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Technology which helps in maintaining cells,
tissues, organs and individuals in artificial
nutrients and environment

Plant Tissue Culture



Cellular Totipotency

The potentiality of differentiated and specialized cells to form
complete plants like the zygote is referred to as Cellular
Totipotency.

The famous German plant physiologist, G. Haberlandt (1902)
introduced the concept of cellular totipotency.

In tissue cultures, cellular totipotency may be expressed via
organogenesis (shoot differentiation) or embryogenesis
(adventive embryony).



Micropropagation is the true-to-
type propagation of a selected
genotype using in vitro culture
technique

- P.C. Debergh & P.E. Read

Micropropagation

G. Morel (1960) first showed the potential of clonal
propagation using in vitro culture technique in
Cymbidium using shoot tip explants



Stages of Micropropagation
Stage 0: Preparative stage
(Selection and maintenance of stock plants for

culture initiation)

Stage 1: Initiation and establishment of  
aseptic culture
(The explants isolation, surface sterilization and

establishment of appropriate culture medium)

Stage 2: Multiplication of shoot or rapid
somatic embryo formation

Stage 3: Rooting of in vitro regenerated
shoots and / or germination of somatic
embryos

Stage 4: Transplantation
(Transfer of plants to green house or field condition)



Stages of
micropropagation

Stage 0

Stage 1

Stage 2Stage 3

Stage 4





Explants

A small part of plants that is used for culture initiation

Plant regeneration from differentiated cells is generally
preceded by the cells becoming meristematic, followed by
divisions to form an organized organs (Shoots, roots or
embryos) or unorganized callus.

Therefore, selection of an appropriate explant is important for
tissue culture of any plant species.



Initiation of culture: The explants 

Single cell 

Apical or Axillary bud

Shoot tip

Nodal or Internodal segments

Leaf pieces or disc 

Floral meristem

Zygotic embryos



Effect of explants

In some plants, almost all parts have the potential of in
vitro plant regeneration, whereas in others this
potential is restricted to only certain tissues. In plants
where different explants respond, some may be more
regenerative than the others.

Physiological status of an explant is affected by the age
of the donor plant and size of explants which has a
direct bearing on the regenerability of the explant.

Preparation and orientation of explants on culture
medium and inoculation density is also important for
regeneration potential of an explant.



Effect of chemical factors

Culture Medium

The growth, development and morphogenic response of an 
explant in culture highly depends on the composition of the 
culture medium. It contains

• Inorganic Nutrient salts 
• Vitamins 
• Amino acids 
• Sugar
• Plant growth regulators
• Gelling agents like Agar-agar

Most commonly used plant tissue culture media

White (1943), MS (Murashige and Skoog,1962), B5 (Gamborg et
al., 1968), Nitsch (1969)



Nutrient salts, Vitamins, Amino acids, Sugar and others

Nutritional requirements for optimal growth of a tissue in vitro may
vary with the species. Even, tissues from different parts of a plant may
have different requirements for satisfactory growth (Murashige and
Skoog, 1962).

Each plant tissue culture medium contains several essential
components to support in vitro plant growth.

1. Major inorganic salts
2. Minor inorganic salts
3. Iron (as chelating agent)
4. Organic constituents (Vitamins and amino acids)
5. Sugars (as carbon sources)
6. Agar (as gelling substance)
7. Some other additives such as coconut milk, casein hydrolysate etc.



Role of culture media constituents





Plant growth regulators (PGRs)

Qualitative (shoot buds versus roots) differentiation based on
exogenous auxin/cytokinin ratio. This may be due to

The degree of cell sensitivity towards growth regulators due to
the origin of explant
The endogenous levels of active growth regulator molecules
and their uptake
The type of auxin and cytokinin used
Their mode of action or the activity of auxin and cytokinin
oxidases

Most common PGRs include 
Cytokinins (BAP, Kinetin, Zeatin, 2-ip, TDZ and CPPU) 
Auxins (IBA, IAA, NAA, 2,4- D, dicamba, 2,4, 5-T)
Gibberellins
Abscisic acids
Ethylene
Polyamines (Putrescine, Spermidine, Spermine)
Jasmonic acid



Auxins

• Auxins are involved with many developmental processes in plants,
including elongation of stem and internodes, tropisms, apical dominance,
abscission and rooting.

• In tissue cultures, auxins have been used to induce cell division,
cytodifferentiation and organogenic and embryogenic differentiation.
Generally, auxin at low concentration favours root initiation, whereas at
higher concentration induces callus formation.

• The auxins commonly used in tissue cultures are indole-3-acetic acid
(IAA), indole-3-butyric acid (IBA), a-naphthaleneacetic acid (NAA), 2,4-
dicholorophenoxyacetic acid (2,4-D). Whereas IAA and IBA are naturally
occurring auxins, NAA, 2,4-D and p-CPA are synthetic.

• Some other synthetic auxins that have been used in tissue culture work
are naphthoxyacetic acid (NOA), 2,4,5-tricholorophenoxyacetic acid
(2,4,5-T), Picloram and dicamba.

