of these viruses, 
expression of the capsid protein gene in transgenic plants provides 
resistance against the virus from which the gene was isolated. It is 
therefore proposed that this represents a generic method to produce 
virus resistance. Furthermore, the method may provide virus
resistant material that can be given to the plant breeder for intro
gression of the gene into his own breeding stock. In essence the 
pathogen provides a novel source for a disease-resistance gene, 
while transformation provides a means for introducing the gene into 
agronomically desirable cultivars. This approach has the potential to 
enormously simplify the work of plant breeders who generally 
search for resistance genes in the other plant varieties, cultivars, or 
species, and spend years improving the agronomic characteristics 
by a backcrossing regimen. 

Evaluating the degree of disease resistance is an important concern 
for the plant pathologist. We found that tile most direct way to 
assess resistance to virus infection was to inoculate populations of 
susceptible plants and transformed plants with increasing concentra
tions of TMV. When the control plants were inoculated with TMV 
at 0.001 pgg/mi, 55/ of the plants showed disease symptoms within 
5 days. When the inoculun was increased tenfold, all of the con
trol plants showed disease symptoms within 5 clays. On the other 
hand, the transgenic plants that expressed the TMV coat protein 
gene required 10' higher levels of inoculum to become diseased in 
5 days. This is referred to as 4-orders of magnitude of resistance, 
and provides a level of protection to withstand high levels of 
disease potential. The reader is reminded that this degree of 
resistance was accomplikhed in one generation of transformation, 
and only a relatively short period of time was required to produce 
resistance to TMV in tobacco and tomato plants. 

Toward an Understanding of Engineered Disease Resistance 

What is the basis of engineered coat protein protection? Although a 
full understanding of engineered protection is not yet known, it ap
parently is not like other types of genetic resistance that have, thus 
far, been studied and can be referred to as a type of nonhost 
resistance. In engineered protection, most cells don't become in
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fected upon inoculation. If a few cells become infected, the virus 
moves very slowly, if at all, from the inoculated leaves throughout 
the plant, indicating that there are multiple stages or manifestations 
of resistance. 

The first evidence of the protection is the resistance to infection 
upon inoculation. Infection events can be assessed by counting the 
number of sites of infection that are visible as chlorotic or necrotic 
lesions (Nelson et ai., 1987), as percertage of infected protoplasts 
(Register et al., 1988), or by counting starch lesions (Hemenway et 
al., 1988) ollowing inoculation. Resistance to inoculation with 
TMV is reflected as an 85-95'/, reduction in the numbers of sites of 
infection on leaves of orotected plants compared to control plants 
(Nelson et al., 1987). In many cases, the plant would not receive 
sufficient levels of inoculant to produce infection and thus escapes 
infection. 

The second manifestation of resistance is expressed even if a site of 
infection is established; the virus is unable or is less likely to move 
from the infected leaf to other parts of the plant. Disease requires 
infection, replication, and spread of virus through the vascular 
system to the upper leaves where it may cause the development of 
symptoms on the newly developed young leaves. Since the spread 
of virus is essential to disease development, we beg-.n to look at 
the rate of virus movement from one leaf to the next in transgenic 
plants compared to nontransgenic plants. For these studies we 
inocu;ated the plants with TMV-RNA, which largely overcomes 
resistance (Nelson et al., 1987). When the movement of virus to 
the upper leaves was followed, it was found that systemic infection 
occurred in some, but not in all of the plants. Equally as 
remarkable is the observation that in some plants equal amounts of 
TMV accumulated in the inoculated leaves of both the control and 
coat protein expressing plants. Yet the virus does not move 
systemically (Powell, Nelson, Wisniewski and Beachy, work in 
progress). We are continuing our investigation into the nature of the 
blockage of systematic spread of virus in the transgenic plants that 
express the TMV coat protein gene. 

The First Field Test of Transgenic Plants for Virus Resistance 

In 1987, we collaborated with scientists at the Monsanto Company 
in an experimental field trial of the transgenic tonato plants. This 
was done only after full compliance with guidelines established by 
governmental regulatory agencies Tomato plants were grown in a 
field situated in West Central Illinois and were inoculated with 
TMV by hand inoculation. The experimental plot design was a ran
domized split plot. Border rows which were not inoculated were 
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used as control plants for visual observations. At early stages in the 
experiment one could readily distinguish differences in growth of 
the inoculated control plants and transgenic plants. As anticipated 
from results of earlier glasshouse experiments, the inoculated plants 
that did not express the coat protein gene (i.e., the control plants) 
became diseased in the expected period of time, while only 8-10% 
of the plants that expressed the coat protein gene became infected 
and developed disease symptoms (Nelson et al., 1988). 

The yields of tomato fruits were also determined in the field ex
periments. In the two lines of plants that were not inoculated the 
yields were the same, indicating that the expression of the foreign 
gene ;.e., the coat protein gene) had no effect on plant growth, 
deveiopment, or yield. This corroborates the results of our earlier 
glasshouse experiments. However, infection with TMV caused a 
25-30% loss in yield ini control plants, whereas inoculation of the 
transformed plants led to little infection and, consequently, no 
reduction of yield (Nelson et al., 1988). These resulis conclusively 
demonstrated the degree of protection against infection and yield 
loss as the result of exprecsion of the coat protein gene. 

Application of Coat Protein Protection to Ag; ]cultural Problems in 
Developing Countries 

I recently had the privilege of visiting several Asian countries where 
there are opportunities to observe many disease problems that are 
caused by different plant viruses. The virus diseases that occur 
throughout Asia severely reduce the yields of most of the vegetable 
and fruit crops; for example, papaya orchards in which 80-90% of 
the plants were infected with papaya ringspot were common. Virus 
diseases in melons and other curcurbits were also severe and 
caused losses in fruit size and quality. Many of the affected crops 
are dicotyledonous and are related to crops used in plant transfor
mation and regeneration experiments in laboratories around the 
world; therefore, they are reasonable targets for genetically 
engineered cross-protection. Although there are numerous target 
crops for application of this technology in developing countries, 
establishing research programs to achieve the targets will require 
international collaboration because of the degree of technical 
sophistication involved. It is unlikely that such research will be 
possible in many countries simply because of unreliable power sup
plies, the cost of equipment and chemicals needed for the research, 
or the unavailability of isotopes and perishable reagents. On the 
other hand, selected university laboratories and international 
research centers will be capable of carrying out the work with the 
arrival of appropriately trained scientists, and in collaboration with 
scientists in developed countries. 
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However, even in such special situations there will most likely
need to be extensive financial and technit ,I inp ut from dJeveloped
countries if recombinant DNA technology is to have an impact to 
improve the quality of food )rodu(iioln in les -developed countries. 
This will include the need for impro',.ed facilities, education, and
technical training of scientists, inaddition to making certain that a
ready source of specialized reagents and other suiI)lies is ill place.
In some cases, this will involve problems associated with fo reign
currency exchange, and other issues that may hinder cientific 
research. Collaborative arrangements with other scientists who (an
provide supplies or financial resources will be essential. 

It will also be necessary to deal with issues that involve patents and 
intellectual property rights since for 111il of th( s)ecialized

technology in the field of recombinunt DNA research is either

patented or patents are pending. Although this, too, like the 
cur
rency issue, can he complex and a hindrance to scientific progress,
the prospects are sufficiently important that this issue must be dealt 
with in a manner that recognizes the investment of those who 
developed the technologies, yet considers the needs of the user
 
countries.
 

Finally, one must lie prepared to ext)end the necessary effort to
satisfy the concerns of the public regarding the relative safety anid 
possible risks in the use of transgenic plants in agricultural settings.
Although there is an air of optimism in the scientific commulity

that all or most objections can be satisfied, it is essential that each

planned release and 
use be carefully evaluated by knowledgeable

scientists familiar with each test site to allay any fear or misgiving

of less-knowledgeable members of the lay public. 

Because we are confident that genetically engineered cross
protection can play an .mportant 
 role in developir countries, we 
(R.N.B. and Dr. Claude Fauquet, Ph.D., ORSTOM, 213 Rue 
Lafayette, Paris, France; current address: as for R.N.B.) will 
cooperate with several donor agencies to estalilish a research pro
gram to alter agronomic characteristics of cassava by genetic
transformation. This program, THE INTERNATIONAL CASSAVA 
TRANS PROGRAM, will have as its primary goal the transformation 
and regeneration of cassava, targeting resistance to virus diseases in
the first 2 to 3 years of the program. It is anticipated that scientists 
from Europe, the United States, Africa, Asia, arid South America 
will participate in the program. At the time of this writing, it is 
anticipated that funding will be provided by French, German, and
English governmental sources, and the Rockefeller Foundation. 
Furthermore, commitment to ccllaborate in the project has been 
made by scientists and administrators at the two mr;or cassava 
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research and germplasm collection centers, i.e., CIAT 'n Colombia 
and IITA in Kenya. Furthermore, the Monsanto Company, a leader 
in the use of biotechnology in agriculture, ha; agreed to lead 
technical support and consultation for the research. CASSAVA 
TRANS will be established in the Department of Biology at 
Washington University, St. Louis, Missouri, during Phase I, which 
will determine the technical feasibility of the project. It is 
anticipated that the project will later move to a European location 
for continued long-term research and interaction with scientific 
research institutions in developing countries. 

The costs of establishing and maintaining CASSAVA TRANS are not 
trivial, and a great deal of collaboration will be required to bring it 
success. Nevertheless, we are committed to it as an example of the 
application of biotechnology to agriculture in the developing 
countries. 

(The authors welcome inquiries about CASSAVA TRANS from possi
ble donors as well as scientists interested in participating in the 
project.) 
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Genetically Engineered Insect Resistance in Crops 

Ronald Meeusen 
Director, Plant Bio)technology Research 
Zoecon Resear(h Institute 
Palo Alto, California 

I confess I was very impressed to hear just now of the degree of 
collaboration that Dr. Beachy's group and others have managed to 
structure with international crop-breeding programs in the virus 
resistance area. Today, what I'd like to (Jo is talk to you about 
some of the rese.iirh that's -(Oning 0(Lt (f the private sector along 
these lines, in tlis (ase dealing with insect reLsistance rather than 
with virus resistance, )t using many similar t(el0ni(lues. And at tile 
end of my talk, I'd like to turn from the statlu Of the technology to 
the rather more difficult question of how nonprofit organizations 
like yours might intera(t with the private ,ector when tethnology 
like this originate there rather than froma acadenie. 

The Rohn and laas Company is a chemical c(mpany based in 
Philadelphia and has been involved in agricilture since 1927, 
when they introduced one of the first totally syntihetic organic- in
secticides. Since that time, as you are all well aware, agriculture in 
the United States and in the industrial countries isa whole has 
benefited dramatically from the intputs of both pul)lic and private 
sector research in the areas of agricultural chemicals, chemical fer
tilizers, mechanization, atnd crop breeding. Corn has been one of 
the most dramatic examples. Other crops-soybeans, wheat, you 
can name almost any major crop-show the same steady incremen
tal improvements in the yield per acre. 

A major component of these gains results from improved control of 
insect pests nade possible by a continuous stream of new chemical 
insecticide products introluced since World War II. And these 
products, in turn, resulted from the coupling of new technology (in 
this case, advances inorganic chemistry) to the development of a 
strong chemical patent system. 

Thus, organizations in the industrialized countries found themselves 
with the ability to produce needed new products and the incentive 
to do so. The result over the past four decades has been a steady 
supply of chemical insecticides with increasingly greater environ
mental acceptability, hunan safety, and cost performance. New 
insecticides, introduced since the 1940s began with the so-called 
"miracle" insecticides, which were effective at some 2 to 4 
kilograms per hectare. Today, that same job is being done with 
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products that are being recommended at rates in the 5 to 10 grans 
per hectare range. Both savings to growers and re(lLceCl effects on 
the environment follow. 

This is an ex,'l, oft,(,opltirnizing inse t c()ntr(l thIloUgh inrcreasedlinvestment in reo,.trch into tradilitmal te(hnhologies like orgni(
chemistry. BUt despite the progress already in ade, insect problems 
piersist. In most major crops like (otton, the grower still spends alarge proplortion of his produ(tion (utl!lays on (herni(als for insect
control. And the point I vant to make is that seed is traditionally
much cheal)er than agf()(henli(al4s. YOu )uv it one,, y'ou don't have 
to buy it eight or nine times througlloUt th se'ason l a pinch you 
car save the seed and tilant it over a se(ond yeat. 

Even ill the indUstrialized n,itions, inse(t (ontrol with these very ef
fective chemi ils is still amu( h nore expensive operatioil than if

(rre could control in,ects through use ot a resistant eec variety.

Arid that brings us to the research that I want to talk about today,
 
arn alternative approach 
 to chemi(als whose development has been 
sponsored by the (iemical industry. 

Now the Rohi arnd laas Coripany and other agro(lenli(al (com
paiieS do (:1urrently sell chlieiical irse( ticides. But that is riot really

their )LJiness. Their bUsi tssis providing produ(ts to tle grower

that protect 
his cros against insUct tiests. That's a subtle difference,
but a very imlportant one. From 1927 until today, (onparies like
 
the Rohni and Fl-aas 
 Company invested their money in producing
 
new and better chemicals, largely because that was 
the only effec
tive technology available which enjoyed patent protection.
 

In the 1970s that began to change. Advances in molecular biology 
promised the ability to manipulate genetics with the same degree of
efficiency, the same degree of precision that \ e had previously

been able to 
 apply to tailoring chemical structures and chemical
 
properties. As these new tools becaire available, companies began

applying them to their customers' needs, a logical extension for 
companies whose business is providing products, be they
chemicals, seed or whatever, to protecl crops. 

And iii the early 1980s, Rohm and Haas, Monsanto, and many
other companies began to put some of their research dollars into 
biological-based research that would ultimately lead to crop
varieties resistant to insect control and, as Dr. Beachy described, 
virus resistance. 

That is not an insignificant shift, by the way. Last year, in the in
dustrialized nations, the private sector pumped 850 million dollars 
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into research on agrocnemicals. If even a small portion of that gets 
redirected towards biologically based systems, it can have a 
dramatic effect on the total anion rit of research and new products 
available to society. 

So back in the ealy 80s, Rohni an( IHaas and other companies 
began looking to test the utility of these new techniques, to see if 
we could use them to actually produce something useful. One of 
the things we settled on was attempting to insert into crops a gene 
for a natural insecticidal material to see ifwe couldlnot, in a sense, 
immunize the crops against insect predation in much the same way 
that Dr. Beachy has just descriled--inlmunizing crops against viral 
attack. And not surprisiirglv, we picked one of the best known 
materials, Bacilus thuringiensi. (3.t.)with which I'M sure most of 
you are familiar. 

B.t. has been Used in the United States since the 1960s. It's very 
active against caterpillars of the order Lepidoptera and has become 
an environmental favorite due to its extraordinary selectivity, safety, 
and biodegradability. When the t3.1. bacterium sporulates, it pro
duces a protein that crystallizes outside the spore. Once ingested 
by a caterpillar, this protein crystal dissolves, the protein attacks the 
gut lining, gives tie caterpiI .:,rulcers, and stops the insect from 
feeding. Over a period of a Coule of days the insect dies. 

Since the isolated protein was knowin t)be effiective even without 
tie bacteriumi i, the idea was toi take its single gene out Of the 
bacterium, put it into a form where it would function in a plant 
and produce plants that now, intheir leaves, produce minute quan
tities otfthis safe and biodegradable insecticide. If so, the resulting 
plants shouI rIdbe resistant to caterpillars. 

Rohrn and H-aas went to a startuI) cornpany inBelgium, Plant 
Genetic Systems, thart access to much of this technology, and 
set this as a research co(ntr,,ct (not an uncommon thing for coni
panies to do when they want to test the waters). 

And I thought I'd take just a minute to describe to you the process 
that's used to get a gene intto a plant, since it is an excellent exam
pIe of applied biology in its own right. Inorder to get a gene into a 
crop plant, we use another bacteriuiii, Agrobacterium tumefaciens, 
that causes the galls commonly seen on plants. This bacterium has 
a fascinating life cycle that we make use of. 

When this bacterium infects a cut ina leaf, it will transfer to a 
single plant cell a piece of DNA, so it's a little genetic engineer all 
by itself. In the process it gives that plant cell genes that code for 
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two functions: one causes the cell to produce growth hormones, so
that infected cells grow rapidly into a large clump. That gives you
the gall that we can see on leaves and petioles in trees. The ,econd
set of genes that it gives this plant cell causes the plant to produce
large quantities of unusual amino iCiIsthat the pl,+nt can't Use, but
that the bacterium can live on. So this bacterium actually engineers
a small gall in the plant that produces food for the bacteriurn and 
allows it to multiply. 

How does this Lusual way of earning a living hel) LIs get genes
into plants? FortuInately, hatteria are sonewhat more easily duped

than people. If we remove the nio mal gall genes, replace them 
with a gene we want inthe plant, arid then irfect tihe plant with
 
the bacteriun, it will go blindly alieal and put inthe gene we 
want, never noticing the cliffteren( e. 

One takes the (rown rer ,Iloj(eigall tmat ii, gall genes with
the desired gene, in this case a gene for the 3.t. insecticidal pro
tein, and uses that bacterium to infect a piece: of leaf tissue. Then 
one kills off the bacterium with antibiotics, leaving a leaf disk with 
a few cells arol.1nrd its edges that have now picked Up the new 
genes. -hese are gr own hack into sMall cILurn pS of ti-suc through
tissue culture and (ventually regenerate a whIe plant. rhat whole
 
process in tobacco is about a four-rnrnth cvcle, .1r1d so you Can go

through three cycles of this in 
a year ifVOL) need to. Using that 
system then, we went after the 13arcillu thuringiensis gene, whic:h is 
active against caterpillars. 

We are all familiar with this group of insect pests, the Lepidoptera.
They comprise a hundred thousand species and constitute one of 
the most destructive groups of pests inthe world. And virtually 
every crop has some Lepidopteran pest. 1hat made it a particularly
attractive test case. We had a single gene from a known material 
that is a registered pesticide, is known to be nontoxic to humans
and wildlife, is known to be biodegradable, and is active against
the class of caterpillars that are problems in many, many crops. It 
seemed like an ideal case on which to test out this technology. 

For those who may never have had the dubious pleasure of seeing
these pests firsthand, there is a good reason they are so destructive. 
A freshly hatched caterpillar, which weighs about 0.5 milligrams
will grow to about 5 grams in 10 to 12 days. It does this by eating
voraciously. 

To shorten a long story, when we went to this process we did get
tobacco plants that contained the gene, which produced less than
.01 percent of their leaf protein as this new insecticidal protein. So 
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we are putting a tremendously small quantity or diverting a very 
small quantity of the plant's protein into this new protein. 

Two plants each had 12 freshly hatched caterpillars put on their 
leaves. We shut the door, left them for two weeks, canie back, and 
found that not only have all caterpillars attempting to feed on the 
new plant died, hut that the newly hatched caterpillars do in fact 
feed on the transgenic plants. They begin feeding and I)Iunch about 
a two millimeter dianieter hole. At that point they've eaten enough 
tissue to have received a lethal rose. They will often crawl to tile 
edge of the leaf and die. Soletiles they will try to clilh Clown 
Ibe stem bJIit they sel(dom gel far. We get 100 lercent control of 
these caterpiillars. 

If y'ou look very ( losely at the leaves, you (an often, e",pecially on 
tohacco because the leaves are sticky, find the (ortpw, delicti next 
to the scene of the crime. I laving done this in the lahoratory, of 
course we waited to get Olt t0 the field. And that requires some 
traditional breeding work. We've now taken this, by the way, to 
the sixth gent.alion. It hreeds as a simple Mendelian dominant. 
We've seen no side effet's in the plants and we've been able to 
cross it into si\ commerci,nl tol)acco varieties as well using Irachi
tional breedin0g. 

In 1986 and 1987 we were rlah' 1t go Ii) the field. And I could 
spend an hour nifyour time today talking aboUn dealinrg With )uhlic 
percept ons and the rederal regulatory Coin1)1es. "Coi)le×X" is a 
good word, Iy the way. Xavier will talk about that later on. But 
SLffice it to say that at the time yre went to the government, we 
had no idea how they Or the public would respond to this kind of 
work. 

At the timre we approached the U.S. Department of AgriciiItLire the 
new regulations for such1prodLIcts were still being drafted. Although 
not legally required to seek approval, We naturally submitted a data 
package voluntarily, in effect offering oUr atplication as a test case 
on which the proposed new regulalitions could le tested. 

Once we had been notified that approval was mini rent, we de
cided to take one further step, a publ1ic conl Lilnication campaign. 
We felt in this case, since we were dealing with something new 
and this would be one of the first field tests of a recombinant crop 
plant in the world, it was probably best to put together brochures, 
to send tears out to talk to tile federal, state, and local officials, 
and eventually we ended Lip holding public seminars and media 
presentations prior to going ahead with the field test. 
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With all that work in preparation seminars, meeting with people at 
federal, state, and local levels, and briefing everyone involved, we 
expected then that we would gpt fair and impartial treatment in the 
media, which in fact we did. Of course, one paper decided to run 
a front-page article under a large title "Plants Given Killer Genes!" 
And this in spite of fhe fact, pointed out repeatedly by us, that 
these are nontoxic to humans, fish, manmals, birds, and other 
wildlife. But despite the occasionally sensationalistic story, we
 
received very fair treatment from the media.
 

We then went ahead with our field trials and I'm happy to say,
without incident. We feel that the public information campaign
served its purpose despite the occasional article about killer genes.
We had no concern from the public and in fact the only responses 
we got were very positive. There was a great deal of appreciation
that the company had taken the time to have gone out and briefed 
the people on our activities. 

The field trials themselves were very successful. This slide shows
 
one of the control plants in our 
test plot. If you look closely at the 
top you can see what remains of the plant-petioles and stems. We 
happened to go out in a year when the tobacco hornworm pressure 
was about three times higher than at any time in the previous ten 
years. 

Our B.t. plants, on the other hand, had some very small holes and
 
we were able again to find dead caterpillars stuck on the leaves
 
next to the holes. But damage to the plants was minimal. In fact,

had we applied standard commercial criteria for spraying, these 
plants would have gone the entire season without requiring a single
insecticide spray. Commercial tobacco growers in the county during
that same season had applied five sprays to keep the hornworms 
down under control. 

That's pretty much it for the formal part oif my talk. I wanted to 
spend some time yet, as requested by tile symposium's sponsors, to 
speculate on ways in which nonprofit national and international ag
research centers might collaborate with the private sector in order 
to access this and related new technologies. 

With situations like Dr. Beachy's, the charter of the university in
cludes activities such as cooperating on a global scale in areas 
where there are no market returns. Bur you must understand that 
private companies are as constrained to work within their charters 
as you are to work within your institutional charters. 
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If we were to take stockholders' money, entrusted to us with the 
expectation of a return, and invest that in nonprofit ventures, the 
same thing would happen to our management as would happen to 
yours if you decided to work on rice and you were at an institute 
chartered to work on papaya. They would be replaced. So I spent a 
fair amount of time last night asking myself, "How might these two 
very different types of organizations work together and both 
benefit?" I do have some thoughts I'd like to throw out to you. 

First, it's pretty clear that there are pieces of technology that are 
ready to be applied now to agronomic crops, such as the B.t. 
technology. Some are in the hands of the universities, a little more 
accessible; some at the private sector, a little less accessible. 
Secondly, the private sector isdeveloping these with an eye 
towards the industrial markets. 

An argument could be made that this kind of technology has even 
greater applicability and greater potential in the developing-nation 
markets. And the argument would go something like this: in the 
developing world the growers have less capability to purchase 
agrochemicals than in the industrialized countries, so they have 
fewer options. This technology does not require an investment by 
the grower in spray equipment and tractors, or the availability of 
aircraft to spray on insecticides. This technology would not require 
any training on the part of the growers in handling and properly
disposing of potentially toxic chemicals. And finally, from a more 
societal viewpoint, a country with an agricultural base that had an 
option between controlling insects with this kind of technology ver
sus chemical technology finds itself not being required to invest 
large amounts of capital in pesticide production and distribution 
facilities. 

So there are a number of arguments that say this kind of 
technology actually is more suited by its nature to use in develop
ing nations than in industrial nations, and yet the fact that patent
protection exists and markets are more lucrative in the industrial 
West means that the companies with this technology are constrain
ed to focus it towards those markets. That's kind of a sad paradox. 
And I've got a few thoughts I'd like to share with you-ways that 
we might interact to get this technology into the developing 
nations. 

The key, I think, is the fact that there is additional research needed, 
additional resources needed, to take the genes that have been 
demonstrated in tobacco and tomato and test crops, and get them 
into cassava, papaya, and other crops. There is regeneration 
technology and transformation technology. There is a fair amount of 
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research and breeding, and then production and distribution that 
need to be done. And the second key is there needs to be some 
sort of incentive to the companies to collaborate. And how do we 
get to those two? 

Well, the research side is rather straightforward. There are, and 
many of you are representatives of, national and international 
research and breeding operations that have exactly that capability
to take this technology from a Rohm and Haas, a University of 
Washington, and apply it to cassava, papaya, and other Third 
World crops. So you have someihiig to offer when you come to 
the bargaining table. Where it gets more difficult is finding an in
centive to the company to collaborate. That's a little tougher, but I 
do have a thought or two on that as well. 

Developing nations need to promote domestic industries as well as 
meet the needs of their growers. Seed industries, by comparison to 
other ty;.es of industries, are fairly easy to get ir-to. It does not take 
much more than research and distribution, frarky, to build a na
tional seed company. Unlike a petrochemical complex ,)r a com
puter industry, you do not need to have a technically based i'
frastiu.cture. You do not need large support industries. You do not 
require heavy up-front capital investment. Your basic needs are an 
agricultural base )nd breeding research. 

If one were to approach a company like Rohi ard Haas and say,
"Listen, we have the research capability to take your technology,
put it into papaya, guava, and seven other crops that are important
to us, and the country is willing to set up a national seed company
to distribute this at low cost to our growers. And we will provide to 
your company as compensation ror your con,'ribution, a minority
share interest in that national seed company," I think they might
find this kind of approach attractive. At least they .vould certainly
sit down and think about it. After all, these are markets that these 
companies normally would not go into anyway, so they're looking 
at no loss and perhaps a small gain. 

It provides the country with the ability to offer their growers
needed products at low cost while also building a base for a na
tional seed company, a new domestic industry. It offers companies
the chance to realize some return from markets that typically are 
closed to them either by virtue of the lack of patent protection or 
by the small size and lack of distribution systems. This would be 
especially true for those crops, like cassava, for which industrial 
seed companies do not breed anyway. And most companies enjoy
seeing their products used to help people, a motivation you should 
not underestimate. In a properly structured collaboration, everybody 
should benefit. 
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An alternative approach might be a simple, old-fashioned horse 
trade. Although a breeding center might not have the fancy
technology to genetically engineer new genes into crops, you cer
tainly conduct a great deal of basic research and genetics. These 
are the sources of new genes of economic importance. You might,
for example, after identifying a gene in cassava leaves that produces 
an antifungal agent, approach a company with this kind of deal: 
"We'll provide the information and genetic material, you do !;; 
genetic engineering we want, and you can have rig its to the results 
for the industrial world's crops and we'll keep rghts to the results 
for our crops and our regions." 

Now, if I were to outline either proposal on a board, we could 
shoot it full of holes in a few minutes. I'm offering these thoughts, 
by no means as proposals, but as examples of a very important 
message I'd like to leave you with. 

The private sector's mind-sei is an extrao:,Iinarily flexible one. If 
the% [ave something of valt,e to someone else and they can get 

,
someLK.' ; back for it, they will work with you to brainstorm 
through te., other schemes until you find one that gives both parties 
what they need. 

So De innovative when you think about iiese things. Rule nothing 
out, because ihe people in the industrial sector will not. They will 
liok at every possible option to work together. If you come to a 
company and say, "You have something we need and there is 
something here that ycu might benefit from," they will work hard 
to find a way to proceed. That is perhaps the greatest strength of 
the private sector. 

I hope those thoughts will stimulate discussion of other ideas on 
collaboration with industry, and I look forward to hearing your 
thoughts as this conference continues. 
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Application of Restriction Fragment Length 
Polymorphism to Plant Breeding 

D.P. West, J.H. Cramer, J. Romero-Severson, 
Y. Ma, M. Murray 
Agrigenetics Corporation 
Madison, Wisconsin 

Bre, ders generate genetic variation by crossing unlike types, and 
then attempt to isolate individuals with particularly desirable com
binations of the parental genes. The new assortment of genes is 
produced on the DNA level by the exchange of chromosomal 
segments (recombination) which occurs during meiosis. Because of 
multiple recombination, progenies are genetic mosaics of their 
parents' chromosomal segments (Figure 1). In the past, only a few 
recombination events were detectable at any one point in time and 
only in special genetic stocks. 

Recombination has, therefore, been a black box to breeders who 
must deal at the phenotypic level of variation. If it were possible to 
tag or mark a segment of a chromosome, one could effectively 
follow genes located on t!h[t segment through the recombinational 
process. The idea of using genetic markers as tags for genes of 
interest is not new (see Edwards et al., 1987). Economic application 
of genetic markers has been limited historically because no one 
system of markers provided all of the following necessary 
characteristics: 

1) Selectively neutral, nondeleterious 
2) Ubiquitous, allowing saturated coverage of the genome 
3) High level of polymorphism 
4) Easily detectable variation 
5) Codominant, unaffected by environment 

Markers based on DNA restriction fragment length polymorphism 
(RFLP) satisfy these criteria and are being used extensively to build 
detailed genetic maps in a wide variety of crop species (e.g., Burr 
et al., 1988; Helentjaris et al., 1986; Bernatzky and Tanksley, 
1985; Landry et al., 1987; Murray et al., 1988; see Figure 2). 

What Is Restriction Fragment Length Polymorphism? 

Restriction endonucleases cleave DNA at specific nucleotide 
sequences distributed throughout the genome. A corn nucleus con
tains about 6 billion base pairs of DNA, and hundreds of thousands 
of different fragments ranging in size from several hundred to 
20,000 base pairs are produced when the DNA is cut with an 
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enzyme such as EcoRI. The process of Southern hybridization 
makes it possible to identify any one fragment of interest among 
the myriad of other fragments (Figure 3). The restriction fragments 
can be resolved according to size using gel electrophoresis. They 
are then transferred out of the electrophoresis medium onto a meni
brane support such as nitrocellulose or nylon. Small, isotopically
labeled, nucleic acid fragments are used to "probe" the membrane 
because under appropriate conditions, they will hybridize 
specifically to homologous DNA sequences immobilized on the 
membrane, thus revealing a specific restriction fragment's length or 
size. 

Probes are made by cloning rand.)m pieces of DNA from the 
organism of choice and then selecting those suitable for use as 
RFLP markers. Although probes that hybridize to repetitive 
sequences can be useful, those hybridizing to single copy segments 
are preferred for genetic mapping because of ease uf interpretation. 
Most poly(A) RNA is transcribed from single copy sequences. 
Therefore, cDNA libraries prepared from poly(A) RNA are an 
excellent source of single copy clones. A more recent innovation is 
to clone those sequences that are cleaved by the metbylation
sensitive restriction enzyme Pstl and exploit the observation that 
undermethylated DNA is high,, enrichcd for single copy sequences 
in plants (Burr et al., 1988). lPro!;es cre typically labeled w' 
radioisotope but nonradioactive detection systems are under intn
sive developren. 

A given DNA probe is generally useful within a species and may 
often also be useful among closely related species (Tanksley et al., 
1988). For a probe to be useful, it must hybridize to fragments of 
different lengths in the parents of interest. Although restriction 
fragments produced with one restriction endonuclease may not be 
polymorphic, the possibility of finding useful polymorphism! with a 
particular probe increases as DNA digested with a spectrum of 
other enzymes is examined. The frequency of easily detectable 
restriction fragment length polymorphisms is affected by factors 
such as the size and evolutionary history of the particular plant 
genome. In organisms with high levels of genetic diversity, such as 
maize, it is possible to construct genetic maps using few enzymes. 
Where genetic diversity is limited, extensive surveys are necessary 
to find enzyme/probe combinations that reveal polymorphism. 

Restriction fragment size is a stable genetic attribute of an indi
vidual or genotype (Evola et al., 1986). A size difference, or 
polymorphisms, between two parents will segregate in their prog
eny like alleles of a gene. Classical segregation analysis (Mather, 
1938) can be used to construct a genetic map that locates the RFLP 
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Figure 2. An RFLP Linkage Map for Maize. 

This map was constructed using 90 F2 individuals derived from a 
cross between Mangelsdorf's Tester and A6 19. Established genetic 
markers or cloned DNA sequences obtained from other researchers 
are shown on the left side of each chromosome. The prefix BNL 
denotes RFLP markers obtained from Dr. Ben Burr at Brookhaven 
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The DNA fragents produced alter restr .t;on endonuclease 

digestion of genomnic DNA fromn two hvp,,'.,;-etical lines are 
separated according to size by ji.-ro';e gel electrophores is. Because 
any one fragment miay represent les, than ono part in several hun
dred thousand, it is not visible when the total DNA is visualized 
by staining. To detect a spi-cifiL fragm~ent, the DNA is transferred 
out of the gel onto a miembrane and h~bridized t(; an isotopically
labeled probe, probe V in the examiple. Autoradiography is used to 
determiine the position of genomic DNA fragmients homrologous to 
the probe. Probe B reveals polymiorphismi between the two lines 
whereas probes for A or C would not. 
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markers with respect to each other. The analysis is performed ol 
progeny constructed for that purpose from a cross of unrelated 
parents. The mathematics of the linkage analysis are adjusted ap
propriately for an F2, backcross, or recombinant inbred progeny. In 
species for which classical maps already exist, the use of parents 
such as Mangelsdorf's tester (maize; Murray et al., 1988) and Rick's 
isozyme stocks (tomato; Bernatzky and Tanksley, 1985) in the pro
duction of a mapping progeny has facilitated cross-referencing the 
classical with the emerging RFLP map. Aneuploid stocks are also 
useful in assigning probes to chromosome (IHelentjaris et al., 1986). 

Practical Uses of RFLP Analysis 

Restriction fragment length polymorphism is a powerful tool that 
has many practical applications in plant breeding (Table 1). RFLP 
can be used in essentially all the areas where isozymes have been 
suggested previously (Stuber et al., 1982; Smith, 1984), but with 
significantly higher resolution. 

It is possible to begin using RFLP long before one has a saturated 
linkage map. For example, a composite pattern or fingerprint which 
differs among genotypes can often be created with relatively few 
probes. Probes that hybridize to moderately repetitive sequences 
can also be useful for producing such genotype-specific patterns. 

Table 1. Applications of RFLP Technology. 

DNA Fingerprinting: 

Identity (plant variety protection, litigation) 
Relatedness (pedigree analysis, combining ability) 
Recurrent parent recovery 
Genetic purity testing 

Trait Ilapping: 

Quantitative and/or polygenic traits 
Exploiting unadapted germplasm 
Engineered genes 

Marker-based breeding: 

Rapid line conversion (introgression management) 
Gene stacking (disease resistance, quality factors) 
Early tester selection 
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However, if the probes used in a fingerprint are mapped, then the 
extent and location of differences between genotypes is known. 
DNA fingerprints will inevitably be important in establishing line 
identity, plant variety protection, and patent protection. For hybrid 
breeding programs, choice of tester may ultinratelv Ibe guided by 
the ability to trace lines of descent and determine relatedness with 
RFLP. 

RFLP technology is being used to map chromosomal regions 
involved in traits of economic value. Trait mapping reqUires con
struction of a segregating progeny with sufficient phenotypic con
trast for the trait of interest. Phenotypic data are obtained using 
conventional assays and experimental designs. The genotypic con
stitution of individual progenies is determined using RFLP markers. 
Phenotypic data is then regressed on genotypic data to identify 
chromosomal regions that contribute significantly to the variance in 
phenotype. The breeder can then select desired genotypes using the 
identified RFI-P markers. 

Generally, to improve the fitness of their crops, breeders must 
manipulate traits deternined by the interactions of many genes. 
RFLP can facilitate this manipulation by permitting visualization of 
individuals of a population as mosaics of parental chromosome 
segments. If, for example, the objective is to transfer a major 
disease resistance gene from an unadapted donor stock to an elite 
line, the breeder will want to recover all of the performance of the 
elite recurrent parent. Our analysis of certain backcross conversions 
in maize revealed sizable unlinked gennmic segments from the 
nonrecurrent parent persisting in the deived line. Linkage drag of 
markers within 30 map units around the desired gene was also 
noted (Ma et al., 1988). Breeders can use RFLP in conjunction with 
backcrossing to identify individuals that have the optimum recurrent 
parent recovery and include the desired donor parent locus with 
mininUm linkage drag. 

When the objective is to gather several specific alleles into one 
genotype, RFLP tags can be used to determine which individuals in 
a progeny carry all or most of the desired alleles. This will be 
useful for the "stacking" of multiple resistance genes. As the 
number of genes increases, the population size theoretically 
required to obtain one individual with all the desired genes grows 
exponentially. RFLP analysis permits the detection of those 
genotypes that, through controlled mating, could produce the 
desired combination. 

Present RFLP !e( biology is not yet capable of efficiently handling 
the large nuamitrs of individuals commonly dealt with by plant 
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breeders. Technical improvements inprobe detection systems, 
mechanization, data acquisition, and c()m)uter software will be 

plant breeding (-an heessential before the full impact of RkFIP on 
achieved. As RFLP technology becomes a routine econonlic germ

availaoleplasm management tool, the reservoir of genetic material 

in land races, random germlplasm accessions, an(i wild relatives of 

our crops will become more accessible and manageable. -tovever, 
for these populations to be utilized, they must be genetically struc

tured and phenotypically characterized with the standard 
approaches of conventional plant breeding. The preparation and 

characterization of germtplasni resourc(c.; is time- and labor

consuming and should be initiated in advance in anticipation of 

eventual RFLP analysis. 
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Introduction
 

A lot of progress has been made since the first transgenic tobacco
 
plants were produced in 1983. A growing number of crop species
 
have proved amenable to transformation, mostly through the
 
Agrobacteriurn transformation system, and a number of potentially
 
useful genes have been identified and introduced into plants.
 
Although most of the work with transgenic plants has taken place
 
so far only in greenhouse and laboratory environments, approval
 
was recently granted to various research groups for testing the first
 
transgenic I)lants on a larger scale in the field.
 

Testing transgenic plants in the field permits a more thorough
 
evaluation of the potentials of genetic engineering for crop im
provement, both in terms of the agronomic use of the engineered
 
genes, and in terms of the agronomic adaptation of the transgenic
 
plants in a normal field environment. The field tests are currently
 
performed under close scrutiny from the regulatory agencies, and
 
are subject to various restrictions aimed at preventing a premature
 
escape of 'he engineered gene in the environment. However, the
 
information gained from those tests will progressively alleviate the
 
environmental concerns expressed by some groups, so thai the
 
restrictions can be removed one by one, and the benefits of
 
biotechnology can finally be fully applied to agriculture.
 

In this presentation, a brief overview of the Agrobacterium transfor
mation techniques will be given, followed by an update on the re
cent progress in gene development at Monsanto, and a description
 
of the recent field tests conducted near Jerseyville, Illinois. Finally,
 
we will discuss the way Monsanto plans to commercialize plant
 
biotechnology products, so that their benefits can be made widely
 
available to the farmers.
 

Plant Transformation Technology
 

Since their first successful application in 1983, the Agrobacterium
 
tumefaciens transformation systems have been widely used for
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transformation of dicotyledonous species, and have been adapted to a growing number of crops. More than twenty species of plants
have been transformed so far, and the list will probably continue to grow within the next few years until all major dicotyledonous
species can be manipulated using that technology. Progress ill that 
area has depended largely on three major factors: 

1) Development of vectors based on the Agrobacteriuni turnefa
ciens Ti plasmid system 

Agrobacterium tumefaciens has a natural capability to insert apart of its DNA, known as T-DNA, into plants cells (Bevan et
al., 1982; Schell and van Montagu, 1983; Fraley et al., 1986).
Natural T-DNA contains two main classes of genes; phytohor
mone genes responsible for the tumor formation characteristic
of the crown gall disease, and opine genes that lead to the synthesis of specific compounds, nopaline or octopine, used by
the bacterium for its growth inside the plant. In the
Agrobacterium tumefaciens transformation systems, the
phytohormone genes have been removed, so that no tumor
develops and normal plants can be regenerated from the infected explant through tissue culture. Those tumor genes havebeen replaced by synthetic genes that code for selectable or
scoreable markers that will facilitate selection and identification
of the transformed plant, and for gene products responsible for
the new agronomic traits. 

2) Availability of multiple sledtable markers 

Neomycin phosphotransferasc (NPT), which confer resistance 
to the antibiotics kanamycin and geniticin, have been used veryextensively in plant transformation experiments, and are still 
among the most useful selectable marker genes (Herrera-Estrella
et al., 198.3; I-raley et al., 1983; Bevan et al., 1983). More
recently, many additional selectable markers were developed
which complement NPT and extend the range of plants in
which selection of transformants can be readily achieved. Thisdevelopment is especially important in crop species where NPTdoes not work very efficiently. Examples of such markers are
hygromycin phosphotransferase (Lloyd et al., 1986; Van denElzen et al., 1985) and gentamycin acetyltransferase (Hayford et 
al., 1988). 

3) Improvements in plant regeneration systems 

The first transformed plants were obtained using protoplast
systems, but the use of those techniques presents substantial 
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technical difficulties and is limited to a few species for which 
protoplast regeneration is possible. The large increase in 
number of successful crop transformations over the past few 
years is largel,' due to the use of tissue explants st!c' a- leaves 
(Horsch et al., 1985), stems (Lloyd et al., 1986) or cotylcIns 
(McCormiuk et a!., 136) for transformation with Agrobacterium 
and subsequent plant regeneration. Table 1 lists the transgenic 
plants that have been reporteC to be transformable as of early 
1988. 

'rable 1. Species in Which Transgenic Plants Have Been Reported. 

alfalfa fla;: poplar 
Arabidopsis lettuce potato 
asparagus .otus sugarbeet 
cabbage oil seed rape sunflower 
carrot pear tobacco 
celery peas tomato 
cotton petunia white clover 
cucumbcr 

Witl- the targeting of Agrobacterium strains, vectors and selectable 
markers to particular regeneration systems, it seems that all 
dicotyledonous crop spe._cies shou'd eventually be amenable to 
transtormation within the next few years. 

Identification of Geies Useful For Crop Improvement 

While transformaticn systems were being developed, a large 
amount of research was carried out ovet the .past few years to iden
tify and isolate genes that could be useful for crop improvement. 
The most exciting opportunity offered by biotechnology is to pro
vide the plant breeders with new sources of genes that are not 
available through classical means. Those genes can come from a 
wide diversity of living organisms (Ctherplant species, bacteria, 
viruses, animais), and can be subjected to specific modfications 
that enhar ce or modify their characteristics. The following discus
sion on gene development will concentrate on Monsanto research 
programs. 

Virus tolerance 

Disease resistance has been an important focus of research by plant 
pathologists and breeders for a very long time, and a large number 
of sources of tolerance to specific races of various pathogens have 
been developed over the years. However, there are still a number 
of pathogens for which no source of tolerance is known, and most 
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availabl, tolerances are specific to particulir races and subject to 
break down as new diversity appears in the pathogen ropulation. 
Biotechnology can offer new avenues for disease resistance that 
may lead to a broader range of protection that could be less sen
& ive to changes in the genetic makeup of the pathogen popula
tions. Encouraging examples are the new avenues for virus 
resistance that were recently developed through bioengineering. 

McKinney (1929) observed that tobacco plants infected with a 
strain of a virus often resist infection by a second related strain. 
Although the mechanism of this phenomenon, called cross
protection, was not fully understood, several investigators suggested 
that protection fkom viral diseases could be achieved through gene 
transfer methods (Hamilton, 1980; Sequira, 1984; Palutaikis and 
Zaitlin, 198,4; Beachy et a!., 1985; Bevan et al., 1985; Sanford and 
Johnston, 1985). Powell Abel et al. (1986) developed a vecte, con
taining a cDNA encoding the coat protein gene of the U1 strain of 
tobacco mosac virus (TMV), flanked by the 35S promoter from 
cauliflower mosaic virus (CaMV) and a polyadenylation signal from 
the Agrobacterium tumefaciens nopaline synthase gene. After in
troduction into tobacco and tomato plants, this synthetic gene in
duced the production of high levels of TMV coai protein in the 
cells (0.05 to 0.1% of total soluble cell prtein). When the trans
genic plants were infected with two different strains of TMV, symp
tom development was either totally innibited, or much slower than 
that observed in the nontransformed controls (Nelson et al., 1988). 

A similar protection was obtained when tile phenomenon of 
genetically engineeret " cross-protection was extended in our 
laboratory to other viruses such as alfalfa mosaic virus (AIMV) 
(Turner et al., 1987), potato virus X (PVX) and cucumber mosaic 
virus (CMV). In all those cases, cloning of the coat protein gene 
and introduction of that gene into plants resulted in a significant 
level of protection against the corresponding virus. 

Insect tolerance 

Another area where genetic engineering can have important ap
plications in crop .mprovement is the development of insect 
tolerant plants. Most of the potential at this time seems to reside in 
the utilization of genes coding for the insect toxin produced by the 
spores of Bacillus thuringiensis (B.t.). Although most B.t. strains are 
toxic to lepidopteran larvae (Dulmage, 1981), a few have been 
found to have activity against dipteran (Goldberg and Margalit, 
1977) or coleopteran (Krieg et al., 1983; Herrnstadt et al., 193,6 
larvae. 
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Fischhoff et al. (1987) constructed a chimeric gene consisting of a 
fragment (amino acids 1 through 725) of a lepidopteran-specific 
oxin from B.t. subsp. kurstaki H1D-1 (Watrud et al., 1985), flanked 
by the CaMV 35S promoter and the 3'-end of the nopaline syn
thase gene. When introduced into tomatoes, the plants expressed 
the B.t. toxin gene and were toxic to larvae of tobacco hornworm 
(Manduca sexta), which are known to be sensitive to the B.t. toxin. 
All the larvae applied to transgenic plants died within a few days, 
and the plants showed little feeding damage. In contrast, larvae 
applied to control plants developed normally and caused severe 
damage to the plants. 

Herbicide tolerance 

Herbicide tolerance is another area that has been actively pursued 
by bioengineers over the past few years. It will be of great impor
tance to the farmers by providing more efficient, cheaper, and en
vironmentally more-acceptable ways to control weeds in cultivated 
crops. Most of the activities have centered on a group of herbicides 
(Roundup® , sulfonylureas, imidazolinones, and others) whose par
ticular mode of action permitted a rapid determination of key target 
genes. 

Glyphosate, the activtc ingredient of Roundup® herbicide, is a 
broad-spectrum, nonselective herbicide used extensively in noncrop 
situations. It is rapidly absorbed by foliar tissue and translocated to 
various plant organs. It is also rapidly metabolized in the soil and 
has no residual activity. Giyphosate kills the plants by blocking a 
shikimate pathway enzyme, 5-enolpyruvylshikimate-3-phosphate 
synthase (EPSPS), involved in aromatic amino acid biosynthesis 
(Steinrucken and Amrhein, 1980; Mousdale and Coggins, 1984; 
Ruliin et al., 1984; Nafziger et al., 1984). 

Glyphosate-tolerant plants were developed at Monsanto through the 
high-level expression of a plant EPSPS gene isolated from a 
glyphosate-resistant suspension cell line of Petunia hybrida (Shan et 
al., 1986). The gene coded for a precursor polypeptide that had an 
amino-terminal sequence of 72 amino acids associated with the ac
tual EPSPS enzyme. The amino-terminal sequence, called "transit 
pept*de," is responsible for the movement of the enzyme into the 
chloroplast, where EPSPS activity actually takes place (della-Cioppa 
et a., 1986). When this gene, under control of the CaMV 35S pro
moter, was introduced into petunia cells, the resulting callus grew 
normally on concentrations of glyphosate that would normally 
totally inhibit proliferation of nontransformed cells. Plants 
regenerated from the transformed calluses survived applications of 
0.9 kg/ha of Roundup® , approximately four times the quantity that 
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would kill the control plants, but had a reduced growth compared 
to unsprayed controls. 

In further experiments, transformation was carried out with a 
mutant EPSPS gene that produces an enzyme that is 6000-fold less 
sensitive to glyphosate than the wild-type enzyme. Resulting to
bacco plants had a significantly improved level of tolerance to 
glyphosate: they did not show any obvious signs of injury and pro
duced normal flowers and seed when sprayed with 0.9 kg/ha of 
glyphosate. 

Field Evaluation of Transgenic Plants 

A3 more and more success was obtained with plant transformation 
and the new genes showed promising levels of a'tivity under 
laboratory and greenhouse conditions, it became essential to test 
the new plants in the field to better determine the potentials of 
using biotechnology for crop improvement. The two main questions
to be answered in such experiments were whether the level of 
gene activity observed in the greenhouse would be maintained and 
sufficient under variable field conditions, and whether the transfor
nation process could lead to changes in the agronomic
characteristics of the plants (yield, general growth, quality), besides 
the introduction of the improved gene. 

In 1987, Monsanto Company obtained permission from the U.S. 
Department of Agriculture to field test genetically engineered
tomato plants carrying the glyphosate tolerance, insect tolerance 
and virus to!erance genes described above. The site chosen was a 
farm located 5 km outside the farming community of Jerseyville,
Ilinois. Although the conditions of the site were favorable to tomato 
growth, it was not located in a commercial tomato production area. 
The local community and state officials were briefed in advance,
and were very supportive of the experiment. The main restrictions 
for this first field release of transgenic tomatoes were aimed at 
preventing escape of any part of the plants (pollen, vegetative parts, 
or fruit and seed) from the experimental area: 1) the experiment 
was more than 400 meters away from the closest possible garden
grown tomatoes, 2) the field was fenced to protect the plants from 
animals that could disperse some of the material, 3) the fruits were 
harvested at breaker stage, before they become attractive to biuds 
and other animals that could disperse the seed after feeding. Over 
9,000 tomato plants (genetically engineered and controls) were 
planted during the month of June; agronomic practices closely
followed commercial procedures for processing tomatoes. 
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In the tobacco mosaic virus experiment, transgenic lines and un
transformed controls were submitted tc three treatments: infection 
with TMV strain U1 at two different times of growth, and untreated 
Controls. All infected control plants showed virus symptoms within 
a few weeks after treatment, while less than 5% of the transgenic 
tomatoes containing the coat protein gene displayed symptoms. 
When symptoms did appear. they were mild and restricted to the 
inoculated leaves. Biochemical tests confirmed the lack of systemic 
spread of the virus in the transgenic plants. Untreated transgenic 
plants yielded similarly to the untreated controls, showing that the 
transformation process did not affect the normal agronomic 
characteristics of the plants. However, a significant yield reduction 
(23-33%) was detected in the control plants after virus inoculation, 
whereas inoculated transgenic plants did not differ in yield from the 
uninoculated controls. The extent of the yield loss on inoculated 
nontransgenic plants was somewhat surprising because U1 caused 
only very mild visual symptoms on the plants. This may indicate 
that "subclinical" levels of virus disease in plants may cause signifi
cant but usually undetected yield reductions. 

The insect tolerance experiment subjected plants to three 
treatments: infestation with eggs of tobacco hornworm (Manduca 
sexta), infestation with eggs of tomato fruitworm (Heliothis zea), or 
non-infested controls. Nontransgenic plants were severely to com
pletely defoliated a few weeks after infestation with Manduca sexta, 
whereas the only damage on the transgenic plants expressing the 
B.t. gene was limited to a few small holes near the infestation site 
representing the initial feeding by the newly hatched larvae before 
they became intoxicated by the toxin present in the leaves. 
Heliothis zea feeds primarily inside the fruits, so that the results 
were mostly visible at harvest time. Fruit damage on nontransgenic 
control plants was 17-23% (depending on whether infestation was 
natural or inoculated), while only 4-9% of the fruit on transgenic 
plants showed fruitworm damage. These field results with the 
tomato fruitworm were better than what had been expected based 
on greenhouse results, suggesting that the B.t. insecticidal protein 
gene may be more effective under field conditions. 

In the case of glyphosate-tolerant plants, 22 independent transgenic 
lines were sprayed with various rates of Roundup® , along with the 
controls. Most unsprayed transgenic plants yielded similarly to the 
nontransgenic controls, showing that transformation did not affect 
the growth of the plants. Transgenic plants survived applications of 
more than I kg/ha a.e. of Roundup® , while control plants were 
rapidly killed at that rate. The treated plants displayed good 
vegetative tolerance, but showed reduced yields relative to 
unsprayed controls. Given the extreme sensitivity of tomatoes to 

191
 



glyphosate, these results are very encouraging, and commercial 
levels of tolerance to Roundup® should be achievable once im
provements on gene construction have been performed. 

Commercialization of Biotechnology Products 

A- biotechnology is getting close to developing agronomically ac
ceptable products, several ways are being devised to deliver those 
products to the marketplace. As for conventional breeding, the new 
genetic material will be available to the farmer in the form of scud. 
This means that the new technology will be directly accessible to 
the end user, without required knowledge of any new techniques. 
The mass production and distribution of transgenic material will, 
therefore, be best handled by the seed companies, using their long
time experience in this area. Biotechnology companies, thus, have 
several options: develop a seed business of their own, take control 
of existing seed companies, or enter into licensing agreements with 
independent seed companies for introduction and commercializa
tion of the new genes in their germplasm. Monsanto has deter
mined that the optimum way to access a large portion of a crop's 
germplasm, and make the new traits available to a large majority of 
users in the minimum amount of time, is through the licensing 
option. In this situation, the seed company remains proprietor of its 
germplasm, while the biotechnology company remains the owner 
of the gene. Depending on contractual agreements, a certain 
amount of royalty is paid by the seed company to the 
biotechnology company for the commercialization of the gene in 
the seed company's germplasm. 

References 

Beachy, R.N., Powell Abel, P., Oliver, M.J., De, B., Fraley, R.T., 
Rogers, S.G. and Horsch, R.B. 1985. Potential for applying 
genetic transformation to studies of viral pathogenesis and cross 
protection. In: "Biotechnology in Plant Science," M. Zaitlin, P. 
Day and A. Hollaender, Eds. Academic Press, Orlando, Florida, 
pp. 265-275. 

Bevan, M., Van, M. and Chilton, M.D. 1982. T-DNA of the 
Agrobacterium Ti and Ri plasmids. Annual Review of Genetics, 
16: 357-384. 

Bevan, M., Favell, R.B. and Chilton, M.D. 1983. A chimeric anti
biotic resistance gene as a selectable marker for plant cell 
transformation. Nature, 304: 1984-187. 

192 



Bevan, M.W., Mason, S.E. and Goelet, P. 1985. Expression of 
tobacco mosaic virus coat protein by a cauliflower mosaic virus 
promoter in plants transformed by Agrobacterium. EMBO J., 4: 
1921-1926. 

della-Cioppa G., Bauer, S.C., Klein, B.K., Shah, D.M., Fraley, R.T. 
and Kishore, G.M. 1986. Translocation of the precursor of 5
enolpyruvylshikimate-3-phosphate synthase into chloroplasts of 
higher plants in vivo. Proc. of the Nat. Acad. Sci., USA, 83: 
6873-6877. 

Dulmage, H.T. 1981. Insecticidal activity of isolates of Bacillus 
thuringiensis and their potential for pest control. In: "Microbial 
Control of Pests and Plant Diseases 1970-1980," H.D. Burges, 
Ed., Academic Press, New York, pp. 193-222. 

Fischhoff, D.A., Bowdish, K.S., Perlak, F.J., Marrone, P.G., McCor
mick, S.M., Niedermeyer, J.G., Dean, D.A., Kusano-Kretzmer, 
K., Maycr, E.J., Rochester, D.E., Rogers, S.G. and Fraley, R.T. 
1987. Insect Tolerant Transgenic Tomato Plants. 
BiolTechnology, 5: 807-813. 

Fraley, R.T., Rogers, S.G., Horsch, R.B., Sanders, P., Flick, J., 
Adams, S., Bittner, M., Brand, L., Fink, C., Fry, J., Galluppi, G., 
Goldberg, S., Hoffmann, N. and Woo, S. 1983. Expression of 
bacterial genes in plant cells. Proceedings of the National 
Academy of Sciences U.S.A., 80: 4803-4807. 

Fraley, R.T., Rogers, S.G. and Horsch, R.B. 1986. Genetic transfor
mation in higher plants. CRC Critical Reviews in Plant 
Sciences, 4: 1-46. 

Goldberg, L.J. and Margalit, J. 1977. A bacterial spore demon
strating rapid larvicidal activity against Anopheles sergentii, 
Uranatenia unguiculata, Culex univittatus, Aedes aegypti and 
.ulex pipiens. Mosquito News, 37: 353-358. 

Hamilton, R.I. 1980. Defenses triggered by previous invaders: 
Viruses. In: "Plant Disease," J.G. Horsfall and E.B. Cowling, 
Eds., Academic Press, volume 5, pp. 279-303. 

Hayford, M., Medford, J., Hoffmann, N., Rogers, S. and Klee, H. 
1988. Plant Physiol., (in press). 

Herrera-Estrella, L., DeBlock, M., Van Montagu, M. and Schell, J. 
1983. Chimeric genes as dominant selectable markers in plant 
cells. EMBO 1., 2: 987-994. 

193 



Herrnstadt, C., Soares, G.G., Wilcox, E.R. and Edwards, D.L. 1986. 
A new strain of Bacillus thuringiensis with activity against Col
eopteran insects. BiolTechnology, 4: 305-308. 

Horsch R.B., Fry, J.B., Hoffmann, N.L., Eichholtz, D. Rogers, S.G. 
Hoffmann, Fraley, R.T. 1985. A simple and general method for 
transferring genes into plants. Science, 227: 1229-1231. 

Krieg, A., Huger, A.M., Langenbruch, G.A. and Schnetter, W. 1983. 
Bacillus thuringiensis var. tenebrionis, ein neuer, gegenuber
Larven von Coleopteran wirksamer. Pathotyp. Z Angew En
tomol., 96: 500-508. 

Lloyd, A.M., Barnason, A.R., Rogers, S.G., Byrne, M.C., Fraley, R.T. 
and Horsch, R.B. 1986. Transformation of Arabidopsis thaliana 
with Agrobacteriurn turnefaciens. Science, 234: 464-466. 

McCormick, S., Niedermeyer, J., Fry, J., Barnason, A., Horsch, R. 
and Fraley, R. 1986. Leaf disc transformation of cultivated 
tomato (L. esculentun) using Agrobacterium tumefaciens. Plant 
Cell Reports, 5: 81-84. 

McKinney, H.H. 1929. Mosaic diseases in the Canary Islands, West 
Africa and Gibraltar. Journal of Agricultural Research, 39: 
557-578. 

Mousdale, D.M. and Coggins, J.R. 1984. Purification and properties
of 5-enolpyruvylshikiniate-3-phosphate syntbise from seedlings 
of Pisurn sativurn. Planta, 160: 78-83. 

Nafziger, E.D., Widholm, J.M., Steinrucken, H.C. and Kilmer, J.L. 
1984. Selection and characterization of a carrot cell line 
tolerant to glyphosate. Plant Physiology, 76: 571-574. 

Nelson, R.S., Powell Abel, P. and Beachy, R. 1988. Fewer viral in
fection sites in transgenic tobacco plants expressing the coat 
protein gene of tobacco mosaic virus. Virology, (in press). 

Palukaitis, P. and Zaitlin, M. 1984. A model to explain the "cross
protection" phenomenon shown by plant viruses and viroids. 
In: "Plant-Microbe Interactions. Molecular and Genetic Perspec
tives," T. Kosuge and E.N. Nester, Eds. Macmillan Press, New 
York, volume 1, pp. 420-429. 

