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ﬂSSUE CULTURE TECHNIQUES

Tissue culture .ih one of |I.u- |)()W('.|'|'U| tools in
. planl‘W’»"ﬁ""" m‘vu'vlv of ll-w_lf;luml(-m'y of
cell, which enables theoretically, any cell
plan‘ sperate into a whole plant in proper medli-
& reﬁowcvor, there are certain tissues or seeds
wllzi'ch are again rather difficult lo grow in culture
or regenerate. S‘uch seeds (Tr”tlssuvf are called
recalcitrant, in view of the difficulty in regenera-
ion. However, in several cases, the recalcitrance
can be overcome by manipulation of the media
and culture set up. The importance of tissue cul-
wre lies principally in its capacity to secure rapid
propagation of a large number of plants, origi-
nally derived from a small amount of tissue. In
Jddition to securing mass propagation, artificial
culturing of tissues has manifold advantages.

Embryo Culture : The supply of proper nutri-
ents in artificial medium under cultural set up,
can promote growth of hybrid cells and mutants
which being unstable in the beginning, require
proper nursing in artificial medium. In fact, the
embryos in culture have been utilized for over-
coming compatibility barrier.

Haploid Culture : Over and above the
diploid tissues, the pollen can also be cultured
- for the production of haploid plants as initially
done by Nitsch and Nitsch in France and
Maheswari and Mukherjee in India. Such hap-
loid plants are very useful for transferring foreign
gene in the cells. This is because of the fact that,
5‘,"§IE. set of genes of haploid tissue does not
Pose any complex problem for the expression of
@{%@ign gene. If the tissue would have been
,{oi’é_f';f;;the problem of gene interaction as well
_.a-?de‘lndhbe and recessive expression might
~d-in the functioning of the foreign gene.

o

e haploid plant also can be cultured
e mﬁﬂﬁh’w“’hﬁmozygous diploid through
' es by colchicine treat-
t cy of plant cell,
eneration of the whole
issue for any

culture is the use of protoplast, devoid of any cell
wall, The protoplast culture technigue, where
the cell walls are digested through enzymes —
cellulases and macerozymes, leaving the naked
protoplast with the nucleus, provides the ideal
medium for incorporation of foreign genes in the
cell.

Protoplast Fusion: An offshoot of protoplast
culture technique utilized in biotechnological
procedure is cell fusion. This method permits the
fusion of cells of widely different species to
undergo fusion. This is mediated by certain
agents, such as polyethylene glycol (PEG), lead-
ing to the production of hybrid cells through
fusion of two nuclei. Such cells are also known
as somatic hybrid cell as they contain diploid
somatic nuclei of two different species. In such
cases, chromosome number also become doubly
diploids due to fusion of two diploids. However,
if the protoplast of two haploid plants are used in
fusion, the regenerated plant can be diploid.

The cell fusion method which is now wide-
ly used, was achieved initially in species of
Petunia by Cocking, Nicotiana by Carlson, as
well as Solanum by Melchers. The hybrid re-
generants of tomato and potato were termed as
“Pomato” raised by Melchers in Germany.

Suspéension Culture : Moreover, just as
p\léésuoftissues, explants of different organs can
be cultured, cell suspensions following soften-
ing and suspension through specific enzymes
and media, are used to yield single cell in sus-
pension which can conveniently. be cultured for
regeneration. Production of secondary meta-
bolites and biotransformation are the important
applications. Cell plating is done to isolate the
mutant lines through single cell culture.

\#Aﬁopropagation : One of the important
uSes of tissue culture is to utilize mass propaga-
tion in vitro for conservation of endangered
species, as well as species of economic and
medicinal value. In view of rapid denudation of
forests and other human practices in relation to
industry, agriculture and excessive land use,
several valuable species are on the verge of
extinction. The propagation in vitro through
organogenesis or embryogenesis which utilizes

~only small amount of tissue, has become a
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powerful tool for increase of individuals. The
seeds of endangered as well as other economi-
cally valuable plants can also be maintained for
a long period without the loss of viability through
preservation in ultracool temperature, otherwise

termed as cryopreservation.

