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Programs th *egrate research 
with the rapid a mic testing of in 
vitro-derived malis usually consist 
of three phases (Figure 1). The first 
phase, setting project objectives, is a 
critical step an( depends upon the 
working relationship between breed-
er and biotechnologist. To fulfill 
these objectives, decisions must be 
made on selecting germplasm, devel-
oping in vitro technologies, obtaining 
regenerated plants, ;ncreasing seed 
or vegetative materials, and finaly, 
determining effective selection and 
testing procedures. Confusion occurs 
when objectives (to not include provi-
sion for inserting in vitro-derived na-
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Figure 1. A model for integrating re-
search between biotechnologists and 
crop improvement scientists. Integration
is required to field-test in vitro-derived 
plants. 

terials into testing and/or breeding 
prograns. 

'Fle second phase is the most criti-
cal. Here, decisions must be madetas 
to how the seed or plant material 
produced by regenerated plants cali 
be most effectively distributed, ini-
proved, and tested. Seed or materials 
ready for distribution face three pos-
sible fates: they nay be evaluated and 
tested by the biotechnology depart-
ment itself; they may be distributed to 
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breeders for evaa n; or they may 
end up in a 'ideaE " if close work-
ing relationship tween breeders 
and biotechnologist have not been 
fostered. 

Pre-breeding can produce lines 
that stably express novel traits gener-
ated by biotechnological techtniques. 
Breeders can select material for 1-3 
generations after regeneration from 
an in vitro-derived source. Lines that 
exhibit both acceptable agronomic fit-
ness and stable expression of selected 
traits aire advanced to conventional 
plant breeders for varietal develop-
ment (Figure 1). Pre-brceding assists 
both breeders and hiotechnologists 
and functions similarly to its role in 
genetic resource p)rograms, through 
which breeders accomplish gerni-
plasni enhancement and wide hvbt id-
ization 5 . 

"Thethird and final phase includes 
steps required [Or evaluating and ad-
vaicing tile new gerinlakisni Initially,
special field tests may be needed to 

sCi een for in vitro-derived traits. Be-
yond these initial screening tests, co-
ordilated national and internatioial 
testing prograis aire the sante [0i
conventionallv and in vitro--derived 
gern 1)liasm. Testing that combines 

Sthese two sources of gernplasin re-
quiires that managers and breeders 
recognie new sources of gentetic va, i-
aion its well ats hieed recoiinieiida-
tions fIoMn biotechnologists. This i--
rangenient ensures that in vitro-de-
i... lies ete...i es 

quarantine glow-outs, disease nurtr 
tes, geripai excang, o interna-
tioial trials in a tinexv. ax-. 

Working Relationships 
Restrictions on testing in vitro-de-

rived lines become obvious when field 
arrangements are finalized. Conven-
tiflilil breeding p)rogl-anis Cannot eas-
ilv acconmmodate unexpected devel-
opilent material without at least , 

notice. Testing pipelines are 
conmmitted to lines generated the pre
vil.us season and superior lines can-
not be held back frorm advancement 

(Figure 1). Mutually understood re-
sPoilsibilities for a(vancing and iun-
proving lines, ;is well as rccomnenda-
tions for rekeasing germplasni, can 
alleviate these constraints while en-
suiring the stable expression of traits 
in agronomically useful germplasn. 
Working relationships between bio-
technologists and plant breeders fall 
into thi-ec L.-oad categories: collabo-
rative, opportunistic, and indepen-
dent. 

i. Collaborative interaction. In this 
model, which provides the frane-
work For interdisciplinary scientific 
teams, conventional plant breeders 

are involved at project's incep
tion. A research st is charted with 
mutually dtefine ectives. The pro
grain necessitates the breeder's in
volvement in all three phases, while 
the biotechnologist may only be in
volved in Phase I and part of Phase 
11. Responsibility for breeding, evalu
ation, and recommendation for re
lease, as well as provision of data to 
biotechiiologists, belongs tc the 
breeder. 

2. Opportunistic interaction. This 
model includes programs in which 
initial collaboration is absent and di
rect relationships between plant 
breeders and biotechnologists do not 
exist. Many conventional pl;it- breed
cis have adopted a "wait and see" 
atnit ude cotic.rning biotech-derived 
iiaterial. This perspective is based on 

time and resou: ce constraints and the 
need for genetically stable germ
pksm. Breeders request seed froin 
biotechnology tiits based upon ob
servations taken trom screening trials 

or swcial tests. Breeders are then 
inliolved, independent of the biotech
nology unit, half-way through Phase 
I I and in all o[Phase I1I. Bioteclnol
ogy units, of course, can sinuIta
tneouslv developl and test Ines froin 
the saine material. 

