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ABSTRACT

Development of procedures in cell biolqgy to regenerate plants from single lcells in any desired
quantity provides the prerequisite for the pragtical use of plant tissue culture and genetic engineering
in crop improvement. Such regenerating cell cultures are used for selection of mutants and for DNA
transformation: experiments. DNA transfer by means of engineered Ti and Ri plasmids has become
an established ‘techmque for the rapidly growing list of dicotyledonous plants. Considerable success
has also.been achidved in making gene transfer techniques independent of cell culture methods. These
technigues have given the opportunity to create, characterise and select plant cultxvars which cannot
be obtameld by traditional breeding methods. The exploitation of plant cell cultlres for production
of pharmaceuticals, natural products of commercial importance and mass propagation of high-value
crops by automation, have developed into an important industry with considerable potential for
future. This paper discusses the recent advances and applications of plant biotechnology in agriculture

and indi:lstry and the challenges that still exist.

1. INTRODUCTION |

Dramatic gains in agncnlllture have been made in the
last few decades largely as a result of intensified use of
fertilizers and pesticides and by planting improved crops
developed through a vanety of breeding programmes’>.
The huge scale of inbreeding and the narrowing of the
genetic base of cultivated plan{s cause increasing
concern about: the susceptlbnllty of crops to major
disease outbreaks. :

Traditional plant breeding methods rely prim;arily
on the recombination of interesting "characteristics
through sexual reproduction. This has led to the
development of large number of high yielding varieties
in a number of crop plants. However, by conventional
means it is not pos‘sible to associate genes of practical
interest from two ipcompatible species. It is even less
feasible to {:onsider inserting genes coming from
non-plant sources such as mlcroorg‘amsms or animals
into a plant. Compatn‘bﬂﬁy, stability arld breeding cycle
duration are clearly the main factors limiting the
efficiency of traditiohal plant breedi{\g. Any process

fully or partially overcoming these restrictions will,
therefore, represent progress in the field.

The recent advances made first in cell biology and
later in molecular Biology have permitted the
development of a whole set of new tools generally
referred to as plant biotechnology, which can overcome
many of the shortcomings of conventional plant
imprcvement  methods'.  Like its  biomedical
countﬁrpart, plant biotechnology has two important but
critical interacting components, those of tissue and cell
culture and molecular biology>®. The rapid
developmentl of theseé new tools in no way challenges
the validity of traditional plant breeding methods. They
simply serve to improve the performance of the methods
or to widen their scope of application.

2. TEdHNIQUES IN PLANT BIOTECHNOLOGY

The main objective of plant biotechnology is to
eliminate or minimise the major limitations of
traditional plant breeding. There are two types of
techniques: those aimed at modification of a genotype
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(A) and those aimed at stabilising or multiplying a
pre-existing genotype (B) (Fig. 1). They may be
exploited either in the form of whole plant, of remaining
at cellular level as cell culture in bioreactors. These
techniques primarily address the need of agriculture but
they may also serve industry either indirectly through
improvement of agriculture raw materials, or directly
through production of plant-derived , substances in
bioreactors.

A volume of literature already exists on biological
and methodological aspects of . various plant
biotechnology techniques in depth’® and an attempt is
made here to highlight only the major applications of
these techniques and the inherent challenges.

3. PRACTICAL APPLICATIONS

3.1 Clonal Propagation & Somatic Eerryogenesis

Plants can be regenera'ted in vitrgp from cultured
meristems (micropropagation) or by formation of
somatic embryos or adventitious buds. Clonal
propagation has obvious advantages for many species,
especially those in which seed propagation is not
practical. Micropropagation also has application for
many other species in which breeding methods require
extended progeny testing.to identify desirable plants.
In vitro micropropagation ‘is now used in many
horticultural species, like strawberry, citrus, potato,

sugarcane, cpssava, geranium, etc. to make them
1
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Figure 1. Techniques in plant biotechnology.
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disease-free]!!. However, the currént methods of
micropropagation are time consuming; and rely heavily
on manual labour. The resulting high costs and low
profitability have restricted the. rharket to only
high-value plants, such as medicinal,lspices and fruit
species. Therefore, automated methods of
micropropagation can provide substantial reduction in
the costs ofiproduction and in extending the technology
to a wider variety of trop ;plaflts.