Artificial Seed : Somatic embryoids may

op in vitro through embryogenesis. These

can be preserved through the preparation of arti-
ficial seeds. The artificial seeds in which the cul-
tured embryos are preserved by coating with
sodium alginate. It can maintain the viability for
a long period before being attempted for regene- |

onservation : Cryopreservation and artifi-

cial seeding have now become extremely impor-
tant strategies for conservation. The techniques
for cryopreservation of both seeds and plant
organs in culture form important components of
germplasm bank and seed bank as well.
‘However, germplasm bank includes both in situ
and ex situ conservation in different Biosphere

Reserves al National Parks.

_s6maclonal Variation : In addition to these
advantages, the culturing in artificial medium
may lead occasionally to the origin of abnormal
S e & riants’. Such somatic

&

A~ om0 <
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2.16.3 Types of cultures

Tissue culture is commonly used as a collective term to describe all kinds of /n vitro plant cultures aithoygy,
it should refer only to the cultures of unorganized aggregates of cells. Cultures are generally initiated from g,
pieces of a plant. These pieces are termed explants, and may consist of pieces of organs, such as leaves o, rom:
or may be specific cell types, such as pollen or endosperm. '

Sfl’icuy

Callus cultures

Callus is an unorganized, undifferentiated mass of cells, formed when plant cells multiply in a disorganizeq way,

The process where tissues and cells cultured on an agar media forms callus is known as callus culture. Ca|ys can
be initiated in vitro by placing small pieces of the whole plant (explants) onto a growth-supporting medium ynge,
sterile conditions. Under the stimulus of endogenous growth regulators or growth regulating chemicals adde
the medium, the metabolism of cells, which were in a quiescent state, is changed, and they begin active divisjo,
During this process, cell differentiation and specialization, which may have been occurring in the intact plant, are
reversed, and the explant gives rise to new tissue, which is composed of meristematic and unspecialized cell types,
The callus formed using on original explant is called primary callus. Secondary callus cultures are initiated from
pieces of tissue dissected from primary callus.

Patterns of growth and differentiation

A typical unorganized plant callus, initiated from a new explant or a piece of a previously-established culture, has
three stages of development, namely:

« The induction of cell division;

A period of active cell division during which differentiated cells lose any specialized features they may have
and become dedifferentiated;

e division slows down or ceases and when, within the callus, there is increasing cellular differentiation.
; of auxin and cytokinin control shoot and root formation. An undifferentiated
plant by simply altering the concentration of growth regulators. Only the
nin ratio is high and shoots are initiated when the cytokinin/auxin ratio is
uce completely disorganized callus growth.

ftoplasm and nucleus with the cell wall removed.
uitable nutrient medium. A small cluster of
h callus. At present isolated protoplasts €
tic information of the cell by inserti

cell hybrids.
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ce||-suspension cultures

Tissues and cells cultured in an agitated liquid medium produces a suspension of single cells and cells clumps of
few to many cells; these are called suspension cultures. A friable callus can be inoculated in liguid medium, and
through continuous shaking cell suspension cultures are obtained. Suspension cultures grow much faster than callus
cultures. Many different methods of suspension cultures have been developed. They fall into two main types: Batch

cultures in which cells are nurtured in a fixed volume of the medium until growth ceases, and continuous cultures
in which cell growth is maintained by continuous replenishment of sterile nutrient media.

Select plant organ/tissues

|

Rinse and sterilize the explants

l

Cut and place the explants
on a solid medium

l 2-6 week

Callus cultures

|

Chop/cut the callus and put
in a liquid medium

l 1-2 week

Cell suspension culture

Organ culture

Organ culture is used as a general term for those types of culture in which an organized form of growth can be
continuously maintained. It includes the aseptic isolation of definite structures such as leaf primordia, immature
flowers and fruits and their growth in vitro. Differentiated plant organs can usually be grown in culture without loss
of integrity, They can be of two types:

Determinate organs, which are destined to have a defined size and shape (e.g. leaves, flowers and fruits);
I"deteminate orfans, where growth is potentially unlimited (apical meristems of roots and non-flowering shoots).

