
 

 

UNIT 1ST 

 
  



1 
 

Concept of totipotency and plasticity 

Totipotency and plasticity are two related concepts in developmental biology that refer to the 

ability of cells to differentiate into different cell types. 

Totipotency refers to the ability of a single cell to differentiate into all cell types in an organism, 

as well as extraembryonic tissues such as the placenta. In other words, a totipotent cell has the 

potential to develop into an entire organism. This ability is most commonly observed in the zygote 

(fertilized egg) and the first few cells of the developing embryo. 

Plasticity, on the other hand, refers to the ability of a cell to change its identity and differentiate 

into different cell types depending on the signals it receives from its environment. This ability is 

most commonly observed in stem cells, which are undifferentiated cells that can give rise to many 

different cell types. Stem cells are classified based on their degree of plasticity, with totipotent 

stem cells having the highest degree of plasticity. 

In summary, totipotency refers to the potential of a single cell to develop into an entire organism, 

while plasticity refers to the ability of a cell to change its identity and differentiate into different 

cell types depending on its environment. Both concepts are important in understanding the 

development of multicellular organisms and have important implications for regenerative 

medicine and tissue engineering. 

 

Plant tissue culture media composition and role of its essential components with specific reference to 

Murashige and Skoog Medium 

Plant tissue culture is the process of growing plant cells or tissues in a nutrient-rich, artificial 

environment under sterile conditions. The success of plant tissue culture largely depends on the 

composition of the culture medium, which provides the necessary nutrients and growth factors for 

plant growth and development. 

Murashige and Skoog (MS) medium is a commonly used nutrient medium for plant tissue culture. 

It was developed by Toshio Murashige and Folke Skoog in 1962 and has since become one of the 

most widely used media for plant tissue culture. The MS medium is composed of macronutrients, 

micronutrients, vitamins, amino acids, and plant growth regulators. 
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Here are some of the essential components of MS medium and their roles in plant tissue culture: 

Macronutrients: Macronutrients are essential elements required by plants in large quantities. The 

macronutrients in MS medium include nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), 

magnesium (Mg), and sulfur (S). These elements provide the basic building blocks for plant growth 

and development. 

Micronutrients: Micronutrients are essential elements required by plants in small quantities. The 

micronutrients in MS medium include iron (Fe), manganese (Mn), zinc (Zn), copper (Cu), boron 

(B), and molybdenum (Mo). These elements play crucial roles in enzyme activation and plant 

metabolism. 

Vitamins: Vitamins are organic compounds required in small quantities by plants for growth and 

development. The MS medium contains several vitamins, including thiamine (B1), pyridoxine 

(B6), nicotinic acid (B3), and folic acid (B9). These vitamins play important roles in cell division, 

differentiation, and growth. 

Amino acids: Amino acids are the building blocks of proteins, which are essential for plant growth 

and development. The MS medium contains several amino acids, including glycine, aspartic acid, 

and glutamic acid. 

Plant growth regulators: Plant growth regulators are synthetic or natural compounds that regulate 

plant growth and development. The MS medium contains two plant growth regulators, auxins and 

cytokinins, which are used to control cell division, differentiation, and organogenesis. 

Overall, the composition of MS medium provides a balanced nutrient supply to plant cells and 

tissues, allowing them to grow and differentiate in vitro. The MS medium has been successfully 

used for the regeneration of many different plant species and is widely used in plant tissue culture 

research and commercial applications. 

Plant hormones, also known as phytohormones, are naturally occurring chemicals that regulate 

various physiological processes in plants. They play a crucial role in plant tissue culture, where 

they are used to manipulate and control plant growth and development. 

There are five major types of plant hormones: auxins, cytokinins, gibberellins, abscisic acid, and 

ethylene. Here are some of their specific uses in plant tissue culture: 
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1. Auxins: Auxins are commonly used in plant tissue culture to induce root formation in stem 

cuttings or to promote cell division in callus cultures. They are also used to control apical 

dominance, which is the tendency of the plant to grow upward towards the light source. 

