1In an intact plant, cells and tissues possess remarkable powers,
both to maintain cells in a given physiological state and also to re-
organise into definite organs at the appropriate time, in the process
of differentiation. Because of the complexity of the living plant, basic
studies involving aqn understanding into the different developmental
stages, leading to the formation of differentiated organs is faced with
several problems, and consequential slow progress’in their solution.
A new approach to the study of thése processes has been evolved
by the establishment of the plant cell and tissue culture technigue,
The importance of these studies is now evident from the several recent
applications of plant tissue culture to many areas- of research, in agri-
culture, horticulture, forestry and plant breeding. These applications
have been the direct outcome. of the initial discovery that organo-
genesis using tissue culture- can be regulated in cell cultures by the use

of chemicals.

The present review describes these studies and their

involvement in our wunderstanding of the wmechanisms of organo-

genesis.—Ed.}
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INTRODUCTION AND HISTORY

EMARKABLE progress has been made

in the feld of plant tissueculture since

the first cell cultures™® over 40 years back.
Today plant tissue culture, the practice of
growing plant tissues on nutrient media,
includes success{ul cultures from a wide num-
ber of plants belonging to diverse genera and
families and from practically every tissue or
organ of the plant, In a large number of
species, organised structures can also be
manipulated by chemicals®, More recent,
progress has been in the induction of haploid
plants from pollen® and in the jsolation of
mutants® and somatic hybrids by protoplast
fusion’, The impact of a]l these discoveries

has resulted in the exploitation of tissue
culture by a growing number of commercial
harticultural organisations and to its utili-
zation in programmes of agricultyre, forestry
and plant breeding. 1t has also served as an
excellent rescarch tool for studying cell, organ
and tissue differentiation,

The aim of this review is to examine some
of the important developments in the use of
plant cell cultures for studying morphogenssis.
It is not intended to be a comprehensive
bibliography, References have however been
made in the text to several important reviews
on this subject, Developments regarding the
medta, technique, ete., huve recently been
covered by a number of reviews and books12
and have not been dealt with,
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ORGANOGENESIS /i yitro

The property of cell cultures to undergo
complex developmental sequences by con-
trolled manipulationp, with the formation r.?f
differentiated organs or even whole plants 18
defined as organogenesis. The report of
White?? was the earhiest on shoot formation
from a pNicotiona glauca X N. langsdorfii
hybrid callus, whep submerged in a liquid
medium. This work was later extended® ¥ 3®
with the finding that the basic mechanism
controlling crganised development of shoots,
roots Or plants in tobacco tissue cultures
involved 2 delicate balance of the auxin @
cytokinin concentrations in  the nutrient
medum. This was one of the early demon-
strations which indicated that tissue culture
could be ysed for studying the events leading
to differentiation, Since this report, there
have been segveral feviews on  studies on
organo genesis either indirectly involving callus
cultures, or directly from primary organised
explants or from thin cell layersis.7,

Thts review will deal with the main pathways
used in tissye culture for studying embryo-
genests Or qrganogenesis either directly from
free cells or primary explants, or indirectly
through an intermediary callus stage. The
more Tecent studies on thin cell layers and
some of the recent biochemical work will
also be briefly described. However only a
few general selected systems, which have been
used as models for understanding morpho-
genesis, have been chosen,

SYSTEMS FOR STUDYING DUTERENTIATION

I Free Cells, Primary Explants and Callus
Tissues

Diiferentiation may occur either vig {(a)
embryogenesis or  (5) OYEAanOSeNesis, vsing
free cells, primary explants apd callus cultures.

(i) Embryogenesis . The ipvestigations of
Steward!®:1% and Reinert® established that
cultured carrot phloem celfs could give rise
to embryos, and that embryopenesis can occur
from single isolated cells®, Based on the

.
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results With & carrot cell suspenstion cultur®
it was postulated that organogenesis vig
tmbryogenesis could best be studied by iso-
lating a cell in an e¢nvironment free from the
tinfluence of the other surounding celis?l.
Such free cells can be isolated directly from
primary explants taker from practically any
part of a plant, vjz, embryo, root, shoot,
leaf or floral organy oy inditecily from callus
cultures. This view regarding the necessity
of the physiological isolation of cells for
studying the organagenetic process was how-
ever later contradicted?®. 1In somatic €mbryo-
genesis from solated cells, protoplasts?® or
pollen grains®, it has beep observed that the
cells in an appropriate medium first undergo
4 sequence of orderiy divisions to give tise 1o
clumps of cells. In these clumps ope cell
gets structured into an embryo based on its
position With the surrounding cells. These
somatic embryos during later development
follow the same stages that occur during
normal zygouc embryogencsis®™  Since the
carly work on carrot, in spite of extensive
research, plant embryogenesis from tissue
culture has been obtained from only a few
plants and is still 2 rare phenomenon as com-
pared to de novo bud formation from ¢allus®s,
Several studies have shown that ¢mbryo-
genests is generally suppressed by the addi-
tion of Kinetin and 2,4-D, which can be sti-
mulated by its withdrawal in a sequential
mannet!HLL, Addition of oy tokinins %,
coconut nulk', and other sources of reduced
nitrogen® have been shown to marlcédly
enhance the capacity for embryogenesis i
cultures when added at the coirect copcen-
trations., Embryoids are readily produced in
media conlaining relatively large amounts of
ammonium jons and pitrate but never on
medium containing low amounts of nitrate®.
Recently, precocious flowering has been
repofted in embryoids derived from mature
ginseng root callus cultures on a chemically
defined medium®, This is a rare example of

