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History of Plant Tissue Culture
• A German plant physiologist Gottlieb Haberlandt (1902) cultured isolated single palisade

cells from leaves in Knop's salt solution enriched with sucrose. Haberlandt is regarded
as thefather of plant tissueculture.

• Hanning(1904)Embryo culture of selected crucifers.
• Snow,Gautheret (1934-1939) Importance of auxin as growthregulator
• Morel & Martin 1952 used Meristem-tip culture for disease elimination. They recovered 

for thefirst time,virus- free Dahlia plants.
• Skoog and Miller (1957) Discovery of principle of hormonal control of the organ 

formation in tissueculture
• Reinert andSteward(1958-59)First report onsomatic embryogenesis.
• Cocking (1960) Isolationof protoplastsby enzymaticdegradationmethod.
• Murashigeand Skoog (1962)Developeda universallyused high salt medium 

containing mineralsalts, vitamins, anenergy sourceandgrowthhormone(MS medium).
• GuhaandMaheshwawari(1964)Productionof First haploid plant by anther culture.
• Poweretal (1970)Protoplast fusion.
• Takabeetal (1971)Regeneration offirst plant from protoplast.
• Carlson etal (1972)First reportoninter-specifichybridization throughprotoplast fusion.



Plant Tissue Culture





Advantages of tissue culture







Disadvantages of tissue culture



Basic requirement for tissue culture



Equipments and Glassware



Equipments and Glassware



Aseptic Condition





Transfer room



Culture room or incubator



Techniques for plant tissue culture



HISTORY 0F VIRUS FREE PLANT CULTURE

• Morel and Martin (1952) developed meristem culture technique and
recovered Dahlia shoots, free from viruses, by meristem tip culture. In
1955, they recovered virus free potato. This attained wide application of
plant tissue culture to raise virus free plants in agriculture.



Callus culture
Callus is defined as an unorganized tissue mass growing on solid substrate.
Callus forms naturally on plants in response to wounding, infestations, or
at graft unions (Bottino, 1981). Callus formation is central to many
investigative and applied tissue culture procedures.



Callus

Callus is defined as an unorganized tissue mass
growing on solid substrate. Callus forms
naturally on plants in response to wounding,
infestations, or at graft unions (Bottino,
1981). Callus formation is central to many
investigative and applied tissue
culture procedures.



Nutrient medium



Culture Medium



Essential elements for plant growth







Composition of nutrient medium



Composition of nutrient medium

• Salts are supplied in the form of macronutrients viz. N, Mg, K, 

Ca, P

• Micronutrients Cu, Ni, Mn, Co, etc.

• Iron is supplied in the chelated, Fe-EDTA (Ferric-Sodium 

Ethylene-Amine Tetra Acetate) form.

• Vitamins viz. meso-inositol, thiamin (B1), nicotinic acid (B3), 

pyridoxine (B6), etc.

• Aminoacids, mostly glycine is used.

• Carbohydrate is supplied usually in the form of sucrose.

• Phytohormones (auxins and cytokinins), their chemical form,

concentration and ratio may vary from plant to plant.

• In general Auxins, such as IAA (Indole Acetic Acid) NAA

(Naphthalene Acetic Acid), IBA (Indole Butyric acid);

Cytokinins viz. Kinetin (6-furfuryl amino purine) 6-BAP (6,

Benzyl Amino Purine) and Zeatin are used in nutrient medium.



Plant growth regulators

TwomajorhormonesaffectPlantDifferentiation:

–Auxins:StimulatesRootDevelopment&

–Cytokinin:StimulatesShootDevelopment

• Generally, the ratio of these two hormones can determine 
plantdevelopment:

– ↑ Auxin ↓Cytokinin = Root Development.

– ↑ Cytokinin ↓Auxin = Shoot Development.

– Auxin = Cytokinin = Callus.



Hormonal balance



Types of medium

• Chemically defined nutrient medium

– Chemical compositionandstructureis known

• Chemically undefined nutrient medium:

– Complex additives viz. coconut milk, Casein hydrolysate, yeast 
extract, watermelonjuice, etc. areaddedin themedium.

1.Solid medium: 6-8% agar-agar

2. Semi solidmedium:Less amountof agar

3. Liquid medium: Agar is not added. It is used for cell suspension 
culture.



Tissue culture

“… A method of biological research in which fragments of tissues
from an animal or plant are grown in vitro in artificial medium
underasepticconditionsandcontinuetosurviveandfunction.”

“… the aseptic culture of plant protoplasts, cells, tissues or organs
under aseptic conditions which lead to cell multiplication or
regenerationoforgansorwholeplants.”



Basic concepts of plant tissue culture(PTC)

Two concepts, are central to understanding plant cell, tissue, organ 
cultureandregeneration.

Plasticity:

– -ability to initiate cell division from almost any tissue of the
plant.

– -ability to regenerate lost organs or undergo developmental
pathwaysinresponsetoparticularstimuli.

Totipotency:

– -eachcellhasthecapacitytoregeneratetheentireplant.



• Cells linesdifferentiatetoformspecializedtissuesandorgans.

• Unlikeanimalcells, living plantcellsre-differentiate.