The greatest potentialjimpact which can be made
biologically! oa micropropagatioﬁ is through the
developmentl of somatic embryogenesis, since somatic
embryos are produced from callus in many species
(e.g. alfalfa, bean, rapeseFd, wheat, rice) in astounding
numbers per gram of tissue and in theory are naturally
self-singulating'>'>. When 4 somatic embryogenesis
system is well edtablished, the embryos from callus act
as independentl unattached biological units making
them highly amenable to mechanical handling
techniques. Synthétic seed production. via the
encapsulation of somatic embryos produged from callus
offers an exgellent system Ifor aufomation and
mechanical planting. High-value crops, such as celery,
asparagus, lettuce( tomato, and brassicas are currently
amenable for masks propagation by synthetic seeds.
Newer procedures for encapsu:lating somatic embryos
for synthetlic seed production have been developed an.d

are in field-testing stages'4'6, |

Perhaps the most useful application of ° this
technology can be in the feforestation of vast areas in
many parts of the world. Masg propagation of buds has
been widely used for multiplication of Eucalyptus
terreticornis, E. camaldulensis, E. citriodora, and Pinus
radiata. The multiplication of germplasm through
micropropagation anditissue culture has been possible
in hardwood and s@ftwood species like sandalwood,
populus, birch, dquglasfir, Thuja plicata, Acacia,
Albizia lebbek, Peltophorum pterocarpum, etc'’?.
Integration of tissue culture miethods with automation
can provide reliable and efficient means to produce
unlimited supply of high quality! planting material for
energy plantations, social (forestry and biomass
production. .

3.2 Virus-free Plants | l

Another application of.meristem culture is in. the
elimination of viruses from many plants. This is based
on the observation that viruses are not present in cells

of the meristem or if present are in very low numbers.
Excision and culture of shoot meristem with only one
or two leaf primordia, therefore, often results in the
elimination of virus. Such virus-free meristems can be
rapidly multiplied in culture by micropropagation. This
simple procedure is being used widely in many countries
to obtain virus-free potato, sugarcane, cassava, garlic,
banana and many ornamental and vegetable species™.

3.3 Germplasm Exchange

Germplasm resources
for initiating any meaningfi
Many opportunities exist fc
in wild, semidomesticatec
important horticultural, f
Plant cell and tissue culture
of shoot meristems, cal
subsequent recovery and ¢
Some of the successfully cr
Hyoscyamus muticus, Z
Triticum aestivum, and
preservation also facilitat
transfer of plant material:
for utilisation in crop
worldwide?!.

3.4 Embryo Rescue

Agronomically usefyl
related spécies often cani
sexual incompatibility an
various stages of devel
embryo rescue which invcl)
of young hybrid embryos
growing such embryos tc
many useful hybrid pl
evaluation of the hybrids ¢
the hybrid embryos in ¢
embryos and plants from :

3.5 Haploids

In vitro cultures of gam
and Nicotiana tabacum «
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species. Cultured anthers, microspores and ovaries of
more than hundred plant species have been used to
recover haploid plants (plants with gametic
chromosome number (n)) by stimulating the
development of haploid gametophyte cells either to
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form embryos directly or callus tissues which can be
induced later to differentiate shoot buds. The doubling
of chromosome numbers of such haploid plants readily
yields homozygous diploids and fertile plants which are
of much use in breeding programmes?*?’. The few new
cultivars of rice, wheat, maize, tobacco, oilseed rape
and some other species that have been obtained by this
method were of only limited commercial success, partly
because -the efforts require more coordinated and
integrated approach - with established breeding
programmes.

3.6 In Vitro Selection

During the normal life cycle'df the plant the mutant
somatic cells are eliminated during sexual reproduction
and are not passed on to the progeny. However, such
mutant cells have an excellent opportunity to divide
and multiply as do the non-mutant cells when plant
tissues are placed in culture. imposition of selection
pressure in cell culture has been found to be very useful
in. preferential growth of mutant cells and in the
establishment of mutant cell lines from which whole
plants can be regenerated® (Nicotiana tabacum, Zea
mays, Medicago' sativa, Solanum tuberosum,
Lycopersicon esculentum). Mutant selection is useful
only to single gene traits such as resistance or tolerance
to certain pathogenic toxins, herbicides, ! anti-
metabolites, heavy metals and for producing mutants
which overproduce useful amino acids®.

