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PLANT TISSUE CULTURE

It's a collection of techniques used to maintain or growth of plant cell tissue or organ under sterile
condition .

¢ A aseptic culture of plant cell, tissue under controlled condition to lead the cell multiplication of
regeneration of organs or whole plants.

¢ The growth or maintenance of plant cells, tissues, organs or whole plants in vitro.
GENERALTERM IN PTC

¢ Adventitious — developing from unusual points of origin such as shoot or root from callus or embryos
from other than zygote.

* Asepsis: Without infection or contaminating microorganisms.
e Callus: An unorganized, proliferative mass of differentiated plant cells; a wound response.

e Cybrid: The viable cell resulting from the fusion of a cytoplast with a whole cell, thus creating a
cytoplasmic hybrid.

¢ Explant: Tissue taken from its original site and transferred to an artificial medium for growth or
maintenance.

e Gameto-clone: Plants regenerated from cell cultures derived from meiospores, gametes or
gametophytes.

e Meristem culture: In vitro culture of a generally shiny, dome-like structure measuring less than 0.1
mm in length when excised, most often excised form the shoot apex.

¢ Somaclone: Plants derived from any form of cell culture involving the use of somatic plant cells.

» Totipotency: A cell characteristic in which the potential for forming all the cell types in the adult
organism is retained.

HISTORY e
1902 - C.Haberlant-First attempt to culture isolated plant cells in vitro on artificial medium
* 1922 - WJ Robbins and W. Kotte-Culture of isolated roots ( for short periods) ( organ culture)

¢ 1934 - P R White-Demonstration of indefinite culture of tomato roots ( long period)



¢ 1939 - RJ Gautheret and P Nobecourt-First long term plant tissue culture of callus, involving explants
of cambail tissues isolated from carrot.

e 1939 - P R White-Callus culture of tobacco tumor tissues from intersepcific hybird of Nicotina
glaucum X N.longsdorffi.

® 1941 - J Van Overbeek-Discovery of nutritional value of liquid endosperm of coconut for culture of
isolated carrot embryo.

¢ 1942 - P R White and A C Braun-Experiments on crownn-gall and tumor formation in plants, growth
of bacteria free crown-gall tissues.

¢ 1948 - A Caplan and F C Stewart-Use of coconut milk plus 2, 4-D fro proliferation of cultured carrot
and potato tissues.

1950 - G Morel-Culture of monocot tissues using coconut milk.

¢ 1953 - W H Muir-Inoculation of callus pieces in liquid medium can give a suspension of single cells
amenable tosubculture. Development of technique for culture of single isolated cells.

® 1953 - W Tulecke-Haploid culture from pollen of gymnosperm ( Ginkgo)

e 1955 - C O Miller, F Skoog and others-Discovery of cytokinins. E.g. Kinetin, or potent cell division
factor.

® 1957 - F Skoog and C O Miller-Hypotheses that shoot and root initiation in cultured callus is regulated
by the proportion of auxins and cytokinins in the culture medium.

* 1960 - E C Cocking-Enzymatic isolation and culture of protoplast.
¢ 1960 - G Morel-Development of shoot apex culture technique.
¢ 1966 - S G Guha and S C Maheshwari-Cultured anthers and pollen and produce haploid embryos.

¢ 1978 - G Melchers-Production of somatic hybrids from attached to plasmid vectors into naked plant
protoplast.

¢ 1983 - M D Chilton-Production of transformed tobacco plants following single cell transformation or
gene insertion.

Historical Developments and Applied Aspects (H R Dagla)

The success of plant biotechnology relies on the fundamental techniques of plant tissue culture.
Understanding basic biology of plants is a prerequisite for proper utilization of the plant system or
parts thereof. Plant tissue culture helps in providing a basic understanding of physical and chemical
requirements of cell, tissue, organ culture, their growth and development. Establishment of cell, tissue
and organ culture and regeneration of plantlets under in vitro conditions has opened up new avenues
in the area of plant biotechnology.

Introduction

1. Plant tissue culture is a technique of culturing plant cells, tissues and organs on synthetic
media under aseptic environment and controlled conditions of light, temperature, and
humidity. The development of plant tissue culture as a fundamental science was closely
linked with the discovery and characterization of plant hormones, and has facilitated our



understanding of plant growth and development. Furthermore, the ability to grow plant
cells and tissues in culture and to control their development forms the basis of many
practical applications in agriculture, horticulture industrial chemistry and is a prerequisite
for plant genetic engineering

Plant Tissue Culture: Laboratory Requirements

Laboratory Requirements:

‘Plant tissue culture’ or in vitro cultivation of plant parts needs some basic
requirements:

(a) Cultivation should be done under aseptic conditions.

(b) The isolated plant part should get an appropriate environment which will help to divide
the cell and to get an expression of internal potential.

Basic facilities for plant tissue culture operations involving any type of in vitro proce-
dures must include certain essential elements:
(a) Washing and storage facilities;

(b) Media preparation, sterilisation and storage room;
(c) Transfer area for aseptic manipulations;

(d) Culture rooms or incubators for maintenance of cultures under controlled conditions of
temperature, light and humidity;

(e) Observation or data collection area;
(f) Transplantation area.

Washing and Storage Facilities:

An area with large sink (lead lined to resist acids and alkalis) and draining area is necessary
with provision for running water, draining-boards or racks and ready access to a deionized,
distilled and double-distilled apparatus.

Space should also be available to set up drying ovens, washing machines, plastic or steel

buckets for soaking labware, acid or detergent baths, pipette washers, driers and cleaning
brushes. For storage of washed and dried labware, the laboratory should be provided with
dustproof cupboards or storage cabinets.

Media Preparation Room or Space:



This part is the central section of the laboratory where most of the activities are performed
i.e., media preparation and sterilisation of media and glassware’s needed for culture. There
should be sufficient working bench as well as storage space.

The following items are essential in the room (Fig. 16.2A-D):

7

Flg 16.2: A Aagital pH rmeter, B A simple portatio autoclave. C. Alaminar a= fow. D. Design or a skele-
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(i) Different types of glassware
(ii) Different kinds of balances
(iii) Required chemicals

(iv) Hot plates and Stirrer

(v) Water bath


https://cdn.biologydiscussion.com/wp-content/uploads/2016/10/clip_image002-133.jpg

vi) pH meter

(vii) Autoclave and Hot air oven
(viit) Microwave oven

(ix) Vortex, Shaker

(x) Centrifuge

(xi) Refrigerator and Freezer
(xii) Storage cabinet (Dust-free)

Transfer Area:

Tissue culture techniques can only be successfully carried out in a very clean laboratory
having dry atmosphere with protection against air-borne microorganisms. For this purpose a
sterile dust-free room/cabinet is needed for routine transfer and manipulation work.

The ‘laminar air flow cabinet’ (Fig. 16.2C) is the most common accessory used for aseptic
manipulations now-a-days. The cabinet may be designed with horizontal air flow or vertical
air flow where the air is forced into the cabinet through a bacterial HEPA (High Efficiency
Particulate Air) filter. The air flows over the working bench at a constant rate which prevents
the particles (microorganisms) from settling on the bench.

Before operation in the laminar air flow cabinet, the interior of the cabinet is sterilised with
the ultraviolet (UV) germicidal light and wiping the floor of cabinet with 70% alcohol.
Inoculation chamber, a specially designed air tight glass chamber fitted with UV light, may
also be used as transfer area.

Culture Room:

Plant tissue cultures should be incubated under conditions of well-controlled temperature,
illumination, photoperiod, humidity and air circulation. Incubation culture rooms,
commercially available incubator cabinets, large plant growth chambers and walk-in-
environmental rooms satisfy these requirements.

Culture rooms are constructed with proper air-conditioning; perforated shelves (Fig. 16.2D)
to support the culture vessels, fitted with fluorescent tubes having a timing device to maintain
the photoperiod, black curtains may be used to maintain total darkness.



For the suspension cultures, gyratory shakers are used. Air conditioners and heaters are used
to maintain the temperature around 25 + 2°C and humidity is maintained by uniform forced
air-ventilation. The lighting is also done in a measured amount i.e., 40-200 fc (foot-candle).

Data Collection Area:

The growth and development of tissues cultured in vitro are generally monitored by
observing cultures at regular intervals in the culture room or incubators where they have been
maintained under controlled environmental conditions.

Arrangement should be there where the observations can be done under aseptic conditions
using microscope. Special facilities are required for germplasm conservation i.e.,
cryopreservation accessories should be there.

Transplantation Area:

Plants regenerated from in vitro tissue culture are transplanted to soil in pots. The potted
plants are ultimately transferred to greenhouse but prior to transfer the tissue culture grown
plants are allowed for acclimatization under well humid condition and controlled temperature
and under controlled entry of sunlight.

2. History

History of plant tissue culture is a record of systematic efforts by botanists to culture
excised plant tissues and organs to understand their growth and development under
controlled conditions.
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theilr functions in plants
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Nitrogen Essential component of proteins,
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Magnesium Componenl ol chlorophyll cofactor
for sorne enzymes
Potasslum Ma,or morgamc cat-on regulates
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Totipotency is the potential or inherent capacity of a plant cell or tissue to develop into
an entire plant if suitably stimulated. Totipotency implies that all the information
necessary for growth and reproduction of the organism is contained in the cell. Although
theoretically all plant cells are totipotent the meristematic cells are best able to express
it.

¢ Dedifferentiation is the capacity of mature cells to return to meristematic condition and
development of a new growing point

e Competency describes the endogenous potential of a given cell or tissue to develop in a
particular way. For example, as embryogenically competent cells are capable of
developing into fully functional embryos. The opposite is non-competent or
morphogenetically incapable.

2.1 Cell Culture

The idea of experimenting with the tissues and organs of plants in isolation under
controlled laboratory conditions arose during the later part of the nineteenth century.
German botanist Gottlieb Haberlandt was the first person to culture isolated, fully
differentiated cells in 1898 [2]. He selected single isolated cells from leaves and grew them
on Knop’s (1865) salt solution with sucrose. Haberlandt succeeded in maintaining isolated
leaf cells alive for extended periods but the cells failed to divide because the simple
nutrient media lacked the necessary plant hormones. Although he could not demonstrate



the ability of mature cells to divide, he was certain that in the intact plant body, the growth
of a cell simply stops due to a stimulus released by the organism itself, after acquiring the
features required to meet the need of the whole organism. Haberlandt’s vision was to
achieve continued cell division in explanted tissues on nutrient media (Box 1); that is, to
establish true, potentially perpetual tissue culture. This goal was attained only after the
discovery of auxins [3]. Although Haberlandt was unsuccessful in his attempts to culture
cells, he foresaw that they could provide an elegant means of studying morphogenesis.
And the result of such culture experiments should give some interesting insight into the
properties and potentialities which the cell as an elementary unit of life possesses.