3. Indpendent development. This 
model encipsses biotechnology 
programs that (develop material 
through Phases I and II indepen
dently of' plant breeders. Even in the 
final p~hase, the biot-xhiiology sta ff 
makes recoin Inendatiuons for line ad
vaticenient aiid irictal relea.'e with
out consulting ' iitt, breeders. Thispeational style has the greatest pro

pensity for generating -onfusion and 
conflict, cspecially with regard in re
sponsibilities for varietal release. 
Also, independent operations neces
sitatze biotcchnlologists stepping into 
applied piaitr breeding and field eval
nation, areas iii which they have little 
or r,) experience. 

Organizational Integration
Org inizational models must be tak

cn in1o account if' biotechnology is to 
have a positive impact on crop im
proveient. Successful cuhivar devel
opnment conl)ining in vitro and con
ventional breeding technologies is 
achieved by expanding research from 
either initial foccus-biotechnology or 
plant breeding (Table 1). Organiza
tional integration coordinates this ex
pansion at the level of the individual 
scientist, department, or organiza
tiori. 

Optimally efficient research inte
gration is determined, in part, by the 
organizational setting involved and 
the technologies employed. If re



search 	and prof development ca-
pabilities are not etained within the 
same organizati , they must be es-
tablished through licensing arrange-
ments, 	collaborative research, or re-
search 	networks. In fact, this sort of 
integration has been encouraged 
through increased support for bio-
technology by developmental agen-
des, private firms, and the Rockefel-
ler Foundation 6-8. 

Biotechnology research at universi-
ties, international agricultural re-
search centers, and in the private 
sector, tends to be organized in units 
or institutes (scientific/indLustrial 
parks), reflecting the variet[' of goals 
and technologies employed . In con-
trast, plant breeding is seldom set 
apart as a special unit or institute. 
Most plant breeders are members of 
agronomy or horticulture depart-
ments, and many work in commodity-
oriented private companies. When 
plant breeders form close associations 
with growers, scientists of other disci-
plines, and with those producing and 
marketing varieties, it assures that 
product developinem proceeds in a 
timely manner, 

Integrating Biotech Applications-
International Efforts 

Research administrators are keenly 
interested in identifying realistic ap-
plicatiois of' biotechnology that en-
harce crop improvement. This is es-
pecially true for developing nations, 
which are interested in developing or 
transferring those technologies that 
allow them to keel) pace. Optimal 
integration of these applications is 
achieved through multi-disciplinary 
teams that determine objectives di-
rectly suppoting amd in agreement 
with the poals of conventional plant 
breeders . Collaborative research 
necessitates dedicated support from 
breeders for evaluation and testing. 

Biotechnology S rch efforts are 
read)- fbi integ 9 wher. routine 
regeneration of -o-derived plants
is attained. 

There are eight new technologies 
relevant to conventional crop im-
provenient programs. Four of 
these---clonal propagation, in vitro 
conservation, pathogen-free plant 
production, and diagriostics-p)ro-
duce or screen clonal material de-
rived through nicropropagation. 
These technologies are most often 
used with finished lives developed by 
breeders or materials collected for 
storage in gene banks. Genotypes a-e 
subsequently tested, either at rie cell 
or whole plant level, for genetic integ-
rity, indexed for presence of disease, 
processed through q+armntine, and 
distributed as germplasin to plant 
breeding prograns. 

(;ermplasmn derived frotn these 
technologies is integrated with re-
search progranis in Phase I (see Fig-
ures I and 2). The collaborative mod-
el, when tsedl here, develops interdis-
ciplinary scientific teanis that 
coordinate research involving pro-
douction of variants, pathogen diagno-
sis, and germplasni distribution. Or-
ganizational expansion to develop 
these technologies begins with inltia-
tives based in biotechnology units or 

TABLE 1. Organlzational oplions for combining biotechnology
with conventiona. crop Improvement programs 

genetic resource programs (Table 1). germplasn conservation programs.
Further expansion, ,,)include breed-
ing progranis, is not warranted. 
1.Rapid conal propagation. In vitro 

clonal propagation can niultiply plant 
material much faster than traditional 

.vegetative propagation" Successful-
ly combining explant sources, media, 
and cultmre conditions has enaibld 
iicropropagations of a timber of 

plant species, particularly root and 
tub)er crops.Micropropagation seems 
to be especially successful for tropical 
crops such as banana, plantain, cassa-
va, potato, sweet potato, yan, and oil 

palm. It also shows promise in fruit 
crops, medicinal plants, ornametita!:, 
and forest trees. 