• IBA, NAA and IAA are widely used for rooting and, in interaction with a
cytokinin, for shoot proliferation. 2,4-D and 2,4,5-T are very effective for
the induction and growth of callus. For inducing somatic embryogenesis,
2,4-D is an important factor.



Cytokinin

• Incorporation of these compounds in culture media is mainly to trigger cell
division, and to induce differentiation of adventitious shoots from callus
and organs, and shoot proliferation by the release of axillary buds from
apical dominance.

• The cytokinins commonly used in tissue cultures are kinetin (6-
furfurylamino) purine, BAP [(benzylamino) purine], 2iP (2 isopentenyl)-
adenine purine) and zeatin [6-(4-hydroxy-3- methyl but-2-enyl amino)-
purine)].

• Thidiazuron (TDZ), a dipheny1-substituted urea, has also been used as a
cytokinin in tissue cultures of tree species.

• Topolins, are a new class of highly active naturally occurring aromatic
cytokinins. These cytokinins, particularly meta-topolin (mT) are becoming
increasingly popular with plant tissue culturists because of high rate of
shoot multiplication, reduced physiological abnormalities, and better
rooting and acclimatization.



F. Skoog and C.O. Miller (1957) established the concept of chemical control
of organogenesis (root and shoot differentiation) by manipulating the
relative concentrations of auxin and cytokinin.
They found that auxin-cytokinin ratio used in culture media determines the
degree of shoot and/or root formation in tissue culture.
A high ratio of cytokinin to auxin favours shoot production, whereas a high
auxin to cytokinin ratio favours root production. Intermediate levels of both
hormones enhance callus formation.

Chemical control of
organogenesis in tobacco

Chemical control of organogenesis
Skoog and Miller (1957)



Gibberellins

These are less commonly used in plant tissue culture. There are over
20 known gibberellins, of which GA3 is used most often. They are
reported to stimulate elongation of internodes, meristem growth for
some species and more importantly to attain normal development of
plantlets from in vitro formed adventive
embryos.

Abscisic acid

Abscisic acid, a naturally occurring growth inhibitor, is often required
for normal growth, development and maturation of somatic embryos.



Effect of physical factors

Light Intensity

Light period

Light quality

Light

Continuous light or
dark

Light and dark both
alternately (normally
16/8 hrs photoperiod)

Temp.
Based on different experiments (0-35 0C)
(Normal temperature of culture room - 25± 2 0C)

pH Normal pH of medium - 5.8 ± 0.02

RH
Normal relative humidity (RH) of culture 
room - 55 ± 5%



pH of the Medium

• The pH of medium greatly influences the uptake of ingredients by
the tissue in culture, solubility of salts and gelling efficiency of
agar.

• The pH of medium is usually set at 5.8 as at this pH all the salts
are maintained in a near buffered form.

• In general, a pH higher than 6.0 gives a fairly hard medium and a
pH below 5.0 does not allow satisfactory gelling of the agar due to
its hydrolysis during autoclaving.



Application of micropropagation
The mass clonal multiplication of desirable genotypes
of plants

Plant multiplication throughout the year irrespective
of the season

Production, maintenance, multiplication and transport
of pathogen-free plants

In vitro conservation and propagation of endangered
plants

Commercial production of plants with desirable sex
(male or female) in the case of dioecious species

Production of transgenic plants



Regeneration of 
whole fertile plants 
from 30,000-y-old
fruit tissue buried in 
Siberian permafrost
| PNAS | March 6, 
2012 | vol. 109 | no. 
10; 4008–4013 

Whole, fertile plants
of Silene stenophylla Ledeb.
(Caryophyllaceae) have
been uniquely regenerated
from maternal, immature
fruit tissue of Late
Pleistocene age using in
vitro tissue culture and
clonal micropropagation.



Micropropagation of Eucalyptus phylacis, a critically 
endangered plant of Western Australia 

Eric Bunn et al.(2005) In Vitro Cell. Dev. Bio.-Plant 41:812-814



MicropropagationMicropropagation

Organogenesis Somatic Embryogenesis

Direct
Organogenesis

Indirect 
Organogenesis

Direct
Embryogenesis

Indirect
Embryogenesis
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Organogenesis is the formation of organs, either
directly from an explant or from a callus culture.

Organogenesis

Explant

Shoot multiplication

Rooting of 
single shoot

Callus Shoot development

Regeneration 
of plantlets

Direct Organogenesis

Indirect Organogenesis



The process of organogenesis in response to PGR treatments
is a multistep process.

The first phase consists of acquiring competence by the cells to
respond to the PGR treatments.

In the second phase, the competent cells are induced to form a
specific organ. Once induced to form a specific organ the cells
become irreversibly committed to form the organ even if the inductive
PGR treatment is withdrawn.

SIM – shoot induction medium, RIM – root induction medium, CIM – callus induction medium



F. Skoog and C.O. Miller (1957) established the concept of chemical control
of organogenesis (root and shoot differentiation) by manipulating the
relative concentrations of auxin and cytokinin.
They found that auxin-cytokinin ratio used in culture media determines the
degree of shoot and/or root formation in tissue culture.
A high ratio of cytokinin to auxin favours shoot production, whereas a high
auxin to cytokinin ratio favours root production. Intermediate levels of both
hormones enhance callus formation.