2.2 Organ Culture

In the early part of the 20th century, efforts in growing excised plant tissues in culture
continued with the development of sterile working methods (Box 2) and discovery of the
need for B vitamins and auxins for tissue growth. In 1922, Robbins (USA) and Kotte
(Germany) reported some success with growing isolated root tips. The first successful
experiment to maintain growth and cell division in plant cell culture was conducted by
White (1934) who established cultures of isolated tomato roots under aseptic conditions.
White’s medium was simple, containing only sucrose, mineral salts and yeast extract,
which supplied vitamins. The cultured roots maintained their morphological identity as
roots with the same basic anatomy and physiology. This happened only because excised
plant organs on nutrient media are capable of synthesizing hormones necessary to
maintain cell division. Ball (1946) obtained whole plants from cultured shoot meristem.
This heralded the present day method of in vitro vegetative multiplication. Ball is
considered the father of socalled micropropagation [4]. Morel and Martin [5] cultured
shoot meristem of virus-infected plants to raise healthy plants from Dahlia. The cells of
the shoot tip of virus infected plants are free of virus or contain a negligible number of
virus. Axillary bud proliferation has immense practical applications for large-scale clonal
propagation of plants of importance in agriculture, horticulture and forestry.

2.3 Tissue or Callus Culture
A mass of unorganized protoplasmic (undifferentiated living) cells is known as ‘callus’
(Figurela). White (1939) cultured tissue of plant tumors (galls) that were produced by a
hybrid between Nicotiana glauca and N. langsdorffii on the same medium that was used
for tomato roots. Proliferated cell masses from the original explants were divided and
subcultured. Gautheret and Nobecourt in 1939 reported unlimited growth of cultures
derived from carrot tap root tissue, using indole-3-acetic acid (IAA). The goal at that time
was to establish unlimited growth of a culture by repeated subcultures. Much effort was
devoted to determine the nutritional requirements for sustained growth. White and
Braun (1942) initiated studies on crown gall and tumour formation in plants and Skoog
(1944) initiated work on organogenesis in tobacco callus. Although continuously growing
cultures could be established in 1939, the objective of Haberlandt to induce cell division
in isolated vegetative cells, was not achieved, because the tissues used by them were not
meristematic in nature. The most significant event that led to advancement in the field
was the discovery of the nutritional properties of coconut milk. Van Overbeek and his
coworkers (1941) cultured isolated embryo of Datura on a medium containing coconut
milk. The combination of 2,4-D (2, 4-dichlorophenoxy acetic acid) and coconut milk had a
remarkable effect on stimulating growth of cultured carrot and potato tissues [6—8]. In a



search for cell division factor, Skoog’s group located such a factor in degraded DNA
preparation. It was isolated, identified as 6- furfurylaminopurine, and named it Kinetin [9].
The related analogue, 6-benzylaminopurine, was then synthesized and that too
stimulated cell division in cultured tissues. The generic term ‘cytokinin’ was given to this
group of 6-substituted aminopurine compounds that stimulate cell division in cultured
plant tissues. Later Zeatin was discovered as a natural plant hormone. Skoog and Miller
[10] advanced the hypothesis that shoot and root initiation in cultured callus can be
regulated by specific ratios of auxin and cytokinin. The availability of cytokinins made it
possible to induce divisions in cells of mature and differentiated tissues. At this stage, the
dream of Haberlandt was realized partially, for he foresaw the possibility of cultivating
isolated single cells. Only small pieces of tissue could be grown in cultures. Further
progress was made by Muir [11] who transferred callus of Tagetes erecta and Nicotiana
tabacum to liquid medium (culture medium devoid of agar-agar) and agitated the cultures
on a shaking machine, to break the tissue into single cells and small cell aggregates. Muir
et al. (1954) succeeded in making single cells to divide by placing them individually on
separate filter papers resting on top of a well-established callus culture. Callus tissue
separated from the cells by thin filter paper, supplied the necessary factor(s) for cell
division. Jones (1960) et al. designed a micro-chamber for growing single cells in hanging
drops in a conditioned medium (medium in which callus has been grown previously).
Using a micro-chamber and replacing the conditioned medium with a fresh medium
containing coconut milk, Vasil and Hildbrandt (1965) raised whole plants starting from
single cells of tobacco. They transferred single tobacco hybrid cells to a drop of culture
medium on a slide, and observed separately under phase contrast microscope and
photographed their observations. Cells were observed to divide and form callus which
differentiated into roots and leafy shoots. However, they did not prove that the whole
plants were the direct product of a single cell, rather than the product of a tissue mass
within which somaclonal or other genetic changes might have taken place during growth.

Finally, Haberlandt’s prediction, that one could successfully cultivate artificial embryos from
vegetative cells, was proved by the research of Backs-Husemann and Reinert in Berlin. They
mounted isolated single cells on microscope slides and photographed repeatedly. Isolated
cells divided to form a mass of embryogenic and parenchyma cells which developed into heart
shaped and torpedo-shaped embryos with recognizable cotyledons, hypocotyls and radicles
[12]. Tuleke (1953) cultured pollen grains of Ginkgo biloba in a medium containing vitamins
and amino acids and obtained cell clumps, some of which looked similar to embryos. Yamada
et al. [13] reported that culture of Tradescantia reflexa anther produced haploid tissues. Guha
and Maheshwari [14] reported that immature pollen grains produced embryos. Colchicine
treatment can transform them into diploid fertile plants. Klercker (1892) and Kuster (1909)
reported isolation and fusion of protoplasts, respectively. Cocking [15] developed enzymatic
method of protoplast isolation. The method involved the enzymatic digestion of cell wall by
cellulase and pectinase enzymes extracted from the fungus Myrothecium verrucaria. Cultured
protoplasts regenerated new walls, developed colonies and eventually plantlets [16].
Protoplasts are now used for creation of somatic hybrids within and between species and
genera. The first hybrid between N. Glauca and N. langsdorffii was produced by Carlson [17].
In 1978, Melchers et al. [18] produced a hybrid between potato and tomato, but the hybrid
was sterile. Novel application of protoplast fusion is called cybrid production, where
cytoplasm of two species or genera is fused with nuclear genome of only one cell (nuclear—
cytoplasmic combination).



3. Applied Aspects of Plant Tissue Culture

Establishment of plant tissue culture techniques has enabled botanists to introduce this
method in major areas of plant sciences such as plant breeding, industrial production of
natural plant products, conservation of germplasm and genetic engineering.

3.1 Plant Breeding

Establishment of cellular totipotency , callus differentiation and vegetative multiplication
under in vitro conditions has opened up new dimensions in the applied field of plant sciences.
Rapid vegetative propagation or micropropagation of plants of elite characteristics is possible
through axillary shoot induction (Figure 1b) and rooting them (Figure 1c) in vitro to raise
complete plantlets. Somatic embryogenesis2 and organogenesis (callus differentiation) are
other methods of micropropagation. Seedlings (Figure 1d) derived from mature seeds can also
be used as a source for large-scale multiplication of rare and endangered plant species. Virus-
free plants can be raised using apical meristems of virus-infected plants. Homozygous plants
can be obtained in a single generation by diploidization3 of the haploid cells such as pollen
grains. Protoplast technology has made it possible to develop somatic hybrids and cybrids of
distantly related plant species and genus. Protoplasts are also a suitable material for genetic
engineering of plants in a manner similar to gene transfer into bacteria. Cell culture may be
an important source of induction and selection of cell variants for production of new varieties
of economically important plants.

3.2 Industrial Production of Natural Plant Products

Plants produce a variety of natural compounds that are used as agricultural chemicals,
pharmaceuticals and food additives. Cell culture technique is being used as an efficient system
for production of high-value natural plant products at industrial level. In the 1950s and 1960s,
great efforts were made by the Pfizer Company to culture plant cells in liquid medium
(suspension culture4) similar to culture of microbes for production of natural plant products
as an alternative to whole plants. Different kinds of bioreactors5 have been designed for large-
scale cultivation of plant cells. Culture of hairy roots produced by transformation with
Agrobacterium rhizogenes has been shown to be a more efficient system than cell culture for
the production of compounds which are normally synthesized in roots of intact plants. The
first tissue culture product to be commercialized by Mitsui Petrochemical Co. of Japan is
shikonin, a natural colouring substance, from the cell cultures of Lithospermum erythrorhizon
[19].

3.3 Conservation of Germplasm

Successful regenerating of whole plants from somatic and gametic cells and small shoot
apices, and storage of germplasm is possible by using in vitro techniques. This is an efficient
method by which small portions of plant parts in the form of cell, tissue and organ can be

stored for longer periods in a limited space, free from contamination and infection.

3.4 Genetic Engineering of Plants



Protocol for cell culture and regeneration of plants from single cell is a basic requirement for
development of genetically modified plants. Single cell culture and regeneration of plants
from single cell is possible through plant tissue culture techniques. Agrobacterium
tumefaciens-based vectors play an important role in genetic modification of plants. Smith and
Townsend [20] had shown that A. tumefaciens, the Gram negative soil bacteria cause crown
gall disease in some plants. They observed that crown gall tissue displayed the tumourigenic
character of autonomous growth on salt—sugar medium, even in the absence of growth
regulators. Braun [21] suggested that the bacterium introduces a tumourinducing property in
plant genome. This was identified as Tiplasmid [22]. Phytohormone biosynthesizing genes
from T-DNAG6 of Ti-plasmid were removed to eliminate the aberrant cell proliferation ability
of Ti-plasmid. A. tumefaciens can be used to transfer genes conferring desired traits into plant
cells. This transformation system is species-specific and does not work in most
monocotyledons including major cereals. Therefore, free DNA delivery techniques, such as
electroporation, particle gun and microinjection are mostly used for genetic modification of
cells, tissues and organs of monocots.



Types of Tissue Culture | Biotechnology

The following points highlight the top eight types of tissue culture. The types are: 1.
Seed Culture 2. Embryo Culture 3. Meristem Culture 4. Bud Culture 5. Callus Culture
6. Cell Suspension Culture 7. Anther Culture 8. Protoplast Culture.

Type # 1. Seed Culture:
Seeds may be cultured in vitro to generate seedlings or plants. It is the best method
for raising the sterile seedling. The seed culture is done to get the different kinds of
explants from aseptically grown plants which help in better maintenance of aseptic
tissue.

Type # 2. Embryo Culture:

Embryo culture is the sterile isolation and growth of an immature or mature embryo
in vitro with the goal of obtaining a viable plant. In some plants seed dormancy may
be due to chemical inhibitors or mechanical resistance, structures covering the
embryo. Excision of embryos and culturing them in nutrient media help in
developing viable seedlings.

Embryo developed from wide hybridisation between two different species may not
mature fully due to embryo-endosperm incompatibility. So, the isolation and culture
of hybrid embryos prior to abortion help in overcoming the post-zygotic barrier and
production of interspecific or inter-generic hybrids.

Type # 3. Meristem Culture:

The apical meristem of shoots of angiosperms and gymnosperms can be cultured to
get the disease free plants. Meristem tips, between 0.2-0.5 mm, most frequently
produce virus-free plants and this method is referred to as meristem-tip culture.

This method is more successful in case of herbaceous plants than woody plants. In
case of woody plants, the success is obtained when the explant is taken after the
dormancy period is over. After the shoot tip proliferation, the rooting is done and
then the rooted plantlet is potted.

Type # 4. Bud Culture:

Buds contain quiescent or active meristems in the leaf axils, which are capable of
growing into a shoot. Single node culture, where each node of the stem is cut and
allowed to grow on a nutrient media to develop the shoot tip from the axil which
ultimately develops into new plantlet. In axillary bud method, where the axillary
buds are isolated from the leaf axils and develop into shoot tip under little high
cytokinin concentration.



