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Plant tissue culture has progressed steadily ever since its inception in 1902. The initial experiments related to various tissues
that could sustain prolonged in vitro conditions. The differential response of the cultured tissues under variable chemical milieu
provided the necessary impetus to utilize the technique in a profitable manner. Over the years efficacy of the technique became
apparent when noticeable in vitro morphogenic responses could be used to unravel the mysteries of growth and differentiation.
Expeetedly, therefore, any morphogenic event expressed in vitro could be correlated to the specific components of the nutritive
medium.

By 1970s the applicability of the technique came to be realized with the possibility of exploring somatic hybridization,
micropropagation of recalcitrant species, haploid and triploid plants, and finally genetic manipulations. Today, plant tissue culture
has become an integral part of biotechnology and is being routinely employed for the improvement of crops and legumes--the
back-bone of human nutrition that can also aid in the amelioration of malnutrition of millions of sufferers. The ultimate success
with the transfer of 'nif-gene to non-leguminous plants would help save millions of dollars in chemical fertilizers which can then
be profitably used for the welfare of the human race.
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IN the following description the genesis of the
technique as conceived by the German scientist
Haberlandt (902) and the present status of plant
tissue culture and its role in biotechnology is elabo
rated. Plant tissue culture is a rapidly advancing area
of research, and it is possible to control growth,
development and differentiation of almost all parts
(explants) of plants on suitable nutrient media
(many exceptions). From the beginning of the 20th
century, orchid propagation through culture of
seeds and plant parts has been a thriving profeSSion
(see Prakash & Pierik, 1993).

mSTORICAL

In 1902, Haberlandt (Figure 1) suggested the
concept of totipotency of plant cells. He himself did
not succeed in culturing plant cells, but predicted
that on appropriate nutrient media the cells will
divide, grow and differentiate. His predictions have
been amply justified and demonstrated (see ]ohri,
1971).

Delivered by B.M. ]ohri on November 14,1994, at the Birbal Sahni
Institute of Palaeobotany, LiJcknow. I (BM]) feel honoured for the
invitation to deliver the 24th Professor Birbal Sahni Memorial Lecture.

Discoveries made in the 1930s by P.R. White
(Figure 2), R.]. Gautheret (Figure 3) and P. Nobecourt
laid the foundation for further 'work in tissue culture.
In 1934, Gautheret succeeded in culturing cambial

FIgure 1-G. Haberlandt (Germany) - Father of Plant Tissue Culture.
For the first time he cultured isolated tissues and organs.
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Figure 2--P.R. White (Maine, NY, USA). Initiated the technique of
continuous culture of explants on a defined chemical medium that
provided the necessary impetus for successful culture of several
other explants. He also formulated the culture medium used by
various investigators.

cells of tree species including Salix capraea and
Populus ntgra, and observed their proliferation for
a few months, on Knop's solution containing glu
cose and casein hydrolysate (CH). He (Gautheret,
1939), for the first time, established continuously
growing tissue cultures from carrot and Jerusalem
artichoke root cambium. At the same time, White
(939) also reported the establishment of such
cultures from tumour tissue of the hybrid Ntcottana
glauca x N. langsdorjtt. Similar results were ob
tained independently by Nobecourt (937). In sub-

Figure 3--R.J. Gautheret(Sorbonne, Paris). Cultured lateral meristem and
established the continuous culture procedure.

Figure 4-A.c. Hildebrandt (Wisconsin Univ., Madison, USA). Success
fully demonstrated single cell suspension culture and its ultimate
regeneration into plantlets.

sequent years further research carried out on other
plants was also supportive of the concept of totipo
tency. Vimla and Hildebrandt 0965; Figure 4) dem
onstrated the totipotency of isolated single cells of
tobacco that regenerated plantlets in cultures.

In 1975, Skoog (Figure 5) and Miller suggested
that the differentiation of various organs is under the
controlled mechanism of exogenously supplied hor
mones to the medium. Later, with Murashige (962),
the most widely used medium was formulated.

Nitsch 0951; Figure 6) also formulated the
nutrient medium for in vitro culture of selected
explants. He could achieve success in culturing
isolated ovaries and anthers.

One of the most striking features of plant tissue
culture has been the isolation and fusion of proto
plasts (Cocking, 1972). The important practical ap
plication of protoplast culture/somatic hybridization
was successfully applied to tobacco and other plants
by Melchers 0977; Figure 7). He demonstrated the
fusion of protoplasts of tomato and potato. The
hybrid developed and produced flowers and fruits
called 'pomato', and the suckers 'topato', the latter
were thick and flat, full of starch grains (equivalent
of potato).

A few biotechnological studies during yester
years may be mentioned. Pasteur 0866; see Purohit
1994), the famous French Scientist and a great
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Figure 7- G. Melchers (Max Planck Institute, Tubingen, FRG). Besides
several other achievements, he suggested the concept of somatic
hybrids that could blend the economic features of two useful
species; the concept of 'pomato' and 'topato' was proposed.

Figure 5--F. Skoog (Wisconsin Univ., Madison, USA). Discovered
Kinetin and (alongwith Murashige) formulated the most extensively
used culture medium that has proved successful for the induction of
morphogenic response in various explants. Skoog (alongwith
Miller) also demonstrated the appropriate ratio of auxin and
cytokinin for selective regeneration of shoots, roots or both.

saviour of human suffering, was approached by the
French wine-makers seeking his advice to prevent
the contamination of wine. Pasteur discovered that

Figure 6-j.P. Nitsch (Gif-Sur-Yvette, France). Besides the culture of
ovaries, he also accomplished haploid regeneration through anther
culture. The medium formulated by him is used in the in vitro culture
of selected explants.

if the broth was maintained at a specific tern perature,
bacterial contamination did not occur. Thus, the
wine industry was saved.

An English bacteriologist, Alexander Fleming
0929; see Irving & Herric, 1949) was working (in a
London hospital) on Staphylococcus and Streptococ
cus. After a short holiday, when he returned to his
laboratory, he noticed that in a particular petri dish
the bacterial colonies looked unhealthy and were
fringed by a somewhat semi-transparent area. From
the contaminated colonies, Fleming was able to
prepare an extract to contaminate fresh bacterial
colonies. He reached the correct conclusion that the
extract was antibacterial. The extract when adminis
tered to a female patient in the hospital arrested
bacterial infection which caused bed-fever after
child birth. It took almost four years when the
organism, which restricted the growth of bacteria,
was identified as Penicillium; its metabolic product
as 'Penicillin'. After several years an organization
was set up at Rome for industrial production of
Penicillin; the collaborators were Florey and Chain.
For this life-saving drug, Sir Alexander Fleming, Sir
Howard W. Florey and Ernst B. Chain shared the
Nobel Prize in 1945.

Another biotechnical episode relates to Tamiya
(959)-aJapanese physiologist, who set up a large
scale centre (near Tokyo) for the comme~cial culture
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Text-figure I-In vitro propagation. Various manipulations through
tissue culture technique (after Mantell el ai., 1985).
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some used as medicines) and a large number of
regenerants for large-scale propagation of plants
(see Razdan, 1995). .