2. Cytokinins: Cytokinins are used in tissue culture to promote shoot formation in explants, 

and they are often used in combination with auxins to induce the formation of adventitious 

buds or shoot regeneration. 

3. Gibberellins: Gibberellins are used in plant tissue culture to stimulate shoot elongation and 

to promote seed germination. 

4. Abscisic acid: Abscisic acid is used in plant tissue culture to induce dormancy in explants 

or to promote the development of stress tolerance in plants. 

5. Ethylene: Ethylene is used in plant tissue culture to induce fruit ripening, flower 

senescence, and leaf abscission. 

Overall, plant hormones are very useful in plant tissue culture because they allow researchers to 

control and manipulate plant growth and development in a precise and targeted manner. By 

selecting the appropriate hormone combination, researchers can produce plants with desired 

characteristics, such as increased yield, disease resistance, or improved aesthetics. 

Micro-propagation and its applications 

Micropropagation, also known as tissue culture propagation, is a plant propagation technique that 

involves the aseptic culture of plant cells, tissues, or organs on a nutrient-rich medium. This 

technique enables the production of large numbers of genetically identical plants from a single 

parent plant. 

Micropropagation has several applications, including: 

• Mass production of plants: Micropropagation is a highly efficient method for producing 

large numbers of uniform plants. It is commonly used in commercial horticulture to 

produce ornamental plants, vegetables, fruits, and forestry trees. 

• Conservation of rare and endangered species: Micropropagation is a valuable tool for 

conserving rare and endangered plant species. It allows for the preservation of genetic 

diversity, and the production of large numbers of plants for reintroduction into the wild. 
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• Disease elimination: Micropropagation can be used to produce disease-free plants from 

infected plants. This is done by growing plant tissue in vitro and carefully monitoring it for 

the presence of disease symptoms. Once the tissue is free of disease, it can be propagated 

to produce disease-free plants. 

• Genetic modification: Micropropagation is a key tool in genetic modification and 

engineering of plants. Plant tissue cultures can be genetically engineered to produce new 

traits such as resistance to pests, diseases, or environmental stresses. 

• Plant breeding: Micropropagation is used in plant breeding to produce new varieties of 

plants with desired traits. Plant tissues can be induced to form somatic embryos or callus 

cultures, which can then be regenerated into whole plants. This allows for the rapid 

production of genetically uniform plants with specific traits. 

Overall, micropropagation is a highly versatile technique with many potential applications in 

agriculture, horticulture, forestry, and conservation. It provides a rapid and efficient method for 

the propagation of plants, and has revolutionized the way plants are produced and propagated 

commercially. 

Callus culture 

Callus culture is a technique used in plant tissue culture to generate a mass of undifferentiated, 

proliferating cells called a callus. Callus is formed when plant cells or tissues are cultured on a 

nutrient-rich medium under controlled conditions such as temperature, light, and humidity. 

Callus cultures can be initiated from various plant tissues such as roots, stems, leaves, or immature 

embryos. Once the tissue is placed on the nutrient medium, it undergoes dedifferentiation, meaning 

that the cells lose their specialized characteristics and revert to a more primitive state. As a result, 

the cells begin to divide rapidly, producing a mass of undifferentiated cells, called a callus. 

Callus cultures have several applications, including: 

• Plant regeneration: Callus cultures can be used as a starting material to regenerate whole 

plants. The cells of the callus can be induced to form somatic embryos or organ-like 

structures, which can be further developed into whole plants. 
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• Genetic transformation: Callus cultures can be used as a target tissue for genetic 

transformation. The undifferentiated cells in the callus are more susceptible to genetic 

modification, making it easier to introduce foreign genes into the cells. 