Though many attempts have been made to select
mutant cell lines and plants that are resistant to a variety
of stresses (salt, aluminium, drought frost, etc.), none
of these attempts has been successful, largely because
these traits are ¢complex and multigenic in nature and
no methods are known which allow simultaneous
selection of desr'rable mutations in a number of genes.
It is more hkely that genes involved are active only in
specific tissues or' organs durmg specific phase of plant
development, making it impossible to select for

mutations in such genes during cell growth in culture.
[}

'3.7 Somaclonal Variation '

Genotypic variation among regenerated plants from
both somatic and gametic cell cultures (i.e., somaclonal
and gametoclonal variations) has been suggested as a
useful source of potentially valuable germplasm for
plant breeding®. Variation for karyotype, isozyme
characteristics and morphological variation has been
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observed in many instances,'viz., Apium graveolens,

,Dendrobtum Lactuca sativa, tomato, potato, maize,

. In spite of many claims of the potential uses of
somaclonal variation, $o far there is not a single example
of significantly improved new variety of any major crop
species developed as a result of somaclonal variation
and which is grown com}nercially.

3.8 Somatic Hybrlds & C)lbrlds

Fusion of protoplasts has long bgen proposed as a
novel and 1mportant method for the production of
hybrid plants®2. Somatic hybrids tlave been produced
between species that are difficult ,or impossible to
hybridise conventionally (Lycoptrsicum esculentum
X S. tuberosum, Datura innoxia X Atropa belladona,
Arabidopsis thaliana X B. campestris). Successful
production of useful hybrids includes Brassica
naponigra produced by the fusion ‘of protoplasts of
B. 'napus and B. nigra which is resistant to certain
diséases. However, the recent work on the production
of asymmetric hybrids i§. promising™>. The greatest
potential for the use of tell fusion methods will be in
the production of cybrids',which contain the nuclear and
cytoplasmic genome of one parent and only the
cytoplasmic genome ofithe second pargnt. Although
complex and! not clearly undefstood, certain
agriculturally .mportant traits are the result of
interaction- between the nuclear and cytoplasmic
genomes. Well-studied cases include species of tobacco
(Nicotiana sp) and combination of rapeseed (B. napus)
nuclear genomes . with cytoplasms' from radish
(Raphanus satjvus), Cytlrlds can be of particular
adva_ntage in the transfér of gytoplasmic male sterility,
an important trait in plant breeding®.

3.9 Secondary Metabolites Production - J

The use of plant cell and organ 'culture for
commercial production of natural products is one of the
most challenging .areas of plant 'biotechnology. The
production of pharmaceuticals by in v1tr<5 culture of
plant cells, tissues and roots has been pursued for over
30 years and Stl“ the results have'not met e'xpectatrons
Only a handfuhof species are being used by industry
for commercial exploitation ~ (Table 1). The
methodology used in metabollte production by plant
cell cultures is very similgr to that used i in conventional
microbial fermentatron processes first, a suitable strain
must be isolated and then culture condjtions must be
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'
optimised for product formation with regard to
scaling-up.

1
Table 1. Plapt tissue cultures deyeloped for ‘nduslrial applications

{

Product $pecies Corhpany Country
Shikonin Lithospermum Mits]pi Japan
eryrthrorhizon '
Berberine ' Coptis japonica Mitsui Japan
Biomass ‘ﬁ Panax ginseng Nitto Denki Japan
Peroxidase Rap{mnus | Toyobo Japan
Geraniol Pelargonitm sp. Kanebo Japan
Rosmarinic ?cid Coleus blubnei Natterman F.R.G.
Digoxin ] Digitalis lanata Bochringer F.R.G.
Mannheim

Recent advances iin bioreactor desigh and
technology coupled with study of elicitors as well as
‘cellular immopilisation may allow expansion of this
industry for production of additional useful compounds.
Nevertheless, fhe high cost of productio&m, couplgd with
limited market size of many of the products, has severtly
restricted the commercial application of this technology
to only a limited number of compoungs.

Biosynth)*:tic potential of Hairy root cultures is being
explored in several laboratories. A massive increase in
biomass over rélatively sho'{t periods of culture and
complete differentiation of root tissue warrant
productibn  of root-speci&ic phytochemicals  at
substantial levels. In the near future hairy root cultures
may become raw material for industrial processes int the
production of pharmacejticals or flavours or pigments®’

(Table 2). !
|
Table 2. Examples of: compounds synthesised by hairy root cultures

. . | .
Class of compounds Species Examples

Pyrrolidine alkaloids ' Nicotiana tabacum Nicotine .