When organs and tissues are cultured, the cells
divide and often form a callus (mass of undifferen
tiated cells). The callus can be grown (by repeated
sub-cultures) for as long as one desires. The callus
differentiates and produces roots, shoots and plant
lets (see Text-figure 1). The latter can be transferred
to pots, and then to the field (see Srivastava &
Steinhauer, 1981a, b). Using plant tissue culture
technique, disease-free Chrysanthemum, Dtanthus,
Solanum tuberosum (see Quack, 1977), and disease
resistant and transgenic (genetically engineered)
tobacco (see Prakash & Pierik, 1993) plants have
been developed. In cultures the explant mayor may
not produce callus, embryos, roots, shoots, and
plantlets. The determining factor is the nutrient
media on which the culture is raised. Through plant
tissue culture, it has now become possible to obtain
food additives such as carotenoids from Daucus,
betamine from Beta and crocin from Crocus; me
tabolites of food, for example, capsicin from Capst
cum and stevioside from Stevta (see Ravishankar &
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of Chlorella. Chlorella, in 1950s and 1960s, was
considered to be an excellent source of protein
for human needs. After harvest, the small-scale
experimentally produced Chlorella was dehydrated,
decolorized, deodorized and powdered. For a
trial, the Chlorella powder was used as a filler in
cookies for human consumption. The people who
ate the cookies never felt any unusual taste or smell.
Finally, Tamiya set up an industrial plant (with large,
open tanks filled with liquid nutrient medium) that
proved unsuccessful due to recurrent contamina
tion.

In 1950s and 1960s, Tulecke 0957; USA) suc
ceeded in a mass suspension culture of pollen
derived cells of Gtnkgo. The tube nucleus in the
pollen grain divided and the daughter nuclei also
divided ad infinitum. In spite of all efforts, there was
no differentiation of tissues and organs.

Nitsch (France) also raised a mass culture of cells
of the edible part of apple but the cells lost all the
sugar they had at the beginning and no further sugar
was synthesized in the cells (Pers. comm.). The usual
storage product in cultured cells is starch; rarely oil.

There has been considerable work on the tissue
and organ culture of bryophytes, pteridophytes
(excellent material for experimental studies) and
gymnosperms. A very spectacular example is the
growth and differentiation of the excised young
embryos of the fern, Todea barbara. This is the only
fern known in which the egg and younger proembryos
can be isolated from the venter of the archegonium
and independently cultured. The growth and differ
entiation was comparable to in vivo growth and
development (DeMaggio & Wetmore, 1961).

Maximal attention has been devoted to the
growth, development and differentiation of organs,
tissues, cells, and protoplasts of flowering plants
(Angiosperms). These are cultured on suitable nutri
ent media - liquid media (stationary or agitated),
and on semi-solid (gelled with agar) media. The
glassware for culture, media, and explant (plant part
for culture), must be fully aseptic. The cultures are
grown under controlled temperature, light and hu
midity. The mass culture of cells and tissues is
utilized to obtain chemicals (secondary metabolites;
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Venkataraman, 1993), products of medicinal value,
and in addition, in the improvement in processing
for enhancement of quality and quantity of food
products, and bio-pesticides (see Berlyn, 1984;
Beiderbeck & Knoop, 1988).

Presently, almost every University and many
Research Institutes are engaged in plant tissue cul
ture research. It is now possible to grow all types of
young and mature cells, and tissues and organs of
different plants on appropriate nutrient media. In
some cases if the explants are not amenable to
culture, it is usually due to deficiency in the medium
and suitable stage of development and physiological
status of the explant.

NUfRIENT MEDIA

The nutrient media contain a number of major
and minor inorganic salts, organic compounds to
provide nitrogen and carbon, growth promoters
auxins, cytokinins, gibberellins, and complex or
ganic compounds like casein hydrolysate, yeast
extract and coconut water (milk). If aseptic condi
tions are not maintained all through the period of
growth, the cultures become infected with bacteria
and fungi. Such cultures have to be promptly
discarded.

Depending on the endogenous level of metabo
lites, some tissues grow on simple media containing
only organic salts and a carbon source. But most
tissues require vitamins, amino acids and growth
substances. The commonly used media are those
devised by White (954), Murashige and Skoog
(962), Nitsch (969), and others. For every tissue
the most promotive medium has to be selected.

Quite often the investigators use undefined
medium. As soon as the growth and differentiation
has been attained by omitting one or more ingredi
ents, a defined nutrient medium can be formulated
so that any further omission of any ingredient will
affect growth and differentiation. For the multiplica-

Abbreviations used-Ad - Adenine; BAP6 - benzylamino purine; BM 
Basal lIl1edium; CH - Casein hydrolysate; 2,4 - D ' 2,4 - dichlorophe
noxyacetic acid; GA - Gibberellin; lAA - Indole-3 - acetic acid, [BA 
Indolebutyric acid; 2-ip-2 isopentenyl adenine; KN - Kinetin; M - Molar;
MS - Murashige and Skoog's medium; NAA - L naphthalene acetic acid;
Wk/s - Week (s); WM - White's medium; YE - Yeast extract.

tion of agricultural and horticultural crops, forest
trees, medicinal plants, and others, nutrient media
have to be synthesized in relation to the age of
explant, and maximal growth and differentiation in
minimal time.

The multiplication of selected elite clones from
the specific parent lines in Eucalyptus and Tectona
(Gupta et al., 1980,1981), or from the hybrids, is
obtained through micropropagation or somatic em
bryogenesis. The production of disease-resistant
and disease-free regenerants, improved varieties of
plants and hybrids are all included in 'Biotechnol
ogy',

The tissue culture procedures permit the study of
physiology, genetics, molecular aspects, and effects
of specific nutrients (individually and collectively).
In some instances low temperature treatment of
explants (before culture) results in much better
growth and differentiation as in anther cultures of a
number of species (see Srivastava & Johri, 1988).

With a short incubation period (after implanting
the explant on nutrient media), the superficial
cells-especially the injured cells at cut ends of the
explant-divide and redivide forming a mass of cells
(callus). In many cases the callus does not differen
tiate, but differentiation can be brought about by
transferring the undifferentiated tissue to root and
shoot-forming media, leading to differentiation of
plantlets such as in Artemisia, Delonix and others
(Gulati et al., 1996; Gupta et al., 1996).

OVARY CULTURE

To study the precise requirements for fruit
development and fruit physiology, Laibach and
Kribben (949) devised a method by which young
flowers or fruits of Cucumis sativuscould be excised
and grown under aseptic conditions on a nutrient
medium.