Powell Abel, P., Nelson, R.S., De, B. Hoffmann, N. Rogers, S.G.,
Fraley, R.T. and Beachy, R.N. 1986. Delay of disease develop

194
 



ment in transgenic plants that express the tobacco mosaic virus 
coat protein gene. Science, 232: 738- 743. 

Rubin, J.L., Gaines, C. and Jansen, R.A. 1984. Glyphosate inhibi
tion of 5-enolpyruvylshikimate-3-phosphate synthase from 
suspension-culture cells of Nicotiana sylvestris. Plant 
Physiology, 75: 839-845. 

Sanford, J.C. and Johnston, S.A. 1985. The concept of parasite
derived resistance-deriving resistance genes from the parasite's 
own genome. Journal of Theoretical Biology, 113: 395-405. 

Schell, J. and van Montagu, M. 1983. The Ti plasnmids as natural 
and as practical vectors for plants. Bio/Technology, 1: 175-180. 

Sequira, L. 1984. Cross protection and induced resistance: their 
potential for plant disease control. Trends in Biotechnology, 2: 
25-29. 

Shah, D.M., Horsch, R.B., Klee, H.J., Kshore, G.M., Winter, J.A., 
Turner, N.E., Hironaka, C.M., Sanders, P.R., Gasser, C.S., 
Aykent, S., Siegel, N.R., Rogers, S.G. and Fraley, R.T. 1986. 
Engineering herbicide tolerance in transgenic plants, Science, 
233: 478-481. 

Steinrucken, H.C. and Amrhein, N. 1984. The herbicide glyphosate 
is a potent inhibitor of 5-enolpyruvylshikimic acid-3-phosphate 
synthase. Biochemical and Biophysical Research Communica
tions, 94: 1207-1212. 

Turner, N.E., O'Connell, K.M., Nelson, R.S., Sanders, P.R., Beachy, 
R.N., Fraley, R.T. and Shah, D.M. 1987. Expression of alfalfa 
mosaic virus coat protein gene confers cross-protection in trans
genic tobacco and tomato plants. EMBO J., 6:1181-1188. 

Van den Elzen, P., Townsend, J., Lee, K. and Bedbrook, J. 1985. A 
chimeric hygromycin resistance gene as a selectable marker in 
plant cells. Plant Mol. Biol., 5: 299-302. 

Watrud, L.S., Perlak, F.J., Tran, M.T., Kusano, K., Mayer, E.J., 
Miller-Wideman, M.A., Obukowicz, M.G., Nelson, D.R., 
Kreitinger, J.P. and Kaufman, R.J. 1985. Cloning of the Bacillus 
thuringiensis subsp. kurstaki delta endotoxin gene into 
Pseudomonas fluorescens: Molecular biology and ecology of an 
engineered microbial pesticide. In: "Engineered Organisms in 
the Environment," H.O. Halvorson, D. Pramer, M. Rogul, Eds., 
American Society for Microbiology, Washington, pp. 40-46. 

195 



Use of Hormones and Ovule and Embryo Culture to
 
Enhance Wide Crosses in Arachis
 

J.P. Moss, D.C. Sastri, and L. Aruna 
ICRISAT 
Patancheru, India 

Introduction 

A plant species maintains its identii.y by allowing gene exchange 
between members of the species, but preventing gene exchange 
with members of other species. Similarities between closely related 
species decrease with more distantly related species or genera, and 
at the same time there is usually a decrease in the ease of produc
ing hybrids and the meiotic regularity and fertility of any hybrids 
that can be produced. Although breeders have relied almost ex
clusively on intraspecific gene transfer, and on rneiotic recombina
tion in the F1 hybrids, to produce the vast majority of cultivated 
plants, maioy of these wild species are resistant to pests and 
diseases, and form a valuable gene pool. 

The wild relatives of crop plants contain a wealth of desirable 
.characters, not only resistance to stresses such as diseases, pests or 
inclement conditions, but also desirable growth attributes (Frey, 
1983). Some wild Arachis species are resistant to important yield
redocing pests anrc diseases, and a few species contain multiple 
resistance (Stalker and Moss, 1987). Often these species are isolated 
from crop ik :ts by mechanisms that are effective in nature, but 
can be overcome by various techniques. The resulting F, hybrids 
may be crossable with the cultivated species, or further manipula
tions may be necessary to produce segregating F2 populations, but 
the resulting derivatives can be very valuable, either as potential 
cultivars, or as new germplasm (Moss, 1985). 

The natural barriers to interspecific hybridization that have evolved 
to maintain the identity of a species can be classified into prefer
tilization and postfertilization. The barriers may be single and sim
ple, controlled by a simple gene system for which variation exists 
in the form of crossable 3pecies thct can be easily exploited, or 
may be complex, as there are many processes involved in sexual 
reproduction. These include pollen recognition, pollen germination, 
pollen tube penetration, pollen tube growth through the style, 
penetration of the micropyle, fertilization, endosperm development, 
embryo development, fruit development, and seed maturation. The 
chemistry and morphology of the flower, pollen, stigma, style, fruit, 
and seed differ between genera, and truly wide sexual hybrids may 
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always fail due to these ui:ferences. A range of techniques have 
been reported as effective in overcoming barriers to hybridization. 

The Arachis flower is a modified legume flower, where the calyx, 
corolla, and anthers are borne at the top of an elongated tubular 
hypanthium, at the base of which is the ovary. The style extends 
the full length of the hypanthium tube, and the stigma is positioned
between the anthers. After fertilization, a meristem is formed at the 
base of the ovary, and a gynophore or "peg" grows into the soil, 
and the pod is formed under the soil. Geotropic response and 
elongation of the peg is dependent on the presence of the 
meristem, and is not dependent on the presence of the ovary (Ziv 
and Zamsky, 1975). 

Interspecific crosses are of interest to the International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT), as certain 
wild species contain resistances to important pests and diseases 
(Moss, 1985) for some of which resistance is not available in 
cultivated groundnut. A number of derivatives have been produced 
from interspecific crosses and used by breeders, but genes from 
some species have not yet been introgressed into the cultivated 
groundnut. 

The genus Arachis has been classified into seven sections (Gregory 
and Gregory, 1979). Section Arachis comprises tetraploid A. 
hypogaea, the cultivated groundnut or peanut, and one tetraploid
and a number of diploid wild species. Section Rhizomatosae com
prises a diploid species, and one or more tetraploid species, which 
are rhizomatous perennials. These are resistant to many pests and 
diseases (Moss, 1988; ICRISAT, 1987), and production of hybrids
has a high priority in the ICRISAT Cytogenetics Unit. Use of mentor 
pollen, and mentor pollen leachate, with or without hormones, 
showed that hormone application at the time of pollination was an 
effective means of stimulating hybrid peg formation (Sastri and 
Moss, 1982). 

This paper describes techniques whereby hybrid embryos were 
routinely produced and stimulated to develop to the stage where 
they could be cultured, either to produce callus for regeneration of 
hybrid shoots, or to produce seedlings. 

Materials and Methods 

The species and accessions used in the main study are listed in 
Table 1. Other species are listed in Table 3. A. hypogaea was used 
as female parent, as Rhizomatosae species produce few seeds. 
Female plants were emasculated in the evening and pollinated the 
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following morning, the standard technique for groundnut (Norden, 
1980). Hormones used o induce peg and pod production were 
kinetin (6-furfurylaminopuiine) (Kn), indole-3-yl acetic acid (IAA), 
1-naphthyl acetic acid (NAA), 2,4-dichlorophenoxy acetic acid 
(2,4-D), and gibberellic acid (GA). Kn, NAA, IAA, 6-benzyl amino 
purine (BA) and indole butyric acid (IBA) were used in culture 
media. 
Table 1. Identity and Source of Taxa Used in Crossing Program. 

Female parents 

Section Arachis 

Arachis hypogaea 

ssp. hypogaea var. hypogaea
 
cv M 13 (Punjab Agricultural University, Ludhiana, India)
 
cv MKI 374 (Kadiri, India)
 
cv Robut 33-1 (Kadiri, India)
 

ssp. fastigiata var. vulgaris 

cv TMV 2 (Tinivandum, India) 

Male parent 

Section Rhizomatosae 

Arachis sp. PI 2762331 (Reading University, U.K.) 2 

I - USDA Plant inventory Number.

2Original collection from Paraguay.
 

Hormones were applied at the time of pollination by immersing 
cotton wool in aqueous hormone solutions, and wrapping the 
wetted cotton wool around the base of the hypanthial tube. Hor
mones were applied to the peg by wrapping hormone-wetted cot
ton wool around the peg at the soil surface, or applying hormones 
in lanolin to the base of the peg. 

Sixty days after pollination, pegs or immaure pods were collected, 
surface sterilized, and ovules excised. Ovules were cultured on 
filter paper bridges over liquid MS medium (Murashige & Skoog, 

-
1962) with 3% sucrose, 0.1 mg L ' Kn and 0.075 mg L-1 IAA until 
embryos had grown out of, or could be excised from, the ovules. 
Heart-shaped or early cotyledonary embryos were cultured on MS 

-
medium with 3% sucrose, 0.01 mg L-1NAA and 0.1 mg L t BA to 
stimulate further growth into seedlings, but the less-developed 
globular embryos were cultured on MS with 3% sucrose, 2.0 mg 
L-1NAA and 0.5 mg L-1BA to simulate callus formation and subse
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quent shoot production. Shoots were rooted on filter paper supports
in liquid MS with 3% sucrose, 2 mg L-1 NAA and 1 mg L-' IBA,
and rooted shoots transferred to soil in pots. Unrooted shoots were 
excised from callus and grafted onto parental stocks. 

Results 

Effects of Hormones on Peg Production 

The effect of five hormones (Kn, IAA, NAA, 2,4-D, and GA) on peg
production was tested (Table 2). 

Table 2. Effect of Hormones on Peg and Pod Production When Arachis
 
hypogaea is Pollinated with A. sp. 276233.
 

No. of Pegs/ Pods/

Treatment Pollinations Pollination (I] Peg (0/)
 

Control 85 15 0

Kn 0.02 ppm 57 44 68
 
Kn 0.2 ppm 89 23 50
 
Kn 2.0 ppm 28 36 90
 

IAA 	 10 ppm 88 9 25
 
25 ppm 79 19 0
 
50 ppm 81 5 
 0 

NAA 10 ppm 52 19 80 
25 ppm 95 33 45 
50 ppm 27 4 0 

2,4-D 25 ppm 54 11 0 

GA 25 ppm 144 56 20 

Control (water) resulted in 15% peg production. Ki and GA were 
consistently better at all concentrations tested, and GA at 44 ppm
stimulated the most pegs (86%). Although NAA at 25 ppm gave
33% pegs, other concentrations and the other auxins tested, IAA 
and 2,4-D, did not increase peg production appreciably, or pro
duced fewer pegs than the controls. 

Effect of GA on Other Interspecific Crosses in Arachis 

GA treatment was used in a range of interspecific and intersectional 
crosses in Arachis, which do not usually produce pegs or pods
(Table 3). Section Triseminale (2n =20) has remained isolated from 
the rest of the genus (Gregory & Gregory) but produced 79% pegs,
39% of which formed pods, when crossed with A. duranensis 
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Table 3. Peg and Pod Production after Gibberellin Treatment inSome 
Intersectional Crosses. 

Pollinations Pegs/Poll Pods/Peg 
(%) ())(no.) 

Section Arachis x Section Triseminale 

A. 	duranensis (2n = 20) x A. pusilla 
(2n = 20) 33 79 39 

A. 	hypogaea cv Robut 33-1 x A. pusilla 
(2n =20) 78 46 0 

Section Avachis x Section !rectoides 
A. 	 hypogaea cv Robut 33-1 x A. rigonii 

(2n= 20) 45 64 13 
A. 	hypogaea cv M 13 x A. rigonii 18 94 22 
A. 	hypogaea cv TMV2 x A. rigonii 43 86 26 

Section Arachis x Section Extranervosae 

A. 	hypogaea cv RobUt 33-1 x A. 
villosulicarpa (2n = 20) 39 59 3 

A. hypogaea cv MK 374 x A. villosulicarpa 
(2n = 20) 9 89 11 

Section Extranervosae x Section Triserninale 

A. villosulicarpa (2n =20) x A. pusilla 
(2n = 20) 24 54 46 

Section Arachis x Section Rhizomatosae 

A. 	hypogaea cv Robut 33-1 x Arachis sp. 
Coll. 9649 	 82 44 6 

A. 	hypogaea cv Robut 33-1 x Arachis sp. 
Coll. 9797 	 46 57 2 

A. 	hypogaea cv Robut 33-1 x Arachis sp.
 
Coll 9806 26 62 0
 

A. 	hypogaea cv Robut 33-1 x Arachis sp.
 
Coll. 9813 7 30 50
 

A. 	hypogaea cv TMV2 x Arachis sp. Coll. 
9649 	 11 73 0
 

A. hypogaea cv MK 374 x Arachis sp. 
Coll. 9649 	 26 42 15 

A. 	hypogaea cv MK 374 x Ardchis sp. 
Coll. 9797 	 14 65 0 

A. 	hypogaea cv M 13 x Arachis sp. PI
 
276233 
 75 56 5
 

A. 	hypogaea cv Chico x Arachis sp. PI
 
276233 58 66 9
 

A. 	hypogaea cv Chico x Arachis sp. PI
 
9649 
 26 73 19 
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(2n =20). Peg production was lower in the cross with A. hypogaea,
and no pods were formed. A. hypogaea produced pegs and pods
when pollinated with species from sections Erectoides and 
Extra nervo.,ae. 

Pod Production 

Pegs that have been produced following GA treatment at the time 
of pollination either failed to reach the soil, or failed to produce 
pods. 

Four cultivars, MK 374, Robuk 33 .1,M 13, and TMV 2 were 
pollinated by A. sp. 276233. CA was applied at pollination, and 
10, 25, 50 or 100 ppm IAA was applied in lanolin to the develop
ing peg 10, 15, 20, or 25 days after pollination (Table 4). The 
percentage pod formation without IAA treatment ranged from 10 
(M 13) to 37 (TMV 2). After IAA treatment, percentage pod forma
tion ranged from 0 (M 13) to 83 (TMV 2). IAA increased the 
number of pods formed in all cuhivars. IAA had little overall efiect 
in (obut 33-1, but in the other cultivars, mean pod production at 
any one time of application or at any concentration was higher 
than the controls. There was no significant difference between the 
concentrations used, though the hig;iest pod production was usually
after treatment with 50 or 100 ppm IAA. The difference between 
times of application was more marked, in most cases 20 or 25 days
after po!fnation being the best time. 

The effect of other phytohormones on productio-i of pods on GA
induced pegs was also tested. Kinetin at 0.02 ppm applied to Robut 
33-1 10 days after pollination increased pod production, but other 
times of application were not as good as with IAA. Similar results 
were obtained using MK 374. Kinetin applied to TMV 2 did not in
crease pod formation. 

NAA was applied to pegs induced by GA on Robut 33-1 pollinated
with A. sp. 276233 (Table 5). Results were better than when Robut 
33-1 was treated with IAA. 

Sequential Hormone Treatments to GA-induced Pegs 

Two or three applications of IAA or Kn were compared with single 
tredtments (Table 6). IAA applied 10 and 17 days after pollination 
was better than a single treatment at 10 days, but all the other 
multiple treatments decreased the number of pods produced. 
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Table 4.	Frequency of Pod Formation on GA-induced Pegs of A. 
hypogaea x A. sp. 276233 after Treatment with Different 
Concentrations of IAA in Lanolin. 

Pods/Peg 	(%) 

A. hypogaea 	 IAA Conc 
Cultivar (ppm) Time of Application 

(Days After Pollination) 
10 15 20 25 Mean 

MK 374 Control' = 20 
10 42 43 67 48 48 
25 53 39 69 32 44 
50 25 32 56 34 36 
100 49 37 38 51 43 
Mean 43 38 56 41 

Robut 33-1 	 Control = 23 
10 10 14 18 9 13 
25 27 9 20 14 17 
50 14 13 16 27 16
 
100 31 18 8 40 20
 
Mean 20 13 17 15
 

M13 	 Control = 10 
10 13 31 16 31 23 
25 8 33 27 6 20 

2
50 NA 27 35 22 29
 
100 (0), 7 43 50 36
 
Mean 11 26 32 25
 

TMV 2 	 Control = 37 
10 40 55 48 76 52 
25 39 53 65 47 50 
50 21 83 56 81 61 
100 85 31 69 69 57 
Mean 43 51 59 68 

Grand Mean 	 32 30 37 35
 

'Control = GA treatment atpollination.
2INA = Not Attempted.
 
3( ) = less than 10 pollinations.
 

Ovule and Embryo Sizes
 

Very few of the pods induced by IAA or NAA on GA-induced pegs
 
after cross pollination matured, and such pods did not contain
 
viable seeds. Immatuie pods were harvested, but embryos were too
 
small to dissect and culture. However, ovules could be excised and
 
cultured.
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Table 5. Frequency of Pod Formation on GA-induced Pegs on Robut 33-1 
Pollinated with A. sp. 276233 after Treatment with NAA in 
Lanolin. 

Pods/Peg (%) 

NAA Conc (ppm) Time of Application (Days after Pollination) 
10 15 20 25 

Control 24 
10 48 44 37 42 
25 61 41 35 35 
50 12 33 22 77 

100 39 52 40 30 

Table 6. Effect on Sequential Applications of Hormones on Pod 
Production on GA-induced Pegs in Robut 33-1 x A. sp. 276233. 

Hormone Pods/Peg (M) 

Time of Application 
(Days after Pollination) 

1st Application 10 15 
2nd Application 
3rd Application 

20 10 
17 

10 
17 
24 

15 
22 

15 
22 
29 

Control' = 19 

IAA (25 ppm) 27 11 16 32 3 6 8 

Kn (0.02 ppm) 50 19 

'Control - GA treatment at pollination. 

24 8 15 0 5 

A. hypogaea was crossed with A. sp. 276233, treated with GA, and 
developing pegs treated with different concentrations of IAA 10, 15, 
20 or 25 days after pollination. The number of pods produced was 
consistent with other results; and ovules and embryos were excised 
60 das after pollination and measured (Table 7). Ovule size was 
increased by some of the treatments, the best being 25 ppm 20 
days after pollination. Concentrations 25 ppn or higher applied 
within 20 days after pollination were most effective. Embryo size 
was increased by all treatments. Although these embryos could be 
dissected from the ovules and cultured, culture of whole ovules 
gave better overall success rates. 

Ovule Culture 

Ovules were dissected from developing pods 60 days after pollina
tion anc 1 !ltured on filter paper bridges over liquid MS medium 
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Table 7. 	 Effect of IAA in Lanolin on Pod-set and Ovule and Embryo
 
Development in Gibberellin-induced Pegs in A. hypogaea cv.
 
Robut 33-1 x Arachis sp. PI 276233.
 

Time of Application (Days after Pollination)Concentration of IAA 

(ppm) 10 15 20 25
 

Pods/Peg (M/), Control = 16%
 
10 21 32 29 16
 
25 14 14 27 19
 
50 15 21 30 33
 

Ovule length (mm), Control = 2.3 mm 
10 	 2.9 2.1 3.1 1.9 
25 	 3.2 2.3 3.5 2.5 
50 	 2.5 3.3 2.5 2.6 

Embryo length (amm), Control = 0.27 mm 
10 	 1.5 0.6 0.6 
25 	 2.6 1.0 1.5 0.6 
50 	 1.0 0.9 0.9 0.6 

'Total pegs treated = 368; minimuni numher in any treatrnent = 22. 

supplemented with Kn and IAA (Table 8). Lower concentrations of 
IAA were more effective, though there was little difference in the 
final numbers of embryos that grew, as from 6 to 9 percent of 
ovules produced embryos that grew when excised and cultured. 

Table 8. 	 Response of A. hypogaea TMV2 x A. sp. 276233 Hybrid Ovules 
and Embryos When Cultured on Filter Paper Bridges over MS 
Medium with 0.1 ppm Kn and Different Concentrations of IAA. 

Number of 	 /. Ovules 
Producing 

IAA Conc Ovules Embryos Viable 
(ppm) Cultured Growing Cultured Growing Embryos 

0.0 138 110(80)' 38 13(34) 9 
0.1 54 29(54) 11 4(36) 7 
0.2 275 149(54) 47 16(34) 6 
0.5 72 31(43) 24 6(25) 8 

'Figures in parentheses are percentages. 

Embryo 	Culture 

Ovules were cultured on filter paper bridges over MS medium with 
3% sucrose, 0.1 ppm Kn, and 0.075 ppm IAA. After one month of 

ovule culture, embryos were dissected from the ovules and cultured 
on a range of media to induce callus formation or to stimulate nor
mal embryo growth and germination. However, the latter was only 
possible with heart-shaped and early cotyledonary embryos. On the 
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media used, MS + 3 or 5% sucrose, with either 2.0 mg L- 1 NAA 
and 0.5 mg L-1 or 0.5 mg L-' NAA and 0.5 mg L- 1 BA, all the later 
stage embryos grew or formed callus, but not all the globular or 
late globular embryos responded (Table 9). 

Table 9. P.sponse of Hybrid Embryos Cultured at Diffe.-ent Stages of 
Development. 

Stage of Developmlent 

Globular Late Globular Heart 
NC NG NC NG NC 

A. hypogaea cv M13 x A. sp. 276233 

of Embryo 

NG 

Early Cotyledonary 

NC NG 

6 1(17) 29 6(21) 1 1(100) 5 5(i00) 

A. hypogaea cv MK 374 x A. sp. 276233 

23 4(17) 61 29(48) 1 1(100) 6 6(100) 
NC = Number cultu.ed; NG - Number which grew; ( ) = Percentage. 

Embryos were therefore segregated according to stage of growth,
and developed embryos were cultured on MS with 3% sucrose, 

-0.01 mg L- 1 NAA, and 0.1 mg L 1 BA. These embryos grew nor
mally. Less-developed embryos were cultured on the same basic 
medium but with 2.0 mg L- 1 NAA and 0.5 mg L-1 BA to induce 
callus formation. Callus was subcultu ed on the same medium, and 
multiplied to produce large amounts of callus from one cross
pollination. Callus subsequently transferred to MS with 0.5 mg L-1 

NAA and 0.5 mg L- ' BA formed shoot buds. Cultures with shoot 
buds were transferred to MS with 0.1 mg L-i NAA and 1.0 mg L- 1 
BA, and shoot buds elongated. The resultant shoots were either 
grafted onto stocks of A. hypogaea or A. sp. 276233, or supported 
on filter paper over MS with 2.0 mg L- 1 NAA and 1.0 mg L- 1 IBA 
to induce root formation. 

Discussion 

Treating flowers with GA at the time of pollination was a simple
and effective way to increase the frequency of hybrid pegs. Oder 
techniques such as mentor pollen were also effective but were not 
adopted as a routine treatment, :; GA application using the cotton 
wool method is quick, does not need special skills, apparatus or 
the care needed in producing mentor pollen or mentor pollen
leachate, and can be done by anyone who can emasculate and 
pollinate groundnuts without appreciably decreasing the number of 
pollinations. The levels of peg production achieved are entirely 
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satisfactory for a practical interspecific crossing program, and are of 
the same order as in intraspecific crosses. 

The mode of action of GA in promoting hybrid peg production in 
Arachis is not clear. Peg growth is the result of the formation of a 
meristem basal to the oviles, and this meristem is not active in 
hybrid pegs. At the given concentrations GA does not stimulate peg 
formation unless fertilization has taken place, as unpollinated 
ovaries do not form pegs when treated with GA; the maximum peg 
formation achieved was similar to the maximum achieved with in
traspecific crosses, and probably relates to ihe maximum rate of fer
tilization that is commensurate with the damage to the style during 
hand emasculation and pollination. GA has been applied as a 
spray, lanolin paste, or injection to developing fruits to prevent fruit 
loss in wide crosses in a number of genera (de Nettancourt, 1977). 
There is no zone of abscission and no comparable shedding of fruit 
in Arachis crosses. The only abscission zone is at the base of the 
hypanthium and is involved in the shedding of the flower (Pattee 
and Mohapatra, 1986). This zone is adjacent to where the meristem 
develops, and it is possible that GA provides a stimulus to over
come the quiescence of the meristems that is lacking in hybrids. 

The auxins IAA and NAA were the most effective of the hormones 
tested for pod formation, though Kn also had an effect. IAA applied 
in lanolin, at either 50, or 100 ppm, 20 or 25 days ,fter pollination 
was the most effective treatment, although there were differences 
between the four genotypes used. 

A single treatment with auxin was equal to or better than multiple 
treatments in the Arachis crosses tested, though in other intersec
tional or intergeneric crosses multiple treatments, or mixtures of 
hormones (Attman, 1988), may be needed to maintain fruit 
development. The action of auxin may be to inhibit further peg 
elongation, as occurs in A. hypogaea, and to initiate pod formation, 
which is normally initiated by auxins produced by the ovary 
(Jacobs, 1951). 

Enhancement of peg.and 1)od production by hormone treatments 
did not result in hybrid seed. The pegs and pods grew slowly, and 
when harvested 60 days after pollination, they contained immature 
ovules at a time wh.n pods resulting from self-pollination of the 
maternal parent would normally have been fully mature. In addi
tion to the fact that the hybrid tissue grew very slowly, the growth 
of the maternal tissue was also much slower than it would have 
been after selfing. 
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Even when the heart-shaped or early cotyledonary embryos had 
been isolated from the maternal tissue and cultured on a range of 
media, growth was still slow, and the seedlings grew slowly when 
transferred to soil. Some of the callus which was produced grew 
rapidly, and the frequ,'ncy of shoot formation on regenerative callus 
was comparable to that on similar A. hypogaea callus. Grafts 
however, did not produce flowers, and only 17 percent of grafts 
survived for more than 4 months (ICRISAT, 1987), though many 
other interspecific hybrids in Arachis are vegetatively vigorous and 
flower freely. Flowers were produced by a hybrid plant similar to 
those described in this paper, except that they were derived from a 
seed which did mature from a hormone-aided cross between A. 
monticola (a close wild relative considered by some to be a 
subspecies of A. hypogaea) and A. sp. 276233. 

Conclusions 

The need for two hormone treatments to maintain pod growth, and 
for ovule and embryo culture to maintain the growth of the hybrid 
zygote, along with the slow growth and lack of flowering of the 
hybrid plant, indicate that section Rhizomatosae has diverged con
siderably from A. hypogaea. The barrier to hybridization apparently 
is not a simple one. However, the production of hybrids indicates 
that there is potential for introgression from Rhizonatosae, and the 
techniques can be used to produce hybrids from other intersec
tional crosses. 
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Alien Germplasm for Wheat (Triticum Aestivum L.)
 
Improvement Facilitated By Cytogenetic Manipulation
 
and Use of Novel Techniques
 

Abul-Mujeeb-Kazi and Robert Asiedu 
CIMMYT, Wheat Program 
Mexico D.F. 

Introduction 

There are approximately 250 perennials amongst the 325 Triticeae 
species (Dewey, 1984), and relatively few of these have been 
hybridized with wheat. Those that have been are predominantly in
cluded in the Thinopyrum group. Over the last decade and a half, 
phenomenal success has been achieved in the production of com
plex hybrids amongst the Triticeae, leading to a potential stock of 
valuable alien genetic material introduced from wide hybrids. Wide 
hybrids provide cytological data, evolutionary or phylogenetic infor
mation about the parental species, and the practical motivation 
associated with the introduction of significant characteristics from 
the alien species for wheat improvement. These alien transfers can 
diversify variability for both biotic and abiotic situations, two 
aspects that are of considerable functional difference. In one case, 
the pathogenic system is vulnerable to mutational events leading to 
breakdown of resistance, whereas the other aspect deals with 
physiological traits devoid of mutational changes, being thus 
categorized as dynamic and static systems (Mujeeb-Kazi and 
Kimber, 1985). Recognizing the above and also the fact that varia
tion can be incorporated into wheat via intervarietal crosses, alien 
genetic variability is additive to plant breeding efforts due to its 
unique origin. This is based upon diverse alien genome categoriza
tions, a variability source that would otherwise be inaccessible to 
breeders adopting strict conventional plant improvement 
procedures. 

Successes of usable alien genetic incorporation are not numerous, 
but they have certainly made their impact (Sharma and Gill, 1983a; 
Mujeeb-Kazi and Kimber, 1985) despite the fact that these 
achievements have primarily been for simply inherited genetic 
traits. Hence, objectives associated with selection within popula
tions that permit genetic expressivity of simplistically heritable 
attributes rank high in exploitation of intergeneric alien gene 
transfers. The vulnerability of simple genes is quite obvious even 
when these are pyramided with other genes. Other attributes with 
ill-defined genetic information, circumstantially inferred to be con
trolled by polygenic recessive systems, have complex heritability 
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and may have more success via interspecific en-bloc gene transfers 
rather than staggered intergeneric exchanges. Some of these com
plex attributes are associated with resistances or tolerances to 
Fusarium graminearum, Helminthosporium sativum, Neovossia in
dica, salt, drought, and mineral deficiencies or toxicities. 

Several complexities exist in effecting successful alien introgres
sions, and there are different methodologies of attaining wheat x 
alien species combinations. The alien species could be screened for 
specific resistances or tolerances and then be hybridized with 
wheat. Alternatively, the species could be first hybridized and lead 
to advanced derivative screening. Irrespective of the procedure 
adopted, hybrid proCuction (intergeneric Jr interspecific) is the 
critical initial base from which additional manipulations may pro
mote effective genetic ,ransfers. 

Gerrnplasm 

The alien species (annua! or perennial) utilized in wide hybridiza
tion are of Aegilops, Agropyron, Elymus, Haynaldia villosa, 
Hlordeum vulgare, Heteranthelium, 1-lenrardia, Secale cereale, 
aenian!herum, Triticum monococcuni, T. boeticum, T. urartu, T. 
araraticuni, and T. tauschii. The species are characterized by 
genomic diversity or substantial similarity and are either monotypic 
or comprised of several hundred accessions. 

Hybrid Production 

Barriers to production of wide crosses occur at various stages in the 
ontogeny of the hybrid comprising of: (a) parental choice, (b) 
emasculation procedure, (c) prepollination treatment, (d) pollination 
process, (e) post-pollination treatments, and (f) embryo excision plus 
culture (Mujeeb-Kazi and Kimber, 1985). The most simple hybrids, 
it appears, were produced by the conventional wheat crossing pro
cedutes. Variations originated when distant crosses were attempted, 
leading to the adoption of an array ot manipulative techniques. 
These enabled the (a) to (t0 characterization of the salient hybrid 
production stager that are more a reflection of constraints for the 
intergeneric hybridization category rather than the interspecific 
combinations used in the program. The crossability barriers are less 
critical in the latter case, but where prevalent can be readily 
eliminated through incorporation of bud pollination and embryo 
rescue techniques. Plantlet processing after embryo differentiation 
in Murashige and Skoog (1962) or Taira and Larter (1978) media 
has been elaborated in reports of Mujeeb-Kazi and Rodriguez 
(1983a, 1983b). Hybrid identification procedures are morpho
logical, cytolog;cal, or biochemical (Mujeeb-Kazi et al., 1987; 
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Asiedu and Mujeeb-Kazi, 1987). Their practical utilization is deter
mined through genomic analysis made possible by the development 
of numerical methods of assessing genomic affinity tKimber and 
Hulse, 1978; Kimber et al., 1981; Alonso and Kimber, 1981; 
Kimber and Alonso 1981; Espinasse and Kimber, 198 1). Interpreta
tions from the above methods enable appl cation of pcrtinent 
techniques relative to alien transfers (Kimber, 1984). When the 
mean arm-pairing frequency and the relative affinity have values ap
proaching one, the transfer can be made by recombination. At in
termediate values of mean arn-pairing frequency, increased 
homologous pairing can be induced by changes in the systems 
regulating chromosome pairing. At very low values of the mean 
arm-pairing frequency, irrespective of the v,1Lue of the relative affin
ity, irradiation or centric break-and-fusion in derived aneuploids is 
the optimum method (Kimber, 1984). 

Alien Transfer Constraints and Some Solutions 

In alien genetic transfers so far, only rather simply inherited traits 
have been introgrcssed (Dewey, 1984; Knott and Dvorak, 1976). 
Transferring polygenically controlled characters that are presumably 
recessive in nature appears too difficult to achieve via intergeneric 
hybridization if short-term projections are made. Where polygenes 
are located on more than one alien chromosome, each gene could 
be introduced into a separate wheat background prior to 
pyrarniding these independently transferred genes into a single lint 
or variety. We must not, however, preclude the possibility of major 
gene influences in a polygenic system that would bestow major 
resistant/tolerant influences in a simple genetic manner and yield 
variable segregating patterns. 

Despite the complexity of polygenic systems, solutions do exist that 
could facilitate gene transfer methodology. These are associated 
with: 

(a) Chromosome 5B mechanism. There is considerable merit in 
attempting to enhance recombinations in F, hybrids by incor
porating the Ph system (Darvey, 1984; Forster and Miller 
1985; Mujeeb-Kazi et al., 1984, 1987; Sharma and Gill, 
1983a, 1983b, 1983c). The procedures involve the use as 
maternal parents of (i) nulli-5B tetra 5A or 5D wheat stocks, 
(ii) mono- 5B, or (iii) PhPh mutant, etc., in the production of 
F, hybrids. Such F, hybrids would exhibit a high meiotic 
chromosome pairing frequency, thereby promoting incorpora
tion of alien transfers in ideal locations within the wheat 
genomes. 
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(b) 	 Partial or complete synthetic genonles. In the alien species, 
several are autotetraploids (A. or P. stipaefolium), segmental 
allotetraploids, or partial autopolyploids (A. or 7. curvifolium, 
A. or T. junceiforme, A. or T. scirpeum), segmental allohex
aploids (A. or 7. junceum), or segmental autoallohexaploids 
(A. or T. podperae, A. o. 7.varnenser where there are two 
closely related genornes and the third genome is distinctly dif
ferent from the other two. 

In segmental allotetraploids or partial aLutopolyploids, repeated 
selfings of the backcross I self-fertile derivatives could poten
tially lead to "ornplete" synthetic genorne formation 
(Mujeeb-Kazi and Miranda, 1984) (Figure 1). In segmental 
autoallohexaploids, there is the likelihood of the unrelated 
third genonme to be eliminated aid of fertile backcross I 
derivatives leading to formation of stabilized 'partial' synthetic 
gelones (Figire 2). The selfing is expected to promote 
reorganization of complex polygenes as a consequence of 
recombination. 

7riticum aestivum x linopyrun scirp(um 

AABBDD l1 2L 2 

ABDIE-d;2 x T. avstivum 

AABBDDEIE2
 
(Self-fertile)

I
 
Repeated selfings 

(3 to 5) 

AABBDD EIE 2 

MODIFIED 
SYNTHETIC 

Figure 1. Development of a complete synthetic genome from hybridization 
of Triticum aestivum x Thinopyrum scirpeum via Backcross I 
production and its repeated selfings to enhance I-E2 genomic 
reorganization. 
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Triticum aestivum x Thinopyrum intermedium
 
AABBDD ETEIE2E2ZZ
 

ABDE EUZ Ix T. aestivur 

AABBDeIE 2 Z (Z eliminated upon selfing) 
(Self ferti e) 

AABBDDE 2 

Repeated self ng .
 
(3 to 5)
 

AABBDD EE, 

MODIFIED 
SYNTHETIC 

Figure 2. 	Development of a partial synthetic genome from hybridization of 
Triticum aestivum x Thinopyrum intermedium via backcross I 
production and its repeated selfings to enhance FE2 genomic
reorganization with elimination of the unrelated Z genome. 

(c) 	 Translocations have contributed significantly to disease 
resistance transfers (see review by Sharma and Gill, 1983a). 
Presumably, the major impact so far has been from the 1A/1R 
and 1B/1 R translocations, greater for the 1B/i R (Rajaram et 
al., 1983). Other translocations of practical interest are the 
5A/5R for copper efficiency and the probable utilization of 
6RL rye arm for cereal cyst nematode resistance. In inter
generic hybridization, the advance of the F, hybrid to BCI via 
unreduced egg formation is a potent manipulative source of 
wheat-wheat, wheat-alien, or alien-alien exchanges (Mujeeb-
Kazi et al., i 987). Numerous translocations have been reported 
in triticale-wheat crosses (Lukaszweski and Gustafson, 1982), 

215 



and this additionally supports the significance of translocations 
for practical applications, particularly wheat x rye (Asiedij and 
Mujeeb-Kazi, 1987). Ter Kuile et al. (1987) have proposed a 
scheme for inducing general or ;pecific wheat D genome x 
alien chromosome-indurced translocaticons. The general 
translocation induction process involves crossing of the T. 
aestivum x alien F, hybrid with T. turgidum that produces 
Utivlency for the entire wheat D and the alien genoine 
chromosomes at meiosis (Figure 3). Specific alien transloca
tions involve crossing a specifically desired disomic alien ad
dlition line that is 7. aesrikum hased by T. turgidum. This 
would promote univaklncy at meiosis for the single alien addi
tion cnronIosome and the entire T. aestivum D genome 
chromosomes, facilitating controlled centric-break-fusion be
tween the entire D genonle and the alien univalent (Figure 4). 

Triticum aes tiv ' \ ftimo yrun heroar ihitm 

AABIIBf)l Lult 
ABDJu x 7.turgidum 

-u
AABB - D + 

14 univalents 

General translocation 
source
 

Figure 3. 	The general translocatic, induction process that utilizes 14 
univalents (7 each) of the wheat D and T. ,essarabicum Ju 
genomes as a consequence of centric-break-fusiotn event/s. 

(d) 	 Interspecific hybridization. Though rather simplistic as com
pared to intergeneric hybridization, it has the theoretical 
methodology advantage of yielding rapid practical returns over 
relatively short-term duiations. The above concept is based on 
the following salient aspects: (i) ease of hybridization, (ii) field 
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Triticum aestivum + disomic alien addition 

AABBDD + 1Jul1u x 7. turgidrum 
(44 chromosomes) (AABB) 

AABB + D + I/u 

8 univalents 

Specific Ilu 
translocation source 

Figure 4. 	Specific translocation of a desired disomic alien addition and D 
genome of wheat involving 8 univalents (7 of D genome + 1 of 
the alien species). 

oriented research, (iii) genomic similarity of the species with 
durum and bread wheat genomes, and (iv) as a consequence 
of high recombination the potential of en-bloc recessive 
polygenic transfers. There is tremendous flexibility of genomic
manipulation approache:., and those with T. tauschii 
(2n=2x= 14, DD) are represented in Figure 5 for developing
T. turgidum x T tauschii synthetics, in Figure 6 for develop
ing AABBDD syjithetics by crossing extracted AABB from elite 
T. aestivum cultivars with T. tauschii, and in Figure 7 for im
proving elite T. aestivum cultivars by direct crossing with T. 
tauschii accessions. There are constraints pertaining 'o lack of 
expression of D genome characteristics but the range of 
variability in various species is so diverse that the advantages
definitely warrant a thorough investigation. The above 
schematics of genome manipulation and utilization can be ex
tended to the other genome sets. 

Supporting Systems 

In essence, the brief consideration of the gene transfer methodology 
presented under the above categories provides reasonable insight 
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Triticum turgidum x T. tauschii 
AABB DD 

ABD 

Doubling
 
(Induced or spontaneous)
 

AABBDD
 
(Synthetic hexaploid) 

Figure 5. Derivation of synthetic hexaploids (AABBDD) from Triticum 
turgidum x T. tauschii crosses. 

into the manipulative flexibility of the wheat cytogenetic systern for 
facilitating alien genetic transfers. There are additionally several 
unique supporting systems that can extend the research potential of 
Triticum. These are all complementary facets for a coordinated ap
proach at effecting alien transfers and a few are mentioned: 

(a) 	 Embryo and callus culture. Despite phenomenal successes in 
embryo culture, there is still ample need to manipulate em
bryo culture media and thus enable more distant hybrid em
bryos to differentiate. Embryo culture- based callus induction 
and plant regeneration has been studied with keen interest 
worldwide. More recently (TCCP, 1987), several T. aestivum 
and T. turgidum cultivars have been demonstrated to possess 
superb long-term callusing and regeneration capabilities. 
Cytological variation is a correlated aspect with regenerated 
plant development. The observed variation in advanced 
generations integrates with segregation of simply or 
polygenically inherited traits, and appropriate selections can 
be made. We do not feel, however, that callus-induced varia
tion would be any different in nature as to that obtained in 
mutation breeding programs during M2 to M4 macro- and 
micromutation observational stages. In vitro screening has a 
decided advantage for the Triticeae that may include salt, 
aluminum, Helm inthosphorium sp., fusaric acid, etc. The 
callus culture methodology further provides a means of pro
moting changes and/or alien genetic transfers (Lapitan et al., 
1984, 1986, 1988). [his approach is being applied to other 
wheat x alien F,hybrids that normally are poor recombina
tions; T. aestivum x Aegilops variabilis (Ter Kuile et al., 
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Triticum aestivum cv. Pavon 76 x Tetracanthat,h 
AABBDD [(Extracted AABB) 

Pavon 76 x AABBD () 

AABBD 

Several crosses to reach AABBD 
stage resembling Pavon 76 

Self 

Extracted AABB x T. tauschii 

ABD 

AABBDD
 
(Induced or spontaneous)
 

Synthetic
 

Figure 6. Extracticq of AABI3 genomes from Triticum aestivum L. cv. Pavon 
76; hybrid with T. tauschii (DD) to produce the synthetic 
AABBDD. 

1987). More remarkable is the recent observation of 
chromosome number doubling in T. aestivum and T. turgidum 
x Ae. variabilis F1 hybrids that have eluded conventional 
doubling attempts for approximately three decades. The 
doubling phe-omeno. nee i iurther evaluation and warrants 
application inwards other hard to double intergeneric com
binations. The cytogenetic implications of callus-induced 
doubling are highly significant for controlled genetic transfers. 
A stable amphiploid is anticipated to eliminate aneuploidy 
that otherwise is rampant in backcross I derivatives Jewell 
and Mujeeb-Kazi, 1982), thus eluding complete genetic 
evaluation. 
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Triticum aestivum cv. Pavon 76 x T. tauschii
 
AABBDD 0
 

ABD O) x Pavon 76L AABBDD 

AABBD [D
 

Figuie 7. A mechanism for incorporation of OD genome variability into an 
elite Triticuni aestivurm cultivar. Note that after I backcross only, 
5/6 of the Pavon 76 genotype is restored. 

(b) 	 Polyhaploid production. Presumably, the genetic system of 
polyhaploid generation in wheat based upon T. aestivrm L. 
cv. Chinese Spring x H. hulhosuM hybridization (Barclay, 
1975) is superior both in terms of polyhaploicl generation fre
quency and euploid formation upon doubling. The procedure 
also was extended to recover alien disomic additions (Islam
and Shepherd, 1981; Islam et al., 1978) in wheat x barley 
crosses. Polyhaploids of wheat have also been reported from 
T. aestivum L. cv. Chinese Spring x Zea mays crosses in 
reasonably high frequencies (Laurie and Bennett, 1986). The 
anther culture-based wheat polyhaploid generation results are 
below the frequencies obtained in the above-mentioned ex
amples, and when compared with this sexual cross study in a 
joint experiment (Inagaki et al., 1987), limitations of T. 
aestivum anther culture are obvious. Varietal responses 
abound in both approaches but apparently the kr genes on 
SA, 5B and 5D are a major source of the high success of 
Chinese Spring in the sexual combinations. 

Anther cultures or sexual processes of polyhaploid production
in polyploid aliens have significant merit and warrant greater
attention in order to better resolve the prevalent genomic rela
tionships. This information will undoubtedly have tremendous 
impact on alien genetic transfer methodology. 

(c) 	 Diagnostic markers and their significance. A number of 
heritable characteristics have been associated with specific 
genomes, chromosomes, chromosome segments or genes, and 
these serve as markers for the identification of alien chromatin 
in wheat. Some of the markers are also applicable during the 
initial screen of alien populations for maximum genetic 
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variability and avoidanLe of unnecessary duplication. They 
provide the informntion required to make the right choice of 
materials, methods, and population size necessary for efficient 
and precise transfer of alien genetic material into wheat and 
the characterization of the transferred segmenis. Specific genes
of agronomic importance cor 1d be tagged more quickly and 
easily in a pOI)LJlation once they have been linked to sone, of 
these markers. Other applications include aneuploid identifica
tion, genetic analysis, chromosome assays, hybrid confirma
tion, and establishment of alien-wheat chromosome 
homologies. Four Major groups of markers have applications 
in wheat wide crosses-norphological, genetic, cytological, 
and biochemical. They all have their adtvantages and limita
tions so that comin,atiows of two or more classes of markers 
for specific projects are 110t uni( 1987).L1 non (Landry et al., 

Generally, however. the most useful markers are those that show 
high levels of polymorphism, are rapid, can be applied to seeds or 
during seedling stages, have no deleterious pleiolropic effects, and 
are inherited in a codlminant fashicrn. 

khorphological marker-s 

The loss of chr omatin fron wheat or its gain from an alien source 
often resuhs in modifications in plant morphology. Some of th- se 
changes have been associated with specific homologous groups 
(Miller and Reader, 1987) and thus serve as markers for those 
groups. Hairy peduncles of wheat-rye derivatives have long been 
associated with the presence of rye chronrosome 5R (Chang, 1975). 

Genetic Markers 

Genes for resistance to a number of diseases and pests arid 
tolerance lo such environmental stresses like micronutrient toxicity 
or deficiency have been located on specific chromosomes of wheat 
and/or its relatives. For instance, resistance to leaf, stem, and 
yellow rusts serve as useful markers for rye chromosome 1RS 
(Koebner and Shepherd, 1986). 

Cytological Markers 

Direct identification of plant chromosomes using such features as 
chromosome size, arm ratio, possession of satellites, and/or second
ary constrictions have been used either alone or in conjunction 
with other techniques (Endo and Gill, 1984; Fujigaki arid Tsuchiya, 
1985; Hsiao et al., 1986). Numerous stains have been used for this 
purpose including feulgen, aceto-carmine, and carbol fuchsin (Evans 
and Reed, 1981). 
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C-banding, which reflects constitutive heterochrorr..itin, has been 
very useful in the identification of chromosomes or their segments 
in plants and animals since its discovery by Pardue and Gall in 
1970. The C-banding patterns of wheat cultivars have since been 
reported (Gill and Kimber, 1984; lordansky et al., 1978a, 1978b; 
Seal.. 1982; Seal and Bennett, 1982) as have those of the relatives 
of wheat (Vosa, 1984; Teoh and Hutchinson, 1983; Sybenga, 1983; 
Friebe et al., 1987). Chromosomes of wheat and its relatives have 
also bep:-, identified on the basis of their N-banding patterns 
(Gerlach, 1977; Jewell, 1979; Schlegel and Gill, 1984; Endo and 
Gi:, 1984). The value of chromosome banding in identification of 
wheat and alien chromosomes involved in translocations has been 
demonstrated (Gill and Kimber, 1977; Jewell, 1979: Lukaszewski 
and Gustafson, 1983). While Giemsa has been most extensively 
used in banding, other dyes like Leishman's, Wright's (Seal, 1982),
Hoechst 33258, and DAPI (Sarma and Natarajan, 1973; Schlegel 
and Gill, 1984) have been applied in differential staining of 
chromosomes of the 7riticeae. These staining techniqJues enable 
more detailed meiotic analysis through positive identification of 

-omosorne segments involve in synapsis (Naranjo and Lacadena, 
79; Giraldez and Orellana, 1979; Singh and Shepherd, 1984). 

The introduction of DNA sequences as cytological markers through 
in situ hybridization (Gall and Pardue, 1969, John et al., 1969) has 
further expanded the capacity for chromosome identification 
(Rayburn and Gill, 1987a). While some of the chromosome staining 
patterns revealed by the technique are similar to those produced by
conventional Giemsa C-banding (Hutchinson and Lonscale, 1982; 
Teoh et al., 1983; Hutchinson, 1983) there are many reports of 
situations where in situ hybridization has proven either clearly ad
vantageous or a valuable complement (Hutchinson et al., 1980; 
Miller et al., 1982; Hutchinson et al., 1982; Teoh et al., 1983; 
Lapitan et al., 1986; Rayburn and Gill, 1986, 1987b). Many early
workers used probes labeled with radioactive nucleotides like IH or 
I2l and detected hybridization by autoradiography (Gerlach and 
Peacock, 1980; Hutchinsor and Lonsdale, 1982; Hutchinson et al., 
1982) but the use of biotin-labeled probes and detection by im
munological and staining techniques is now in vogue (Manuelilis 
et al., 1982; Rayburn ani Gill, 1985, 1986, 1987a, 1987b; Lapitan 
et al., 1986; Gillam, 1987). The nonradioactve probes have the 
comparative advantage of safety, stability, and speed. 

Biochemical \'arkers 

Biochemical markers may be subdivided as protein and DNA 
markers. The former has been more extensively used in work on 
the Triticeae and iscomprised both of isozyme and storage protein 
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markers. Hart and Gale (1987) have presented a recent summary of 
chromosomal locations of biochemical/molecular loci reported in 
hexaploid wheat cultivar Chinese Spring which shows the short arm 
of chromosome 2 as the only arm not thus marked. They (Hart and 
Gale, 1987) also tabuLated chromosomal locations of orthologous 
loci in other species in the tribe Triticeae. More of such loci are 
being established for many other species of the tribe (Asiedu and 
Mujeeb-Kazi, 1987). The many advantages of these markers are the 
speed and applicability to seeds and early seedling stages of plant 
growth. Using the Glucose Phosphate Isonerase enzyme locus on 
wheat chromosome arm 1BS as a marker, the 15th, 18th, and 21st 
International Bread Wheat Screening Nurseries of CIMMYT were 
demonstrated to carry 41, 43, and 52 percent, respectively, of the 
11BL/1 RS translocation (unpublished). This involved the assaying of 
about 250 lines per day (at 2 to 4 seeds per line) by one person 
which is only a fraction of the time required using cytological 
methods. 

DNA markers in the form of restriction frag!iient length polymor
phisms (RFLPs) are relatively new within the Triticeae, but genetic 
maps of crops like maize, tomato, and lettuce have been con
structed or are being updated with RFLPs as markers (Helentjaris et 
al., 1986; Landry et al., 1987). Conceptually, RFLPs have the poten
tial to saturate the genetic maps of most crops with markers as they 
have the capacity to detect many differences or changes in the 
DNA sequence which may not result in detectable gene products 
or changes in morphology. A number of laboratories are developing 
probes suitable for or specific to genomes in the Triticeae (Appels, 
1986). As more of these become available, there would be a great 
improvement in our capacity to identify smaller and smaller 
fragments of alien chromatin transferred into wheat. 

Conclusions 

Since the pioneering work of the late Anton Kruse (Kruse, 1969, 
1973), advances in intergeneric hybridization in the Triticeae have 
been extensive (Sharma and Gill, 1983a; Mujeeb-Kazi and Kimber, 
1985). Hybrid production technology is simplified, hybrid iden
tification procedures are well-developed, and hybrid advance 
methodology is clarified, with gene transfer constraints adequately 
identified and partially overcome. The need for novel complemen
tary areas and superb resolution of various diagnostic techniques 
appear to be well- documented. This consequently sets in ap
propriate balance for the Triticeae crops a wide cross alien gene 
transfer program that encompasses sophisticated current approaches 
without any retraction from the important rapid field application 
practical goals. Research objectives are carefully weighed and are 
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principally dependent upon practical returns. Collaborative research 
arrangements follow cautious evaluation rs to their crop production 
duration significance, that should not he tno basic a research 
function. 

Ther" seems to be no major impediment in wheat wide crosses to 
restrict genetic advances at the plant level. The germplasn that 
emanates as a consequence of cytogenetic manipulation forms the 
backbone for diagnostic technology applications to thrive upon and 
simultaneously enables the breeding component to foige ahead 
without crucial time lapses between the various developmental 
phases of the program. Collaborative research in areas of novel 
system applications and diagnostic procedures is, and will further 
become, a major incn!ive !,)'ward, effec!i,. alien , : tansfcr 
research underitandi ng, productivity, and end-produci dissemination 
at budget-efficient standards. The program perspectives of short-term 
(interspecitic hybrid izati ii) and long-term (Intergeneric hybrid iza
tion) stretched over 7 to 12 years are anticipated to provide quality 
returns for tile applied mandate of crop improvement via alien 
genetic variability in(orpolation. 

The program structure ha , precise facets of further linking the plant 
level manipulation phase with celllar and molecular approaches, 
two aspects that are essential contributors to program functionality 
and effectiveness. A nlniber of very desirable approaches are an
ticipated to subsequently emerge for the nloiocotyledonous plants, 
notably the Triticea'1 When t1.2se research breakthroughs are func
tionally refined and ap hcable they undOulited ly will either find 
complementary usage in wheat improvemnt, or may possess the 
potential to totally rcplace several conventional stages of genetic 
manipulation. We are receptive to and cognizant of these futuristic 
chai.ges and have not delved into any detail at tiis stage due to 
lack of adequately reported progress within the tribe Triticeae. 
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International Cooperation on a Major World Crop
 
Genetic Resource:
 
The Latin American Maize Project (LAMP)
 

Quentin Jones, LAMP Director 
Agricultural Research Service 
USDA, Beltsville, Maryland; 
Ricardo Sevilla, International Research Coordinator for LAMP 
Universidad Naciona', Agraria 
La Molina, Lima, Peru, and, 
Wilfredo Salhuana, Senior Advisor to LAMP 
Pioneer Hi-Bred, Ilternational, Inc. 
Plant Breeding Division, Homestead, Florida 

Introduction 

Maize (Zea \lays L.) is native to Central and South America. It is in 
the countries of these regions that the richest genetic diversity of 
maize and its closest wild relatives is to be found. At the time Col
uImbus landed at Cuba, all of the more than 200 races of maize 
known today in the Western Hemisphere were being cultivated by 
the \merinds-from Canada to Chile. 

The Amerints, an nIore receotly the colonists from the Eastern 
Hemisphere, cultivated those races of maize in the areas where the 
germplasni was best adapted. It is I)esLumed that, like good farmers 
everywhere who save seed from year to year, they saved the best 
ears from their garden plots--those "rL-est-to-type" according to 
their tastes and ex)erience. As these eaily maize growers, for 
whatever reason, moved, from area to area, they took their favorite 
iaize types with them. Coming into contact with locally grown 

races provided opportunities for naturel Ihybridization and selection 
of new combinations. Introgression of new genes into the locally 
adlapted races could not have been at the expense of genes or gene 
complexes conferring adaptation to local environments. But a dif
ferent range of genotypes interacting wir', new combinations of en
vironiental factors promoted the emergence of new phenotypes, 
sone of which would attain usefulness and recognition as races. 

New phenotypes recognized as having improved traits for produc
tivity or quality would have been favored by farmers and their 
gerriplasni preserved through Use as a crop in farmers' fields. 

The basic rationale or philosophical thene for evaluation of the 
genetic diversity of maize in LAMP is borrowed from the practices, 
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1. Argentia 
2. Bolivia 
3. Brazil
4. Colombia 
5. Chile 

6. Guatemala 
7. Mexico
8. Paraguay 
9. Peru 

10. Uruguay 
11. United States 
12. Venezuela 

Figure 1. 
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intuitive or otherwise, of early maize growers. Collectively, they 
exposed a great diversity of maize germplasm to a wide and chang

ing array of environmental influences and progressively selected the 

best phenotypes. LAMP, essentially, is following the same course. 
LAMP is based on the participation and close cooperation of maize 

In all of these countries,scientists from 12 countries (Figure 1). 
maize is a very important crop today and has been for perhaps as 

long as 7,000 years. It has also traveled widely and become a 

major crop in Central and Southern Europe, large parts of Africa, 
the Indian subcontinent, and Southeast Asia. 

Objectives 

Maize Project is to The broad objective of the Latin American 
systematically evaluate the genetic diversity of maize for genotypes 

useful in present and future maize improvement programs in all 

parts of the world. A parallel objective, equally broad, is to develop 

effective computer-assisted information systems which are able to 

network internationally. Costly and hard-to-come-by evaluation data 

is essentially as important the gernplasm upon which it is based.as 

Holders of germplasm and users of germplasm must be able to
 

communicate freely and accurately, or otherwise neither the germ

plasm nor the information will be Lsed.
 

To meet these broad objectives, a plan of work has been
 

developed and agreed upon which details the protocols and pro

cedures for selecting maize accessions for entry into the project,
 
which different accessions shouldselection of experimental sites at 

be planted to meet their ecological requirements, planting plans, 

including numbers of replications, permissible agronomic practices, 

time and method for scoring each descriptor, and managing and 

reporting the derived data. 

Each country decides which of its qualified accessions it will enter 

into LAMP; designates the Principal Investigator (PI), who will be 
Inforresponsible for LAMP work in that country; and designates an 

mation Specialist (IS), who works closely with the PI and is the per
namesson responsible for data management. Table 1 provides the 

of participating institutions, Principal Investigators, and Information 

Specialists. Table 2 presents the cevaluation data sheet used by all 

LAMP participants. Table 3 provides definitions of descriptors and 

descriptor states. 

as well as all Directors ofAll Principal Investigators in LAMP, 
a keen desire to accomplishcooperating institutions, have indicated 

LAMP objectives and to communicate the resulting scientific data 

as widely and as completely as possible. 
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Table 1. Participating institutions in LAMP. 

Countr. Institution Principal Inve tigator Information Specialist 

Argentina 
Instituto Naconal 
Tecnologico Agropecuario Nt',tor Baracno Edit FrUIO, 

Bolivia 

Brazil 

Colombia 

Centro Investigaciones 
Fito-ecogeneficos 

Centro National (Ie 
Recurios Geneticos 

nntituto Colombiano 
Agrol)ecUario 

Gonzalo Avila 

lair() Silva 

I 
rermando Arhboleda 

,Mario Crespo 

Eduardo V. Morales 

(Orlando ,Iarlnez 

Chile 
InStitO Investi gaci ones 
.Agropecuarias OCrlando Parator- F,,rnando S'lva 

w 
Guatemala 

Instituto de Ciencia v 
Technologia Agricolas Carl, Fere, I loan ManuelI lierrera 

Mexico 

Paraguay 

Intituto Nacional Investigaciones 
Foretales, Agricola, v Pecuarias 

Dir. Invetglcion \ Eper. 
Agropecuarias y Forestal 

T 
I 

-Fran(i-e( (ardena', R. 

-

Fran i,( o Cienfuego, 

I ni1 Alvarez 

Peru 

Uruguay 

Prog. Cooperativo de Invest. 
en Maiz; Univ. Nac. Agraria 

Facultad de Agronomia 

Rardo evilla_ _Walter 

Gri,el Fernandez -

ie 
F__,gan 

,moniia Cadenazzi 

U.S.A. 
Corn Breeding USD'A-RS 
lowa State Univ., Ames Linda Pollak Linda Pollak 

Venezuela 
Fondo Nacional deSo 
Invest. Agropecuarias Arnoldo Bejarano Victr Segovia 



Tbe'.Evaluation~ Data Sheet Used byAll LAMPPatcpns 

' IRAD A 

IN I 7A7-

NO, Of SEEDLINGS 

DIAS A LA FLORACION NIASCLLINA 
NO. OF DAYS 10 TASSEL 

- DIAS A LAFIORACION MFMNINA 

AtTURA DULA I LANTA 

ALTURACDE ILAMAZORC? 