Major advantages of in vitro sys
tens-regardless of whether plants 
arise from meristem/shoot-tip cul
ture, somatic embryogenesis, or or
ganogenesis-are: rapid and repro
ducible multiplication rates; patho
gen-free conditions; the ability to 
propagate species that are difficult to 
propagate vegetatively; and, produc
tion on a year round basis' 2. 

2. In vitro conservation. The poten
tial to conserve crop genetic resources 
with in vitro technologies has added a 
new dimension to germplasm conser
vation. Newv tissue culture methods 
have provided innovative ways to 
conserve clonally propagated materi
als and recalcitrant seeds 3 . In vitro 
conservation, which began with shoot 
cultures, now embraces shoot-tip, 
ceil, callus, and embryo cultures 
These culttre techniques have been 
used extensively with cassava, sweet 
potato, potato, and banana at the 
Centro Internacional le Agricultura 
lropical (CIAT) in (al, Colombia, 
the (entro Internacional (iela Papa 
(ClP) in lima, Peru, and the Interna
tional lnstitt,v of' ropical Agricul
lure (IITA) in Ibadan, Nigeria -s 5 6 . 

Tissue culture irnow part of many 

India's National Bureau for Plant Ge
netic Resources, for example, has es
tablished a National Facility for Plant 
i,ite Culture Repository which is 

;esponsible for research on in vitro 
,:onservatio: including cryopreser
v.ution of seeds, anthers, pc~len 
grains, calli, and organs 1 . 

While in vitro technologie; offer 
new aventies in preserving crop 
gernipiasm that cannot be stored as 
seed, it is not yet possible to ensure 
the genetic stability of cultures. Ge
netic variability generated during tis-

I. Initiatives beginning with conventional plant breeding 

INDIVIDUAL SCIENTIST 	 DEPARTMENT 


Description: Plant brueder expands own research to Plant breeding department adds personnel 
include biotechnology or obtains external to develop task-oriented biotechnology 
support expertise 

Setting: Universities, national agricultural research Private sector, universities, international 
systems agricultural centers, national agricultural 

research systems 
'. Inilativ *,beginning with biotechnology 

INDIVIDUAL SCIENTIST 
Descript'on: Biotechnology research comp -'entsor 

seeks out independent breeding program 

Setting: 	 Universities, international agricultural 
research centers, Rockefellei Foundation 

UNIT CORPORATION 
Biotechnology research effort acquires 
varietal breeding and development 
expertise 
Venture capital companies, agrochenical 
companies, university biotechnol2 jy units 

SEED COMPANY OR NATIONAL PROGRAMFOR VARIETAL RELEASE 
Institution with plant breeding department in 
place adds autonomous biotechnology unit 

Private sector, universities, international and 
national agricultural resesarch centers 

AUTONOMOUS INSTITUTE 
Autonomous biotechnoloy center established 
without formal ties to plant breeders 

National and university insitutwr ,NIDO 
center, TCCP 
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sue culture, re to as somaclon' 
variation, is u uS mut 
evaluated on a by-crop basis an 
balanced against other sources of in-
stability in the field. Field gene banks 
and in vitro conservation will each 
assume roles in complementary con-
servation strategies. Restriction frag-
ment length polymorphism may be-
come useful in determining genetic 
stability; scientists at CIP are testing 
this on micropropagated potatoes 19.  

3. Pathogen-freeplant production. Vi-
rus-free tissue derived from meri-
stem culture has been ibtained from 
over 50 species and used to produce
virus-free plants 20 . Combining meth-
ods such as chemotherapy, thermoth-
erapy, and antibiotic treatment can 
effectively eliminate viral -,athogens 
during growth in culture-'. Patho-
gen-free tissue culture technologies 
facilitate germplasm exchange, have 
the potential to upgrade quarantine 
services, and are increasingly used to 
distribute disease-indexed plants to 
plant breeders worldwide12. National 
quarantine programs must keep pace 
with in vitro technologies by providing 
for the expeditious examimaiion, cer-
tification, and release of imported in 
vitro-derived clonal materials. 

4. Molecular diagtostirs. While con-
taining plant material in vitro is a 
barrier against infection, it is impor-
tant to verify that such cultures are 
pathogen-free. Rapid diagnosis of' 
pathiogei-s is ani important, imimedi-
ate application of biotechnology. lil-
munoassays or nucleic acid h,' :idiza-
tion present significant advances in 
time and sensitivity over both serolog-
ical and 21traditional virus detection 
methods-. Such advances offer pow-
erful new tools Ion quarantine and 
germplasm exchange programs (Fig-
ure 2). Both technologies are already 
being used to detect viruses such as 
tungro, grassy stunt, and ragged 
stunt on rice in Asia and barley yellow 
dwarf on small grains in Africa and 
Latin America24 . A nucleic acid spot 
hybridization kit can detect potato 
spindle tuber viroid in the field. Re-
gional scientists collect samples, place 
them on nitrocellulose membranes, 
and return them to CIP for [hybrid-
ization and autoradiography2-5 . 

