


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

terials into testing and/or breeding
programs.

The second phase is the most criti-
cal. Here, decisions must be made as
to how the seed or plant material
produced by regenerated plants can
be most effectively distributed, im-
proved, and tested. Sesd or materials
ready for distribution face three pos-
sible fates: they may be evaluated and
tested by the biotechnology depart-
ment itself; they may be distributed to
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breeders for eva
end up in a “dea " if close work-
ing relationship tween breeders
and biotechnologists have nou been
fostered.

Pre-breeding can  produce lines
that stably express novel traits gener-
ated by biotechnological techniques.
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 are advanced to conventional
plant breeders for varietal develop-
ment (Figure 1), Pre-breeding assists
both breeders and hiotechnologists
and functions similarly to its role in
genetic resource programs, through
which breeders accomplish germ-
plasm enhancement and wide hybiid-
1Zation”,

The third and final phase includes
steps required for evaluadng and ad-
vancing the new germplasm Inidalty,
special field tests mav be needed to
screen for in vitro-derived traits. Be-
vond these initial screening tests, co-
ordinated national and international
testing programs are the same for
conventionally and in - vitro-derived
germplasm. Testing that combines
these two sources of germplasm re-
quires that managers and breeders
recognize new sources of genetic vari-
ation as well as heed recommenda-
tions from biotechnologists, This ar-
rangement ensures that in witro-de-
rived  hnes  enter  field  tests,
quarantine grow-outs, disease nurser-
ies, germplasm exchange, or interna-
tonal trials in a timely wav.,

n; or they may

Working Relationships

Restrictions on testing iz vitro-de-
rived lines become obvious when field
arrangements are tinalized. Conven-
tional breeding programs cannot eas-
ily accommodate unexpected devel-
opment material without at least a
season’s notice. Testing pipelines are
committed to lines generated the pre-
visus season and superior lines can-
not be held back from advancement
(Figure 1). Mutually understood re-
shonsibilities for advancing and im-
proving lines, as well as recommenda-
tions for releasing germplasm, can
alleviate these constraints while en-
suring the stable expression of wats
in agrononically useful germplasm.
Working relationships between bio-
technologists and plant breeders fall
into three Lroad categories: collubo-
rative, opportunistic, and indepen-
dent.

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

are involved at
tion. A research st is charted with
mutually define ectives. The pro-
gram necessitates the breeder’s in-
volvement in all three phases, while
the biotechnologist may only be in-
volved in Phase 1 and part of Phase
I1. Responsibility for breeding, evalu-
ation, and recommendation for re-
lease, as well as provision of data to
biotechnologists,  belongs ¢ the
breeder.

2. Opportunistic  interaction. This
model includes programs in which
initial collaboratien is absent and di-
rect relationships  between  plant
breeders and biotechnologists do not
exist. Many conventional plivt breed-
ers have adopted a “wait and see”
attitude conczming biotech-derived
material. This perspective is based on
time and resource constraints and the
need for genetically stable germ-
plasm. Breeders request seed {rom
biotechnology units based upon ob-
servations taken lrom screening trials
or special tests. Breeders are then
imvolved, independent of the biotech-
nology unit, half-way through Phase
IT and in all of Phase I11. Biotechnol-
ogy units, of course, can simulta-
nenusly develop and test lines from
the siune material,

3. Independent  development. This
model  encompesses  biotechnology
programs that  develop material
through Phases 1 and 11 indepen-
dently of plant breeders. Even in the
final phase, the biotechnology staff
makes recommendations for line ad-
vancement and . arietal release with-
out consulting - ath breeders. This
vperational style has the greatest pro-
pensity for generating confusion and
conflict, especially with regard 1o re-
sponsibilities for varietal release.
Also, independent operations neces-
sitaie bi()(cchn()l()bisls stepping into
applied piant breeding and field eval-
uation, areas in which they have litle
oy 1o experience.

project’s incep-

Organizational Integration

Org inizational maodels must be tak-
en into account 1f biotechnology is to
have a positive impact on crop im-
provement. Successfui cultivar devel-
opment combining in vitro and con-
ventional breeding  technologies s
achieved by expanding research from
cither initial focus—hiotechnology or
plant blee(llng (Table 1). Organiza-
tional i lnlegmuon coordinates this ex-
pansion at the level of the individual
scientist, department, or organiza-
tion.