Following the first attempt by LaRue (942),
considerable success has been achieved in culturing
the pollinated ovaries (Figure 8) of several species
(Sachar & Kanta, 1958;Johri & Sehgal, 1966; Guha &
Johri, 1966). In culture the ovaries often fail to grow
into full-sized fruits (in the restricted space of culture
vial). Ito 0961, 1966) developed a partial sterile
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FigureS-A-C Anetbumgraveolens, ovary cuhure. A. Ruptured fruit, 20

wks after inoculation and BM+YE(500 mglD. shows a polyembryonal
(pem) mass; B. S-wk-old cuhure (Iongisection mericarp). grown on
8M +CH (1000 mglU shows mature embryo (em) and accessory

proembryos (pem); C, longisection of upper part of mericarp. 4 wks
after inoculation. cultured on BM+CH (1000 mg D. shows five
proembryonal masses. note endosperm (en) cells (after ]ohri &

Sehgal. 1963.)

culture technique to overcome this problem. The
ovary cultue has dual objectives; to obtain viable
hybrids from normally unsuccessful crosses, and to
overcome seed dormancy (Tukey, 1938). Subse
quently, various growth factors which influence the
in vitro culture of ovary have also been studied (Rau,
1956; Sachar & Kanta, 1958; Chopra, 1962). Signifi
cant role of floral organs in fruit development has
been emphasized by several workers (P. Maheshwari
& Lal, 1961; Chopra, 1958; Guha & Johri, 1966).

Ovary culture has been successfully employed to
overcome various other impediments such as the
failure of pollen germination on the stigma, or the

slow and insufficient growth of pollen tube, as well
as precocious abscission of flower (Rao, 1965;
Shivanna, 1965). Through ovary culture technique,
polyembryony could also be induced successfully in
various species Qohri & Sehgal, 1966; Sehgal, 1972;
Mitra & Chaturvedi, 1972). The culture of ovaries of
apomicts has helped in understanding the nature of
stimulus provided by pollination. Investigations on
ovary culture revealed two important aspects: (a)
detached ovaries are capable of autonomous growth
and bear fertile seeds, and (b) growth pattern in vivo
and in vitro is comparable (Rangan, 1982).

Figure 9-A-D. Petunra axil/ans, placental pollination. A. Both placen
tae ofovary with its entire mass of ovules dusted with pollen; B. free

hand transection through self-pollinated placentae, 24 days after

cuhure; note marginal portion of one placenta. four ovules. many
pollen grams and pollen tubes; C. 24 days after placental. self

pollination; note mature seeds; D. longlsection of young seed, 7
days after self.pollination; note the proembryo (pemb) and en

dosperm (end). (after Rangaswamy & Shivanna. 1971).
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OVULE CULTURE

In comparison to ovary culture, not much
attention has been paid to ovule culture. The first
report on ovule culture dates back to 1932 when
White cultured the ovules of Antirrhtnum; he
obtained haploid callus. LaRue (942) was unsuc
cessful in obtaining mature seeds through ovule
culture of Erythrontum. The first successful report
of ovule culture leading to fertile mature seeds is by
Nirmala Maheshwari (958) in Papaversomntferum.
She cultured the fertilized ovules of P. somntferum
on a nutrient medium containing kinetin and ob
served that kinetin triggered the growth and differ
entiation of embryo in ovule. However, this initial
rate of growth was not maintained for long and the
length of embryos in cultured ovule was less than
that of embryos in nature. The additive role of
placental tissue in the growth and maturation of
seeds has been emphasized by Chopra and
Sabharwal (1963) in pollinated ovlues of
Gynandropsts gynandra.

The growth of embryo is related to the age of the
ovule at culture (Siddiqui, 1964; Guha &Johri, 1966).
Eid etal. (973) concluded that the difference in the
rate of growth is associated with the developmental
stage of endosperm present in the ovule in culture.
This has also been demonstrated that the osmotic
concentration has a significant influence on the
growth of excised embryos (Mauney, 1961; P.
Maheshwari& Rangaswamy, 1965). In 1971, Uchimiya
obtained haploid callus by culturing unfertilized
ovules of Solanun melongena. This opens up new
vistas in regeneration of haploid plants of maternal
origin.

The major contribution on ovule has been test
tube pollination and fertilization (Kanta et al.) 1962;
Kanta & P. Maheshwari, 1963; P. Maheshwari &
Kanta, 1964). The work on culture of ovule and
seeds of angiospermic parasites (Rangan &
Rangaswamy, 1968) enables unravelling the intrica
cies of host-parasite relationship and development
of embryos in seeds that are shed at immature stage.
For plant breeders ovule culture can be an
indispensible tool in obtaining seedlings from crosses
which are normally unsuccessful because of abor
tive embryos. Similarly, success with test-tube fertili-

zation opens up new avenues in hybridization
programmes, specially in overcoming incompatibil
ity barriers.

NUCEllUS CULTIJRE

Besides zygotic embryos, the adventitious em
bryos are also of much value since they are geneti
cally uniform and reproduce the characters of mater
nal plant/parent without inheriting the variations
brought about by gametic fusion. In addition, em
bryos originating from the nucellar tissue in Citrus
are not only of help in obtaining virus-free plants but
also of great advantage in citri-culture for propagat
ing desirable varieties.

Through tissue culture technique, factors affect
ing the formation of adventitious embryos have
been studied. Nucellar embryony has been reported
from a natural polyembryonic species of citrus (c.
monocarpaJ by Rangaswamy (958). He concluded
that 'freed from the restraining influence of the
integuments and grown on a suitable medium the
nucellar tissue of Cttrus monocarpa becomes acti
vated to unlimited growth, and yields a continuous
supply of nucellar embryos". Bitters et al . (972)
extended these studies to several other mono- and
polyembryonic, as well as seedless varieties of
Citrus.

Through a series of experiments on nucellar
embryony, it has been concluded that the lack of
stimulus of pollination and lor fertilization can no
longer be considered as a limiting factor for nucellar
embryogenesis (Button & Bornman, 1971; Mitra &
Chaturvedi, 1972).

Most of the studies focus on nucellar culture of
both mono- as well as polyembryonic type of Citrus
varieties. Attempts to induce nucellar embryony in
Luffa cyltndrtca and Trtchosanthes angutna
(Rangaswamy & Shivanna, 1975) have been unsuc
cessful. Nucellar polyembryony has been induced in
Vitts vtntfera (Mullins & Srinivasan, 1976) and
Cynanchum vtncetoxtcum (Haccius & Hausner,
1976). All these taxa do not show natural polyembry
ony.

Although several embryos and plantlets can be
obtained from a single cell of nucellus, the percent-
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age of success varies from species to species. To
make the technique more viable and widely appli
cable, it is adVisable first to. study the physiological
changes underlying embryogenesis. To induce ad
ventive embryony in those plants in which it does
not occur in nature, and its control in those plants in
which it exists as a normal feature, offers a challeng
ing problem.

IN VITRO POlliNATION AND FERTILIZATION

The fusion of male and female gametes to form
a zygote serves as a very valuable source of new
combinations of genetic material. Through tissue
culture technique it has become possible to over
come natural incompatibility, and to introduce new
characteristics of genetic information from more
distantly-related species, thus widening the gene
pool (Kranz & LQrz, 1993).