Meristem culture

Meﬁstemat!c cells retain the power of division long after embryogenesis is over. Based on its position in plant,

Meristems are classified into three types: Apical, Intercalary and lateral meristems. Apical meristem is found at

l,hgﬁp:s sbﬂfhe roots, stems and branches. It plays a major role In Increasing the length of plant. Culture of apical
b, YR et ’

) '%msiﬁﬂ'al’tk:ularly of shoot apical meristem, Is known as meristem culture.

A ides clonal propagation with maximal genetic stability
vantagy m culture are that it prov
i t‘-,geﬁ-?:r:';g;t:ts Apical meristems in plants are suitable parts for the production of virus-free

s meristems typically are either nearly or totally virus-free, The reasons proposed

iste

w
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. Viruses readily move in a plant body through the vascular system which is absent in the meristem,

« High metabolic activity in the actively dividing mer
if any, has higher activity in the meristem than in any othe,

istem cells does not allow virus multiplication.

e The virus Inactivating systems in the plant body,
reglon. Thus, the meristem is protected from infection.
s A high endogenous auxin level in shoot apices may inhibit virus multiplication.

Embryo culture

Embryo culture involves isolating an immature or mature zygotic embryo
nutrient medium with the goal of obtaining a viable plant. There aré two types of embryo culture - Immature embryn

culture and mature embryo culture. In 1904, Hannig first obtained viable plants from aseptically isolated mature
embryos and grown on a mineral salt medium supplemented with sugar. In 1924, Dietrich cultured mature ang
immature embryos of various plant species and reported that the mature embryos grew immediately, circumventing

dormancy. The immature embryos germinated precociously without further embryo development,

The term embryo rescue refers to in vitro technigues whose purpose is to promote the development of an immature

or weak embryo into a viable plant. It has been widely used for growing plants in which failure of endosperm to
develop causes embryo abortion. In embryo rescue procedures, the artificial nutrient medium serves as a substitute
for the endosperm, thereby allowing the embryo to continue its development. Embryo rescue techniques also have
been utilized to obtain progeny from intraspecific hybridizations that do not normally produce viable seed.

ovule or ovary culture. The most

aseptically and growing on an aseptic

Depending on the organ cultured, embryo rescue may be referred to as embryo,
commonly used embryo rescue procedure is embryo culture, in which embryos are excised and placed directly
onto culture medium. Embryos are difficult to excise when théy are very young or from small-seeded species. To
prevent damaging embryos during the excision process, they are sometimes cultured while still inside the ovule.
This technique Is referred to as ovule culture or in ovolo embryo culture. In ovary or pod culture, the entire ovary
is placed into the culture.

Application: « Overcoming embryo abortion due to incompatibility barriers.

« Overcoming seed dormancy and self-sterility of seeds.

« Embryo rescue in distant (interspecific or intergeneric) hybridization where endosperm
development is poor.

« Shortening of breeding cycle.

Haploid culture
phytic

Haploid plants bear the gametic chromosome number of a species and are generally derived from gameto
thers

tissue that develops during the reproductive phase of plants. Gametophytes develop after meiosis both in 2N
(mlqmspo.mggnggis)-,anu in ovules (megasporogenesis). Haploid microspores develop into pollen grains (72°
gametophyte{s),: Whgreas;haplow megaspores generate an eight-celled embryo sac (female ametophyte) pearing
the egg cell. ﬁ@.u.nlgﬂxqf‘-'a‘h,a_plo'id sperm cell from the male gametophyte with a haploid eggg cell from the emal®

: ; lization produces a zygote that develops into an embryo, restoring the somatic c"
al sexual development, either natural or induced, ©@
ions without fertilization, eventually resulting in 2 haplo!

ol 1o iy 2 ., ¥ ltmg m
tic tissues can be induced in plant tissue culture, e
- 1_:[“"—;:_.1 " :

- VR

g ¢ - u
f androgenesis py anthe’ Cl cr05P°re
i m
o obtain haploid P12 e
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at give rise

to haploid plantlets (androgenj
9€nic haploid) ejther i '
' thr '
< develop from anther culture either directly or indirectly th s e
. ‘ ro
3 ygolic embryogenesis; however, neither 5 Suspensor nor an eng
i ~opment most of the embryos are released from the polien cell wa
of dev weeks, the cotyledons unfold and plant|

oidS th

em
oid Plant

Hap ugh a callus phase. Direct androgenesis

Osperm is present, At the globular stage
Il (exine). They continue to develop, and