Type # 5. Callus Culture:

Callus is basically more or less un-organised dedifferentiated mass of cells arising
from any kind of explant under in vitro cultural conditions. The cells in callus are
parenchymatous in nature, but may or may not be homogenous mass of cells. They
are meristematic tissue, under special circumstances they may be again organised
into shoot primordia or may develop into somatic embryos.

The callus tissue from different plant species may be different in structure and
growth habit. The callus growth is also dependent on factors like the type of explant
and the growth conditions. After callus induction it can be sub-cultured regularly
with appropriate new medium for growth and maintenance.

Type # 6. Cell Suspension Culture:

The growing of individual cells that have been obtained from any kind of explant tis-
sue or callus referred to as cell suspension culture. These are initiated by transferring
pieces of tissue explant/callus into liquid medium (without agar) and then placed
them on a gyratory shaker to provide both aeration and dispersion of cells. Like
callus culture, the cells are also sub-cultured into new medium.

Cell suspension cultures may be done in batch culture or continuous culture system.
In the later system, the culture is continuously supplied with nutrients by the inflow
of fresh medium with subsequent draining out of used medium but the culture
volume is constant. This culture method is mainly used for the synthesis of specific
metabolite or for biomass production.

Type # 7. Anther Culture:

An important aspect of plant tissue culture is the haploid production by another cul-
ture or pollen culture which was first established by Guha and Maheswari (1964,
1966) in Datura.

During the last few decades, much progress has been made in different crops like
rice, wheat, maize, mustard, pepper and others. The anthers bearing the uni-nucleate
microspores are selected and allowed to grow in medium to produce callus from the
pollen mass.

Then the triggering of these androgenic calli is directed to produce the embryos and
haploid plants are developed from these androgenic embryos. The anther culture can
be done with the isolated anthers on solid medium where anther wall will break open
and the androgenic calli will be formed from the pollen.



In pollen culture, microspores of uni-nucleate stage are collected in liquid media and
can be grown in suspension culture. In suspension, the uni-nucleate pollens may give
rise to calli mass or the globular mass from which the plants can be raised either
through embryogenic or organogenic pathway.

Type # 8. Protoplast Culture:

It is the culture of plant protoplasts i.e., culture of cells devoid of cell wall. Isolated
protoplasts are usually cultured in either liquid or semisolid agar media plates.
Protoplasts are isolated from soft parenchymatous tissue by enzymatic method and
then viable protoplasts are purified and cultured.

The protoplast culture is aimed mainly to develop genetically transformed plant
where the transgenic is put successfully within the plant protoplast and the
transgenic plant is regenerated from that transformed protoplast. Another aspect of

protoplast culture is somatic hybridization of two plant species through
protoplast fusion.



UNIT 1

Basic rDNA technology in relation to plant

Totipotency-Definition and Concept. Culture environment, Plant cell
culture media, Plant hormones in agriculture and horticulture. Types of
culture-solid and liquid, Factors affecting in vitro culture. Isolation of DNA,
Vector, Transfer mechanism and expression. Agrobacterium mediated gene
transfer vectors-Ti plasmid, Organization of T-DNA, Molecular biology of
Agrobacterium infection, Plant virus vectors-CaMV, Gemini viruses, TMV,

Brome mosaic virus. Agrobacterium vectors-cointegerate and binary vectors.

Cell Totipotency - Definition

A plant grows by increasing its cell population while the cells specialize
their functions. Increasing cell population is done by cell division (also called
mitosis). Before a mother cell divides into two daughter cells, it makes an exact
copy of its genome first. As a result, the two daughter cells usually have exactly
the same genetic makeup as their mother cell. Therefore, every living cell of a
plant should contain all the genes the plant has and thus has the capacity to
grow back to a full plant. This is called cell totipotency.

The process of specializing cells’ functions is called cell differentiation .
It is accompanied by morphogenesis, the change of the cells’" morphology.
Differentiation is done by turning on certain genes and turning off some others
at a certain time. Therefore, for a highly differentiated cell to grow into a full
plant, the differentiation process has to be reversed (called de-differentiation
) and repeated again (called re-differentiation).

Theoretically, all living cells can revert to an undifferential status
through this process. However, the more differentiated a cell has been, the
more difficult it will be to induce its de-differentiation. Practically, the younger
or the less differentiated a cell is, the easier to culture it into a full plant. The
ease of fulfilling the cell totipotency also varies tissue by tissue, genotype by
genotype and species by species. Genotype dependency is often the bottle-

neck in plant tissue culture and also in plant genetic engineering.



GLOSSARY

Genome

All the genetic material in the haploid set of chromosomes for a

particular organism.

Totipotency

The ability of a single plant cell to grow, divide, and differentiate into

an entire plant. Mammalian cells do not have this ability.



Morphogenesis

The process of morphology development.

De-differentiation

The developmental process from a highly differentiated cell to an undifferentiated

cell. It is a reverse to differentiation.

Genotype

The allelic composition of a cell or organism.

Tissue Culture

Plant cells are grown in culture which allows them to be manipulated and then

induced to develop into whole plants.

Genetic Engineering

The process of adding foreign DNA to the genome of an organism.
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Concept of totipotency

e As cell divide mitotically, they do so /lprnt
equationally to produce daughter cells. -~ I =
e G.Haberlandt’s claimed that one day, it could g Explant in '
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be possible to rear plants from isolated media X
would be rarely surviving cellos flowering o
A
plants.

Callus
e He also stated that out of surviving somatic

cells, artificial embryos would be reared

asexually.

. Therefore, every cell
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within the plant has a
potential to rgenerate

into a whole plant.
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Culture environment

Most important environmental conditions in a tissue culture growth room are:

o Light

e Temperature
e Humidity

e Oxygen

LIGHT

For plants, it is measured in PAR (photosynthetically active radiation) - the number

of photons per square meter per second for the spectral range from 400-700 nm.

o Photosynthetic Active Radiation
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e PAR s a more applicable measurement than other types such as lux because it
measures the light spectrum that plant can use for photosynthesis.

e The amount of light needed for tissue culture explants is much lower compared to
plants in grown in the field.

e Generally, in tissue culture growth rooms, 60-100 pmol.m™s™ PAR is used.

Light requirements of plants
The growth and development of plants is dependent on light for:

1. Photosynthesis

e The process whereby light energy is converted to chemical energy in the

biosynthesis of chemicals from carbon dioxide and water.

2. Photomorphogenesis



e The light-induced development of structure or form.
e |t does not necessarily involve the absorption of light energy, it uses receptor which

act as switches to set in motion the morphogenetic processes of plants.



The influence of light on tissue culture
3 qualities of light which most clearly influence in vitro growth and morphogenesis.

1. Wavelength

Plants absorb blue and red lights, which have the greatest effect on plant growth.

Red light:
=  Photosynthesis
= Seed germination, seedling growth
* Flowering, fruit development

Blue light:

Photosynthesis

= Vegetative growth (leaf) growth
Growth rooms are mostly equipped with cool white fluorescent tubes.

Gro-lux tubes are specifically made to plants, but are more expensive.
Traditional incandescent light bulbs are not appropriate, since most of the light
emitted is heat.
Limited reports on the effect of light on explant growth is available due to the complex
relationship between light and plant.
The numerous factors that will affect plant response to light are:
= Plant species
= Type of explant (leaf, stem, root, etc)
= Type of development of the explant (embryo, callus, meristem, etc.)
= Often conflicting results are reported with different plants exposed to

similar light conditions.

Blue light

Blue light (420nm) at a lower intensity stimulates callus and shoot development in

tobacco explants.
While at higher intensities, it inhibits callus growth and cell division.

The intensity of blue light has the biggest effect on stimulation and inhibition of

callus growth.

Red light

In general, red light (660 nm) promotes adventitious shoot formation in most



plants.
In addition, red light stimulates adventitious root growth in sunflowers and tobacco

more than blue light.



While red light inhibits organogenesis in tobacco.

2. Photoperiod

Photoperiod is the length of time a plant receives light in 24 hours.

Photoperiod influences plants in 2 ways:

Growth of plant is proportional to the length of time that they are exposed to light.
High light (summer) = more growth
Low light (winter) = less growth

Plants are able to sense changes in the photoperiod and respond accordingly. In

nature, photoperiod affects flowering and morphogenesis.

Photoperiod of tissue culture growth rooms is dependent on the type of explant

cultured.
When uncertain, the photoperiod of plants in nature are used in vitro.
Most explants grow well with 14-16 hours of light.

For specific purposes, complete darkness is used (eg., seed germination).

3. Light intensity

Temperature
In vivo photosynthesis:

® |Increases with temperature up to a point.
® Although photosynthesis is low in tissue cultured explants, optimum

temperature is still required for growth.

CO, + HO + |light =—p (CHO) + O,

Carbon Water taken Energy Carbohydrates ~ Oxygen
dioxide up by the
from the air roots

In vivo respiration:

Rapidly increases with temperature

Sugar, starch and oxygen is converted to CO; and energy.
The temperature of a growth room is usually kept constant at 24-28°C.
Sometimes in experiments, depending on the origins of the explants, lower temperature
(18°C) for bulbous species, or higher temperature (28°C) for tropical species is chosen.
The temperature within the test tubes is 3-4°C higher than the growth room due to
irradiance.

Sometimes alternating temperature conditions may be needed.



This is particularly evident in seed germination.

Common alternating temperature regimes include a 26°C daytime temperature, and
15°C night temperature.

For example, callus tissue of carrots grows best under a day temperature of 26°C and

night temperature of 20°C.

Humidity

o Little is known about the influence of growth room humidity and in vitro growth.

e However, a growth room with high humidity increases the chances of
contamination.

e Humidity is usually very high in the test tubes (90-100%).

This causes stomatal malfunction and hyperhydricity.

Oxygen

e Oxygen availability is important for in vitro root formation, as is the case in vivo.

e For woody plants, it is extremely difficult to regenerate roots when they are in
solid medium.

e Root formation is much better in a liquid medium.

¢ In this case, the explant is supported on a paper-bridge or on rafts.

Culture room

Most commonly used conditions:
Temperature: 242C - 282C
Photoperiod: 16 — 24 hours
Lighting: 60 — 70 pmol m2 s

Plant cell culture media

Culture media are largely responsible for the in vitro growth and morphogenesis of
plant tissues.

The success of the plant tissue culture depends on the choice of the nutrient medium.
In fact, the cells of most plant cells can be grown in culture media.

Basically, the plant tissue culture media should contain the same nutrients as
required by the whole plant. It may be noted that plants in nature can synthesize their own
food material. However, plants growing in vitro are mainly heterotrophic i.e. they cannot

synthesize their own food.



Composition of Media:

The composition of the culture media is primarily dependent on two parameters:



1. The particular species of the plant.

2. The type of material used for culture i.e. cells, tissues, organs, protoplasts.

Thus, the composition of a medium is formulated considering the specific

requirements of a given culture system. The media used may be solid (solid medium) or

liguid (liguid medium) in nature. The selection of solid or liquid medium is dependent on

the better response of a culture.