Optimally eflicient research inte-
graton is determined, in part, by the
organizational setting involved and
the technologies employed. If re-



development ca-
pabilities are not ibntained within the
same organizatidl, they must be es.
tablished through licensing arrange-
ments, collaborative research, or re-
search networks. In fact, this sort of
integration has been encouraged
threugh increased support for bio-
technology by developmental agen-
cies, private firms, and the Rockefel-
ler Foundation %38,

Biotechnology research at universi-
ties, international agricultural re-
search centers, and in the private
sector, tends to be organized in units
or institates  (scientific/industrial
parks), reflecting the variety 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 ot
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 development proceeds in a
timely manner.

search and pro

Integrating Biotech Applications—
International Efforts

Research administrators are keenly
interested in identifying realistic ap-
plications 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 keep pace. Optimal
integration of these applications is
achieved through multi-disciplinary
teams that determine objectives di-
rectly supporting 2nd in agreement
with the goals of conventional plant
breeders'". Collaborative research
necessitates dedicated support from
breeders for evaluation and 1esting.

rch efforts are
n wher. routine
ro-derived plants

Biotechnology
ready for integ
regeneration of
is attained.

There are eight new technologies
relevant to conventional crop im-
provement  programs.  Four of
these—clonal  propagation, in wvitro
conservation, pathogen-free  plant
production, and diagnostics—pro-
duce o screen clonal material de-
rived through micropropagation.
These technologies are most often
used with finished lires developed by
breeders or materials collected for
storage in gene banks. Genotypes are
subsequently tested, either at the cell
or whole plant level, for genetic integ-
rity, indexed for presence of disease,
processed through qdaarantine, and
distributed as germplasm to plant
breeding programs.

Germplasm  derived {rom  these
technologies s integrated with re-
search programs in Phase I (sce Fig-
ures 1 and 2). The collaborative mod-
el, when used here, develops interdis-
ciplinary  sctentific  teams  that
coordinate rescarch involving pro-
duction of variants, pathogen diagno-
sis, and germplasm distribution. Or-
ganizational expansion to  develop
these technologies begins with initia-
tives based in biotechnology units or
genetic resource programs (Table 1).
Further expansion, (v include breed-
ing programs, is not warranted.

1. Rapid clonal propagation. In vitro
clonal propagation can multiply plant
material much faster than traditional
vegetative propagation'!, Successfi!-
ly combining explant sources, media,
and culture conditions has enabled

micropropagaton of a number of

plant species, particularly root and
tuber crops. Micropropagation secms
to be especially successful for tropiceal
crops such as banana, plantain, cassa-
vil, potato, sweet potato, yam, and oil

palm. It also shows promise in fruit
crops, medicinal plants, ornamental-,
and forest trees.

Major advantages of in vitro sys-
tems—regardless of whether plants
arise from meristem/shoot-tip cul-
ture, somatic embryogenesis, or or-
ganogenesis—are: rapid and repro-
ducible muliplication 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. In vitro conservation. The poten-
tial to conserve crop genetic resources
with in vitro technologies has added a
new dimension to germplasm conser-
vaton. New tissue culture methods
have provided innovative ways to
conserve clonally propagated materi-
als and recalcitrant seeds'. In vitro
conservation, which began with shoot
cultures, now embraces shool-liP,
ceil, callus, and embryo cultures™,
These culture techiniques have been
used extensively with cassava, sweet
potato, potato, and banana at the
Centro Internacional de Agricultura
Tropical (CIAT) in Cali, Colombia,
the Centro Internacional de la Papa
(CIP) in Lima, Peru, and the Interna-
tional Institute of Tropical Agricul-
ture (II'T'A) in Ibadan, Nigerizl‘s'"’.

Tissue culture ir now part of many
germplasm conservation programs.
India’s National Bureau for Plant Ge-
netic Resources, for example, has es-
tablished o Nadional Facility for Plant
Tissue Culture Repository which is
vesponsible for research on in vitro
conservatior: including cryopreser-
vation of seeds, anthers, paollen
grains, calli, and organs'’.