• Secondary metabolite production: Callus cultures can be used to produce secondary 

metabolites such as alkaloids, terpenoids, and flavonoids. These compounds have 

important pharmaceutical and industrial applications. 

• Mutagenesis: Callus cultures can be used for mutagenesis studies to induce and select for 

desirable mutations in plant cells. 

• Conservation of plant germplasm: Callus cultures can be used to preserve the germplasm 

of rare and endangered plant species. By maintaining a callus culture, the genetic material 

of the plant can be preserved for future use. 

Overall, callus culture is a useful technique for generating a mass of undifferentiated cells, which 

can be further developed for various applications in plant tissue culture. 

Cell-suspension culture 

Cell suspension culture is a technique used in plant tissue culture to grow cells in a liquid medium. 

In cell suspension culture, cells are dispersed in a liquid nutrient medium and are allowed to grow 

and divide under controlled conditions. The cells can be obtained from various plant tissues such 

as leaves, stems, or roots. 

Cell suspension culture has several applications, including: 

• Production of plant secondary metabolites: Cell suspension cultures can be used to produce 

secondary metabolites such as alkaloids, terpenoids, and flavonoids. These compounds 

have important pharmaceutical and industrial applications. 

• Genetic transformation: Cell suspension cultures can be used as a target tissue for genetic 

transformation. The undifferentiated cells in the suspension culture are more susceptible to 

genetic modification, making it easier to introduce foreign genes into the cells. 

• Studies on plant physiology and biochemistry: Cell suspension cultures can be used to 

study plant physiology and biochemistry. The cells can be used to investigate the 

mechanisms of plant growth, development, and metabolism. 
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• Production of recombinant proteins: Cell suspension cultures can be used to produce 

recombinant proteins such as antibodies, enzymes, and hormones. These proteins have 

important applications in medicine, biotechnology, and agriculture. 

• Somatic embryogenesis: Cell suspension cultures can be used to induce somatic 

embryogenesis, where undifferentiated cells are induced to form embryogenic structures. 

These structures can then be developed into whole plants. 

Overall, cell suspension culture is a valuable tool in plant tissue culture for producing plant 

secondary metabolites, genetic transformation, and studying plant physiology and biochemistry. It 

provides a controlled environment for the growth and division of plant cells and has a wide range 

of applications in plant biotechnology. 

Anther / microspore culture 

Anther/microspore culture is a technique used in plant tissue culture to generate haploid plants 

from the pollen grains of a plant. In this technique, immature flower buds are collected and anthers 

or microspores (pollen grains) are isolated and cultured on a nutrient-rich medium under controlled 

conditions. 

The anthers or microspores undergo a process called embryogenesis, where they develop into 

embryos without fertilization. These embryos are haploid, meaning they contain only one set of 

chromosomes, and can be further developed into haploid plants. 

Anther/microspore culture has several applications, including: 

• Plant breeding: Anther/microspore culture is a valuable tool in plant breeding, as it allows 

the production of haploid plants with desirable traits. These haploid plants can be further 

developed into homozygous lines, which can be used for hybridization. 

• Genetic transformation: Haploid plants produced by anther/microspore culture can be used 

as target tissues for genetic transformation. These plants have a single set of chromosomes, 

which makes it easier to introduce foreign genes into the cells. 

• Studies on plant embryogenesis: Anther/microspore culture can be used to study the 

process of embryogenesis in plants. The technique provides a controlled environment for 

the development of embryos, allowing researchers to study the factors that regulate 

embryonic development. 
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• Production of doubled haploid plants: Haploid plants produced by anther/microspore 

culture can be treated with colchicine to double their chromosome number, producing 

doubled haploid plants. These plants are genetically uniform and can be used for breeding 

and genetic studies. 

Overall, anther/microspore culture is a valuable technique in plant tissue culture for producing 

haploid plants, studying plant embryogenesis, and genetic transformation. It has important 

applications in plant breeding and genetic research. 