Tropane alkaloids Hyoscyamus muticus Hyoscyamine

Piperidine alkaloids Securingea sp. ) Securinine
Quinoline alkaloids Cinchonqlledgeriana Quinine
Steroids Panasginseng Ginsenoside
Betalains Beta vulgari.r Betanine
Polyacetylenes Tagetes arecta Thiophene
Naphthoquinones Lithospermumsp. | : Shikonin
Sesquiterpenes H y&scy'alm'us muticus Hyoscyamine
Phenolics Lupinus‘sp. Isoflavonoids

1

3.10 Enyironmental Clean-up by Cultured Cells

-'There may be a role for the use of actively growing
cell cultures to remove certain toxic substances from
contaminated effluent. It has already been
demonstrated that suspension cultures of rose plants
can remove polychlorinated biphenyls (PCBs) from
solytion and then chemically modify them®. Jackson
et al.¥®, have shown that suspensjon cultured cells
derived from D. innoxia anthers could rapidly remove
barium from solution forming a nontoxic, immobilised
complex with a componeént of cell wall. D. innoxia cells
grown in large fermentors may p‘rovide a relatively
efficient and incxpensive means of 'removing barium
from industrial effluents and tleaning up of
contaminated sites. A similar process can be used for
removing small toxic inorganic compounds, such as
2,4,6-TNT.

3.11 Gene Transfer & Transgenic Plants

Genetic transformation can be defined as the
controlled introduction of nucleic acids into a recipient
genome. It opens up the possibility of moving a specific
genel from any potential donor to a desired species.
Such genetically transformed plants are commonly
termed as transgenic plants*®*, The introduction of
DNA into plant cells can be achieved in several ways,
e.g. the use of natural plant pathogens such as the soil
bacterium Agrobacterium tumifaciens (Ti plasmid) and
A. rhizogens (Ri plagsmid) and viruses (which may
contain either DNA or RNA), as tarriers of new
information to plants*,

Agrobacterium vector system s b§ing used
extensively now for the transfer of various traits to crop
plants as well as for the study of gene function in plants.
Applications include transfer of genes effecting such
widely diverse traits such as resistance to viruses,
herbicide tolerance, altered flower colour, altering
shelf-life of tomato, male sterility, cold tolerance,
altered starch composition and resistance to pathogenic:
bacteria.

The most serious limitation of A. tumifaciens is its
inability to transfer genes to graminaceous monocots,
especially the cereals. The limitation is overcome to a
large extent by the use of direct gene transfer or
vectorless gene transfer techniques. Such alternative
gene transfer methods include electroporation®,
sonication, UV laser, pollen transformation*,
microinjection into somatic embryos and reproductive
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organs, and the highly advanced microprojectile or
particle bombardment by DNA particle gun*’.

Microprojectile bombardment employs high velocity
metal particles to deliver biologically active DNA into
plant cells. The ability to deliver biologically active
foreign DNA into tissues or organs, appears to provide
the best method for achieving truly genotype-
independent transformation in-many agronomic crops
bypassing Agrobacterium tumifaciens host specificity

and tissue culture related regeneration difficulties*.

Transgenic plants have been produced employing
some of the above methods in a'number of crop plants
like potato, cotton, tomato, soybean, rice, etc.
(Table 3). Transgenic plants can also be used as
‘bioreactors’ for obtaining virtually unlimited quantities
of commercially useful proteins, biologically active
peptides, blooc} factors, growth hormones, and
antibodies’!. '

Table 3. Transgenic crops that have been field-tested for the listed
recombinant traits

|
Plant Traits incorporated

Alfalfa
Apple
Corn

Cotton
Cucumber
Melon

Rape oilseed

Papaya
Potato

Rice
Soybean
Squash
Sunflower
Tomato

Walnut

Detailed information about the yield and quality of
transgenic plants and their products is not-generally
available, but these factors play a significant role in
determining - their practical use. Many of the
transformed plants listed above are now undergoing
extensive field and laboratory trials for regulatory
purposes. Nevertheless, the concerns about the
excessive use of herbicides with the availability of
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herbicide-resistant  crops, ,the evolution  of
herbicide-resistant weeds by cross pollination with
transgenic pla'mts, the presgnce of bacterial and viral
genes (proteins) in transgénic plants to be used for food,
and the envirohmental consequences of the new
technology, must be c¢ nSidered seriously, and
appropriate ‘safegyards and strategies must be
developed to satisfy governmental and public
concerns’2, "

1

4. AUTOMATED PLANT TISSUE CULTURE FOR
MASS PROPAGATION |

The successful expression of foreign genes in model
systems, such as tobacco dnd tomato, highlights the
enormous potential of the marri‘gge of molecular biology
and plant cell culture. But biological and technical
problems hamper the application of these technologies
to ir‘nportant food crops such as cereals and legumes.
Nevertheless, mass pro?agation by tissue! culture
technique — another facet,of plant biotechnology — has
developed into an important industry \3ith considerable
potential for the future®.