floral organ induction in the absence of a
floral meristem.
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(i) Organogenesis : ExXperimentalstudies on
organogenesis made a significant advance with
the demonstration that organised develop-
ment was the result of quantitative chemical
interactions mainly between the auxXins and
cytokinins with the medium!*, This concept
of an auxin: cytoKinin concentration has been

confirmed several times3%33  Shoot forma- .

tion is generally promoted with a ratio ranging
from 10 to 100 between cytokinin and auxin,
Organ formation from primary explants
obtained either directly or indirectly vig callus
have now been extensively reported and listed"’,
The primary explants used have included
embryos, apical meristems, leaves, flowers,
buds, etc., and shoot or root differentiation
obtained either from the explants or from callus
tissues. Other substances such as adenine have
also been shown to modify the auxin: cyto-
kinin interaction in shoot differentiation'%4,

Organogenesis and plantlet formation by
culture of the shoot tips is now being used
as an alternative . propagative technique in
agriculture and also. for isolating disease free
plants®, Working with teak® and eucalyp-
tus?? synergistic effects of a combination of
cytokinins for shoot formation and of auxins
for rooting was demonsfrated.

The extensive data now available on the
initiation of organised development, indicate
the importance of auxin and cytokinin, Other
phytobormones, amino acids and several other
chemicals in the medium have also been
studied, and found to promote organo-
genesis®, In general gibberellic acid (GA,)
has been shown to repress shoot and root
formation in the presence of an otherwise
suitable auxin: cytokinin ratio34, The
inhibitory effect of GA; in organogenesis in
these studies has been linked to a reduction
in the accumulation of starch in the early
stages of organogenesis. ‘The most dramatic
difference between shoot forming and callus
forming tobacco tissue was the accumulation
of starch in the formertls43,

In addition to chemical factors the culture
govironment is also important in studies on
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organogenesis, -the main factors being the
physical state of the medium?3, light and
temperatured3:35, 44

il _

II. Thin Cell Layers

With isolated cells, most of the cell contacts
hav_e been lost or drastically changed. A
common drawback in the use of the callus
system or of plant explants for studies on
organogenesis is that only a few cells in the
callus mass are directly involved in the pro-
cess of organ initiation. Both in the use of
isolated cells and of callus tissues derived from
isolated cells, one cell retains the capacity to
callus, or to form buds or roots or embryos.
For a cell to express a new morphogenetic

.re¢sponse, it has first to be removed from an

intact host, and then, to establish a new rela-
tionship with -its new neighbouring cells*,
Tran Thanh Van and Dien®® conducted studies
utilising an alternative method between 1so-
lated cells and the use of organ fragments
or callus, by slicing the organ fragment into
thin cell layers consisting of a smaller number
of cell types selected from the differentiated
cells and without the central cells, e.g.,
(1) eptdermal, (2) epidermal and subepidermal
cells, (3) parenchyma cells, (4) cambial and
phloem cells, (3) medullary cells, These were
excised either transversely or longitudinally
and cultured alone or reassociated in their
previous orderly pattern or in an order, diffe-
rent from that found in organ fragments or
in entire plants and on the most simplified
media®®, By the use of such culture media
and the right physical factors, the aim of this
experimental system was to induce all the
mofphogenetic patterns normally experienced
by a plant Like hairs, embryos, buds, roots,
flowers or callus, if possible from the same
cell layer. Using this system by appropriate
manipulations of the media hormones, a
visible appearance of meristems was observed
on the vegetative or floral explants of tobacco
within 14 days, but after 16 days with root
explantsts, This suggested that the bio~
chemical and physiological events occurring
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witln the cclls during the first two weeks o rice callus, it was fourd that after 10 days

culture are very 1mportant and could throw
light on our understanding of the mschanism
of differentiation and organ development
in vitra, The use of thin cell layers has
revealed the importance of factors which
would be masked whep using complex and
large inocula. This methyd has also shown
that explants taken from the donor plants
show a residual effect which greatly influence
the response of the explants to thexr new
enpvironment consisting of the medium, explant
and culture atmosphere.