• Therefore, tissue can be regenerated from explants such as
cotyledons, hypocotyls, leaf, ovary, protoplast, petiole, root,
anthers,etc.

Basic concepts of plant tissue culture(PTC)



Types of culture



Callus
• It isanunspecialized, unorganized,growinganddividingmassofcells.
• It produced when explants are cultured on the appropriate solid

medium,withbothanauxinandacytokininin acorrectconditions.2,4-
Darecommonlyused.

• During callus formation there is some degree of dedifferentiation both in
morphology and metabolism, resulting in the lose the ability to
photosynthesis.

• Callusculturesmaybecompactorfriable.
– Compactcallusshowsdenselyaggregatedcells.
– Friable callus shows loosely associated cells and the callus becomes soft and

breaksaparteasily.

• Habituation: it reduce the requirement of auxin and/or cytokinin by the
cultureduringlong-termculture.



Principle / procedure of callus culture

There are Three criteria for callus culture are



Aseptic preparation of plant material



Selection of suitable nutrient medium

• Auxin/cytokinin –

– 10:1-100:1 induces roots.

– 1:10-1:100 induces shoots

– Intermediate ratios around 1:1 favour callus growth .

• Agar solidified or semi – solid nutrient medium are used.

• That media are autoclaved at 15 psi pressure for 15 – 20 min at 121 0c.



Incubation of culture under controlled physical condition



STEPS INVOLVED IN CALLUS CULTURE



Three stages of callus culture

1.Induction:Cells inexplantdedifferentiateandbegintodivide 

2.ProliferativeStage:Rapidcelldivision

3. Morphogenesisstage:

– Organogenesis

– Somaticembryogenesis



•The process of initiation and development of an organ is called organogenesis.

• In plant tissue culture, Organogenesis means the development of adventitious
organs or primordia from undifferentiated cell mass in tissue culture by the
process of differentiation.

• Organogenesis in plant tissue culture involves two distinct phases:
dedifferentiation and redifferentiation.

• Dedifferentiation begins shortly after the isolation of the explant tissues with an
acceleration of cell division and a consequent formation of a mass of
undifferentiated cells (called callus).

• Redifferentiation, also called budding in plant tissue culture, may begin any
time after the first callus cell forms. In this process of tissue called organ
primordia is differentiated from a single or a group of callus cells. The organ
primordia give rise to small meristems with cells densely filled with
protoplasm and strikingly large nuclei.

Organogenesis



Organogenesis
• Key factor of Organogenesis is the ratio of Endogenous

Auxin – Cytokinin (T. A. Thorpe, 1980). The Explant
develops into callus tissue in a mediumcontaining either a
particular concentration of Auxin or definite Auxin -
Cytokinin ratio.

Organogenesis means the development of adventitious
organs or primordia from undifferentiated cell mass in
tissueculturebytheprocessofdifferentiation.



Process



Factors effecting organogenesis

Geneticoraphysiologicalchange
– In a callus tissue the changes of chromosome structure or number

such as aneuploidy, polyploidy, etc. Such chromosomal changes
may lead to loss of totipotency of the cells.

– At the early stage of culture, the callus tissue exhibits maximum
number of diploid cells. Eventually at the later stage of culture, the
cells of callus tissue become mixaploid due to alteration of
chromosome number and organogenesis could not be induced in
such callus tissue, Occasionally, rooting occurs but shoot bud does
not develop.



Phytoharmones

– For organogenesis the required balance of phytohormones by an
exogenous supply of auxin, cytokinin or gibberellin either
separatelyor in combinationis essential .

– Generally high concentration of cytokinin brings about shoot
budinitiation, whereashigh levels of auxin favours rooting.

– Therefore, to obtain organogenesis, different permutation and
combination of hormones as well as various concentrations of
hormonesaresupplementedin theculturemedium.

Factors effecting organogenesis



OtherChemicals
– Certain phenolic compounds also induce shoot initiation in tobacco callus-

Phenolic compounds actually inactivate the auxins and consequently rise in the
physiologically effective level of cytokinins which ultimately bring about the
initiation of shoot buds.

– The use of auxin inhibitor orauxinantagonistvia culture mediumalso causes 
the induction of shoot bud.

– Additions of adenineintheculturemediumalsoinduceshootbudinthecallus 
tissue.

– Chelatingagentlike1,3diamino-2- hydoxypropane-N.N.N’.N’ tetraacetic acid 
initiatesShootbudinhaploidtobaccocultures.

– Abscisicacidinplaceofcytokininalsoinducesshootbudformationinroot tuber 
tissue of sweet potato and stem tuber tissue of potato.

Factors effecting organogenesis



Enzymes

–Peroxidase-Oneofthemostimportantfunctionsofperoxidaseis
involvement in the metabolism of auxin.

– Enzymes involving in carbohydrate metabolism- Gibberellic
acid, which represses starch accumulation by mobilising high
amylase synthesis/activity, also inhibits shoot formation.

– Embden Meyerhof-Parnas (EMP) and Pentose Phosphate (PP)
Pathway enzymes namely phosphoglucose isomerase, aldolase,
pyruvate kinase, glucose-6- phosphate dehydrogenase, 6-
phosphogluconate dehydrogenase etc. also involving in the shoot
formation.

Factors effecting organogenesis
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