NO, Of PLANTS 

NO, DL. ILANTAS QUEJHkADAM
NT. OF BROKEN STWtKS 

NO, I)[ I'LANTAS IUN1BAIAS 
NO. Of ROOTbLODGED I'LANTS 

A" 
GRAP(. DEMIACOLLAMIENTO
DEGREEOf. TILLERING 

NO.Of LARS -

7 CALIDAD DELASMAZORCAS 
EARQUAL11 Y 

PESOENFLCAMPO 
FI~LD WEIGHtT 

PORCENIAfE 01 1IUMIDAD 
mOISTURE PERCENT 

'~ t FIPO OFGRANO 

COI OR DFL. CHANO 
KERNEL CotLOR 

NOMIMR DL LA RAZA 
RACE NAME 
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Table 3. Definitions of descriptors and descriptor states. 

Number of seedlings: coount OfItl ant jri r to thinning. 

Number oI davs to tasveh rcold ,avs troum plating to 50 percent shord. 

Number of days to silk: rec(rd(days from1 planting tiio0 I50prt(nt silk. 

Plant height: height of the plant in centimters. Thi, is based oin average 
measurenients for 10 plants from ground level t0101to of tsseI.
 

Far height: thi' mea'surerileit i,. taken at the same time a, plant height. This
 
meas;urement is taken hor ground level to the verte\ of the angle of inser
tiOll of the Uippermost developied ear o(n the stalk.
 

Number of plaints: CO'Lint the ,luhhileI of plant in plo)t.
1a(h 

Number of riroken of stalks in e,stlk,. count If plot ti1at have broken 
below the ear hefore cor-i i,, Il. ked.
 

Number of root-ho)tged plan'.: (ount f1tplants leaning W(0degrees or more
 
in the fir,t 60 cm. from the ground.
 

lDegree Of tillering. (oMe indi(atu the a11 ,lt of tillers. I.- one; 9.-figh.
 

Number of ears: ( wiit the nuIher Of ,'Ils il (a(h 1)11ot.
 

Ear quality: (ode indicating the ,'sOtIdl(.,,. 1.-very poor: 5.-ewcellent.
 

Field weight: readl scale, to the nearet tenth of a kiloyrali.
 

, tosture percent: m(oisture almp/s mIv thenI h taken )yshelling two
 
rows Iron each IOf 0(- r. 

Kernel type: code inliatiig the type of kernel. 
FR floury SF semifliut 

I' 
DE dent pop 
SD) senlidtlit SW = sweet 
FT flint 

Kernel color: coding indicating the color of kernel. 
AM yellow RM = red mosaic 
Bl. while MA = brown 
NA orange MC = brown mosaic 
R() red MV brown variegated 
RV red variegated PR purple 

Race name: names of the races peraining to the collections. 
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Plan of Work 

The success of LAMP will he largely dependent upon how well the 

participating scientists in each country follow agreed plans and 

protocols. The United States and tile eleven Latin Amnerican 
as 

as a number of field and laboratory technicians. Additionally, 
countries will each have several scientists participating in LAMP, 

well 
each country will be conducting evaluation work at 	several sites 

1, LAMPthat have different environmental parameters. In tot 
35-40 sites (istributed over 70'involves 30-40 scientists working at 

sea level to over 3,300 ni (Figure 2).of latitude and ranging fr(om 

represents enornousThe gerniplastm ei ng evaluated in LAMP dklo0 
arediversity. Most, if not all, of tIe recognized ra(es of maize 

Inl Stage I, 15,546 accession, were subjectedincluded in the study. 
to preliminary (valuatioln. 

The ()inl fators involved in thi, Iroject that can be held constant 
at ros, locations and accessions are those governing experimental 

design, protocols of data taking and analysis, and information. 
Therefore, the Cooperative Agreement and Plan of Work were 
(lesigned to clearly (lefine these fa(tors and (oni1niniicate them no 
participating scientists anl aini isratos. The Principal Investi
gators of LAMP, hased on experience gained in Stage I, have 
agreed on some rather niiin( r hut importanit changes in plans and 
protocols involving exchanges on accessions of gerniplasm among 
countries prior (o Stage III and on int(o Stages IV and V. 

Evaluatiofn PICdNures 

Information provicied here serves the purpose of describing the 
rationale for evaluatin 4g a large number of accessions of a given 
crop for a rather extensive number of descriptor categories, over a 
wide range of envirormental parameters, involving the cooperation 
of more than a few countries, while attempting to achieve reliable 
results on a miodlest budget. Of course, it is hoped that LAMP will 
be highly successful in achieving its goals and that concerned 
scientists dealing with other crops w.ill he encoUraged to undertake 
needed germplasm evaluation programs. 

Stage 1' 

Each accession selected in a Country is planted in two replications, 

10-ri:. row each, at a single location that best matches the environ

'A ",Aage" ivI lvv , u ropping ,v.a,,(Jn Prr titrhwil for p:aniflig, po,,tharvest
 

prm (e4sing (Jt ,lhi,a ,intd o t(( dr ( iCd PltMIM ule,, for the
rIpmriflmrfl , ,ind t ing ,( hIl 

folhowing ,rige requir,' IppromiIlately one ,hjtedar year.
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POLITICAL P01 ITICAL 

COUNTRY DIVISION LOCATION COUNTR' P.I"ISION LOCATION 

1 BOLIVIA Cochabamba 1.1 Pairumani 7 P-.RA(I;L; Coiddhera 71 Ca.(:upe 

2 BRAZIL Minas Gerais 2-1 

2.2 

Sete Lagoa 

janauba 
"'+i :t: :;:i .." . ++. . .. ... .. ' 

Itapua 7,2 Captan 
,'.Moanda 

2-3 Pelot., .. ... .... 

.. *- '4 PFRL"Jr8, 
jr 1 

ua 
a 

3 COI OMBIA 3.1 Turipana.......... .... 
... ...... .... I....Lima4 it.2 La Mlinra 

... ..... ... ........An a lh 8A Caraw 
3.2 Palm==. t 4 

Aniqia 
Antioquia 

33 
3.4 

Tu~jo Opina 
La Se ,a .. 

..... 
t.....f' .......... ............. 

A. 14 Carhuaz 

3.5 Tibaitata i 
1:ur:: 

::::: 1::::: ..................... 
8.6 Il I, 

4 CHILE Santiago 4.1 La Plain .:::.:::_______________________________:::__:_:::_ 
4 HdEUa0 .a H uariuco 

4.2 Copiapo 1:....- +........ . .. . . . . . . . . . .. - P1,,andu 9 1 Pa .indu 

5 GUATEMALA 5.1 Cu-- "__:_:__:C u'.~~ ~ut . . . ............ . . . . . . . . . . . . 
li\FNEIL i A 1lrIil.1 

____-__VN__,___,101 
Ma 

_... _ 

55.2 Chmnatenanigo::.. .: :.. 
11 11.1 Ames 

5.3 Que.altenan . ... 
CMI1 2 Tifton 

6 MEXIC O M e xico 6.1 C hapi go --.P.-+ _ _. .u .a erto Ri o 11.. kab. 

......... " .'P ...... ..- .- . . . . . . ... ..... . . . . . . . . . . . . . 

Veracru; 6.3 Cotl ,'tla
6 . ~ ,. .. : : : : : : : : : : : : : : : : : : :.......... : : . . . .... . . ........:: 

... . . ........ .. : ...'+4z :z z £ : 

:....t !..........t:....I.....r::; !.................z+:. 
. . . . . . ......... 

: ::::: 

Figure 2. LAMP Locations grouped by altitude. 



ment in which the accession was originally collected. Accessions 
lacking original location data are planted in all altitdinal regions 
(one 10-m. row at each site) in that participating country to deter
mine the environment that bes, :,uits their individual requirements. 

If plant height and maturity are known, accessions are grouped to 
avoid interaccession competition and to facilitate data acquisition. 
Of course, if races to which accessions belong are known, 
desirable grouping can be made on that basis. One or two locally 
adapted checks are randomly distributed as rows among every 20 
to 30 rows of accessions. 

Characteristics evaluated in this stage are: 

* number of seedlings 
* male and female flowering data 
• plant and ear height 
* number of nature plants 
* number of plants root-lodged, stalk-lodged, and degree of tillering 
* number of ears, field weight, moisture content, ear quality 
* kernel type, color 
* race 

In addition to these descriptors, the evaluator can add others that 
he considers desirable. 

The field data book is organized to facilitate error-free transfer of 
the collected data to the computer for later analysis, exchange, and 
putdication. 

On the basis of results from this stage, 20 percent of the accessions 
are selected, per altitudinal region, for further evaluation in Stage 2. 

Stage 2 

The upper quintile (top 20 percent) of accessions evaluated in Stage 
1 will be planted and grouped for maturity in yield tests at two 
locations per altitudinal region with two replications per location, 
including checks. The characteristics to be evaluated in this stage 
are the same as for Stage 1. At the same time, evaluation of special 
factors, (e.g. disease resistance, insect resistance, aluminum oxicity 
factors, etc.), will be accomplished. However, some of these special 
factor evaluatie.1s will have to be clone in fields well separated 
from those w',ere regular evaluation studies are being undertaken. 

In these special evaluation plantings, maturity groups are planted 
together at one location, one row per accession. At desired inter
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vals, checks known to be susceptible, intermediate, or tolerant are 
included in order to establish the special factor incidence. Tolerant 
and intermediate accessions will be selected for further evaluation 
in other sites and countries. 

On the basis of results from Stage 2, 5 to 10 percent of accessions 
will be selected for continuing evaluation in Stage 3. 

Stage 3 

This stage utilizes the top 5 or 10 percent of accessions selected in 
each country on analysis of results from Stage 2. These selected ac
cessions are interchanged among countries having similar environ
mental regimens (homologous areas) (Table 4). Each country will 
evaluate these exchanged selections at two locations with two 
replications per location. An additional procedure will be to cross 
these selections in an isolated field with a tester that is adapted to 
that locality. The selected accession will be the female parent and 
will be detasseled at the moment of flowering. The adapted tester 
will be the male in the cross. 

The selection of the tester is very important; hence, several reasons 
for making these crosses rulList be considered: 

* Yields of the accessions indicate the degree to which they 
possess genes favoring yield, but evaluation of crosses that in
volve accessions and a known tester would indicate the degree to 
which accessions contribUte favorable genes different from those 
known to be in the tester varieties. 

* Nonadditive gene action may be iiportant. 

* The tester may give adaptability to the foreign accession and thus 
permit more realistic comparisons with native i.ccessions. 

* Crosses may reveal new heterotic patterns. 

* Using the accession as the female in the cross permits the oppor
tunity of picking up valuable cytoplasmic genes. 

Also in Stage 3, special factor evaluation for insect or disease 
resistance or soil reactions will be continued. All the intermediate 
and resistant accessions will be planted again in appropriate loca
tions in countries having an interest in them. Figure 3 displays the 
maize calendar for LAMP locations. 
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Table 4. Seed interchange among homologous areas (Stage 3 of LAMP). 

CRIII:RIA F )R 4I) II t R( I I N( ;I: 

FIVE IIO(M()I.()G( )U1S REGIONS I IAV BEiN D[FINE[), COMBINING 
TWC) Ct IARACT ERISTICS ( )F I OCA-IC)NS WfRE S1AGE 3 EVAIUAT ION 
WILL BE DONE: \l ll11)1 A.,ND I'\ IlI)l, WITlH HtIE FOLLI )WING 
PARAMETERS: 

,'L n II)I:: 1. 0 TO 1,200 M. 
2. 1,200 T() 1,800 M. 
3. 	 1,00)) 11) 2,401) M. 
4. IIIGI 1IR II IAN 2,400 M. 

IA-lII ): SI I)RI S, () I) 2 1 DElGRFESA. VDA 
3. I ()N(; DAYS, (;REAJ [R I1IAN 23 DEGREES 

USING TI ESiE CRITERIA, TIII FC)I 1[)\\ING I IC)M()IL)GO1S AREAS 
WERE ESTABI.ISI IED AND I()CAI I(NS ASSI( NF) I )R INiERCI IANGE: 

1A. 	 SHE I.,.\(S JANALIIA -TtRIPANA--
PAlMIRA ('-- C TA (()TAXTIA --- PILJRA -
CAACLIPE IA'\ NI()1INA -- MARACAY--
PUERTO RIC ( ) -- S.INTA CRL17 I It JAN LJCO -
CAPITAN MIRANDA 

2A. 	 TUIIO C)SPINA 0. lIN. IIINANGO ---CLIAYA 
- IA MC)IINA-- IItLJ,\NUIC(() -(ARAZ 

3A. 	 PAIRIJMANI --- lUII( ) (OSPINA-- LA SEIVA 

CIlMAI.TENAN(() --QLJI/AII ENANG() -

ClIAPING() - CARIIUAZ 

4A. 	 LA SELVA -- II3AIIAIA -- CUZC() -- JAUJA -
PAIRUMANI 

1B. 	 PEIOTAS - IA PLATINA - COPIAP0 -

CAPITAN MIRANDA - PAYSANDU - IOWA -
GEORGIA 

Stage 4 

Each 	 country will plailt an experi nient utiliz ing I) the crosses of the 
i(CPesions with all testers, 2) the a(cessions, 3) the testers, anid 4) 

the checks. The experiment will be planted in each country at three 

locations with two replications per location. rhe results of the 

analyses will provide good leads to those accessions having 
promise (Or fUture breeding programs. 
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Stage 5 

Breeders in each country Will Use enhanced gernplasl from Stage 
4 that shows high potential for helping them reach their breeding 
program objectives. 

Data Capture, Analy-sis, and t\change 

The importance of dta acquLisition, analysis, use, and exchange 
cannot be overemlhasized. information Specialists in LAMP need 

to fully understand LAMP objectiv,- and be actively involved inthe 

full range of a(ctiities described inthe Plan Of Work. 

-AMP isto insure a 

working level of intercomlpatibility of informiation systems arong 
all LAMP (OL1ntries. lhis O)bjective is being met thro ugh on-the-job 
training and throuL.gh Li)gra(ling of information equipment as 

An objective inthe overall (oordination of LI

necessary. 

Repott ing 

An 	antIL1,iaI technical report is reqluired consiSkting of four )arts: 

1.A complete set of evalaltiOl data sheets for edch stage. 
2. 	Data analyses leading to selection of iccessions to be further
 

evalIated in later tages.
 
3.Citation of ,m( ,sin entries (isjlayirng unu.,-ual performance or
 

traits. 
4. 	 Identification of piroIbler aredas that nay affetd suLbse(lIent work. 

Summary Observations 

Stage Iof LAMP has been (conli)lete(l: most of tle Ont ries are 
we'l into Stage 2,arid (hetai led plaring for -,,i3 (allowing for
 

the exchange of a(cessi uns aniorig count ries for further evaI uation) 

isin progress. MuLc I as bieen lea rned Ibeyond the program's 
objective Of evaluatinrg naite gernipianii. For examl)le, when those 
countries maintaining laize gelle anks examined the status of 

their holdings in some detail for the pt)Lrpose of deternining 
availability of the a(cessions foir entry init( LAMP, it was foundLthat 
niariy accessions were letiresentedi by lead seed ofr seed of ery 
low viability or too new se,,d to meet even) Staige 1 re(luirrlients. 

Some of these .1(( essioris (arili tra(:e(d back to collections made ill 

the 1940s ind 1950s w hereas soulme are of more recert CIcllisit ln.
 

There are twon principal reasons for this irfrtluniate sitiation. One
 
is inaieqrate budgets for germliplasni mairitenance, and the other
 
(which may iinpart iedue to inadequate budgesl) is that gene bank
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managers too often lack necessary training and skills. Whatever the 
reason or reasons, irreplaceable genetic resources are being lost. 

International agricultural development agencies and commercial 
agricultural enterprises should be made aware of the critical need 
to assist developing countries with the costs of maintaining active 
collections of germplasm of their principal crops. The modest costs 
of training of gernplasnl maintenance personnel, plant breeders, 
and agronomists must be met from outside most developing 
countries. 

Sustainable agricultural production systems require soil, water, 
sunlight, andJ adapted crop germplasm, for use by trained 
agricultural scientisis. These necessities, plus sulpportive government 
policies, can make the Green Revolution a reality in most regions 
of the world. Farmers who do not have access to seed of com
mercial varieties adapted to their production environments save 
seed from their own crops for planting the following year. While 
this is a good way to maintain germlplasn of adapted local races or 
subraces, the farmer will usually not be getting the return from his 
investment that lie could from varieties developed for his produc
tion area by skilled maize breeders. 

Governments of developing countries need to be encouraged to 
place much higher priority on crop production systems. Perhaps, 
agricultural development aid-for irrigation projects, soil improve
ment, and infrastructural needs (transportation, supplies, marketing, 
credit, etc.)-could be made contingent upon continuing progress in 
crop germplasm maintenance, improvement, and use under state-of
the-art agronomic practices. 

Sustainable agriculture must have these ingredients. Biotechnology 
will be another important addition to support the technologies of 
modern agriculture, but it, too, requires good genes, good science, 
and good farmers. 
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Legal Protection of Plait Varieties 

Stanley D. Schlosser 
Attorney At Law 
Alexandria, Virginia 

The Economics of Commercial Plant Breeding 

Throughout history, plant breeding depended primarily on a com
bination of folk knowledge, personal observation, available 
scientific information and plant materials from previous harvests. 
While desirable new Varieties sometimes resulted from traditional 
breeding of available plant gelmpiasm, farmers were often reluctant 
to risk adoption of new varieties. 

The unpredictable nature of plant breeding thus kept it from 
becoming a major business activity until a more scientific approach 
was established in this century. Today, plant breeding is a science
driven, research-oriented industry, involving substantial payrolls, 
extensive laboratory and field programs and sizeable operating 
expenses. This financial and scientific commitment constantly 
results iii development and marketing of new and better plant 
varieties. 

Nevertheless, the risks and uncertainties of plant development may 
rival those of the pharmaceutical industry, and prices for agri
cultural products must include the costs of both successful and 
unsuccessful projects in order to return a reasonable profit. 

Future R&D investments in plant breeding by investors can be 
encouraged if there are legal mechanisms to keep new varieties out 
of the hands of copiers. It is well known that copiers, having no 
research or development costs, and often free of advertising 
expenses as well, can underprice seed companies supporting their 
own breeding programs and gain market dominance. When mean
ingful legal protection becomes available and competition replaces 
piracy, private investments in research and development increase 
dramatically. Public and private nonprofit university and foundation 
research will, of course, continue. But even these sources of new 
technology are directing their efforts more and more to commercial 
products. They can afford to promote scientifically-oriented research 
without the need or inclination for profit g;',:!ration. 

It is also risky to rely too heavily on government sponsorship of 
scientific research. Government agencies may select research proj
ects on the basis of political, fiscal, and other non-scientific con
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siderations. While one group may lobby for research to eradicate aplant virus threatening the nation's grain production, the government may choose to favor the petition of another group that wantsavailable research funds to improve exportable crops such as coffee or tobacco. This is not an argument for excluding governments
from participation in crop improvement and biological research.
Government agencies should be encouraged to continue andexpand their traditional roles. Governments should not, however,
carry the entire research burden. There is room for an important
private sector role. 

The International Legal System 

An established, but far from uniform, international legal system forprotecting new plant varieties and plant developments alreadyexists. Participants in that system include the United States, most ofWestern Europe, New Zealand, Japan, and Hungary. Australia and
Poland are expected to joint these ranks. Developing countries

have for various reasons been reluctant to participate.
 

Plant breeders' rights systemc are in effect io most of WesternEurope. Patents are the other major system for protecting plants, buttheir protective system must sometimes be adjusted to meet the
unique requirements of biotechnology. These systems have some
features in common as well as embody important differences. Both
systems provid2 the breeder with an exclusive marketing term
(usually about 15 to 20 years). To obtain protection for a variety, it
must be proven to be distinct, stable, and unifom. This is usually
done through a government testing program, without the breeder's
participation. Patent systems for protecting new 
plant varieties, such as those of Italy and Hungary, impose the same general criteria.The United States patent system, however, applies to plant varietiesthe same criteria as for other inventions-they must be new, useful,
and unobvious. 

The United States, in fact, provides a choice of systems for protecting new plants. Asexually propagated varieties are protectable
under a special plant patent law. Sexually reproduced varieties,except F1 hybrids, are protectable under the Plant Variety Protec
tion Act, administered by the Department of Agriculture. Any plantvariety, plant genus, or species, may be patented under the utilitypatent law, however, even if also protectable under another law. 

The Plant Variety Protection Act is essentially a breeders' rights law,although it resembles the patent law in form and organization andoffers protection for plant varieties shown to be distinctive, uniform 
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and stable. These characteristics are established oil the basis of tests 
conducted by the breeder himself, thus saving the costs and time 
required for government testing. 

Three multilateral agreements regulate the international system. The 
Paris Convention for the Protection of Industrial Property is the 
oldest and most general. This Convention, assuring the rights of 
national treatmeni for a foreign national of a member state seeking 
or enforcing rights inother member states, is adhered to by almost 
one hundred countries. It is concerned with intellectual property 
generally, and not directed particularly to biotechnology. 

The Budapest Treaty concerns the deposit of samples of micro
organisms in connection with patent applications. One requirement 
for obtaining a patent is inclusion in the patent specification of an 
"enabling disclosure." This disclosure must be complete enough to 
enable a person of ordinary skill in the involved technology, using 
no more than reasonable experimentation, to make and use the 
invention. For mechanical, electrical and chemical inventions, a 
written description, accompanied by drawings, isadequate to meet 
this enabiement requirement. Living matter, however, cannot 
usually be described by words alone, as even the simplest organism 
is far more complex than the most complicated machine. Reproduc
tion and use of a biotechnological invention, therefore, usually 
lequire the availability to researchers of a sample of the biological 
material used in the invention. 

This Treaty establishes a ;ystem of internationally recognized 
depositories for patent purposes called International Depositary 
Authorities, where deposits of such biological materials may be 
made and from which samples will be available to the public upon 
the grant of a patent. Many national patent systems, of course, 
recognize depositories other than International Depositary 
Authorities. 

The most important international agreement on the protection of 
plant varieties is the Convention of the International Union for the 
Protection of New Varieties of Plants. This UPOV Convention is 
now being revised, the last previous revision having occurred in 
1978. This 17-nation Convention requires its member states to pro
vide a minimum standard of protection for varieties, and states the 
criteria and standards on which protection depends. 

The UPOV Convention autho .."es protection either by means ef 
patents (meeting the requirements and criteria of the Convention) or 
breeders' rights. It prohibits, however, the protection of a single 
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species by both systems. Breeders, for the most part, believe theyshould have a choice of systems, depending on their particular circumstances and needs. This question of dual protection awaits 
resolution. 

*he scope of protection required by the Convention is generallyregarded as inadequate. A remedy is anxiously sought by themember states who are authorized, and even encouraged, to raisethe minimum standard, even though few have done so. Anexpected result of the Convention revision is the setting of a higher
mandatory standard of protection. 

The UPOV minimum standard requires protection only against theunauthorized sale of propagative material as such. Sale of propagative material for other purposes, e.g., the sale of wheat for milling, is not an infringement. Nor is protection required against theunauthorized reproduction or sale of parts or products of protectedplants. Most likely, the new Convention will provide protectionagainst any unauthorized use or sale of a protected plant. 

Unauthorized commercial reproduction is cheap, efficient and easy.Not even hybridized varieties remain immune from the need forlegal protection. It may once have been true that hybrids had theirown automatic legal protection. As long as the inbred lines couldbe kept away from competitors, the variety could not be reproduced. Today, however, techniques, such as micropropagation,

enable hybrids to be reproduced without using the lines from

which they were originally bred. 

Certain exceptions to infringement will probably be retained. Boththe European members and the United States include in their lawsa farmer's privilege. This privilege, in the European version,authorizes a farmer to multiply seed for his own later use withoutincurring liability. In the United States, the privilege goes a step further. Multiplied seed can even be sold to a neighboring farmer. 
There is almost a certainty of retaining in one form or another the
present right of a researcher to experiment with a protected variety
in order to develop a new variety. Repeated use of the protectedvariety to produce the new variety in commercial quantities,
however, would continue to be an infringement. 

UPOV officials have debated for many years, but still not resolved,the best way of distinguishing one variety from arother. In fairnessto the member states, however, this is an exceedingly complicated
and argumentative issue. 
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The debate centers on the characteristics to be examined for each
species. It is agreed that different characteristics should be exam
ined for different species, but that is where agreement more or less
ends. No matter which characteristics are selected, it is recognized
that other intentionally disregarded characteristics could have been 
used. 

The question of quantifying the amount of difference or distinctness 
needed to constitute a new variety remains. Should the difference
be small or large? Should a number of lesser distinctions count for
the same, more, or less, than a major distinction in one charac
teristic? Should agronomic features count for more than other 
features? These issues are co!;ectively referred to in UPOV circles
 
as the "minimum distance" problem.
 

A small minimum distance requirement makes it easy to obtain pro
tection, but protection ik hard to enforce. Slight differences between
the protected variety and the variety accused of infringement can 
almost always he found. 

On the basis of the,,e slight differences, one can argue that the 
accused variety is not the infringing variety, but a distinct new one.
A large mini mum di,t. n( e requirement creates exactly the opposite
situation. It hecone, har der to obtain protection, but protection, 
once obtained, ;s easiei to enforce. 

Perhaps the most difficult tasl facing the member states is resolu
tion of the overlap between industrial patents and breeders' rights.
Industrial patents cover inventions such as plant genera and 
species, plant breeding methods (under most patent laws these 
cover a plant bred by a patented method), and even genetic
sequences contained in a new plant variety. Breeders' rights apply
only to new varieties, but a new variety may contain a patented
gene sequence or belong to a patented genus or species, or be pro
duced by a patented process. Hence, the overlap. 

There are polarized positions on this question. Advocates of 
breeders' rights, who lI.rgely rely on traditional crossbreeding for 
the development of new varieties, believe, in general, that their
crossbred varieties should have the unhampered benefit of plant
breeders' rights. The genetic engineers, who are far more likely to
develop broader inventions, argue that they are entitled to tradi
tional patent rights. 

There is a common misconception that breeders' rights and plant
patents cause the disappearance of varieties and erosion of the
genetic base on which research depends. Actually, the introduction 
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of new and better varieties has the beneficial affect of displacing
inferior varieties from commercial production and distribution 
channels. 

Nevertheless, there is great, ifnot immeasurable, value in preserv
ing these older, displaced varieties. Their preservation in gene
banks is completely consistent with either breeders' rights or a 
patent system and should be vigorously carried on by foundations 
and governments. 

Sound public policy diiates, however, that these collections should 
include only publicly available materials. There must not be any
requirement for the involuntary inclusion of proprietary breeding
material. Otherwise, hard-earned and valuable private property will 
be given away to competitors. The best insurance against genetic
erosion is a strong plant breeding industry, which depends on the 
retention of proprietary varieties by their owners. 

A New Strategy 

Economically efficient plant breeding, like any scientific research, 
benefits from the sharing of new technology. Isolated research and 
reinvention waste money, time, and personnel. 

There are many ways to acquire and share new technology, but 
one of the best is to provide legal protection for plants. Model laws 
for doinu this are even available from the UPOV Secretariat. 

The cost of licensing or buying new technology is usually less than 
the cost of independent development. Major technology developers 
are reluctant, however, to export technology to countries where it 
is not protected. They will also be inclined to develop technology
for regions or specific geographic conditions for which protection is 
available. 

Despite developing country concerns, foreign companies do not 
obtain patents or breeders' rights solely or mainly to nrevent 
independent local development and use of the protected 
technology. Under most of these protection systems, an owner of 
legal rights cannot sit on them to suppress the introduction of new 
technology. The owner must exercise his rights within a reasonable 
time or see them forfeited for "non-working." 

There is no compelling business reason why breeders and breeding 
centers should not utilize the international legal system. Only tradi
tion and, perhaps, a reluctance to receive royalties from a country 
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that contributes to a center's support, dictate otherwise. Legal pro
tection, however, need not be the exclusive instrument of foreign
businesses. When a breeding center owns legal rights, there will be
enhanced opportunities for exchanging technology. 

Profit generation from the exercise of legal rights can be an impor
tant asset. Although profits should not become the main impetus to
research, they can be used to fund further research endeavors. 

Joint ventures and other business arrangements between interna
tional breeding centers and developed country ag-businesses,
universities and research institutions should be evaluated to deter
mine where the ownership of legal rights may be needed. These 
sorts of arrangements offer opportunities to capitalize on the exper
tise of local scientists and other professionals. At the same time,
otherwise unaffordable research can be conducted. 
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Plant Genetic Resources Network in India 

Rajendra Singh Paroda 
Deputy Director General (Crop Sciences) 
Indian Council of Agricultural Research 
New Delhi 110001 (India) 

Plant genetic resources are the foundation of any crop improvement 
process. They need to be conserved in the interest of human 
welfare. Concern for the collection, evaluation, utilization and con
servation of these resources has been expressed in the recent past
throughout the world. Man's intervention with nature is resulting
into elimination of several useful plant species/forms. Thus, conser 
vation of these resources is of paramount importance. 

Indian Gene Centre 

The Indian Gene Centre holds important position in the interna
tional network of plant genetic resources mainly on account of two 
faciors. Firstly, India is one of the eight primary centres of 
origin/crop diversity as recognised by Vavilov (1949-50). Secondly,
India took an early initiative to embark upon plant introduction and 
collection activities. Moreover, the Indian subcontinent is also con
sidered to be an important cradle of agriculture. 

Zeven and de Wet (1982) considered that nearly 2,400 plant
species of economic importance could be accounted in 12 mega 
gene centres/regions of diversity. Of this, 160 species are under 
cultivation in India including both indigenous and naturalized 
exotics. Besides, well over 320 wild related species have been 
reported in India (Arora and Nayar, 1984). However, in the global
context, where about 600 major and minor food and fodder crop
plants are presently being utilized, only about 30 species are con
sidered to be most important (Harlan, 1975). 

The genetic resources of the Indian Gene Centre are distributed in 
eight phyto-geographical/agro-ecological zones and these -xhibit 
considerable preponderance of variable forms/land-race-.primitive 
types in different crops in cereals, millets, legumes, vegetables,
fruits, oil seeds, fibres, sugar yielding types, spices, condiments and 
others. The important crops in which rich land race diversity exists 
include Oryza sativa var. indica and several wild Oryza species,
Saccharum officinarum and allied genera, Citrus spp., Musa spp.
Magnifera indica and other species, jack fruit, Solanums, cucumber,
ridge gourd, bitter gourd, okra, oil seed Brassicae, sesame, saf
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flower, mung, urad, rice bean, moth bean, pigeon pea, cowpea, 

jute, tree cotton, several spices and condiments, taros and yams. 

National Bureau of Plant Genetic Resources 

The Division of Plant Introduction, Indian Agricultural Research 
Institute, New Delhi, played an important role and made highly
valuable contributions in the sixties through the introduction and 
collection of plant genetic resources. It was mainly after the crea
tion of the National Bureau of Plant Genetic Resources (NBPGR) in 
1976 that activities relating to plant genetic resources received re
quired impetus. 

The National Bureau of Plant Genetic Resources is localted on the 
campus of the Indian Agricultural Research Inslitute (IARI), under 
the aegies of the Indian CounPCil of Agricultural Research (ICAR). At 
its headquarters NBPGR is organised through five Divisions; (1)
Germplasm Exchange, (2) Plant Quarantine, (3) Plant Exploration, 
(4) Germplasm Evaluation, (5) Germplasm Conservation. Besides, a 
special project entitled the National Facility for Plant Tissue Culture 
Repository was established in 1986 with the financial support by 
the Department of Biotechnology. At its headquarters, the Bureau 
has main administrative offices, laboratories, long-term conservation 
facilities as well as the Quarantine Isolation Nursery. An ex
perimental farm of 40 hectares is located at Issapur, about 40 ki. 
away from the headquarters. In addition, NBPGR has five regional
stations in different agroclimatic zones, each being headed by a 
:enior scientist (botanist). These are Shimla (temperate northwestern 
Hinmlayan belt), Jodhpur (arid zone), Akola (semiarid region),
Trichur (humid tropical zone) and Shillong (northeastern 
subtemperate/subtropical humid region). Ten plant exploration base 
centres have also been created at each of these regional stations 
and also at New Delhi, Bhowali, Ranchi, Cuttack and Hyderabad.
Two more exploration centres are being established, one at Srinagar 
(Jammu & Kashmir) for the temperate and alpine region and 
another at Port Blair in the Andaman and Nicobar Islands. NBPGR 
presently operates with a total strength of 542 staff (scientific 151, 
technical 108 and others 283). 

Three All India-Coordinated Projects are also located at NBPGR 
headquarters. These include: (1)All India-Coordi,ated Project on 
Medicinal and Aromatic Plants, (2)All India-Coordi,,ated Project on 
Under Utilized and Under Exploited Plants and (3) All India-
Coordinated Project on Guar (Cluster bean). 
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The main objectives of NBPGR are: (a) Introduction and exchange
of germplasm from national/international organisations, under strict 
phytosanitary conditions and quarantine control to salvage the in
fected/infested materials, (b) To undertake and coordinate national 
and international explorations, evaluate/characterise and document 
the germplasm and to coordinate with crop institutes, coordinated 
projects, agricultural universities, international institutes, (c) To con
serve germplasrn collections for medium-term and long-term storage
(base collection) in the National Gene Bank is well as in the 
National Plant Tissue Culture Repository, (o) To impart training in 
the field of plant resources ind associated disciplines. 

Actual Achievements 

(i) Plant Exploration and Germplasm Collection 

NBPGR executed effectively several region-specific multicrop col
lections and crop-specific missions and potential genetic variability 
has been captured. Well over 50,090 germplasm accessions have 
been assembled in agrihorticultural crops (Paroda and Arora, 1986). 

During the past one decade (1976-87), the NBPGR successfully
organised joint foreign expeditions in India. The important among
these include the Indo-Japanese expedition for minor millet germ
plasm (1985 and 1987), the Indo-Australian L,,iaedition (1984) for 
collection of wild forage and legumes from black, heavy clay and 
acidic soils in central and peninsular India, and the NBPGR-IRRI 
joint expedition in the Western Ghats, India for coflection of wild 
Oryza species. 

(ii) Introduction and Exchange 

Introduction and exchange of germplasm has received considerable 
impetus on account of established linkages with over 80 countries 
as well as several CGIAR-supported international institutes like IRRI 
(Philippines), CIMMYT (Mexico), ICARDA (Syria), CIP (Peru), CIAT 
(Colombia), ICRISAT (India), IBPGR (Italy) etc. Besides, germplasm
exchanges have taken place between India and USDA (USA),
CSIRO (Australia), AVRDC (Taiwan), INTSOY (USA), VIR (USSR),
INRA (France) and several others. The exchange of genetic 
resources during 1976-86 included 81,472 introduct'ons/accessions. 

(iii) Quarantine Activities 

NBPGR plays a significant role as far as quarantine activities for 
research materials are concerned since the Plant Protection Adviser,
Government of India has delegated this authority to NBPGR. The 
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Division of Plant Quarantine, after interception, tries to salvage the 
valuable germplasm. NBPGR also provides quarantine services to 
ICRISAT for germplasm exchanges at the global level. It also deals 
with the trial materials received from CGIAR Centres such as IRRI, 
CIMMYT, CIP, CIAT, ICARDA, etc. 

The exchange of seeds/plant propagules on a global basis has 
resulted in the movement of pests/pathogen from their native 
habitats to the newer areas/locations. The Bureau has played a very
effective role in plant quarantine service and during 1976-86, a 
wide variety of agrihorticultural crops (53,900 samples) were intro
duced into India. Several important exotic plant pests, nematodes, 
and pathogens were also intercepted. Some of the important ones 
include: lnsects-Acanthosceiides ohtectus (bruchid on cowpea and 
pigeon pea), Specularius erythraeus (bruchid on Vigna radiata and 
red gram), Carposcapsa pomonella (codling moth on walnut);
Nemitodes- Heterodera scanchtii (sugar beet cyst nematode), -1. 
humuli (hop cyst nematode), Rhadinaphelenchus cocophilus (red
ring nematode of coconut) and Dithylenchus destructor (potato rot 
nematode); Pathogens-Fusarium oxysporurn (wilt of garlic),
Clahiceps purpurea (ergot of barley and wheat), Botrytis cinerea 
(gray mould of wheat, barley and grape), Phornopsis phaseolorum
(pod and stem blight of soybean), Puccinia cartharni (rust of saf
flower), Ascoch'ta sojicola (leaf spot and blight of soybean),
L'rornyce. hetae (sugar beet rust), Fusarium nivale (snow mould of 
wheat), Ascochyta pinodella (foot rot and collar rot of pea),
Ustilago tritici (flag smut of wheat) and Ustilago tritici (loose smut 
of wheat and barley). 

(iv) Germplasm Evaluation Characterisatioii and Documentation 

NBPGR handles more than 75 major and minor crops at its head
quarters and regional stations. The evaluation of indigenous and ex
otic germplasm over the years has resulted in the identification of 
several promising genetic stocks, resistance sources to diseases, and 
pests and nematodes which constitute important gene sources for 
crop improvement programmes. 

The characterization and documentation of data has resulted in the 
preparation of crop catalogues/inventories on wheat, barley,
amaranth, tomato, cluster bean, french bean, winged bean, cowpea,
field pea, moth bean, soybean, lentil, Sesbania, Trigonella, Opium 
poppy, safflower, sunflower, sesame a,-d maize (Paroda and Arora, 
1986a). The establishment of computer facilities at the headquarters
has recently accelerated the process of data documentation and 
cataloguing. 
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(v) Germplasm Conservation 

Top priority has been assigned to conservation of genetic resources 
and NBPGR has recently built facilities for long-term storage of 
germplasm. Cold storage modules, currently operative at NBPGR, 
hold 76,000 accessions in different clops. A gene bank facility for 
conservation of over 2,000,000 accessions under long-term 
(- 18 0C) storage is being created presently. 

NBPGR has also recently established a new facility for a plant 
tissue culture repository. This programme is to complement India's 
efforts in germplasm conservation. It lays major emphasis on in 
vitro conservation of clonally propagated plant species and cryo
preservation of pollen/recalcitrant species, as well as small seeded 
orthodox species in liquid nitrogen (-196°C). Research on 
monitoring of genetic stability using the isozyme system and 
cytological parameters are presently in progress. 

Linkages 

(i) Linkages with ICAR Institutes and Agricultural Universities 

NBPGR has strengthened its linkages with several crop-based insti
tutions/multicrop/regional institutions, project directorates, national 
centres and several All India-Coordinated Projects on different 
crops. The links with different agricultural universities in states and 
several ICAR centres located in these universities have equally 
important support and service from NBPGR in germplasm 
exchange, evaluation and field gene bank establishment. NBPGR 
also extends its support for conservation of base collections being 
held by any other institutions and provides facilities for data 
documentation, cataloguing, etc. 

NBPGR continues to forge its strong linkages with crop-based in
stitutions like the Central Potato Research Institute (CPRI), Shimla; 
the Central Rice Research Institute (CRRI), Cuttack; the Central Plan
tation Crops Research Institute (CPCRI), Kasargod; the Central Tuber 
Crops Research Institute (CTCRI), Trivandrum; the Central Institute 
of Cotton Research (CICR), Nagpur; the Sugarcane Breeding In
stitutes (SBI), Coimbatore; the Jute Agricultural Research Institute 
(JARI), Barrackpore; the Central Coffee Board, the Tea Experimental 
Station and several other commodity organisations, CSIR institutions 
and state department organisations. A few autonomous erganisa
tions also maintain direct links with NBPGR. The Institute for Hor
ticulture Research for Northern Plains, Lucknow and the National 
Centre on Groundnut, Junagarh all have direct support in terms of 
germplasm exchange, collection and conservation of base collec
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tions of valuable plant resources. NBPGR also caters to the needsof premier institutions like IARI, New Delhi as well as the ProjectDirectorate Wheat, New Delhi; the Project Directorate Rice,
Hyderabad; the Project Directorate Pulses, Kanpur; and the ProjectDirectorate of Oilseed Crops, Hyderabad. It also serves regional
and problem-oriented ins;titutes such as the Arid Zone Research Institute (CAZRI), Jodhpur; the Central Soil Salinity Institute, Karnal;
and several others. 

The national network in horticLitural plants in India has receivedsignificant strengthening and expalnsion. This impetus primarilystems front the establishment of a full-fledged institute--the Indian
Institute of Horticultural Research (II1-1k) at I-assargiata, Bangalore
in 1968 and its constituents centres working on different fruit
plants. Prior to this, the Horticulture Division of the IARI 
 and itsfew regional stations and eight o-lier fruit research stations located
in different agroclinatic zones were the only research ce'ntres
engaged on research and improvenlent on a large number of fruit crops (Kaul, 1988). The situ-lation has changed considerably illfavour of hurliculture. Presently there are five independent institutes, one Nationlt Research Centre and 12 All Iindia-Coordinated 
Research Projects operating in 23 state agricultural ulniversities onhorticultural crops. Bedsides, ICAR Institute like IARI, NEHl Complex,Shillong; the Central Arid Zone Research Inristitute, Jodhpur; theNational Bureau of Plant Genetic Resources and its centres atShirnla, Jodhpur aUld Ak',,a as well as Vivekanand Parvatiya Krishi
Anusandhan Shall i (VPKAS), Alnora; and Central AV ":ulturalResearch Institute, Port Blair; are also engaged in ho iculItural 
crops. State agricultural universities and regional centres are working on major and minor fruit plant species of regional importance. 

(ii) Linkages with International Organisations 

NBPGR continues to forge very strong links with several CGIARsupported international institutes all over the world During the pastdecade, there has been considerable strengthening of collaborative
activities with IRRI, CIMM',T, ICRISAT, ICARDA, IITA, CIP, CIAT,
AVRDC and also with IBPGR. Emphasis has been laid, apart fromintroduction and exchange of elite cultivars/strains, oil evaluation oftrial material and on development of scientific expertise. A jointcollaborative programme for five years is in operation Ietween
NBPGR and ICRISAT, to carry out collection and evaluation of the
ICRISAT mandate crops (sorghum, pearl millet, chick pea, pigeonpea and groundnut) and for minoimillets. Untapped areas will beexplored for germplasm collection, multilocation trials will be conducted and joint catalogues brought out. IRRI and CIMMYT have 
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extended their facilities for the training of scientists and joint collec

tion expeditions were organised witi, IRRI to collect rice from India. 

(iii) Linkages with IBPGR 

The NBPGR maintaii, effective linkages with the International 
Board for Plant Genetic Resources (IBPGR), Rome, Italy. IBPGR, in 
the past extended support for condacting short training programnes 
in exploration and collection activities (1979, 1980 and 1982) and 
provided fellowship for training of scientists for full one-year and 
short courses at the University of Birmingham, England. The 
Bureau's expertise has also been availed at different times by 
i.PGR in germplasm collection in Africa and the Maldives. Re
cently, IBPGR-NBPGR undertook an expedition in Kenya, Sudan 
and Ethiopia for sorghum gerniplasni. IBPGR has recently signed a 
Memorandum of Understanding (MOU) with ICAR for better 
cooperation and coordination. IBPGR has also designated the 
NBPGR Gene Bank as the world repository for well over a dozen 
economic crop plants. 

IBPGR has decided to establish its Regional Office for South and 
South East Asia at the NBPGR Campus, which will further 
strengthen these interactions. India has also extended its support to 
the F.A.O. Commission on Plant Genetic Resources and has given 
an undertaking for the free exchange of germplasm for research 
purposes. 

Quarantine Regulations and International Exchange: 

While realizing the importance of the exchange of seed/planting 
materials, it is as, necessary to view critically the problems 
associated with exchange, particularly in view of the quarantine 
needs. Many crop species do not produce seeds and are prop
agated vegetatively. When these vegetative propagules are 
exchanged, the transfer of several associated diseases and pests can
not be overruled and thus could result in considerable risks, if 
stringent phytosanitary and quarantine regulations are not followed 
(Paroda et al., 1987). 

It is well recognised that hasty and uncontrolled introduction of 
gerniplasm material has the inherent risk of inadvertently introduc
ing new pest/disease problems. This requires quarantine safeguards 
which may be divided in two groups: (a) legal safeguaids and (b) 
functional safeguards. 
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(a) Legal Safeguards 

Under the legal safeguards, import of seeds, plant propagules andother planting materials into India is regulated by the rules andregulations contained in the "Destructive Insects and Pests Act"(DIP Act) of 1914. This Act has been amended/corrected a numberof times since then, the latest amendment being the plants andseeds (Regulation of Import into India) Order 1984, which became
effective on June 24, 1985. 

(b) Functional Safeguards 

The Directorate of Plant Protection, Quarantine and Storage isbasically responsible for implementation of quarantine safeguards inIndia and for this purpose, plant quarantine and fumigation stationshave been established at all the irternational airports, seapons andland route stations. The incoming material is inspected, fumigatedor otherwise disinfected before release. Quarantine greenhouse and scrcen house facilities are also available for postentry isolationgrowing at some of these stations. The stations under the Directorate handle bulk imports of commerce and seed/planting materialsimported by private organisations/individuals. NBPGR, New Delhi
is designated nodal agency of the Government of India for the
exchange of germplasm material of all agrihorticultural arid
agrisilvicultural crops for research purposes. To fulfill its quarantineobligations, NBPGR created a separate Division of Plant Quarantinewith its constituent units of Entomology, Nematology and Plant
Pathology with laboratory facilities and experienced manpower.
NBPGR ha developed methods, procedures and techniques fordetection and salvaging of imported seed and planting materials
(Ramnath, 1987). A regional station at Hyderabad caters to the
needs of plant quarantine in South India and also 
serves ICRISAT
for its exchanges of germplasm. 

Provision of Seed Act: 

The Seed Act, 1966, Government of India provided the basis forregulating the quality of certain seeds for sale, and for matters connected therewith. The above act covers the whole of India andincludes both agriculture arid horticulture. It also specifies containers for the import of seeds; such as box, bottle, casket, tin, barrel, case, receptacle, sack, bag, wrapper or other things in whichany article (seed/planting material) is placed or packed for import orexport. The kind of article relates to one or more related species orsubspecies of crop plants, each individually or collectively known
by one common name. 
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Any person selling, keeping for sale, offering to sell, bartering or 
otherwise supplying any seed of a notified variety may, if he 
desires to have such seed certified by the certification agency, 
apply for the grant of certificate. 

Required Modifications in the Quarantine Regulations: 

The Indian Destructlve Insects and Pests Act (DIP Act) does not 
have any specific recommendations or guidelines on the examina
tion and release of such tissue-cultured materials. Hence, there is 
need to consider the following points for eventual modifications in 
the DIP Act based on experience gained on the subject. 

(i) The consignment should be accompanied by an additional
 
declaration that the material under tissue culture has been
 
developed from tissues free from viruses, viroids, mycoplasma
 
and fungi and bacteria (mentioned in the text).
 

(ii) After preliminary quarantine examination, it should be grown in 
a glass house/net house for one crop season to make sure that 
the plants developing from the plantlets are free frem organisms 
which cannot be eliminated through tissue culture. 

Besides these two suggestions, some other points which merit con
sideration for the inclusion in the DIP Act are: 

(a) Germplasm material should be introduced in the form of seeds, 
unless vegetative propagation is necessary. 

(b) 	 For vegetative propagation, nonrooted material should be 
preferred over rooted plants. 

(c) 	 Consignments of vegetatively propagated material should be 
small. Each variety or species should be represented by a few 
tubers, cuttings or scions. 

(d) 	 If rooted material is received, cuttings derived from the roots 
should be released instead of the original roots themselves, 
which should be destroyed. 

Breeders Rights and Commercial Linkages 

The expanding horizons of patent rights in plant breeding is leading 
to a state of polarization in the field of conservation and utilization 
of plant germplasm. At the FAO Commission on Plant Genetic 
Resources in 1987, a proposal was made to institute a set of 
farmer's rights for the farmers in the "centre oi origin" countries to 

263
 



offset the impact of the breeder's rights in the developed countries
(Swaminathan, 1988). According to him, this issue is gaining importance since genetic engineering enables us to transfer genes across
several barriers. Wild species of economic plants occur primarily inthe developing nations. Unless considerations of human welfareand sustainable development are coupled with considerations of commerce, competition and confrontation may replace cooperationin the plant sciences. He stressed that if this does riot happen, thegreat leap forward in science and technology may result in a greatstep backward in international cooperation in the eradication ofhunger and in the sustainable management of the biosphere and
geosphere, including crop plant diversity. 

More recently, several private national seed companies haveemerged in the seed production business. A few of them also have 
an international network. Both kinds of commercial companies
have been importing material from abroad (Table 1). 

Future Thrust
 

The role of NBPGR in coordinating activities on plant geneticresources has increased tremendously over the pa~t decade. To

meet the growing demands of the breeders for elite material,
cultivars and wild species and to share international commitments

with the IARCs (IRRI, CIMMYT, ICARDA), the flow of genetic
resources has been considerably high. Commensurate to this there
is a dire need now to strengthen and create a plant quarantine infrastructure for ensuring quarantine safeguards involving the con
cerned crop institutes/projects, the Directorate of Plant Protection,
agricultural universities and 
a few regional stations of NBPGR. Thisis particularly required for the postentry quarantine facility. In this
context, an offshore quarantine facility is being established at the
newly proposed station of the NBPGR at Andaman and Nicobar
Islands. As for maintenance of working collections, national responsibilities are being defined and crop curators/institutions/centres 
arebeing identified. The responsibility of maintaining a base collection
for long-term preservation of genetic resources will rest with
NBPGR. Computer facilities for data documentation will also begenerated at Bureau stations/other centres and with NBPGR pro
viding the required coordination in this regard. 

The highest priority in the national context is also attached to theestablishment of an efficient facility for preservation of genetic
diversity. The building of the National Germplasm Repository willbe constructed near the present location of NBPGR with all modernequipment and gadgets, apart from the strengthening of present infrastructure, wherein the long-term storage modules installed have a 
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Table 1. Showing Import of Plant Material by Private Seed 
Industry. 

International/ 
S. No. 	National Seed Company 

1. 	 Cargill Southeast Asia Ltd. 

2. 	 Coromandel Indag Products 
India (P) Ltd. 

3. 	 Pioneer Seeds Co. Ltd. 

4. 	 Mahyco Seed Company 

5. 	 Nath Seed Company 

6. 	 Hindustan L.ever Ltd. 

7. 	 Godavari Plywood Ltd. 

8. 	 Tata Energy Research Institute 

9. 	 Wimco Seedlings Ltd. 

Crop (No. of accessions/ 
varieties imported) 

Helianthus sp. (3 varieties) 

Tomato (15 varieties) 

Zea mays (10 samples), 
Sorghum bicolor (91 acces
sions), Sunflower (30), Oryza 
sativa (12) 

Maize (405 accessions), 
Triticum sp. (195 samples) 
and Sunflower (4 varietie-s) 

Tonato (23), Sunflower (40), 
Maize (9) and Gossypium 
spp. (7) 

New oil yielding species; Oil 
palm, Macauba caryocar, 
etc. 

Eucalyptus spp. (6), Acacia 
spp. (3), Casuarina ci'a
nianghamia (1) and Sesbania 
formosa (1) 

Acacia sp. (10), Clincidia 
sepium (37), Oryza sp. (14) 
and Eucalyptus supp. (5) 

Brassica oleracea, Lycoper
sicon esculentum (27) 
Brassica oleracea (12) 
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capacity to store about 200,000 seed samples. Such facilities formedium seed storage are also to be generated at a few selectedstations of NBPGR and other centres including crop institutes and
agricultural universities. The Indo-U.S. Project proposed forstrengthening the genetic resources activities has laid much stressand emphasis on the these aspects in generating/strengthening the necessary infrastructure, apart from training of personnel and visitsof consultants/scientists both within the country and abroad for bet
ter and more effective linkages. 
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Focused Cooperative Agricultural Research 

A. Richard Baldwin
 
International Fund for Agricultural Research (IFAR)
 
Arlington, VA 22209 

Introduction 

The International Fund for Agricultural Research (IFAR) was
established inthe U.5.A. to stimulate interest in and support for in
ternational agricultural research. By this is meant condLucting
agricultural research by means of cooperative arrangements among
public and private s-ctor research institutions indeveloping and
developed countries, including a,at)propriate the International 
Agricultural Research Institutes. 

IFAR does not envisage being a "doer" of research or an active
participating member of a particular cooperative research network 
or association. Because of it; neutrality and relationship to the international agricultural reseatCh (clitonnunity it could, however, serve
 
as a catalyst to stimulate coOI)eration. 
 It can do this by providing a
forum for discussion by interested parties, being a facilitator intheearly stage,, of initiating a 1)arti(u lar cooperative research venture,
by helping to identit\fftldinlrg souces, and by raising in(remental
 
tunds.
 

A novel nmechanism is suggested for tackling agricultural research
opportunities that are too large, too complex, too orphaned, or are
considered impossible to achieve with the resources and pro
cedures presently available to individual research institutions. The
 
proposed mechani,,m and institutional arrangement provides focus,
planning, coordination, a1rd supplenlental funding needed for
 
"Manhattan" 
 type re,,earch projects related to agriculture. 

The basic difference between this mechanism and other research
networking systenis is that it provides a specific objective focus
within a tiriie focus as was done, for example, for the Moon Land
ing Program, i.e., within ten years send men to the moon and 
return them safely to Earth. 

Numerous agricUIltulal research projects with such focus are being
considered, e.g.: (a)hybrid soybeans with 20% yield advantage by
the year 2003, (b)practical biological nitrogen fixation for wheat by
2005, (c)cassava with 10 IL)of Vitamin A equivalent per gram of
 
cassava by 2003.
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In this context IFAR has encouraged consideration of the con(ept 
described in this paper for focused large-scale agricultural research. 
The idea was first discussed with about 50 people responsible for 
large research programs related to agriculture. Everyone was en
thusiastic about exploring the ideas iurther. IFAR then convened a 
group of 20 responsible scientists, who represented a large percent
age of aicultural research in the LI.S., to conduct a brainstorming 
session. The meeting was held 15 I )ecember 1987 at the World 
Bank inWas hington, D.C. 

After a full cday of dir:us<ion, the group consensus was that the 
concept was indeed worth trying. IFAR was encouraged to take 
steps toward initiating at least two ,uch f(cused (:oot)erativei 

agricultural research projects. 1his paper is a re)ort of the pro
ceedings ot that December meeting. 

The Concept 

Most agricultural res'arch projects, especially basic research, are of 
an ad hoc nature. Individuals or institutions seek funding for proj
ects for which grant money is available and/or thf feel interested 
inand capable of doing. The funding mechanisrs and functional 
responsibilities have encouraged (omlpetition rditler than coopera
lion. The results lead to diffused rather than focused research objec
tives and programs. 

Circumstan(es are changing. Research fundirig is more limited. 
There is increasing clamor for faster adaptation of research results 
for economic and social gain. Several agencies have called for 
more focused research efforts, more coordination of research, and 
more networkiig of research programs. Tighter focus and closer 
cooperation are more likely to be achieved for the coniduct of the 
upstreari basic research than for the dowristream applied research. 

New scientific developrments arid technologies offer great oppor
tunities inagricultural research that heretofore were riot even fail
tasies. Biotechnology is here to be used to iriiprove crop arid 
animal production on a scale we have yet to appreciate fully. 
Recombinant DNA, gene transfer, plant regeneration, cell culture, 
monoclonal antibodies, arid bioprocess engineering are tools to be 
applied to large aid sophisticated projects that can offer great
challenges to the best of our research scientists. Especially, it offers 
opportunities to increase sustairiability and profitability of 
agricultural production around the world, particularly in developing
countries where, despite recent advances inproduction (the Green 
Revolution), the needs are still enormous. 
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Some agricultural research opportunities are too large, totomlplex,
too orphaned, or are considered impossitble to achieve urider out 
present system of research tundlng anl comtpetitivenless. There can 
be a mechanism to provile the fflNtiI- planning, :t)Ordinlation, andi 
funidinig tW t,St ,I such ((oInItlex projects. It would tall for: (a) iden
tificatior oi a K.titafle worth-the-efort proje(t with an oIjejtive and 
a time I'm ui1, (h) aelnibling a groLu ) Of )eel, Who it (cIletly il
teret1d In and w,',)rking ol bit, and Ipie,',eOf 'i( h d I)IOlet t; they
would repre,,ent ,,,ariOu ., di. ipliie', iill th the I)ti )lit arid I)Iivate
set(or,,, (c) identify the 'stale of the art," int luiding who I". doing
what where, (d) the peer groi i ) to Otitliiit, )na PlFRT-tyx'I (hart
what i- esential to ,, hive Ot tinUl-;oLiN'ih ohjeCtive, (nl esta)lih
tllenltOf giod(()(illllili ()tioll l(( ()ir(inatio)n allong those work

ing oil relevant tark Of the proje( t, (I) itelltit itioll OI esential 
work that i, not heing (done, andg ,t ting ,iihleriintal ltuding 

all iarts, in al ,mso that (onie tlgethele xi rderly wa\ m(I ItuildIeacl 
other to achieve the de'iled reitt,. 

There are preedent,, lhe "Manhattan llroet t"'Ind the "Moon 
Landing Plroject' were an ,vith 'hi( It v,.we art, fInniliar. Intwt' e'\altth, 

each, es eitially illit osile '. intili( .111 technic al ploblen, 
 were
 
ove(.ome by integratill th at fivtie, Of dIe-,it\ (f indlividuals.,

andI organi/atioi. to,,ar(h, ,t'r, (,lealv t\ ti'ued oje( tive. 
 More 
l(teenltlv tihle saint' ,it)htb t h i, being taken in ,,niu* nietlit ,il and
 
(tItt)LIter resarch iprjectk. I' tW (a Se ot ,grtiCltural researc h, a
 
range tf intittiOlns i,ighlt he intere,,ted in participating in sucl
 
toordinated programs, :)rovitl'l that appropriate mechanisnis 
are in 
place. 

Potential Participants 

There are many universitie. with long-standing traditions regarding
agricultural research-both basic and applied. Large amouLts of 
federal arid state funds have been provided for agricultural research 
over the years through, in parti(ilar, the Land Grant College
System. Much good work has been dolme, btut sine the ftn>( have 
been distribtuted on a relatively ad hoc basis rather than selectively
deployed to meet predetermined goals, there has been no larticular 
incentive for research institutions to cooperate. In fact, the reverse 
has probably been true. It is even difficult to get departments with 
different disciplines to cooperate in the same institutions. Ill the last 
decade fLInds have beconie increasingly difficult to obtain; this has 
sharpened comlpetition to a point in' some places where it has pro)
ably become cotinterpl)roldictive. Too much emphasis is now puLt Oil 
competing ft)r resources rather than on collaboration to ensure 
more effective use of resources. Almost no time seems to be spent 
even on collaborative efforts tc convince policynakers not to cut 
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allocations to plant sciences even further. Ihe concept discussed in 
this paper offers an opportunity to create a climate in which such 
cooperation should be better able to flourish. This is not likely to 
be lost on the institutions involved once 1ie concept is fully
understood. It can be productive and exciting to be a part of a big
ger whole. 

Nor has it been cusconiary for agriculturalresearch groups in the 
private sector to coordinate their activities. To a consiclerable ex
tent, this is because they have tended to concentrate their efforts on 
applied research whose )urpose is to produce a product or process 
over which the companies wished to acquire proprietary rights. In 
such an environment competition precludes cooperation. However,
the same institutions may well be prepared to work collectively on 
more fundamental problems, he solving of which will increase the 
sum of basic knowledge and lead to opportunities in which all par
ties involved will benefit. Since less and less funds are being made 
available from government sources for basic research in general
and for basic research in the plant sciences in particular, the private 
sector will need to shoulder increasing costs (of basic research) that 
it has been able to avoid in the past. This will be expensive and 
corporations now have more incentives to cooperate. Their 
resources and advice will be vital to the kind of large focused
 
research programs contemplated here. Under the proper cir
curnstances such participation 1) ,,ie private sector can be very

worthwhile and profitable.
 

