DEPARTMENT OF BOTANY

Guru Ghasidas Vishwavidyalaya, Bilaspur
B. Sc. V Semester
LBC - 503 (Plant Tissue Culture)

Section A
Multiple choice questions / Define the following terms 1x10=10

1. (d) Agrobacterium

2. (a) Increasing level of cytokinin to a callus induces shoot formation and increasing level
of auxin promote root formation

3. (d) All of the above

4. (d) surface sterilization

5. (d) all of above

1. Primordium

An organ or a part in its most rudimentary form or stage of development or the first
recognizable, histologically differentiated stage in the development of an organ.
2. Indirect organogenesis

Explant — Callus — Meristemoid — Primordium
* Dedifferentiation
— Less committed,
— More plastic developmental state
* Induction
— Cells become organogenically competent and fully determined for primordia production
* Differentiation
3. Explants

Plant tissue cultures are initiated from tiny pieces, called explants, taken from any part of a
plant. The “explant” is removed surgically; its surface is then sterilized and placed on a
nutrient medium to initiate the mother culture that is multiplied repeatedly by sub culturing.
The following plant parts are extensively used in commercial micropropagation.

4. Protoplast fusion

Protoplast fusion, is a type of genetic modification in plants by which two distinct species of
plants are fused together to form a new hybrid plant with the characteristics of both, a
somatic hybrid.

5. Somatic embryogenesis

Somatic embryogenesis is a process where a plant or embryo is derived from a single somatic
cell or group of somatic cells. Somatic embryos are formed from plant cells that are not



normally involved in the development of embryos, i.e. ordinary plant tissue. No endosperm
or seed coat is formed around a somatic embryo.

Section B

Descriptive answer type questions (attempts any four) 4x5=20

2. Define cellular totipotency. What are the nutritional requirements for explants to be
totipotent and importance of totipotency in tissue culture?

>

>
>

>

>

Totipotency: When plant cells and tissues are cultured in vitro they generally exhibit a
very high degree of plasticity, which allows one type of tissue or organ to be initiated
from another type.

In this way whole plants can be subsequently regenerated. This regeneration of whole
organisms depends upon the concept that all plant cells when given the correct stimuli,
express the total genetic potential of the parent plant. This maintenance of genetic
potential is called ‘totipotency’.

Many somatic plant cells, including some fully differentiated types (e.g. leaf mesophyll),
provided they contain intact nuclear, plastid and mitochondrial genomes, have the
capacity to regenerate into whole plants. This phenomenon is totipotency.

It was first demonstrated by Steward and Reinert in the 1950s.

A differentiated plant cell that is selectively expressing its genetic information can
instead initiate expression of the program required for generation of an entire new plant.
Many plants have been regenerated from single cells, but not all plant cells are totipotent;
some are terminally differentiated, often because of partial or complete genome loss.

3. Comment on the followings:
(a) Hardening or acclimatization process

>

>

>

Callus culture is often performed in the dark (the lack of photosynthetic capability being
no drawback) as light can encourage differentiation of the callus.

During long term culture, the culture may lose the requirement for auxin and/or
cytokinin. This process, known as habituation, is common in callus cultures from some
plant species (such as sugar beet).

Manipulation of the auxin to cytokinin ratio in the medium can lead to the development
of shoots, roots, or somatic embryos from which whole plants can subsequently be
produced.

Callus cultures can also be used to initiate cell suspensions, which are used in a variety of
ways in plant transformation studies.

(b) Shoot tip culture

v
v

Shoots develop from a small group of cells known as shoot apical meristem.
The cells of apical meristem maintains itself and gives rise to new tissues and organs and
communicates signals to the rest of the plant.



AN

Shoot-tips and meristem-tips are perhaps the most popular source of explants to initiate
tissue cultures.

Production of virus free germplasm

Mass production of desirable genotypes

Facilitation of exchange between locations (production of clean material)
Cryopreservation (cold storage) or in vitro conservation of germplasm

. Describe the plant tissue culture techniques under followings heads
(a) Culture vessels
(b) Sterilization
(c) Culture techniques
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5. Comment on the followings
(a) Significance of callus culture

» Callus cultures are extremely important in plant biotechnology.

> Callus cells are not necessarily genetically homogeneous because a callus is often
made from structural tissue, not individual cells.

> Plant callus can differentiate into a whole plant, a process called regeneration,
through addition of plant hormones in culture medium.

» Manipulation of the auxin to cytokinin ratio in the medium can lead to the
development of shoots, roots or somatic embryos from which whole plants can
subsequently be produced.

» Callus is of particular use in micropropagation where it can be used to grow
genetically identical copies of plants with desirable characteristics.

» Callus cultures can also be used to initiate cell suspensions, which are used in a
variety of ways in plant transformation studies.