For fertilization at the single cell level, the
isolation of viable gametes is prerequisite. The
gametes are genetically coded so that new genetic
combinations occur in zygotes, and the embryos.
These progenitor cells are therefore the most useful
source for studies in embryogeny. Using floral
explants, ovaries, ovules and mature pollen coupled
with embryo rescue (Stewart, 1981), in vitro pollina
tion (including placental pollination) and fertiliza
tion have been achieved leading to the production
of new hybrids (Zenkteler, 1990). In vitro-formed
zygotes have 'natural competence' for division (Fig
ure 9) and can be used for understanding the cell
cycle and differentiation.

The fertilization process at the cellular level
relates to isolation of sperms and egg cells. This has
been achieved by various workers in Nicotiana,
Torenia, Zea and Plumbago. Successful attempts
have also been made for artificial fertilization in
Torenia by injecting sperm cells directly into the
embryo sac. Through this technique, effects of non
gametic cells on the development of artificially
produced zygote can also be expressed effectively.

Kranz and Lbrz (1994) have studied (Figures lO
II ;Text-figure 2) in vitro fertilization through fusion
of isolated protoplasts of single egg and sperm cell
of maize in a mannitol solution (400-430 mosmol/kg
H
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Text-figure 2-Zea mays, electrofusion-mediated in vitro fertilization.
Isolated sperm and egg cells were transferred to fusion droplets, and
pairs of gemetes were fused electrically after dielectrophoretical
al ignment on one of the electrodes. For culture, the fusion products
were transferred indiVidually to "Millicell" in sets surrounded by
feeder cells (after Kranz el aI., 1991:courtesy Kranz).

cell division of the fusion product (the zygote). The
electrofusion-mediated in vitro fertilization using
isolated gametes is a logical extension of this work
(Kranz & Lbrz, 1990; Kranz & Dresselhas, 1996;
Kranz et al., 1991).

The detection of development of specific gene in
only one or a few reproductive cells or zygote (via
PCR-polymerase chain reaction), and also the trans
fer of foreign genes into gametes (via eleetroporation),
as well as into zygotes (via microinjection), also

Figure 10--A- C Zea mays, fusion of sperm (s) cell praoplast and egg cell (e)
protoplast in a 400 roosrrol mannitol solution containing 0.05 Meao

2
at

pH 11.0; bar-l0 /IDL A. Adhesion of the egg (e) and the sperm (s) cell
protoplast; B. fused egg cell. praoplast and sperm cell protoplast; C.
rnicrocallus (after 5days of fusioo) (after I<rnrrl & Lbrz, 1994; cwrtesy: 1<ran:1'J.
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Figure ll--A-K. Zea mays, in vitro fertilization, through electrofusion. A. Alignment of egg cell protoplast (E) with a sperm cell protoplast (5); bar
50 cm; 8. first cell division (after 42 hrs of fusion); C. multicelled structure (after 5days of fusion); bar- 100 cm; D. polarized multicellular structure
with an outer cell layer at one pole, and vacuolate cells at the other end (after 12 days of fusion); bar-200 lUTI; E.transition-phase embryo (after
14 days of fusion); bar-200 lUTI; F. compact white and green tissue, arrow indicates coleoptile (Co)(after 30 days of fusion); bar-4 mm, G. plantlets
after 35 days of fusion; bar-2 cm; H. plantlet after 39 days of fusion; bar-6 cm; I. flowering plantlet after 39 days of fusion; bar-6 cm; J. self
pollination, one hour after pollen grain deposition, the pollen tube penetrated the red-colored trichome, the grain contents move into the style;
bar-100 lUTI, K. cob after 148 days of fusion; bar-4 cm (after Kranz & LOrz, 1993; courtesy Kranz).

appears to be promising (Kranz et at., 1991), as
synchronized single cells can be used.

Besides, transmission of alien cytoplasm to study
biparental inheritance of cytoplasm-determined char
acters, has also been achieved through the above
method. However, in higher plants using non
electrical approaches are necessary to study cell-cell
interaction: adhesion, fusion, and recognition (Russell,

1992; Chasan, 1992; 1993; Goodman, 1993; Faure et
at., 1993).

Regeneration as well as karyology ot complete
plantlet via zygotic embryogenesis of single maize
zygote produced by in vitro fusion of isolated single
gametes has already been reported by Kranz and
Lbrz (993). With the cultivation of in vitro-formed
zygote, transformation becomes the first priority.
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Figure 12-Quercus lebani, embryo culture. Differentiation of embry
oids from cultured middle segment of embryos on MS + lAA (2.0
ppm) + 2-ip (5.0 ppm) + adenine sulphate (30.0 ppm) + CH (1000
ppm), 8-wk-old (unpublished; courtesy Snvastava).

Figure l~A-E Dendrophlboe jalcala, embryo culture. A. Mature
embryo without and with endospenn; 8. 10-wk-old embryo grown
on WM + lAA (l ppm) +YE (500 ppm) shows callused cotyledons
(upper region); also nOle the proliferated radicular end (basal
region); C. 10 (right side) and 20-wk-old Cleft side) callus on
WM + lAA (0.5 ppm) + CH (500 ppm) shows a large number of
papillate structures; D. 15-wk-old proliferated seedling with buds
from embryo cultured with the endospenn; E.20-wk-old seedling
shows a large number of accessory leaves (after Johri & Bajaj,
1963).

Subsequently, it would then be possible to manipu
late gametes individually (prior to their fusion), thus
opening up a new field of study in experimental
embryology and biotechnology.

EMBRYO CULTIJRE

Interest in embryo culture dates back to the work
of Hannig (904). He cultured embryos (of different
age) of Raphanus spp. and Cochlearta dantca and
obtained transplantable seedlings. Embryo culture
provided information on the physiology of develop
ment and growth of the embryo.

A stimulus for further progress in this field was
provided by Laibach (I925) who demonstrated the
use of this technique in all those crosses where
viable seeds are not formed. He suggested to excise
the embryos and grow them in a nutrient medium.

The embryo culture technique has been utilized
for raising hybrids of unsuccessful crosses. Hybridity
of the surviving plantlets reared by embryo culture
has been established through karyotype mapping,
and isozyme profiles. The technique has also been
utilized for the induction of polyembryony as in
Quercus (Figure 12) and Dendrophthoe (Figure 13).
The technique of embryo culture has also been
successfully employed in raising plants from inter
specific or intervarietal crosses as in Ltltum (North,
1975), Alltum(Doezel etal., 1980), Solanum (Sharma

Figure 14-Synthetic seeds. Embryos·of alfalfa encapsulated in alginate
beads. Each capsule is 4-6 mm in diameter and contains one embryo
(after FUji el al., 1987)
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et al., 1980), and cherry (Ivanicka & Pretova, 1980),
and intergeneric hybrids Triticum and Aegilops
(Cheuca et al., 1977), barley and rye (Pickering &
Thomas, 1979), and wheat and rye (Taira & Larter,
1978).

Morphogenesis of cultured embryos is signifi
cantly influenced by the exogenous supply of growth
regulators. Both indolebutyric acid (IBA) and 0.

naphthalene acetic acid (NAA) increase the number
of roots in the embryo of IriS (Stoltz, 1977). This
technique has proved useful in comparison of
growth rate of embryos developing in vivo and in
vitro, and physiological and biochemical changes in
the developing seeds.