The third group of potential partners are the International Centers. 
The Centers stand to benefit because such cooperative ventures 
would mobilize research capabilities and expertise that they cannot 
readily replicate and because such mechanisms would provide
practical ways by which the Centers can serve as "bridge heads" 
between the "high tech" of the developed world and those in the 
developing world that need this technology but cannot readily
develop it. The Centers also, of course, have much to offer-access 
to germplasm on a scale and in ways that nobody else can match, 
systems of field testing crops on a broad international scale, and a 
way to distribute results of certain types of research rapidly and 
internationally. 

The Federal agencies are very interested candidates for participation
in such cooperative projects. The USDA, in particular, has shown 
strong support for the idea and has made several suggestions for 
likely projects. The USDA, which is not only a funder but a doer of 
agricultural research, is very interested in networking, cooperating,
focusing, and otherwise expediting their research toward recog
nized goals. Other agencies including the U.S. Agency for Interna
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tienal Development, the National Science Foundation, and the 
Department of Energy have been helpful and encouraging. A 
representative of the Board on Agriculture has helped with explora
tion 	of the idea since its inception. The same is true for the Con
sultative Group on International Agricultural Research. 

Potential Projects 

Many long-range major research projects can be tackled only along
the 	lines suggested if they are to be focused for objectives and 
time. Examples are listed below. Additionally, many other projects
haI e been sUggeste(t but this list serves as a "starter." Each of these 
projects Would fit thi (0nce)t and have great worldwide economic 
and 	environmental significa n(e for both Iprod ucers and con sumers. 

1. 	Wheat with symbiotic nitrogen fi xation to supply most of the
 
nitrogen reqLirenients, I)v the ,ear 2005.
 

2. 	Hybrid soylbeans with 20(), yield advantage by 2003. 

3. 	tligh-yielding barley varieties that are tolerant to irrigation with
 
br ,ckish water sI.3
salt) 	by 2001. 

4. 	 Cassava with 10 IU of Vitamin A per gram of tuber by 2003. 

5. 	High-yielding hybrid corn varieties that are tolerant to at
mospheric temperatures of 25"F after germination by 2008. 

6. 	 Broad direct usage Of true ipotato seed by 2000. 

7. 	Rice varieties that have double the photosynthetic efficiency of 
current varieties by 2003. 

8. 	High-yielding soybean varieties with less than 1% linolenic acid 
in their oil compositions by 2000. 

9. 	Corn varieties with genetically engineered root worm control by 
1998. 

10. 	 Introduction of sulfur-amino acid producing genes, possibly 
from Brazil nuts, into soybeans by 2003. 

11. 	 Corn varieties whose protein amino acid compositions are 
nutritionally balanced for swine and poultry by 2005. 

Each of the above projects is being worked on by bits and pieces 
here and there. Also, very basic research, e.g., gene mapping and 
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biotechnology techniques, are being developed in several 
disciplines and will ultimately be important in the solutions to 
specific problems. A mechanism to replace and/or coordinate the 
current ad hoc approaches with more focused programs should 
greatly expedite achievements and probably facilitate ac
complishments of goals that would not otherwise be possible. 

1he suggested projects serve only as examples to stimulate further 
thinking of what might be preferred projects in particular areas of 
your choice. However, the list above and many others are being
considered by various groups. Ihe projects can he made large or 
small and short- or long-term. IHlowever, to fit the model they must 
be focused as to a specific objective within a specified time frame. 

Proprietary Rights, Patents, Licensing, and Royalties 

Historically, these issues have severely inhibited opport ull ities for 
cooperation between public institutions and private corporations. It 
is particularly true in research programs that might lead directly and 
quickly to products or processes over which individuals or institu
tions wish to hold proprietary rights. 

During the Decemb!)er 1987 meeting, this sulbject was discussed ex
tensively. There have been changes in both the pbLl)lic and private
sector aliproaches. For example, the USDA can now make exclI
sive licensing arrangements with a corporation for use of USDA
 
patents. Such ex._lusivity can hbebargained for either before or afterthe patents are issueLd. Furthermore, apparently, SLch exclusive 
agreements can bie made even before the research is started. And 
USDA employees are encouraged to seek patents and to gel them 
Used. 

Some Of the universities now have patent development and Ii
censing departments to handle patents more or less the same as the 
USDA indicated it could do at the Decenber meeting. There 
seemed to be a general feeling that Most universities would 
somehow be able to cooperate satisfactorily with the private sector 
in regard to this important subject. The irolposal as presented and 
discussed called for working out satisfactory arrangements at the 
beginning of' planning a cooperative piroject. 

The private sector has participated in the discuIssion. The general
feeling seems to be that "yes" they would like to be cooperators in 
such focused projects if they had a role to play and a clear arrange
ment is made ahead of time as to how they could use the results to 
produce and market new iroducts. Certainly, participation of the 
private sector is important to any of the proposed projects. First, 
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their practical continuing advice and consultation during all a-spects
of a project is extremely important. Second, they can bring to the 
project great amoUnts of experience, professional scientific and 
technical capabilities, essential laboratory and field facilities, ap
plied research and field testing expertise, and the ability to market 
and distribute the fruits of the cooperative research. 

Implications 

Since such projects have large potential for providing essential food 
and fiber for mankind's welfare and iniproving tile economies of 
not only developed countries but also devloping countries, they 
are very attractive. Payoffs shOulct be substantial in every case. 

For example, the first oin nitrOgen fixation wouldproject listed con
serve billions oft hdllars worlh of energy frcom fossil fuels in an era 
(year 2010 and beyondI) when surch energy sources will ibecome in
creasingly sc,,rce and more expensive. Especially, this will be im
portant in developIing countries where nitrogen fertilizer is already
expensive and difficult to Obtain locally. Likewise, nitrogen fixing
wheat would provide stustainahility of :rops at good yield levels
this is most important in developing parts of the \vrlld. 

Similarly, let's assume that p~rodLuatoin of higih-yielding hybrid soy
beans can le achieved in 15 years. Yields should increase 15 to 
25 % with enhanced] ec(onomic Values aggregating several Iillion 
dollars per year. The crop should lIe moJre secure and have broader 
adaptability. Another proje( relating to soybeans is the insertion of 
genes for increasing methionine/cysteine cointenit. This would 
significantly improve the nutritive value of soy proteins for humans 
and for animals raised for meat, milk, and egg products. Increased 
values of soy pirodlcts would total hundreds of millions of dollars 
per year. 

One of the significant debilitating di.,eases with loss of human pro
ductivity in many developing countries (especially inthe tropics) is 
caused liy lack of sufficient Vitamin A in the diet. A main source of 
calories in many such iropical areas is cassava. A project to in
troduce Vitamin A producing genes into cassava could alleviate 
much of this nutritional prollem and improve human productivity 
considerably. Likewise, changes inthe nutritional contents of all 
food crops will have even wider implications. 

Crop plants are essentially poor converters of solar energy to 
usefulproducts-they utilize only 1-2% of tie solar energy 
available. Accomplishment of project 7 above with all the fallout 
implications for other crops would provide additional food and 
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fiber for several additional billions of people on this earth. It would 
reduce other energy demands, improve sustainability of agricultural 
production at significantly higher levels, and would provide
economic benefits almost unimaginable. 

If we can solve the riddle of cold tolerance, e.g., for oats, and 
transfer that capability to corn (or soybeans) as suggested in project
5 above, imagine the benefits to be achieved by thus providing
longer-growing seasons. Similarly, increased salt tolerance in a 
major crop such as barley (or some other crop) would relieve one 
of the major problems with irrigated crops and extend possible 
crop production to brackish water areas where no food crops can 
be grown today. 

It will take many years to accomplish some of these projects even 
with the proposed more focused cooperative approach. Further
more, as results are expedited on one project, many fallout tech
niques or products can become available to other related projects.
The world demand for food continues to increase daily as 
newcomers are to be fed. The capacity of traditional approaches for 
agricultural research to increase crop yields by 2-3'!/o per year 
seems to be declining. New approaches and new research manage
rnent linkages are necessary if we are to )rovi(le sufficient safe and 
high quality food for future generations. There will be billions more 
people, and the (uestion is not whether they will be fed but how 
well they will be fed. 

It is perceivedl by many that the proposal discLssed here has a 
good chance to expedite agricultural developments at lower cost. 
We should not miss this opportunity! 

Initiation and Selection of a Project 

Although details for an organization to implernent such projects 
must he project and group-specific and be worked out collectively
with and by the collaborators concerned, a start on the overall 
process might be as follows: 

Assuming that an IFAR-sponsored meeting, such as that held in 
December 1987, might identify the kind of problem that could be 
resolved through a focused cooperative research project, the topic
would then be made known to whomever seemed most likely to 
be interested in participating. Their views would be solicited and if 
the response justified it, a meeting would be held, under the spon
sorship of IFAR, to examine the proposal in more cetail. If it looked 
to be a feasible project with the right kind of support, a small in
itiating group would be set Up to commission a state-of-the-art 
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review to provide the framework for the project. This review would 
also identify who is doing what, where, and how they are currently
being funded. This working group (not IFAR) would then invite 
potential collaborators to participate. Probably 20 or 30 scien
tists/institutions, both public and private, might thereby become 
involved. 

Modus Operandi 

Methods of operation will, of course, differ for each project. Pro
cedures for selecting, planning, and operating a model project 
might be as shown below: 

A. 	 The project would be identified as described above and a small 
working group chosen to initiate it. 

B. 	 The working group would then convene and commission an 
extensive review of the subject in such a way that it would 
identify requirements for the project to be successful and who 
is already doing what that is relevant to the project as a whole. 
Current resources available to potential collaborators woald be 
estimated. The review would also include a draft protocol
which would determine how the network would operate. 

C. 	The working team would then consider the review report and,
assuming the project is still a "go," would invite other relevant 
participants to join in providing the network of basic and ap.
plied scientists. Since this would be a voluntary collaboration, 
participants could drop out or new ones could be added at any 
time. 

D. 	This group as a whole would choose a "leader" or "chair" to 
oversee the project and to act as a secretariat and/or 
coordinator. 

E. 	 The netwo.k participants would each identify his or her part of 
the project and its current source of funding. It would not be 
expected that additional funding would be used to replace cur
rent funding. 

F. 	The network participants would identify research that is not 
ongoing, but is essential to the success of the project. [he team 
would identify scientists who could work on the missing links 
and recommend the additional funding requirements to IFAR. 
IFAR would try to identify sources of such funding and/or help 
secure the funding. 
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G. 	The participating team early on would establish its own rules 
for patents, licensing and royalties. There are many ways to 
handle this within the general parameters discussed under the 
section above on this subject. Some suggestions have been as 
follows: 

1. All patents could go to the inventors or their institutions with 
exclusive licensing to the project for sublicensing to the private 
sector participants. Royalties would flow back to the inventors. 
Or, 

2. All patents and rights to be assigned to the projec' with ex
clusive licensing to the private sector participants-or whoever is 
going to provide the marketing and/or distribution. All royalties
to go to the project, to be distribUted by the management team 
or entity to the inventors. The project team could possibly form 
a corporation to do this. 

At the December 1987 meeting there seenet: to be a predominant
sentimeit ;or Option 1 above. All agreed that it is very important
to have -o:-m,'rtabie consensus on this and work out the details 
early in the pinning and organizational process. 

H. 	 The project secretariat would provide mmunicaiions among
the particioants by personal contacts, p-.iadic conferences (at
least annuaily), and some form of newsletter. Funding for such 
-ctivities might be identified by or raised by IFAR. 

1. 	 The periodic conferences would provide a means of: 1)keep
ing all participants up-to-ClAte on thq progress of each subpart
of the project; 2) providing critiques and advice in the form of 
peer review; 3) guiding the overall program toward its goals; 4)
identifying additional essential research and recommending
such for funding: and 5) providing a general cohesiveness 
among the collaborators. 

J. 	 The private sector participants would be an important part of 
the project from the beginning. They would provide advice,
counsel, anid experience in addition to their portion of the 
work on either basic or applied research as indicated with the 
objective of moving the process toward "commercialization" as 
soon as practical. 

K. 	 If distribution of the project results is to be via public institu
tions, such as State Experiment Stations or the International 
Centers, they would participate and fulfill their roles by applied 
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reseach, field testing, selection, adaptation, and release of 
material as expeditiously as possible. 

L. 	 This "Marketing and Distribution" by either the private or 
public sector is the key objective of the project. These projects 
are for the purpose of achieving useful results, not just adding
to the literature. However, of course, most of the research 
results during the course of the project will be published or 
otherwise distributed. This should generate additional by
product or spin-off ideas and products. 

Funding Requirements and Sources 

Research of the kind envisaged is likely to be expensive, albeit very
cost-effective. Also, these are long-term programs of 10 to 15 y -ars' 
duration. Therefore, most of the funding requirements will be 
project-specific and be attractive most likely to those most in
terested in achieving the results. As mentioned before, it is not an
ticipated that new funding will be required for ongoing research 
that 	becomes a part of the network. New funding probably would 
be required for essential expanded and/or newly initiated research. 

Discussions with variou people that might be responsible for such 
funding have seemed to be enthusiastic about the possibilities.
Comments such as: "This is a very salable concept." or "This is a 
merchantable idea." or "There is a good possibility that funds can 
be diverei gradually from other phaseout projects to such a pro
gram." 

IFAR can play a role in helping to identify funding sources and 
assisting in obtaining the necessary funds, without becoming in
volved in the science or administration of a project. 

The 	Next Step 

It would appear that sufficient exploratory discussions of the con
cept of Focused Large-scale Cooperative Research Programs have 
been made. The conclusion of the December 1987 meeting was 
that the process should be continued with the objective of trying to 
initiate at least two such projects. Therefore, IFAR suggests that 
specific proposals be put forward by interested paities such as 
USDA, NSF, USAID, the International Centers, universities, the 
private sector, and appropriate groups of researchers. Preferably
such initial proposals should identify the project, interested par
ticipants, and specific objectives. This information should be sent to 
the International Fund for Agricultural Research, 1611 North Kent 
Street, Suite 600, Arlington, VA 22209. 
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CIMMYT'S Initiative in Biotechnology and the Initiation 
of an international Collaborative Network on Maize 
Biotechnology Using Molecular Markers-Role of the 
Private Sector 

Clive James 
Deputy Director General for Research, CIMMYT 
Mexico 

Introduction 

Madam Chairperson, ladies and gentlemen, I very much welcome 
this important opportunity of sharing with you some views on new 
approaches for collaborative research in biotechnology between the 
International Agricultural Research Centers (IARCs), particularly
CIMMYT, and the private sector. More specifically I wish to share 
with you some of the general information on CIMMYT's proposed
future program in biotechnology and an international collaborative 
research network on maize biotechnology using molecular markers, 
that CIMMYT is attempting to initiate with private and public in
stitutions. At the outset I wish to emphasize that the views I will 
present this n.orning are my own views and do not necessarily 
represent those of CIMMYT as an institute. I would also like to 
acknowledge the important inputs to the Collaborative Network on 
Maize Biotechnology by two persons who are attending this con
ference. Dr. Ron Phillips from the University of Minnesota, whom 
CIMMYT has retaine6 as a consultant on biotechnology. The other 
is Dr. David Jewell, a CIMMYT maize scientist, working on the in
troduction of alien genes to maize and currently on a study leave at 
Minnesota with Ron Phillips working on restriction fragment length
polymorphism (RFLP) applications. Ron Phillips and Dave Jewell 
have provided the technical inputs into the collaborative project
and will be prepared to respond to specific questions of a more 
technical nature. In my role as a scientific administrator, I will 
cover the rationale for CIMMYT's initiative in biotechnology, the 
conceptual framework and the organizational aspects of the net
work. I would also like to address the issue of why I believe that 
such collaborative projects in the area of biotechnology between 
CIMMYT and the private sector are not only desirable, but essential 
if we as a global dgricultural research community are to utilize 
limited research resources in the most cost-effective and responsible 
way. 

In addressing this important topic in 30 minutes I will of necessity
select only certain themes and consequently there will be important 
issues that will not be treated. So let me share with you now the 
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themes that I will attempt to cover this morning so that you are 
aware of the outset of the broad framework within which particular
issues will be discussed in greater detail. 

First I will review some experience of the past because this is often 
one of the best indicators of what may be possible in the future. 
More specifically I will briefly cover the evolving role of the 
respective contributions of public and private sector institutions to 
agricultural research in the industrial countries, the donor countries 
to the CGIAR-because I believe there are many important lessons 
to learn from this experience. 

Secondly, I will share with you my assess-nent of the changing role 
of the international agricultural centers during the next decade and 
beyond. In particular I will comment on the rationale for the 
establishmeni of a biotechnology unit at CIMMYT, and its proposed 
program thrusts, and the vital importance of networks for facilitating
collaboration between ublic institutions and the private sector in 
biotechnology. 

Finally I will discuss, as a specific example, the conceptual
tramework, organizational strategy and status of the International 
Collaborative Research Neiwork on Maize Binc:chnology that 
CIMMYT has initiated, and which involves both public and private
sector institutions in Europe and the developing countries, and 
which specifically adcluicsses the use of RFLPs as molecular genetic
markers in maize. 

CONTRIBUTIONS OF PUBLIC AND PRIVATE SECTOR 
INSTITUTIONS TO AGRICULTURAL RESEARCH 

During the twentieth centuiy, in many, if not most, of the industriai 
countries there hds been a marked shift in ihe respective division of 
labor between public and private sector contributions to agricultural
research, including plant breeding. Initially, public institution 
breeders developed and released varieties of crops like maize to 
farmers directly. Later, seed companies started to get involved with 
seed distribution to serve a growing and wider community of 
farmers. However, over the last twenty years, there has been a 
marked shift in many industrial countries, which has resulted in 
plant breeding activities and corresponding research shifting from 
the public sector to the private sector. Several factors have been 
responsible for this shift, including shortage of funds for public 
sector institutions, legislative changes such as patent laws and piant
variety rights, which have encouraged private sector involvement; 
and I think it is important to acknowledge that these changes have 
been facilitated indirectly and directly by national governmental 
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policies. The most recent graphic example of the direct effect of 
governmental policy to shift plant breeding activities and corre
sponding research from the public to the private sector was the 
orivatisation in 1987 of the Plant Breeding Institute at Cambridge, 
England. 

This shift in emphasis has very important implications as far as 
biotechnology is concerned, because this has led to a situation 
where significant inN estments in research on biotechnology, par
ticularly on hybrid crops like maize are now made by corporations 
in the private sector. These are cost-effective investments for the 
corporations, particularly thi trcinsnationals, because of the 
economies of scale associated with their globa: operations. Further
more, shortages of public funds and encouragement through na
tionai policies have led the private sector to fund an increasing 
proportion of research oo biotechnology in public institutions on a 
contract basis. It is noteworthy that the value of these 
biotechnology contracts are usually much higher than the tradi
tional collaborative research contracts because of the high cost of 
rnducting research on biotechnology. Thus, in many of the 
premier pubiic institutions the buioechnology contracts represent an 
increasing percentage of their total contract portfolio. 

We may conclude that the private sector has played a significant 
and increasingly important role in agricultural research in the in
dustrial countries and currently are often significant investors in 
basic/strategic research on biotechnology applications that can con
tribute io the increased efficiency of plant breeding It is also im
portant to recognize that the increased participation of the private 
sector has been facilitated indirectly or directly by the policies of 
governments which are also donors to the CGIAR. If we accept that 
the private sector has played a significant role in increasing produc
tivity in the industrial countries, then it may be reasonable to sug
gest that similar benefits may accrue to the developing countries if 
efforts are .nade to promote private sector involvement more 
vigorously in the Third World in activities where they may have 
comparative advantage, like biotechnology. And there are other 
areas like seed multiplication, production and distribution. 

As far as biotechnology is concerned I believe that the involvement 
of the pr ,vate sector in collaborative research networks, facilitated 
by the CGIAR, is very important particularly for a crop such as 
maize in which the private sector is already investing significant 
resources in biotechnology. 
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CHANGING ROLE OF IARCs: UPSTREAM RESEARCH AND

COLLABORATIVE NETWORKS
 

The CG!AR and its precursor founding founddtions, Rockefeller andFord, have provided the very important feature of institutional continuity in applied agricultural rese,.rch for the developing countries.As contrasted to most bilateral ana multilateral agricultural researchprojects, the CGIAR system has provided focus through amultidisciplinary approach and perhaps the most important elementthat has contributed to success is the unique continuity provided interms of purpose, programs and people. The best example of this isthe work of Dr. Norman Borlaug who provided innovative directionand continuity to the wheat program in Mexico over a forty-year
period. Agricultural development is a long-term venture andagricultural research requ : s even a longer term commitment.
Hence, continuity is not only desirable, but essential if the investment that we are going to make in agricultural research, includingbiotechnology, is goir 5 to be cost- effective. The clients of theCGIAR system are the national progranis in tfe Third World and
the principal objective is to assist national 
programs to develop andutilize research products and services that will result in increases incrop productivity and efficiency. To date, the CGiAR system isacknowledged to have been one of the most cost-effective investments in international agricultural research. One of the roles theCGIAR system has played is that of the apolitical broker that hasfacilitated the generation, ransfer and adaptation technology fromthe industrial countries to the developing world. If we accept thatthe system has had a measure of success in some developing cotintries as a result of building capacity in national programs, it 'ollowsthat the future research agenda of the system should change tosome extent because the client countries, with improved capacities,can now implement some of the activities that were initially per

formed by the centers: 

It is noteworthy that the CGIAR is only one very small, albeit effective, component in the complex of international agricultural
research, accounting for only 3% of public resources devotedglobally to agricultural research. Therefore, in order to utilize itslimited resources in the most effective way, the system must continuously monitor the dynamic research environment and identifythe type of research where it has comparative advantage andreallocate its limiied resources accordingly. The CGIAR system hasused the following categories to define the different types ofresearc-h. Like all classifications, it is arbitrary but it is useful indistinguishing the different areas of research ard the respecuve
roles of various institutions. 
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1. Basic research is that designed to generate new understanding
(e.g., studying the mechanism of resistance to a pest). 

2. 	Strategic research is that designed for the solution of specific
research problems or the development of a technique (e.g., the
technique for detecting dwarfing genes in wheat seedlings). 

3. Applied research is that designed to create new technology (e.g.,breeding new varieties of dwarf wheat that can respond to high
levels of nitrogen without lodging). 

4. Adaptive research is that designed to adjust technology to the
specific needs of a particular set of environmental conditions in a specific region (e.g., adapting dwarf wheats with earlier
maturity for farming systems in Bangladesh). 

These different types of research are part of a continuum:"upstream" is used to mean a movement towards basic research

and "downstream," 
 a movement towards adaptive research. 

Traditionally, the CGIAR system has conducted mainly appliedresearch, but in the view of the Technical Advisory Committee
(TAC), which monitors technical devclopments at the system level,the centers should move upstream by increasing emphasis on
strategic as opposed to applied research. The TAC argues that the
centers must move upstream if they are 
to 	retain their comparative
advantage in the future and also to complement the changing needsof those national programs which have increased their capability inapplied research and are requesting more assistance from thecenters in terms of strategic research and particularly biotechnology.The TAC has also placed a high priority on the application of
biotechnology techniques because this may allow the centers
themselves to increase the efficiency of their -vn current breeding
 
programs.
 

CIMMYT has considered the TAC recorrmendations and responded
to the TAC priority on biotechnology by deciding to establish amodest biotechnology laboratory at CIMMYT which will hopefullybe completed by the end of 1968. The laboratory will serve boththe maize and wheat programs and funds are already in place torecruit two senior molecular biologists/geneticists to be augmentedby visiting scientists, associated scientists and postdotoral fellows 
to provide a minimal critical scientific mass. I believe thatCIMMYT, as an institute_, focussing on applied research for crop improvement, provides an ideal and fertile forum for locating such abiotechnology unit. Indeed, I think the strategy of locating
biotechnology units within the centers is criical and will allow us 
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to increase the harvest index from biotechnology by facilitating the 
dialogue between the biotechnologist and those involved in germ
plasm development-if this communication gap is not effectively 
bridged, it will result in a loss for everybody concerned, including 
researchers, producers, and consumers. 

The focus of the biotechnology program in CIMMYT will be 
general in nature and will include the utilization of diagnostic 
techniques including monoclonal antibodies and molecular probes. 
It will also explore in the near term the use of RFLP, as genetic
markers, concentrating on traits that are not easilv' managed in the 
current breeding programs. It isimperative that the program thrusts 
of the unit be problem oriented and seek to develop biotechnology 
techniques that will increase efficiency and augment the current 
techniques used in the breeding programs. 

Another important feature is that CIMMYT will not seek to develop 
biotechnology techniques per se-this we believe to be the com
parative advantage of public and private sector institutions involved 
in more basic/strategic research in the industrial/donor countries-
CIMMYT's major role will be to test, adapt and uilize 
biotechnology techniques aid applications that have been 
developed by collaborators and, if appropriate, incorporate the new 
techniques in the current breeding programs. Ultimately CIMMYT 
should transfer appropriate techniques to the developing countries 
by training national program staff at its lab in Mexico and the labs 
of collaborators. This means that the modus operandi of the 
biotechnology program will be collaborative in nature and it must 
be networked with other biotechnology centers in both the in
dustrial and developing countries. To practice good science, one 
must have a minimal and critical level of direct involvement in 
research. Therefore, in order to be meaningful participants in this 
network, we believe that it is critical that CIMMYT have a 
biotechnology laboratory on site and a minimal critical mass of in
ternationally recognized staff in biotechnology that will facilitate a 
meaningful dialogue, and provide the center with an in-house, 
hands-on capability in biotechnology. This will allow CIMMYT to 
contribute to a network and become active members of the interna
tional biotechnology community and be in a position to judge the 
merit and value of potential techniques in the international 
marketplace. Assessing the value of biotechnology products will 
probably become an increasingly important requirement in the 
future, when the centers may well be engaged in purchasing the 
products of biotechnology from a private or public sector institu
tion, for example a gene controlling an important trait. 
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Collaborative research with public institutions in the industrial
 
countries is not a new idea to the CGIAR system and CIMMYT 
cur
rently has a portfolio of approximately 90 such projects with 
centers of excellence in North America, Europe and Oceania. The 
two features that I believe do merit emphasis in the new 
Biotechnology Collaborative Prograrn is firstly, close contacts with
the private sector and secondly, more recognition to me important
role that the centers can play as facilitators of international 
networks. 

Networks are now being favored as an effective mechanism of im
plementing and coordinating international agricultural research. In a 
world that is becoming increasingly interdependent, networking ha, 
many merits but it is riot a panacea. In essence a network is a
working group of individuals or institutions who have a common 
goal and who share information and plan or implement a joint
working program. There are three types of networks. The first type
involves only the exchange of information and the element that 
distinguishes the second type is the addition of meetings to
 
facilitate information exchange. The third type includes the

elements of the first two plus the important addition of joint priority
setting, planning and division of labor that reflects the comparative
advantage of network members and that creates interdependence 
amongst participants. Whereas all three types have merit, it is prob
ably the Type 3 network that I think we should strive for in an
International Collaborative Network on Biotechnology in order to
 
optimize the use of international resources in biotechnology by

avoiding duplication and accelerating progress towards 
common
 
goals and objectives.
 

AN INTERNATIONAL COLLABORATIVE NETWORK ON MAIZE 
BIOTECHNOLOGY 

In late 1986, CIMMYT in co , :tion with its biotechnology con
sultant Dr. Ron Phillips of Min, , ,ta, initiated action to develop a
proposal for the establishment of an International Collaborative Net
work on Maize Biotechnology that would involve public and 
private sector institutes from both the industrial and developing
countries. As an international centre with the global mandate for
maize, it is appropriate for CIMMYT to play the role of a facilitator 
for such an international network and a special effort was made to
involve the private sector which currently is a significant investor in 
maize biotechnology. Discussions started during a meeting held in
Bad Homburg, Germany in August 1986 where the research direc
tors of the IARCs were asked to share with their counterparts in the 
European donor countries the future research agendas on strategic
research, incudug biotechnoiogy, that the IARCs would like in
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stitutes in Europe to undertake as part of a collaborative research 
program. The private sector in Europe was represented at the Bad 
Homburg meeting by Dr. Joseph Seitzer, Research Director of KWS, 
Einbeck, Germany. I would like to take this opportunity to 
acknowledge CIMMYT's appre :iation to Dr. Seitzer and the ex
cellent cooperation of KWS, wnich has allowed us to proceed with 
the negotiations to establish an international network of private and 
public institutions in Europe. 

Before giving you a general and brief description of the proposed 
network, which is still in its initial stage, let me preface my remarks 
with some principles that have guided the approach to forming the 
network. 

1. 	Developing collaborative research arrangements, and in par
ticular networks, is a very complex process and prudency would 
suggest that if we want to increase the probability of success we 
should make haste slowly. 

2. It is important that the project be embarked upon within the 
context of a pilot project. This allows the flexibility to involve 
new partners, for periodic reviews, and if necessary, a change in 
procedures during the course of the project. 

3. Acknowledging that there are new and potentially difficult prob
lems related to intellectual property rights and patents, it would 
be desirable to initiate a collaborative network with the private 
sector on research of a more generic nature, so that the partners
in a network can first get to know each other, and build mutual 
trust, confidence, and professional respect. The building of trust 
amongst partners is a key prerequisite step to negotiating more 
complex agreements related to property issues. Indeed, I believe 
it may be counterproductive to try and resolve complex issues 
related to intellectual property ownership in a vacuum at the 
outset of the project, witheut having the benefit of working 
together on a pilot project which can act as a testing ground
and reveal some of the key issues which may be difficult to 
anticipate, and in all probability, likely to be case-specific. 

The strategy I am suggesting is a cautious, step by step process
which provides flexibility and an opportunity for trust to be 
developed and tile requirements of the different parties to be 
respected and negotiated. 

MAJOR OBJECTIVES OF THE CIMMYT/RFLP MAIZE NETWORK 

CIMMYT is seeking to explore and facilitate the possibility of 
establishing an international network of public and private research 
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groups with specific interest in the application of molecular 
genetics to maize plant breeding. We sense that similar efforts are 
being pursued at various locations in developed countries and
believe that a network structure would be useful for coordination 
and distribution of information. 

Interest among practical plant breeders to employ molecular 
markers as a selection tool has increased recently. Several publica
tions indicate that RFLPs could improve efficiency of selection for 
qualitative and quantitative traits. However, precise informaticn 
about their practical application is still lacking Analytical tech
niques need to be developed and adapted for large scale analyses,
and the molecular data related to field data. The network par
ticipants would collect and analyze relevant data, and exchange in
formation. This should accelerate progress and make efficient use of 
limited resources. 

The major goal of the network is to explore the feasibility of 
employing molecular techniques to aid selection work, and thus
make maize breeding more efficient. The RFLP molecular genetic
markers will be used to determine linkages with genetic factors 
controlling quantitative trait expression. Upon finding associations 
between the molecular genetic markers and quantitative trait loci 
(QTLs), we then want to determine how to best utilize the major
linkages in maize breeding programs. 

CIMMYT recognizes the long-term nature of this research and the 
need to share information on the difficult task of applying
molecular genetics in plant breeding. Ultimately CIMMYT would 
hope to be in a position to advise developing countries on useful 
and appropriate molecular genetic technologies. 

Availability of Probes 

Through the generous offices of Dr. David Hoisington of the 
University of Missouri, a suite of RFLP probes has been donated for 
the use of public and private sector network members. The suite 
comprises over 100 mapped probes on all 20 arms of the maize 
chromosomes. The use of a common set of probes will facilitate the 
integration of information and analysis of data. 

Traits of Interest and Division of Labor Amongst Network Members 

Initial emphasis would focus on quantitative traits that are not 
easily selected for in current breeding programs or expensive to 
screen under field conditions. These traits include factors such as
insect resistance (e.g., corn borer), stalk strength, drought tolerance, 

287
 



daylength insensitivity, cold and heat tolerance, aluminum 
tolerance, and traits introduced through alien genes. CIMMYT 
would also be interested in developing probes for traits that cannot 
be screened in Mexico, e.g., maize streak virus, a pathogen that is 
not endemic in Mexico. Whereas there is obviously great interest in 
yield as the important trait, there is also recognition that this is a 
very long term objective. 

Division of labor amongst network participants would be on the 
basis of a specific trait of mutual interest to the network par
ticipants. Each participating lab or group would have the respon
sibility of generating information relative to one trait of interest and 
sharing the data with the other participants. Thus, the attractive 
feature of the network is that it provides an incentive for each 
member, because each network participant will receive information 
on several traits in return for sharing information on one trait. 

Selection of Maize Germplasm/Lines 

Each network participant would select 40 lines of proven perform
ance for a specific trait. The lines used by the network will contain 
at least 50% of public lines. Private lines can also be nominated by 
network members. 

Analysis of Data, Development of Data Base/Sharing of Information 

Initi.lly, individual members will analyze iheir own data utilizing 
techniques that will be developed, acquired and consolidated 
within the network over the course of time. There are obviously ad
vantages to centralizing some of the information analysis and this 
will be done as the work progresses. Information will be shared 
freely amongst the network members and publication will be en
couraged. As the network develops, CIMMYT will facilitate the ex
change of information and plans to build a data base that would be 
accessible to the global scientific community; the latter will require 
significant effort, but iscritical to the operation of an effective net
work and to ensure free access to the consolidated data base which 
will capture the outputs of the network. 

Clone Repositories and Training 

CIMMYT will encourage and try to facilitate funding for repositories 
of the various mapped RFLPs of maize and other specific probes at 
more than one location; in choosing locations consideration will be 
given to freedom of access, comparative advantage and cost
effectiveness. The responsibility of the repositories would be to col
lect, verify, store, publicize availability, and distribute clones. 
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CIMMYT would particularly facilitate the availability of clones to in
terested laboratories in developing countries. 

As appropriate techniques are developed, training in their utiliza
tion will become important, and CIMMYT would encourage tem
porary transfer of visiting scientists between network laboratories 
and place high priority on training national program scientists at 
CIMMYT and in network laboratories. 

Current status of the network 

Discussions have proceeded over the last year or so and the table
 
below shows the privte and public institutions involved from four
 
countries in Europe- Germany, France, Holland and Italy.
 

European Institutions Associated with Maize RFLP network 

Private Sector Public Sector 

Germany 
KWS Max Planck, Cologne 

University of Munich 
University of Hohenheim 

France
 
LIMAGRAIN Laboratorie GPDP of CNRS
 

Gif-sur-lvettee
 

Italy 
AMI Gergamo Institute 

Holland 
Van der Haave SVP (Wageningen) 

The proposed European arm of the network can be associated with 
a larger international network which could be developed into a 
unique international collaborative research network. This should 
further facilitate operation of joint research programs and the 
transfer of technology between the private and the public sector 
and the industrial and the developing countries. The European 
group has already agreed to submit a two-phase, five-year proposal
to EUREKA, the pan European funding organization funded by the 
ministries of science and technology, in the respective European
countries. All four European countries have already submitted their 
applications and judging from initial responses, the proposal has a 
reasonable probability of being approved in the imminent future. 
However, it is important to note that funds for the initial project ac
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ti-iiies have already been pledged by some of the private sector in
st tutions and personnel have been recruited to conduct some of 
the, experimental work in 1988. 

CIMMYT, as the initiator, is a full partner in t, -,?twork and has 
AYready selected the required 40 maize lines with varicLs levels of 
resistance to Southwestern Corn Borer (Diatrea grandiosella). 
Facilities for conducing the DNA extraction and analysis are being 
incorporated in ' new lab, but the 1988 analyses mayIe CIMMYT 
have to be conducted at another .;etwork facility if the CIt .MYT 
lab is not ready by year end. 

From the outset, CIMMYT has given high priority to associating 
developing countries with the network. This vas first rarilitated 
through C-IMMYT's role in developing a proposal with 
CINVESTAV-the Advanced Institute on Biote(hnology based at 
Irapuato, Mexico, on Maize RFLPs which is alread,J operational and 
funded by the Rockefeller Foundation. Also through the efforts of 
Dr. Rcardo Magnavaca from EMBRAPA, Br.izil has already in
dicated its intention to join the network, and will probably select 
aluminum tolerance/phosphate efficiency as the !'-ecific trait. 

Institutes frn, Developing Countries Involved with the Maize RFLP 
Network 

CINVESTAV, Iraputo, Mexico 
EMBRAPA, Sete Lagoas, Brazil 

In.an effort to share information on the status of the European net
work with colleagues in the United States and to explore interest in 
initiating a similar network in the United States, Dr. Ron Phillips 
co-organized with CIMMYT an informal meeting, hosted bv 
Agrigenetics at Madison in February of this year. Represern,,tives of 
several of the major public institutions working on m,:ize 
breeding/molecular bilogy attended and were sponsored by 
USAID; staff from Agrigenetics and Picne2r attended from 'Ihe 
private sector. I would like to thank USAID, and Dr. Brady in par
ticular. for the opportunity today to share with you more formally 
CIMMY'('s proposals for biotechnology and the status of the net
wok. It is my sincere hope that U.S. public and private institutes, 
which represent the world's major source of knowledge on maize, 
will be able to participate in a network that will allow tIbe global 
scientitic community and maize producers and consumers in the in
dustrial and developing countries to benefit fiora ycur expertise and 
the advances in moleculai biology 
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The Rockefeller Fcundation's International Program on 
Rice Biotechnology 

Gary H. Toenniessen, Associate Director 
and 
Robert W. H4erdt, Director 
Agricultural Sciences Division, The Rockefeller Foundation 

Introduction 

The goals of the Rockefeller Foundation's International Program on 
Rice Biotechnology are: 1) to assure that new techniques for crop 
genetic improvement based on advances in molecular and cellular 
biology are developed for rice, 2) to facilitate the transfer of these 
biotechnologics to rice breeding programs in the developing world 
for use in producing improved varieties .nat address priority needs, 
and 3) to help build the scientific research capacity necessary for 
continued development and application of new rice genetic im
provement technologies in selected developing countries. 

The Foundation's Trustecs approved the program in Decembe, 
1984 with the realization that a 10 to 15 year commitment of $3-5 
million/year rnight be required. Research at several laboratories 
began in 1985, and others have been added as the prograrn has 
evolved and expanded. Over 50 projects are now supported with 
collaborative research conducted by scientists from thro3ughout the 
world. Further expansion of the program in developing countries is 
anticipated. The program evolved from earlier Fouiidation work in 
agriculture and was designed keeping in mind principles learned 
from earlier programs. 

Building on Solid Foundations. The International Program on Rice 
Biotechnology builds upon and is a continuation of the Founda
tion's long-term commitment to promote more effective use of 
science and technology to improve food production and living con
ditions in the developing world. As early as 1913, the Foundation's 
International Health Board supported research to increase 
agricultural productivity in China as a means of improvinp the 
nutritional status of the population. 

From 1932 to 1959, the Rockefeller Foundation committed nearly 
$50 million to research in 2xperimental biology. Under the direc
tion of mathematician Warren Weaver, that program helped to 
bring the tools of mathematics, physics, and chemistry to the study 
of living organisms. This early research in biochemistry and 
biophysics was critical in laying the foundations for modern 

291 



molecular genetics. Dr. Weaver has even been credited with coin
i..g the term "molecular biology" (Kohler, Robert E., 1976 Minerva 
Vol. 14, No. 3, pp. 279-306). 

The Foundation's major international field research programs in

agriculture began in Mexico in 1943 under the leadership of J.
George Harrar. Initially, the research 
was diverse and expansion oc
curred on a country-by-country basis. As part of the Mexican pro
gram, high-yielding, semidwarf wheat varieties were developed byNorman Borlaug and colleagues. When tested in India and
Pakistan, the Mexican wheats performed well and were widely
adopted by farmers. Thus, it was shown that improved seed could
provide an effective mechanism for delivering the benefits of
science and technology across broad regions of the developing
world. 

To apply this same strategy, often referred to as a germplsrn-based
technology, to additional crops and additional countries, theRockefeller Foundation joined with the Ford Foundation in
establishing the International Rice Research Institute (IRRI) in thePhilippines, the International Center for Maize and Wheat Improve
ment (CIMMYT) in Mexico, the International Institute for Tropical

Agriculture (IITA) in Nigeria, and the International Center for
Tropical Agricultural (CIAT) in Colombia. The accomplishments of
these institutions have been impressive. High-yielding rice and

wheat varieties, for example, are now grown on over 55 million
hectares-or one-third of the area planted iothese cereals in the

developing countries. Funding for these international agricultural

research institutes and several others is now provided by many
donors and coordinated by the Consultative Group on International 
Agricultural Research. 

Despite the success of these institutes, it became apparent in the1970s that their research output often did not flow automatically to
national programs. To assist national agricultural research programs
in using institute technologies and in generating their own, the
Foundation established the International Agricultural Development
Service in 1975. In 1984, lADS was merged with two other
organizations to form the Winrock International Institute for
Agricultural Development which, now completely independent of
the Foundation, continues to provide services to help strengthen
national agricultural research programs. 

In 1982, a major review of the Foundation's agricultural program
was undertaken with the assistance of external consultants. These
advisors praised past accomplishments and recommended that tie
Foundation's agricultural program be continued but restructured 
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around three new thrusts. One would be a major commitment to 
research on the application of molecular biology to plant breeding 
in developing countries. This was a logical sequel for the Founda
tion's agricultural program, building upon previous investments in 
both fundamental biological research and in the development of a 
research capacity for crop genetic improvement in the developing 
world. The Foundation's trustees approved these recommendations, 
and the staff began the process of designing the program. 

Focus on Rice. In selecting a focus for a program that would apply 
molecular biology to plant breeding and direct the benefits to the 
disadvantaged in developing countries, Foundation officers sought: 
1) to identify an important need th-.t was not being addressed by 
others, 2) to attain a high degree of syiiergism amongst the various 
activities to be supported, and 3) to have a strategy which would 
allow for eventual Foundation disengagement. Three type,; of 
options were given serious consideration. One, suggested by the 
external review team, would have provided support for crop
focused programs at each cf severl selected universities. Each 
university would combine iolecular biology with plant breeding 
for its selected crop and establish linkages with the appropriate 
international agricultural research institute. 

A second option would have provided support for research con
ducted col laboratively by developed country and developing coun
try institutions on the molecular genetics of agronomic traits 
uniquely important for crop prodUction in the developing world. 
Resistance to maize streak virus would be an example. Under this 
option, Foundation support would focus on identifying and cloning 
genes thit could instill the desired traits. Development of the 
techniques for gene transfer would be left to others. 

The third option was to focus the Foundation's program oil a single 
crop and to develop a fully integrated program ranging from 
fundamental research through the application of new techniques in 
breeding, and including socioecononiic evaluation. 

Figure 1 and Table 1 indicate the type of assessments made in con
sidering these options. Figure 1 presents estimates of food crop pro
duction in the developing world oil a dry-weight basis. The cereals 
account for nearly three-quarters of the production, with rice alone 
accounting for one-third. Of the noncereals, cassava and sweet 
potato have the highest Third World production. The first column 
in Table 1 is based on Figure 1 and indicates relative production 
levels. The other columns were prepared following a survey on 
research being conducted on each crop and required a fair amount 
of subjective judgement. 
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Figure 1. Developing Country Food Crop Production 1982 
(edible dry matter) 
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Table 1. Priorities for Crop Focus of RF Biotechnology Program. 

Maturity 

Importance of 
Crop in LDCs 

of IARC and 
LDC Breeding 

Programs 

Sparcity of 
Biotechnology 
Research Effort 

Probability 
of Near-Term 

Success 

Rice ***** ** 

Cassava 

Wheat * *•, 

Millet ** ** 

Maize** **** ** 

Sorghum ** , 

Sweet Potato * ,,, 

Potato * • ** ,, 

. relatively high 
- relatively low 
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We believe an effective Rockefeller Foundation program could have 
been developed using any one of the three options considered 
and/or around any one or more of the crops listed in Table 1. 
Foundation funds are limited, however, and some focus was 
necessary. At the Rockefeller Foundation, this type of tough pro
gram decision is usually made by the Division Director and it was 
Alva A. App, then the Director for Agricultural Sciences, who 
recommended to the Trustees a comprehensive vertically integrated 
program focused on rice. Looking at Table 1,the ratiorale for 
selecting rice can be summarize(! as follows. In terms of production 
and consumption, rice is by far the most important crop in the 
developing world. Moreover, projections indicate that in the 1990s 
and beyond, in many developing countries growth in demand for 
rice will move ahead of its supply. Rice breeding programs are 
mature at the interna.tional centers such as IRRI and in several 
developing countries. There are even some who say :hese breeding 
programs are reaching a point of diminishing returns with regard to 
further improvements that can be made using conventional 
methods. Rice also turned out to be a highly neglectcd crop with 
regard to biotechnology. When we conducted the survey in 1983, 
we could not find a single research program in the U.S. or Europe 
studying the molecular genetics of rice. In the West there were 
only a iew modest research efforts on rice tissue culture. Even in 
Japan there was surprisingly little research on the molecular 
genetics of rice, flthough some Japanese universities and corpora
tions have since initiated such programs. The only category where 
rice did not score high was the one concerning near-term oppor
tunities. We realized that a program focused on rice would require 
a considerable investment of time, effort, and resources before 
significant results would be seen in the field. In our opinion, the 
other factors outweighed this concern. Moreover, there would be 
the option of working on other crops once the rice program had 
been established. Within the rice focus, a deliberate effort, des
cribed later, was made to balance priorities among traits that would 
be applicable in poor prodution environments and traits that 
would contribute most to increasing production. 

Wide Hybridization 

As an important component of the international program on rice 
biotechnology, the Foundation is supporting a significant expansion 
of the wide hybridization program at IRRI, including the work of 
Foundation field staff cytogeneticist Lesley Sitch. There are 22 
Oryza species, only two of which are cultivated. There are six 
known genomes, A-F, in the genus, including tetraploid species, as 
well as diploids. As indicated in Table 2, these wild Oryza species 
contain many desirable traits. The objectives of the wide hybridiza
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tion program are to 1) transfer useful traits from wild relatives to 
cultivated rice, 2) generate new variability for use in rice improve
ment, 3) transfer wide hybridization technology to national rice im
provement programs, and 4) lay the foundations for use of new
 
molecular and cellular techniques at IRR!.
 

Table 2. Agronomically Important Characteristics Identified Among the
Wild Oryza Species. 

Species 2n Genome Characteristics 
0. nivara 24 AA Grassy stunt virus 	resistance 

0. rufipogon 24 AA 	 Source of cytoplasmic male sterility, 
tolerance to stagnant flooding 

0. glaberrima 24 GLHAA resistance, early vegetative 
vigour 

0. barthii 24 AA Bacteria! blight resistance 

0. Iongistaminata 24 AA Floral characteristics for outcrossing 

0. punctata 24,48 BB,BBCC BPH, WBPFI, GLH resistance 

0. officinalis 24 CC BPH, WBPH, GLH resistance 

0. eichingeri 24 CC BPH, WBPH, GLH resistance 

0. minuta 48 BBCC BPH, WBPFI, GLH, blast and bacterial 
blight resistance 

0. australiensis 24 EE BPH resistance, drought tolerance 

0. brachyantha 24 FF 	 Rice whorl maggot and stern borer 
resistance 

0. ridleyi 48 - Rice whorl maggot resistance
 
Source: 
 Progress report prepared by Lesley Sitch and colleagues, IRRI, March 1988. 

The wild species of rice, by definition, do not normally cross with
cultivated rice. It is necessary to use a variety of techniques to
stimulate 	pollination, to nurture the otherwise abortion-prone
embryo through cell divisions to form a mature F, hybrid plant, to 
overcome sterility problems in the hybrids, an6, finally, to produce
a breeding line with desired new traits. Progress is being made in 
all these steps. 
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Numerous progeny from the second backcross of 0. officinalis to 
0. sativa show resistance to all known biotypes of brown planthop
per, as well as whitebacked planthopper. A gene for iesistance to 
bacterial blight was transferred from C. Iongistaminata to IR24. 
Hybrids have been rnade with the wild species 0. latitolia, 0. 
nivara, and 0. rutipogon as possible sources of genes that would 
increase the yield potential of cultivated rice. 0. perenni. and 0. 
rufipogon are being studied as possible new sources of cytoplasmic 
male sterility which could contribute to the spread of hybrid rice 
and hel ) reduce the potential vulnerability of hybrid rice produc
tion which currently has a narrow genetic base of cytoplasmic male 
sterility. 

Postdoctoral scientists from developing counti~es will participate in 
wide hybridization research at IRRI and facilitate transfer of the 
technology to their home countries. 

Developing a Knowledge Base and Rice Biotechnology Tools 

An Obvious early requirement for the Foundation's program" was to 
support research aimed at developing for rice the various mo!Ccular 
and cellular biology techniques, protocols, anild materials whic, 
constitute the tools of biolech nology research. In other words, it 
was necessary to get rice biotechnology research up to a level com
parable with Ibiotechnology research on maize, tomato, potato, and 
other crops important in developed countries. Our strategy for this 
component of the program was to encourage on iversity-based scien
tists in the dcveloped world who were at the fhref ro )t f research 
on plant m-olecular and cellular biology to make a signifi(ant com
mitment to research on rice. 

This suggestion was not always well received. Many scientists 
argued that work oin model plants was just as important and scien
tifically much more tiromi sinig. Others noted that the genetics of 
rice were so poorly understood that a common nomenclature was 
still lacking. At some land grant universities, faculty scientists 
heavily committed to work on other crops were discouraged by ad
ministrators from vorking on rice, a (ro)p that was not even grown 
in their state. Moreover, these same leading scientists had various 
other funding options. 

Fortunately, through continued discussio)ns, a suffiCiet number of 
these scientists Were attracted to the idea ofiworking on a crip 
plant that was a staple food for many of the world's iungry people, 
and of being part of a mnission-oriented research program that 
would seek to use their research results for the benefit of those 
people. An initial group of laboratories joined the program in 1985. 
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In most cases, however, it still took a year, sometimes more, to
work out routine procedures, like growing rice plants and rice cell
cultures, before real biotechnology research could be undertaken. 
Significant progress is now being made. 

Genetic Maps and Markers. One of the nearer-term uses of
molecular biology in plant breeding will be the development of
genetic maps and markers based on cloned DNA sequences. While 
not genetic engineering in the strict sense of the term, use of these
tools should enable greater and more efficient exploitation of both
the primary gene pool in Oryza sativa and the secondary gene pool
in other Oryza species. Markers will enable breeders to know
when introgreSsions of alien chrontin have occurred and whether
the genes for a particular trait are present in a progeny plant even if
environmental conditions do not permit their expression.

Foundation-supported projects in th;., area are noted below and
 
listed in Table 3.
 

Table 3. fiace Genetic Maps and Markers. 

RFLP Mapping of Rice and Tagging Important Genes 	 Cornell University, 
Steven Tanksley 

IRRI, Gurdev 
Khusl 

Analysis of Repeated Sequence DNA 	 University of
 
Georgia, Gary

Kochert
 

Genome-Specific and Species-Specific Probes OSTROM Institute, 
France; Gerard 
Second
 

University of 
Perpignan, Michel 
Delseny 

DNA Spacer Sequences as Species-Specific Probes 	 University of 
Missouri, Lynne 
McIntyre
 

CSIRO Division of 
Plant Industry,
Australia; Rudi 
Appels 

In situ Hybridization and "DNA Fingerprinting" 	 University of 
Missouri, Perry 
Gustafson 
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At Cornell University, Steven Tanksley and colleagues have recently
developed and submitted for publication a saturated genetic map of 
rice chromosomes based on RFLP markers. An RFLP, or restriction 
fragment length polymorphism, occurs ill a population of rice 
plants when a distinctive segment of DNA present in all individuals 
varies slightly in sequence from individual to individual, or 
breeding line to breeding line. By cutting total plant DNA with 
restriction enzymes, separating the resulting DNA fragments by
length using gel electrophoresis, and then probing the gel with a 
radioactively labeled coned segment of DNA complementary in 
sequence to the DNA at or near the RFLP locus, it is often possible 
to detect differences from breeding line to breeding line in the 
length of the fragments containing the RFLP locus. Such differences 
in fragment length provide an indicator or marker of inheritance of 
that section of DNA and the genes located on or near it. For 
breeding purposes, the best markers are those that give different 
fragment lengths corresponding to the greatest number of different 
rice lines. In practice, the selection of markers is an empirical proc
ess. Many DNA clones are tested as probes and those that detect 
RFLPs are selected as markers because they work. Further selection 
and culling is based on the need to fill tie gaps on the genetic 
map. 

The Cornell RFLPI map of rice now consists of 123 DNA clones ob
tained from Philippine variety IR30. Based on segregation analysis 
and use of primary trisomics provided by Gurdev Khush at IRRI, all 
123 markers have been assigned to linkage groups and positioned 
on specific chromosomes. All 12 rice chroniosomes are now 
marked by more than one RFLP marker, and the total number of 
map units exceeds that of the classical map. 

Collaborative research between Cornell and IRRI will continue in 
order to link the RFLP markers to genes for important qualitative
traits such as resistance to certain pests and pathogens. RFLP 
markers should be particularly useful in following genes for traits 
that are not routinely expressed or easily scored, and in pyramiding 
genes for traits such as pest resistance. In theory, any trait that can 
be scored can be tagged with RFLP markers. This includes quan
titative traits, and Drs. Tanksley and Khush will also attempt to use 
an array of markers to tag the loci of important quantitative traits 
such as drought tolerance. 

It should be noted that the RFLP map also benefits molecular 
biology. It allows any cloned rice gene to be located at its correct 
position on rice chromosomes. Furthermore, by providing reference 
points on the rice genome, RFLP markers may allow the cloning of 
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important rice genes by putting them within reach of molecular 
techniques such as chromosome walking. 

In this regard, Gary Kochert at the University of Georgia is conduct
ing research which complements and will extend the molecular ap
plications of the RFLP work at Cornell. He is conducting a 
systematic determination of the types of repeated sequence DNA in 
rice and will place these sequences on the RFLP map. Together, 
these studies will provide considerable insight into the molecular 
level organization of the rice genome. 

As noted above, wide hybridization is a painstaking and time
consuming process. One of the more difficult problems is detecting 
introgressions of alien chromatin. Th small size of rice 
chromosomes makes this particularly difficult, using traditional 
cytogenetic techniques. This is one of the reasons why wide 
hybridization for rice improvement had not been significantly ex
ploited. Molecular biology can now help by providing species
specific [)robes for assessing the extent of introgression of alien 
chromatin in wide hybridization-derived materials and determining 
its location on an individual rice chromosome. 

With Foundation support, a tean of French scientists led by Gerard 
Second at the OSTROM Institute in Montpellier, and Michel 
Delseny at the University of Perpignan are developing genome
specific probes within the Oryza genus. 

Similarly, Lynne McIntyre, now at the University of Missouri, and 
Rudi Appels at CSIRO in Australia are developing probes for DNA 
of wild Oryza species based on spacer sequences. Spacer se
quences are untranscribed segments of repetitive DNA which flank 
functional genes. The exact function of spacer sequences is 
unknown, but Appels and McIntyre have shown in Triticumn that 
many tend to be species-specific and dispersed throughout the 
genome. Preliminary evidence suggest that this is also true in 
Oryza. 

Perry Gustafson and colleagues at Missouri are seeking to use 
species-specific DNA probes to visualize alien gene introgressions 
under scanning electron microscopy. This in situ hybridization 
technir 2 will allow determination of not only the presence of 
alien genetic material but also its physical location on the rice 
chromosomes. Gustafson's group will also explore the potential of 
using "DNA fingerprinting" as a technique for studying the genetic 
makeup and origin of rice plants. 
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Steve Tanksley's laboratory at Cornell will serve as a repository and 
distribution center for all rice probes and markers produced partas 

of the Foundation's program.
 

Protoplast Techniques. The genetic manipulation of individual cells 
is an important aspect of plant biotechnology, but it is of modest 
value unless whole plants can be regenerated from the cells and 
protoplasts. As indicated in Table 4, the Foundation is making a 
significant investment in research on development of rice tissue 
culture and protoplast techniques. The goal is to attain efficient 
regeneration of whole plants from protoplasts in order to use proto
plasts as a vehicle for various genetic manipulations. 

Table 4. Research on Development of Rice Protoplast Techniques. 

University of Nottingham E.C. Cocking
Purdue University Thomas Hodges 
Max Planck Institute Horst L6rz 
University of Tsukuba Hirofumi Uchimiya
IRRI Javier Zapata 

In 1986, E.C. Cocking's group at the University of Nottingham in 
England was successful. They obtained efficient regeneration of 
plants from protoplasts of the japonica line Taipei 309. This was 
one of the first reports of plant regeneration from protoplasts of any 
cereal. The protocol has been extended to several other japonica
lines. In March 1987, a course was held at Nottinglham which pro
vided hands-on training in the regeneration protocol for 30 scien
tists from most of the other laboratories in the RF network. Each of 
the laboratories listed in Table 4, as well as others, has now 
reproduced and confirmed the Nottingham results. Research con
tinues at Nottingham and includes use of intra- and inter-specific 
protoplast fusion to transfer genes and produce new genetic com
binations including cybrids. 

Recently, Toni Hodges' group at Purdue has obtained plant 
regeneration from protoplasts of indica lines IR54 and IR52 and 
from U.S. variety Calrose 76 which has both indica and japonica
lines in its background. High yields of protoplasts are obtained 
from suspension cultures. When plated, these protoplasts resyn
thesize cell walls, divide to form small calluses, and, when trans
ferred to regeneration media, form green embryoid-like structures 
which grow into small plantlets. The plants still need to mature to 
test fertility, but they appear to be growing normally. 
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The focus of Hirofumi Uchimiya's research at the University of 
Tsukuba is on use of protoplast regeneration as a vehicle for 
genetic transformation. Like several other laboratories in the pro
gram, lie has shown that protoplasts will take up DNA and show 
transient expression of foreign genes. Dr. Uchimiya has further 
shown that the DNA is incorporated into the genome of these rice 
cells, passed on to daughter cells, and that genes on the foreign
DNA are expressed in the resulting callus. He has been able to 
regenerate plants from the callus and just recently informed us that 
lie has obtained transgenic rice plants. 

Genetic Transformation. The genetic transformation of rice through 
the introduction of alien or modified genes is one of the principal
technological goals of the program. In addition to the protoplast 
work described above, ALu)pport is being provided for research on a 
variety of other techniqUes, as indicated in Table 5. At the annual 
meeting of the Founri dtion's program, held at IRRI this past January, 
significant progress was reported. 

At the University of Ghent, Marc Van Montagu's group has shown 
that Agrobacteriurn vectors bind to rice cells and that rice induces 
the "virulence" functions of the Ti plasmid that are required for T-
DNA transfer. At the University of Leiden, Rob Schilperoort and 
colleagues obtained numerous roots at a wound site on rice seed
lings when the wound is infected with Agrobacterium rhizomes, 
suggesting that T-DNA iransfer has occurred. Both results suggest 
that Agrobacterium should be able to serve as a vector for gene 
transfer to rice, but this is yet to be confirmed. 

At Stanford University, Virginia Walbot's lab has demonstrated the 
utility of electroporation for introducing DNA into protoplasts, as 
have several other labs. Using electroporation, she is also introduc
ing DNA and obtaining foreign gene expression in rice mitochion
dria. Genetic transformation of mitochondria could be highly useful 
to breeders since it would enable them to move foreign genes in or 
out of a line by making a simple sexual cross. 

At Cornell University, Ray Wu's laboratory is experimenting with 
both protoplast uptake of DNA and use of a particle gun to deliver 
DNA to intact cells. Like Dr. Uchimiya, Dr. Wu recently reported 
that he has obtained transgenic rice via plant regeneration from 
transformed protoplasts. Thus, it appears that genetic transformation 
of rice has been demonstrated in at least two labs, but much refine
ment of the protoplast technique and further development of other 
techniques will be required before rice genetic engineering 
becomes a routine process. 
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Table 5. Research on Techniques for Genetic Transformation of Rice. 