“Tastz 43.1 Composition of commonly used plant tissue culture media

Components Amount (mg I'")
White’s | Murashige and Skoog (MS) | Gamborg (B5) | Chu(N6) | Nitsch’s
Macronutrients
MgS0O,.7TH,0 750 370 250 185 185
KH,PO, - 170 - 400 68
NaH,PO,.H,0 19 - 150 B —
KNO, 80 1900 2500 2830 950
NH,NO, — 1650 - — 720
CaCl,.2H,0 - 440 150 166 -
{NH,),.SO, - — 134 463 -
ST T e s LGS I e ma
H;B80, 15 6.2 3 16 -
MnSQO,.4H,0 5 223 — 44 25
MnSO,.H,0 — — 10 33 —
2nSQ,.7TH,0 3 86 2 15 10
Na,MoO,.2H,0 — 0.25 0.25 — 0.25
CuS0O,.5H,0 0.01 0.025 0.025 — 0.025
CoCl,.6H,0 - 0.025 0.025 - 0.025
Kl 0.75 0.83 0.75 038 -
FeSQ,.7H,0 — 27.8 — 278 278
Na,EDTA.2H,0 - 37.3 — 37.3 37.3
Sucrose (g) 20 30 20 50 20
O | My B e i
Vitamins
Thlamine HC! 0.01 05 10 1 05
Pyridoxine (HCI) 0.01 0.5 1 0.5 0.5
Nicotinic acid 0.05 0.5 1 05 5
Myoinositol - 100 100 — 100
e R e ——— T
Glycine 3 2 - — 2
Folic acid — - - — 05
Biotin - - — - 0.05
pH 58 58 55 58 58




Major Types of Media:

The composition of the most commonly used tissue culture media is given in Table
43.1, and briefly described below.

White’s medium:

This is one of the earliest plant tissue culture media developed for root culture.

MS medium:

Murashige and Skoog (MS) originally formulated a medium to induce organogenesis,
and regeneration of plants in cultured tissues. These days, MS medium is widely used for

many types of culture systems.

B5 medium:

Developed by Gamborg, B5 medium was originally designed for cell suspension and
callus cultures. At present with certain modifications, this medium is used for protoplast

culture.

N6 medium:

Chu formulated this medium and it is used for cereal anther culture, besides other

tissue cultures.

Nitsch’s medium:

This medium was developed by Nitsch and Nitsch and frequently used for anther
cultures. Among the media referred above, MS medium is most frequently used in plant

tissue culture work due to its success with several plant species and culture systems.



Synthetic and natural media:

When a medium is composed of chemically defined components, it is referred to as
a synthetic medium. On the other hand, if a medium contains chemically undefined
compounds (e.g., vegetable extract, fruit juice, plant extract), it is regarded as a natural

medium. Synthetic media have almost replaced the natural media for tissue culture.

Expression of concentrations in media:

The concentrations of inorganic and organic constituents in culture media are usually

expressed as mass values (mg/l or ppm or mg/l). However, as per the



recommendations of the International Association of Plant Physiology, the concentrations

of macronutrients should be expressed as mmol/l and micronutrients as umol/I.

Constituents of Media:

Many elements are needed for plant nutrition and their physiological functions. Thus,
these elements have to be supplied in the culture medium to support adequate growth of
cultures in vitro. A selected list of the elements and their functions in plants is given in Table
43.2.
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“Taste 43.2 A selected list of elements and
thelr functions in plants

Element

Function(s)

Nitrogen

Magnesium

'éotas_.;“-"'n" Ry

Phosphoms

Sulfur -

Manganese

.....................................................................................................

...................................

Chlorlne

Copper

Cobalt
Motybdenurﬁ“ o

.............................

and some cofacto:s)

Essential component of proteins,
nucleic acids and some
coenzymes. (Required in most

abundanl quanmy)

Synlhescs of cell waJI membrane
function, cell signalling.

Component of chlorophyll, cofactor

lovsomeenzymes

Ma;or inorganic cahon regulates

._.“OSMOIIC potenual
Component of nucleic acids and

various intermediates in respiration
and pholosynthesis, involved in

energy transler

Component of cenam amino aads
{methionine, cysteine and cystine,

Colador lor certain anzymes

Component of cytochromes,
involved in electron transfer.

...................................................................

Participates in photosynthesis.
Invoived in electron transier
reactions, Cofactor for some

enzymes.

Component of v:tarmn 8,2

COmponent of certain enzymés

(e.g., nitrate reductase), cofactor
for some enzymes.

Required for chlorophyll
biosynthesis, cofactor for certain
enzymes.




The culture media usually contain the following
constituents:

1. Inorganic nutrients

2. Carbon and energy sources
3. Organic supplements

4. Growth regulators

5. Solidifying agents

6. pH of medium

Inorganic Nutrients:

The inorganic nutrients consist of macronutrients (concentration >0.5 mmol/I) and
micronutrients (concentration <0.5 mmol/l). A wide range of mineral salts (elements) supply
the macro- and micronutrients. The inorganic salts in water undergo dissociation and
ionization. Consequently, one type of ion may be contributed by more than one salt. For
instance, in MS medium, K" ions are contributed by KNO3 and KH,PO4 while NO3™ ions come
from KNO3 and NH4NO:s.

Macronutrient elements:

The six elements namely nitrogen, phosphorus, potassium, calcium, magnesium and
sulfur are the essential macronutrients for tissue culture. The ideal concentration of
nitrogen and potassium is around 25 mmol/l while for calcium, phosphorus, sulfur and
magnesium, it is in the range of 1-3 mmol/l. For the supply of nitrogen in the medium,

nitrates and ammonium salts are together used.

Micronutrients:

Although their requirement is in minute quantities, micronutrients are essential for
plant cells and tissues. These include iron, manganese, zinc, boron, copper and
molybdenum. Among the microelements, iron requirement is very critical. Chelated forms

of iron and copper are commonly used in culture media.



Carbon and Energy Sources:

Plant cells and tissues in the culture medium are heterotrophic and therefore, are
dependent on the external carbon for energy. Among the energy sources, sucrose is the
most preferred. During the course of sterilization (by autoclaving) of the medium, sucrose

gets hydrolysed to glucose and fructose.



The plant cells in culture first utilize glucose and then fructose. In fact, glucose or
fructose can be directly used in the culture media. It may be noted that for energy supply,
glucose is as efficient as sucrose while fructose is less efficient.

It is a common observation that cultures grow better on a medium with autoclaved
sucrose than on a medium with filter-sterilized sucrose. This clearly indicates that the
hydrolysed products of sucrose (particularly glucose) are efficient sources of energy. Direct
use of fructose in the medium subjected to autoclaving, is found to be detrimental to the
growth of plant cells. Besides sucrose and glucose, other carbohydrates such as lactose,
maltose, galactose, raffinose, trehalose and cellobiose have been used in culture media

but with a very limited success.

Organic Supplements:

The organic supplements include vitamins, amino acids, organic acids, organic

extracts, activated charcoal and antibiotics.

Vitamins:

Plant cells and tissues in culture (like the natural plants) are capable of synthesizing
vitamins but in suboptimal quantities, inadequate to support growth. Therefore the medium
should be supplemented with vitamins to achieve good growth of cells. The vitamins added
to the media include thiamine, riboflavin, niacin, pyridoxine, folic acid, pantothenic acid,

biotin, ascorbic acid, myoinositol, Para amino benzoic acid and vitamin E.

Amino acids:

Although the cultured plant cells can synthesize amino acids to a certain extent,
media supplemented with amino acids stimulate cell growth and help in establishment of
cells lines. Further, organic nitrogen (in the form of amino acids such as L-glutamine, L-
asparagine, L- arginine, L-cysteine) is more readily taken up than inorganic nitrogen by the

plant cells.

Organic acids:

Addition of Krebs cycle intermediates such as citrate, malate, succinate or fumarate



allow the growth of plant cells. Pyruvate also enhances the growth of cultured cells.

Organic extracts:



It has been a practice to supplement culture media with organic extracts such as
yeast, casein hydrolysate, coconut milk, orange juice, tomato juice and potato extract. It is
however, preferable to avoid the use of natural extracts due to high variations in the quality
and quantity of growth promoting factors in them. In recent years, natural extracts have
been replaced by specific organic compounds e.g., replacement of yeast extract by L-

asparagine; replacement of fruit extracts by L-glutamine.

Activated charcoal:

Supplementation of the medium with activated charcoal stimulates the growth and
differentiation of certain plant cells (carrot, tomato, orchids). Some toxic/inhibitory
compounds (e.g. phenols) produced by cultured plants are removed (by adsorption) by
activated charcoal, and this facilitates efficient cell growth in cultures. Addition of activated
charcoal to certain cultures (tobacco, soybean) is found to be inhibitory, probably due to

adsorption of growth stimulants such as phytohormones.

Antibiotics:

It is sometimes necessary to add antibiotics to the medium to prevent the growth of
microorganisms. For this purpose, low concentrations of streptomycin or kanamycin are
used. As far as possible, addition of antibiotics to the medium is avoided as they have an

inhibitory influence on the cell
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organogenesis of plant tissues in

cultures.



Auxins:

Auxins induce cell division, cell elongation, and formation of callus in cultures. At a

low concentration, auxins promote root formation while at a high concentration callus

formation occurs. A selected list of auxins used in tissue cultures is given in Table 43.3.

Among the auxins, 2, 4-dichlorophenoxy acetic acid is most effective and is widely

used in culture media.

Taste 43.3 A selected list of plant growth
regulators used In culture media

Growth regulator
(abbreviation/name)

Chemical name

Auxins
IAA
IBA
NAA
2, 4D
2,4 5T

4-CPA
NOA
MCPA

Dicamba

Picloram

Cytokinins

BAP

BA

21P (IPA)
OPU
Kinetin
Zeatin

Thidiazuron

Indole 3-acetic acid

Indole 3-butyric acid

1-Naphthyl acetic acid

2, 4-Dichlorophenoxy acetic acid
2, 4, 5-Trichlorophenoxy acetic
acid

4-Chlorophenoxy acetic acid
2-Naphthyloxy acetic acid
2-Methyl 4-chlorophenoxy acetic
acd

2-Methoxy 3, 6-dichlorobenzoic
acid

4-Amino 2, 5, 6-lrichloropicolinic
acid

6-Benzyl aminopurine

Benzyl adenine

NS.{2-isopentyl) adenine

Diphenyl urea

6-Furfuryl aminopurine

4-Hydroxy 3-methyitrans
2-butenyl aminopurine

1-Phenyl 3-(1, 2, 3-thiadiazol-5 yl)
urea

Cytokinins:



Chemically, cytokinins are derivatives of a purine namely adenine. These adenine
derivatives are involved in cell division, shoot differentiation and somatic embryo
formation. Cytokinins promote RNA synthesis and thus stimulate protein and enzyme
activities in tissues. The most commonly used cytokinins are given in Table 43.3. Among the

cytokinins, kinetin and benzyl-amino purine are frequently used in culture media.

Ratio of auxins and cytokKinins:

The relative concentrations of the growth factors namely auxins and cytokinins are
crucial for the morphogenesis of culture systems. When the ratio of auxins to cytokinins is
high, embryogenesis, callus initiation and root initiation occur.