Figure 15--A-D. Endosperm culture. A. Exocarpus cupressiformis, sec
tion of endosperm (end) with differentiated shOO! buds (s) on
WM + lAA (2.0 ppm) + KN (5.0 ppm) + CH (500 ppm), 6-wk-old
(after Johri & Bhojwani, 1965); B. Lepromeria acida, differentiation
of shoot buds in 12-wk-old sub-cultured endosperm callus on
WM + lAA (2.5 ppm) +KN (5.0 ppm) + CH (1000 ppm) (after Nag
& rohri, 1971); C. DendrophrhoeJalcara, 15-wk-old culture with
shoot and rm.ny leaves, on WM + IAA (5.0 ppm) + KN 00.0 ppm)
+ CH (1000 ppm) (after Nag & Johri, 1971); D. Taxillus vesrirus, 8
wk-old culture of endosperm-half on WM + BAP (2.0 ppm) (after
Nag & Johri, 1971).

SYNTIIETIC SEEDS

Synthetic or artificial seeds are encapsulated
(originally only the somatic embryos produced in
tissue cultures) in a synthetic polymer coating which
functions as 'endosperm' and seed-coat (Figure 14).
Besides the somatic embryos, now even the 'vegeta
tive regenerants/propagules' capable of developing
into a complete plantlet, shoot meristems, apical and
axillary shoot buds of Mentha arvensts and Morns
indica and callus-derived adventitious buds can also
be encapsulated as in Atropa belladonna, Dioscorea
floribunda and Hyoscyamus muticus. This is a new
concept which is applicable even to crops which are
not seed-sown (see Shekhawat et al., 1995).

The encapsulating agents are agar, polyox, algi
nate, gelrite, carageenasa, polyacrylamide, nitrocel
lulose and ethylcellulose. Sodium alginate is com
monly used due to its solubility at room temperature
and formation of a complete permeable gel with
calcium chloride (see Prakash & Pierik, 1993). The
'beads' (synthetic seeds) can be stored at 4°C in dark
in sterile dry petri plates sealed with parafilm. For
germination, the beads are rinsed with sterile water,
and surface dried.

The production of synthetic seeds of somatic em
bryos enclosed in a protective covering has been
proposed as a 'low-cost-high-volume' propagation sys
tem. The inherent benefits ofthis system are inbuilt in the
production of a large number of somatic embryos, and
the use of conventional seed-handling technique for
embryo delivery (see Prakash & Pierik, 1993).

A

Figure 16--A·C. Solanum sp., interspecific hybrid. A. S. ruberosum,
dihaploid parent (24 chromosomes); B. tetraploid somatic hybrid
(48 chromosomes); C. S. breuidens, diploid parent (24 chromo
somes). (after Jones, 1988).
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The synthetic seeds have a distinct advantage
over micropropagation, such as economy, space,
culture medium, time and expenditure, allow easy
transportation, transplantation, and storage, and
conservation of propagules (see Shekhawat et aI.,
1995).

HAPLOID PlANTS THROUGH ANTHER!
POLLEN CULTIJRE

The haploid plants are of great value for breed
ing and study of fundamental genetics of higher
plants. In angiosperms haploid cells are present only
in anthers and ovules. The anthers, carrier of pro
genitor of male gametes, are much easier to excise.
Starting from a single cell and ending in a whole
organism passing through a series of cell divisions
and differentiation, the microspores have now been
shown to be totipotent (Text-figure 3).

The culture of pollen grains of higher plants was
first attempted by C.D. LaRue (954). Since then the
totipotent nature of pollen grains has been exploited

with varying success. The first successful differentia
tion of haploid plants was reported by Sipra Guha
and S.c. Maheshwari in 1964 in anther cultures of
Datura tnnoxta and D. stramontum. Subsequent
studies have aimed at optimizing the different physi
cal and chemical factors for obtaining maximal
number of plantlets from pollen (in the cultured
anthers). Besides other factors (physical and chemi
cal), prechilling treatment of the flower buds is
essential for successful regeneration of plantlets
from pollen. Generally, pollen cultured prior to or
after the first mitosis, give a positive response by
producing typical embryoids or callus masses. Dur
ing embryogenic process, the pollen either divides
into two unequal cells (vegetative and generative)
and both or only one of them takes part in the
development of embryoid/plantlet, or the pollen
divides into two equal cells, and the derivatives of
both cells contribute in plantlet formation (Text
figure 3; Srivastava & Johri, 1988).

Androgenesis occurs when a microspore or
pollen grain is induced to shift from a gametophytic
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Figure 17-A-D. In vitro multiplication of medicinal plants. A. Datura mnoxia, 12-wk-old androgenic cultures on MS + glutamine (100 ppm); B.
Ammi majus, 6-wk-old regenerated callus on MS + [AA(O.S ppm) + KN (2.0 ppm) + adenine (40 ppm) + CH (SOO ppm); c. Leptdlum satJvum,
8-wk-old plantleton MS + IBA(O.l ppm); D. Ammimajus, 12-wk-old plantlel with nower buds, onMS + glutamine (100 ppm). (A, afterSrivaslava
et ai., 1993; B,D, after Purohil et ai., 1995; C, after Pande et ai. unpublished).
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to sporophytic pathway. The single-celled pollen
grains represent an ideal system to analyze the
embryogenic process in angiosperms. Since the
haplOids contain only one set of chromosomes, the
genes present, even the recessive ones, are ex
pressed in phenotype. However, through
diploidization of these haploids, homozygous and
fertile Ntcottana are readily obtained, enabling the
selection of desirable gene combinations. Employ
ing thiS technique, four breeding lines of tobacco
differing in alkaloid yield (Collins et at., 1974), and
homozygous recombinants of Hyoscyamus ntger
with enhanced alkaloid content, have been obtained
(Corduan & Spix, 1978).

Androgenic haploids and the homozygous dip
loids are of much interest to plant breeders and
geneticists. In the production of new mutant forms,
haploids provide excellent material for experimen
tation as in Ntcottana tobacum (Nitsch, 1969) and
Brasstca napus (Hoffmann, 1978). Yet another ap-

plication in one-step transfer of genotypes of inbred
lines into cytoplasm that causes male sterility has
been observed in haplOids of cereals, e.g., maize
(Goodsell, 1961; Kermicle, 1973).

Factors controlling pollen embryogenesis of
higher plants (Vasil & Nitsch, 1975) can be studied
by culturing the isolated microspore. The technique
ensures the production of more isogenic progenies
in Ntcottana tabacum than anther culture and,
therefore, is more efficient in mutagenic studies (see
Vasil, 1980).