The other relevant technologies--
embryo rescue, somaclonal variation, 
anther culture, and non-sexual gene 
transfer-produce or facilitate pro-
duction of in-vitro-derived germ-
plasm. This gerniplasm must be eval-
uated within conventional breeding 
programs and represents an output 
of Phase I (Figure 1), as opposed to 
being an input derived from the for-
mer technologies. This difference af-
fects the working models adopted be-

een breeders biotechnologists 
Variation p ed through bid 
chnology, w in concurren, -. 

with breeding objectives, will more 
likely be accepted for selection. The 
biotechnologist has the challenge of 
providing effective in vitro selection 
schemes to the breeders. This can be 
established early using the collabora-
tive model, or left to the judgement 
of the breeder as in the opportunistic 
model. Setting objectives should clari-
fy responsibilities as to evaluation and 
development of variation. The opti-
mal model, both at the research and 
organizational levels, is the one that 
allows for rapid examination of and 
cultivar development from this varia-
tion. 

Expanding research to include 
these technologies can begin with 
conventional breeding programs or 
with biotechnology research (Table 
1). Organizational integration inl pri
rate companies has placed in vitro 
objectives within biotechnology units 
and utilized breeders for finalizing 
prodIcts. This is a costly option, but it 
is often the most rapid. Organizations 
lacking this coordinated approach 
will require extensive outside ar-
r.mngenients to develop or screen 
vitro-derived variation. 

5.Embnvo re cne. Wide hybridization
has been a long-standing interest of 
breeders, wh, look beyond the pri-
mary gene pool to improve crops 
Following sexuafly-inducedM hybrid-
ization, tissue culture techniques nur-
tore the otherwise abortion-prone 
embryo through cell divisiots untii it 
eventually regenerates :an FI plkt t. 
Renewed interest in interspecific andl 
intergeneric hybridization, coulpledl 
with new hornonal and pollination 
techniques(Ldeveloped for ln vitro sys
tens, have accelerated the uses of 
embryo rescue in crop improvement. 

The cytogenetics unit in the le
gunIc program at thc Iniennational 
Croos Research Institute for the 
Seni-Arid Tropics (ICRISAT) is us-
ing ov\te and embryo rescue, togeth-
er with hormone treatment during 
pollination and ploidy manipulations, 
to overcome fertility I;Arriers in cross-
ing peanut with over . dozen of its 
wild relatives. A number of inter-
specific derivatives showing resist-
ance to late leaf spot and/or rust have 
been included in iie All India Coor-
dinated Rescach Project on Oil-
seeds2 7 . And scientists at the Interna-
tional Rice Research Institute (IRRI) 
have used embryo rescue in conjunc-
tion with wide hybridization between 
domesticated rice (Oryza saliva) and 
wild rice, (0. officinali and 0. austr-
liensis). Using these wide crosses, the 
scientists have transferred broad-

:pectruin resista o brown planth
opper, the vec or grassy stunt
 
virus in tropical to domesticated
 
rice 28.
 

6. Somaclonal variation. The in
creased variability observed in plants
 
regenerated from tissue culture has
 
spawned interest in exploiting soma
clonal variation for crop ilnprove
ment. Novel traits from somaclones
 
of potential value to breeders are
 
being explored in tropical and temn
perate crops. Somaclonal variation is
 
most effective with cereals and may
 
prove especially usefu! for perennial
 
crops that must be grown out for
 
many years before they ieproduce.
 
Scientists are screening somaclones
 
tot variants tolerant to salt and other
 
environmental stresses- . However,
 
significant variation exists within
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Figure 2. Distribution of clonally propa
gated germplasm produced by in vitro
 
technologies.
 

gene pools available to most breeders, 
so generating variation in the labora
tory alone is only a partial accom
plishnient. The stability and ultimate 
value of in vitro-induced variation un
der field conditions needs to be con
firmed. 

7. Anther culture. Culturing pollen 
mother cells, once they are isolated 
from anthers, produces haploid 
plants that can be screened rapidly 
for desirable traits. Anther culture 
has the potential to compress breed
ing cycles, increase selection efficien
cy, provide for early expression of 
recessive genes, and expose gameto-
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