Ovule culture 

Ovule culture is a technique used in plant tissue culture to produce haploid and diploid plants from 

the unfertilized ovules of a plant. In this technique, the ovules are isolated from the ovary and 

cultured on a nutrient-rich medium under controlled conditions. 

The ovules undergo a process called embryogenesis, where they develop into embryos without 

fertilization. These embryos can be haploid or diploid, depending on the culture conditions and the 

type of plant used. 

Ovule culture has several applications, including: 

• Plant breeding: Ovule culture can be used to produce haploid and diploid plants with 

desirable traits for plant breeding. The haploid plants can be further developed into 

homozygous lines, which can be used for hybridization. The diploid plants can be used to 

produce new cultivars through genetic recombination. 

• Genetic transformation: Ovule culture can be used as a target tissue for genetic 

transformation. The embryos produced by ovule culture are more susceptible to genetic 

modification, making it easier to introduce foreign genes into the cells. 

• Production of doubled haploid plants: Diploid embryos produced by ovule culture can be 

treated with colchicine to double their chromosome number, producing doubled haploid 

plants. These plants are genetically uniform and can be used for breeding and genetic 

studies. 

• Conservation of plant germplasm: Ovule culture can be used to conserve plant germplasm 

by producing haploid or diploid plants from endangered or rare species. 
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Overall, ovule culture is a valuable technique in plant tissue culture for producing haploid and 

diploid plants, genetic transformation, and conservation of plant germplasm. It has important 

applications in plant breeding, genetic research, and conservation biology. 

Embryo culture 

Embryo culture is a technique used in plant tissue culture to produce plants from immature 

embryos or zygotic embryos. In this technique, the embryos are isolated from seeds or fruits and 

cultured on a nutrient-rich medium under controlled conditions. 

Embryo culture has several applications, including: 

• Plant breeding: Embryo culture can be used to produce plants with desirable traits for plant 

breeding. The embryos can be treated with hormones to induce somatic embryogenesis, 

where they develop into new plants without fertilization. The resulting plants can be further 

developed into homozygous lines, which can be used for hybridization. 

• Genetic transformation: Embryo culture can be used as a target tissue for genetic 

transformation. The embryos produced by embryo culture are more susceptible to genetic 

modification, making it easier to introduce foreign genes into the cells. 

• Production of doubled haploid plants: Embryos produced by embryo culture can be treated 

with colchicine to double their chromosome number, producing doubled haploid plants. 

These plants are genetically uniform and can be used for breeding and genetic studies. 

• Conservation of plant germplasm: Embryo culture can be used to conserve plant 

germplasm by producing plants from endangered or rare species. 

• Disease elimination: Embryo culture can be used to eliminate viruses and other pathogens 

from plants. The embryos can be treated with antiviral agents or heat therapy to eliminate 

the pathogens. 

Overall, embryo culture is a valuable technique in plant tissue culture for producing plants with 

desirable traits, genetic transformation, conservation of plant germplasm, disease elimination, and 

production of doubled haploid plants. It has important applications in plant breeding, genetic 

research, and conservation biology. 

 



9 
 

Shoot tip / meristem culture 

Shoot tip or meristem culture is a technique used in plant tissue culture to produce clonally 

propagated plants from the apical meristem or shoot tip of a plant. The apical meristem is the 

growing point of a plant and contains actively dividing cells that give rise to new shoots, leaves, 

and flowers. 

In this technique, the shoot tips or meristems are isolated from the parent plant and cultured on a 

nutrient-rich medium under controlled conditions. The shoot tips or meristems are usually less 

than 1 cm in length and contain only a few cells. 

Shoot tip or meristem culture has several applications, including: 

• Clonal propagation: Shoot tip or meristem culture can be used to produce large numbers of 

clonally propagated plants with desirable traits. The resulting plants are genetically 

identical to the parent plant and have the same desirable traits. 