After the discovery of pollen haploids, 35 years
ago by Guha and SC Maheshwari and its great utility
in breeding programmes, the advances in thiS area
have been rather spectacular. The main obstacle,
however, facing anther cultures is the lack of re
sponse from pollen grains of several crop plants and
other species of economic importance. To overcome
the problem, Wernicke et at. (978) developed a
technique for the isolation of potential embryogenic

Figure 18--A-B. Artemisia annua, micropropagation. A. Multiple shoot differentiation on MS + BAP C3.0 ppm) + G~A3 CO. 1. ppm) B. direct
regeneration from nower buds on MS + NAA '0.1 ppm) + BAP C3.0 ppm) Cafter Gulati et al., 1996).
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pollen grains of Nicotiana from the microspore
population which enhances the haploids in low
yielding species.

ENDOSPERM CULTIJRE

Unlike gymnosperms, the development of nutri
tive tissue (endosperm) in angiosperms is post
poned until after fertilization (triple fusion) and is
usually triploid. Improper development ofendosperm
may lead to the abortion of embryo as it has a direct
and dynamic influence on the differentiation of
embryos. The first report on the culture of en
dosperm of maize is by LaRue (947); only callus
developed but differentiation did not occur.

While investigating the factors affecting the
growth of endosperm, the essentiality of nitrogen
source other than minerals was also realized. It was
confirmed that casein hydrolysate (CH) or yeast
extract (YE) are essential supplements for the en
dosperm culture of CucumiS(Nakajima, 1962). The
level of cell organization in the developing en
dosperm has indicated a regulatory role in callus
formation.

The culture of mature endosperm is more re
sponsive than the immature endosperm (see Figure
15). Most of the reports on endosperm culture are
from semi-parasitic angiosperms. A few autotrophic
taxa subsequently provided good results (Bhojwani,
1966; Masuda et at., 1978). In cultures the differen
tiation of root, shoot, haustoria and plantlets estab
lish the totipotency of the triploid endosperm tissue.
The failure of mature endosperm to proliferate, if
cultured without the embryo, emphasises the con
cept of 'embryo factor'. Srivastava (971) has shown
that the 'embryo factor' can be replaced by pretreat
ment of endosperm with GA

3
. For example, in

Scunuta and Taxillus shoots emerge directly from
the endosperm explant (seejohri, 1971) whereas in
Jatropha and Putranjiva regeneration is preceded
by callusing (see Srivastava & johri, 1978).

Organ differentiatioI1 in endosperm cultures has
been demonstrated in parasitic (see johri, 1971) as
well is autotrophic species: Croton (Bhojwani, 1966),
Jatropha (Srivastava, 1971), Putranjiva (Srivastava,
1973), Oryza (Nakano et at., 1975), apple (Mu et aI.,
1977) and other taxa.

Shoot buds differentiate directly without prior
callusing in the cultured mature endosperm of semi
parasitic taxa as in Scunuta and Taxillus. In the
autotrophic members, the endosperm usually forms
a callus mass followed by the differentiation of shoot
buds or roots, as in Jatropha and Putranjiva .

The only reports on the differentiation of roots
and plantlets from the callus of the immature en
dosperm are in rice (Nakano et at., 1975) and apple
(Mu et at., 1977).

PROTOPlAST CULTIJRE AND SOMATIC
HYBRIDS

Since isolated protoplasts are generally free from
one another, they constitute the nearest possible

.B
Figure 19--A-B. Betulapendula. A. Shoot bud culture to show regenera

tion of numerous plantlets after 8 wks on MS + lAA (2.0 ppm) + BAP
(5.0 ppm) + Ad (20.0 ppm); B. leaf culture to show differentiation
of a number of leafy shoots, after 5 wks on MS + NAA (2.0 ppm) +
Zeatin (2.0 ppm) + Ad (30.0 ppm) (after Srivastava & Steinhauer,
1981a).
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approach to isolate cell suspension of higher plants
and, as such, are increasingly used in several areas
of plant cell biology. The most promising use of
protoplast culture is the production of genetically
engineered plants involving the fusion of proto
plasts from different genetic backgrounds, and re
generation into an intact hybrid plantlet exhibiting
the characters of both parents (Figure 16). Somatic
cell fusion or 'parasexual hybridization' is a novel
approach to develop rare hybrids of sexually incom
patible and sterile parents. Cocking and his group at
Nottingham (England) demonstrated the use of
NaN0

3
in protoplast fusion. The production of

heterokaryon was first reported by Power et at.
(970), from maize. A critical factor in studies on
induced-fusion between two unrelated protoplasts
relates to the 'selective markers' to identify the
heteroplastic fusion products.

The successful production of a mature interspe
cific hybrid plant (Nicotianagtauca XN. tangsdo1jiiJ
by fusion of leaf protoplasts has been reported by
Carlson et at. (972). Melchers et at. (978) could
raise intergeneric hybrid, the so-called 'pomato' and
'topato', between potato ( Sotanun tuberosum) and
tomato (Lycopersicon escutentum). The hybrid flow
ered and fruited, and the fruits resembled tomato.
Instead of the usual 'round' potato tubers, however,
the underground 'suckers' were thick and elongated
and stored abundant starch. In this case the analysis
of ribulose triphosphase carboxylase proved to be a
convenient marker to demonstrate the hybrid nature
of the plant.

Quite recently, the scientists at the University at
Solan (India) have produced a hybrid between
tomato (Lycoperstcon escutentum)and 'Shimla mircha'
(Capsicum jrutescense). Rattan and Sharma-the two
agricultural scientists, have produced this hybrid.
The new hybrid is tolerant to early blight and brick
eye rot. These investigators claim that the hybrid
could be grown in the plains and mid-hills. Rattan
also points out that the 'hybrid' has a thick skin and
stands better transportability.

1. Zenkteler (Poznan, Holland) using in vitro
pollination and fertilization, obtained an interge
neric hybrid between Metandrtum and Nicotiana.
Further studies have not been attempted.

DISEASE-FREE PLANTS

Plants are prone to systemic infection witH fungi,
bacteria and viruses, and are also attacked by insects,
pests and nematodes. A clean and healthy stock can
be used for propagation through conventional means,
but can be difficult and costly. Plant tissue culture
eliminates these systemic diseases in Begonia, Car
nation, Asparagusand Prunus, etc. (see Quak,1977;
Prakash & Pierik, 1993) but do not guarantee free
dom from diseases.

The first step in obtaining disease-free culture is
to ensure that the mother plant (from which explants
are taken) does not have any disease symptom.

Theoretically, the use of antibiotics seems fea
sible to overcome the contamination problems. But
unfortunately, plant tissues are sensitive to antibiot
ics and show variable responses according to their
genotype. The damage is mainly to the plastids or
mitochondria within the plant cells (Zamski & Umiel,
1978), and prolonged exposure of cells or tissues to
antibiotics can result in the development of resis
tance through mutation in cytoplasmic genes or
cytoplasmic DNA (Maliga etat., 1973;Umiel & Goldner,
1976). In other cases antibiotics increase the growth
rate of cultured tissues, sometimes in a spectacular
way. Such results have been reported with penicillin
(see George & Sherrington, 1984), streptomycin and
tetramycin (Nickell, 1952), and phosphomycin
(Phillips et at., 1981).