While m witro technologies offer
new avenues  in preserving  crop
germplasm 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. Initlatives beginning with conventional plant bresding

DEPARTMENT

to develop task-oriented biatechnology
expertise

TABLE 1. Organizaticnol ogﬂons for combining biotechnnlogy
with conventiona! crop improvement programs
INDIVIDUAL SCIENTIST
Description:  Plant breeder expands own research to
include biotechnology or obtoins external
support
Setting:  Universities, national agriculturol research

Private sector, universities, internationol

Plant breeding department adds personnel

SEED COMPANY OR NATIONAL PROGRAM
FOR VARIETAL RELEASE

Institution with plant breeding department in

ploce adds outonomous biotechnology unit

Privote sector, universities, international and

systems agricultural centers, natianal ogricultural national agricultural ressarch centers
research systems
‘. Initiativas beginning with bintechnology
INDIVIDUAL SCIENTIST UNIT CORPORATION AUTONOMOUS INSTITUTE

Description:

Selting:

Biutechnology reseorch comp'~ments or
seeks out independent breeding pragram

Universities, international agricultural
research centers, Rockefeller Foundatian

Biotechnology research effort acquires
varietal breeding ond development
expertise

Venture capital companies, agrachemical
companies, university biotechnaln.jy units

Autonomous biotechnology center established
without formal ties to plant breeders

National and university insiituter, NIDO
center, TCCP
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sue culture, re
variation, is u ous'®,
evaluated on a -by-crop basis an
balanced against other sources of in-
stability in the field. Field gene banks
and in wvitro 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 lesung
this on micropropagated potatoes'®

3. Pathogen-free plant production. Vl-
rus-free tissue derived from meri-
stem culture has been btained from
over 50 species and used to produce
virus-free plants®. Combining meth-
ods such as dlemother.lpy. thermoth-
erapy, and antibiotic treatment can
effectively eliminate viral pathogens
during growth in culture™. Pdlh()-
gen-free tissue culture technologies
facilitate germplasm exchange, have
the potential to upgrade quarantine
services, and are increasingly used to
distribute discase- mde\(ed plants to
plant breeders worldwide??. National
quarantine programs must keep pace
with in vitro technologies by providing
for the expeditious examination, cer-
tification, and release of imported in
uitro-derived clonal materials.

4. Molecular diagnostics. While con-
taining plant material in vitro is a
barrier against infection, it is impor-
tant to verify that such cultures are
pathogen-free. Ruapid diagnosis of
pathogeis i an important, immedi-
ate application of biotechnology. Im-
munoassays or nucleic acid k" ridiza-
tion present significant_advances in
time and sensitivity over both serolog-
ical and lmdxuou.xl virus detection
methods®. Such advances offer pow-
erful new tools for 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 1n Asia and barley yellow
dwarf on small gr.uns in Africa and
Latin America®. A nucleic acid spot
hybridization kn can detect potato
spindle tuber vireid in the field. Re-
gional scientists collect samples, place
them on nitrocellulose membranes,
and return them to CIP for {'ybnd-
ization and autoradiography®,

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-
plasin. This germplasm must be eval-
uated within conventional breeding
programs and represents an output
of Phase I (Figure I), as opposed to
being an input derived from the for-
mer technologies. This difference af-
fects the working models adopted be-

fechnology, wh
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 1o 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 in pri-
vate companies has placed in vitro
objectives within biotechnology units
and utilized breeders for finalizing
products. This is a costly option, but it
is often the most rapid. Organizations
lacking this coordinated approach
will reauire extensive outside ar-
rangements to develop or screen in
vitro-derived variation.

5. Embryo rescue. Wide hybridization
has been a long-standing interest of
breeders, whe look hcy()nd the pri-
mary gene pool 10 improve crops™.
l()ll()wmg sexually-induced h)bnd-
ization, tissue culture techniques nur-
ture the otherwise abortion-prone
enibryo through cell divisions untii it
eventually regenerates an FI plant.
Renewed interest in interspecific and
intergeneric  hybridization, coupled
with new hormonal and pollination
techniques developed for i vitro sys-
tems, have accelerated the uses of
embryo rescue in crop improvement.