On the other hand, for axillary and shoot proliferation, the ratio of auxins to
cytokinins is low. For all practical purposes, it is considered that the formation and
maintenance of callus cultures require both auxin and cytokinin, while auxin is needed for
root culture and cytokinin for shoot culture. The actual concentrations of the growth
regulators in culture media are variable depending on the type of tissue explant and the

plant species.

Gibberellins:

About 20 different gibberellins have been identified as growth regulators. Of these,
gibberellin Az (GA3) is the most commonly used for tissue culture. GAs promotes growth of
cultured cells, enhances callus growth and induces dwarf plantlets to elongate. Gibberellins
are capable of promoting or inhibiting tissue cultures, depending on the plant species. They

usually inhibit adventitious root and shoot formation.

Abscisic acid (ABA):

The callus growth of cultures may be stimulated or inhibited by ABA. This largely
depends on the nature of the plant species. Abscisic acid is an important growth regulation

for induction of embryogenesis.

Solidifying Agents:

For the preparation of semisolid or solid tissue culture media, solidifying or gelling



agents are required. In fact, solidifying agents extend support to tissues growing in the static

conditions.

Agar:



Agar, a polysaccharide obtained from seaweeds, is most commonly used as a

gelling agent for the following reasons.

1. It does not react with media constituents.
2. It is not digested by plant enzymes and is stable at culture temperature.

Agar at a concentration of 0.5 to 1% in the medium can form a gel.

Gelatin:

It is used at a high concentration (10%) with a limited success. This is mainly because

gelatin melts at low temperature (25°C), and consequently the gelling property is lost.

Other gelling agents:

Bio-gel (polyacrylamide pellets), phytagel, gelrite and purified agarose are other
solidifying agents, although less frequently used. It is in fact advantageous to use synthetic

gelling compounds, since they can form gels at a relatively low concentration (1.0 to 2.5 g/I).

pH of medium:

The optimal pH for most tissue cultures is in the range of 5.0-6.0. The pH generally
falls by 0.3-0.5 units after autoclaving. Before sterilization, pH can be adjusted to the
required optimal level while preparing the medium. It is usually not necessary to use buffers
for the pH maintenance of culture media.

At a pH higher than 7.0 and lower than 4.5, the plant cells stop growing in cultures.
If the pH falls during the plant tissue culture, then fresh medium should be prepared. In
general, pH above 6.0 gives the medium hard appearance, while pH below 5.0 does not

allow gelling of the medium.

Preparation of Media:

The general methodology for a medium preparation involves preparation of stock
solutions (in the range of 10x to 100x concentrations) using high purity chemicals and
demineralized water. The stock solutions can be stored (in glass or plastic containers) frozen

and used as and when required. Most of the growth regulators are not soluble in water.



They have to be dissolved in NaOH or alcohol.

Dry powders in Media Preparation:



The conventional procedure for media preparation is tedious and time consuming.
Now a day, plant tissue culture media are commercially prepared, and are available in the
market as dry powders. The requisite medium can be prepared by dissolving the powder in
a glass distilled or demineralized water. Sugar, organic supplements and agar (melted) are

added, pH adjusted and the medium diluted to a final volume (usually 1 litre).

Sterilization of Media:

The culture medium is usually sterilized in an autoclave at 121°C and 15 psi for 20
minutes. Hormones and other heat sensitive organic compounds are filter-sterilized, and

added to the autoclaved medium.

Selection of a Suitable Medium:

In order to select a suitable medium for a particular plant culture system, it is

customary to start with a known medium (e.g. MS medium, B5 medium) and then develop
a new medium with the desired characteristics. Among the constituents of a medium,
growth regulators (auxins, cytokinins) are highly variable depending on the culture system.
In practice, 3-5 different concentrations of growth regulators in different combinations are
used and the best among them are selected. For the selection of appropriate
concentrations of minerals and organic constituents in the medium, similar

approach referred above, can be employed.

Medium-utmost Important for Culture:

For tissue culture techniques, it is absolutely essential that the medium preparation
and composition are carefully followed. Any mistake in the preparation of the medium is

likely to do a great harm to the culture system as a whole.

REFERENCES

http://www.biologydiscussion.com/plants/plant-tissue-culture/plant-tissue-culture-

media-types-constituents-preparation-and-selection/10656


http://www.biologydiscussion.com/plants/plant-tissue-culture/plant-tissue-culture-

DNA isolation & extraction

CTAB technique / Protocol for DNA isolation / DNA extraction from plant leaf / leaf

samples

Reagents needed

CTAB buffer

2% CTAB 20gm CTAB

20mM EDTA 40ml EDTA stock (0.5M)

100mM Tris-Cl pH 8.0 100ml Tris-Cl stock (1M)

1.4M NaCl 280ml NaCl stock (5M)

make up to 1 Litre with water, pH 7.5 - 8.0, and autoclave
+ 0.2% Mercaptoethanol

Wash Buffer

76% Ethanol

10mM NH4 Ac

DNA Extraction

1. Preheat 5ml CTAB (add 10ul mercaptoethanol to each 5ml CTAB) in a blue-topped 50ml
centrifuge tube at 60-65°C. Remove and discard midribs, and wrap laminae in aluminium
foil and freeze in liquid nitrogen. 0.5 — 1.0 gm tissue/5m| CTAB

(Can store leaf material after liquid Nitrogen — 1-2 days at —20 or —80 for longer periods)
2. Gently crumble leaf tissue over cold pestle of liquid nitrogen. Grind frozen leaf with one
spatula of fine sand adds 0.5 spatula of PVPP powder after grinding.

3. Scrape powder into dry tube and add pre-heated buffer and mix gently. Avoid leaving
dry material around rim of tube. Adjust CTAB volume to give a slurry-like consistency, mix
occasionally.

4. Incubate for 60 min at 60°C

5. Add equal volume of chloroform/iso-amyl alcohol (24:1), Mix for about 3min, then
transfer contents to narrow bore centrifuge tubes. Balance by adding extra chlor/iso. Spin
5,000rpm for 10min (ensure correct tubes used), brake off. (For extra pure DNA isolation
- spin and retain supernatant before chloroform extraction).

6. Remove supernatant with wide-bore pastette (cut off blue tip) to clean tube, repeat
chloroform extraction once. Supernatant should be clear, though may be coloured.

7. Precipitate DNA with 0.66 vol. of cold isopropanol - can leave overnight. Spool out or

spin down DNA, 2min at 2,000rpm.



8. Transfer to 5ml wash buffer for 20min.



9. Dry briefly and resuspend in 1ml T.E. (can be left overnight)

10. Add 1pul 10mg/ml RNAse to each 1ml T.E./DNA mixture and incubate for 60min at 37
°C. (If RNase in the sample doesn't matter — stages 11 and 12 may be omitted)

11. Dilute with 2 volumes TE and add 0.3vol 3M Sodium acetate

(pH 8) + 2.5 vol cold 100% ethanol,

12. Spool DNA out. Air dry and resuspend in 0.5 to 1ml TE or water (takes time) and

freeze until required.

DNA Quantification

An approximate way to determine DNA concentration is to look at the viscosity of the
solution: not accurate to 10% but, unlike spectrophotometry, you will not get results which
are 10 or 100 times wrong!

In a microcentrifuge tube, DNA solutions stronger than 0.1 pg/ul will show a reluctance
to pour when you tilt the tube. From about 0.5 pl/ug and above, you can tilt the tube - very
gently - and the solution will stay at the end. If you dip a 10-200 ul (yellow) pipette tip into
the solution and pull it away, a solution of 1ug/ul will form a distinct string from the surface
to the tip which breaks when about 1 to 2 mm long.

Make a 0.8% agarose gel with 1x TAE and 0.1pul of Ethidium bromide (10mg/ml) per
10ml solution. Load samples undiluted and at a 1 in 10 (1+9) dilution., with 3ul loading
buffer. Also include a Lamda ladder cut with Hindlll and EcoRI. This contains 100ng of

DNA per microlitre and use as follows:

1ul ladder + 4pul water + 2l loading buffer

2ul ladder + 3pl water + 2l loading buffer

The different bands of the ladder are of known molecular weight and known DNA
concentration. Match the brightness of your samples with those of the two dilutions of the
ladder. Refer to the diagram to match the band with the concentration. Remember that
although the ladder concentrations are absolute, you have loaded 5ul of sample and also
diluted some of them. This must be taken into account when calculating the strength of the
sample s in ng/ul.

Pestles and mortars washed for 20-30min in 0.25M HCI, rinsed in water and air- dried,

all mess to be tidied up and tubes washed and left to drain.
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Isolation of plasmid DNA

The various plasmid isolation techniques that are currently in use can be divided

into three phases:

a.
b.

C.

Growth of bacterial cells;
Harvesting and lysis of bacterial cells;

Purification of plasmid DNA.

One of the most common bacterial host strains used for the in vivo amplification of

plasmids is E. coli XL1-Blue, a derivative of the E. coli K12 strain. XL1-Blue cells can be readily

transformed with plasmids. They are suitable for a-complementation analysis, and can also

be transduced with filamentous phages. Depending on the amount of plasmid DNA to be

isolated, bacterial cells can be grown in various volumes of shaken culture in the presence

of antibiotic(s) suitable for the desired selection. By applying the most commonly used, so-

called “miniprep” plasmid isolation protocols, 1-10 ug of isolated plasmid can be prepared

from 3-5 mL of cell culture volume.

Following bacterial growth, the cells can be pelleted by centrifugation in a

microcentrifuge. After disposing of the supernatant, plasmid isolation from the pelleted

cells can proceed principally in two different ways:

a.

By applying a “classical” method involving phenol-chloroform extraction and
subsequent precipitation of the plasmid by using ethanol (see below in details).
By using a plasmid isolation kit. In this case the isolation of the plasmid is performed

using a miniaturised chromatographic column.

The “classical” method for plasmid isolation is composed of the steps described below.

a.

Resuspension of the bacterial pellet in an isotonic solution. In this solution, the lysis
of the cells does not yet take place. The ethylene diamine tetraacetate (EDTA)
contained in the resuspension solution inhibits the nuclease activity of cellular
enzymes via complexation of Mg?* ions. Some earlier protocols also applied lysozyme
to break down the bacterial cell wall. In addition to the above listed components, the
resuspension solution can also contain RNase enzyme in order to break down
ribonucleic acids that are later released into the lysate.

Alkaline lysis of the cells by applying an alkaline solution of sodium dodecyl sulfate

(SDS) that disintegrates the lipid structure of the cell membrane. In addition, this



treatment will denature both proteins and DNA, and keep these molecules dissolved
in their denatured form.

c. Precipitation of dissolved proteins, membrane debris and associated genomic DNA
by applying a solution of acidic potassium acetate. The potassium salt of dodecyl
sulfate is also insoluble. Thus, this component will also precipitate. Plasmid DNA will
still remain dissolved during this step.

d. Sedimentation of the precipitated components in a microcentrifuge. The clear
supernatant will contain the plasmid DNA.

e. Purification of plasmid DNA using a mixture of phenol and chloroform (care should
be taken when working with phenol as it is corrosive to human tissues). To remove
the protein content of nucleic acid preparations, a mixture is often used that contains
phenol and chloroform in a volume ratio of 1:1, isoamyl alcohol in a volume ratio of
1:24 with regard to the rest of the components, and is saturated with TE pH 8.0 (tris-
hydroxymethyl-aminomethane buffer containing 1 mM EDTA (ethylene diamine
tetraacetate)). Phenol denatures proteins, and chloroform readily dissolves phenal,
which has limited water solubility. When the nucleic acid preparation is shaken
thoroughly with the described mixture and subsequently centrifuged, denatured
proteins will be concentrated at the boundary of the upper aqueous and the lower
phenol-chloroform phase of higher density. Isoamyl alcohol reduces the frothing
associated with the separation procedure.

f. The addition of ethanol to the aqueous phase containing the plasmid will result in
the precipitation of the plasmid DNA, which can thus be subsequently sedimented
by centrifugation.

g. The precipitate containing the plasmid DNA is washed with 70 % ethanol in order to
remove the salt content of the preparation.

h. The plasmid DNA is sedimented repeatedly by centrifugation, and then dissolved in
TE solution (see point (e) above for composition). The preparation can be stored on
ice or in a freezer. The TE solution may also contain DNase-free RNase enzyme in

order to eliminate ribonucleic acids.