Agrobacterium-mediated transformation 	 University of Ghent,
 
Marc Van Montagu
 

University of Leiden, 
Robert Schilperoort 

Washington State University 
Gynheung An 

Electroporation and other protoplast Stanford University,
 
uptake techniques Virginia Walbot
 

Cornell University, 
Ray Wu 

Others listed in Table 4. 

Electroporation of mitochondria 	 Stanford University,
 
Virginia Walbot
 

Particle gun delivery of DNA 	 Cornell University,
 
Ray Wu
 

Microinjection of protoplasts, ernbryoids, Univ. of California, Davis,
 
and inflorescences Bill Lucas
 

Max Planck Institute, 
Horst L6rz 

University of leiden,
Robert Schilperoort 

Liposome fusion 	 Univ. of California, Davis,
 
Bill Lucas
 

Cloning arid Chaiacterizing Rice Genes. The application of genetic 
engineering to rice genetic improvement will involve the introduc
tion of novel genes and/or the modification of existing rice genes 
and genetic syste-ns. To engineer a desired genetic change will re
quire understanding of the genes and gene products responsible for 
important biochemical and physiological functions. Moreover, the 
engineered genes will need to be expressed properly, in the right 
organelle, cell type, and tissue; at the right stage of plant develop
ment; and with appropriate response to various environmental 
stimuli. Identifying genes responsible for important traits and 
understanding the regulation of their expression in rice is a substan
tial research task. Listed in Table 6 are relevant research projects 
currently being supported as part of the Foundation's program. 
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Table 6. Cloning and Characterizing Rice Genes. 

ABA-induced genes Rockefeller University, 
Rice phytochrome genes Nam-Hai Chua 
Protochlorophyll reductase genes 

Plasma membrane ATPase genes 	 Salk Instilute, 
Protein kinase genes 	 Chris Lamb 

Genes for carotenoid biosynthesis 	 Yale University,
 
Alice Cheung
 

Glutelin genes 	 Washington State
 
University,


Prolamine genes 	 Tom Okita 
ADP glucose pyrophosphorylase genes 

Prolamine genes Kyoto Prefectural 
University, 

Glutelin genes K. Tanaka 

Waxy genes 	 Univ. of Georgia, 
Susan Wessler 

Nitrate reductase genes 	 Washington Sate 
University, 
Gynheung An 

Cold shock genes 	 Stanford University, 
Virginia Walbot 

Actin genes Cornell University, 
Alpha-amylase genes Ray Wu 

At Rockefelier University, Nam-Hai Chua and colleagues are study
ing genes regulated by the plant hormone abscisic acid and by 
light. The ABA work may lead to a better understanding of 
mechanisms behind drought tolerance and other traits that appear 
to be correlated with high levels of ABA synthesis. 

At Washington State University, research by Gyn An on nitrate 
reductase genes and Tom Okita on ADP glucose pyrophosphorylase 
genes may lead to identification of genetic strategies for improving 
the efficiency of nitrogen utilization and starch biosynthesis, 
respectively. 

Genes for rice storage proteins are being cloned and characterized 
by Dr. Okita at Washington State, and by Dr. Tanaka in Kyoto, 
Japan. The major rice storage proteins, the glutelins, are encoded 
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by at least three gene subfamilies, and the prolamines are encoded 
by at least two subfamilies. Current research is directed at determin
ing how these genes are regulated at transcription and translation, 
and the molecular signals responsible for intracellu'.; -,rting and 
packaging of the proteins. The goal is to enhance the nutritionai 
value of rice by increasing total protein and/or improving the 
digestibility of storage protein bodies. Up to 30 parcent of the 
storage proteins have been shown to be packaged in indigestible
forms in rice. Research led by Alice Cheung at Yale University on 
genes for carotenoid biosynthesis in rice is also aimed at improving
the nutritional value of rice, in this case by making rice grain a 
new source of pro-vitamin A compounds such as Beta-carotene. 
The genes for carotenoid synthesis are present in rice, as in all 
photosynthetic plants, but are expressed in photosynthetic tissue 
and not in tile endospe.m. Through genetic engineering, it may be 
possible to modify the regulation of these genes such that 
carotenoid biosynthesis ocLArs in the endosperm of rice, as it does 
in the case of yellow maize. 

Cae of the likely applications of research on the waxy gene of rice,
which is being conducted by Susan Wessle; at the University of 
Georgia, will be the identification of regulatory sequences which 
provide for high-level expression of genes in rice endosperm. Dr. 
Wessler is also using the waxy gene to study possible indigenous as 
well as introduced transposable elements in rice. The identification 
or introduction of a transposable element would provid2 a powerful 
tool for tagging and isolating importart rice genes. 

Diagnostic Tools and the Study of Ho,=t-Pathogen Interaction. Bac
terial blight and blast are two important diseases of rice worldwide. 
Cultivar resistance is often short-lived due to changes ;n the 
pathogens. As indicated in Table 7, support is being provided for 
collaborative research with IRRI conducted by Jan Leach at Kansas 
State University and Sally Leong at the University of Wisconsin on 
the pathogens causing bacterial blight and blast, respectively. Near
term goals are to 1) study the genetics of these pathogens and their 
ability to overcome resistance, 2) identify race-specific genes and 
develop probes for rapid race diagnosis, and 3) better understand 
the molecular mechanisms controlling pathogenesis. The long-term
goal is to use the knowledge generated to produce more durable 
resistance in rice. 
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Table 7. Diagnostic Tools and the Study of Rice-Pathogen Interactions. 

Research on Xan!homonas campestris pv. oryzae, Kansas State University, 
the bacterial blight pathogen Jan Leach 

IRRI, 
Hei Leung 

Research on Magneportha grisea (Pyricularia University of Wisconsin, 
oryzae), the blast pathogen Sally Leong 

IRRI, 
Hei Leung 

Novel Genes foi, Rice Improvement. Genetic engineering should 
make it possible to incorporate essentially any gene from any 
source into rice. Identifying alien genes which can instill useful 
traits in rice is an exciting and expanding aspect of the rice 
biotechnology program and of plant genetic engineering in general. 
Relevant research projects currently funded by the Foundation are 
listed in Table 8. 

Table 8. Novel Genes for Rice Improvement. 

Viral genes tor resistance to rice tungro John Innes Inst,,ute, 
virus Roger Hull 

Washington University, 
Roger Beachy 

IRRI, 
H. Hibino 

B.t. toxin genes for resistance to yellow IRRI and collaborators 
stemborer and other insects 

Maize gene for endosperm carotenoid Iowa State University, 
biosynthesis Don Robertson 

Wheat genes for inhibitors of rice weevil Kansas State University, 
amylase Gerald Reeck 

Apomixis in wild Oryza species 	 Univ. of Calif., Davis 
Neil Rutger 

Pennesitum genes for apomixis 	 Univ. of Georgia, 
Wayne Hanna 
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An exciting recent accomplishment in plant genetic engineering 
was the demonstration by several groups of resistance or tolerance 
to viral infection in transgenic plants containing viral genes. It 
should now be possible for many plant virus pathogens to identify
candidate viral genes which, when introduced into a plant's 
genome,, in instill this new type of "cross protection." With Foun
dation support, scientists led by Roger Hull at the John Innes In
stitute and Roger Beachy at Washington University are collaborating
with IRRI to characterize the rice tungro viruses at the molecular 
level in order to identify candidate genes for resistance to tungro
infection. Similar research on other rice viruses will soon be 
initiated. 

It has now also been demonstrated that transgenic plants expressing
toxin genes from Bacillus thuringiensis insecticides are resistant to 
insect feeding. There are hundreds of B.t. strains, and each toxin is 
specific to particular insect pests, with the Lepidoptera species
being the most susceptible. The Entomology Department at IRRI has 
initiated a research program to screen B.t. strains for toxicity to the 
yellow stem borer and other insect pests of rice. Once toxic strains 
are identified, they will collaborate with molecular biologists to 
isolate the genes for transfer to rice. 

Two projects are currently being supported aimed at identifying 
genes from other cereals which may be useful if incorporated into 
rice. One, led by Gerald Reeck at Kansas State University, seeks to 
isolate genes from wheat which code for inhibitors of digestive en
zymes of both the wheat and rice weevils, whose larvae infest 
stored grain. The goal is to isolate wheat genes which provide a 
good source of genetic resistance to weevils and transfer them to 
rice which lacks a good source of resistance to very similar weevils. 

The research program at Iowa State University, led by Don Robert
son, is aimed at isolating the Y1 gene from maize using transposon
tagging. The Y1 locus of maize is thought to code for a regulatory
element which allows carotenoid biosynthesis in the endosperm of 
yellow maize. The goal is to use the Y1 gene, or knowledge con
cerning its function, to turn on carotenoid biosynthesis in the en
dosperm of rice. 

The Foundation seeks to identify and support additional research 
aimed at identifying and isolating other novel genes with potential 
to instill useful traits in rice. 
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Setting Priorities and Analysing Inipacts 

Shortly after the International F'rogiaii on Rice lBioteltIlogy ',vas 
initiated in 1985), the IFflndaltjn began 11,i-llou,' a,se"llient of 
the agroioiic trait, that ,houl reuive tpioiity. 

Ihe process of s(ettilig p ic itie-, ( rI,'-,ite' 01 1ft listing all the 
potential I)io)lIins that afif(,ct rice ,vhi( h (ould he Idle ssedi tising
biotechnology. Itmr each problem, niimnportuice wereOilnatl< 
made using several criteiia. )o (collideiItiei l l the reognition 
that the benefit,, Of nev 'rodoc tion tWb(hcj i, ri0t olily to 
producers throutgh redu( tion, in ,. 01 Iiodu ill)'rice, but alsotIhd(st 
to constnler , throtigh ( ii(tiow , in Ii,, I)i( ( l)it chased rile. 
Only I)rO L , vI,,,hr i ll cart1 l( l(1 itwho m .i Iw\w lt loh gy t t1dltil 
through Iowei ( o,'-, o tll' llticlulii t\1)i' O telliitol.i( 11itlOVa
tion ;s iltil))rhu11t. F(I tlt('te O.,itiu hiitm oildh reas llogit ',tha 
solve rice I)rONhlti s tsing" little oIf [o capital ilive tent Or i)tlr 
chased illptits <in(1 which afectcel i lge Ii,, of ThiiVWorld rice 
farmors liave higher !iirity tuIioteclnologies reqtuiring IMri 
c:hased iliuut< ,ir \) hi hl ( l n1v he aloltcd Iy i f\\ Iarillers. 

-
A n o th e r ( ( ml.,iu~ oii ''< th We \ tj (tWd I )bl) bili til < 1 l (udh li . W t\, dtal 

tioitethiiiC(5 I, ' tI (il 0ni dilliisllo\ 1 poiHtul e (e sfuilly 
developed NlOWig l,. te d illother way,Ioe( hioogy tlit 
this criterio is the estimated leigti l time it wnluld take to 
develop a t.t lllo)h,; to sol\ve eah fpll hnli. lii-I conlh(,'e t\V() 
siderations ptila!ily retl ( tlioull iilt''lrs, -,t. 

A third coidsileration k the (iuantily 0i1idditional rice that woUld 
be prodl(me dLe to a given hi:.)technology. Ilii prii-arily reflects 
consum ers' iitctr(t5l. If public I)olicie,, sLc l, Ili i eo , lj)ports, 
which cal preveli eftic ienicy gails of teichnologic~al clange from 
benefiting (uoitstlllersale not0inplemented, ill consumers gain ini 
I)roportion to th quantity Of ri e they consume. From the con
sumers' viewt)oiit, the mst iltiportant aspe(t of a potential
biotechnology is the additional rice it will lproluce and the 
resulting price rectl i l. 

Finally, desired traits that have Ibeen lelatively dtfticuh! to introduce 
Usirig Conventio ll ipproaches were given higher priority than traits 
easy to ntrOdnCte with conventional apltroat hes. 

A system of "weights" associated with eai(h problem or technology 
was provided so that f)roblenis affecting the mot deserving farmers 
and technologies witli positive environmental inlpa_ s coUhld be 
given greater priority. The weights are, of Course, arbitrary, but they 
can )e LIsed to illustrate the effect different configurations of 
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research priorities are likely to have on consinlers and on variouS 
categories of producer,. 

Technologies acl(he(,5in2, tulolel., in (iu)land coruditions were given
"'e(ilityweights" of 3, those for d(eejp-water and rain-fed lowland 
conditions, weight, of 2; and thoe for irrigated conditions, weights
of 1. It was assumedi that $0.2 Million would he iovesled on each 
problem aallyllY. A social rate of time preferer "e.va,used to dis
count the expected weighted ( )t', andt benefits Of solving each 
problem from the year o expected Ynltltioln to the pr('S('nt. 

Ilrohleil, efl(tti(elvS xfldre's(,s( by (IonventioriiI aptpllo lies were 
assigned "biotecihnly rotlential" o,(ofe,,. fProhrlenis or 
which the likely (,tf(,( tivene-, Of iOtW( hnolo,v is Luiknown were 
given scores of I. Problem for wvhi( h ( ouentional approaches 
have been ineffe(tive evei, with heI\,\ iiv t'tiients, were given 
score of 2, a,, were troblim, Iwr whi Ii the'rw are indications that 
biotechnlogy a y otft ,e( iilly etttiv( ipuiches. ,\n ag
gregate lbiotec(ology ip tential Murt a,( derived by multiplying 
the score of conventional a lppro by the c(or for 
biolechnological ip)Imiclies. 

Table 9 sho s toilr aIlt(rnitive priolity It linrg<h0l t11 08 )Oll)hris 
inclide(I infte anlysis rai( ,d !' ortho, t() (1) (:rent valuie Of 
rice lostt (t,1(1i pirobleir (or1 ot I)(t <l I)(0lt1s'e Of ealch unlet 
oppolrunity Ifor rliing ipotentiil prod(tivity, (2) (irent value (f 
OLtI)It lost, (ljLJSttd hV' euity weights; ( ) t Wet(llity-weighted 
\,allue of jI(t, itsNut r(s0il \aliue; (4) theoutput (dkcoulMited to 
equiity-weighimd NlV mdltiplied by the h)iote hnIologv potential 
score for each. 

rs, rl(M1i, 
I)lotlictiviti tItt arfeWiriht(l iong cIlass" and 

Data in the tabl)h, arte ii riillion tloll r ilig increases in 
l (of prodLcers

CO11su/ll1ers in (m)ril)ht\ patterns. Zero Or n(egativ( values at the bot
toi of the first ranking mean that those t)rol)heri were each 
estimated to resull in in(rTad r(Iroductiofn Valued at less than the 
discounted NPV of $0.2 millioin anlh[ research (ot. Comparing 
the ranking l)et'een (iltinrrr giv\', an idea of lhe effect that apply
ing the Slp( ified weigit" 'nd otiihnollogy potential scores has on 
the ranking,. 

The results Of this alnalyis indictie that tle Ir)olems tlhat are 
widespread and highly yield-limiting in any of the agroecologies 
and for which there is a reasonable 'hance thail canbiotechnology 
provide a ()lutioll shouil he addressed Isilig iniotechnology. 
Amonl the iiisect pests, tieihighest priorities inc:lude gall midge, 
brown planthopper, yellow sternborer, Ival"folder, storage insects, 
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Table 9. Rank Ordering of Research Problems by Alternative Criteria. 

Value of Output 
Foregone (mil $) 

Equ'ty-Weighted Value of 
Output Foregone (mil $) 

Equity-Weighted 
(Mil $) 

NPV Equity-Weighted NPV 
BT Potential (mil $) 

Weeds 1699 Upland drought/blast Brown planthopper 1944 Tungro virus 6905 
Tungro virus 1534 & iron deficiency 8537 Tungro virus 1726 Yellow stemborer 3781 
Upland drought/blast 

& iron deficienc', 1423 
Tungro virus 
Weeds 

7907 
7103 

Gall midge 
Greater lodging res. 

1292 
1228 

Gall midge 
CMS 

258?. 
2322 

Greater lodging res. 
Brown planthopper 

1092 
1059 

Brown planthopper 
Gall midge 

5361 
4216 

CMS 
Upland drought/blast 

1161 Upland drought/blast 
& iron deficiency 1962 

CMS 
Submergence 
Gall midge 

1032 
750 
704 

CMS 
Greater lodging res. 
Yellow stemborer 

3335 
3106 
2918 

& iron deficiency 
Yellow stemborer 
Submergence 

981 
945 
842 

Brown planthopper 
Submergence 
Greater lodging res. 

1944 
1685 
1228 

Birds 
Yellow stemborer 
Seedling vigor 

601 
516 
481 

Submergence 
Drought at anthesis 
Birds 

2608 
2156 
2050 

Weeds 
Seedling vigor 
Birds 

718 
540 
412 

Seedling vigor 
Ragged stunt virus 
Drought at anthesis 

1080 
621 
575 

Drought at anthesis 421 Apomixis 1775 Cold at seedling 310 Waterlogging 524 
Apomixis 402 Seedling vigor 1753 Drought at anthesis 288 Leaffolder 400 
Cold at seedling 278 Bacterial blight 1261 Apomixis 275 Weeds 359 
Bacterial blight 
Waterlogging 

246 
235 

Cold at seedling 
Rodents 

1018 
982 

Bacterial blight 
Waterlogging 

274 
262 

Sheath blight 
Cold at seedling 

336 
310 

Coastal saline and Waterlogging 885 Coastal saline and Apomixis 275 
acid sulphate 

Rodents 
230 
223 

Coastal saline and 
acid sulphate 783 

acid sulphate 
Sheath blight 

256 
168 

Coastal saline and 
acid sulphate 256 

Crabs 209 Storage insects 770 Storage insects 158 Birds 206 
Sheath blight 152 Sheath blight 767 Ragged stunt virus 155 Storage insects 158 
Storage insects 
Ragged stunt virus 

143 
141 

Ragged stunt virus 
Crabs 

703 
682 

Rodents 
Crabs 

151 
141 

Bacterial blight 
Blast 

137 
135 

Leaffolder 
Hispa 

92 
88 

Hispa 
Grain discoloration 

508 
495 

Striped stemborer 
Whitebacked hopper 

132 
121 

Striped stemborer 
Whitebacked hopper 

132 
121 



Table 9. Rank Ordering of Research Problems by Alternative Criteria. (cont.) 

Value of Output 
Foregone (mil $) 

Equity-Weighted Value of 
Output Foregone (mil $) 

Equity-Weighted NPV 
(mil $) 

Equity-Weighted NPV 
BT Potential (mil $) 

Grain discoloration 
Striped stemborer 
Whitehacked hopper 
Blast 
Drought at seedling 
Alkaline soils 
Sheath rot 
Mealy bug 
Grassy stunt virus 

80 
73 
67 
63 
60 
59 
28 
26 
26 

Leaffolder 
Striped stemborer 
Blast 
Whitebacked hopper 
Drought at seedling 
Alkaline soils 
Mealy bug 
Sheath rot 
Grassy stunt virus 

479 
416 
392 
338 
308 
221 
152 
138 
129 

Leaffolder 
Blast 
Alkaline soils 
Hispa 
Grain discoloration 
Drought at seedling 
Sheath rot 
Grassy stunt virus 
Leaf scald 

100 
68 
63 
57 
52 
38 
28 
26 
21 

Grain discoloration 
Rodents 
Drought at seedling 
Crabs 
Alkaline soils 
Hispa 
Hoja blanca 
Sheath rot 
Grassy stunt virus 

104 
75 
75 
71 
63 
57 
29 
28 
26 

Leaf scald 
Grain-sucking bugs 
Iron deficiency 
Iron/mang deficiency 
Thrips 
Armyworm 
Hoja blanca 
Green leafhopper 
Ufra 
Udbatta 
Ants 
Aluminum toxicity 
Diopsis 
Whorl maggot 
Caseworm 
Yellow mottle virus 

21 
21 
17 
13 
12 
11 
9 
6 
6 
6 
4 
3 
3 
2 
1 
1 

Grain-sucking bugs
Leaf scald 
Iron deficiency 
Thrips 
Armyworm 
Hoja blanca 
Iron/mang toxicity 
Udbatta 
Ufra 
Green leafhopper 
Ants 
Diopsis 
Aluminum toxicity 
Whorl maggot 
Root nematode 
Yellow mottle virus 

123 
112 
83 
68 
66 
60 
51 
34 
34 
31 
27 
17 
12 
12 
5 
5 

Iron deficiency
Mealy bug 
Iron/mang toxicity 
Grain-sucking bugs 
Thrips 
Green leafhopper 
Armyworm 
Hoja blanca 
Udbaita 
Ufra 
Whorl maggot 
Diopsis 
Aluminum toxicity 
Ants 
Grain processing 
Grain quality 

16 
!5 
11 
10 
10 
9 
9 
7 
3 
3 
2 
0 
9 

-1 
-2 
-2 

Leaf scald 
Grain-sucking bugs 
Armyworm 
Iron deficiency 
Mealy bug 
Iron/mang toxicity 
Thrips 
Whorl maggot 
Green leafhopper 
Ufra 
Udbatta 
Aluminum toxicity 
Diopsis 
Ants 
Early maturity 
Grain quality 

21 
21 
17 
16 
15 
11 
10 

9 
9 
3 
3 
0 
0 

-1 
-2 
-2 



Table 9. Rank Ordering of Research Problems by Alternative Criteria. (cont.) 

V3 lue of Output 

Foregone (ril SO 
Equtits-Weighted Value of 

iutput Foregone tmil S 
Equity- \Weighted 

niil S) 
NP,' Equity-Weighted NPV 

BT Potential (mil S) 

• 

Root nenatode 
Black bug 
,o!p cricket 

H-igl temperature 
Grain processing 
Crashpper 
Aid sulphate soil, 
White grubs 
Vitamin A 
Peat soils 
Acid soils, 

Browvn -spot 
Naranua 
r.oot aphid 
Seedling, maggot 
Cod at dntttesis 
Grain quality 
Leaf steal. 
Early maturity 

C a.snrm 
Fiat k !ue 

'.; .". 1ecricket 
i-a.h temperature 
(rain process,.ing 
( happer 

u .Acid Qol. 
I Vhile grubs 
) \ itan ', A 

G, P at 'oilh 
. ' Ceding mago-)t1 ..-
R(Root l)hid 

() ,"-Nardnga 
0 Arm <ulphate soil-
it Earl mtIlurity 
(3 Cold ai atlesis 
0 Grain quality 
0 Bro'.n spot 
0 Leaf streak 

, 

5 Casr,,.r 
," l mottle virus 

3 't k tug 
(I tiinu maggot 

l-
eoa 

(I Cn)d It anthei. 
V)Vitamin 
Br,'n pot 

f) Vhe Ir'M, 
., id -oiL 

FFar!\ ntaturitv 
,' ot rtnrdI 

I ri(ket 
' Fih templ.erature 
( Grishopper 

AVd tuilplmte soils 
0 Naranga 
0 Root aphid 

-2 
-
--
-3 

i-
--.t 

3-
-

-
---_i 

-i 

-

-4 
-4 
-4 
-4 
-4 
-4 

Grain processing 
Black hug 
fBrssn ,pot 
Crld at anthesis 
VVitarin A 
\\ hite grubs 
Leaf twak 
-( id -oil 
Pe'it soil. 
Poo etnematode 

o r"lole ,ricket 

Root aphid 
i i temp rature 
.aranga 

.-Vid suljphite soils 
Gras,,r'pper 
Seedlira maggot 
Case, orm 
Yellov. mottle virus 

- 2 
-3 
-3 
-3 
-3 
-3 
-3 
-3 
-3 
-3 
-4 

-4 
-4 
-4 
-4 
-4 
-6 
-8 
-9 



striped stemborer and ruce hi spa. Amni g me d e&ses, the hi glest 
priorities includIe trrngru \'irtis, raigged stnti \'imsr, llt (if at the 
same time a greater degre-e ot uplnd diourght tt)!erdv(1Q,ca 1 he inl-

Vrd rUa~i Highltjur,tin In eigiprigh t.' Amrn hysiecalell 

t(;lerinue Io tinshloomuk, lokl(e to) '%attrlflg4( ( oriotnllS oI 
coliir 'lglIdnnrt \di ot(f -3 tceleth, trpirnn rWugt tole4-rPn, 

stage. Amnong tli )s'tiwii~ for r'insing tiottllti,!I p)Mdi'ity' ire 
gve(ate,- Indgitig oltnc'9 \0ophiil:Oi( IsterilIity', greaiter seePd
hulg vIg~or, 111( npor ii i!ioniul torobhilnn U1ha1 'ire iniginr 

iinwuI1 (At(()rII(d 0' (ill Wid hinds. H()o'thr oslio ilIN' imlll
t ll ill ,\tnj , . lOW 11 ''JVOnLIJ)hIiln lineL'I&. '.\I 'thi 

()I Ih ni tini ior
 
I I 1mat ig ther 1' 'I i I i i rjt0 n "i>OHR ddn-Iosed to 


-1-11nol 01 - i ' ' d( 1)0 11~ iti gtuild 
r ien

tifyiig~'nr 00 t\'ih theelw r liml( (I,11e 10, but ilhociin 

labk. 10. Ra nk Order io V'iiorit y raits for the Rochefeller 1-oundat ion's 
?irve iiote( tuoooy Proogranm. 

Re i im il imki ll w 

I olelam 

Co]t Irim itig~~kooi~ 


ITrjetrnro tnl iihilal c ndtin 

Re t i llj5le Il 

Rosi,,tmio, to ts)1(1,1 

tkrs'strrrn'
(ctoiritned ,!eotbor 
Re-,simrrn to)whiitetiiiked t)thttoppter 
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-The estimates of area and yield lost to each problem for Latin

America, the Middle East, and North Africa are 
purely nominal;
estimates of experts familiar with thohe areas must be obtained, 
as well as better data for the other regions. 

-The estimates of success wit.h conventional approaches and the 
potential for biotechnological solutions need further improvement,
and, in fact, the latter will change as researchers discover new 
ways to use the evolving tools. 

-The use of arbitrary weights to reflect environmental and equity
considerations leaves much to be desired. At the least, additional 
experiments on the model to discover the effect of alternative sets 
of weights will be conducted. 

-Alternative approaches to incorporating the equity and en
vironmental dimensions will be sought, as well as practical alter
native ways to reflect the fact of diminishing returns to research 
on individual problems. 

It is not always easy to predict the impact of technological change, 
as illustrated by the "unintended consequences" that have been 
identified with the Green Revolution. A part of the rice 
biotechnology project isdirected at generating a more complete
understanding of the consequences of technical change. This in
cludes a series of research projects in China, India, Indonesia,
Bangladesh, the Philippines, Thailand. and Nepal (Table 11) that 
compare areas where semidwarf rice varieties and fertilizer have 
been widely adopted with areas in similar socioeconomic condi
tions where the new technology has not spread widely. Emphasis is 
on the differential impact of the technical change on the factors of 
production including careful examination of differences in labor 
migration, wage rate changes, land rental and sales, and capital and 
input use. 

Preliminary analysis indicates that in a number of countries labor 
has migrated from nonadopting to adopting areas, and agricultural 
wage rates have increased in the same proportion in both adopting
and nonadopting areas. Because similar analysis is being conducted
in a number of countries, it should be possible to determine the in
teraction of technological change with socioeconomic conditions. 
Researchers will be challenged to consider what agronomic traits 
might be incorporated in rice to have the optimal socioeconomic 
impact. 
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Table 11. Setting Priorities and Determining Impact. 

Future supply and demand for rice 

Priority traits for rice biotechnology 

Technological change in Nepal's hill 
agriculture 

Differential impact of new rice 

technology in Thailand 


Differential impact of new rice 

technology in India 


Differential impact of new rice 

technology in Bangladesh 


Differential impact of new rice 
technology in Indonesia 

Differential impact of new rice 
technology in China 

Methodology for the study of the 
ditferential impact of new rice 
technology 

International Food Policy Research 
Institute, 

Howarth Bouis 

Rockefeller Foundation,
 
Robert W. Herdt
 

Cornell University and IRRI,
 
Krishna Belbase
 

University of Khon Kaen and
 
Kasetsart University,


Sarun Wattanutchariya
 

Indian Statistical Institute,
 
Sudhin K. Mukhopadhyay
 

Bangladesh Rice Research Institute, 
Bangladesh Institute of 
Development Studies;

Mahabub Hossain 

Center for Agro-Economic Research, 
Faisal Kasryno 

Gadjah Mada University,
Tumari Jatileksono 

Rural Development Research Center 
Justin Yifu Lin 

IRRI, 
Cristina David, Keijiro Otsuka, and 
Yujiro Hayami 

Building Capacity in Developing Countries 

Initially, a major portion of the Foundation funding committed to
the rice biotechnology program was used to support research in ad
vanced laboratories to assure development of the knowledge base 
and technologies required for the genetic engineering of rice. Prog
ress has been made in gaining that knowledge, and a greater por
tion of the funds will now be used to facilitate transfer and use of 
new rice improvement technologies in the developing world and to
help build the scientific capacity for further development of rice 
biotechnology in selected developing countries. This includes sup
port for research and a major commitment to training. 
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A substantial effort has been and continues to be made by the In
ternational Rice Research Ilstitute in the Philippines to develop and 
maintain a productive network of rice reser(hers throughout the 
world. IRRI scientists Constitute a key central (oniponent of the 
Foundation's rice biotechnology program by collaborating in both 
applied and basic research. The work of IRRI helps to assure that 
research supported by the Foundation is relevant to priority n(,(,ds 
of developing countries, alld that the reults and benefits, of the 
research reach those countries. CIA1 plays a similar role in Latin 
America and IITA in Africa. 

Since 1985, the Foundation has been providing Support to rice 
breeding programs at the institutions listed in Table 12 for research 
ol the use anid improvement of biotechnologies such as anther 
culture that can he applied today. With completion of the RFLP 
map, ant important new research technology will soon be available, 
and plans are currently underway for appropriate workshops and 
facilities to permit its transfer to the developing world. We are also 
in the proces of identifying several more national rice research in
stitutions which will be invited to join the program. 

Fable 12. Use of New Techniques for Rice Genetic Improvement. 

China National Rice Rcse,arch ln~i tute, I langzhou 

Korean RurL IDevelopmnent Adminiitration, Research Bureau 

Shanghai Academy of Agricultural Sciences, Clin 

Internationa! Rice Research Institute, Philippines 

International Center for Tropical Agric-ultur (CIAT), Colombia 

Last year, the Foundation initiated discussions with officials in 
China and India concerning opportunities for a significant expan
sion of Foundation support for rice biotechnology research in those 
countries. It will include research and training oi the knowledge
generating and technology development aspects of the program, as 
well as applications in rice breeding. We believe that Chinese and 
Indian scientists will make important contributions to all aspects of 
the program, and we anticipate that the resulting national rice 
biotechnology programs will, over time, assume more and more 
responsibility for further development and refinement of rice 
biotech no logies. 
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Arrangements for implementing this new phase of the Foundation's 
program are proceeding most rapidly in China. The Foundation has 
signed a Memorandum of Understanding with the China National 
Center for Biotechnology Development (CNCBD) of the State 
Science and Technology Commission for a cooperative program 
entitled "Biotechnolotgy Development for Rice Improvement.'
CNCBD, which has national responsibility for structuring, pro
moting, and supporting biotechnology initiatives in China, does not 
itself conduct research but rather works through existing Chincse 
research institutions to accomplish its goals. Last year, a call for 
proposals from Chinese scientists with competitive evaluation by in
ternational professional peer review led to the selection of 23 
research proposals at 15 inustitLtions as the initial group par
ticipating in the Chinese component of the program. CNCBD and 
the Foundatioll share research funding and oversight respon
sibilities. Participating institutions -Ire eligible to nominate their best 
young scientists for Rockefeller Foundation predocioral, post
doctoral, and ( ar,_* r developlment fellow,,ships. 

In India, officials of the Department of Biotechnology in the 
Ministry of Science and lethirolog.' and of the Indiarn Council of 
AgricIltural Research inaVe e\pressed enthLsiISII for Foundation 
assistance in e~tablihing a similar coordinated national program on 
rice biotechnology. Discussions are currently underway concerning 
the details. 
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Biotechnology and Donor Opportunities: Experiences in 
India 

Kerri-Ann Jones 
Biotechnology Advisor 
USAID/New Delhi, India 

It is generally accepted that biotechnology holds especially great
potential in the developing world. Having acknowledged this fact, 
how do those interested in development begin to support this com
plicated and continually evolving area? Initially, it is important to 
develop a list, matching technical advances with developmer, prol
lems. Once the list is established, the next step is to identify
priorities. What topics should be targeted? Thanks to numerous
 
meetings and worldwide discussions, this phase is of identification
 
and priority setting is well underway.
 

It is now time to take a broader view of biotechnology as it 
becomes entrenched and its potential begins to be realized. Prod
ucts are beginning to move into the marketplace. This article at
tempts to provide an overview of donor opportunities by looking at 
biotechnology in its entirety. It suggests the kinds of programs that 
are needed to support the application of biotechnology to develop
ment problems. The discussion includes descriptions of experiences
in India, where many programs are being put into action. 

It is hoped that the reader's conclusion drawn from this article will 
not be one of frustration with an overly complicated subject but 
rather one of excitement at the possibilities and challenges ahead. 

The Big Picture 

In order to discuss the opportunities for donors in biotechnology, it 
is necessary to have a clear and complete view of this complex 
area. As it encompasses the entire spectrum from basic research to 
marketing, it presents a multitude of possibilities. In presenting such 
numerous possibilities in varying areas, biotechnology is a new 
kind of crosscutting theme for development experts to consider. 

Biotechnology can be viewed as the intersection of a number of 
scientific disciplines. The recent rapid advances are the results of 
incremental discoveries in biology, chemistry and genetics. The 
transformation of these discoveries into useful technologies is 
dependent on production engineering. Finally, the use of a new 
product in society requires the interaction of scientists, research ad
ministrators, government officials and entrepreneurs. 
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In a development context, biotechnology can also be described as 
the intersection of multiple approaches and efforts. Some of these 
are traditional elements ef development programs, such as institu
tion building and training. These are fundamental components of 
many development projects and are essential in biotechnology,
which is based on technical skills. Efforts in these areas I Id on 
long-term support to improve a country's research capacit',; for ex
ample, in agriculture or health sciences. 

Biotechnology also encompasses other approac>-!. to development, 
such as stimulation of private enterprise and trade and investment 
concerns. These recently rediscovered elements of development
strategies will clearly be affected by growth in biotechnology. The 
establishment of a biotechnology industry will add another facet to 
the private sector, as well as stimulate already existing industries. 
Biotechnology also presents excellent opportunities for trade and in
vestment. New products for worldw;:.e export and joint venture 
possibilities are numerous. 

In order to be useful, biotechnology must move fron the laboratory
into the field. This is especially true in development programs, 
which seek to improve the well-being of the largesi number of pvu
pie. The mechanismsfor movement vary. Products maN, be 
distributed through government programs or commercialization. The 
method is basically unimportant, as long as it works and the results 
are finally put to use. 

A simplistic description of the biotechnology pathway is: 

RESEARCH -- > PRODUCTION. 

This is, of course, a most naive view and it has been responsible
for much of the overselling which has plagued biotechnology. The 
actual steps through the cycle in biotechnology are similar to those 
in any research and development endeavor (described in Figure 1).
A problem is attacked at the basic research level, moves to applied
research, then through development, testing and production. The 
cycle is complete when the product can be used in the field by the 
general public. This process is ongoing. It continues as the feed
back from product use reveals needs and leads to refinernents. 
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Figure 1. 

BASIC RESEARCH 

MARKETING APPLIED RESEARCH 

PRODUCT 
DEVELOPMENT 

PRODUCTION 

PRODUCT TESTING 

The cycle can be divided into two general categories: those con
cerned with research and those concerned with utilization. 
Although the steps can be easily defined, none of them can be 
viewed as a certainty or problem-free. Each requires Fpecific skills 
and timp. In the early days of biotechnology, the time factor was 
often underestimated. Many of the neccssary skilkc, require a 
mixture of old and new technologies; for example, plant breeding 
and cell I)iology, or fermentation technology and molecular 
biology. 

In addition to the basic steps outlined above, biotechnology is sur
rounded by a constellation of issues that are as important for move
ment as any technical skill. Figure 2 depicts the more complete 
view of biotechnology. 

The concerns and requirements surrounding biotechnology include 
laboratory safety guidelines, intellectual property rights, en
vironmental releases, quality control and public education. These 
have arisen as a result of the new methods and types of products 
that are becoming available, the most significant method being 
recombinant DNA technology. 

As the initial steps in biotechnology have taken place at the 
lalboratory bench, it was necessary to determine the safety of the 
newv techniques. Consideration of safety in biotechnology began 
with the Asilomar Conference in 1975, which led in the U.S. to the 
NIH Recombinant DNA Advisory Committee and the NiH 
Guidelines. As more experience has accumulated, these Guidelines 
have been revised and they have been accepted as worldwide 
models and standards for laboratory procedures. 
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Figure 2. 
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As the commercial potential of biotechnology became glaringly ob
vious, the question of ownership became an issue. Who owned the 
ideas and the new products? What was patentable? Environmental 
questions arose as products needed to be tested in the field. Qual
ity control procedures for new kinds of products, such as 
monoclonal antibodies, needed to be developed. 

Regulations are being developed worldwide, and discussions in in
ternational forums are increasing, including working groups in 
OECD, NATO and UNIDO/UNEP/WHO. Most countries are wrest
ling with these issues, interpreting old procedures and standards 
and establishing new ones. For example, in the U.S. the first 
genetically engineered animal has recently been patented. 
However, the possibility exists that there will be a moratorium on 
future patents of this kind, as many groups feel that this policy has 
not been adequately reviewed.1 

The importance of public education in the use of biotechnology has 
become increasingly apparent. The private sector has learned the 
value of discussing product testing at the community level, as local 
opposition to proposed testing has resulted in delays. As govern
ments explore and define their levels of support for the new 
technologies, they are seeking to educate and determine public 
opinion. One such effort is a background paper on "Public Percep
tions of Biotechnology" prepared by the Office of Technology 
Assessment of the U.S. Congress. 2 
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India has a solid and expanding scientific infrastructure, with one of 
the world's largest scientific communities. By 1990, it is anticipated
that India's scientific community will number 3.1 million. In1987,
India devoted 1% of its GNP to research and development and 
related science and technology activities.3 However, despite these 
impressive statistics, India remains confronted by many basic 
development problems. In 1984-435, over 35% (36.9%) of the 
nation's people were living below the poverty line, defined by
India's Planning Commission as unable to provide themselves with 
the minimum requirement of 2400 calories per day. 4 

The Government of India recognized early the importance of 
biotechnology for both continued scientific growth and their attack 
on developmental problems. In 1982, within the Department of 
Science and Technology, a National Biotechnoluey Board was 
established. In 1986, this Board was expanded and elevated to the 
level of a separate department within the Science and Technology
Ministry. The Department of Biotechnology has identified six areas 
of activity. These aie: manpower development, infrastructure 
facilities, research and development programs, technology missions,
science and technology missions, and international collaboration.5 
The identification of these areas parallel activities in most countries 
as they approac- biotechnology. First, adequate facilities and skilled 
individuals mus. be established and given ongoing support. Follow
ing this, projects of importance to the country are identified. In 
India, one of the Government's technology missions is to increase 
production of edible oil to overcome current severe shortages,
which have forced India to rely heavily on imports. The Depart
ment of Biotechnology isactive in this mission, supporting research 
in plant tissue culture for the micropropagation of high-yielding 
types of coconut oil and palm oil. 

The largest item in the DBT budget is biotechnology research. In
cluded under this item are training, infrastructure facilities, projects
and R&D units for product generation. The last activity indicates 
that the Government of India realizes the necessity of supporting
the entire spectrum of biotechnology. For example, DBT is support
ing the development of the National Biochemical Engineering
Research Center/Pilot Plant. The purpose of this institute is to 
"bridge the gap between laboratory findings and an industrially
viable fermentation process." ' 6 Also funded under this category is 
the National Biotechnology Information System, a national com
munication network. 
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The majority of biotechnology proposals submitted to PACT have 
been in the biomedical area, specifically for diagnostics. More and 
more proposals are appearing in agriculture, however, with sug
gested products including modified strains of Bacillus thuringiensis,
modified fungal strains for the production of enzymes, seedlings for
reforestation, and vaccines for poultry diseases. All of these are
joint proposals between Indian and U.S. companies. 

All of these proposals have certain problems in common. Often 
they are unfocused and would require longer than the 2-3 year
time frame which PACT requires for bringing products to the 
market. It has become obvious that Indian and U.S. companies
have much to learn about each other. Based on this experience,
USAID has supported activities to improve the situation. A
biotechnoiogy workshop wa, lield fui hdial and U.S. coipanics
last year, and USAID is currently working on the preparation of a
technical report on the U.S. biotechnology industry. This report will 
serve as a handbook for Indian companies to facilitate their inter
action with the U.S. corporate community.
 

The policy questions that confront the developing world are no dif
ferent from those facing the devEloped world. Ihe two central 
issues are regulation and patenting. Regulations for the use of 
biotechnology products are evolving worldwide, and several 
developing countries are using developed country regulations as
models. In India, the guidelines on "Recombinant DNA Research 
Safety in India" are now being revised and expanded to move 
beyond !-boratory and basic research Considerations include: "(i)
laboratory research; (ii) manufacturing industries; and (iii) applica
tion (environment and practice) in areas of recombinant 
microorganism, plant rDNA, embryo transfer, gene therapy, vac
cines, etc." ' The Indian system has borrowed heavily from the U.S.
regulatory system, most notably adopting the Institutional Biosafety
Committee and defining varying classes of risk. 

Two important aspects of regulation in the developing world must
be considered. First, there are unique environmental factors in the 
tropics, which comprise a large part of the developing world. In the 
area of plant genetic engineering, a recent workshop of U.S. ex
perts concluded that, in general, the risks involved in the field use
of engineered plants is minimal. This judgement is limited to the 
U.S., however, where few wild relatives of food crops exist.8 In the
dveloping world, the location of so many of the centers of origin,
the release of engineered plants will be more complex. Second, im
plementation and monitoring of the regulations iscomplex and dif
ficult in the developing countries. This has not been a simple task 
for the developed nations, which have much more experience in 
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regulatory and environmental issues. In developing countries, the 
existence of adequate infrastructure and personnel necessary to sup
port all of the essential reviews and monitoring procedures is highly
questionable. 

India's 	patent system, based on the Patent Law of 1970 and further 
elaborated in the Technology Policy Statement (f 1983, is quite dif
ferent from that of the United States. India does not allow product
patents in a number of areas, including agriculture and health, the 
leading areas for application of biotechnology. Furthermore, in 
these areas, process patents are only allowed for specific
substances. The existence of weak patent systems or none at all is 
common in the developing world. Collaboration in commercial
 
biotechnology between the developed and developing world may

be seriously limited by these different views of patent protection. 

The donors' role irlthese policy areas is one of facilitation.
 
Developing countries need to be involved in the ongoing interna
tional discussions, balancing the experiences of the developed

world with their own needs and cultures. A constant sharing of in
formation is a necessity for developing countries to become aware
 
and active. In conclusion, the possibilities for donors in
 
biotechnology are numerous. 
They require much thought, creativity
and flexibility. This technology is new to everyone. In miny ways,
 
a worldwide learning process is occurring and Donors' aid should
 
ensure 
that developing nations are full participants in this process. 
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Development of Guidelines and Regulations for Safe
 
Conduct of Agricultural Research
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fIIl Imy e'pefiences with w-',m 1 'ati\'itie,the IDepl-tnlleill.the ()I 

I \'ill oiliis(tls egul'It blieoln,, lit Ill ewjolti'e I Iiit ill that 1re() 
anid I(I)1lot (10 ,ider lvtidl ,d"r Lilito r . (H, "V.( of I 11ioh R\ 
Instead, Iall)a (0ilceruI(l iliversity s(ientist con(lin; fe'earclh
v,,ith l)1)lmtviruses, 'Ild spendr ingl USDAI IXrlion OfIli\ liime \\.ith 

on this issue. I have in I th Iilijijie 111)1)O1irtutilit, to oiler. I th 
federal govei 11 eimit's lole is J it ilitator a'wel i aI legulator of 
researc aila h eloh)iet, '1l1d 1a1,,e he(ii ill.'0 ill,,\,eicliintless 
meetings il st,the i, Witag;ic ilit-al and er'1i1onin1tl1 111li( a
tions or e sOt geiletically elngin'erei rgilIitMs. 

My rellarks are directled pimari'ly t the s'Ifety Of hiotuhilog y 
involviing iiioh.cii hy reromhiinmt DNA niolhods.
lar geile transf( 
This isdone for ,eveial reasons--irst, reconl)inant DNA is the 
method thit tir:nt raised concerns among the sO(ientilic (ommulntuiity 
and still aises public concern. And second, guidelines 1i r sate con
duct of research were initially directed toward reco inanit DNA 
technology since itenables specitic gene tiranstr I vetwe wdO,'n , 
didferent organisms, and islierceivecl H, soie to be a h.-. (e.,lil, 

and higher risk methlod than veintionfl method; +ltg,,ei(k(ti 
manipulation. Although I Will riot dwe!l on the diflonw.. ihlii
lions need to h(,e nerceti(tnil that a1clar i'cause of the genetic 
engineering modifications are clone hy recum inaint [)x'A Iiiethods, 
and thus are hiotechnology and need strI regul tion. 

My emph-asis on reconihinant DNA technology does,not rIieain that 
Idiffer with the ex(ellent recent repOrt cit a National Acdelm of 
Science committee, chaired 1y Arthur Keiman, which concluJed 
that "theie isno evidence of uniCiule hazards either in the use oIf 
R-DNA technique., or inthe movement of genes between unrelated 

329 



organisms," that "risk associated with introduction poses no risks 
different from the introduction of unmodified organisms and 
organisms modified by other methods," and that "assessment of 
risk should be based on the organism, not the method of engineer
ing." 

Biotechnology in the broad sense has always been utilized in 
agriculture with tremendous benefits accruing from genetic
modification of organisms. In the narrow sense, biotechnology is 
only beginning to be utilized in agriculture, and after the presenta
tions at this meeting, I ned say no more on its potential. Ques
tions of its biosafety, and of its subsequent overregulation, however, 
may preclude that this powerful tool is ever used for the benefit of 
agriculture, either domestic and international. The questions that 
must be addressed are: Does biotechnology pose any greater envi
ronmental risk than classical agriculture? Is it perhaps even safer? 

The application of biotechnology to medical problems is widely
accepted today, and products are on the market. Why is it that 
progress in biomedical biotechnology was made so rapidly and 
public acceptance was gained? it is my contention that the promul
gation of the Guidelines for Research Involving Recombinant DNA 
Molecules was the turning point that allowed research to proceed
within microbiological laboratories throughout the country and 
indeed throughout the world, since these guidelines quickly were 
accepted as the international standard. And, as you recall, the 
Guidelines were promulgated as an answer to broad safety and 
ethical concerns raised initially by the scientific community. The 
concerns became sufficiently great in the public sector to cause 
proposed legislaive and executive actions at federal, state and local 
levels in the mid-70s. There was, importantly, no new legislation
and no regulation through application of existing public health or 
worker safety statutes. 

The National Institutes of Health was named as the lead federal 
agency for promulgation of these guidelines. The NIH established 
the Recombinant L'NA Advisory Committee, or RAC, to advise it 
on actions to take in regard to approving experiments and in 
changing the Guidelines as scientific results became available 
regarding the risk posed by the research. The public process of 
review of the Guidelines and review of specific experiments,
together with the recognized expertise of the members of RAC 
seemed to alleviate concerns of the public toward recombinant 
DNA research-at least for nearly a decade, until proposals came to 
utilize organisms modified by recombinant DNA technology for 
research in experiments conducted not in a laboratory, but in a 
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field. I speak, of course, of the ice minus bacteria experiments in a 

California potato field. 

Development of Guidelines-A Historical Prospective 

I think it is useful now, to go back a few years, and review actually
how these guidelines were developed, and that the concept of
guidelines was at that time a unique approach to the resolution of a"sticky" question. Then, as today, the issue was just as much
 
political and social as it was scientific.
 

Concerns that there may be risks associated with biotechnology 
were first expressed over a decade ago when gene splicing tech
niques were discovered. Scientists were unsure of what the conse
quences might be of moving genes, in particular of the possible
effects on humans working in the laboratory with genetically
engini_-rc Z. cu/i. This bacterium was, incidentally, widely used as 
a research tool, and was thoroughly understood genetically. 

The first risk scenario concerned the transfer of genes from SV40, a
virus that was associated with cancerous tumors in certain animals,
into E.coli. The questi, .at were asked then were: What would
happen if some of that L. co/i got into the gut of a laboratory scien
tist? Would it multiply? What would happen to that foreign viral
DNA as the bacterium multiplied? Would the genes on that DNA
be expressed in her body and cause cancer? What would happen if
the recombinant bacterium passed through her gut and ended up in 
sewage treatment plants? Would it survive there? Would the foreign
DNA be transferred to other bacteria? What would its fate be if it 
were transferred? 

Scientists at that time did not know the answers to these questions
and rightfully expressed concern to their colleagues a,'d to the 
public. A moratorium on research with recombinant DNA
molecules was called for and various legislation was proposed in
Congress to require strict regulation of this research because of the 
conjectured risks. 

The concern over the safety of recombinant DNA research was
discussed at a number of workshops and scientific meetings. At one
of the first workshops held now over a decade ago, the Asilomar
Conference, a group of eminent scientists was asked to develop a 
set of guidelines for condi:-:,,g research with recombinant DNA
molecules to allow certa. experiments to proceed safely by com
plying with these guidelines. The Guidelines called for conducting
research under certain specified containment conditions, both 
physical and biological, and prohibited the conduct of certain 
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and no new legislation was enacted. The n)0(rtoriuIm was lifted anI 
research proceeded. 
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Appendix. The RAC recommended that under Appendix L, such 
experiments were to be considered by the Plant Working Group
rather than the entire RAC. Parallel appendices, M, N, and 0 for 
microorganisms, animals and vaccines were envisioned at a 
meeting of the RAC last year, but have not yet been acted on. 

Although the requests to conduct plant and bacterial experiments in 
the field were approved because no untoward effects to humans or 
the environment could be envisioned, the legality of this action was 
challenged because NIH did not prepare an Environmental Impact
Statement in accordance with the National Environmental Policy
Act, and because it had not developed a procedure stating how it 
will address all issues dealing with releasing genetically engineered
organisms. Currently, this is the key issue in the application of 
biotechnology to the benefit of agriculture. Agriculture is in a 
"Catch-22" situation because risks cannot be assessed without 
release, and release under the Guidelines was not permissible
without assessing all of the potential risks. 

Additional complications arose in the willingness and authority of 
the NIH to give approvals for environmental releases, since NIH is 
not a regulatory agency. The Guidelines had, however, become de 
facto regulations for the biotechnology community, both public and 
private. The regulatory agencies, including EPA and USDA/MIS,
claimed jurisdiction even at the research level if a field test were 
involved. Debates within the federal government and in numerous 
workshops and forums have occurred during the last 4-5 years. 

It is recognized widely that research with genetically modified 
organisms is ready to be conducted outside the confines of a 
microbiological laboratory in conditions more appropriate for the 
growth of the organisms, such as a whole plant or animal. 
However, the NIH Guidelines give no guidance to investigators and 
to IBCs for designing containment facilities to conduct this research 
safely, not even in growth chambers or greenhouses, or in barns or 
feedlots. USDA/S&E recognized this void and drafted initial pro
posals to the RAC to assure the biosafety of research conducted 
with organisms utilizing these facilities. These proposed additions to 
the Guidelines describe containment conditions to provide for the 
safe conduct of research with plants, animals and organisms
associated with them that contain recombinant DNA molecules. 
They were reviewed and modified by RAC Working Groups, then 
were approved by the RAC at the September 1987 meeting. The 
NIH is currently considering these additions, and a new version of 
the Guidelines incorporating them is expected soon. 
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The proposed additions do two things that parallel what was done 
for biomedical recearch covered by the Guideiines. First, accepted
scientific practices for handling these organisms safely is codifiec;
and second, criteria for establishiig levels of risk of microorganisms
that are pathogenic to plants are established by which assignment 
to physical containment levels is made. 

Current Status of Regulation of Biotechnology 

The Office of Science and Technology Policy published an exten
sive document, the Coordinated Framework for Regulation of 
Biotechnology, in the Federal Register (26 June 1986) in which the 
applicability of various statutes of U.S. regulatory agencies was 
reviewed. It states essentially that "the existing regulatory
framework is adequate to regulate biotechnology." I will in no way 
try to describe the entire Coordinated Framework, but will state 
briefly the areas of agency jurisdiction. 

The Coordinated Framework included a Final Rule from EPA 
describing their jurisdiction over microorganisms under FIFRA and 
TSCA. USDA/MIS/APHIS in the Framework and later on 16 July
1987, published a Final Rule regarding regulation of plants based 
on the Plant Pest Act. This Final Rule of APHIS is now in effect and 
is coordinated by the Biotechnology and Environment Coordinating
Staff (BECS). It has been used by several industrial biotechnology
companies to obtain permissio.n to grow recombinant DNA 
modified plants in field tests, and the results of some of those field 
tests were presented earlier in this meeting. The Framework also 
describes USDA regulation of veterinary biologic products under 
the Virus-Serum-Toxin Act. The position of the Food and Drug
Administration over their traditional areas in pharmaceuticals and 
human health care is described. FDA also reserves authority to look 
at foods that may come from biotechnology-derived plants and 
animals. 

Congress is again examining the situation and proposing legislation.
Various groups are examining the authorities of the above acts for 
regulation of biotechnology. Time will tell if the fruits of 
biotechnology will be applicable to agriculture, or whether the 
risks, real or conjectural, and the ? companying regulations will 
prevent rapid utilization of this technology for agriculture. Congress
is also concerned about maintaining the U.S. competitive position
in biotechnology. 
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Guidelines Versus Regultions 
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And if the answer is yes and biotechnology is used in agriculture, 
can we do it safely and wisely? How will we know if biotech
nology is used safely? It has been said that biotechnology is okay to 
be used in biomedical research, but not in agricultural or environ
mental applications. Critics also say that biotechnology in 
agriculture will incre;sc the use of chemicals, principally of herbi
cides because plants are being made to be resistant. But others say
that biotechnology has the potential to decrease the use of 
chemicals drastically. We have certainly heard that prediction here 
at this meeting. 

Many statements have been made to the effect that if a solution is 
not found in a timely manner to the special constraints currently
placed on conducting this research, it would delay or prevent the 
development of the full potential of biotechnology for this rliion 
and affect our competitiveness. An even worse outcome is the pros
pect that investigators would proceed without proper concern for 
the consequences and in so doing encourage a climate of reckless 
development of biotechnology in agriculture, natural resources and 
the environment. Another outcome, already discussed here, is to 
move to international settings for testing-to countries without 
regulations. 

The National Academy of Science report essentially says there are 
no problems -develop guidelines and proceed. But as I stated 
earlier, guidelines for physical and biological containment of 
research outside of traditional laboratories with p!ants and animals 
and associated microorganisms are not yet incorporated by NIH 
into the Guidelines and leave containment conditions to the discre
tion of the IBC. Regulatory agencies have been reluctant to say that 
generic guidelines for release experiments can be developed, and at 
this point in time are conducting a case-by-case review of each 
release request. 

Industry in the United States is saying essentially that they now 
have a mechanism through the Coordinated Framework which 
establishes the statutory authorities for the regulatory agencies to 
approve field trials, but are recognizing the high cost of the appro
vals. Will the high cost confine requesters to large private industry?
Will the regulatory decisions be right? And, will the fact that the 
tests are regulated make them safe? 

Future Needs and Recommendations 

I believe that agricultural and environmental applications of 
genetically-engineered organisms should be addressed in a 
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scientifically-sound, openly-debated, decision-making process. It
 
should include public policy and involve scientists, indutry, and
 
all interested parties much like the RAC did. Conditions should be 
established to let research with small scale, and limited extended 
field trials proceed with minimum of regulation. Experiments should 
be stratified based on risk, rather than putting everything into high

risk categories because of the process by which it was developed.

Finally, regulation should be at the product level, not the
on 
research which is needed to develop the product. Research must be 
done in an open and free manner, at least in the public sector, to 
see if products have potential to impact agriculture, either in a
 
positive or negative manner.
 

Scientists need to do a much better educational job than we have 
in the past. I think this should be followed by an assessment of the 
impact a particular release has had on biological systems, par
ticularly in agroecosystems which occupy a large percentage of this 
country. 

Regulation should be based on demonstrated risks, not on those 
that are conjectural, and it should be distributed among the agen
cies based on what the agency ha! traditionally covered for func
tions like product licensing, registration, and certification. It should 
be based on the application and use of a new product and not on 
the process by which it was developed. The cost of data collection 
involved in obtaining permission to conduct a test should also be 
based on what the risk is, not what can possibly be measured. 
Research exemptions should be allowed for dete mining whether a 
biological application will be effective, and following product licen
sing, continued observations of its impact should be made. 

Collaborative efforts of scientists throughout the world are still 
needed in the area of biotechnology. I see that these efforts could 
be directed toward the following areas: 

1) Establishing criteria for safe practices and safe organisms;
2) Codifying risks for each crop, geographic area, agroecosystem;
3) Codifying standard, scientifically accepted practices for con

ducting agricultural research that could be considered as good 
developmental practices worldwide; 

4) Addressing alternatives to the use of exclusionary biology,
quarantine, and physical containment for assuring safe conduct 
of research; and 

5) Developing monitoring systems and data bases to tie in with 
national cnd international agricultural networks. 
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Introduction 

The conceivable benefits of biotechnology for the developing world 
are impressive in both quantitative and qualitative terms, Increased 
food production, better disease control, and new sources of
renewable energy are among the potential gains which, if realized,
could help tj solve many of the most intractable problems of the
less developed world. The desire to realize these gains has infused
the international agricultural research community with a justifiable 
sense of excitement and hope. 

In the midst of the inspiring discussions of the benefits of
 
biotechnology for the developing world, 
 it is important also to
acknowledge that some risks will attend these rienefis. The advan
tage of acknowledging these risks is that it allows us to consider
 
how we may reduce or avoid them. Three risks in particular seem
 
to deserv our attention: (1) the risk of failing to accomplish the
 
most 
 important benefits of biotechnology, (2) the risk of unexpected
environmental harm, and (3) the risk that economic ch.anges which 
accompany the new technologies will occur at such a pace or on 
such a scale that the developing countries cannot adequately 
manage them. 

This paper is organized as follows. The first two sections describe 
the potential benefits of biotechnology for developing countries,
and the world agricultural setting into which biotechnology is being
introduced. I then describe three significant risks that could hinder 
the gains we otherwise anticipate from genetic engineering
research. In conclusion, I suggest a strategy-one which should be
viewed as experimental and flexible- which people and institu
tions who work in the international agricultural research community
could use as a starting point to develop their own ways of address
ing these risks. 

Benefits of Biotechnology Research 

By some estimates, approximately 50% of agricultural yield in
creases achieved since the turn of the century are due to improved
genetic characteristics.' This is a strong indication of the potential 
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of biotechnology, which it opens previously unimaginable avenues 
for improvement of genetic traits. Among the projected benefits and 
goals of research in crop breeding are better i:nderstanding of 
genetic and physiologic processes in plants, faster diagnosis of plant
diseases, improved resistance to stresses (salinity, pests, diseases,
drought, and herbicides) and the ability to propagate species that 
are difficult to propagate vegetatively. There may be significant
improvements in food quality due to increases in nutritional content 
and more genetic variability in plant varieties. Faster screening for 
desirable traits and faster breeding cycles can reduce the time from 
research and d.,velopment to actual use. As one example discussed 
at this conference, the International Crops Research Institute for the 
Semi-Arid Tropics (ICRISAT) has overcome fertility barriers in 
peanuts using genetic engineering. This has allowed them to cross 
the commonly cultivated varieties with a dozen wild relatives that 
have better resistance to late leaf spot and rust.2 

Beyond the agricultura! sector, other important potential benefits of 
biotechology include savings of scarce and expensive energy 
resources, new approaches to conservation of genetic resources, 
and new pharmaceuticals to treat human and animal diseases. 
These benefits, if realized, may translate into second-order benefits 
for the countries that adopt them such as increased export earnings,
expanded employment opportunities, and geopolitical advantages 
due to increased national income. 