There is a variable concentration of virus in the
cells of an intact plant with the assumption that
apical shoot and root meristems may contain scanty
or no virus at all, micropropagation is used as an
effective means of removing virus infection. This can
be achieved by culturing apical meristem or nucellus
as in Citrus (see Prakash & Pierik, 1993).

GENETIC STABILIlY

The physical make up and appearance of a plant
(its phenotype) is governed by its genotype (genetic
constitution) and the maintenance of genetic consti
tution of a particular clone is (so-called genetic
stability) an important factor in tissue culture. Be
sides, occasionally originating from genetically vari-
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able mother plant tissue, genetic variation may arise
directly in culture. Endoreduplication is more preva
lent in cultures that have been maintained for a long
period.

Another reason is the failure of spindle forma
tion during mitosis or the occurrence of abnormal
multipolar instead of usual bipolar spindles. Syn
thetic plant growth regulators are implicated in

Figure 20---A-D. Delanix regia, regeneration from leaf callus. A. Compact green callus after 8 wks on MS + NAA (0.1 ppm) + BAP (3.0 ppm); B.
shoot initiation after 10 wks on MS + NAA (0.1 ppm) + BAP (3.0 ppm); C. multiple shoot differentiation after 6 wks on MS + lAA (2.0 ppm)
+ KN (5.0 ppm); D. fUl1her growth of regenerants on MS + IBA 0.0 ppm) (after Gupta er al., 1996).



JOHRl et al.- PLANT TISSUE CULTURE AND BIOTECHNOLOGY 151

~\
Figure 2l-P. Maheshwari (Univ. of Delhi). He initiated in vitro studies

at the Department of Botany, University of Delhi, and helped many
institutions to undertake such studies. He and his group, for the first
time, suggested the technique of in vitro pollination and fertilization;
and also guided work on in vitro culture of various reproductive
organs.

inducing genetic changes in tissue cultures (see
Thorpe, 1980).

Genetic variation, the somaclones have been
induced by tissue culture. Also, new strains of plants
from callus, 'calliclones', have been generated. A
gradual increase in the proportion of cells with a
typical chromosome complements is considered to
be one of the main reasons why tissue cultures of
many plant species lose regeneration ability with
progressive age (see Bayliss, 1980).

Figure 22-A-B. Ranunculus sceleratus, shoot bud culture. A. regener
ated plantlet, stem studded with embryoids; B. part of stem with
fully-differentiated dicotyledonous embryo (after Konar & Nataraja,
1969).

To overcome this problem one has to monitor
the phenotypic, cytological and molecular level
characteristics, and ascertain their correlation with
the phenotypes at an early stage. Suspected varia
tions at an early stage can be screened by various
means, Le., chromosome counts in mitotic cell,
measurement of the DNA per cell, chloropl.ast counts
in stomatal guard cells, measuring stomatal size (de
Klerk, 1990), through isozyme and protein patterns
(O'Connei et at.) 1986; Karp et at., 1987; Kobayashi,
1987; Maheshwaran & Williams, 1987). Such tissues/
plants become eliminated from the clone. Maintain
ing genetic stability is the quintessential factor in
meeting the ever-rising demand of in vitro-raised
plants of economic value.

APPliCATIONS

The use of plant tissue culture for the production
of industrial products has long been of much inter
est: drugs, breweries, milk products, flavours, fra
grances, essential oils, pigments, sweetners and
others. These chemicals are the secondary metabo
lites produced during culture. Plant cell cultures
have advantages, as compared to intact plants (Fig
ures 17, 18; Text-figure 4). The rate of cell growth in
cultures and biosynthesis of chemicals is quite high
in a short period. Suspension culture is a very
effective mechanism of incorporating precursors
into cells than in whole plants. Natural sources for
the manufacture of these products are not enough to
meet the ever-growing need of industrial produc
tion, although it has been possible to exploit the
technique for large-scale production of selected
plants (Figures 19, 20; Text-figure 5). Bioreactors are
now being utilized to grow mass culture of cells.

The industrial potential of plant cell cultures is
unlimited and will be exploited more and more as
the years go by (see Prakash & Pierik, 1993; Razdan,
1995). A fairly large number of industrial concerns
have been established in India and abroad, to exploit
the in vitro culture methods for commercial benefits.

PlANT TISSUE CULTURE STIJDIES AT TIlE
UNIVERSIlY OF DELID

At the Department of Botany, University of
Delhi, tissue culture researches were started in 1955-
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A significant discovery is the development of
haploids from pollen grains (through anther culture)
in Datura innoxia (Guha & S.c. Maheshwari, 1964).
This technique has been widely used to raise haploids
(especially in rice in China) for genetical studies.

Another important achievement of the Delhi
School is the demonstration of the triploid shoots

mainly related to test the efficacy of the technique in
morphogenic expression of various explants. In
Cuscitta (Baldev, 1959) the vegetative shoot apex
could be transformed into floral apex by controlling
light/dark regime.

In vitro pollination and fertilization was demon
strated by P. Maheshwari and Kanta (964) in
Eschscholzia and Argemone spp., and Shivanna
(965) in Petunia. In due course normal seeds with
endosperm and embryo are produced (see Shekhawat
et al., 1995). Several workers from the Botanical
Institute, Prague (Czechoslavakia), and Zenkteler
(Poznan, Poland) worked at the Delhi University to
familiarise themselves with the in vitro pollination
and fertilization techniques. Later at Poznan, Zenkteler
(970) successfully raised intergeneric hybrids be
tween Melandrlum album (Caryophyllaceae) and
Datura innoxia (Solanaceae).

During 1956-1966, the pollinated ovaries of
several plant species including Aeroa tomentosa,
Anethum graveolens, Foeniculum VUlgare,
Hyoscyamus niger and Tropaeolum majus were
successfully cultured (Shekhawat etal., 1995). Chopra
(962) reported development of parthenocarpic
fruits, of the same size as obtained in vivo, from
unpollinated ovaries of Althea rosea cultured on
modified Nitsch's nutrient medium (NM) with IBA
(20mg/1) or kinetin (KN) (O.5mg/l). With the suc
cess in ovary <::ulture it became possible to culture
ovules at even earlier stages. Nirmala Maheshwari
(958) obtained mature seeds of Papaver somniferum
by culturing excised ovules containing zygote or
two-celled pro-embryo. Sachar and Kapoor (959)
cultured pollinated and unpollinated ovules of
zephyranthes. The stimulatory role of placental
tissue in the growth of ovules of Gynandropsis
gynandra was demonstrated by Chopra and
Sabharwal (963).
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Text-figure 5---A-H. Daucus carola, Somatic embryogenesis. A. Carrot
plant; B. seedling; CoD. callus develops in 4 wks; E-F. suspension
culture from callus; in liquid medium (without 2,4-0), somatic
embryos differentiate; G. callus and plantlets on agarized medium,
on transfer to medium without 2,4-0 also produces somatic embryos
and plantlets; H. rooted plantlets (after Tisserat, 1985).