One of thg key unresolved issuLs in mass
propagation is t'he high cost of producing plants from
tissue culture. Recent developmgnt of the fully
intl&gr ted, automatic plant tissue culture system aims
at overcoming! these problems and dchieving that
potential. This advanced biological, ,mechanical
vitriomatic system integratés a bioreactor (fermentor)
with a bioprocessor in a closed system. An automated
transplanting machine transfer‘s the propagules to soil
mix in greenhouse trays**. Begonia rex, Saintpaulia,
Syngonfum, Philodendron, Lilium, potatlo, tomato,
celery, asparagus, etc. are some of the species
commercially produced with sich automated vitriomatic
system. Many of these advancdd automated propagation
systems can be of commercial usein developed countries
to minimise the involvement of manual laboyr but they
may not be appropriate and economically \viable for
developing countries. ' v g

5. CONCLUSIO"N )

The benefits 'of the most powerful and novel
procedures of plant biotech'nology will be réalised only
in the long run aftér more complete understanding of
plant growth and development, and, of the structure,
function and expression of agronomically important
genes. Some of the most difficult challenges facing
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mankind during coming years and early part of 21st
century will be production of food, reducing global
pollution, and restor,ingl the integrity of the
environment. Plant biotechnology can play a critical
and useful role in resolving each of these problems by
providing be(Iter and more food, by reducing the need
for pesticides, herbicjdes®, fertilisers gnd improving the
environment and slowing' the greenhouse effects
through massive global reforestation’®. However, the
fundamental know‘ledge of plant growth and
development, and its molecular cohtr?l, will be the key
to realisin% the above objectives.

ACKNOW‘tEDGEMENTS

The author is thanikful to Dr. III.V. Swamy, Director,
DRDE and Dr. BrahrAa Singh, former Director,
Defence | Research Laboratory, Tezpur, for
encouragement and support,

REFERENCES '1

1. Swaminathan, M.S. Perspectives in biotecfhnol(')gy
research from the poe]nt of view of third world
agriculturE. In Priorities in biotechnology research
for internhtional development, National Regearch
Council, Washington, 1982, pp. 38-63. [

2. Sprague, G.F.; Alexander, D.E. é’c Dudley, J.W.
Plant lzreeding and genetic emgineering : a
perspective. Bioscience, 1980, 30, 17-21.

3. Stewman, $ & Lincolq,D. Recombinant DNA
breakthroughs in agriculture; industry and
me(llicine. Futures, 1981; 13, 128-40.

4. Murashige, T. Plant propagation through tis'sue
culture. Ann. Rev. Plant ‘Physiol. 1964, 285,
135-66. . . '

5. Daub, M. & Calilson, P.S. Technologies and
strategies in plant cell and tissue culture-new
approaches to old problems. Environ. Exptl. Bot.,
1981, 21, 301-15.

6. Mantell, S.H. f& Smith, H. Plant biotechnology.
Cambridge University Press, Cambridge, 1933.

7. Reinert, J." & Bajaj, Y.P.S. Applied and
fundamental aspects of plant cell, tissue, and organ
culture. Springer—Verlq'g,- Berlin, 1977.

8. Vasil, LK. Cell cultlire and somatic cell genetics
of plants, Vol. 3. Plant ngeneration and genetic
variability. Academic Press, Néw York, 1986.

i

I}
9. Vasil, I.’Kr The realities and challenges of plant
biotechnology. Biotechnology, 1990, 8, 296-301.

10. Lakshmana Rao, P.V. In vitro plant regeneration
of scented leaved geranium, Pelargonium

grhyeolens. Plant Science, 1994, 98, 193.98,

11. Lakshmana Rao, P.V.; Das, A.K. & Singh, B.
Biotechnology in vegetable Crops improvement.
In Advances in plant tissue culture in India, edited

by Pramod Tandon, Pragati Prakashan, Meerut,
1994, pp 311-21.