Historical Perspective on International Agricultural Research 

Genetic engineering is being introduced into a global agricultural
setting which differs in important ways from the setting into which 
agricultural innovations were introduced in the past. Reviewing
these differences sheds light on the question of whether 
biotechnology's effects will differ markedly from the effects of past
technological innovations. 

The characteristics of the global agricultural setting that have 
changed most in the last 25 years can be summarized as follows: 

(1) Changes in agriculture in one part of the world now have direct 
impiications for agriculture in other parts of the world; 

(2) Society views science and technology as potentially dangerous 
and yet strategically important; and 

(3) The direction of agricultural research and development is now 
primarily determined by the private sector rather than the
 
public sector.
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Interdependence of Agricultural Economies 

Until relatively recently, the agricultural practices and policies of in
dividual countries often did not have major ramifications extending 
beyond their own borders. 3 Now, agricultural policies and practices 
are globaliy interdependent. For example, when agricultural innova
tions occur, they create jobs for people in one part of the world, 
but often at the expense of jobs in another part. When trade 
barriers are erected, they protect the agricultural sector of one 
country at the expense of others. Furthermore, agri,- :Itural develop
ment is influenced by the policies of international development 
assistance agencies. 

G. Edward Schuh noted the significance of this phenomenon for 
society: 

"Our new place in an international economy raises important 
moral and ethical questions, for conseauences of our actions 
now go far beyond our own body politic... [International 
developments] expand the context in which ethical and 
distributional issues arise and complicate the consideration of 
such issues because of the different sets of values brought into 
play wher considering the international scene." 4 

Attitudes Towards Science and Technology 

A second thing that has changed in the last quarter century is so
ciety's view of science and technology; in parti.:iilar, its view of the 
relationship of science and technology to econnic development 
and strategic matters. 

In the early 1960s, most observers believed that science and 
technology were "a positive force for development"; that science 
would "reduce the gap" between rich and poor countries. Since 
that time, the general public and scholars alike have questioned 
this concept.' Science and technology has even been blamed by 
some for being the cause of many problems in developing coun
tries, including environmental contamination, overly rapid rates of 
urbanization, and the unequal division of labor between the in
dustrialized countries and the developing countries.6 

Little evidence suggests that science and technology are the sole or 
predominant cause of many developing country problems. 
However, we have come to realize that technological developments 
have very different impacts depending on the social, economic, 
cultural, and environmental systems into which they are 
introduced., 
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Our view of science and technology has also changed in that today
we regard it as a strategic matter that enhances national power.
Political leaders subsidize research and development (R&D) much 
more extensively than in the past, and we see more emphasis ol
preventing access to the results of R&D especially if they are con
sidered strategically important. Strategic R&D includes not only that
which has military relevance, but that which has economic 
importance." 

Control of Agricultural Research H-las Shifted 

The third major change in international agriculture in the last 25 
years is that the driving force behind agricultural research has 
changed. Basic research used to be conducted primarily in the 
laboratories of public universities; today private companies play the 
dominant role. In addition, both vertical and horizontal integration
is accelerating in the industries involved in this research. fIn other
 
words, the companies that dominate agricultural R&D also control
 
the other four components of the world food production system:

production of inputs, agricultural production itself, processing of
 
foods, and international distribution of foods.9
 

The three new characteristics of the global agricultural setting
interdependence, strategic importance, and private control-affect 
the likelihood that the three risks discussed in the next sections 
may come to pass. 

Will Society Realize the Most Important Public Benefits of 
Biotechnology? 

Many of the potential benefits of biotechnology will be achieved; 
we already see significant progress on new human and animal 
drugs, and new crop varieties. However, some of the most 
important products that this technology could produce may not be 
available for a long time, if ever. A few examples include waste 
degradation techniques, low-toxicity pesticides, pesticides that are 
targeted to specific pests and therefore have limited environmental 
impacts on beneficial insects, and vaccines against the major
endemic diseases of the developing countries. From an international 
development perspective, important potential benefits also include 
improved employment opportunities for the poorest populations,
and improved human health. 

Unfortunately, some obstacles may significantly delay the realiza
tion of these benefits. The four most significant obstacles are the 
following: 

(1) Technical constraints, 
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(2) 	Lack of economic incentives for companies to develop some of 
the most important products, 

(3) 	Inadequate infrastructure to disseminate the products to those 
who need them most, and 

(4) 	 Insufficient public sector research. 

This section describes each of these four potential obstacles. 

The technical problems of achieving goals in the laboratory and of 
applying those findings to large-scale production are well 
documented.10 Scientists are still in the earliest stage of unlocking
the 	secrets of heredity. They have barely begun to understand the 
physiology of plants and their ecological relationship to other 
organisms-for example, over 90% of all soil microorganisms 
cannot yet be cultured in the laboratory, much less identified or
studied." Therefore, technical and scientific constraints are certainly 
a formidable problem in realizing biotechnology's potential. Yet we 
are overcoming these constraints with a speed that consistently
outstrips previous estimates. Furthermore, unlike the other three 
constraints I will discuss below, technical problems on the whole 
tend to be "socially ncutr~i." In other words, scientific gaps inhibit 
all applications of biotechnology equally; they do not by
themselves create a bias in regards to the social uses to which the 
technology is put. 

A second obstacle to achieving potential benefits is that the private
sector has insufficient economic incentive to develop many socially
useful applications of biotechnology. As one example, consider 
narrow-spectrum pesticides. An important advantage of genetic
engineering is that it permits the development of pesticides targeted
to only one pest and one crop at a time. Such pesticides are par
ticularlv beneficial because they are effective yet cause limited 
adverse effects, e.g., they do not kill insect predatois or cause 
human illness. However, such pesticides tend to be poor business 
i.vestments for at least two reasons. For one, the potential market 
for a single-pest, single-crop pesticide is usually very small,
especially com)ared to the market for a multipest, multicrop
pesticide. Second, the fact that the public derives benefits frorn the 
narrow-spectrum pesticide because of its safer environmental 
characteristics ha, little or no economic relevance to producers.
The marketplace tends to impose the same financial and time costs 
for research, development, regulatory approval, and marketing on 
every pesticide product, regardless of differences in environmental 
superiority. 2 
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As another example, human vaccines are critically needed
especially to reduce the endemic diseases of tropical countries-but
liability risks and the inability of end users to pay for the product
has a strong dampening effect on development of such products.When the president of Genentech (a U.S. biotechnology firm) was
asked by the World Health Organization to participate in develop
ing a vaccine for malaria, he declined. The potential economic

gains were insufficient to justify the cost and the financial risk.1
 

A third obstacle to realizing important benefits of biotechnology
arises because of the lack of infrastructure to test and disseminate
products in poorer countries. For benefits to be realized by end users, applied research must be integrated with an infrastructure for
marketing, manufacturing and distributing final products. In

developing countries these factors are 
 in chronically short supply.
There is a shortage of experienced researchers, research managers
and senior executives; of production and marketing infrastructure;
of scale-up facilities; and of the risk capital needed to finance new 
businesses.1-

The case is frequently made that the private sector is best equipped
to enhance the dissemination and application of new technologies;
the public sector should conduct research and develop products
that otherwise would not be developed, while the private sector
distributes them. This concept is encouraging public-private
collaboration within the U.S. and in the international research
community." If research directions are not influenced by this

collaboration, it may be a good solution to the infrastructure

problem. However, the inherent oiieintation of the private sector is
to make profits. Thus, it may be difficult, in collaborative ventures,
to prevent this orientation from causing public needs research to be
diverted away from public needs, towards applications that have
higher potential profitability, e.g., cash crops instead of subsistence1 6 17crops. 

In conclusion, there appear to be arguments for the International 
Agricultural Research Centers, the Agency for International
Development, and the rest of the publicly funded agricultural
research community to concentrate-perhaps exclusively-on
research priorities for which there is ne.t sufficient financial incen
tive for private investment. Otherwise, society may lose an
important weapon in the effort to achie-e the benefits of
biotechnology: namely, a strong and independent public research 
sector. 
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Environmental Risks 

Most but not all organisms developed for release to the environ
ment are expected to present low risks to the environment,
especially at the small field-test stage." Still, most experts agreethat environmental uses of genetically engineered organisms should
be assessed for risks on a case-by-case basis, because engineeiedplants, animals, and microorganisms will present very different ;,sks
depending on such factors as their motility, reproductive

capabilities, and poiential pathogenicity or toxicity. ,
19 As mentioned
earlier, these risks must be considered in light of the expected
benefits. However, using engineered organisms on a broad scale
will present some challenging environmental issues which we
 
should begin to consider now.
 

Types and Aodels of Risk 

Whether one believes that risks hoin genetically engineered

organisms will or will not materialize depends largely on the
ecological models one accepts 
as relevant. Three different models 
are usually cited: the laboratory experience model, the classical

breeding model, and 
 the exotic species model.20 

The laboratory experience model suggests that fifteen year of ex
perience in using genetically engineered microorganisnis in
laboratories has caused no harm, even though we know that some

of these organisms regularly escape to the enviiornment.2 1

Therefore, we should not expect harm to occur when we

deliberately introduce such organisirs into tihe environnient. Most
ecologists do not accept this model because organisms used in
laboratories are dependent on nutrients aid temperature controls
which are provided for them inthe laboratory environment. Thls,
they are not expected to survive w!hein they do escape and the factthat "no harn has occurred" is attribuldble to factors that will notpertain to organisms deliberately introduced to the environment
and designed to survive under normal environmental conditions. Asecond argument that undermines the laboratory experience model
is that there is good evidence demonstrating a long lag period
before the harmful effects of many substances becorne apparent.
History has demonstrated in the cases of chemicals, cars, and many
other inventicis that fifteen years is an insufficient period of timefrom which to draw decisive conclusions about environmental 
hazards. 

The second model sometimes used to predict risks of genetically
engineered organisms is the classical breeding model. Its pro
ponents state that centuries of experience with crop breeding have 
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yielded no serious environmental problems, and that genetic
engineering is a logical extension of this experience. This model 
can also be faulted because crop breeding has not been benign in 
terms of its environmental impacts. It has been tremendously
beneficial, and most people believe that on balance the benefits
have outweighed the problems. Still, environmental disruption is
associated with most forms of modern agriculture including cropbreeding, and perhaps its adverse effects could be reduced if they
were more widely recognized and if the economic consequences 
were understood. 

The following examples support this conclusion. First, breeding of
genetically identical plants, which is encouraged by most plant
breeding activities and is becoming even more prevalent with gene
cloning, has increased the vulnerability of crops to disease and 
pests, with some historically serious consequences for management
of stable food supplies. The 1970 corn blight in the United States is
but one example. It cost farmers about $1 billion in losses and 
some Southern states lost more than half their crop; it also seriously
threatened the 1971 corn seed supply.22 Another environmental

and economic problem with plant breeding as practiced in 7;_:

modern form is that cultivars bred to produce superior yields or

disease resistance sometimes displace land races which contain
 
other types of important germplasm. Such erosion of biodiversity
has recently been recognized as a major environmental problem
because many factors in addition to agricultural practices are now
hastening its spread.23 As a third example, chemical inputs such as
pesticides--on which many genetically improved varieties
depend-often kill wildlife and present dangers to humans. Again,
the economic costs of such problems are both direct and indirect,
but include increased costs for health care, reduced income from
wildlife industries, lost revenues when export crops are rejected by
importing countries because of pesticide residues, and many other
problems.24 Finally, water salinization, soil erosion, and ecological
deterioration from resettlement have resulted in some countries
from efforts to expand irrigation to meet the needs of intensive 
agricultural practices.2S 

From these examples we know that genetic improvement of crops,
while enormously beneficial, is not an environmentally neutral ac
tivity. It therefore does not provide sufficient basis for concluding
that genetically engineered organisms used in agriculture will be 
environmentally benign. 

A third model often cited as relevant to predicting possible risks
from genetic engineering is the "exotic species" model.26 This
model suggests that genetically engineered organisms are com
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parable to or8,nisms that evolved naturally in one environment andwere subsequently moved to another environment ("exotic"organisms). Experience with exotics may be pertinent in some casesbecause genetically engineered organisms have combinations oftraits that are new to the environments in which they are introduced, even though many of their traits will also be found in that
environment. 

Experience with exotic species shows that such organisms can havehighly undesirable effects, that natural communities are invasible,and that introduced species that have characteristics giving them anecological advantage can spread.27 One of the most well-knownexamples of this is the peacock bass which was introduced in thePanama Canal Zone, where it caused the extinction of severalnative species of fish, and ;Iso resulted in an increase in the mosquito population and an attendant increase in malaria in the
region.2
a On the other hand, the exotic species model does not
hold well in cases where small genetic modifications (e.g., single
gene changes) are made to indigenous organisms. Exotic species,least for now, tend to be more 
at

genetically "foreign" to their environments than genetically engineered organisms. As genetic
engineering advances, however, 
we will be able to produce
organlsms that span the continuum from indigenous to exotic. The
exotic species model may be useful for some of these. 
In conclusion, no single model from past experience is sufficient topredict the risks of genetically engineered organisms in general, nordo existing models establish that genetically engineered oiganisms
will never present significant risks. Instead, as most experts have
concluded in the last few years, risks must be assessed on a case
by-case basis.
 

Reducing Risks 

An interesting and useful characteristic of the tools of geneticengineering is that the same techniques which allow scientists toconstruct organisms that are economically useful also give scientiststhe power to reduce potential risks associated with the organisms
they create. 

To begin with, genetic engineering permits the transfer of single,well-identified genes. Therefore, ,, nature of resulting organismscan be more predictable than witk products of conventional plantbreeding or undirected mu~agenesis. Scientists can use wellidentified and well-studied genes and host organisms to enhance
this predictive capability. 
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Genetic engineering technology also enables scientists to engineer
into organisms traits that reduce their rate of proliferation or sur
vival. Some scientists have worked to develop "suicide genes":
traits that will cause an organism to perform its intended function 
and then self-destruct.29 Such systems are not yet perfected, but 
they offer an opportunity for scientists to use engineered organisms 
while minimizing their long-term presence in the environment. 
Economic incentives tend to encourage the production of organisms
(or seeds) that will not reproduce because such organisms can be 
sold year after year to consumers. 

Genetic engineering also permits organisms and even specific traits 
to be marked and monitored in the environment. The U.S. En
vironmental Protection Agency's Office of Research and Develop
ment has been conducting tests on marker systems since 1984.30 
Monsanto Corporation and Clemson University recently conducted
 
an experiment in the U.S. with an organism which carried no new
 
traits except a genetic marker; the purpose was to test the efficacy

of the marker.31 The advantage of such systems is that they can 
allow scientists (and regulators) to track organisms and may help
determine if they are causing unintended harm. If so, genetic
 
markers can help find organisms in the environment and hopefully

mitigate risks if they do occur. Some people have proposed that 
such marker systems also could play a role in assigning liability if 
damage occurs.32 

Incentives to Reduce Risks 

Given that some applications of genetic engineering may present
risks and that the techniques of molecular biology can be used to 
reduce some of these risks, we are still left with the question: are 
there incentives for scientists to reduce risks before they occur? 

The answer to this question varies among different countries and 
among institutions within countries. In most scientific endeavors, 
pressure to realize profits, to publish important findings, and to 
build the national economy creatcs an incentive for companies, 
governments, and laboratories to move ahead quickly with 
research. These same forces probably encourage them to overlook 
measures they might take t- minimize possible harm. One 
biotechnologist frankly acknowledged this pressure when he ob
served that "imagining the profits [from genetic engineering] can 
unhinge even a sane scientist."3 3 

Another disincentive to incorporating safety measures in engineered
products is that markets do not reflect the true long-term values of 
most environmental resources, including land, air, water and 
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biodiversity3 4 Therefore, the potential profit from organisms whichhave marker genes and suicide traits, which have minimal chance
of genetic transfer, and which involve only well-identified genetic
material, is certainly no greater than the same organism without
these safeguards-arid it costs more to develop the safer one. 

Regulations can help to reduce this problem, but adequateregulatory procedures for genetically engineered products are not 
yet in place in most developing countries and are hard to enforce 
even where they exist because of the incentives noted earlier. 

Although environmental risks of products are assessed, in some
countries, it will be difficult and often inappropriate to apply those
assessments to other countries. A number of U.S. biologists recentlygathered to discuss risks from genetically engineered plants. One of
the risks they discussed was the possibility that stress tolerance 
genes might unintentionally be transferred in the environment to
nearby weedy species, making them more difficult to eradicate. The group concluded that only a handful of U.S. crops cross-pollinate
with weedy relatives, because most of their weedy relatives are in
other (tropical) countries. However, the group strongly emphasized
that unintentional gene transfer could be a rriore serious risk in
countries where the wild and weedy cousins of major crops
reside.35 

In closing this assessment of environmental risks, it is necessary to

mention the role of public understanding. Public trust in any new

technology can 
be seriously shaken by a single unexpected,
adverse event or association.3 6 Public mistrust of food irradiation is an example of this phenomenon-it springs from the public's
association of irradlation with nuclear weapons and nuclear power
plants, which have little relation to food irradiation technology.
Similarly, developing countries' reactions to environmental releasesproposed in their countries are likely to be strongly influenced by
factors other than envinmental risk. These factors include the
country's view of other agricultural innovations such as GreenRevolution technologies, and its public's fundamental trust or
distrust of the research and assistance institutions conducting theexperiments. Experiences in the U.S. (California, Wisconsin) and in
several developing countries (Argentina, India) have already shown
that scientists and research institutions will need to consider these
factors at least as much as the ecological risks when they propose
to conduct environmental release experiments. 

In conclusion, the argument that genetically engineered organisms
present no environmental risks is not persuasive, regardless of the
model used. Further, there are incentives for scientists to ;gnore the 
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risks. At the same time, the risks are probably manageable if they 
are acknowledged, and the risks in many cases may be outweighed
by the potential benefits. For the public and the governments of 
developing countries to accept the technology, however, some in
stitution(s) will need to take responsibility for both risk assessment 
and risk communication. This is the subject of the final part of this 
paper. First, however, the next section of this paper explores a third 
and final concern: the possibility of economic disruption. 

Managing the Rate and Scale of Economic Change 

"New technologies are never deployed in a vacuum; rather 
they are introduced within existing environmental, economic, 
social, and political systems. They cause changes in those 
systems and they usually benefit one group at the expense of 
another. If these biotechnologies are to fulfill their great prom
ise, then these impacts and inequities must be anticipated and 
addressed in the policy system."-Martha Gilliland17 

Economic risks, as I use the term here, are risks that threaten to 
undermine the long-term economic opportunities of a country. I 
want to clearly distinguish such risks from the vast majority of 
economic changes that are short-term and occur constantly in any
society, and which are clearly desirable from the standpoint of 
economic progress. 

Experts in economic development processes who have studied the 
potential effects of biotechnology have argued that the changes it 
will bring may cause a variety of economic problems, from re
ducing developing countries' control over their genetic resources, 
to crop disp!acement and lost export markets. In fact, everyone 
who studies biotechnology acknowledges that eventually it will 
bring vast economic changes. The important policy question is 
whether or not there will be time for developing countries to ad
just. Clearly, the answer to that question will remain elusive until 
more research and experience can be gained, but several factors 
suggest that such questions deserve further attention. 

The Cap Between Rich and Poor 

Development economists have long debated the question of how 
economic development can best be ensured; in particular, whether 
gains to wealthy sectors "trickle down" to the poorer clas~es, or 
whether development only occurs through gains made by the 
poorer classes directly.38 Regardless of their views on this, both 
camps agree that economic development can only occur in the 
long term if the gap between rich and poor people and nations 
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lessens rather than widens. Therefore, a legitimate concern of
development economics is whether biotechnology will increase or 
decrease these gaps. 

What evidence do we have that the gaps may increase? Is the
evidence sufficiently strong to cause us to take these risks seriously?
At least three reasons suggest we shouid. 

The first reason is because of the "refraction effect." Political scien
tists have coined this term to describe the common phenomenon
that benefits of technological change, as they are passed through
the an existing social order, are distributed in rough proportion tothe existing distribution of assets and power. This phenomenon has
been observed by a number of historians and has occurred 
throughout history. , 

A second piece of evidence comes from experience with the Green
Revolution, which provides an imperfect though useful historical

analogy. Parallels between the Green Revolution and the

biotechnology revolution have been drawn by a number of
authors.4° All reach the same conclusion: biotechnology has
tremendous potential for benefit, but may also cause negative
economic and social effects similar to those seen after the Green
Revolution-except biotechnology's effects will be on a grander
scale. 

Kenny and Buttel have observed that the "biorevolution" will affect 
many more crnps and geographic areas than the Green Revolu
tion. "1 Further, they foresee an important trend in how
biotechnology will be disseminated. Because biotechnology will be
controlled primarily by the private sector-as opposed to the Green
Revolution which was largely driven by the public sector-the
direction of biotechnology research and development will be to 
serve the needs of financially well-to-do sectors who can pay for 
the resulting products.42 

Predictive studies of the economic impacts of increased agricultural
production in developing countries provide a third piece of
evidence suggesting that as new technologies are distributed in a
society, the gap between rich and poor often widens. For example,
Martha Gilliland has estimated the impacts of nitrogen-fixing
biotechnologies on corn production in Mexico and on Mexico's3economy. 4 Her conclusion is that the ultimate national economic
effects depend primarily on whether the biotechnologies are im
plemented by the commercial agricultural sector, or whether the
rural, small farm sector also has access. In particular, she
demonstrates that a positive chain of effects would be initiated if 
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the technology were im plemented ir; the rural sector, but not if it 
were implemented (a,we ,vomil expe(:t it to be) by the wealthier 
landowners 4 

Gilliland's research rentor(es the point that the outcome of any
given technological gain is not a foregone conclusion predeter
mined by the science. It is mostly a function of the social and

political systems involved 
 In fact, these social and political realities 
may profouridlv affect the ultimate ,Jalue of biotechnology research
if they undo its poential beneficial effects. Thus, research scientistsworking on product, for the benefit of developing countries, if they
want their efforts to have ihe irteided impacts, need to be cogni
7ant of these pioble, , 

Shiltmg, __,))It\!,rjkt, 

A second economic ri,kassociated with biotechnology is the risk
caused by rapidly shiftirig export markets. In societies whose
economie are contracting rat;er than expanding and which have
pervasive intfrastructire problems, most farmers will not be able toadopt biotechnolog, a,soon is tiei, counterparts indeveloped
(ountries. Furthermo re. it seems likel, that research in
hiotechnology s,ill industriali stperHnit and agriculturalits in the
North to prodrice many f the final products and raw materials that 
were fti nerly available primaril, frim the South. This is likely to

conie about through the 
use of microbial engineering, fermentation,
and use of new crop varieties that are adapted to temperate
cliinates. Product suibstitution could further weaken the economic

position of the South in international trade. Of course, the product

substitution process has been going on 
for many years. However,
with genetic engineering, substitutes can now be de,.eloped and
adopted muci faster than before, leaving less time for national
econonrite, to ad iust and liri nex markets inwhich to compete. 

It is useful to consider seseral examples. Product displacement from
developirig countries has already occurred in the sugarcane market.
Cane was first replaced by sugar beets grown in the North, and 
now even this source has been cornreplaced with sweetener, also grown and processed primarily inthe Nurn,,.V As another example,
plant breeding advarces have led to the development of a new
substitute for rubber derived from the guayule plant. Rubber
historically been in important export crop of several African 

has 
coun

tries, but guayule is glown, inFexas .'
 

While the two previous examples are already realities, they
accomplished 

were 
not through geretic engineering but through classical crop breeding. Product substitutes will also result from genetic 
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engineering. For example, scientists are developing stress-tolerant 
crops to help overcome adverse growing conditions in developing
countries. However, developments that will keep the industrial 
countries many steps ahead of the product advances made in 
developing countries can and probably will occur as well-but at a 
faster rate. Commercial incentives are the primary reason, but so ;s
the fact that politicians in the North are engaged in a lively cor
petition to get the most economic advantage possible from the iew 
technologies. Consider one example: Frostban. " 7 If Frostban suc
ceeds in reducing frost damage on a wide variety of crops, we may 
see more tropical fruits grown in temperate climates such as the 
U.S. or Europe. The impacts of such a change on the export
markets of developing countries, many of which are dependent on 
exports of tropical fruits and vegetables, are potentially quite
serious. More important than the single example, however, is the 
overall trend which the example reflects. '[The] sad irony is that 
the United States Government lectures [developing] countries to get
their economic houses in order and to strengthen their export sec
tors ...only to have their efforts to do this wiped out by [competi
tion from ... the same country that is lecturing them so 
severely. '"I 

The fact of change in the global marketplace is not the problem
here. Rather, it is the accelerated pace of change, made possible by
genetic engineering, which may lead to particularly difficult 
economic problems for certain developirg countries. The product
substitution process is not unique to developing countries, of 
course-it will cause rapid market shifts within industrial nations as
 
well. However, developing countries are likely to experience the
 
largest number of lost 
or reduced market outlets and they are the

least well equipped to provide the necessary job retraining and
 
labor relocation that those losses imply.
 

The Technology Treadmill 

Madden and Thompson have identified a related economic risk 
arising from biotechnology, which they call the "techncogy tread
mill.''40 Their analysis shows that even under the positive assump
tion that some farmers can successfully adopt new biotechnologies
before they are adopted on a wide scale globally, many of those in
dividual farmers are likely to realize net losses as compared with 
the period before the new technology was introduced. They argue
that sooner or later the technologies will be adopted globally, thus 
leading to higher overall production, worldwide price declines, and
reduced profits except for those farmers who can expand the size 
of their operations sufficiently to compensate for the losses. Farmers 
unable to do so will have to seek employment in other economic 
sectors. 
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In the U.S., the demise of small farms is a controversial economic
and social issue; in developing countries, especially if it occurs
 
rapidly, it could have grim implications. Rapid displacement of

large numbers of farmers to urban 
areas could add to already heavy
unemployment, exacerbate environmental stresses and crime, and 
severely strain the fev existing social services. 

Again, the cause for concern is usually the lack of control over 
these displacements and their rapid pace, not simply the fact that 
they occur. 

Recommendations 

The preceding discussion suggests that a variety of primarily non
scientific issues need to be addressed 
 if we are to succeed in our
 
common goals of safeguarding the environment and providing

economic opportunity for people indeveloping countries.
 

This paper does not review the status of current institutional 
mechanisms to address the three risks identified in this paper; that
topic is important and needs further investigation. However, it is
obvious that very few international research agencies or companies
conducting genetic engineering research have implemented
strategies to address these risks. Undoubtedly, one reason is that
striking a responsible approach is not a simple task. It requires that 
we spawn and nurture institutions and processes that are capable of 
addressing these challenges. The task is daunting because of the
multiple actors involved, too: research institutes in developing and 
developed countries, governments, private industry, international 
donors, arid environmental and public advocacy groups. 

What should be our immediate goals? First, we should certainly
seek to hurther evaluate the three risks this paper has identified.
 
Second, research institutions should ensure that governments of

their countries are notified about environmental release ex
periments, and should comply with the highest possible interna
tional standards of safety. Third, institutions conducting research 
should develop internal procedures to ensure that the risks des
cribed in this paper are averted at least for the specific activities 
under their control. In this section, I consider these recommenda
tions one at a time. I briefly describe the first two recommenda
tions, but then concentrate on describing the third because I 
believe it is the most feasible, important and potentially effective. 

Research on Economic Forces Aflecting Biotechnology 

To date, far too little research has been conducted to analyze the 
three risks described in this paper, namely: 
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* Whether economic and othe, nontechnical factors will under
mine our ability to realize biotechnology's potential benefits, 

* Whether incentives encoLraging environmentally safe research 
and development are sufficient, arid 

* Whether (and which) major global markets are likely to be 
affected by genetic engineering and what will be tho Specific
economic impacts on dieveloping countries. 

These questions deserve to be investigated in mu(h more detail so 
that responsive and apj)ropriate poli ties can he developed and 
pursued. 

Safe Research and Mirt% tuIANi),'.0, V. Vit!' Out [R\u 

Wheother )r n,t c!ue. it laws pertaining to genutic engineering exist 
ill a country v.hUre s(-ienti-,ts ll,n to release engineered organisms,
researchers should ensure that ,ipl)ro)riate people in the host coun
try government are notified of tim deliberate release activity and 
given sLficient time to respond, and shti (Iden sure that their 
resea rch meets the highest possible international standlards of safety. 

Where regulatory over ,ight does not exist in a developing country,
finding the right authorities to notitv is likoly to be very difficult. 
Sufficient time for this must be luil t into the R&D scheduling pro
cess. To reduce the tire that this will re(luir iin tile future, the

scientific colmmnlLnlity should encou1rage governments to develop

clear procedures 
as quickly as possihe; this is discussed further
 
helow.
 

In the meantime, however, research directors should ensure that
 
work conducted under their supervision complies with the highest

current standards of internationally recognized guidelines. Usually

this will mean compliance with the intent of SUch guidelines rather 
than with the exact procedures they establish. For example, it is not 
feasible for a research scientist in Gamlbia to submit her/his experi
ment for review by the environmental ministry of another country.
Hovever, it should ie feasible to arrange for an independent
review of the research consistent with the basic standards that other 
countries have established. 

Institutional Res, )nsibility: Forming Appropriate Technology
Assessment and Implementation Networks 

The third and final step I wish to recommend is both the most
feasible and most iriportant for any individual research institution 
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to take. That recommendation is for research institutions to 
establish internal procedures for addressing the three types of risks 
described in this paper, as they affect the particular set of activities 
in which they are engaged. This applies regardless of whether the 
institution is a university-affiliated laboratory, an international 
agricultural research center, a multinational corporation, or an inter
national donor agency. 

The appropriate procedure for any given institution to adopt 
depends on its mission, organization and budget. Therefore, the 
following examples of how this could be accomplished are offered 
as illustrations rather than rigid recommendations for the kinds of 
approaches that can be envisioned. Research institutions and donor 
agencies can modif/ these ideas to suit their specific needs and 
circumstances. 

Institutions need to begin by examining the types of activities they 
are conducting in light of the three risks described in this paper.
This might be done by existing staff or with the help of consultants 
or an independent committee. The purpose of such an analysis is to 
help the institution understand which of these risks is most likely to 
threaten itsultimate goals. 

Once the risks most relevant to a particular institution's work are 
identified, it has the information it needs to selectively hire a small, 
permanent staff whose job is specifically to help it address and 
avoid these problems. Committees of outside advisors, while useful 
for giving one-time advice, are almost always unable to devote suf
ficient time to implementing long-term solutions. Furthermore, per
manent staff will have a much better understanding of the operating 
constraints and realities of the organization. 

The types of staffs needed to address the issues being raised about 
the use of biotechnology products in developing countries will vary
from one institution to the next, but one thing that should be clear 
from the issues reviewed in this paper is that technical training is 
not sufficient. Staff of such institutions Should include at least some 
professionals who are trained in economic, social science, and 
policy disciplines-including but not limited to anthropology, 
economics, ethics, political science and other social sciences. The 
particular composition and size of such a staff must depend on the 
institution it is meant to serve. 

While the suggestion to create this new function within research in
stitutions may seem novel and untested, there are good precedents
for it. Twenty years ago, most corporations involved in chemicals 
research did not have environmental staffs; now nearly all do, and 
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those staffs play an important role in helping the company achieve
its goals while avoiding social and political backlash. One of the 
most important things they do is to provide advice about the R&D process from its inception, rather than letting the company get to a
point where damage control is the only option. The same concept
applies to research institutions involved in biotechnology researchand transfer, even though the exact form and function of such staffs
could and should be molded to the needs of the particu'ar
organization. 

For 	purposes of discussion, I will refer to these staffs as "Ap
propriate Technology Assessment and Implementation Networks,"

ATAINs. I deliberately choose to 
 identify them as "networks"
because even though ATAIN staffs might be very small (as small as one or two people at any given institution), their ability to address
these issues effectively on behalf of the research community will bemultiplied many times over if they are established in many such in
stitutions. They could have an important role in advising research
directors and research donor agencies about the issues raised in this 
paper, and related issues that may arise over time. Specific types of
advice they could provide are suggested below. 

One of the useful functions ATAIN staffs could perform would be 
to help their institutions become leaders in achieving the most important public benefits of biotechnology. For example, they could: 

* Evaluate the social and economic merits of different research 
options and proposals. 

• 	 Design and implement methods to obtain information routinely

and directly from intended beneficiaries of research, to ensure
 
such research is meeting their needs.50
 

* Formulate standards and guidelines for addressing internal 
needs that encompass scientific and nonscientific functions ofthe institution. For example, ATAIN staff persons might work
with their counterparts in other agricultural research institutions 
to develop model contracts for collaborative efforts between 
public and private research institutions. 

To help encourage scientists to minimize environmental risk 
whenever possible, ATAINs could: 

* Prepare guidance to help research scientists within the institu
tion comply with environmental standards set by the host coun
try or by international agencies. 
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Determine in advance the institution's liability if something 
goes wrong under colaborative research arrangements in,which 
it is involved, i.e., with private sector coml)anies, developing 
country governnents, eA. 

Finally, AIAINs could suggest activities the institutiOn could under
take to avoid possible negative impacts of research products. 

As one example, if a research proposal has great scientific merit 
but the ATAIN staff is conicerned about the refraction effect, it 
could suggest ii-inovative marketing strategies (includirig ar
rangements with private sector companies) that will ensure the 
resulting products reach poor, rural farmers. 

In addition to helping their specific institutions more effectively ad
dress their own issues and needs, ATAIN,, could )ecome an in
fluential source of ideas for external changes that would benefit the 
researcli COlnitt iit' V addressing some of the risks described in 
this paper. For example, to encourage societal development of the 
most beneficial public products of iiotechnology, ATAINs could: 

o 	 Design moodel safeguards to preserve the ii riependence of 
public sector research while building mutually beneficial col
laboration between private and public sector research
 
institutions.
 

" 	 Conduct adaptive or applied research to modify research pro
ducts arid make them appropriate to local climatic, soil, market, 
and cultural conditiors. 

* 	 Promote innovative piograms for guiding research and develop
ment along the most needed channels within their countries; for 
example, by organizing national or regional scientist/farmer ex
change programns and conferences, or by supporting "orphan 
products" legislation that would provide regulatory relief and 
perhaps economic subsidies to products that are important to 
society but otherwise would riot be developed. 

Second, ATAINs could encourage and contribute to the goal of 
designing biotechnology products having minimal environmental 
risks. For example, they could encourage and develop specific sug
gestioris for implementing the following types of public policies: 

" 	 Effective regulatory capability within their countries. 

" 	 A requirement to use some proportion of the funds or profits 
from biotechnology research for research on ecological conse
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quences and risk assessment tools, by both the public and 
private sector. 

" 	 Development of common biotechnology safety approaches in 
international organizations such as the United Nations Environ
ment Program (UNEP). 

* 	 Policies to teach nongovernrnent agencies that work in villages
how to evaluate the environmental and nutritional value of new 
varieties and new practices. 

" 	 More funding for research on the underlying forces that may

discourage scieritists from using the safest R&D practices.
 

Finally, ATAINs could significantly further the goal of ensuring that 
biotechnology products have beneficial economic effects in 
developing countries. For example, they could develop and 
support: 

* 	 Deliberate policies in LDCs to ensure that biotechnology assists 
small as well as large-scale producers. 

* Stronger public and private R&D in genetic engineering in 
developing countries. Such support could take the form of 
sponsoring scientific training, building scientific and profes
sional societies, or supporting international efforts that are fur
thering this goal. 

* 	 Policies to mitigate the adverse effects of economic changes, 
e.g., strategies for coping with the risks of market loss, product
displacement, and job displacement. Early Warning Systems to 
anticipate and monitor the social and distributional impacts of 
innovations could provide advance knowledge of the displace
mrent of developing countries' products and markets by
biotechnology applications."' 
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Crop Disease Detection Through Biotechnology-
Worldwide Applications 

Richard K. Lankow 
Agri-Diagnostics Associatec 
Cinnaminson, NJ 08077 

Immunological Biotechnology 

A major biotechnology area that has expanded greatly is the prac
tical application of immunology-based techniques. The discovery of 
monoclonal antibodies in 1975 increased interest in immunology 
and has lead to a large number of research breakthroughs and a 
host of commercial products. Tile first applications of im
munological biotechnology were in the medical area. Diagnostic 
products, diagnostic imaging, targeted delivery of therapeutic agents 
and direct therapy are among the prominent uses of monoclonal 
antibodies. 

Immunological biotechnology has also found application in the 
agricultural realm. Uses of diagnostic products for veterinary 
medicine parallel those in human medicine. Diagnostic kits are 
available for many infectious diseases of domestic animals as well 
as for pregnancy and ovulation detection. 

Crop plants have also become a focus for the application of immu
nological techniques. For some time plant virologists have led the 
way by utilizing animal-derived antibodies to detect, diagnose, and 
characterize plant virus infections in plants, seeds, and vectors. In 
recent years the application of immunological testing to plants has 
expanded a great deal due, in part, to the increased use of 
monoclonal antibodies and diagnostic technology in the medical 
fields. 

Today immunological methods are being used both experimentally 
and commercially to detect and monitor crop diseases, detect and 
quantify pest populations, detect mycotoxins and pesticide residues, 
differentiate varieties, and identify biochemical components of 
plants. 

Immunoassay Principles 

The key to immunological testing is the nature and function of anti
body proteins which are a key element of the defense mechanism 
of higher animals. Antibodies are produced by specialized blood 
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cells in response to organisms and high molecular weight, su
stances which the animal's system identifies as "foreign " Antibody 
molecules have a consistent structural confirmation usually 
represented graphically as being similar to the letter "Y." The 
remarkable aspect of these proteins is that each contains a variable 
region which can bind to very specific materials (Fig. 1). This 
specific binding ability allows antibodies to recognize and attach to 
foreign materials encountered in an animal's blood stream or body 
as a critical step in the animal's defense mechanism. Foreign 
materials which can elicit an immune response are termed 
"antigens." When animals are immunized for the production of 
specific antibodies, the material used is termed an "immunogen." 
Mammalian immune systems are capable of generating a vast array 
of antibodies with different binding specificities. It has been 
estimated that the immune system may be capable of developing 
over one million different types of antibodies. 

Antibody Protein 
Schematic Representation 

Antigen Binding 

Variable 
Region 

Light Chain 

Constant RegionHeavy Chain 

Figure 1.Antibody Protein: Schematic Representation. 

Studies in the 1970s demonstrated that one white blood cell pro
duces only one type of antibody. When that cell becomes 
stimulated it reproduces and secretes the specific antibody for 
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which it is genetically programmed. Since an aninial is constantly 
stimulated by a variety of antigens the bloodstream contains many
different antibodies at any one time. This multiplicity of antibodies 
can be problematical when the animal is being used to produce
specific antibodies experimentally, since a variety of antibodies 
\,i differing specificities will be found in the blood serum along 
wih anibodies of interest. Since each antibody is produced by a 
single cell population or clone and every animal produces many
antibodies and cell clones, native serum is termed "pulyclonal." 

Polyclonal antisera are extremely Lseful and have been the basis of 
most medical immunodiagnostic testing for over 25 years. In 
general, polyclonal antisera display high affinity for the target
antigens and tend to exhibit fairly broad specificity ranges. With 
purification, polyclonal antisera (an yield highly specific antibody 
fractions. 

There are some drawbacks to polyclonal antisera including varia
tions in the antibody population within an individual animal over 
time, the need to produce batches of iImunogens regularly, and 
the purification required to increase the specificity of an antiserum. 

In 1975 Kholer and Milstein demonstrated that single atibody
producing cells from nice could Ibe isolated and grown in culture 
indefinitely, if the cells were physically fused with CaIceloLIs 
mouse white blood cells called myelonia cells. Myelonia cells have 
the capacity to reproduce in culture whereas normal white blood 
cells survive only a short time in culture. The resulting hybrid cells, 
"hybridomas," secrete antibodies, can be grown Under laboratory
conditions, and can be stored indefinitely under liquid nitrogen. 

Through careful selection of inmunogens and rigorous screening,
researchers can develop monoclonal antibodies which exhibit 
exquisite specificity. Since these cells can be reproduced readily
and stored easily, it is now possible to have consistent sources of 
antibodies. These characteristics have stimulated the commercial 
interest in monoclonal antibodies and imnmunologically-based 
testing since the basic discovery in 1975. 

The specific binding ability of antibodies is used in immunological 
testing procedures in which antibodies are employed as highly
specific reagents. In contrast, other analytical techniques derive 
much of their specificity from an apparatus or combinations of 
reagents and equipment. Analytical testing procedures which utilize 
antibodies are referred to as "immunoassays." 

Immunoassays require a means to visualize or detect the reaction 

between an antibcdy and its target organism or substance to be 
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_________________________ 

over the years many visualizaemployed on a practical basis, and 
tion methods have been developed. Since each antibody molecule 

anhas two binding sites, visible aggregates may be formed when 

antibody reacts with target materials. Other assay methods have 

employed the abiliy of antibodies to induce lysis of red blood 

cells. The antibody molecule is notable in that it can be modified 

chcmically without impairing its specific recognition and binding 
of antibodiescapacities. This characteristic allows the "tagging" 

Target-soecific antiboc;es bound 
'* - '~" '':::' " to a solid support such as plastic 

wells, membranes, misrobeads. 

Complex mixture inciucing target 
antigen incubtea ,wi,,imniobilized 
antibodies. 

9::#:Target antigen binds specificz::y 
toimmobilized antiboz:es. 

""l Contaminating substances 
wasned away. 

Tairnet-5pecific ant,',cc es tagged 
witn an unzyme adde ar d 
ncuoated with rnmc ,zec complex. 

..-- .::=Unbound materal washed away. 

Enzyme substrate acced. Enzyme 
converts colorless su-state to 
colored product. 

Finai color 
proportiono-i :o anticefl 
concentration in oric.ral mixture. 

Figure 2. Schematic Immunoassay Procedure: ELISA Double Antibody 

"Sandwich"Assay. 
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with markers including radioactive substances, fluorescent materials,
particles, and enzymes. The majority of immunoassays developed 
recently rely on tagged antibodies for visualization of reactions. In 
addition to visualizing reactions, the materials used to tag anti
bodies may also piovide amplification which incieases the sensi
tivity of the assay. 

One of the most popular and effective visualization methods 
utilizes enzymes which are biochemically coupled to the antibody.
Enzymes are chosen for their ability to catalyze a reaction in which 
a colored end product is generated. This type of assay is termed 
"EIA" for enzyme immunoassay or "ELISA" for enzyme-linked 
immunosorbent assay. Figure 2 outlines a typical ELISA test. 
Although there are many types and variations of immunoassays, this 
examl)le offers, an overview of the sleps of a typical immunoassay. 

Immune systems can generate specific antibodies to a vast range of 
materials. The practical exploitation of tis re(Jires that one select 
the target to be detected, develop antibodies which recognize that 
target, and formulate the antibodies and associated reagents in a 
useable assay. Viruses were among the first plant-associated
materials to be targeted for antibody production. In recent years,
however, antibodies have been produced which target a wide 
variety of plant components, pathogens, and pests. 

Immunoassays in Crop Production 

The applications of immunoassay in medicine are well-known and 
growing, but the applications in crop agriculture have been less 
clear until recently as plant disease detection and diagnosis
products have become more widely available. Conmercial tests are 
available for a variety of plant viruses, a limited number of plant
pathogenic bacteria, and several important genera of plant 
pathogenic fungi. 

Immunoassays are especially suited to the detection and identifica
tion of specific organisms in crude preparations. Due to the binding
specificity of antibodies, target organisms can be detected in plant 
extracts, seed homogenates, soil preparations and other such 
matrices without the need to isolate the pathogen. Immunoassays 
can be developed to detect extremely low levels of the target and 
can be quantitative. These characteristics make immunoassays
applicable for use in laboratories in offices or homes, and at field 
locations. 
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Crop Disease Management 

Crop yields have risen under intensive cultivation but pests and 
diseases continue to claim a significant portion of agricultural pro
duction. Consequently, intensive crop production schemes require 
active disease management programs to assure high and consistent 
crop yields. 

Goals of disease management programs include: 

* Reduction of disease losses 
* Prevention of catastrophic crop loss due to disease 
* Appropriate uses of pesticides and other inputs 
•Maximum economic yield. 

The objectives of disease management systems required a high 
level of observation including scouting for disease outbreaks, assess
ing planting materials for freedom from infection, assessing the 
degree of disease potential in the environment, and attempting to 
anticipate disease outbreaks. These tasks are especially difficult in 
the case of plant diseases, since most pathogens are microscopic 
and the presence of the pathogen can be observed only when 
symptons appear or when very laborious and lengthy pathogen 
isolation procedures are employed. Deiection and diagnosis of 
plant diseases typically requires a well-trained and equipped 
individual. Detailed information on pathogen level can normally be 
obtiLned only through the use of a well-equipped laboratory. 

Biotechnology and Crop Disease Detection 

The techniques of imnUnoassay discussed above can greatly aug
ment the process of crop disease detection and diagnosis. Although 
the development of imrnunoassays for crop diseases is highly 
sophisticated, the assays and products arising from those efforts can 
be relatively simple, which allows their use in less sophisticated 
settings. The driving force in the commercial development of 
immunological assays is their application to nonlaboratory settings 
worldwide. 

Detection of plant pathogens through the use of immunoassays has 
a wide range of implications and benefits. A number of applications 
of immunoassays and the use of the resulting information are
 
discussed below.
 

Crop Disease Diagnosis: Growers, crop managers, and technical 
specialists throughout the world must diagnose crop diseases 
regularly. Aside from the high level of training and experience 
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required, this task is made more difficult by the variation in disease 
symptoms, similarity in symptoms from different causes, and secon
dary pathogens. Laboratory diagnosis, when it is available, may be 
equally difficult since samples frequently have deteriorated before 
they reach the laboratory. Most diagnostic laboratories are relatively 
far from growing regions which further limits the availability of 
sophisticated diagnostic services. These problems are amplified in 
developing countries where limited transportation and mail services 
may make laboratories more inaccessible. 

Immunological methods of pathogen detection overcome many of 
these limitations. Due to their great specificity, immunoassays may
frequently be applied to crude plant extracts that contain plant 
components and perhaps a variety of secondary organisms and 
pathogens. Once a specific pathogen has been detected in a plant
sample, appropriate control measures can e develOped and 
implemented. 

li must be emphasized at this point that immunoassays can not 
make disease diagnoses. These assays and any other method can 
only assist the crop manager in developing a specific diagnosis. For 
example, the detection of a pathogen in a sample must be weighed
against the symptoms being expressed, recent weather patterns, the 
crop variety being grown and so forth. The accurate detection of 
pathogens is, however, a critical aspects in the proper diagnosis of 
crop diseases. 

Once accurate detection of a pathogen has been accomplished and 
the disease diagnosed, the crop manager can implement control 
measures. The benefits of accurate, rapid, and simple disease 
diagnosis include: 

* Timely management practices 
" Appropriate management action 
" Wider range of management options 

The sensitivity of immunoassays allows the detection of crop
disease prior to the onset of symptoms. Pathogens present in seed 
and other propagating materials, latent foliar and fruit infections, 
and active root infections can be detected before symptoms are 
expressed or become well-defined. Early detection of diseases and 
pests is a clear goal of all pest management systems for reasons 
summarized in the accompanying table. 

" Increases management option: av, .lable 
" Apply most appropriate disease control 
" Select most appropriate planting materials 
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* Limit disease spread 
* Prevent crop losses 

Disease detection is critical throughout the crop production cycle. 
Selection of disease-free planting materials and early detectien and 
diagnosis of diseases are critical to sound disease mallagemeni. 
Similarly, disease levels must frequently be monitored throughout 
the growing season. In this way crop management decisions based 
on changes in disease levels or frequency and control practices can 
be adjusted accordingly. Benefits of regular monitoring include: 

* Accurate timing of disease management i)ractices 
* Additional detail on disease patterm 
* Appropriate and effective use of fungicides 

Ideally crop disease management should also be based on know
ledge of pathogen prevalence before planting or even before plant
ing sites are chosen. Currently this information is developed for a 
very limited range of plant pathogens which are primarily seed
borne or carried in asexually propagated materials such as tubers, 
hulbs, rootstocks, and woody species. The level of disease inocu
lur in the environment is very difficult and has typically been 
determined almost exclusively on a research basis. 

Characteristics of Crop Immunoassay Systems 

The prior sections have outlined the nature of immunoassays and 
have outlined the needs for crop disease monitoring. Immunoassays 
can contribute greatly to disease monitoring and diagnosis in 
agriculture, but the assays themselves must be adapted to fit into 
agricultural systems. Since the initial commercial uses of imnuno
muno-assays were in clinical medicine, most procedures required a 
well-equipped, temperature-controlled laboratory staffed with well
trained personnel. 

con
ducted near the growing site to be of practical benefit. Diagnostic 
laboratories will continue to expand their use of irnmunoassays but 
such facilities are, unfortunately, not readily accessible to growers 
and crop managers even in highly developed countries. Agriculture 
presents a number of challenges to developers of immunoassays 
that are not encountered in medical diagnostic test development. 

Agricultural immunoassays, in contiast, must frequently be 
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Development of Commercial Immunoassays 

Medical 
Single host (Humans) 
Host well characterized 
Pathogens well characterized 
Sampling: blood, urine, biopsy 
Diagnosis by individual 

Diagnostic system established: 
Physician 
Clinical reference labs 
Hospital labs 
Home diagnostic test kits 
Laboratory technicians 

Tests conducted in controlled 
environment, 

Effect of body substances on 
tests known. 

Agricultural 
Large number of host species 
Limited biochemical 

characterization 
Limited biochemical 

characterization 
Sampling: must be developed 
Diagnosis and detection in 

populations 
Diagnostic system limited: 

University, state diagnostic 
labs 
Private diagnostic labs 

Tests conducted under varying 
conditions 
Effect of plant, soil extracts not 
known 

Despite the challenges inherent in developing immunoassay to 
agricultural targets, many research groups, both academic and com
inercial, have succeeded in creating useful antibodies and assays for 
plant pathogens. At the point that useful antibodies have been 
developed, they must be assembled into a testing format that meets 
a number of criteria. Many of the immunoassay criteria listed below 
must be met for medical diagnostics, but a number are unique for 
agricultural immunossays. 

Criteria for Commercial Agricultural Immunoassays 

" Test standardized, results reproducible 
" Can not employ radioactive labels 
" Testing rapid, requires limited hands-on action 
" Sample preparation simple, rapid 
" Multiple samples can be tested 
" No interference from host plant materials 
" Quantitative or yes/no assay 
" Cost-effective (testing cost relative to treatment and potential crop 

loss) 
* Can be conducted in nonlaboratory setting 
" Test results meaningful-interpretation guidelines established 
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In general, agricultural immunoassays can be grouped into on-site 
and laboratory-type tests based or. the sites where they will be 
used. On-site testing will be conducted at or very near the growing 
site. These tests will be analogous to over-the-counter medical 
testing and will comprise the major use of immunoassays due to 
the inaccessibility of most laboratorie. as discussed above. On-site 
testing imposes additional criteria on tihe design and development 
of commercial diagnostic products. 

Criteria for On-site Agricultural Immunoas.-iys 

• Test units self-contained 
* Specialized laboratory equipment not required 
* Test procedures simple and explained clearly 
* Tests relatively insensitive to environment 
* Interpretation guidelines and subsequent actions defined 

! hould be noted that immunoassays are dependent on biological 
reagents including antibodies, enzymes, and proteinaceous 
sta-,ilizers. These materials must be stored under controlled condi
tion, to preserve their full activ Most test kit manufacturers 
specify storage under refrigeratio~i when kits are not in use. These 
limitations must be considered when diagnostic assays and kits are 
targeted for specific crops and regions of the world. 

Implications for International Agriculture 

Commercial Status: Currently, there are a number of commercial 
immunoassays available to detect and diagnose plant diseases. The 
great majority of these are laboratory tests targeted to v,:us diseases. 
AgDia, Inc. and Boeringer-Mannheim have the most extensive prod
uct listings. Agri-Diagnostics Associates produces laboratory immu
noassays for several genera of plant pathogenic fungi. Immunoassay 
kits for aflatoxins and other mycotoxins are available from a 
number of firms throughout the world. Environmental Diagnostics, 
Inc. markets a 10-minute screening assay for aflatoxin. Laboratory 
immunoassay for aflatoxin are currently available for Neogen, Inc. 
(US), Mtay and Baker (UK), and Ube Industries (Japan). 

On-site tests are currently available for several fungal diseases from 
Agri-Diagnostics Associates. A number of other firms have 
announced additional on-site tests but these are still under 
development. 
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Development of New Diagnostic Products: International agricultural 
agencies and research centers must become involved in a number 
of key activities if commercial diagnostic tests are to be available 
on a worldwide basis. These are outlined below and include identi
fying crop diseases for which diagnostic tests are truly needed and 
determining the priorities for their development. Many times a 
product may be needed by a particular group of growers or 
specialists in a particular region, but upon further study it is found 
that the problem is limited in its distribution and importance. Inter
national agricultural experts and agencies are in the best position to 
provide direction to commeicial firms regarding target selection. 

It is also critical to define the management action to be taken once 
a positive test is obtained. What will the technical secialist or 
grower do if they discover the presence of a particular disease in a 
crop or seedlot? If no clearcut management action is apparent, the 
test, though technically successful, may not cont;ibute to manage
ment of the crop. Similarly, the economics of the management 
action must be considered in relation to the value of the crop and 
the cost of the diagnostic procedure. 

The term "biotechnology" implies a commercial aspect of 
biological research and development. International agricultural 
agencies must participate actively in assisting biotechnology com
pa,.ies to define the economics of disease problems and their con
trol in the international community. These aspects include support 
of development of specific tests, licensing agreements with basic 
researchers who may have developed antibodies and techniques, 
and developing distribution networks for the resulting testing 
products. 

New technologies require end-user education and training. This 
concept applies to the United States and other developed countries 
as well as to the international agricultural community. If the prod
ucts of biotechnology are to benefit international agriculture, 
customer education and training is a challenge that will require the 
commitment and involvement of all agencies and specialists. Col
laborative efforts are essential for the successful commercialization 
of any new technology. In agriculture this is doubly true due to the 
vast areas involved, the diversity of crops and environmental condi
tions, language barriers, trade policies, and the need to educate 
end-users. 
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Key Steps In Diagnostic Kit Development 

* Identify target diseases in various regions and crops 
" Set priorities for development of diagnostic reagents 
" Define the management steps resulting from a positive test 
" Determine where and by whom field tests will be conducted 
" Arrange funding for field testing 
" Identify end-users 
" Determine who will purchase and distribute tests 
* Arrange for end user education and training 

The Future: Although immunodiagnostic products can be developed 
relatively quickly, the development process requires a sophisticated 
and integrated team of specialists from diverse disciplines including 
immunology, protein biochemistry, plant pathology, agronomy, 
and bioengineering. The need for integrated teams may limit the 
rate at which additional diagnostic products will reach the market 
place. 

Biotechnology is being driven forward primarily in the United 
States and other developed countries; consequently, international 
agricult6. ral agencies and policy making groups must develop 
guidelines and priorities which identify the needs that 
biotechnology can address. Once the goals are clearly set, 
biotechnology iesearch groups and commercial organizations can 
begin to bring the enormous power of this group of techniques into 
the battle for stable, cost-effective agricultural production 
worldwide. 
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Immunoassay Technology for the Diagnosis of Disease 
in Livestock and Developing Countries 

Erwin F. Workman, Jr. 
AgriTech Systems, Inc. 
Portland, Maine 

Veterinarians have long recognized the need for rapid and accurate 
diagnosis in sound health care programs. Over the years, a wide 
variety of diagnostic technologies have been employed in response 
to this need. Most rccently, advances in biotechnology, including 
the advent of immunoassay technology, hava ushered in an exciting 
new era of improved diagnostic capabilities for a broad range of 
animal health applications. 

Tests that were once cumbersome to perform or difficult to interpret 
can now be done quickly, easily, and accurately with minimal skill 
requirements in a veterinary clinic or in the field. High-volume 
automated diagnostic systems have also revolutionized testing pro
cedures in veterinary laboratories. The impact of these new 
diagnostic capabilities on animal health m2nagement isfar-reaching 
and certainly deserves the close attention of practicing veterinarians 
around the world. 

The purpose of this presentation is 'o provide an overview of im
munoassay technology as it is applied in the laboratory and in the 
field. In order to demonstrate the breadth of the technology, ex
amples of immunoassays for three diffe.ant diseases, each per
formed using different assay technologies, are presented. These 
assay technologies include a state-of-the-art, automated, 
fluorescence-based system, a standard microwell system, and 
finally, a single-use assay device appropriate for field use. 

As these disease detection systems are presented, keep in mind that 
the particular diseases chosen may not seem appropriate to 
everyone. But remember that they are merely examples to give you 
an appreciation for the capability of the technology, so feel free to 
make mental substitutions as you read through this presentation. 

Before reviewing immunoassay technology, it is useful to briefly 
review the immune response. As shown in Figure 1, when an in
dividual is challenged with viral or bacterial antigens, this "foreign 
material" is first processed by the macrophages. This involves 
breaking up the material into fragments which are presented in 
association with the major histocompatibility complexes to the 
T-lymphocytes (T-cells). The T-cells are subsequently activated and 
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stimulated to divide. Note that the interleukins play a rGle in T-cell 
activation. B-lymphocytes (B-cells) also interact with the foreign an
tigens as a function of receptors different from those on T-cells. B
cell receptors are known as immunoglobulins. Subsequent to an in
teraction with antigen, activation of the B-cells is completed via 
stimulation by other lymphokines secreted by the T-cells. The ac
tivated B-cells then undergo cell division producing B-cell clones. 
Each clone is capable of producing a specitic immunoglobulin 
recognizing one site or epitope on the viral or bacterial antigen. 
These B-cell clones then mature into plasma cells whose function is 
to pioduce and secrete immunoglobulins into the blood. These 
antibodies circulate throughout the body and are capable of bind
ing to foreign antigens. This binding triggers additional mechanisms 
which process and neutralize the foreign antigen. 

Figure 1. Simplistic view of the immune response. 

We take advantage of the immune response in diagnostics not only 
for the production of diagnostic reagents, both monoclonal and 
polyclonal antibodies, but also for the detection of antibodies that 
are markers of disease. There are three basic requirements for an
immunoassay. First of all, reagents are needed; antibody if the goal 
is to detect specific antigen, or purified antigen if the goal is to 
detect antibody. Secondly, a matrix for the antigen-antibody reac

tion to occur is required. A microtitel plate would be an example of 
a matrix, as well as the dipstick. Finally, a r 'dout system to 
measure the extent of the antigen-antibody reaction is needed. 
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The three assay technologies that will be discussed are presented in 
Figure 2. In the middle is a standard microtiter plate. In the 
background may be seen the multiwell reaction vessel for the 
automated, fluorescence-based system. Finally, in the foreground, 
you see a single-use assay device. 

The fluorescence-based system is presented in Figure 3. It consists 
of the instrument on the left and a computer on the right. Basically, 
the instrument performs the entire immunoassay, then sends data to 
the computer for reduction. The technology is called PCFIA, or Par
ticle Concentration Fluorescence Immunoassay. It utilizes 
microscopic particles or submicron particles, which serve as the 
matrix for the antigen-antibody reaction. These particles are coated 
with reagents and are used to bind reactants. Bound and unbound 
labels are separated by filtering the reaction mixture. The machine 
can filter because it pulls a vacuum across the bottom of the wells, 
pulling the liquid through but retaining the microparticle., on top of 
the membrane. After washing, fluorescence is read by the instru
ment. Figure 4 presents a cross-section of the wells. Microparticles 
may be seen in suspension. After the reaction is complete, the mix
ture is filtered, and the particle washed and concentrated on the 
bottom of the well. The total particle-bound fluorescence is then 
determined by front-surface fluorimetry. It is the concentration of 
particles on the membrane that gives the technology good 
sensitivity. 