(b) Factors affecting single cell culture
» Substrate or liquid (cell culture flask or scaffold material)
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- chemically modified plastic or coated with ECM proteins
- suspension culture

Nutrients (culture media)

Environment (CO,, temperature 37°C, humidity)

- Oxygen tension maintained at atmospheric but can be varied
Sterility (aseptic technique, antibiotics and antimycotics)

- Mycoplasma tested

Basal Media

- Maintain pH and osmolarity (260-320 mOsm/L).

- Provide nutrients and energy source.

Components of Basal Media

- Inorganic Salts

- Maintain osmolarity

- Regulate membrane potential (Na*, K*, Ca?*)

- lons for cell attachment and enzyme cofactors

pH Indicator — Phenol Red

- Optimum cell growth approx. pH 7.4

Buffers (Bicarbonate and HEPES)

- Bicarbonate buffered media requires CO, atmosphere

- HEPES Strong chemical buffer range pH 7.2 — 7.6 (does not require CO5)
Glucose

- Energy Source

6. Give a general account of isolation, characterization, molecular basis and application of
somaclonal variations.

>

>
>

Y
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Somaclonal variation is the variation seen in plants that have been produced by plant
tissue culture.

Chromosomal rearrangements are an important source of this variation.

Somaclonal variation is not restricted to, but is particularly common in, plants
regenerated from callus. The variations can be genotypic or phenotypic, which in the
latter case can be either genetic or epigenetic in origin.

Typical genetic alterations are: changes in chromosome numbers (polyploidy and
aneuploidy), chromosome structure (translocations, deletions, insertions and
duplications) and DNA sequence (base mutations).

Typical epigenetic related events are: gene amplification and gene methylation.

If no visual, morphogenic changes are apparent, other plant screening procedures
must be applied.

There are both benefits and disadvantages to somaclonal variation.

The phenomenon of high variability in individuals from plant cell cultures or
adventitious shoots has been named somaclonal variation.

Applications

>
>
>

The major likely benefit of somaclonal variation in plant is improvement.

Somaclonal variation leads to the creation of additional genetic variability.
Characteristics for which somaclonal mutants can be enriched during in vitro culture
includes resistance to disease pathotoxins, herbicides and tolerance to environmental
or chemical stress, as well as for increased production of secondary metabolites.



» Micropropagation can be carried out throughout the year independent of the seasons

and plants.
7. Comment on the followings:
(a) Methods of transformation
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(b) Applications of transgenic plants

(i) Improved Nutritional Quality (ii) Insect Resistance
(iii) Disease Resistance (iv) Herbicide Resistance
(v) Salt Tolerance (vi) Biopharmaceuticals

8. Comment on the followings:
(a) Habituation in callus culture

v
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During callus formation, there is some degree of dedifferentiation (i.e. the changes that
occur during development and specialization are, to some extent, reversed), both in
morphology (a callus is usually composed of unspecialized parenchyma cells) and
metabolism.

This has important consequences for the culture of callus tissue, as the metabolic profile
will probably not match that of the donor plant.

Callus culture is often performed in the dark (the lack of photosynthetic capability being
no drawback) as light can encourage differentiation of the callus.

During long term culture, the culture may lose the requirement for auxin and/or
cytokinin.

This process, known as habituation, is common in callus cultures from some plant
species (such as sugar beet).

Callus cultures are extremely important in plant biotechnology.

Manipulation of the auxin to cytokinin ratio in the medium can lead to the development
of shoots, roots, or somatic embryos from which whole plants can subsequently be
produced.

(b) Isolation techniques of single cell
A) From Plant Organ:

» The most material for the isolation of single cell aseptically on a nutrient medium
under controlled conditions.

Method of Single Cell Isolation:

i) Mechanical Method

» Mechanical isolation involves tearing or chopping surface sterilized explant to expose
the cells followed by scrapping of the cells with a fine scalpel to liberate the single
cells hoping that it remained undamaged.

» The mechanical isolation of free parenchymatous cells can also be achieved on a
large scale.

i) Enzyme Method

> Isolation of single cells by the enzymatic method has been found convenient, as it is
possible to obtain high yields from preparation of spongy parenchyma with minimum
damage or injury to the cells.

» Applying enzymatic method to cereals (Hordeum vulgare, Zea mays) has proven
rather difficult since the mesophyll cells of these plants are apparently elongated with
number of interlocking constrictions, thereby preventing their isolation.

B) From Cultured Tissue:

» The most widely applied approach is to obtain a single cell system from cultured
tissue. Freshly cut piece from surface sterilized plant organs are simply placed on a
nutrient medium consisting of a suitable proportion of auxins and cytokinins to
initiate cultures.



» Explant on such a medium exhibit callusing at the cut ends, which gradually extends
to the entire surface of the tissue.

» The callus is separated from an explant and transferred to a fresh medium of the same
composition to enable it to built up a mass tissue.
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