12. « Stuart, D.A.; Strickland'S.G. & Walker, K.A.
Bioreactor production of alfalfa pomatic embryos.
Horticulture Science, 1987, 22, 800-03.

13 Lakshmana Rao, P.V. Difference- in somatic
emb'ryogenesis in cultured leaf fexplants of four
genotypes of S. melongena L. Agrohomie, 1992,
12, 469-75.

{

14. Redenbaugh, K.; Nichol, J.; Kochler, M. &

Paasch, B. Encapsulation of somatic embryos for

artificial seed production. In Vitro, 20, 1984,
256-57.

15. Redenbaugh, K.; Slade, D.; Peter Viss. & Fujii,
J.A. Encapsulation of somatic embryos in
synthetic seed coats. Horticulture Science, 1987,
22, 803-09.

16. Lakshmana Rao, P.V. & Singh, B. Plantlet
regeneration from encapsulated somatic embryos
of hybrid S. melongena L. Plant Cell Rep., 1991,
10, 7-11.

Mascarenhas, AF & Muralidharan, E.M. Tissue
culture of forest trees in India. Current Science,
1989, 58, 606-13. '

De, D.N.; Lakshmana Rao, P.V. & Roy, A.T.
Role of tissue culture in woody biomass'
productivity — problems, prospects and strategies.
Proc. BESI, 1985, 2, 94-102.

Lakshmana Rao, P.V. & De, D.N. Tissue culture
propagation of tree legume Albizzia lebbek. Plant
Science, 1987, 51, 263- 67.

Kartha, K.K. Elimination of viruses. In Cell
culture and somatic cell genetics of plants, Vol 1.
Laboratory procedures and applications, edited by
LK. Vasil. Academic Press, New York, 1984,
pp. 577-85.

37



21.

22,

23.

24,

25

26.

27.

28.

29.

31.

32.

38

DEF SCI J, VOL 46, NO 1, JANUARY 1996

Withers, L.A. Germplasm storage in plant
biotechnology. In Plant biotechnology, edited by
S.H. Mantell & H. Smith, Cambridge University
Press, Cambridge, 1983. pp. 187-218.

Steward, M.D. In vitro fertilization and embryo
rescue. Environ. Exptl. Bot., 1981, 21, 301-15.

Guha, S. & Maheswari, S.C. In vitro production
of embryos from anthers in Datura. Nature, 1964,
204, 497. !

De, D.N. & Lakshmana Rao, P,V. Androgenetic
haploid callus of tropical legume trees. In Plant
cell culture in crop improvement, edited by
S.K. Sen and K.L. Giles, Plenum Press, New
York, 1983. 469-74. ‘

Lakshmana Rao, P.V. & De, D.N. Haploid plants
from in vitro anther culture of leguminous tree

Peltophorum pterocarpum. Plant Cell Tissue
Organ Cult., 1987, 11, 167-77.

De, D.N. & Lakshmana Rao, P.V. Androgenesis
from polyads of Albizzia lebbek and Samanea
saman. Cell & Chromosome Res., 1988, 11 (2),
38-43.

Heberle-Bors, E. In vitro haploid formation from

pollen : a critical review. Theor. Appl. Genet.,
1985, 71, 361-74.

Chailef, R..Sf Isolation and characterization of

‘mutant cell lihne and plants: herbicide resistant

mutants. In Cell culture ahd somatic cell genetics
of plants, edited by I.LK. Vasil. Academic Press,
New York, 1984. pp 475-98.

Sacristan, M.D. Isolation and characterization-of
mutant cell lines and plants .: disease resistance.
In Cell culture and somatic cell genetics of plants.
edited by I.K.Vasil. Academic Press, New York.
1986. pp. 513-25.

Larkin, P.J. & Scowcraft. Somaclonal variation —
a novel source of variability from cell cultures for
plant improvement. Theor. Appl. Genet.,‘1981,
60, 197-214.

Evans, D.A.; Sharp, W.R. & Medina, F.
Somaclonal and gametoclonal variation. Am. J.
Bot., 1984, 71, 759-74. ' \

Cocking, E.C. A method for the isolation of plant

protoplasts and vacuoles. Nature, 1960, 293,
265-70.

1

33

34.

35.

36

37

38.

39.