During plasmid isolation using commercially-available kits (Figure 10.6), the steps of
resuspension, alkaline lysis, precipitation with acidic potassium acetate and subsequent
centrifugation (steps (a)-(d) above) are performed similarly to those described for the

III

“classical” method, which the difference that the reagents supplied by the kit manufacturer

are used for the procedure. The supernatant resulting from this series of



steps will contain the plasmid DNA. This supernatant is loaded on top of a mini-column
containing a silicate-based membrane. The mini-column is placed in an Eppendorf tube so
that the flow-through can be collected upon centrifugation. Under the applied high ionic
strength conditions, the column will bind DNA molecules in the size range of 100 base pairs
to 10 kilo-base pairs. The column is subsequently washed with a wash buffer and a solution
with high ethanol content. The ethanol is then removed via repeated centrifugation. The

plasmid DNA is then dissolved in TE or a similar low ionic strength solution.

Harvesting cells, cell lysis, precipitation of cell debris, proteins and genomic DNA

|

Plasmid-containing solution

Centrifugation @/

Centrifugation

Centrifugation Q@/
/

Figure 10.6. Isolation of plasmid DNA by using a mini-column containing a DNA-binding

Washing
(at high ionic strength)

Elution
(at low ionic strength)

resin.
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PROCESS OF ANDROGENESIS (WITH DIAGRAM)
https://www.biologydiscussion.com/biotechnology/plant-biotechnology

A. In Vitro Pathways of Androgenesis:
The anther or pollen normally starts undergoing in the pathway of androgenesis within 2

weeks and it takes about 5-8 weeks to obtain complete plantlets.

Haploid plants are formed in two ways:
(i) Direct Androgenesis:
Embryos are directly formed from the pollen/microspore without callus.

(ii) Indirect Androgenesis:
Microspores undergoes division in unorganised fashion to give rise to callus and by

embryogenic or organogenic induction the haploid plantlets may be obtained.

There are four different pathways to form the multicellular condition of pollen from the

unicellular pollen (Fig. 21.4).
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Fig. 21.4:(a) Pathways of microspore divisions leadang to the formation of a multicellular polien grain:
{b) Multceliuiar poifen may directly form an embryo or produce sporophytes throuwgh a calius
phase (after Bhojwani and Bhamagar, 1990)

Pathway I:
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The microspore divides by an equal division and two identical daughter cells contribute

equally to the sporophyte development e.g., Datura innoxia.

Pathway II:
The uninucleate microspores divide unequally forming vegetative and generative cell. The
sporophyte arises through divisions of vegetative cell, the generative cell gets degenerated

e.g., Nicotiana tabacum.

Pathway III:
he uninucleate microspore undergoes a normal unequal division but the pollen embryos
are formed from the generative cell alone. The vegetative cell does not divide, e.g.,

Hyocyamus niger.

Pathway IV:
The division of microspore is asymmetrical as in pathway II, but both the cells take part

in embryo formation and sporophyte development e.g., Datura metal.

B. Factor Affecting Androgenesis:

(a) Stage of Pollen:

Anthers with microspores ranging from tetrad to the bi-nucleate stage are responsive to
culture. As soon as the starch deposition starts within the microspore there is no further

development towards sporophyte.

(b) Physiological Status of Donor Plant:

The anther should be collected from the flower buds of adult healthy plant and it is very
important to use the healthy explant. The variation in response of anthers from plants
grown under different environmental conditions may be due to the differences in
endogenous level of growth regulators. Flowers from relatively younger plants, flowering

at the beginning of flower-season are more responsive.

(c) Genotype of Plants:
Success of anther culture is highly dependent on the genotype of the plant. It has been
observed that various species and cultivars exhibit different growth responses in culture.

(d) Pretreatment of Anthers:
The pathways towards androgenesis require to stop the development of pollen cell towards
gamete formation and to force to develop the multicellular condition.

This induction can be given by different types of pre-treatments:
(i) Cold Shock:



In general cold shock or cold treatment between 3-6°C for 3-15 days may be applied. Cold
treatment helps the weak and non-viable anthers/microspore to be killed, as a result the

good material get more enrichment.

(ii) Hot Treatment:
In some species the hot water treatment (3°0-40°C for 24 hr-1 hr) helps more embryo
development from the pollen. The temperature shock helps in dissolution of microtubules

and causes abnormal division of microspores.

(iii) Chemical Treatment:
Chemicals like 2-chloroethyl phosphonic acid have a pronounced effect in increasing the
haploid production in various species. It helps to develop the multinucleate condition with

fewer starch grains.

(e) Culture Media:
Composition of medium is one of the most important factors determining the success of
anther culture. But it is difficult to draw a conclusion about the suitable media

composition for different genes/species or even genotypes.

Higher concentration of sucrose is essential for osmoticum and also androgenesis,
chelated iron has been shown to induce embryogenesis. Minerals and growth regulators
play important roles on embryogenesis but it totally depends on the endogenous level of

hormones.

(f) Culture Conditions:
The physical environmental conditions in which the cultures to be placed can enhance the

differentiation. The cultures are incubated generally at 24-28°C.

In the initial stages of induction of morphogenesis, darkness is normally more effective or
cultures should be kept at low light intensity (500 lux). After formation of macroscopic
structures, these can be transferred to a regeneration medium and kept at 14 hr. day light
condition at 2000-4000 lux.

C. Diploidisation of Haploids:
The ploidy level of plants derived from anther or microspore culture is highly variable.
This variation may be due to endomitosis or fusion of various nuclei during the

developmental stages of anthers at the time of excision and culture.



For obtaining homozygous diploid lines, the plants derived through anther
culture must be analysed for their ploidy level and then the following
methods can be applied:

Colchicine Treatment:

As colchicine is a spindle inhibitor it is used to induce chromosome
duplication in various ways:

(a) The regenerated plantlets can be treated with 0.5% colchicine solution.

(b) Repeated colchicine treatment to apical or axillary bud by cotton soaked in colchicine

or by applying colchicine-lanolin paste.

(c) In case of cereals, the tillers can be put into colchicine solution cutting the crown and

then again put back to soil.

(d) Anthers can be plated directly in colchicine supplemented media for a period and just

after first division again the explants should be placed on colchicine-free media.

Endomitosis:
Haploids are in general unstable in culture and have a tendency to undergo endomitosis
to form diploid cells. This property can be exploited in some cases to obtain the

homozygous plant.



What is Gynogenesis?

The development of entire plants from unfertilized female gametes is termed,
"gynogenesis." It serves as a valuable alternative to haploid production for
species in which anther culture (Androgenesis) fails to give satisfactory
results. It was first reported by a scientist named San Noeum in 1976 and,
so far, it's been studied in 19 species belonging to 10 different families.

In nature, gynogenesis occurs through parthenogenesis, and in labs, the
embryo formation by female gametophyte occurs via two pathways: direct
embryogenesis (formation of an embryo without callus) and indirect
embryogenesis (formation of an embryo with intermediary callus formation).

In this article, you will get an understanding of the history and the factors
affecting gynogenesis.

HISTORY OF GYNOGENESIS

The research on haploid production by gynogenesis was initiated in 1965.
However, the research didn’t get much attention because of the
breakthrough made by Guha and Maheshwari (1964) in the production of
androgenic haploids.

In 1971, significant research on gynogenesis was initiated. A report
published by Uchimiya et al. showed the division of haploid cells forming
callus when unpollinated ovaries of Zea mays and ovules of Solanum
melongena were cultured.

Successful reports on gynogenic haploids were first published in 1976 and
1979 by San Noeum and it has now been studied in several economically
important plants. These include wheat, rice, barley, maize, sunflower, etc.

The production of a haploid by gynogenesis is influenced by several key
factors that are discussed in the section below.

FACTORS AFFECTING GYNOGENESIS

1. EXPLANTS (THE PART OF THE PLANT TO START FROM)

Young flowers, ovary, ovule, and unfertilized parts of the embryo sac are
considered suitable explants, depending on species and the application
thereof. For example, only ovule culture has been successfully observed
in Gerbera jamesonii. In rice and barley, culturing whole florets gives better
results.
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The stage of explant tissue required also differs significantly from case to
case. When anthers are not mutated, the young flowers are used in most
cases--except in the case of male-sterile plants.

2. Pre-treatments of the explant

Cold treatment, starvation, and heat shock of explants have been very useful
In enhancing haploid production by gynogenesis. For example, treating
sunflowers at 4°C for 24-48 hours before culturing results in an increase of
the overall embryo yield.

In rice, sugar beet, wheat, and Salvia sclarea, cold treatment at 8°C for 14-
16 days enhances the gynogenic response to multifold. In some species,
like Picea sitchensis and cucumber spp., heat shock treatment (during the
culture/induction phase) at 32-33°C has been observed to promote the
sporophytic development of the female gametophyte. However, in many
other species like niger, Cucurbita pepo, and rice spp., any pretreatment
causes detrimental effects.

3. Culture Medium

N6 and MS media with a high concentration of sucrose (different
concentrations depending on the species) are the most suitable media to
produce maternal haploids. In gramineous species, the production of haploid
can be induced in a media containing hormone or growth regulators (like 2,4-
D, NAA, and BAP). However, in some species like sunflower, the presence
of hormones suppresses the embryo development from a female
gametophyte.

It should also be noted that the process of gynogenesis is a multistep
process. So, each step has different requirements for nutrients, light
exposure, and hormone regulators.

4. Genotype

The haploid production also depends on the donor plants and the response
varies from species to species. For example, in Allium cepa, the open-
pollinated cultivars show low response to gynogenesis than inbred lines and
F 1 hybrids.

In some species of plants (like sugar beet), the florets grown on the lateral
branches have better embryogenic response compared to the florets grown
on the main branch.



APPLICATION OF HAPLOID
PRODUCTION BY GYNOGENESIS

Very few species have had their gynogenic response studied because it's
less efficient, more tedious, and restricted in comparison to haploid
production by androgenesis. However, this method has been observed as
one of the best alternatives to haploid production in cases where
androgenesis cannot be performed. Some examples are explained below.

1. Gynogenesis has been useful for haploid production in plants like
sugar beet, onion, and melon.

2. It's been an essential technique for haploid production in male-sterile
plants. Some successful cases have been observed in unfertilized
ovary culture.