The cytogenetics unit in the le-
gume program at the International
Crons Research Institute for the
Semi-Arid Tropics (ICRISAT) is us-
ing ovuie and embryo rescue, togeth-
er with hormone treatment during
pollination and ploidy manipulations,
to overcome fertility barriers in cross-
ing peanut with over a2 dozen of its
wild relatives. A number of inter-
specific derivatives showing resist-
ance to late leaf spoc and/or rust have
been included in the All India Coor-
dinated Rescaich Project on Oil-
seeds®. And scientists at the Interna-
tional Rice Research Institute (IRRI)
have used embryo rescue in conjunc-
tion with wide hybridization between
domesticated rice (Oryza sativa) and
wild rice, (0. officinalis and 0. austra-
liensis). Using these wide crosses, the
scientists have transferred broad-

%pecu um resista

in concurr enceé:

%0 brown planth-
for grassy stunt
®, to domesticated

opper, the vec
virus in tropical
rice™.

6. 50mar[ona[ variation. The in-
creased variability observed in plants
regenerated from tissue culture has
spawned interest in exploiting soma-
clonal variation for crop haprove-
ment. Novel traits from somacfones
of potential value o breeders are
being explored in tropical and tem-
perate crops. Somaclonal variation is
most effective with cereals and may
prove especially useful for perennial
crops that must be grown out for
many ycars before they reproduce.
Scientists are screening somaclones
for variants tolerant to salt and other
environmental stresses. However,
significant  variation exists within

Ctonal Production
Utihity: Asexual Production of
Truebreeding Varieties
Crops' Potato, Sweet Potato,
Cacao, Banana, Plantain

Rauud Clonal
Propagation
(Shoot tip)

In Vitro
Conservation

1sease Indexing

Pathogen free
Plant Production
(Meristem)

Molecular Diagnostics

Figure 2. Distribution of clonally propa-
gated germplasm produced by in vitro
technologies.

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

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 1o compress breed-
ing cycles, increase selection efficien-
cy, provide for early expression of
recessive genes, and expose gameto-
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clonal variants. H§
months elapse i
culture and the
trials. IRRI has established specific
programs using anther culture to
support conventional plant improve-
ment programs. The most important
of these are: production of homozy-
gous lines from F1 crosses for salinity,
cold and drought tolerance, and blast
resistance; improvement of callus
production and plant regeneration
efficiencies; and, performance of ob-
servational and yield trials in regener-
ates from selected crosses™.

8. Non-traditional mflhods of gene
transfer. Ceilular and molecular ap-
proaches identifying, accessing, and
transferring useful genes include

protoplast  fusion, gene transfer
through the use of bacterial or viral
vectors, and direct gene transfer

lhroug,h micrainjection or electropor-
ation® Although gene transfer has
been successful in model systems,
problems remain with each step nec-
essary for gene manipulations in crop
plants. Identifying important genes is

hindered by limited knowledge of

plant genomes, transferring genes is
limited by vectors and methods that
are often plant-specific, and regener-
ation of the altered plant cell to an
entire plant has been difficult 1o
achieve in a number of crops.
Recent advances combining gene
transfer, strong promotors, and pro-
toplast technologies, however, have
provided encouraging Jresults in both
monocots and dicots™. As transfor-
mation efficiency increases, breeders
and biotechnologists will rely on gene
bank accessions as soucces for genes
to be isolated, cloned, and trans-
ferred. This enhanced demand for
germplasm will require greater col-
laboration between biotechnologists

and genetic resource components of

crop improvement, including evalua-
tion*

Biotechnology can facilitate plant
breeding by identifving useful genes
for nonsexual transfer, providing
better understanding of genetic and
physiological processes in plants, im-
proving the ability to diagnose plant
diseases, improving the nutritional
quality of crops, and providing new
methods for identifying resistance to
such stresses as salinity, pests, dis-
eases, and herbicides™. Furposeful
integration of biotechnology with
conventional crop iriprovement pro-
grams, as opoosed to this integration
occuring on ils own—or not occuring
at all—increases opportunities to
maximize the efficiency of funding,
personnel, and facilities while acceler-
ating the deiivery of cultivars to the
end-user—the fariner.
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