40.

41

42,

43,

44,

45.

46.

47

Cocking, E.C.;vDaver,"M.R.; Pental, D. & Power,
J.B. Aspects of plant geneti¢ manipulation.
Nature, 1981, 293, 265-70. .

Vasil, IK. Progress in regenefration and genetic
manipulation -of cereal crops.' Biotechnology,
1988b, 6, 397- 402. '

Esra Galun Cybrids: An intro:spective review.
IAPTC Newsletter, 1993, 70, 2-10.

Constabel, F. Medicinal . plant' biotechnology.
\Planta Medica, 1991, 56, 421-25.

'Flores, H.E. Plant roots as chemical factories.
Chem. Ind., 1992, 10( 374-77. !

Fletcher, J.S.; -Groegg|er, AW. & NcFarland J.C.
Metabolism of 2-chlbrobiphenyl 'by suspension
cultures of Pauls’ Scarlet rose. Bul{. Environ.
Contam. Tagxicol., 1987, 39, 960-65.

)

Jackson, P.J.; Torres, A.P.; Dqlhaise, E.; Pack,
E. & Bolender, S.L. The removal of barium ion
from solytion using Datura i;knoxia Mill.
suspension cultured cells. J. Environ; Qual. , 1990,
19, 644-48. '

Eckés, P.; D'on, G. & Wengenmeyer, F. Genetic
engineering with plants. Agnew Chem. Ind., 1987}
26, 382-402. i

Goodman, R.M.; Hauptli, H.; Crossvxlay, A &
Knauf, V.C. Gene transf?r in crop imprbvement.
Science, 1987, 236, 48-54‘

Gasser, C.S. & Fraley, 'T.R. Genetically
engineered plants }or crop improvement] Science,
1989, 244, 1293-99. !
Gasser, C.S.)& Fraley, T.R. Transger;ic Crops.
Scientific Aerican, 1992, 266, 62-69.

1

Hooykass & iSchileperoot, R.A. Agrobacterium
and plant genetic engineering'. Plant Mol. Biol.,
1992, 19, 15-38,

Marie-Christine C.; Pautot, V. & Cilupeau, Y.
Recovery of transgenic trees afte:r electroporation
of poplar protoplasts. Transgenic Research, 1994,
3, 13-19. |

Zhong-xun Luo & Ray, Wu. A simple method for
transformation of rice via the pollen tube-pathway.
Plant Mol. Biol. Rep., 1988, 6, 165-74.

Pvaszkowski, J.; Baur, M. & Potrykus, I. Gene
targeting in plants. EMBO J., 1988, 7, 4021-26.



48.

49.

50.

5.

RAO: PLANT BIOTECHNOLOGY: PROMISES AND CHALLENGES

Klein, T,M.; Wolf, E'D.; Wu, R. & Sanford, J.C.
High velocity microprojectiles for delivering
nucleic acids into living cells. Nature, 1987,‘ 327,
70-73. ‘ .
McCown, B.H.; McCabe, D.E.; Russell, D.R.,
Robinson, D.J., B‘artbn, K.A. & Ralfa, K.F.
Stable ' transformation of populus and
incorporation, of pest resistance by electric
dlscharde particle acceleratnon Plant Cell Rep.,
1991, 9, 590- 94 {

)
Paul, lC. Partlcle ' bombardment-mediated

- transformation of organized nssde and its impact

on agricultural biotechnology. IAPTC Newsletter
1991, 66, 1-14.

Hiatt, A.; Cafférkey, R. & Bowd, K. Production

of antibodies in transgenic plants. Nature, 1989,
342, 76-78.

[l

——

52.

53.

54

55

56.

Kareiva,-P. & Stark, J. Environmental risks in
agricultural biotechnology, Chem.. Ind,, 1994, 17,
52-55. ,

DeBerry, Li. Robots in plant tissue culture, IAPTC
Newsletter, 1986, 49, 2-22.

Levin, R, Gaba, V.; Benital, S; Hirsch, S.;
Denola, D. & Vasil, I.K. Automated plant tissue

culture for mass propaganon Biotechnology,
1988, 6, 1035-40. :

Quinn, J.P. Evolving strategies for the genetic
engineering of herbicide resistance in plants.

\Biotechnol. Adv., 1990, 8, 321-33.

]
Jain, S.M. Recent advances in plant genetic
engineering. Current Science, 1993, 64, 715-24.

39