. : NS occur and callus is formed. This callus must then
Jorgo0 organogenesis for haploid plants to be recovered,
un

Jication: » Production of haploid plants.
ApP

2 Produ.ct:on of homozygous diploid lines through chromosome doubling, thus reducing the
breeding cycle.

e Production of useful gametoclonal variations.

ovule culture: An ovule is a megasporangium covered by integument. Ovule ¢
development of haploid frpm unfertilized cells of embryo sac present in ovule,
haploids may develop directly or indirectly via regeneration from callus. Direct
ega cell, synergids, or antipodal cells with organized cel| divisions leading first
and then to well-differentiated embryos. In indirect gynogenesis, callus may be

synergids, polar nuclei, or antipodal cells, or may develop from proembryos. Pl
be haploid, diploid or mixoploid.

ulture (gynogenesis) involves the
As with androgenesis, gynogenic
gynogenesis usually involves the
to the formation of proembryos
formed directly from the egg cell,
ants regenerated from callus may

The relative scarcity of haploid cells within an ovule compared to the thousands generally found within anthers
has made ovule culture, or gynogenesis, less attractive alternative to anther or microspore culture for developing
haploid plants. However, for a few species including onion (Allium sativum),

ovule culture has been successful. San
Noeum first reported successful ovule culture of barley.

Application: * Production of haploid plants.

* Recovery of hybrid embryos overcoming embryo abortion at very early stages of development

of zygote due to incompatibility barriers.

¢ Achievement of in vitro fertilization.

Somatic embryogenesis

Embryos do not Necessarily originate from zygotes. Instead, they can originate from a variety of somatic cells and

'al’e_'ﬁonsgquen_tly referred to as somatic embryogenesis. It relies on plant regeneration through a process analogous
-.h?ZYg ic embryo formation.

's_?iﬁ‘ziﬁéféﬁbryt)genesis is the process in which a single or a group of somatic cells initiate the developmental pathway
th leads to the formation of non-zygotic embryos (zygotic embryos develop from fertilized eggs termed zygote

have a radicle and a plumule. These embryos have no connection with pre-existing vascular tissue
aternal callus, Thus, somatic embryogenesis is a nonsexual developmental process that produces a
G ) r

m a cell or small group of cells without the production of an intervening callus. Though some
(usually reproductive tissues such as the nucellus, styles or pollen), direct somatic embryogenesis

‘Comparison with indirect somatic embryogenesis.
nbryogenesis, callus is first produced from the explant. Embryos can, then, be produced from
- " !
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/2{16.6 Applications of cell and tissue culture

Clonal propagation

In nature, the methods of plant propagation may be either asexual (by multiplication of vegetatjy parts) .
(through generation of seeds). Multiplication of genetically identical copies of a cultivar by asexual repyqq
called clonal propagation. A population derived from a single individual by asexual reproduction, |
Clonal propagation through tissue culture is popularly known as micropropagation. It involves /, vitro propacoﬂ
of selected gendm\d thg ultimate establishment of the plant in the field or a green house. Use of tissye c?;u

for micropropagation was initiated by G. Morel (1960), who found this as the only commercial| ture

Y Viable appm
for orchid propagation. Plants obtained from tissue culture are called microplants. Microplants can be genera:c:
(J
in three different ways:

" Sexy
UCNDH

: I
Onstityteg a :

g,
On

* From pre-existing shoot buds or primordial buds (meristems) which are encouraged to

8rOW and projifery,,
-

Following ‘shoot morphogenesis when new shoots are induced to form in unorganized ti

Sssu
explanted tissues of the mother plant;

es or directly Upon

* Through the formation of somatic embryos (called somatic embryogenesis).

There are five stages in micropropagation:
1. Preparation of explant

2. Formation of callus

3. Shoot development

4. Root formation

5. Transfer to a glasshouse

l Initiation of callus
OIS IR0 e el Y "

i ¥ 3

: o : Epy lEmbrvoqeneﬂs of callus
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