3. The techniqgue has been used to produce green haploids where
albinism was a problem. For example, in rice, 83% of green plants
were observed in gynogenic cultures compared to 1% in androgenic
plants.

4. In some species of plants (like rice), it has been found that gynogenic
cultures are more efficient and yield more haploids than androgenic
cultures.

Plant Protoplast Culture:

Meaning, History and Principles

What is a Protoplast?

It is known that each and every plant cell possesses a definite
cellulosic cell wall and the protoplast lies within the cell wall except
some reproductive cells and the free floating cells in some fruit juices
like coconut water.

Therefore, protoplast of plant cell consists of plasma-lemma and
everything contained within it.

But those of importance to plant protoplast culture are produced
experimentally by the removal of cell wall by either enzymatically or
mechanical means from the artificially plasmolysed plant cells. Ex-
perimentally produced protoplasts are known as isolated protoplasts.



According to Torrey and Landgren (1977) “the isolated protoplasts
are the cells with their walls stripped off and removed from the prox-
imity of their neighbouring cells”. Vasil (1980) defines that “the
protoplast is a part of plant cell which lies within the cell wall and can
be plasmolysed and which can be isolated by removing the cell wall
by mechanical or enzymatic procedure”. Therefore, isolated
protoplast is only a naked plant cell surrounded by plasma membra-
ne—which is potentially capable of cell wall regeneration, cell
division, growth and plant regeneration in culture.

Brief Past History:

J. Klercker (1892):

First isolated protoplast mechanically from plasmolyzed cell of water
warrior (Stratiotes aloides). No attempt was made to culture them.

E. Kiister (1927):

In the fruits of several plants like Solatium nigram, Lycopersicon
esculenium etc. the cell wall are hydrolysed during fruits ripening
process so that free protoplasts and protoplasmic units are left.
Kuster preferred such physiological method for isolating protoplasts.
No report of culture was available.

R. Chambers and K. Hofler (1931):

Were able to isolate few protoplasts by using thin slices of epidermis
of onion bulb immersed in 1M sucrose until the protoplast shrunk
away from their enclosing walls and then cutting sheets of epidermis
with a sharp knife. Report of culture was not available.

E. C. Cocking (1960):

First reported the enzymatic method for isolation of protoplast in a
large number from root tip cells of Lycopersicon esculentum by using
a concentrated solution of cellulase enzyme, prepared from cultures
of the fungus Myrothecium verrucaria to degrade cell wall.

I. Takebe, Y. Otsuki and S. Aoki (1968):

First employed the commercial preparation of cellulase and
macerozyme sequentially (in two steps) for the isolation of mesophyll
protoplast of tobacco.



J. B. Power and E. C. Cocking (1968):

Demonstrated first that the mixture of such two enzymes (cellulase +
macerozyme) can be used simultaneously (one step method) for the
isolation of protoplasts.

[Root. hypocotyl endosperm, | —  Protoplast «—  Cell suspension +——  Callus tissue
. leaf, petal, coleoptile, pollen 1
mother cell etc.

I. Takebe, G. Labib, G. Melchers (1971):
First reported the plant regeneration from isolated protoplast in
Nicotiana tabacum.

P. S. Carlson, H. H. Smith, R. D. Dearing (1972):

First reported a somatic hybrid in higher plants involving two
different sexually compatible species of mesophyll protoplast (N.
glauca x N. langsdorffi).

Different Sources of Plant Tissue and Their Condition for Protoplast
Isolation:

Protoplast can be isolated either directly from the different parts of
whole plant or indirectly from in vitro cultured tissue. Convenient
and suitable materials are leaf, mesophyll and cells from liquid
suspension cultures. Protoplast yield and viability are profoundly
influenced by the growing conditions of plants serving leaf mesophyll
sources.

The age of the plant and of the leaf and the prevailing conditions of
light, photoperiod, humidity, temperature, nutrition and watering
are contributing factors. Cell suspension cultures may provide a more
reliable source for obtaining consistent quality protoplasts. It is
necessary, however, to establish and maintain the cells at maximum
growth rates and utilize the cell at the early log phase.

Principles of Protoplast Culture:

The basic principle of protoplast culture is the aseptic isolation of
large number of intact living protoplasts removing their cell wall and
cultures them on a suitable nutrient medium for their requisite
growth and development. Protoplast can be isolated from varieties of
plant tissues. Convenient and suitable materials are leaf mesophyll
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and cells from liquid suspension culture. Protoplast yield and viabil-
ity are greatly influenced by the growing condition of the plant as well
as the cells.

O Fig 121

Instruments required for a plant protoplast culture. A. Compound microscope. B. Screw topped
bottle. C. Nylon mesh. D. Bacterlal filter. E. Centrifuge mechine. F. Petridishes. G. Alcohol sprayer.
H. Disposable sterlle petridishes. I. Screw capped centrifuge tube. J. Pasteur pipette. K. Hand gloves.
L. Disposable sterlle scalpel. M & N. Jewellery fine forceps. O. Tile. P. Long forceps. Q. Counter.
R. Haemocytometer. S. Casserole. (Photograph taken by Mr. T. K. Bera)

The essential step of the isolation of protoplast is the removal of the
cell wall without damaging the cell or protoplasts. The plant cell is an
osmotic system. The cell wall exerts the inward pressure upon the
enclosed protoplasts. Likewise, the protoplast also puts equal and
opposite pressure upon the cell wall. Thus, both the pressures are
balanced.

Now if the cell wall is removed, the balanced pressures will be
disturbed. As a result, the outward pressure of protoplast will be
greater and at the same time in absence of cell wall, irresistible
expansion of protoplast takes place due to huge inflow of water from
the external medium. Greater outward pressure and the expansion of
protoplast cause it to burst.

So, the isolated protoplast is an osmotically fragile structure at its
nascent stage. Therefore, if the cell wall is to be removed to isolate
protoplast, the cell or tissue must be placed in a hypertonic solution
of a metabolically inert sugar such as mannitol at higher
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concentration (13%) to plasmolysis the cell away from the cell wall

(Fig 12.2).
o

8 C

0 Fig122

A - C. Showing the stages of plasmolysis. A. normal cell, B. Shrinking of protoplasm. C. complete
plasmolysis

Mannitol, an alcoholic sugar, is easily transported across the
plasmodesmata, provides a stable osmotic environment for the
protoplasts and prevents the usual expansion and bursting of
protoplast even after loss of cell wall. That is why, this hypertonic
solution is known as osmotic stabilizer or plasmolyticum or
osmolyticum.

Once the cells are stabilized in such a manner by plasmolysis the
protoplasts are released from the containing cell wall either
mechanically or enzymatically. Mechanical isolation (Fig 12.3)
involves breaking open each cell compartment to liberate the
protoplast. This operation can be done carefully on small pieces of
tissue under a microscope using a micro-scalpel.
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Method of mechanical Isolation of protoplasts. A. A small plece of plant tissue. B. Plasmolysis of
celis. C - D. Cutting of cell wall by microscalpel under microscope. E - F. Subsequent stages of
liberation of protoplasts. G. Isolated protoplast and empty cell. H. Isolated protoplasts

But very few protoplasts are obtained for a lot of time and effort.
Large-scale attempts at mechanical isolation involves the disrupting
tissue with fine stainless steel-bristled brush. This process may
liberate more protoplasts with less efforts, but the percentage of yield
of intact protoplasts is still very low.

A considerably more efficient way of liberating the protoplasts is to
digest the cell walls away around them, using cell wall degrading
enzymes such as cellulase, hemicellulose, pectinase or macerozyme
etc. These enzymes are isolated from fungi and available
commercially (Table 12.1).
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Table 12.1 Commercial enzymes, their commercial name and source

Enzyme Source organism
A. Cellulose degrading enzymes Aspergillus niger N
Cellulysin (Onozuka R10) Trichoderma reessei (formally T. viride)
Driselase Irpez lactes

B. Hemicellulose degrading enzymes

Hemicellulase Asperyillus niger
Rhozyme HP150 A. niger

C. Pectin degrading enzymes
Pectinase A. niger
Macerase (Macerozyme) Rhizopus spp.
Pectinol AC, Pectolyase Y23 A. niger
Pectic-acid acetyl transferase (PATE) A. japonicus

Period of treatment and concentration of enzymes are the critical
factors and both factors should be standardized for particular plant
tissue. Intact tissue can be incubated with a pectinase or macerozyme
solution which will dissolve the middle lamella between the cells and
so separate them.

Subsequent treatment with cellulase will digest away the cellulosic
layer of the cell wall. This process is known as sequential enzyme
treatment or two step method as opposed to a mixed enzyme
treatment (one step method) in which both cellulase and pectinase
or macerozyme are mixed so that the entire wall is broken down in a
single operation (Fig. 12.4).
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Culture of protoplasts

O Fig12.4

Methods of enzymatic Isolation of a large number of protoplasts and thelr culture. A. Hanging-droplet
method of culture. B. Co-culture. C. Plating of protoplasts

The isolated protoplasts can be cultured either static liquid or
agarified medium. The protoplast media consist of mineral salts,
vitamins, carbon sources and plant growth hormones as well as
osmotic stabilizers and possibly organic nitrogen sources, coconut
milk and organic acids.

In culture protoplast can reform a new cell wall around them. Once
the wall is formed, the protoplast becomes a cell. The cells from
protoplasts subsequently enter cell division which is followed by the
formation of callus and cell cultures. Such callus also retain the
capacity for morphogenesis and plant regeneration. A brief list of
plant regeneration from plant protoplast culture is given below
(Table 12.2).
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Table 12.2 Species in which plant regeneration has been achieved from cultured protoplasts

Common name Species Family ~ Cell origin
Tobacco Nicotiana tabacum Solanaceae Leaf, cell culture
Potato Solanum tuberosum Solanaceae Leaf

Datura Datura innozia Solanaceae Leaf

Petunia Petunia hybrida Solanaceae Leaf

Carrot Daucus carota Umbelliferae Cell culture
Rape seed Brassica napus Cruciferae Leaf

Orange Citus sinensis Rutaceae Nucellus callus
Asparagus Asparagus officinalis Liliaceae Cladodes

Bromegrass Bromus inermis Poaceae Cell culture
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Germplasm Conservation and
Cryopreservation (With
Diagram)

Germplasm Conservation:
Germplasm broadly refers to the hereditary material (total content of
genes) transmitted to the offspring through germ cells.

Germplasm provides the raw material for the breeder to develop
various crops. Thus, conservation of germplasm assumes
significance in all breeding programmes.

As the primitive man learnt about the utility of plants for food and
shelter, he cultivated the habit of saving selected seeds or vegetative
propagules from one season to the next one. In other words, this may
be regarded as primitive but conventional germplasm preservation
and management, which is highly valuable in breeding programme

The very objective of germplasm conservation (or storage) is to
preserve the genetic diversity of a particular plant or genetic stock for
its use at any time in future. In recent years, many new plant species
with desired and improved characteristics have started replacing the
primitive and conventionally used agricultural plants. It is important
to conserve the endangered plants or else some of the valuable
genetic traits present in the primitive plants may be lost.

A global body namely International Board of Plant Genetic Resources
(IBPGR) has been established for germplasm conservation. Its main
objective is to provide necessary support for collection, conservation
and utilization of plant genetic resources throughout the world.