Chemical control of
organogenesis in tobacco

Chemical control of organogenesis
Skoog and Miller (1957)



Somatic Embryogenesis
Somatic embryogenesis is the process by
which somatic cells differentiate into somatic
embryos.

Explants

Somatic embryos 
formation
on explant 

surface

Germination

Somatic 
embryos

Callus Germination

Plantlets

Direct somatic
embryogenesis

Indirect somatic
embryogenesis



Problems in Micropropagation

 Culture contamination 
Through carry over of microorganisms on the surface or in the tissues
of explants or through faulty procedures in the laboratory

 Phenolic exudation
Mechanical injury leads Hypersensitivity reactions and release of
several phenolic compounds

 Off-types
Undesirable variations in tissue culture raised plants

 Recalcitrance of adult trees
By the time trees are old enough for assessment of desirable traits
they become recalcitrant for tissue culture

 Vitrification
Morphological and physiological disorder of in vitro plants



Culture contamination
Microbial contamination is the most important cause of losses in
commercial and scientific plant tissue culture laboratories

Contaminants causing severe
economic losses in plant
tissue culture laboratories
include mites, fungi, yeasts,
bacteria and viruses.

Culture contamination

Contamination in tissue
culture originates from two
sources either through
explants or through faulty
procedures

Control of contamination

Surface sterilization by using
Surfactants ie. cetrimide,
teepol, tween-20, 70% alcohol
Disinfectants ie. Mercuric
chloride, Sodium hypochlorite,
Hydrogen peroxide
Use of antibiotics or antifungal
compounds in medium

Possible control of contamination





For presterilized medium the culture vials with proper closure may be sterilized by
autoclaving or dry heating in an oven at 160–180 ºC for 3 h.

The culture vials containing medium and closed with a suitable bacteria-proof
closure are autoclaved at 15 psi and 121  C for 15–40 min

autoclave Hot air oven



Aseptic manipulation in a laminar 
airflow cabinet



Phenolic exudation and solution

Plant tissue exposed to stress situations such as mechanical
injury stimulates the metabolism of phenolic compounds.
Excessive phenolic compounds exudation cause the death of
explants.
Solution of phenolic compounds
Treatment of explants with Polyvinylpolypyrrolidone (PVPP) or
Activated charcoal

And/or
Treatment of explants with antioxidants (ie.Citric acid and
Ascorbic acid)



Off-type plants

Off-types are the plants with undesirable variations
produced from tissue culture techniques

The abnormalities induced in vitro are influenced by the choice of explants,
composition of culture medium, length of time in vitro, the level of
organization during culture and genotype of the material

*Generally, the systems involving a callus phase show maximum
aberrations

Causes of these variations are:

 Variation existed in the source plants e.g. chimeras

 Genetic changes (a heritable change in DNA)

 Epigenetic or physiologic effects (a non heritable change
in phenotype that occurs through habituation or
ontogenic development)



Somaclonal variations

Development of both
phenotypic and genotypic
variant plants

It may be either worthless
or valuable

Control                Somaclonal Variant
(flower)                (Absence of flower)

Generation of genetic variability during tissue culture

Variation may be due to
Variations pre-exist in the somatic cells of the explant
Variability generated due to the affects of the culture process



Recalcitrance of adult trees
Establishment of cultures in vitro using mature tissues is problematic.

One of the problems with
micropropagation is that by the
time the trees are mature
enough for evaluation, they are
often recalcitrant to vegetative
reproduction.

Propagation of woody trees
by using juvenile tissues is
easier than mature tissues,
but they have short juvenile
phase.

Effect of age on the
micropropagation of
Acacia mearnsii
(a) Explant taken
from 2 year old and
(b) 10 year old plant



Hyperhydration or Vitrification

Various terms glassiness, glauciness, translucency and vitrescence
have also been used

Anatomical, morphological and physiological anomalies in
tissue cultured plants

Hyperhydration occurs only during intensive shoot multiplication
and never during the rooting stage

Characteristics

Hyperhydrated shoots have glassy, water soaked appearance and
anomalous growth
Hyperhydrated shoots generally shows poor growth, become
necrotic and do not root easily and plants showing hyperhydration
have low survival rate during acclimatization



T.S. of normal leaf (a) and stem (c)
and hyperhydrated leaf (b) and stem
(d) of Prostanthera calycinia

Vitrified shoot

Hyperhydration or Vitrification

(Anatomical, morphological and
physiological anomalies in
tissue cultured plants)





Conclusion
Plant tissue culture has offered the opportunity to develop
successful protocols for micropropagation in a large no. of
angiospermic and gymnospermic plants.

Main objective of micropropagation is the production of
unlimited number of superior quality plants through plant tissue
culture procedure.

Micropropagation has many advantages over conventional
vegetative propagation and its commercial use in horticulture,
agriculture and forestry is currently expanding worldwide.
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