56, under the leadership of Professor
P. Maheshwari, FRS (Figure 21). The investigations

Text-figure 4-A-F. Nicoliana lobacum. A. Plant grown in green-house;
B. leaf section inoculated on nutrient medium; C. shoot differentia
tion directly from the epidennal cells explant on medium containing
1M BA (but no 2, 4-0); D. differentiation of callus from leaf section
cultured on agarized nutrient medium containing 4.5 M 2, 4-0; E.
shoot developed from the callus transferred to medium containing
BA (but no 2, 4-0); F. fully differentiated plantlets on hannone-free
medium (after Tisserat, 1985).
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differentiated in endosperm cultures of Exocarpus
cupresstfonnts (Santalaceae) by Bhojwani Oohri &
Bhojwani, 1965; see Shekhawat etal., 1995). Srivastava
succeeded in raising triploid plantlets in mature
endosperm cultures of Jatropha panduraefolta and
Putranjiva (Euphorbiaceae) Oohri & Srivastava,
1973; Shekhawat et al., 1995).

Many other plant parts have also been cultured.
Of these, the embryo culture of Loranthaceae has
yielded much new information. Differentiation of
epidermal embryoids (Figure 22) on the stem of in
vitro-raised plantlets, in floral bud cultures of Ranun
culus was reported by Konar and Nataraja (965).
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CONCLUSIONS

Cellular totipotency-a porperty endowed only
to plant cells, is the basis of micropropagation. The
discovery and subsequent use of plant hormones
auxins, cytokinins and gibberellins, further strength
ened the concept of organogenic differentiation.
The Widespread use of tissue culture technique has
many advantages (Text-figures 6, 7) like in vitro
cloning (Table 1) which is an important tool in
speeding up propagation, and the production of
disease-free plants, hybrid plants, haploids through
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Text-figure 7-A-D. Micropropagation through culture of axillary buds.

A. growth of axillary bud; B. differentiation of adventitious buds on
callus; C. direct differentiation of buds on explant; D. induction of
somatic embryogenesis.

anther and ovule culture, and also triploids through
endosperm culture. The compatibility barriers can
also be overcome through in vitro fertilization and
embryo rescue.

---------------------~._-----------._---

Rapid shoot or
embryoid formalion

4

Shoots or plantlel' lransferred to
sterilized soil or anifical

weaning (ensure
gradual reduction in

humidity)

~
Greenhouse cuttings

a) Maintains genetic uniformity; b) Rooting of plantlets generally

required prior to plantation; c) IHigh cost per plantlet; d) Size of

mother plant determines multiplication rate.

MJcropropagation

a) Ensures genetic uniformity; b) Acclimatization of plantlets essential

priorto transplantation; c) Cost per plantlet high; d) Multiplication rate
relatively low.

ArtifIcial seeds

Table l--Clonal Propagation SystemsTransfer to muhiplication
medium

/
Transfer to regeneration
medium

Text-figure 6--schematic representation to show in vitro procedures for
raising shoot and plantlets.

a) Maintains genetic uniformity; b) Direct delivery of propagules to

the field; c) Cost per plantlet low; d) Rapid multiplication.
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Text-flgure·8----Synthetic seed. Somatic embryo (em) is encapsulated, in
'anificial endosperm' (en) covered with 'anificial seed-coat' (sc). In
vitro differentiated sh09t buds can also be encapsulated (after Fujii
et al., 1987).

To cope with the ever-increasing human
population, the need of the hour is to increase
the food production which must receive the
highest priority. Plant tissue culture is a power
ful and potential tool which would help in
replacing the entire population of low-yielding
and diseased plants. With proven positive eco
nomic impact, raising in vitro plants offers
immense scope for further exploitation of the
technique. The production of secondary me
tabolites of medicinal interest is now a favourite
area of research. Even after several decades of
research in this exciting area, the problem of
low productivity and instability of plant cells in
cultures continue to be the main bottleneck.
Rapid industrialization and urbanization have
imbalanced our ecosystem. In order to save our
rich heritage and genetic diversity of economi
cally valued plants, there is an urgent need to
either alter the environment that is incompre
hensible or raise such plants so as to suit the
polluted environment. Raising stress-tolerant
plants through in vitro technique is a boon to
this problem.

The potentiality of synthetic seeds (Text
figure 8) lies in their vital role as rapid, inexpen
sive and universal clonal delivery system to
propagate plants (Table 2). However, the prob
lems encountered in their production and appli
cation need further research.

GerberalDalsy

a) Cost high.

Hybrid Rice

Rapid propagation of F, hybrids.

Potato

a) Dueto genetic instability, true seed can not be used; b) Propagation
by cut tuber pieces are prone to diseases; c) Low storability of tuber
pieces is a major problem in the tropics.

Geraniums

a) True seed costs are high; b) Vegetatively propagated.

European seedless Cucumber

a) True seed is expensive.

Garlic

a) Vegetatively propagated cloves have high carryover of virus and
nematodes.

Thus, during the last 50 years or so, following
plant tissue culture procedures, significant advances
have been made in u!1derstanding the growth,
development and differentiation of plant parts. In
future much attention will have to be paid to the
isolation of male and female gametes of flowering
plants and their use as tools of biotechnology,
regeneration of isolated cells and protoplasts follow
ing genetic transformation, molecular biology and
biochemical mechanisms of embryogenesis, pro
duction of artificial seeds, in vitro preservation of
germplasm, and application of plant cell and tissue
culture for understanding the basic features of
differentiation.Tissue culture techniques will be used
for screening and inducing disease susceptibility and
resistance, and in breeding salt- and metal-resistant
crops.

Table 2---Crops that may benefit from artificial seeds

Besides, one of the most striking developments
witnessed in the field oftissue culture is the isolation,
culture and fusion of protoplasts. A more recent
approach is the genetic manipulation and regenera
tion of these cultured or fused protoplasts (Text
figure 9). Progress in recombinant DNA technology
for the production of transgenic plants has been so
spectacular that by the turn of the century we may
hope our dream coming true for growing crops
which have been manipulated to market specifica
tions by adding, subtracting or modifying the threads
of life (DNA).
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Text-figure 9---A·I. Procedure for electrofusion of proroplasts. A. Silicon

coverslip; 5, mineral oil; C. fusion microchamber. D, pairs of
protoplast in the microchamber; E, Positioned micro-electrodes to
induce fusion of the proroplasts; F. fused proroplasts in the
microchamber; G. callus derived "from the fusion product; H.
differentiation/embryogenesis; I. further growth of shoots/plantlets
(after Jones, 1988).

Attention will also have to be paid to produce
triplOid trees for rapid growth and biomass produc
tion, and increasing genetic base. Micropropagation
of elite trees for tree improvement should also be
given high priority. It is essential to device desired
tissue culture techniques for individual crop plant
species.

'Plant Tissue Culture' and 'Biotechnology' will
be increasingly used in studies on Physiology,
Biochemistry, Cell and Molecular Biology, Proto
plasts and Somatic Hybrids, Micropropagation, Ge
netics and Plant Breeding, and Space Research.
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