.LA!
 

Figure 2. Three different assay deliver, technologies. 
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Figure 3. PCFIA system. 

Incuate .?.,,, Fltelrll ReadI 

Figure 4. Cross-section of PCFIA reaction wells. 

The disease example for this technology is brucellosis. The test 
system is designed to detect antibodies to Brucella abortus in 
bovine serum, and has been set up in a competitive assay format. 
The microparticle is coated with antigen from BrucelIa abortus, and 
is mixed with sample and with the label. The label is a fluorescene
labeled antibody specific for B. abortus. Antibody in the sample 
competes with the label for binding sites on the microparticle, such 
that the more antibody in the sample, the lower the fluorescence. 
To perform this test, the technician fills up a reagent reservoir, 
which is inserted into the instrument. Then, sample is added to 
each of the reaction wells in each of ten plates. Next, the plates are 
inserted in the instrument and GO is pressed on the touch screen. 
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The instrument does the rest. It adds the antigen-coated particles, 
adds the fluorescene-labeled antibody, and proceeds through the in
cubation and wash steps. Finally, it measures fluorescence, and 
sends the data to the computer. 

As shown in Figure 5, one technician and one instrument can run 
about 3000 samples a day. That extrapolates to about three quarters 
of a million samples per year. If one adds technicians to handle the 
sample information, then the throughput goes up and, of course, if 
instruments are added, then the throughput goes up. 

Figure 5. PCFIA throughput for a B. abortus antibody test. 

Fiure6. Frequency distribution for B. abortus culture positives using 
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Figure 7. PCFIA versus classical techniques. 

To give an idea of the sensitivity of this methodology, a frequency 
distribution on 469 culture-positive brucella samples is presented in 
Figure 6. Frequency versus a sample to negative ratio, SIN, is 
plotted. Ratios of 0.7 or below are considered positive, while those 
greater than 0.7 are considered negative. In this case, 466 of the 
469 samples are positive. Compared to classical methodologies 
(Figure 7) PCFIA is equivalent or better. 

In terms of specificity, which is the ability of a test to call a 
negative sample negative, PCFIA is superior to the current presump
tive tests. Figure 8 presents 29,000 samples tested in Pennsylvania,
a brucellosis-free state. If all samples are assuried to be negative in 
this free state, any sample with an S/N that is 0.7 or below then 

would be a false rpositive. From this distribution it is apparent that 
the false positive rate is very low. In fact, it is on the order of 0.3 
percent. How does that compare with current methodologies? Prob
ably the most popular presumptive assay for brucellosis is called 
BAPA, a plate agglutination test. Twenty-two thousand samples 
were tested by both PCFIA and BAPA in Pennsylvania. The BAPA 

methodology called a total of 360 of those samples positive, 
whereas PCFIA called only 89 positive. Thus, the BAPA screening 
method has about four times the false-positive rate compared to 
PCFIA. Late in 1987, this methodology was approved as an official 
testing methodology for brucellosis in the United States, and we 
think it will have a positive impact on eradicating the disease. 
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In addition to high throughput of sensitive and specific assays, the 
technology has additional beneficial attributes. These include the 
capability of measuring fluorescence simultaneously at up to four 
different wavelengths. This means that if one can configure multiple 
assays in the same format, adding in multiple particles with dif
ferent antigens and multiple probes with different fluorophores, 
then one should be able to perform multiple assays on the same 
sample simultaneously. In Figure 9 a multianalyte report is 
presented that was generated on samples that were tested for 
brucellosis as well as infectious bovine rhinotracheitis. A S/N of 0.7 
or below would be positive for each disease; various combinations 
are presented. 

Figure 8. Frequency distribution for B. abortus negatives using PCFIA. 

This is a very powerful technology. In addition to brucellosis and 
IBR, AgriTech is pursuing the development of assays for tuber
culosis, Johne's disease, bovine leukemia, swine brucellosis, swine 
pseudorabies, and some other respiratory diseases. The Company 
would be interested, as well, in collaborating with developing 
countries to apply this technology to other diseases. 

Microwell technology is the most commonly used assay 
technology. Consequently, around the world one will find a variety 
of readersystems and wash systems; there are both automated and 
manual versions. Manufacturers include Dynatech, Biotek, Flow, 
and Molecular Devices. 
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Figure 9. PCFiA multianalyte report. 

The disease example for microwell technology is pseudlorabies. The 
assay to be described is an assay that will differentiate a field
infected animal from an animal that has been vaccinated with a 
genetically engineered vaccine. On this program AgriTech has col

laborated with annther biotechnology company called SyntroVet, 
Inc. This Lenexa, Kansas-based concern has engineered a virus such 
that virulence factors, as well as a nonessential glycoprotein, gpX, 
have been deleted from the genome. Thus, a field strain of the 
virus will have gpX, whereas the engineered vaccine strain will not 

have it. Consequently, animals exposed to feld strain will develop 
antibodies to gpX, but vaccinated animals will not. This is the hase 
for a differential diagnosis. 

AgriTech developed monoclonal antibodies aainist gpX and set up 
a competitive enzyme-linked immunosorbent assay (ELISA), 
represented schematically in Figure 10. In this format the enzyme
labeled monoclonal antibody competes with gpX-specific antibodies 
in the sample. The more antibodies present in the sample, the 
lower the color. 

What are the basic criteria for a differential test? First, it must iden
tify field infections with the same sensitivity as a whole virus test, 
that is, a test based on detecting antibodies against all viral com
ponents. And, of course, it has to ignore all the antibodies pro
duced in animals that are vaccinated with the engineered virus. 
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Figure . Competitive ELISA for anti-gpX. 

Performance of the gpX assay compared to the whole virus assay
on infected animals is presented in Figure 11. Whole virus assay 

results are shown in the top panel; gpX assay results are shown in 
the bottom panel. On day 7 the whole virus test turns positive and 
as well on day 7 the gpX test is positive, indicating that the 
sensitivity of the gpX test is essentially equivalent to that of the 
whole virus test. 

Figure 12 presents i. ' erformance of the whole virus assay and 
the gpX assay on vaccinates. The top panel indicates that titer is be
ing developed subsequent to vaccination, seroconversion occurring 
at about day 10. On the bottom panel one sees the results on the 
same ;'nimal for the gpX assay. There is absolutely no response. It 
is clear that this assay can be used to differentiate field infections 
from animals that have been vaccinated with the SyntroVet vaccine. 

AgriTech considers the microwell technology to be a very good 
one. As a matter of fact, the company has about two dozen prod
ucts in the microwell format, including about a dozen tests for
poultry diseases, two whole virus tests for pseudorabies, and tests 
for food and feed contaminants. 

New assay technologies are typically applied first in laboratory en
vironments and only later in nonlaboratory settings. This is ccrtainly
true for ELISA technology, which has become commonplace in 

most veterinary reference laboratories, but has only more recently 
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been adopted as a practical in-clinic diagnostic tool. AgriTech's 

goal in ierms if in-clinic and field applications was to deliver im-
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Figure 11. Comparison of sensitivity for the anti-gpX assay versus the anti

whole virus assay. 
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Figure 12 Comparison of the anti-gpX assay to the anti-whole virus assay 
on vaccinates. 
munoassay technology to these groups without compromising sen
sitivity and specificity. We thought of using the microwell format, 
but decided that it should be utilized in the laboratory which is 
equipped with readers and washing systems. Thus, we turned to a 
completely new assay delivery technology called concentration im
rnunoassay technology, now known throughout the veterinary clinic 
world as CITE. 
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This membrane filtration technology is presented diagrammatically 
in Figure 13. All of the immunoassay reactions occur on a glass 
fiber membrane. On top of the bioactive membrane is a prefilter. 
As a sample is applied onto this prefilter, it removes potentially in

as blood cells and insoluble partsterfering insoluble material such 
of fecal samples. The sample then moves across areas on the bioac

tive membrane where biological reagents have been immobilized. 
absorbent area or waste reservoir.Past that, it moves into an 

Figure 14 shows a schematic of the device without a prefilter. 
Notice that there is ample space for multiple reactive spots. This 
allows the incorporation of integral positive and negative controls. 

The disease example for the CITE technology is feline AIDS, which 

is caused by a newly discovered retrovirus, feline T-lymphotropic 
lentivirus. This virus causes an immune deficiency syndrome in 

cats. Virus is grown in tissue culture, and highly purified. The assay 
protocol contains five steps and is simple and quick. 

A typical positive result is presented in Figure 15. Notice the orien
tation spot that indicates that below is the positive control. As long 
as that positive control develops color, it means the assay was per
formed correctly. Off to the right is a diagnostic spot. Here we 

have immobilized the FTLV antigens; thus, in this particular sample 
there were specific antibodies directed against that antigen. 

Figure 13. Membrane filtration technology. 
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Figure 14. CITE device without prefilter. 

It is possible, in the case of FTLV, for cats to develop an antibody 
titer against the cell line that is used to produce the virus. The in
corporation of a negative control on the bioactive membrane which 
contains host cell components signals the presence of nonspecific 
reactivity. Since each sample serves as its own negative control, the 
chances for false positives as a function of nonspecific reactivity are 
virtually eliminated. An example of nonspecific reactivity is shown 
in Figure 16. 

It is safe to say that any assay that functions on PCFIA or in the 
microtiter format can be adapted to the membrane filter format. 

Figure 15. CITE-FTLV positive result. 

395 



Figure 17 presents an example of a brucellosis test that is being 
used at sale barns as a supplementary test on card-positive, vac
cinated animals. In this example, the spot directly beneath the 
orientation spot contains the brucella antigen. In addition, 
calibrators are provided and, as the color dtvelops in the sample 
spot, these calibrators also develop coloi. The level of antibody in 
the calibrators are matched to the various cutoffs in the PCFIA 
B. abortus test. Negative and reactor samples are shown in this 
figure. 

In summary, diagnostic technologies have evolved rapidly over the 
last few years partly as a function of developments in 
biotechnology. In fact, technologies exist to provide any user 
anywhere in the world with a practical immunoassay system. The 
key, however, is to try to understand the needs of specific users 
and to understand the cost-benefit ratios that exist. Meetings such 
as the A.I.D.-sponsored conference on biotechnology provide a 
useful forum for users and manufacturers to exchange ideas and 
discuss opportunities. 

CITE'" NON-SPECIFIC REACTIVITY 

Figure 16. CITE nonspecific reactivity. 
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Figure 17. CITE-B. abortus test results. 
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Applications of Immuno and DNA Hybridization

Diagnostics in Research at ICARDA
 

Khaled Makkouk, Douglas Beck and Marlene Diekmann 
International Center for Agricultural Research in Dry Areas 
(ICARDA), Aleppo, Syria 

Introduction 

During the last few years, diagnosis of cereal and food legume
viruses and identification of nitrogen fixing RhizobiLum of food and 
forage legumes at ICARDA's main station in Syria and in the coun
tries of its outreach (West Asia and North Africa, which will be 
referred to in this article as the WANA region) was based mainly
Un serology and biological indexing. Polyclonal antisera produced
in rabbits were the main reagents used for detection and the tech
niques employed were mainly enzyme-linked immunosorbent assay
(ELISA) for viruses and immunofluorescence (IF)in addition to 
ELISA for the detection of rhizobia. 

The utilization of polyclonal antisera in many cases proved to be 
useful in detecting viral pathogens, including those which are seed
borne. However, in cases such as bean leaf roll virus (BLRV), the 
detection with polyclonal antisera did not appear to be sensitive 
and specific enough to explain the variability in disease symptoms
observed in the field. The availability of more specific and sensitive 
diagnostic reagents will improve our understanding of the etiology
of such diseases. The recently developed monoclonal antibodies 
with high sensitivity (Prohbakar et al., 1984) and variable specificity 
are an added tool to improve diagnostic capabilities, not only for 
plant viruses and rhizobia, but may be extended to fungal and 
bacterial pathogens as reported recently (Casano et al., 1987; Mit
chell, 1986; and Mitchell and Sutherland, 1986). 

The more recently developed molecular hybridization techniques
employing complementary DNA (cDNA) probes for the detection of 
plant viruses and viroids proved to increase detection sensitivity
(Owens and Diener, 1981; Macquarie et al., 1984; Hull, 1984).
Techniques were also developed to detect dsRNA in plant extracts 
(Morris et al., 1983) as an indication of viral infection. Plant
pathologists and microbiologists have at their disposal different 
detection methods with high sensitivity and reliability. Such innova
tions are important for seed health laboratories dealing with quaran
tine pathogens. The increased sensitivity of available methods will 
reduce the chances of seed-borne pathogens escaping laboratory 
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seed health testing. This is useful for a center such as ICARDA, 

which is actively involved in germplasm exchange. 

Disease Diagnosis 

Diagnosis of Virus Diseases 

During the last few years, surveys for viral diseases of cereals and 
food legumes carried out in the WANA region (Makkouk et a!., 
1987; Makkouk et a/.,1988) identified a number of viruses either of 
actual or potential importance. On cereal crops, barley.' yellow 
dwarf virus iswide-spread in the region (Makkouk et a/., 1987), but 
it reaches economic levels only in Tunisia and Morocco, and 
possibly in Ethiopia. The surveys carried out are so far by no means 
complete and further work could identify other countries of the 
WANA region where cereals are seriously affected with BYDV. 
Identification of BYDV was based mainly on insect transmission 
and serology, where polyclonal antisera were employed by using 
either direct or indirect ELISA procedures (Makkouk et a]., 1987). 
Results obtained so far indicate that the PAV type (transmitted by 
the aphid species Rhopalosiphum padi and Sitobion avenae) of 
BYDV is the most common in Jordan, Morocco, Syria and Tunisia. 

More recently, newly developed monoclonal antibodies specific for 
the PAV, MAV and RPV types of BYDV were also employed in our 
tests. Results obtained with these monoclonals also indicated that 
the PAV type, nonspecifically transmitted by aphids, was the most 
common in all the countries surveyed. In addition to the PAV type, 
RPV (transmitted specifically by the aphid R.padi) was detected in 
Algeria, MAV (transmitted specifically by the aphid S.avenae) in 
Morocco and RPV + MAV in Jordan, Syria and Tunisia. In these 
tests two different monoclonals each for PAV, MAV and RPV were 
used, one prepared against a U.S.A. isolate (S.Wyatt, WSU, 
Pullman, Washington) and the other against a U.K. isolate (L.Tor
rance, MAFF, Hatching Green, Harpenden). Still around 25% of the 
BYDV isolates tested did not react with any of the monoclonals 
used, but reacted with a polyclonal antiserum type F from Bioreba, 
Switzerland. For survey purposes, BYDV monoclonals with broader 
specificity are needed to make virus surveys more accurate as was 
found for polyviruses (Jordan and Hammond, 1987). If such 
monoclonals are not identified, a mixture of two or three mono
clonals could serve the purpose. Work published recently suggests 
that two types of monoclonals could be identified; those with nar
row specificity, useful for typing isolates and those with broad 
specificity, useful for field surveys. 
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Food and forage legumes are known to be far more .usc'ptihle tn 
viral infections than cereals. Surveys carried out in faba bean fields 
in a number of countries of the WANA region identified nine 
viruses which infect the crop (Makkouk et al., 1988). Bean leaf roll 
virus (BLRV) seems to be the most important followed by bean 
yellow mosaic virus (BYMV), broad bean mottle virus (BBMV) and 
broad bean stain virus (BBSV). BLRV is also the causal agent of
"chickpea stunt" disease. BLRV should be regarded as an important 
pathogen affecting faba bean and chickpea in the WANA region. 

Observations in the region over the last few years suggest that 
viruses could be more important on faba bean, chickpea and lentils 
than is recognized and some of the diseases diagnosed as Fusarium 
wilt or root rot could be in fact virus-induced. BLRV, a luteovirus 
concentrated mainly in the phloem vessels, interferes with the 
translocation of nutrients to the root resulting in poor root growth.
Faba bean plants inoculated with BLRV produce a weak root 
system often black in color. It is likely that this disease syndrome
results from attack of many secondary organisms which are usually
harmless to healthy plants. 

The identification of the virus or viruses which produce bean leaf 
roll or chickpea stunt symptoms are by no means complete. At 
present it is based mainly on the symptoms produced arid on 
successful transmission by aphids inthe persistent manner. There 
could exist a number of different luteoviruses which share the 
above characteristics. Recently, the provisional identification of 
chickpea viruses in California suggested the involvement of three 
different luteoviruses (I.W.Buddenhagen, personal communica
tions). Chickpea was reported earlier in California to be infected 
with legume yellows (Duffus, 1979). Such a virus could be the 
same or related to lentil yellows observed recently in Ethiopia
(Beniwal, personal communications). More work on the etiology of 
the luteoviruses affecting legumes in the WANA region is neeUed. 

The already developed polyclonal antisera for BLRV (Ashby and 
Hutt'nga, 1979; Hampton, 1983) reacted weakly with BLRV isolates 
from the WANA region. The development of specific monoclonal 
antibodies for the luteoviruses affecting faba bean, chickpea, and 
other legumes will add significantly to our understanding of these 
viruses and the diseases they induce. Such information has conse
quences for breeding cultivars resistant to these viruses. 

DNA probe technology has proved over the last few years that it 
has the potential of greater sensitivity with equal speed when com
pared to ELISA for the detection of plant viruses (Dunez, 1987).
cDNA radioactive probes have been prepared for BYDV in private 
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and public laboratories (Gerlach, personal communications). Such 
probes are very useful for ICARDA's work on BYDV and also to its 
collaborators in the region. Since many laboratories are not 
equipped with facilities to assay radioactivity, however, biotin 
(Leary et al., 1983) and photobiotin (Forster et al., 1985) derivatives 
incorporated into the cDNA probes are more useful for routine 
diagnostic labs such as the ICARDA virology lab. In addition, 
monoclonal antibodies specific to modified nucleotides incor
porated into virus cDNA probes were also recently developed 
(Tchen et al., 1984). Specific cDNA probes (which contain the 
modified nucleotide sequence) could be detected by using enzyme
labeled monoclonals capable of recognizing the modified 
nucleotide. Such approaches could increase the sensitivity of detect
ing plant pathogens of cereal and food legume at ICARDA in 
leaves, roots or seeds. 

Diagnosis of Seed-borne Pathogens 

The use of sensitive and reliable methods for the detection of seed
borne pathogens is vital for any seed health laboratory. The 
development of sensitive immunodiagnostic techniques such as 
ELISA permitted the testing for seed-borne viruses in seed groups of 
50-200 seeds rather than testing of single seeds. The establishment 
of tolerance levels of seed-borne viruses of 1:10,000 or even higher 
is practical when sensitive detection techniques are available. The 
availability of monoclonal antibodies for some viruses increased 
further the sensitivity of the test. 

The classical biological testing for fungal pathogens in seeds is 
space and time consuming, as well as costly. For the detection of 
seed infection rates below 0.5%, the number of seeds to be tested 
should be more than 1000. This is not feasible when seeds have to 
be tested singly on agar media or blotter paper. However, if seed 
groups could be tested with sensitive immunodiagnostic reagents 
for seed-borne pathogens, a quicker, less costly and possibly more 
precise diagne3is will be possible. 

The first report on the use of monoclonal antibodies for the detec
tion of fungal pathogens was by lannelli et al. (1983), where 
Fusarium spp. were successfully identified. In the years that follow
ed more fungal-specific monoclonals were produced. Mitchell 
(1986) and Mitchell and Sutherland (1986) used monoclonal anti
bodies to identify Sirococcus strobilinus, a seed-borne pathogen 
causing shoot blight in pine, spruce and fur seedlings. In seed 
testing, less than 25 rg of fungal protein could be specifically 
detected by employing an indirect ELISA. There are also successes 
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in producing monoclonals for bacterial pathogens. Casano et al. 
(1987), recently reported the production of monoclonal antibodies 
specific for three pathovars of Pseudomonas syringae. 

The use of monoclonal antibodies specific to fungus species could 
be of great help in differentiating between important and less 
important pathogens that are otherwise difficult to identify. Differen
tiation based on morphologic characteristics of the spores is not an 
easy task and requires some experience. Examples of interest for
the ICARDA seed health laboratory are Tilletia spp. and Fusarium 
spp., T. caries and T. foetida which are endemic in the region,
whereas T. contraversa which has not been reported in Syria. In 
seed health testing of cereals and legumes Fusarium spp. are
detected frequently. Many of them have a low pathogenic potential
or are saprophytes, others, such as F. oxysporum on legumes are of 
great Importance. The identification of Fusarium species is time 
consuming and a reference collection is needed. 

Table 1 shows the seven seed-borne viruses presently of interest to
ICARDA programs with testing for these viruses being done oy
polyclona: antisera and by direct ELISA. The quality of the antisera 
permits the testing of seed groups of 20-200 depending on the individual virus. The availability of monoclonal antibodies for viruses
with broad specificity and higher sensitivity will increase our preci
sion and testing capabilities. 

Production of monoclonal antibodies against a synthetic double
stranded RNA (Benhamou et al., 1987) which can detect various
 
dsRNA molecules even 
in trace amounts in infected tissue could

have many applications in plant pathology. Such monoclonals 
are
 
useful for detecting the replicative form of any seed-borne RNA

virus in germinating seeds. Even though a technique such 
as this is 
not virus-specific, there is the capability of detecting virus-infected 
seeds, which is the main purpose of a seed health laboratory. In 
cases where the virus needs to be identified, as in the case of
quarantine pathogens, further testing could be carried out only on 
those samples which were positive when tested by the nonspecific 
dsRNA monoclonals. 

Plant-Microbe Interactions 

Detection of Rhizobia 

For practical purposes, Rhizobium bacteria are classified according
to cross-inoculation groups, based on their ability to form effective 
symbioses with the different legume species. Strain specific qualities 
are associated with the ability of these bacteria to nodulate and ef
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Table 1.Seed-borne Pathogens of Primary Importance to the Seed 
Laboratory of ICARDA. 

Pathogen 

(a) Fungi 

Pyrenophora spp. 
(3 species) 

Fusarium spp. (about 
10 species) 

Tilletia spp. (4 species) 
Ustilago spp. (3 species) 
Urocystis tritici 
Ascochyta spp. (4 species)
Botrytis spp. (2 species) 

(b) Bacteria 

Pseudonionas pisi 
Xanthomonas translucens 

(c) Viruses 

barley stripe mosaic virus 

bean yellow mosaic virus 

broad bean mottle virus 
broad bean stain virus 
broad bean true mosaic 
virus 

pea seed-borne mosaic 
virus 

pea enation mosaic virus 

Crops 

barley 

cereals, legumes 

wheat 
wheat, barley 
wheat 
legumes 
faba bean 

pea 
cereals 

Cereal crops, especially 
barley 

faba bean, lentil, pea, Vicia 
sativa and othei forage 
legumes 

faba bean, lentil 
faba bean, lentil 
faba bean 

Pea, faba bean, Vicia sativa, 
Lathyrus odoratus and 
other forage legumes 

Lathyrus odoratus, pea 
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fectively fix N2. The ecology of rhizobia in the soil, and especially
in the rhizosphere where critical interactior takes place, it clearly
crucial to the establishment and performance of the legume sym
biosis. Information on the ecology of these microorganisms is a 
component of the goal of enhancement of biological nitrogen fixa
tion (BNF). 

Rhizobia have a narrow niche in nature, the legume root nodule, 
but need not depend on that niche for survival. Rhizobia intro
duced into a soil maintain a population base often independent of 
any opportunity to occupy a narrow niche. Therefore, their 
behaviour as free-living bacteria must be a major determinate of 
success in nodulation. 

The use of autecological techniques in the past decade has pro
vided ample evidence that soil rhizobia are adept at becoming
rhizosphere rhizobia. The most pressing problem in the ecology of 
Rhizobium centers is the matter of compcition, since some in
digenous strains regularly outcompete both other indigenous strains 
and more desirable inoculant strains for nodule occupancy. The at
tributes that contribute to the success of an invasive strain are 
unknown, but must be elucidated if the potential of the most effec
tive N-fixing rhizobia are to be exploited. In some cases inoculant 
strains are competitive, and are not only able to replace the in
digenous populations in the nodules but also become established in 
the soil. 

For model-system investigation of rhizobial competitiveness, ability 
to distinguish strains from one other is necessary. The interpretation
of data from field legume inoculation trials is assisted by the 
capacity to determine the relative proportions of root nodules 
occupied by both introduced and indigenous types. Selection of 
superior strains by the best inoculation method depends on the 
ability to show that a specific strain occupes a significant number 
of nodules. 

Mutation of a strain for antibiotic resistance has been used as a 
marker (Brochwell et al., 1977), but careful testing of a mutant is 
required to determine that it is genetically equivalent to the original
strain in symbiotic characters. Use of immunofluorescent staining or 
an enzyme-linked immunosorbent assay (ELISA) to detect rhizobia 
in crushed nodules may be useful (Fuhrmann and Wollum II, 1985;
Dughri and Bottomley, 1983), despite the fact that it may be 
nonspecific due to cross-reactivity of rabbit antisera (Vincent, 1982).
Adsorption of polyclonal antiserum with cross-reactive strains is a 
useful technique to obtain more specific antiserum (Olsen and Rice,
1984), but also may be cross-reactive with similar strains. 
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Polyclonal antibodies developed at ICARDA have proved to be 
valuable in developing sets of highly effective strains for regional 
chickpea and lentil inoculation trials, where inoculant strains are 
distinguishable from native populations and one anothe using 
ELISA techniques. In cooperation with ICARDA, regiona! scientists 
are able to determine where the need exists to inoculate these 
crops, and to select highly effective competitive strains prior to an 
inoculation effort. Research concerning the efforts of biotic and 
abiotic stresses on nodulation and N in situ fixation is also made 
possible through the use of fluorescent antibody and ELISA tech
niques. Classifying regional strain types may be possible using 
serological and plasmid identification techniques, providing 
valuable informati.-n about the origin of these legune species. 
Where limitations exist 'nthe use of polyclonal antisera for separa
tion of strains, it may be feasible to produce monoclonals for 
specific requirements (Wright et a., 1986). 

Plant Pathogens 

Breeding for disease resistance to several types of plant pathogens 
(viruses, fungi, bacteria) is based on evaluating plant reaction to in
fection. Jedlinski et al., (1977) demonstrated a direct relationship in 
oats between virus content and tolerance to infection with barley 
yellow dwarf virus (BYDV). The development of the ELISA tech
nique permitted the quantification of viral content in plant extracts 
(Hammond et al., 1983). Skaria et a!. (1o85), reported that for 
some virus/host combinations tested, symptomatic resistance to 
BYDV as previously determined by plant breeders was associated 
with reduced viral productivity in infected plants, and this effect 
was cultivar-specific and virus isolate-specific. Tentative results at 
ICARDA using a number of barley, bread and durum wheat lines 
showed a high correlation between symptomatic resistance upon in
fection with a PAV-type BYDV and average ELISA values at 7, 8 
and 9 weeks after inoculation for barley low in both bread and 
durum wheat. A BYDV monoclonal antibody (MC32-39) provided 
by S. Wyatt was used in these evaluations. Further testing of 
breeding lines is needed before generalizing such results. The more 
recent use of cDNA )robes for PAV or RP\" types of BYDV (Lorens 
et al., 1987) shows promise for studying the interaction between 
BYDV and cereal breeding lines. The commercial availability of 
such probes would facilitate the work for BYDV resistance in many 
research centers including ICARDA. Such an approach would also 
prove useful for studying other virus/host interactions once the 
virus-specific probes become available. 
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Another area of interest for crop improvement is the identification 
of hGst gene segments that contribute to pathogen resistance. An 
antiviral factor, proteinaceous in nature, was detected in tobacco 
plants with the N resistance gene to TMV (Sela, 1981; Gera and 
Loebenstein, 1983). This factor was fot!nd to inhibit cucumber 
mosaic virus and potato virus X, in addition to tobacco mosaic 
virus. A nonspecific mechanism could be useful when detected in 
cultivated or wild species The development of cDNA probes to 
detect such a gene segment(s) may open new avenues for the con
trol of plani viruses. 

Development of Diagnostic Kits 

Evaluating the natural distribution and economic iml)ortance of 
plant pathogens and beleficial microorganisms would be most 
useful if carried out within na-tional laboratory syste2ms. However, 
several national laboratories in the WANA regon are not adequate
ly equipped and staffed so as to develop the materials needed for 
precise dia ,nosis. No laboratory in the region for example, is 
prepared at present to produce monoclonal antibodies. 

Providing diagnostic kits to such laboratories permits workers to 
carry out the needed tests in their own laboratories and with the 
existing facilities. Diagnostic kits for specific rhizobia strains, BYDV, 
legume luteoviruses and other seed-borne pathogens listed in Table 
1 will be valuable to ICARDA and national research programs.
ICARDA can play a role in providing such kits to labs in its region, 
and in training in the use of such kits. 

The quality of diagnostic kits is important when used in laboratories 
where they lack facilities to quantify reactions. Simple procedures
which depend on visual assessment are most useful. Antibody 
preparations that produce very little or no background reaction are 
appropriate for survey purposes where an ELISA reader is not 
available. With no background reactions, visual eval>iation is ac
curate and practical. Monoclonal antibodies could have an advan
tage over polyclonals, since they normally have a lower tendency 
to produce nonspecific reactions. 

Summary 

Immiinodiagnostic techniques have become an important 
component in viral and microbiological research at ICARDA, where 
research efforts focus on improvement of cereals and legumes for 
food and forage. Polyclonal antisera have been used effectively for 
detection and field surveys for a number of plant viruses, but more 
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recently barley yellow dwarf virus (BYDV) monoclonals have 
proved to be useful in identification of the PAV, RPV and MAV 
types. The narrow specificity of some monoclonals is useful in 
detecting variability, but makes them inappropriate for veld surveys 
where some isolates could go undetected. Specificity of PAV 
monoclonals originating from different laboratories was found to 
differ. 

The autecological 'apability of polycloral techniques, particularly, 
fluorescent antibody and ELISA, allows investigations of critical 
areas of Rhizobium behaviou; in soil and especially Rhizobium
plant interactions in the rhizosphere. 

Future applications of immunodiagnostic and DNA hybridization at 
ICARDA will include cereal and food legume luteoviruses and 
seed-borne pathogens. ICARDA will work to deveiop and provide 
kits for use by national program scientists in the WANA region, and 
will train individuals in the proper use of the techniques. 
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One Company's Attempt to Commercialize an

Agricultural Biotechnology Technology
 

Dr. Peter S. Carlson, Vice President 
Crop Genetics International 
Hanover, MD 21076 

It's a pleasure to be here. We've all been together for several days 
now, and we all have heard enough speeches about the world as it
should be. I'd like to invite you to see the world as it is. I will tell 
you my story. Because it is my story, I know it best, and that story
is probably typical of a number of attempts to commercialize the 
fruits of agricultural biotechnology. I staited out at Crop Genetics 
about seven years ago asking the rude, typically American question
of: "If I'm so smart, why aren't I rich?" Unfortunately, I don't have 
the answer to that question today. The jury is still out. Along the 
way, I have learned some things: learned some things about 
science, learned some things about the world, and learned some
 
things about bringing technology to the market.
 

I'll give you the take-home one-liner fiist. What I've learned is, you
have to bloom where you'.e planted, an axiom my mother im
parted to me many years ago I didn't really believe or understand
 
it back then. You've got to take the world as it is. And as 
a 
businessman, that's a critical realization. Once you've accepted the 
world as it is, then you can begin to attempt to change it 

I started with beginning Crop Genetics seven years ago, thinking
that plant tissue culture was going to be the biotechnology engine
that would change the world. Crop Genetics' first business plan 
was very interesting. We had looked around at tissue culture and 
thought: where is the value, what can tissue culture do that is 
unique, where can we really create value and something that didn't 
exist before? It was obvious that there were a lot of individuals out 
there in the plant genetics business: the Pioneers, the Dekalbs, the 
NKs, many universities, and a lot of corporations in the ag/chem
business. We didn't want to be either of those: we didn't have an 
existing market and we were a small company. So tissue culture in 
bananas and sugarcane seemed reasonable. Our first business plan
focused on changing bananas to be resistant to black sigatoka and 
producing disease-free sugarcane. 

We have dropped bananas because it was very difficult to find a 
place or customer to sell the product. It wasn't something that a 
private company could do. In sugarcane, we are now a two million 
dollar a year business in Louisiana and it's very telling. Tissue 
culture is only a fraction of our total costs. We make plantlets in 
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our laboratory, send them to Louisiana, grow them up at our 
quarantine farms in Louisiana, cut the stalks and sell to the farmer 
what the farmer now produces for himself, that is, staiks of cane for 
seed. The difference is that ours don't contain diseases. His do. The 
consequence is a twenty to twenty-five percent increase in yield 
over the three-year life cycle of the crop. Now, we also learned 
that besides creating that twenty to twenty-five percent value, we 
had to have something called repeat sales. In Pioneer's case and in 
Dekalb's case with corn hybridization is the repeat sales 
mechanism, because the hybrid reverts back to the lower yielding
inbreds and yield decreases. The farmer can't save seed and use 
bin run material. In our case, sugarcane, that repeat sales 
mechanism is the re-introduction of diseases. Systemic diseases 
drive the farmer back to buy from us once again. 

That's all very interesting, but my constituency is more on Wall 
Street than it is in the farmer': field. Let me tell you what I have to 
do to bloom where I am planted; because my constituency is Wall 
Street, the venture capitalists and the SEC and not the CGIAR and 
A.I.D. Let me give you a presentation that isdesigned for 
businessmen. This is made to give them the lift of the driving
dream, to allow us to commercialize technology. Let's go through 
that story slide so that you can realize the kinds of constraints that 
we, as a company, have to meet. After having clone that, I hope
you'll have a better appreciation of the kinds of things we can do 
and can't do, given the constraints within which we live. Perhaps 
we, collectively, can generate some kind of mechanism where the 
concerns and needs of the private sector can interface with the con
cerns of moving biotechnology out to the worldwide market. We 
all know that we can create tremendous value with biotechnology.
I feel that there are only small numbers of subsections of that 
technology that will be opportunities for the private sector. The 
majority of plant biotechnology will, iii the end, I believe, find it's 
home in the public sector institutions. 

We biotechnologists got our message out to the world about fifteen 
years ago and we said, "There's a revolution coming". Well, where 
is it? Besides, people don't like revolutions. In revolutions, when 
the Bolsheviks took over Moscow, and when Mao came back into 
Beijing, people got killed. Generally, society doesn't like to hear 
about revoiutions. When we talk about revolutions, we create all 
kinds of scary scenarios that provoke activists and then regulators 
into action. 

In terms of technology making the difference, here are the com
ponents that are really important to be able to create a business in 
the ag/biotech sector. I think there are four. To make significant ad
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vances in major crops, you need a breakthrough technology. That's 
what biotechnology is. 

Secondly, yu need a high margin product. In the seed industry,
outside of corn, there are not many high margin products. The seed 
industry is not generally perceived as being a good business, unless 
you have a repeat sales mechanism like hybridization. Thirdly, you
need large markets. Because the development costs of so many 
biotechnology products is very expensive, you have to have 
markets that once the products are out there, you can generate a 
cash flow, which will be able to support the cost of research and 
development and marketing for those particular products. 

And lastly, you need repeat sales. You know, when we were in 
tissue culture, we went to see Tom Urban at Pioneer Hybrid. Tom 
said, "You know, you've got a great technology. Tissue culture is 
just wonderful. People love to see little plants in test tubes. But you
know, that's all you've got. You've got a technology. You don't 
have a business. To have a real business, you have to sell the same 
product to the same customer year after year after year ' I think that 
law, that iron law, is the dividing line between the acivities of the 
private sector and the public sector in ag/biotech. 

Well, what does all thik mean? This means we fcus oil high
margins and large markets and repeat sales, that for the time being
biotechnology will be focused primarily on first world activities. 
This is where the technology is going to break, this is where the 
financial managers of the world can see the existing markets and 
say okay, you go after that market and you can get it, this is what it 
means. If an MBA or a businessman cannot quantify the potential
results of success even when it occurs, you're never going to get 
any money to Support that particular project. You can't spend 
money and kee) your job at the same time by focusing on markets 
that don't now exist. 

Our answer to these four questions is InCide. InCide is a new 
delivery system for biological crop protection. Generally, at Crop 
Genetics, we see there are three ways to protect crops. First of all, 
you can do plant breeding and generate new genotype:;. I think that 
molecular biology and the insertion of novel genes is a subset of 
plant breeding. You can modify the plant ge. :,me. Secondly, you 
can spray something on the plant. You can spray on a chemical or 
biological, and the consequence is you can protect the plant from a 
fungus or an insect or whatever. 

The third way to protect the plant is something that we've invented 
called a plant vaccination. That is, you generate a microbe that can 
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be applied to the seed, at the seed conditioning plant. When the 
seed is bagged, the microbe stays there. Then the seed is planted, a 
simultaneous germination of the ',eed and the microbe breaking 
dormancy. The microbe lives within the plant. It's an endophyte. It 
lives within the plant for the life of the plant, doing whatever it's 
supposed to do, making an insecticide or a fungicide, but it is not 
seed transmitted. Because it is not seed transmitted, it's good for 
public concern: it doesn't spread. It's even better for business 
because it rneans repeat sales. 

We see the InC'de technology having applications in three major 
areas in the crop protection market: insecticides, fungicides, and 
plant growth enhancers. Crop Genetics has a collection of about a 
I000 endophytes, able to colonize corn, cotton, sorghum, soy,
wheat and rice. We are a biological delivery system company. We 
have a delivery system, endophytes, that can be modified by the 
tools of genetic engineering to do something positive in all of these 
crops. We are doing plant genetics by proxy, not modifying plants, 
but modifying the characters of plants by getting microbes to do 
something they wouldn't ordinarily do. 

How does it work? We use two raw materials and one tool. The 
tool is recombinant DNA. Because we are using recombinant DNA, 
we're at the center of the public policy controversy. We take two 
raw materials. First a gene, that encodes for some interesting 
agronomic function, be it an insecticide or a fungicide or a plant 
growth enhancer. This raw material came from the pharmaceutical
industry. That is,any particular antibiotic or antifungal that has 
been found over the years by the pharmaceutical industry, can now 
be inserted into an endophyte that knows how to express that par
ticular characteristic and then used for crop protection. 

The second raw material is an endophyte. An endophyte is a 
microbe that lives in the plant without causing a consequence to 
that plant. Now, endophytes have been around for along time, and 
we in tissue culture knew they existed, because whenever we made 
explants, we had a lot of contamination. Microbes do exist in 
plants, the plant contains a rather active microflora, even though 
you can't see it in terms of plant disease or plant yield, they still do 
exist. Endophytes weren't of any use until we decided to make 
them the basis of our delivery system. Those are the two raw 
materials. When we make the recombinant, it is an endophyte that 
will express the particular agricultural chemical function and that is 
then inserted into the plant. 
Endophytes are, by and large, systemic. That is, they occur in all 

the tissues of the plant. You can only insert in a small amount of 
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endophytes in seeds because the final scale-up occurs in the 
farmer's field during the growing season. Only very small amounts 
of the endophyte are needed to fully protect the plant. The conse
quence J, this is that InCide will not be a curative treatment. Since 
the scale-up occurs in the field, we have a lag period. IlCide will 
be sold as a crop preventative rather than a curative. That's a func
tion of the biology of endophytes. We have a plant that has within 
its tissues endophytes, that are doing something interesting, so that 
the target pest that has the poor judgement to attack that particular
plant is met with a biological challenge, be it a protein or a low 
molecular weight secondary compound, able to counter its attack 
on the plant. Consequently, the crop is protected. 

We have identified enclophytes able to colonize all major crop
species. As a small company, we have focused in on corn, because 
corn is the largest market, in the United States, and corn has got 
some problems that our technology can solve. We are focused on 
North America because that's where we're planted. Corn is a crop
where there are problems that cannot now be solved by either 
plant breeding or by chemical sprays. Our corn endophyte, which 
is a microbe called Clavibacter xyli subspecies cynodontis (Cxc) ex
ists in the corn xylem, and in the subtending air spaces. It exists 
throughout the plant in fairly high concentrations of about 108 Cxc 
per granl of plant fresh weight. When translated back, that's 
somewhere about 109 or a little higher, per milliliter of xylem sap. 

This endophyte is our delivery system, so that a plant thai contains 
it then will have millions of little bacterial working factories to pro
tect the plant. InCide products can be applied to plants either as a 
spray, or in the seed. We think, as a practical matter, that seed ap
plication is much more attractive. If microbes are introduced into 
the seed, the microbe is contained in the seed and when a seed 
germinates, InCide is contained within the xylem of the plants. 

We can deliver Cxc into the seed and get colonization of seeds by
using a couple different techniclues. We can use solvent containing 
the InCide bacteria and vacuum or pressure. For example, we can 
take Cxc, put seeds in that particular InCide-containing solution, 
and puHl a vacuum. The seed contains a number of small air spaces 
that develop during dry-down. Those air spaces begin to expand
under vacuum, the air bubbles off, so that when the vacuum is 
released the InCide bacteria is pulled into the seed and resides in a 
stable fashion within the seed. A simple technique, but it works. 

What's the InCide market? The InCide market is the fifteen billion 
dollar a year chemical crop protection market. Billion is a better 
word than million on Wall Street, and that's where we're planted. 
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The ag/chem industry and Bacillus thuringiensis (Bt) began about 
the same time after World War il. Bt was used in France in 1939. 
So was DDT. Generally Bt and biologicals lost the race. They only
constitute about 50 million dollars of the spray crop protection
market. Chemistry has wen the race because it works and it's inex
pensive. Bt and other biologicals have lost the race because they 
are not as efficacious as chemicals and they are more expensive. It,;
efficacy and cost are the real issues. One of the major problems
with chemicals and Bt biopesticides is that they are both externally
applied. In spray-on chemicals, only a very small portion, less than 
one percent, of the chemicals actually reach the target pest. That 
means more than 99 percent go elsewhere in the environment. 
That creates problems over application of residues, and of ground
water contanination, both which are of public concern. 
Biopesticides like Bt, are also applied externally and they are very
sensltive to environmental degradation. They are sensitive to UV 
from the sun, rain, to wind, so that when you spray microbes on 
plants, they are degraded more readily in the envirornient that 
most chemicals. External ap+lication is inefficient when chemicals 
and biologicals are externally applied. 

If external delivery is the problem, what is the solution? The solu
tion is delivering biopesticides inside the plant, and that's really
what InCide is all about. It's taking the value that now exists in the 
ag/chem industry and moving that back into the seed industry. 

Generally, the seed narket is worldwide 24 billion dollars, and 
ag/chem is 15 billion dollars. Of that 15 billion ag/chemn market,
about a one-quarter billion ischemical seed treatment, the 
fungicides and the insecticides that are put on seeds during the 
conditioning process. InCide is going to move more value from the 
ag/chem industry to the seed market because it is something that 
the seed conditioning can put on (luring that process. 

Follow-on products with the InCide technology include insecticides 
for corn, cotton, rice and soy. We chose corn, cotton, rice and soy
because they are major American and worldwide crops. We also 
chose insecticides because the technology fits the bic-pesticidal 
genes available. Those of us who are geneticists never like to say
that our technology is immature. Geneticists can move single genes
around, but when it conies to moving pathways from microbe to 
microbe, that's something very difficult. Fungicides are primarily
low molecular weight excreted products that take a whole pathway 
to produce. You start from basic metabolities, go through a couple
of different steps, and end up with a fungicidal molecule. That is 
too difficult for the current tools of recombinant DNA. However,
insecticides from Bt, the delta endotoxin protein in particular, are 
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appropriate for the tools of recombinant DNA. Single genes work 
so we focused on single genes, and chose several different market 
opportunities. 

Our first product tgei 6i'ho European corn borer. In the U.S. 
Midwest, the corn borer, Ostrina nubialis, goes through two genera
tions. Plant breeders have been able to find some resistance to the 
first generation in corn because feeang is primarily on the leaf and 
in the whorl. Chemicals can be used on the first generation borer, 
because the tractor can still get in the f-ild to spray. The first 
generation borer really is not our target. Our target, is the second 
generation borer. Our target is the second generation borer because 
plant breeders don't have resistance to second generation borers, 
and the borer gets into the actual corn stem and eats its way up 
and down in the internodal areas, so that applied chemicals never 
actually can get to the borer, because the borer is in the plant. Dur
ing the second generation it's late enough in the season, so you 
have to use contact rather than systemic insecticides. 

Control of the second generation borer is a problem for which 
there is no current solution. As a small company, that's one more 
thing we like. We'd like to be nobody's competitor. We choose to 
aim the InCide technology at an unsolved problem. Control then, 
can be gotten not ",ith pounds of Bt or a pound or two of 
chemical, but with nanograms per acre. We can apply very low 
amounts. You think about putting in 106 microbes per seed and 
there being somewhere about 22,000 seeds per acre. When you do 
the calculations, we only need nanograms of the product to have 
borer control for the acre. The product is valuable, because the 
scale-up occurs in the farmer's field after point of sale. What are 
the consequence of that? InCide can replace 30 million pounds of 
active chemical ingredient, of chemicals sprayed into the environ
ment by about 30 pounds of InCide. It's a million to one advan
tage. We could take care of the whole corn market with about a 
1,000 liter fermentor running in our facility. The InCide cost struc
ture is very different than sprays, and the opportunity is different 
too. 

The European corn borer is a probiem throughout the U.S. and 
Europe. In the U.S., it causes about 400 million dollars a year of 
damage to the corn crop, even after 50 million dollars is spent for 
chemicals to control it. The majority of that damage, about 80 per
cent, is second generation borer damage. So, the European corn 
borer is an unresolved problem. That's also true in Europe. True to 
its name, the European corn borer was an immigrant like most of us 
to the U.S. It came over from Europe about 80 years ago, before my 
family arrived, and it is also a major pest on corn in Europe. It is 
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the major French corn insect pest. There, it causes about 50 million 
dollars of damage, even after 25 million dollars of insecticides are 
used for its control. So it's a worldwide opportunity for InCide. 

Now, what about follow-on InCide products once we control the 
European corn borer? Are there other opportunities in corn? And 
tile answer is yes, there are other insects for which Bt genes are 
available. There is the cutworm, and also the earworm, which are 
lepidopterous insects that attack corn for which Bt genes are 
available. Of course, in) the long run, the corn rootworm, a col
eopterian, is a target. So there is an opportunity to generate more 
than one product. 

What feature of InCide is attractive in the U.S.? The problem we 
have in the first world is, the perception that there is too much 
food already. The first world doesn't realize that the majority of the 
world doesn't have too much food and is very parochial. Conse
quently we have a very hard time making the argument that we're 
going to increase food production. We have an easier time naking
the argument that we can lower costs. Surely that ought to be the 
argument, that is, more food is better, to make outside of the 
developed nations. The primary argument we are forced to make, 
because wve're" blooming where we are planted. is the environmen
tal safety issue. InCide can aid the environment and improve corn 
at the same tine. Now this is a real issue. 

Investors in small ( ompanies want to know how you're going to 
sell this technology. We're going to sell it to fa mers through the 
seed companies. What does the farmer get? What's the get for the 
give when the farmer buys our product? In Iowa, average yield last 
year was 130 bushels an acre. The corn borer will cause about 20 
percent damage in areas of the pest damage. When you look at the 
consequences of that, we think that we can raise the yield of corn 
in Iowa from 130 to 145 bushels just by European corn borer con
trol. Revenue, as consequence of that, at the current price of $2 a 
bushel would be increased by about $25. Costs would be de
creased, because we can sell InCide as protective, applied in the 
seed plant for a lower cost than a farmer would have to incur 
spray-on chemicals, both the chemical and the spray costs, in 
treating the European corn borer. That's what you make for the 
farmer. It's lower costs and higher revenue. Well, if you're going to 
sell to the seed company, you have to have a get for the give there 
too. How does that work? The seed company is going to have 
higher revenues. As an example, a seed company has one percent
of the U.S. market, about 200,000 units, each a bushel. Today, just 
about $10 an acre per unit and then with insight, since you're 
adding value to the seed, you can ask the farmer to pay you more 
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for the seed. That's the big discussion. And the question is, how 
much can you ask? Assuming a profit, we're going to double the 
profit of the corn seed conditioning companies by this particular in
novation. So the seed company gets something, the farmer gets 
something, we get something, and we all win. 

Intellectual property is very important in the first world and I'm go
ing to tell you small companies have different constraints compared 
to large companies. Large companies have product sales. They've 
got cash flow. They can afford their R&D research off that cash 
flow. When you're a small company, and you've got minimal prod
uct sales, you're financing research off money from stock sales. It's 
a very different kettle of fish. Generally, small companies are 
vulnerable when it comes to intellectual property, so patents are 
important. We have patented the InCide system. We've patented 
the general idea of delivery of agricultural crop protectants through 
endophytes. No one else did that before we got here. We can also 
patent the components of InCide for use in that delivery system.
The endophyte is patented for that use. Bt genes for that use can be 
patented. We can also patent 'he individual products against the 
corn borer. And we can also patent the inoculation methods, since 
no one has developed, prior to this time, a method putting
microbes into the seed. Those levels of patents protect us allow 
ample time to do the R&D, to do the marketing, to do the sales, to 
recoup the costs that we incur along the way. 

There it is; technology makes a difference at Crop Genetics Intema
tional. What I hope we agree upon after this talk is that technology 
is only one of a number of components that makes a difference. 
You've got to have marketing. You've got to have intellectual prop
erty. You've got to have repeat sales. Technology in a vacuum is 
nice, but technology in a vacuum is not a business. That is a 
critical component where we are planted. 

Let me just say a few words about cooperation with small com
panies and international agricultural institutes. I hope I have given 
you an idea of the kinds of constraints that we face; I know that 
you also face cons.raints in vour own institutions. You have to live 
by the laws of the institutio.i, the laws of the government, and 
things are complex. Fawever, I would like to stress that small com
panies are very flexible. If there is one thing that is characteristic of 
small companies, it's a ick of bureaucracy, it's a lack of business 
dogma. There is not one way to do things, and the flexibility in try
ing to generate a mechanism to allow us to work together, I feel, 
really is the key word. In closing, I would like to say that we have 
to bloom where we're planted. We have to take the world as it ex
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ists, because that's just the way life is, but that's no reason to stay 
there. And by understanding each other's institutions, maybe we 
can take the world to a place where it ought be, even though it 
isn't there now. 
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A New Era of Government-Industry Cooperation in
 
Research and Development
 

William Tallent 

Agricultural Research Service 
U.S. Department of Agriculture
 
Washington, D.C.
 

The new era in industry- government cooperation in i-search and 
development is fueled primarily by the law that wasnew passed in 
1986. It is called the Federal Technology Transfer Act of 1986 or 
Public Law 99-502. I want to talk a little bit about how and why it 
came about, what its impact has been, and what are some of the 
implications of it vis- a-vis the subject and focus of your conference 
here. 

Basically, PL 99-502 authorizes closer working ties between govern
ment research laboratories and industry in the area of research and 
development. It enables us to do in government laboratories what
 
universities have been doing for some time-develop cooperative
 
agreements, joint research projects, consortia, and those sorts of
 
things. I'll come back to some of the specifics in a minute, but let's 
talk first about the background or evolution of this new law. 1,
really started back in the late 70s with a study led by a man named 
Jordan Baruch, who was an Assistant Secretary of Commerce in the 
Carter Administration. That led to something called the Stevenson-
Wydler Act of 1980, which talked about cooperation between 
government research organizations and the private sector. 

But the Stevenson-Wydler Act, quite frankly, was mainly a 
philosophical expression, you know this is God and motherhood,
this is good, so why don't you do it. It didn't have many specifics
for implementation. Also as a re,ult of the Baruch Study, was 
something that did have a bit rr re practical implications, namely, 
a revision of the patent law, which enabled government research 
laboratories to give exclusive licenses to developments in those 
laboratories. The patent law revision also enabled us, when we 
fund research at a university or a small business under contract, to 
give title to the inventions to that organization. Now that was 
specific for nonprofits, mainly universities and small businesses, but 
since then, there was first an executive order and then another 
change in the law, which said you can do this with all businesses. 

Then, in the transition period between the Carter and the Reagan
Administrations, there was a study led by David Packard of 
Hewlett-Packard, so it was called the Packard Study or the Packard 
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Report. You know, we in government heard all about Grace Report
in those times, and we all were cringing at the terrible things that 
were going to happen as a result of that. The Packard Report,
although it was fairly little noticed, had some impact and had some 
important things to say. One of these was that federal labs are here 
,c) stay. They have a constituency and are needed, but we need to 
,<, triern one heck of a lot better. And a number of specific pro

posals were made, some of which have been subsequently iim
plemented. My point is that this new law (PL 99-502) and this 
new 
era have evolved through both Democratic and Republican ad
miiistrations. Public Law 99-502 passed with an overwhelming ma
jority in both houses of Congress. and had Democrat arid 
Republican support. As we approach another election, that's impor
tant, because what I perceive is no matter who wins, this impetus,
this new era, is going to continue, because I have seen statements
 
of support for this kind of cooperation from both sides.
 

Why did all this come about? First of all, there was a perception
that research nd development results out of federal !alys were not 
very well used. This, I hasten to say, may riot be true, arid I hope it 
is not true for agriculture. We have a tradition of our extension 
service and a tradition of working closely with agribusiness firms, 
but when you look at the big DOD and DOE labs, any one of 
them is as big as the Agriculture Research Service altogether. And 
so when you start looking at what's come out of them, in terms of 
impact in the economy arid the so-called spinoff, th' technology
that is there that could be used, the perception is, and probably
rightfully so, that we are riot getting near the bang for the buck that 
we should get. Even for ARS, I can cite examples were it has taken 
five, ten. even fifteen years for a piece of technology to come from 
the laboratory out to commercialization, and when it did get com
mercialized, it made quite an impact. 

But that time span is just unacceptable, given today's needs, urgent
needs, for use of that technology that comes out of government
laboratories to solve our economic, our human health and welfare, 
and our environmental problems. And the situation would get 
worse if nothing was done. There is. has been for maybe ten years, 
a push for government labs to nove back toward fundamental and 
basic research; riot get into applied, leave that to business. At the 
same tine, under fierce economic competition, industry has been 
movi ng the other way, and there have been some reports that 
phlited out that there is a gap developing. This law (PL 99-5C2)
then moves the two sectors back together, provides anr overlap, pro
vides for government to work side-by-side and bridge that transi
tion. And that's really what it is about, trying to bridge that transi
tion arid shorten the time between discovery and application. 
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Finally, the Japanese model was a big factor. If we learn anything
from the Japanese, we ought to learn that government and industry
need to be partners rather than adversaries. 

Now, some specifics of the new Federal Technology Transier Act. It 
says that federal labs can accept funds, personnel, services, prop
erty, information, etc., from industry. We can provide the same 
thing to industry, except for funds. And the reason for that excep
tion is that if we could provide funds, this law (PL 99-502) would 
become a procurement act and then it becomes burdened with all 
the bureaucratic process that tries to be fail-safe to make sure 
federal funds are used properly. So by leaving funds out, the oppor
tunity is there 6 '-e whole tenor of the law is that the 
agreements need L, flexible, simple, and rapid. We need to 
keep the bureaucracy uut of this and make it a simple, straightfor
ward process. Now there are few peop!e in this room who have 
been through this with us, and I don't know whether they will 
agree with me that it is simple and rapid and flexible, but we try. 

Notice personnel can go both ways under PL 99-502. One of the 
things we need to do more of is scientific exchange. Put scientists 
from government labs into indUstry labs and vice versa. We have 
done a little bit of that, but there is an opportunity to do a lot 
more, and I think the benefits would be great. Another thing PL 
99-502 specifically provides for is that a federal scientist inventor 
can move in and help industry in any number of ways to begin to 
commercialize his or her invention. That's either while he or she is 
still federally employed or after retirement. And after retirement is 
an important point-we've got a couple of scientists now who are 
preparing to retire. There are firms wanting to pick up their inven
tions and after retirement they can go right into industry. Now the 
personnel people used to, and in fact still do, shudder at that kind 
of thing and say that is a conflict of interest. But it is not. Scientists 
can and we should encourage them to go in and help industry
develop their inventions. And those of you in industry who have 
been involved in this know that you can write or talk until you are 
blue in the face, but there is no substitute for being right there 
helping to commercialize or develop an invention. You can't put
everything in writing. There are little things that just don't get said, 
tha'. Pre vital to getting to scale-up and development and making
something work on a production scale, that's been made to work in 
a test tube in a laboratory. 

Another very important part of the new law is that federal rpsearch
and development agencies must now report activities under 'L 
99-502 annually as part of their budget process (now if anything
makes us sit up and take notice in the federal bureaucracy, it's 
when you say "budget." That is, as part of the process, when you 
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submit your ncew budget, you have to say what you have done in 
the past year to implement PL 99-502. Before, under the Stevenson-
Wydler Act, we had to make a report every two years. We made it 
to the Department of Commerce. These are nice, fat documents. 
bet you a dollar dhat there are not a half doven people anywhere 
who have ever read them. But when you make it part oi your
budget submission, it gets attention and we give more attention 
preparing it, too. In that regard, we're going up to the House next 
Tuesday. My boss is to testify on our budget. We have otur report
in and I might just correct the abstract. It says that we have com
pleted seven of these agreements and have thirty-five in process.
That was true at the time it was written. We now we have twenty 
completed and thirty more in process. Among the completed ones 
incidentally is one with Dr. Carlson's com ny.-.


The Federal Technology Transfer Act of 1986 was passed by Con
gress and signed into law by the President in October 1986. We 
were looking at it, studying it, scratching our heads about it, but 
not really doing very much-the whole government research and 
development sector. So in April, the President issued Executive 
Order 12591. It was April 10, 1987, almost exactly a year ago. In a 
sense, that executive order said, "Come on you folks in the govern
ment research and development CommLUlity, get on with it!" The 
executive order goes a little bit farther and establishes something 
called "technology share centers." This addition is important
because it brings the university sector into the act and talks about 
university-government-industry consortia or sharing arrangements.
And under these, we can pUt in federal money on a one-foi-three 
matching basis. That is, every federal dollar has to be matched by
three dollars from the private sector and the state and local 
organizations. State and local involvement is important because 
there are many 2fforts to utilize these kinds of arrangements to 
stimulate local economy. So we have several of these under way. 

Typical provisions of our agreements under PL 99-502 are as 
follows. We speak of patents and we say fairly simply, I think, if 
under the cooperation sorrething is invented by an Agricultural 
Research Service (ARS) scientist, ARS takes title to the invention; if 
it is joint, we have joint title; if it is conceived by the industry, it's 
their patent. If those patents belong to ARS or are joint, we give the 
cooperator right of first refusal to an exclusive license. The National 
Technical Information Sevice (NTIS), a division of the Department
of Commerce, handles the licensing of ARS patents on a reimbur
sable basis for the cost of doing that job for us, and there are some 
advantages to this arrangement. It puts them in the position of 
negotiating the fees and royalties with the cooperator and not us,
and so that kind of negotiation, which can get a little sticky, does 
not get in the way of the cooperation. 

426 



Confidentiality. This is a little bit new for government research. We 
are usually wide open, but when we have one of these agreements,
we will keep results confidential long enough to protect them by
patents. 

Publication. We'll give the industria! cooperator 60-90 days to
 
review a manuscript. We will seriously consider the suggestions

that the industrial cooperator may have for changes inthat
 
manuscript. We stop a little bit short of giving them an absolute
 
veto power of what goes into manuscript. And I think that's also
 
true of the university-industry cooperation. 