1. Biocheniical Studies

As we have seen in the earher sections
different experimental systems have been
utilised to study morpbogenesis and far more
attention has been paid t> the pature of the
chemical controls that appear to regulate
differeptiation in culturel”, From the recent
literatute op morphogenesis in plant tissue
cpiture, we find a wide variety of physical
(light, temperature, pH, physical stress, etc.)?,
biochemical (all types of metabolites, growth
substances, miperals, etc ) or molecular
factors®1%50 which regulate morphogenesis.
However, we have still not been able to map
the e€xact morphogenetic events at all levels
and also the precise timing and pature of crgan
determination. Syme of these problems may
soon be answered by using the thin cell layer
system, Although results obtaiped by the
use of biochemical apd histochemical tech-
niques have indicated both directly and
ipdirectly, that DNA, RNA and protein
synthesis occur during organ formationt®:s1,52
and also that the requirements of the newly
forr ed proteins are necessary®®®, we have
got progressed sigpificantly ip our under-
standing of organogenesis.

Recently, by using bud forming and pon-
bud forming cultures of Douglas fir cotyledons,
it was found that bud forming cultures synthe-
sised, specific low molecular weight soluble
proteins®®, Studying the activities of some
ydrolytic enzymes during shoot formation In

in culture, the activity of a-amylase, ribo-
nuclease, acid phosphatase and catalase was
respectively 10, 7, 1-5 and 2-7 times higher
in shoot forming regions than in the corres-
ponding callus regions®™. Similarly working
with callus and root cultures of maize and
wheat, it was observed that majze and wheat
roots had a higher content of malic enzyme
and glucose-6-phosphate dehydrogenase and
a lower content of pyruvate Kinase than the
correspanding callus tissuyes®?,

Thus crganogenesis is brought about by
mechanisms which control the production of
specifically required metabolic patterns at a
particular time. However, we still have very
preliminary evidence of the bjochemical factors
that govern the formation of shoots or roots®®,

CONCLUSIONS

Street™ from earlier work drew the following,
general conclysions regarding totipotency,
embryogenesis and morphogenesis in cultured
cells: (I) the induction of cell division and
culture interaction does not upmask the
totipotency of cells, (2) the expression of toti-
potency 15 dependent on the physiological state
of the cells in the explants under the condi-
tions of inoculation, (3) for the development
of shoot or root formation or embryos, the
conditions ,of culture should be compatible
for the unmasking of totipotency within the
individual cells. These reasons could also
explain why certain cultures fail to express
morphogenesis or cell division even when
grown on a wide range of culture media with
different levels of hormones and growth regu-
latars. In these cases attention should be
directed towards the nature of the explant
and also to other physical conditions. By the
use of thin cell layers, it has been confirmed
that a sequetnial interaction of multiple factors
govern the induction of organogenesis, its
determination and its expression, ard not
merely the influence of auxin for roots and
kinetin for buds®. Morphogenesis also depends
on a qQuantitative equilibrium of more
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than one stimulatory and inhibitory factors
and not of specific factors, A drawback 1n
the use of thin cell layers is that it is still
difficult to decide on which physicochemical
changes (DNA, RNA proteins, all metabolic
pathways, cell surface, atmosphere, etc.) should
he studied’, However, one can deal with
at least ope celiular type and 2 single cellular
pattern at a given time.

In conclusion it must be kept in mind that
variations in the external factors of the
medium alone are not sufficient to produce
all the stimuli required for the developmental
phenomena seen in tissue culture’®, Flowering
in virrs is still a rare phenpomenon®. There
is still need for a greater understanding of
the biochemical and molecular events occur-
ring during the early phases of organ develop-
ment in vitro. In the intact plant, every cell
is subjected to a complex set of correlations
at various levels between organs, tissu¢s and
other adjoining cells. When an explant is
excised, @ part of this environment is brought
with it into the new culture medium, and it 1s
now influenced by an interrelationship between
the culture medium, the diffusion of some of
its metabolites (based on its earlbier position
in the parent plant and its physiological state)
and the new atmosphere around it. A furthber
understanding of all the mechanisms, under-
lying embryogenesis and organogenesis in vitro,
may greatly help us in recovering viable plarts
from a large group which still do not respond
to the normal methods of organogenesis.
Such studies may help in bridging the gap 1n
our ynderstanding of totipotency and organce
genesis in higher plants. This in turp would
be of immense benefit for the more universal
application of tissue culture to problems of
agriculture and plant breeding and could also
hasten the progress in the production of a
new group of plants, genctically modified
through protoplast fusion or by the
introduction of foreign DNA.
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