There are two approaches for germplasm conservation of
plant genetic materials:
1. In-situ conservation

2. Ex-situ conservation



1. In-Situ Conservation:

The conservation of germplasm in their natural environment by
establishing biosphere reserves (or national parks/gene sanctuaries)
is regarded as in-situ conservation. This approach is particularly
useful for preservation of land plants in a near natural habitat along
with several wild relatives with genetic diversity. The in-situ
conservation is considered as a high priority germplasm preservation
programme.

The major limitations of in-situ conservation are listed
below:
i. The risk of losing germplasm due to environmental hazards

ii. The cost of maintenance of a large number of genotypes is very
high.

2. Ex-Situ Conservation:

Ex-situ conservation is the chief method for the preservation of
germplasm obtained from cultivated and wild plant materials. The
genetic materials in the form of seeds or from in vitro cultures (plant
cells, tissues or organs) can be preserved as gene banks for long term
storage under suitable conditions. For successful establishment of
gene banks, adequate knowledge of genetic structure of plant
populations, and the techniques involved in sampling, regeneration,
maintenance of gene pools etc. are essential.

Germplasm conservation in the form of seeds:

Usually, seeds are the most common and convenient materials to
conserve plant germplasm. This is because many plants are
propagated through seeds, and seeds occupy relatively small space.
Further, seeds can be easily transported to various places.

There are however, certain limitations in the conservation
of seeds:
1. Viability of seeds is reduced or lost with passage of time.

ii. Seeds are susceptible to insect or pathogen attack, often leading to
their destruction.



iii. This approach is exclusively confined to seed propagating plants,
and therefore it is of no use for vegetatively propagated plants e.g.
potato, Ipomoea, Dioscorea.

iv. It is difficult to maintain clones through seed conservation.

Certain seeds are heterogeneous and therefore, are not suitable for
true genotype maintenance.

In vitro methods for germplasm conservation:

In vitro methods employing shoots, meristems and embryos are
ideally suited for the conservation of germplasm of vegetatively
propagated plants. The plants with recalcitrant seeds and genetically
engineered materials can also be preserved by this in vitro approach.

There are several advantages associated with in vitro
germplasm conservation:
i. Large quantities of materials can be preserved in small space.

ii. The germplasm preserved can be maintained in an environment,
free from pathogens.

iii. It can be protected against the nature’s hazards.

iv. From the germplasm stock, large number of plants can be
obtained whenever needed.

v. Obstacles for their transport through national and international
borders are minimal (since the germplasm is maintained under
aspectic conditions).

There are mainly three approaches for the in vitro
conservation of germplasm:
1. Cryopreservation (freeze-preservation)

2. Cold storage

3. Low-pressure and low-oxygen storage



Cryopreservation:

Cryopreservation (Greek, krayos-frost) literally means preservation
in the frozen state. The principle involved in cryopreservation is to
bring the plant cell and tissue cultures to a zero metabolism or non-
dividing state by reducing the temperature in the presence of
cryoprotectants.

Cryopreservation broadly means the storage of germplasm
at very low temperatures:
i. Over solid carbon dioxide (at -79°C)

ii. Low temperature deep freezers (at -80°C)
iii. In vapour phase nitrogen (at -150°C)
iv. In liquid nitrogen (at -196°C)

Among these, the most commonly used cryopreservation is by
employing liquid nitrogen. At the temperature of liquid nitrogen (-
196°C), the cells stay in a completely inactive state and thus can be
conserved for long periods.

In fact, cryopreservation has been successfully applied for
germplasm conservation of a wide range of plant species e.g. rice,
wheat, peanut, cassava, sugarcane, strawberry, coconut. Several
plants can be regenerated from cells, meristems and embryos stored
in cryopreservation.

Mechanism of Cryopreservation:

The technique of freeze preservation is based on the transfer of water
present in the cells from a liquid to a solid state. Due to the presence
of salts and organic molecules in the cells, the cell water requires
much more lower temperature to freeze (even up to -68°C) compared
to the freezing point of pure water (around 0°C). When stored at low
temperature, the metabolic processes and biological deteriorations in
the cells/tissues almost come to a standstill.

Precautions/Limitations for Successful Cryopreservation:
Good technical and theoretical knowledge of living plant cells and as
well as cryopreservation technique are essential.



Other precautions (the limitations that should be
overcome) for successful cryopreservation are listed
below:

i. Formation ice crystals inside the cells should be prevented as they
cause injury to the organelles and the cell.

ii. High intracellular concentration of solutes may also damage cells.

iii. Sometimes, certain solutes from the cell may leak out during
freezing.

iv. Cryoprotectants also affect the viability of cells.
v. The physiological status of the plant material is also important.

Technique of Cryopreservation:

An outline of the protocol for cryopreservation of shoot tip is depicted
in Fig. 48.1. The cryopreservation of plant cell culture followed by the
regeneration of plants broadly involves the following stages
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Fig. 48.1 : An outiine of the protocol for cryopreservation of shool tip (DMSO-Dimethy! sulfoxide)

1. Development of sterile tissue cultures
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2. Addition of cryoprotectants and pretreatment

3. Freezing

4. Storage

5. Thawing

6. Re-culture

7. Measurement of survival/viability

8. Plant regeneration.

The salient features of the above stages are briefly described.

Development of sterile tissue culture:

The selection of plant species and the tissues with particular
reference to the morphological and physiological characters largely
influence the ability of the explant to survive in cryopreservation. Any
tissue from a plant can be used for cryopreservation e.g. meristems,
embryos, endosperms, ovules, seeds, cultured plant -cells,
protoplasts, calluses. Among these, meristematic cells and
suspension cell cultures, in the late lag phase or log phase are most
suitable.

Addition of cryoprotectants and pretreatment:
Cryoprotectants are the compounds that can prevent the damage
caused to cells by freezing or thawing. The freezing point and super-
cooling point of water are reduced by the presence of cryoprotectants.
As a result, the ice crystal formation is retarded during the process of
cryopreservation.

There are several cryoprotectants which include dimethyl sulfoxide
(DMSO), glycerol, ethylene, propylene, sucrose, mannose, glucose,
proline and acetamide. Among these, DMSO, sucrose and glycerol
are most widely used. Generally, a mixture of cryoprotectants instead
of a single one is used for more effective cryopreservation without
damage to cells/tissues.



Freezing:
The sensitivity of the cells to low temperature is variable and largely
depends on the plant species.

Four different types of freezing methods are used:

1. Slow-freezing method:

The tissue or the requisite plant material is slowly frozen at a slow
cooling rates of 0.5-5°C/min from 0°C to -100°C, and then
transferred to liquid nitrogen. The advantage of slow-freezing
method is that some amount of water flows from the cells to the
outside. This promotes extracellular ice formation rather than
intracellular freezing. As a result of this, the plant cells are partially
dehydrated and survive better. The slow-freezing procedure is
successfully used for the cryopreservation of suspension cultures.

2. Rapid freezing method:

This technique is quite simple and involves plunging of the vial
containing plant material into liquid nitrogen. During rapid freezing,
a decrease in temperature -300° to -1000°C/min occurs. The freezing
process is carried out so quickly that small ice crystals are formed
within the cells. Further, the growth of intracellular ice crystals is also
minimal. Rapid freezing technique is used for the cryopreservation
of shoot tips and somatic embryos.

3. Stepwise freezing method:

This is a combination of slow and rapid freezing procedures (with the
advantages of both), and is carried out in a stepwise manner. The
plant material is first cooled to an intermediate temperature and
maintained there for about 30 minutes and then rapidly cooled by
plunging it into liquid nitrogen. Stepwise freezing method has been
successfully used for cryopreservation of suspension cultures, shoot
apices and buds.

4. Dry freezing method:
Some workers have reported that the non-germinated dry seeds can
survive freezing at very low temperature in contrast to water-
imbibing seeds which are susceptible to cryogenic injuries. In a
similar fashion, dehydrated cells are found to have a better survival
rate after cryopreservation.



Storage:

Maintenance of the frozen cultures at the specific temperature is as
important as freezing. In general, the frozen cells/tissues are kept for
storage at temperatures in the range of -70 to -196°C. However, with
temperatures above -130°C, ice crystal growth may occur inside the
cells which reduces viability of cells. Storage is ideally done in liquid
nitrogen refrigerator — at 1 50°C in the vapour phase, or at -196°C in
the liquid phase.

The ultimate objective of storage is to stop all the cellular metabolic
activities and maintain their viability. For long term storage,
temperature at -196°C in liquid nitrogen is ideal. A regular and
constant supply of liquid nitrogen to the liquid nitrogen refrigerator
is essential. It is necessary to check the viability of the germplasm
periodically in some samples. Proper documentation of the
germplasm storage has to be done.

The documented information must be comprehensive with
the following particulars:
i. Taxonomic classification of the material

ii. History of culture

iii. Morphogenic potential

iv. Genetic manipulations done

v. Somaclonal variations

vi. Culture medium

vii. Growth kinetics

Thawing:

Thawing is usually carried out by plunging the frozen samples in
ampoules into a warm water (temperature 37-45°C) bath with
vigorous swirling. By this approach, rapid thawing (at the rate of

500- 750°C mint) occurs, and this protects the cells from the
damaging effects ice crystal formation.



As the thawing occurs (ice completely melts) the ampoules are
quickly transferred to a water bath at temperature 20-25°C. This
transfer is necessary since the cells get damaged if left for long in
warm (37-45°C) water bath. For the cryopreserved material
(cells/tissues) where the water content has been reduced to an
optimal level before freezing, the process of thowing becomes less
critical.

Re-culture:

In general, thawed germplasm is washed several times to remove
cryoprotectants. This material is then re-cultured in a fresh medium
following standard procedures. Some workers prefer to directly
culture the thawed material without washing. This is because certain
vital substances, released from the cells during freezing, are believed
to promote in vitro cultures.

Measurement of survival/viability:
The viability/survival of the frozen cells can be measured at any stage
of cryopreservation or after thawing or re-culture.

The techniques employed to determine viability of cryopreserved
cells are the same as used for cell cultures .Staining techniques using
triphenyl tetrazolium chloride (TTC), Evan’s blue and fluorescein
diacetate (FDA) are commonly used.

The best indicator to measure the viability of cryopreserved cells is
their entry into cell division and regrowth in culture. This can be
evaluated by the following expression.

No.of cellsforgans growing

» 100
No.of cellsforgans thawed

Plant regeneration:

The ultimate purpose of cryopreservation of germplasm is to
regenerate the desired plant. For appropriate plant growth and
regeneration, the cryopreserved cells/tissues have to be carefully
nursed, and grown. Addition of certain growth promoting
substances, besides maintenance of appropriate environmental
conditions is often necessary for successful plant regeneration.
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A selected list of plants (in various forms) that have been successfully
used for cryopreservation is given in Table 48.1.
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forms that are successfully cryopreserved

Plant material Plant species
Cell suspensions Oryza saliva
Glycine max
Zea mays

Nicotiana tabacum
Capsicum annum

Callus Oryza sativa
Capsicum annum
Saccharum sp
Protoplast Zea mays
Nicotiana tabacum
Meristems Solanum tuberosum
Cicer anelinum
Zygotic embryos Zea mays

Hordeum vulgare
Manihot es