Each side has responsibility for getting its own regulatory clearance.
Now that's an important point. We keep arm's length in the 
Department of Agriculture and other federal departments between 
the research component and the regulatory component. There are 
some particularly small businesses that may come in and may
think, "Well gee, I'm working with the Department of Agriculture. I
don't have any problems with regulation. They'll take care of that."
So we take pains to point out in the initial agreement, we won't.
They still have to deal with the parts you are going to do in the
 
cooperation with the regulatory agencies, be it the Animal and
 
Plant Health Inspection Service (APHIS) or the Food Safety Inspec
tion Service (FSIS), and so forth. The part that we do, e.g., the

biotechnology experiments that we do, we will get our own
 
clearance and puLi 
 them through our biosaiety committee and so
forth ourselves. But if the industry is going to do, say field tests or
 
something that is a scale-up of the research, they have to get that
 
clearance.
 

Our program to implement PL 99-502 is described briefly in a 
brochure entitled Cooperative R&D Agreements between Industry
and ARS. Copies are available from my office. 

Now, let's talk a little bit about the international aspects. That's
what your conference here is all about. The law (PL 99-502) is not 
silent on the internationa! aspects. As a matter of fact, maybe it's a
little bit defensive in that regard. There isa provision that says that
"The laboratory director, ... " (I am reading from a piece of the
Federal Law 99-502) "... in deciding what cooperative research 
and development agreements to enter into, shall . . . " and it lists a 
couple of things, and one of them is ". . . give preference to 
business units located in the United States." There is a careful
distinction in language there. Not U.S. cnmpanies, but business 
units located in the United States. If a CIBA-GEIGY has a United 
States component, that is perfectly fine. We can cooperate with 
them. ". . . which agree that products embodying inventions made 
under the cooperative research and development agreement or pro
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duced through use of such inventions will be manufactured 
substantially in the United States and, in case of any foreign com
pany or government, as appropriate, take into consideration 
whether or not such foreign government permits United States' 
agencies or organizations or other persons to enter into cooperative 
research and development agreements and licensing agreements." 
In other words, there needs to be some kind of reciprocity. In this 
regard, the executive order says, and I will just read an excerpt 
here, "The head of each executive department and agency, when 
negotiating or entering into cooperative research and development 
agreements ... " (that's the name for the agreements undcr this 
new law) "... fnd licensing arrangements with foreign persons or 
industrial organizatiois (where these entities are directly or in
directly controlled by a foreign company or government) shall in 
consultation with the United States Trade Representative, give ap
propriate consideration to whether such foreign companies or 
governments permit and encourage United States agencies,
organizations, or persons to enter into cooperative research and 
development agreements and licensing arrangements on a com
parable basis." Reciprocity again. And a'zo, and this is an important
point, "to whether those foreign governments have policies to pro
tect United States intellectual property rights." I might say that 
there is an interagency task force led by the Department of Com
merce working to and yet develop processes for international 
cooperation under this PL 99-502 and Executive Order 12591 that 
will be faithful to these provisions. 

Concerning the part about the intellectual property, I want to say 
just a bit more. Dr. N.C. Brady's letter to the conference presentors 
said that we should address future problems or needs in areas 
where collaboration in research, commercialization, or policy 
development would be desirable. I think this area of intellectual 
property protection is such an area with regard to policy develop
ment. It is a major agenda item-intellectual property protection-in 
ongoing General Agreement on Trades and Tariffs (GATT) negotia
tions. It is also a part of the new science and technology agreement 
between the United States and Japan for scientific and technical 
cooperation. 

We also need to change the United States laws to provide that im
ported products produced in a foreign country under a process 
covered by a U.S. patent would constitute infringement, and this is 
particularly relevant to this conference because biotechnology is so 
process-oriented. 

Thank you for giving me the opportunity to share these 
developments and views with you. 
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Fellow participants, permit me to take a few minutes from the con
ference schedule to interject my perspective on the role that 
biotechnology will likely play, or not play, in the developing 
nations toward increasing agricultural productivity in the next 
decade or twvo. 

For the past two days, I have listened with rascinanon to the reports 
on research in biotechnology and genetic engineering that bears on 
the future inmprovenent of agricultural animal and crop produc
tivity. The discoveries in this new field of research are rapidly 
expanding the spectrum of applications to agricultural and 
biological scienes and will provide entr6e to many new frontiers. 
The enthusiasm nianifested by the participants verges on euphoria;
it is infectious and inspiring. 

I want to congratUlate and thank USAID for having had the 
perspicacity for organizing this conference to further the interest in 
the new broad field of biotechnology. Moreover, I want to con
gratulate a:I of the oarticipants , hose informative and enthusiastic 
presentdllons will Undoubtedly greatly accelerate research in this 
broad new field of biology. 

Let us hope that in the not too ditant future, the new basic 
knowledge now being reported will Ibe linked to that of other 
disciplines of agricultural sciences thereby resulting in an improved
technology, which when applied will produce more food. Lest we 
forget, biotechnology will not function in a vacuum devoid of other 
scientific disciplines. Its success or failure wVill largely be deter
mined by how it is linked to other scientific disciplines, especially 
to conventional plant breeding and genetics. 

Simultaneously, with developing new research arid technology 
capable of increasing crop yield and production, we must learn 
how to more equitably distribute the food produced. That should 
be the ultimate aim for all who work in agricultural sciences. 

Before I proceed further, I would point out that I do not like the 
term biotechnology as it is now commonly used in conferences and 
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in the literature; it is too all-inclusive, covering the broad sweep of 
biological investigation from tissue culture, cell culture, and proto
plast culture to manipulation at the molecular level. This broad 
loose usage, contributes to confusion, not only for the general 
public, but for many scientists as well. 

Before I proceed with my comments on the future potential role of 
biotechnology in food production in both the developing and 
developed nations, let me digress to comment on the excellent 
research proposai made by Dr. Richard Baldwin and the members 
of the IFAR Committee. Their proposal to form "Manhattan 
Project-" or "Moon Landing Project-" like interdisciplinary teams of 
agricultural-biological excellence to attack some of the basic prob
lems that will limit food productiol in the long-term future is an 
excellent idea. It would appear to me that the individual projects 
nmust be selected with care and limited in nulber to be econo
mically viable. I like their choice of the project to attempt to supply 
most of the nitrogen requirements for wheat (or maize) with 
symbiotic nitrogen fixation by the year 2005. I am not, however, 
very enthusiastic about the proposal to produce hybrid soybean 
varieties, because of the limitations in amounts of p-ollen produced 
by soybean flower,. Nor am I very enthusiastic about cassava 
varieties with high levels of Vitamin A, because there are many 
other potential sources of Vitamin A in the tropics. On the other 
hand, a project to develop a high-yielding corn hybrid with con
siderably improved photosynthetic efficiency, or greater drought 
resistance, would have major significance. There are many other 
basic worthwhile deserving problems that might be solved by such 
a "team of excellence" approach. 

Now permit me to return to the world food production and hunger 
problem that we must confront during the next one or two 
decades. As I look at the magnitude and complexities of the world 
food problems at present, I feel obligated to emphasize that we 
should never forget that research well done in one field or 
discipline does riot automatically produce more food, nor does ade
quate food production alone automatically eliminate world hunger 
and malnutrition. We only need to reflect on what has happened 
worldwide over the last 15 years to see how complex many of the 
interrelationships are in food and fiber production and distribution. 
We have had a serious cereal glut in food-exporting countries since 
about 1983 or 1984 resulting in depressed agricultural prices. As a 
result, many farmers in developed food-exporting nations who were 
deeply indebted have gone broke. We should also remember that 
at the same time there were gluts in the food-exporting developed 
nations, there was hunger and famine in Africa. This is a conse
quence of inadequate food distribution. Lack of foreign exchange 
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(purchasing power) at the national level in many food-deficit 
African countries and lack of purchasing power at the family level 
within these nations is Caused by poverty resultig from unemploy
nient or underemphynent. India, for example, over the last 15 
years, has produced nmore than an idea(Ieuate supply of cereal grains.
As a matter of fact, it has in recent years; maintained in storage
something on the order of 20 to 25 million of wheat andzons rice. 
But there is still hunger and malnutrition in India. Indeed there are 
many people who need more food, but cannot afford it even 
though it is present in large quantities within the cou ntry. I do riot 
wish to imply that there should not be stocks (f food stored as a 
hedge against bad harvest, epidemics, or natural disasters. Indeed, 
we miust cont inue to nmai ntainl buffer stocks that can be used in
 
times of crisis.
 

Let Is exaline what has happrneWed iln the last 15 or 16 years. In 
1972 and '73, the large U.S. grai rI stocks that existe( (luring the 
rate 1950s in( throughout the 1960s, resrIting In depressed prices
for American and other farmi rs, . Lddenl', were depleted. This 
sudden, rapid ani unexlpe(ted change was caused by severe 
droughts in two consecutive years in the Soviet Union and China,
which resuleted in large import, of grain by those nations. With 
reserve stock, depleted precipitously, rapid irice increases ensuedC. 
Outcries against soaring food Iir caiie fr(m urban ines consuners 
the United States, who were :us(ed to cheap food. The general
public, and especially nany farmers, Iistened with oo ni 1Ch 
credulity to the redictions Of glooi amnd (loor11 thait were presented
at that time by s,-ver. II distinguished acadenicians arnied with the 
best COlI)Lters. They predicted that the world had lost its ability to 
feed a growing i)mpulaion rnlered at four billion people at that 
tinie. 

What were the colse(ql[erices of those predictions? It is mly belief 
that many farmers and economic policyrnakers involved in agri
cultural decision making overreacted. They imriediateiy put back 
into pro(uction virtually all of the land that had been held out of 
production for a decade because Of surpluses. The U.S. Secretary of
Agriculture recomnended that farmers plant from fence row to 
fence row, implying iha the international mark t wuldd r,-quire all 
that could be produced. The situation was made worse about three 
years later when a Iihurgenp in price ofjum1n the international 
petroleum caused a vast inlj)(iirg of petrodollars. Those 
petrodollars were sip)honed down to rural ba<nks and resulted in 
easy credit. Many fin, yoing farrmers, tempted by that easy credit, 
decided that if the world had run out of its capacity to produce the 
food that was rreeded for our four billion people, as was predicted,
it was time for them to buy more land This was easily done by 
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signing mortgages on the property they already held. The demand 
for land and easy availability of money led to speculation and soar
ing prices. Midwest farm land prices increased from $800 an acre 
in the early 1970s to $3,500 during the early 1980s. Vast in
vestments were made to stimulate food production which increased 
spectacularly, resulting by 1983 in huge grain gluts. Then prices
collapsed. Many farmers who overzealously expanded their family 
farms were deeply in debt. Many of them lost their farms when the 
agricultural commodity price bubble broke. 

At the same time that surpluses were building in the United States 
and other exporting nations, there was widespread famine in Africa, 
in part because of the extensive drought. But beyond the immediate 
cause, for the last two and one-half decades, agricultural production
had been increasing in the African countries south of the Sahara at 
about one and one-half percent per year, while population had 
been growing at about twice that rate. During the drought years of 
the middle 1980s, food demand outpaced production, resulting in 
widespread food shortages. Even after tie drought is broken, it is 
doubtful that, with the agricultural technology now being used, 
African countries south of the Sahara will be able to catch up with 
the food demands of the rapidly growing population. 

From 1973 to 1986, a similar situation on the energy front also 
affected agriculture. In 1973 and '74, the petroleum exporting
countries (OPEC) arrived at an agreement whereby they could 
control production. -he price of petroleum then soared from about 
two dollars a barrel to 11.65 then to 18, then to 28, and finally to 
32 dollars a barrel, within a period of three years. Ihis huge
increase in petroleum prices also generated songs of gloom and 
doom by some experts and academicians who claimed that the 
world had lost its ability to exploit petroleum and other energy 
resources. A short time later, predictions were made that the world 
was running out of many basic mineral resources as well. Again, in 
terms of energy and minerals, the world overreacted. From '74 to 
'86, huge investments were made in petroleum exploration and 
developing new fields, in re-exploiting depleted fields, in 
substituting other energy sources, such as coal, gas, and atomic 
energy, and in conserving energy through more efficient transport 
systems. By late 1986, all of these endeavors led to a huge buildup
in petroleum production and a collapse of prices. 

During the petroleum shortage and skyrocketing prices, the huge
influx of petrodollars into American and Western Furopean banks 
led to a dilemma for many bankers-where to invest these funds? 
International bankers went to Third World nations, especially coun
tries that had underdeveloped petroleum deposits, and encouraged 
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them to take out huge loans. The developing countries were led to 
believe that then current petroleum prices of 28 to 32 dollars a bar
rel would soon increase to 60 dollars, since the supply of 
petroleum was dwindling. Huge loans at high interest rates were 
taken out by many Latin American and African countries. This 
resulted in economic crisis in December of 1986 when the world 
glut of petroleum caused prices to plummet from 32 dollars a bar
rel to 11 dollars in a few months. 

During the period of high international petroleum prices, many
other developing countries had to import petroleum even though
they were very .;hort of foreign exchange. They were forced to take 
out large loans to buy energy and, as a result, are currently in dire 
economic straits, They are short of foreign exchange; they are 
deeply indebted; they have rampant inflation; and many aie short 
of food. In real value, the money available for agricultural research 
today is one-half, and in some cases only one-third, of what it was 
eight to ten years ago. Consequently, most Third World nations 
have retrogressed in their ability to improve and expand research to 
cope with worsening food shortages. How should these countries 
allocate the available funds? How much should go to conventional 
agricultural research across the various disciplines and how much 
should be allocated to research in biotechnology and molecular 
genetics? Clearly, applied research in scientific disciplines that 
directly bear on food production must be given major short-term 
emphasis. Unless much of the widespread poverty, hunger, human 
misery and inflation is amelioratec' in the next two decades, greater
and greater social and political irtalility will occur in the world, 
particularly in the developing rations. The attack on these ills must 
be aggressively launched with the conventional technology now 
available. This offensive need not wait for developments in 
biotechnology. 

What needs to be done to improve production and distribution of 
food in Third World food-deficit nations in the next decade? For 
the last two decades, with the assistance of international centers,
bilateral foreign assistance programs, and their own national pro
grams, many of these nations have developed important bits and 
pieces of the jigsaw puzzle of food production in different 
disciplines that bear on improving agricultural productivity. This has 
been done by conducting appropriate research in most of the 
disciplines that are keys to changing yield and production. What 
has not been done, in most cases, and must be done if there is to 
be a change in production, is to assemble these bits and pieces of 
the production jigsaw puzzle into an appropriate package of pro
duction technology and evaluate its benefits and risks on many
farms. To achieve the potential research benefits, a few courageous, 
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creative individuals across scietific disciplines are needed who can 
integrate the puzzle pieces of food ,roduction technology and 
visualize its potential to reduce hunger by augmenting food supply
when the package of technology is properly assembled, adequately 
evaluated, widely demonstrated on farms, and finally broadly
adopted by farmers. Unfortunately, research prograns in most 
developing nations (and also in developed nations, where this lIx
ury is more affordable) have "chaos in the brickyard--too many
bricks in some disciplines and few or none in others. Hence, the 
research package is incomiplete and it is difficult to assemble a
 
reliable production technology package because of the risks
 
engendered by research gaps.
 

Once the production package of technological bits and pieces is 
assembled, it must be tested first on dozens of farms and then over 
dhe next two years on hundreds and even thousands of farms, with 
additional adit ,t.i,;- - imnproved experience and data become 
available. When the package is properly assembled and widely 
demonstrated on many farms, the enthusiasin of both big and small 
farmers will be fantastic-literally "will set the grass roots fire."on 
Farmer enthusiasm is infectious and affects politicians, policy
makers, and even some of the immutable bureaucrats. After only 
two yeaj's of recent work in three African cOuntries, I sense an en
thusiasm, especially in Ghana, that is fully the equivalent of what 
we saw in the middle 1960s in India and Pakistan, when the so
called Green Revolution, based on the high-yielding wheat and rice 
technology, was transplanted into those countries. 

Once the capability of the new technology package to increase 
yields spectacularly has been broadly demonstrated, credibility has 
also been established by gaining the enthusiastic support of 
thousands of farmers who know what is technologically possible. It 
is then time to move on the economic policy front and it is usually
possible to convince policymakers and political leaders that unless 
policy errors of the past are rectified, social and political problems
will increase in the years ahead. Economic policymakers must be 
convinced that the right kind of production inputs must be made 
available in a timely manner at the village level, that small farmers 
need access to ,:redit with which to buy the inputs for planting and 
can pay for them at harvest, and that the government must an
nounce before planting that the farmer will receive a fair price for 
his grain at harvest, which fairly reflects the international market 
price. Moreover, to avoid local gluts that will depress the market 
price, the government must provide for procurement in surplus pro
duction areas at the time of harvest. 
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Increased production that theoretically meets local needs is not 
enough. Action must also be taken to get the food into the 
stomachs of the poor, those who need more food and are badly
nourished. This requires examination and use of many devices. 
There must be rural development projects to develop the infrastruc
ture and provide work for many of the 75 to 85 percent of the 
population who are living at or near subsistence level in rural 
areas. There should be food-for-work projects to develop roads, 
build country schools, and all sorts of soil conservation, small-scale 
irrigation and drainage projects, and reforestation where possible. 

Is there technology available that lies Unused, which has the poten
tial to change African food production over the next five to eight 
,- ars? For the last two and one-half years, I have been involved in 
developing small agricultural dernonstration-production programs in 
three African countries, financed by Ryoichi Sasakawa, a Japanese 
philanthropist. This program, known as Sasakawa Global-2000, was
launched after much l)ressuring. I had twice retired and decided 
that I had served my term on Third World food production fronts, 
and that I was never again going to become embroiled on the front 
line in these kinds of programs. Under pressure, I agreed to do so 
once more, against my better judgement. Surprisingly, after only 
two years, I am now convinced that there is an excellent chance 
for a breakthrough in both maize and sorghum production in 
Ghana within the next two years, within the next three or four 
years in Zambia, and also, perhaps in Sudan. 

In the broader global picture, I am convinced that the world now 
has the technology available to produce adequate food which 
would, if properly distributed, provide an adequate diet for our 
present population o; 5.1 billion l)eople. Perhaps the technology 
now available can even produce the food required for 6 million. 
Nevertheless, without a more effective system of equitable food 
distribution to supplement the improved production technology,
social, economic, and political problems will worsen. 

I am pleased to see that vigorous research is going forward in the 
new field of biotechnology which, down the road, whether it is in 
10 years or 30 years, can be used as needed to greatly expand the 
production potential of food and fiber. 

The most productive applications of bioteclhnology and molecular 
genetics, in the near term, appear to be in medicine, animal 
sciences, and microbiology. Improved vaccines, antibiotics, and 
enzymes and hormones for the treatment of genetic defects are 
already beginning to appear on the market. It will likely take con
siderably longer to develop biotechnological research techniques 
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that will dramatically improve the production of our major crop 
species. We should view biotechnology as another new tool that 
will further help to protect mankind from diseases and pests and 
help increase food and fiber production, rather than to believe it 
will be a panacea. 

Many environmentalists or neoecologists fear the use of modern 
technology. We should all stand back and look at what the world 
situation would be like today if we attempted to produce the food 
and fiber needed for the current 5.1 billion world population with 
1930's technology which was, for the most part, prechemical. [he 
technology of 1930 provided food and fiber for a world population 
of two billion. It would be completely inadequate to provide the 
present standard of living for the much larger present population 
and the need to correct the deficits of those who needed more 
food and fiber and other benefits for a decent life. Let LIS continue 
to work diligently to improve the research and technology in our 
chosen specialties--looking enthusiastically through Our individual 
knothloles"--while endeavoring to untangle more of nature's 
secrets, which we will ultimately need to understand, to further 
improve the standard of living of more of the human family. 

We must all lie realistic about What life is like in the Third World 
nations and what a-tions are necessary to provoke change and 
improvement. Having the technology is not enough; it must be put 
to work. Someone has to be responsible for making it work. And 
that is no easy task. 
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Biosafety In Agricultural Research 

Bruce L. Umminger 
National Science Foundation 
Washington, DC 

Biosafety Guidelines in the Developing World. Dr. Henry Miller, 
facilitator for the workshop, opened with the observation that 
biosafety is an important attendant to science and technology. 
Governments give and governments take away. Funding agencies 
do the former and regulatory agencies do the latter. In the develop
ing world, the regulatory infrastructure is less developed, in part 
because such regulation is exlpensive to develop and to enforce. To 
give more specific insight into the state of biotechnology regulation 
in the developing world, three speakers summarized the current 
state of biosafety regulations in their countries: 

The Philippines. Dr. Delores A. Ramirez summarized the recent ef
forts of a committee of scientists from the University of the Philip
pines, the International Rice Research Institute, and of ad
ministrators from the government to develop a set of biosafety 
guidelines intended to set safety standards at their respective institu
tions. The ad hoc committee did not start from scratch, but adapted 
provisions from the U.S.A.'s NIH guidelines, Australian guidelines, 
and Japanese guidelines to the research conditions of the Philip
pines. The Australian and Japanese guidelines were especially 
helpful in areas of evaluation whereas the NIH guidelines were 
most useful in the area of containment. Although the guidelines 
used as models dealt mostly with recombinant DNA, the Philip
pines guidelines were conceived as being much more broad and 
include procedures to complement and supplement existing plant 
quarantine laws. After completing the draft guidelines, intended 
originally for local use only at the University of the Philippines and 
the International Rice Research Institute, the committee deliberated 
as to whether these could be used at the national level. To ascer
tain the wider usefulness of the draft guidelines, a workshop will be 
held later in 1988. The workshop will be sponsored by the Na
tional Academy of Science and Technology, the University of the 
Philippines, the Department of Science and Technology and the 
Department of Agriculture, among others. At the same time, Philip
pine legislators became interested in the question of regulating 
biosafety. The legislators have been asked to avoid new legislation 
until the results of the workshop are known and then, if legislation 
is deemed necessary, to use the draft guidelines as a starting point 
for biosafety laws. 
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The draft guidelines consist of three major parts: (1) evaluation of 
research with recombinant DNA; (2) evaluation of research involv
ing the importation or breeding of plant pests and research with 
potentially hazardous organisms (to supplement quarantine laws); 
and (3) procedures for containment for recombinant DNA research. 
The guidelines were drafted to reflect the state of affairs in the 
Philippines and are viewed as imperfect, but evolving guidelines 
that will change as experience warrants. 

There is also to be established a national committee to oversee all 
aspects of biosafety-the National Committee on Safety in 
Biological Research in the Philippines (NCSBR). The NCSBR will 
operate under the Department of Science and Technology and will 
have linkages with the Departments of Agriculture, Environment 
and Natural Resources, and Health, among others. Institutional 
Biosafety Committees (IBCs) will be established at each university 
and research institute. The system will operate as follows: a univer
sity researcher will have his project reviewed by the local IBC 
which will then make recommendations to the NCSBR. If the proj
ect involves importation of plant pests, for example, the NCSBR 
will forward project to the Philippine Quarantine Service for final 
permission to do the research. Linkages to the other departments 
will also be used as appropriate. 

The NCSBR will have seven members and will be chaired by the 
Undersecretary of Research and Development of the Department of 
Science and Technology. Four members of the committee will have 
at least seven years of college/university research experience. No 
conflicts of interest with industry will be allowed. 

Functions of the NCSBR include the formulation, review, and over
sight of biosafety guidelines; the formulation, review and oversight 
of risk assessments for biotechnology products; the development of 
workinp linkages with the Department of Agriculture, Environment 
anr. ',atural Resources, and Health; the development of technical 
capability in the country; the development of research programs to 
establish risk assessment protocols and assess long-term en
vironmental and social costs of biotechnology; and the appointment 
of IBC members. The proceedings of the committee will be made 
public. 

Functions of the IBCs include the review of all projects at the local 
level and recommendations to the NCSBR; the assessment of ap
propriate containment levels for projects; the review of all the 
biological researchers in the institution; ti --.review of plans for 
handling accidental spills, etc.; the reporting of violations of 
guidelines to NCSBR; and the rejection of proposals not meeting 
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guidelines. The IBCs will have five members, two of which are not 
affiliated with the institution and represent community interests. 

The guidelines are proposed, but not yet adopted. Supporters of the 
guidelines include research institutes and universities. Those in 
favor of more restricted guidelines include environmentalists. The 
focus of the NCSBR will not be on recombinant DNA per se, but 
on rotential pest organisms. In addition to R-DNA organisms, all 
plant pathogens, introduced biological control agents, and "poten
tially hazardous organisms" will be reviewed by the NCSBR. The 
definition of "hazardous" is fuzzy at the current time. It is a 
product-oriented and not process-oriented regulatory apparatus.
Nonetheless, all recombinant-DNA genetically engineered plants
will have to go through the NCSBR without exception; in this 
sense, the system is process-oriented. 

Thailand. Dr. Sakarindr Bhurniratana summarized the situation in 
Thailand. The regulatory system in Thailand is much more local,
decentralized, and informal than the one proposed for the Philip
pines. In Thailand there are two aspects to biosafety: regulation and 
enforcement. Thailand already has numerous biosafety regulations
in place with respect to biomaterials, human experimentation, 
quarantine regulations, etc. However, the regulations only can be 
as effective as their enforcement. Currently, there are no regulations
for recombinant DNA per se, even though several labs are engaged
in this type of research. There is some fear that if biotechnology
regulations are formalized, the recent science and technology thrust 
of the country will be stalled in this area. At present, each univer
sity and institute has in place its own local committee that operates
in a rather ad hoc man '"according to the NIH guidelines. The 
local committees hay information on guidelines from the 
United States, Austra, :apan. There are no formal national 
regulations or committu:-- tut biosafety. Thailand is not overly con
cerned about setting up new laws and regulations since the country
has only a couple dozen researchers in this area and their research 
should not be thwarted. Nonetheless, a couple of study committees 
are being set up to look at field trials due to some public concern. 
Those guidelines that are used at the locol level are iiustly process
based, i.e., concerned only with R-DNA research. 

With this system of self-regulation at the local level and case-by
case evaluation, there have been no problems so far. The National 
Center for Biological Control, for example, has many practicing
scientists and no experiments have been performed that have 
caused a problem. Thailand has approached biotechnology as a 
nation from a positive side. The benefits of the research have been 
made known to the public at large. Government ministers have 
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made a good case for science and technology in general and 
biotechnology in particular. The public has been sold on its value; 
environmentalists have not yet voiced concerns. 

Africa. Dr. Wellington Otieno of Kenya gave a generalized over
view of tile state of biotechnology regulotion in Africa. In general, 
there are three levels of concern with biosafety: (1) at the quaran
tine level for the importation (if seeds, plants, etc. between nations 
and continents; (2) at he biological control level for parasites, 
microLes, pathogens, etc., imported to control pests; and (3) at the 
level o.' genetic engineering or R-DNA. The former two levels have 
quite srict regulations whereas the latter oversight is at the local 
level by informal oversight committees at the universities. Not 
many universities have expertise in Molecular biology and R-DNA, 
and so extensive regulatory statutes have not yet been required. 
The public is not overly concerned. For the quarantine and 
biological control regulations, there is a broad degree of hai-ioniza
tion of regulations among African nations. Although there are not 
now any specific R-DNA regulations at the national level, broader 
guidelines will most likely be developed in the future in the con
text of interacting African nations. Likely the guidelines, when 
drafted, will be based on local institutional guidelines and those 
existing guidelines in the international comm unity. At the )resent 
time, there is the danger that if overly restrictive regulations were 
introduced, they would choke off the developing biotechnology 
research enterprise that does exist. Tihe general approach of African 
nations is pragmatic: if the product being produced is good for the 
people, then don't cut it off with regulations. 

Discussion. The general discussion that followed the three presenta
tions fell into three main areas: guidelines, public education, and 
information/data bases. 

Guidelines. It was pointed out that guidelines developed in the 
Third World should be flexible since, even in the developed world, 
regulations and laws are in a state of flux and development. Don't 
put into place regulations that cannot be easily changed in the 
future as conditions and experience warrant. It is the place of 
donor agencies to help developing nations get regulations in place 
that will allow solid research and development and protect against 
mistakes in judgment. Many stressed that developing countries can
not wait until the developed world has a final set of regulations; 
there are immediate problems now. The best course is to develop 
regulations based upon those already existing in the developed 
world. As in the Philippines, the guidelines can be tailored to the 
specific national needs and circumstances. If the guidelines are flex
ible, they can: be changed in the future. Indeed, it was pointed out 
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that developing countries should not reinvent the wheel. Especially 
useful are the beginnings of international biosafety regulations 
being worked out by SLCh groups a. UNIDO/UNEPAVI 10 in the 
UN system, SCOPE/COGENE in the ICSL system, the IICA for Latin 
America, NATO, and the ()ECD, amnig olhers. All these efforts are 
consistent with the philosophy arid i)uint of vie. ofla leport by the 

2f . snesses 
approach to hiosafety regulations and not a process-based ap
proach. ICS U was s.iid to Ie holding a conference later ini1988 to 
help developing (ormitries set Ip their own guidelines for liios<ety. 
It was stressed hat too nrarv interialionrl groups were setting uIp 
guideline , itllit were duplicative; there slIId be an international 
effort to coOidnate tli' undertaking. The forthcoming ICSU con
ference shI0JnlI be coOIrdiiatel with other international efifrts. A 
goal ifdonol igen ies sholuld he ton see that SulrI interrliti(nmal ef
forts in dinlirg iriuafc-ty gLiidleirs, especially asl they apj)ly to 
developling (0(urtrie,, lbe (ordinted, cni,stert, ild 

U.S.A. Nationrll Acacien.' Jk._;r _,.thlt aipro(lrt-based 

11cieri(e-iased.
 

Public educat ion. ihere was n1arn inlos ,SeItiillerlt tHat a goal of 
(1orr0r agen( ie 'hould be to see that the )rlllic iswell intorrned in 
the area of biotechriology. This should inclide edlucatiori in the 
areas of e.ology mid risk , ,ressrlent.liiportait targets for this 
edlucatin Jre )lliti( irilllar1( the iledia Iswell as the general 
pul)lk- A,.clinWrte' shouLld be Lreated sLch thaIt when (0oirn6ercial 
biotechnology (ollse( o) line with IruII(tS, the public is well in
forned arid nlilurldtly worried. 111e e(Itcationr tftort should be 
honest aid iokno.\,ledlge tlrose risks that (I0 exist, hut poinlt out that 
these risks irom biotechnolg, are very similar to the risks that we 
encounter in organisiris we already kn(Aw a lot ao)Ltt. There may be 
some risks, ruit they are iot lrii(lue. In d(evehrp)ig couIntries, itis 
often the extrenlreenviroinmenlhtalists adil t00se ri)iosed to any 
foreign-introdtuced technology that are in most viica Ior upposition to 
biotech:tnology'. Tius, the need for public e(hrcaiOI shoulld include 
ecology and risk as,,sment. Inithe area of risk assessileit, the
 
public sl(ruld learn tothink interms of the real ihenetits iroduced
 
by the technol(ogy aid to evaluate whether these oftft known risks. 
Collaborative appdrahes w ithdronor agencies (oul ( get this ac
com)lishiel. A Va Ialue-neiLIraI atpprroach is essential. 

lniormation/data bases. It wa,, gerrerally agreed that developed 
Crurntrie; and (do1or age(Cies shouId make more effort in getting in
formation disseminated to th-e Thir Wirld. This often entails more 
than just ac(ce , to) electroni arid (o)luterized data bases that are 
being plarned. Itwas generally agreed that developing countries 
are somriewhat SLSl)icioLIS Of illforniatiori supplied directly by a 
given developed C('Jlrty such as the U.S.A. The best ways to pro

441 



vide information are through the UN or a local science develop
ment board or center. There is a great need tor an niormnation 
clearinghouse on biosafety information for the developing world. 

The consistency of the recent UNID(/UNEPAVIt1 guidelines with 
those developed by other gron lp in the developing (IICA, ICSU) 
and developed (NATO, OECD, the National Academy of Sciences) 
world make the UN a possible place tor such a clearinghouse to lie 

located. 

It was also suggested that information exchange outside the context 
of national governments COUld he effected through the academies 
of sciences in various nations. The impact and importance of the 

recently organized African Academy of Sciences was noted as an 
exanmple of multinational cooperation in the developing world. The 
International Centers are also good avenues for exchange of infor
rnation as they are generally viewed as neutral bodies. 
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Application of Diagnostics for Plant and Animal 
Pathogens
 

Joyce Turk, I.I. Cohen and D. Luchsinger 
Office of Agriculture 
Agency for International Development 
Washington, DC 

The diagnostics workshop comhined opening statements by 
representatives of various biotechnology subsectors with full discus
sion by all parti(ipants. Opening statements highlighted the follow
ing needs and opportunities: (1) identify high priority diagnostic 
requirements, (2) (oml uni'Cat( how thesee technologies can be 
applied, (3) rec0g:iZe that tool., currently available for legume viral 
diseases are not adequate, (4) no irnniuno-iagnostic tools are 
available comnimerially for fungi and I)acteria, (5) commercial firms 
are interested in biotechnology ( ollaboration opportunities, and, (6) 
donor agencies could .erve a a vehicle to transfer much of this 
information. 

Open session dia logue en(compassed research and development,
commercialization and marketing of )lant and animal Cliagnostic 
ani vaccine prod ucts. Di,cUssi on from the floor began with com
meitts from Kurt Piterf () IILCA. [ie bIe~ives the greatest need of 
the livestock se(to is gtting diagnostic tools, including those for 
endot)arasi,.tes ilt the, Inands of Users. A question was raised con
(erling the advisahility and i(a et)ta)ility of the collaborative 
venture in drgmignsti( developm ent at IL[CA. Is there a comparative 
advanltage for su(h ldventlJre and how could commercialization 
and marketing be developed? Opening remarks captured the range 
of (omplex is,ues being faced, i.e. awareness of the need for the 
development of (liagnostic tools by researchers or research centers, 
linkages with the conmercial firms for development, advertisement, 
marketing either in the country of origin or a second country. A 
great deal of dis(ussion related to one aspect or another of this 
loop from awareness to application. 

It was recognized that international organizations could play a vital 
role by developing (atalogs of recognized needs and opportunities 
in diagnostics. The conmercial sector response could be to publish 
and distribute information regarding current production. A 
mechanism to link available research products in the public sector 
with recognized international needs could also be established. If 
markets are identified, then industry can respond, if not, researchers 
and donor agencies can respond, were points made by T.D. Yilma. 
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Considerable discussion followed regarding linkages. To begin, 
information exchange between the public and private sector needs 
to be increased. This will help to match what is needed with what 
is available. A mechanism is requried which can develop personal 
bonds of collaboration encompassing interests, trust and expertise. 
Individual lists of needs regarding diagnostic research, based upon 
the size of the problem and how widely applicable a dLiagnostic 
tool would he, should he developed an( presented to donor 
agenc ies. 

A c()lla)boraiive vIUre betwveen inter national centers, Universities 
and conmercial research could (develop mu tiple screening tests 
and capture a L rger market than originally envisioned. Marketing 
was taken to mean primarily dissemimation of information and/or 
royaIties. Such interest,, Inust be or nhined with those of making 
technologies availaible to areas where diseases are severe pioblems. 
Howevel, it vas recognized that Liliver sit ie,d( not necessarily 
have an interest in marketing pro l.ItS 0o their re,,earch. A 
suggested recomnmendatinon was that A.I.D ) Ut OLit contracts for 
cornmer( ialization based upon reea r(i it is tnod ing. 

A question of interest arose regarding the developnment of DNA 
probes in relation to sUl)unlit vac(ines. Is there an ability to com
mercialize these and wlial is the interest i IIs Ipp(rting 
commercialization? 

A company su(h aisAgriTech Systems looks for Such commercial 
opportunities. Users Must Understand the costs involved in comner
cializing diagnostics. In some cases, it may be better to nanufac
ture the kits in the user coUntry. This company currently has pro
duction in 35 countries and is especially interested in licensing 
technology for codevelopment. There is a definite interest in work
ing on diseases not pre:sent in the U.S. according to Dr. Workman. 

Another recognized objective was to develop cost-effective delivery 
mechanisnlF for varied marker sizes. The use of diagnostics will not 
be cost effective if they have to be imported Local companies must 
be developed which can either produce or buy reagents in bulk 
and can do local packaging. Currency restrictions may inhibit the 
ability oi a country to import kits. 

A different type of need relating to plant quarantine issues was 
recognized, that being, the ability to detect plants transformed by 
genetic engineering. The discussion shifted to diagnostic concerns 
regarding plants and included the following observations. 
Nonradioactive probes are needed where no other assays are 
available. There was no clear consensus as to whether probes 
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would be advisable over immunoassays. There is a need to 
produce simple, cost-2ffective methods which would replace the 
ELIZA system. International donor agencies and IARCs should 
supporil such field research. In this regard, another challenge is to 
develop kits which provide reliable information from a small 
number of samples. Diagnostic tools for crops do fit into traditional 
farming sys!ems. However, farmers will need to know when and 
how diagnostic tools can best be used. 

The workshop closed with many unanswered questions but with 
those in attendance more enlightened and aware of the vast 
number of opportunities for future research and collaboration. 
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Workshop On Wide Crosses and Genetic Resources 

Robert B. Bertram
 
Food and Agriculture, CGIAR
 
Agency for International Development
 
Washington, DC 

Plant and Gene Patenting 

The Workshop session featured in-depth discussion of several
themes that had been brought out in the plenary sesslons. The issue
of gene patenting, which surfaced in many of the discussions, was
examined in detail by representatives from both developed and
developing countries. The fundamental challenge was how to

reconcile traditional concepts of free exchange and availability withthe protection sought by institutions seeking a just return to signifi
cant investment to develop new and novel products. There was ageneral consensus that naturally occurring genes are a "heritage of
mankind," and as such should not be subject to patent protection.
Any patenting of naturally occurring genes would threaten the freeexchange of plant germplasm, a basic tenet of the current interna
tional germplasm system and a critical factor underpinning
agricultural research everywhere. 

Conversely, the issue of payment for naturally occurring genes
raised. There 

was 
was general agreement that such proposals were un

workable. First, determination of actual provenance of a gene in
 
most cases would be extremely difficult, so that it would be very
difficult to assign ownership rights on a scientific basis. A second
 
concern is that many important genes had been moved and

modified frequently 
over centuries of trade and migration. Examples 
were given of genes which might be collected in one country, but were actually selected for in a country far away, from which
farmers migrated hundreds or even thousands of years ago. These
realities, compounded with shifting boundaries and sovereignties
render the idea of payment for naturally occurring genes as
something quite impossible to implement. Further, would farmersthemselves be paid (presumably for the efforts of their ancestors), or
would governments act as recipients? However, the point was
made that the impetus for assuring genetic rights of developing
countries to land races, and products bred from them, stems from adesire to protect their right to use such material, which they fear
could be sold back to them by foreign interests. 

Besides the historic and political issues that would arise over
assigning payment rights to naturally occurring genes, there is also 
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a significant knowledge gap in what would be needed to actually 
identify and track them. Variable phenotypic expression of genes is 
noted in multiple environments and presents a major challenge to 
plant breeders. The resulting variation makes consistent identifica
tion of a single gene very difficult. The task of assigning payment 
rights would be further complicated by the fact that many genes are 
found in several areas, cach of which might claim to be the area of 
origin with proprietary rights. It was also noted that, contrary to 
what is widely believed, much of the valuable genetic diversity of 
crops has come from regions in developed, not less developed, 
countries. Thus, schemes for payment based on genetic rights, if 
applied without regard to need or ability to pay, could affect both 
developing and developed countries. 

The question of gene patenting was acknowledged to be relatively 
new to the conservation and agricultural research communities, 
although plant variety protection has been established for many 
years. Still, issues surrounding patenting are different enough that 
they need to be approached independent of prior assumptions. 
Some participants pointed out that patents can be viewed as 
generally benefiting the "first world," and are considered to hinder 
plant breeding progress in developing countries. If this is the case, 
greater opposition to patents would occur. However, the argument 
is also made that appropriate ,atent protection will speed the 
distribution, use, and hence, acc2ssibility, of proprietary germplasm 
to developing countries. 

Some guidance was offered by the legal expert, who noted that 
from the perspective of the law, a gene is a chemical compound. If 
it occurs naturally, it probably cannot be patented, because no one 
invented it. It would fail the basic test of novelty, upon which 
patent law is based. But even in cases where novelty were proven, 
there would still be difficult questions that have yet to be 
answered. Insome cases, the U.S Patent Office will grant a patent 
on a naturally occurring gene, provided that the gene is isolated or 
modified. In doing so, the Patent Office is building on cases in 
which microbes have been patented after being isolated from 
culture and produced in the form of pure strains. 

The question of genetic instability and "genetic wobble" was also 
raised, as this results in changes in genes over time. How would 
patents account for such changes? Similarly, the question of how 
far a patent would extend was posed. For example, if a farmer pur
chased seed containing a patented gene, and then multiplied it for 
his or her own purposes, would that constitute patent infringement? 
Seed comir-inies must envision reuse and price accordingly. The 

448
 



ciitical issue is whether a company can keep a farmer from resell
ing the seed as seed. Witl regard to enforcement, it may become 
possible to use cDNA or mRNA probes to detect potential

infringement.
 

Another controversial aspect of plant and gene patenting that can
rot be ignored is the impact it 1, having on overall dialogue be
iween developed and developing countries. For many, this is not a
financial but a moral issue, upon which hinges progress in develop
ing countries' alleviation Of hunger and maintenance of competitive
agiicultural sectors. The introduction of patent legislation in general
has the poiential to generate hostility in certain sections of the in
ternational community, and steps should be taken to avoid this. 

The International Agricultural Research Centers clearly will have a
role, both as users and providers of gernplasni, in any legal ar
rangements that emerge. The question was raised as to whether the
IARCs should seek to guarantee free availability through patenting
of novel genes, and then ensure the access of developing country
researchers to them free of charge. An additional feature of this 
idea would he to obtain royalties for use of suIch materials by com
mercial fims or by developed countries. Others suggested that 
even this approaclh to patenting would engender controversy ind 
harm the Centers' collaboration with national programs. 

As an alternative to patenting, the example of copyrighting was sug
gested. Copyright law protects information (generally wiitten),
which is in fact what is carried in a gene. The protection of newly
created genetic information in this manner might avoid the dif
ficulties minor genetic changes (for example, a nucleotide base 
substitution) would pose to patented materials. How copyright
would govern further use of materials in commercial breeding was 
not clear. It has not been used extensively in genetics, except by 
one firm developing a map of the huian genone. 

The point was made that it is not simply single genes that are at
issue. A gene does not operate in isolation, and some of the most 
challenging scientific problems facing researchers hinge on gene
regulation through provision of appropriate promoter arid enhancer 
sequences. Processing of gene products may also be cruciai to their
biological activity and hence, commercial worth. Overcoming such 
challenges associated with creating new genes or genetic transfor
mation obviously requires significant investment. Clearly, the
private sector, and increasingly, developed country public sectors,
will undertake such investment only with some assurance of finan
cial return. 

449
 



The point was made that a gene's function and worth are also 
dependent upon the background in which it is found. Even new,
engineered genes are of little intrinsic worth without an appropriate
genetic background, which most likely is entirely made up of 
natural genes, painstakingly sorted through hundreds of generations
of farmer selection or through the direct efforts of plant breeders. 
From this standpoint, assurance of free exchange of genetic
materials is seen not only as being of necessity to plant breeding 
progress, but also as a morally derived right. 

Interestingly, the principal examples of germplasm having been 
restricted are among tropical crops, which in some cases are 
limited by developing countries. Most of the affected crops are 
those of large economic importance, e.g., coffee, cocoa, etc., and 
not the food crops that have been the focus of the International 
Centers' efforts. 

The discussion (lid not resolve issues surrounding patents, but it did 
make abundantly clear the need for sound, up-to-date information 
in the development of laws and policies related to genetic 
resources. Availability of genetic resources is a goal shared by all 
plant scientists. Reconciling this basic tenet of the international 
system with development of patent laws, now in effect in 
developed countries, but most like;y to be activated soon in 
developing countries as well, is an important objective. Scientists 
should be involved in the development of the patent process,
ensuring that it proceeds with as full a body of information as 
possible. Patent regulations should, as far as possible, be consistent 
with biology. 

There was clear agreement that free access to naturally occurring 
genes should not be limited, but a basic question here was: how 
can we ensure this? Up until now, individual and institutional com
mitment, combined with good will on '.-part of far sighted scien
tists, have been sufficient to allow for a well-functioning system.
The question of whether new approaches to ensuring free exchange
of naturally occurring genes will become necessary as the body of 
law governing biotechnological research products enlarges was left 
open. In the view of some present, the situation calls for vigilance 
on the part of the genetic resources community. 

Wide Crosses 

The Workshop group explored the issues raised by plenary session 
presentations on the use of wide crosses in groundnut and wheat 
improvement. The group generally saw rapidly developing potential
from the application of biotechnology to wide crosses and crop 
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relatives generally. Biotechnology may help overcome crossing
barriers, and it may provide markers with which to track and select
desired genes once crosses are made. As nontraditional methods to
transfer genetic materials develop, interest in wild species will
increase, in some cases with impact beyond their near relatives.
Tempering the discussion was the observation that wild species
work should not become a "bandwagon," risking their being over
sold as a sourc9 of valuable genes. Nevertheless, there was a call 
for a greater allocation of international resources to the area, since 
in many crops very little had been clone with wild relatives. 

A theme that ran through the discussi,in was that strategic use of
wild relatives of crops was needed. The observation was made that
exhaustive searching of the domestic species should be undertaken 
before seeking a particular gene from a wild relative. In many
cases, land races or other primitive materials may hold untapped
diversity much more easily ac, -ssed than that in materials outside
 
the species.
 

A recommendation was made that IARCs establish research net
works to foster trait-specific work in wild relatives of mandate
 
crops. Networks were seen as very important because of the need

for collaboration in working with wild relatives-those knowing

such species need to work with those collecting and storing them

(germplasm units), and those seeking to use them in breeding pro
grams may need close collaboration with biotechnology

laboratories. Centers could help to identify and bring together

scientists with complementary interests through such networks;
opportunities for interdisciplinary collaboration are not always
evident and need to be developed. There was also a suggestion
that the interests of the research community must expand to 
include biological diversity in general. 

With a broader definition of biodiversity in mind, the potential for
collaboration between developing and developed countries appears
very substantial. Three major areas for joint work are seen: food 
crops, ornamental plants and niedicinal plants. In the cases of 
medicinal and ornamental plants, the possibility of profits will help
to ensure that efforts are undertaken; collaboration should be an
important part of these efforts. In the case of food crops, there may
be less financial backing to support collaborative research involving
wild species. What is needed is for collaboration to begin from the
bottom up, with researcher to researcher contact and interest com
pensating for the lack of major profit-driven investment. 

Certain caveats were given r-arrding work with wild species. First, 
very large populations are needed to effectively sample variability 
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for characters of interest. Even where a character is identified, the 
logistics associated with handling the species and accessing the
character genetically can be extremely difficult. To access genes for 
resistance to just a single pathogen, a concerted and painstaking
effort is often required. This argues that strategy when dealing with
wild species is extremely important. Chromosome transfer is seen 
as a promising alternative to genomic transfer. Much less material is 
moved, greatly facilitating the reestablishment of good agronomic
standards among the progeny. The use of chromosomes or 
fragments offers good possibilities for collaboration among
resea;chers, bringing cytogeneticists, breeders, botanists and plant
biotechnologists together. 

The point was made that, especially in the case of wild species,
there is still considerable ignorance regarding their taxonomy,
distribution and characterization. Collaboration between disciplines
is required here. For example, in the experience of the IBPGR,
breeders are not generally thought to be the best collectors of wild 
germplasm. The IARCs that have been active in this area have 
developed extensive collaboration in order to most efficiently pur
sue wide cross research programs. In terms of utilization, the poten
tial for national programs to be active in the wild species/wide 
cross area seems very great. National program/IARC collaboration 
would certainly figure piominently, and the question was raised as 
to whether there could also be linkages to private research. 
Specialization in enhancement, introgression and general
characterization could become an area of special expertise for na
tional programs. National programs would also be well situated to 
conduct prebreeding activities built on wide cross programs.
Clearly, though, the field is moving quickly, as there has already
been patenting of the process used to introduce a chromosome 
from Tripsacum into maize lines. 

In the case of crop gene pools, evaluation of germplasm remains 
the major bottleneck facing wider use of genetic diversity. The 
Latin American Maize Program (LAMP) described by Quentin Jones 
offers an excellent opportunity for future collaboration. After two 
years of evaluation and selection, breeders will begin to exchange
materials that have been selected for particular traits. The project
features a large informational component, so that all researchers are 
informed of what others are observing in the materials under their 
study. All countries participate in designing ihe activity, and all
have access to the materials it gencra,:s. This method of achieving
broad-scale evaluation and sharing of information and germplasm
could serve as a model for other crops. 
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Collaboration for mutual benefit has been the driving force behind
the maize RFLP (restriction fragment length polymorphisms) net
work that is developing in Europe and the Americas. The basis ofactivity is that each institution will study a single trait, the results of
which will be shared with all other participants in the network.
CIMMYT will act to ensure that LDC programs have access to, and
benefit from, all the information generated by the collaborators. 

Researchers emphasized that sharing of information based on
mutual benefit can go a long way towards addressing concerns 
over access. This collaboration, much like the germplasm system,
must be based on mutual trust. 
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Molecular Technologies 

David L. Edwards 
Western Boitechnology 
Del Mar, California 

The form presentations which comprised the Molecular 
Technologies formal session provided the following important 
information: 

" Genetic engineering of plants for insect resistance, virus
 
resistance and herbicide resistance has been demonstrated
 
through the field trial stage. The technologies are now well
 
established and will have broad application.
 

" RFLP analysis is still in the developmental stage. It may be very
useful for well-studied crops such as maize but at this point the 
experimental technology is cumbersome and may be difficult to 
establish in a developing country on a relatively unstudied crop. 

Workshop discussion centered on the following points-

Intellectual Property Rights 

Private companies that have developed proprietary crop strains 
need to recover their research and development investment through
the increased price of the value-added product. This becomes a 
point of concern in cash-poor developing countries. Many of these 
countries also do not provide protection for the patents held on 
such products. 

The companies present all expressed a willingness to discuss 
various means of recouping their investment from developing coun
tries which would bene" greatly from the technology. Some of the 
possibilities discussed were direct licensing, bartering for natural 
resources or other such quid pro quo arrangements. The question 
was raised as to what value to put on a gene (or a trait) and how 
much compensation the owner might be entitled to. 

The role of the International Centers in facilitating these exchanges 
was discussed and it was proposed that an international conference 
be set up to discuss how to proceed in these matters. 

Collaboration on Virus Resistance Projects 

It was proposed that a networking arrangement be developed to 
produce virus-resistant varieties of plants critical to developing 
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countries: cassava, common bean, peanuts, etc. This arrangement
would include: 
* Characterization and molecular genetics of the causative agent 

(cloning, capsid protein genes, insertion into plant of interest). 

" Testing and propagation of resistant plants. 

" Distribution to users. 

Professor Beachey and his group at Washington University, St. 
Louis, MO have volunteered their facilities for the initial molecular 
characterization and cloning studies. 

Mutuality 

A long discussion evolved around the fact that developed countries 
have technology while many developing countries have an abun
dance of natural resources. Developing countries must find a way
to gain value from these resources which can be used to access
needed technology. For example, valuable genes (Bacillus thur
ingiensis toxins, resistance genes, etc.) might be discovered in 
developing countries and traded to developed countries for
established technology. It was also suggested that developing coun
tries develop some of their own commercial enterprises (Third
World seed companies) to exploit their own resources. These en
tities could then become vehicles for licensing technology from 
their developed country counterparts. 

The legal issues of ownership of genes and rights to technology
must be clarified in these cases. For example, technology might be
transferred to a developing country for a small royalty based on the
country's ability to pay and an agreement that the developing coun
try will not resell the technology back to the developed world. The
International Centers might act as facilitators in such transactions. 

Research Needs of the Developing Countries 

Among the research needs mentioned as priority items for the 
developing countries were: 

* Toxin genes active against Third World insects: grasshoppers,
locusts, aphids, and nematodes. 

Agency Support for Research Projects 

It was pointed out that many crops utilized in the developing coun
tries have no real value in the developed world and, therefore, 
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there is no compelling reason for developed countries to put 
resources into improving these crops. Cassava was given as an ex
ample. It was suggested that an important role for the International 
Donor Agencies would be to fund research and development
activities on such crops. 
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Plant Cell and Tissue Culture 

Oluf Gamborg 
Tissue Culture for Crops Project 
Colorado State University 
Ft. Collins, Colorado 

The workshop attendees discussed opportunities and ideas for in
itiating and establishing collaboration between private research in
stitutions and international research centers. They agreed that con
tacts could be initiated through individuals in a manner that will 
establish mutual trust. Areas of common interest, particularly those
in which proprietary issues are minimal, should be explored with 
training as a possible starting point. 

The comparative advantages and limitations of private sector 
organizations were the next topic of discussion. Participants noted
that while private institutions are flexible and willing to discuss a
wide range of issues, they are more likely to become further in
volved only when there is a prospective payoff. Private sector en
tities can provide information and expertise that is of value to inter
national centers. They can offer training, and advice and assistance 
in the development of products and technologies for larger-scale
and commercial use. A greater awareness of the scientific potential
in deve;oping countries can be developed through regular private
sector contacts with international and national centers. Private 
organizations should also be the source of scholarship and stipends
for deserving students and trainees from developing, countries for 
in-country and overseas opportunities. In this way, the private sec
tor can play an active role in developing both scientific and ad
ministrative human resources. 

Workshop participants agreed that international research centers 
should plan to play a larger role in transferring new technologies to
developing countries. There should also be an increase in the fund
ing provided through the centers. 

The mandate of the centers should be critically evaluated to ensure 
that developing countries reap benefit, when (,id if) the private
sector becomes a research and development partner. The centers 
should try to identify incentives for private sector involvement
including access to germplasm, marketable products, and human 
resources. They should identify activities in which the private sector 
can help with in-kind and technological contributions, and should 
encourage private sector representation on their boards. Some of
the centers' personnel should have experience with and an 
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understanding of the private sector in order to facilitate contractual 
arrangements that may be established with multinational and 
national companies. 

The workshop participants concluded with a discussion of the roles 
that should be played by international donor agencies (IDAs). Agen
cies distributing public funds should coordinate their donations in 
order to help rectify the current dilemma of overlapping funds. 
They should have a mechanism for matching funds contributed by 
the private sector. They should also award small "seed grants" as 
expeditiously as possible to support planning conferences designed 
to facilitate networking and collaboration. 

IDAs and international centers should be attuned to and actively in
volved with national program,. They should pay close attention to 
what scientists and administrators in national programs have to say 
and provide guidance and assistance where needed. Some of the 
major areas that require recognition include: the need to develop 

of peonational infrastructure; the need to develop a critical mass 
ple who are educated and trained in technology and management 
skills; and the need for facilities and equipment which will allow 
countries to benefit from the human resources they develop. 
Developing countries need more and better trained personnel for 
research efforts that employ both traditional and new methods for 
plant improvement andmanagement. USAID and other IDAs should 
provide training scholarships, recognizing that trainng needs vary 
from developing country to developing country. 

In the context of the conference's private sector theme, particular 
note was made of the fact that developing country specialty crops, 
such as spices and fruits, and less-developed species of economic 
importance to a particular national economy, may be in need of 
development even though they may not be of interest to the private 
sector. The discussion was handicapped by the absence of 
representatives from established companies that use tissue culture 
(in vitro) technology. Only one company whose principal operation 
is micropropagation was represented at the conference. 
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Vaccine Development 

Michael J. Burridge
 
University of Florida
 
Gainesville, Florida
 

Item 1: What collaborative opportunities or ideas have come to
 
mind?
 

Dr. Muscoplat indicated that, while $2 billion are spent annually

on animal health products in the United States (and $300-400

billion on human health products), only $50-60 million 
are spent in
the United States on animal vaccines. From these data, he inferred
that commercial companies were unlikely to allocate much rese2rch 
for vaccine development. 

Dr. Doyle stated that ILRAD spent $6 million a year on research
towards the development of a vaccine for East Coast fever. ILRAB

has searched for a suitthle industrial partner for development of

this vaccine. It has moved its attention from the newly formed

biotechnology companies who, because of dependence on venture
capital, are unlikely to make a commitment to vaccines for tropical
animal diseases with relatively low capital returns, to the estab
lished major pharmaceutical fims. Dr. Doyle believed that bilateral
aid would have to fund vaccine development for the first 5-10 
years before industry would be willing to become involved 
financially. 

Discussions ensued on regulations relating to genetically engineered
vaccines. Dr. Doyle pointed out that while these regulations must 
ensure satisfactory safety of the product, they must not be too
stringent to prohibit testing of potential vaccines. Dr. Chema indicated that Kenya will require a certificate to show that the prod
uct to be tested is used in the country of origin. Dr. Shibley stated
that USDA policy will require each new vaccine to be individually
tested, with any vaccinia-virus-vectored vaccines limited to thosestrains of vaccinia virus used in the United States. He stressed that
safety is the most important factor to USDA in considering
authorization for testing of a vaccine. 

It was pointed out that the resources in lesser developed countries
(LDCs) for testing of genetically engineered vaccines are scarce, in
creasing the cost of vaccine development. Consequently, wherever
possible, most research on recombinant DNA vaccine development
will rely on existing facilities in the United States and Europe. 
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Item 2: What role is there for international donor agencies? 

Dr. Muscoplat suggested that the most important role for the inter
national donor agencies was to fund the basic research necessary to 

initiate development of genetically engineered vaccines. Dr. Doyle 
saw two additional roles for international donor agencies: (1) 
stimulation of involvement of universities in the basic research 
through grants or cooperative agreements; and (2) reduction of 
competition by fostering of collaboration between donor agencies. 

There was discussion of training in biotechnology. While it was 
realized that international donor agencies had an important role in 

a concernfunding of biotechnology training for LDCs, there was 
that most graduates in biotechnology will stay ir deve;oped coun
tries due to the lack of career opportunities for them in LDCs out

side the Int:rnational Center,.. 

Item 3: What are the priorities for new initiatives in these areas? 

Dr. Muscoplat indicated that the priorities were improved 
diagnostic tests for animal diseases and the development of 
genetically engineered vaccines that would eliminate the need for a 
cold chain. Dr. Doyle believed that the main priority was for a 
commitment to sustained funding for research on vaccine develop
ment since he believed that the development process will take up 
to 20 years. 

Discussion from the floor emphasized two priorities, both related to 
funding for research on vaccine development. Firstly, it was 

comstressed that funding for such research in LDCs must be 
petitive, with proposals subject to p-er review, if the promises of 
modern biotechnology are to be realized and if the social con
straints are to be overcome. Secondly, it was requested that efforts 
be made to attempt to gain collaboration between the donor agen
cies, perhaps by means of a donor forum. 

Summary of Workshop 

The objectives of this workshop, as set out in the conference pro
gram, could not be attained due to the lack of representatives from 
commercial industry. However, the workhop did emphasize the 
following points: 

1. International donor agencies will have to provide the majority of 
funds for basic research into development of genetically 
engineered animal vaccines. 
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2. 	Most testing of genetically engineered vaccines will have to rely 
on facilities in the United States and Europe, especially during 
the early stages of development. 

3. 	Universities in the developed world should conduct nuch of the 
basic research on development of genetically engineered vac
cines through grants fron, or cooperative agreements with, inter
national donor agencies. 

4. 	Competition in development of genetically engineered vaccines 
should be reduced by fostering collaboration between the inter
national donor agencies. 

5. 	Funding for the development of a genetically engineered vaccine 
must involve at least a 10-year funding commitment and must 
involve a competitive process with peer review of research 
proposals. 
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