• Disease elimination: Shoot tip or meristem culture can be used to eliminate viruses and 

other pathogens from plants. The shoot tips or meristems are usually free from viruses and 

other pathogens, making them ideal for producing disease-free plants. 

• Germplasm conservation: Shoot tip or meristem culture can be used to conserve plant 

germplasm by storing the shoot tips or meristems in tissue culture banks. The stored shoot 

tips or meristems can be used to regenerate plants in the future. 

• Genetic transformation: Shoot tip or meristem culture can be used as a target tissue for 

genetic transformation. The actively dividing cells in the shoot tips or meristems are more 

susceptible to genetic modification, making it easier to introduce foreign genes into the 

cells. 

Overall, shoot tip or meristem culture is a valuable technique in plant tissue culture for clonal 

propagation, disease elimination, germplasm conservation, and genetic transformation. It has 

important applications in plant breeding, genetic research, and conservation biology. 
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Root culture 

Root culture is a technique used in plant tissue culture to produce plants from root segments or 

individual cells. In this technique, the root segments or cells are isolated from the parent plant and 

cultured on a nutrient-rich medium under controlled conditions. 

Root culture has several applications, including: 

• Secondary metabolite production: Root culture can be used to produce secondary 

metabolites such as alkaloids, phenolics, and flavonoids. The cells in the root segments or 

cells can be induced to produce these secondary metabolites by manipulating the culture 

conditions and adding specific hormones or elicitors. 

• Genetic transformation: Root culture can be used as a target tissue for genetic 

transformation. The cells in the root segments or cells are more susceptible to genetic 

modification, making it easier to introduce foreign genes into the cells. 

• Somatic embryogenesis: Root culture can be used to induce somatic embryogenesis, where 

the cells in the root segments or cells are induced to develop into embryos without 

fertilization. The resulting embryos can be developed into new plants. 

• Conservation of plant germplasm: Root culture can be used to conserve plant germplasm 

by storing the root segments or cells in tissue culture banks. The stored root segments or 

cells can be used to regenerate plants in the future. 

Overall, root culture is a valuable technique in plant tissue culture for secondary metabolite 

production, genetic transformation, somatic embryogenesis, and germplasm conservation. It has 

important applications in pharmaceuticals, agriculture, and conservation biology. 

Plant regeneration through organogenesis and somatic embryogenesis. 

Plant regeneration through organogenesis and somatic embryogenesis are two techniques used in 

plant tissue culture to produce new plants. 

Organogenesis involves the regeneration of new plant organs such as shoots or roots from 

explants, which are small pieces of plant tissue. In this technique, the explants are cultured on a 

nutrient-rich medium containing specific plant hormones such as auxins and cytokinins. These 

hormones promote the growth and development of new organs from the explants. 
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Somatic embryogenesis, on the other hand, involves the regeneration of new plants from somatic 

cells, which are cells that are not involved in sexual reproduction. In this technique, somatic cells 

are induced to form embryos by manipulating the culture conditions and adding specific hormones. 

The resulting embryos can then be developed into new plants. 

Both organogenesis and somatic embryogenesis have several applications, including: 

• Clonal propagation: Both techniques can be used to produce large numbers of clonally 

propagated plants with desirable traits. The resulting plants are genetically identical to the 

parent plant and have the same desirable traits. 

• Disease elimination: Both techniques can be used to eliminate viruses and other pathogens 

from plants. The resulting plants are usually free from viruses and other pathogens, making 

them ideal for producing disease-free plants. 

• Genetic transformation: Both techniques can be used as target tissues for genetic 

transformation. The cells in the explants or somatic cells are more susceptible to genetic 

modification, making it easier to introduce foreign genes into the cells. 

Overall, organogenesis and somatic embryogenesis are valuable techniques in plant tissue culture 

for clonal propagation, disease elimination, and genetic transformation. They have important 

applications in plant breeding, genetic research, and conservation biology. 

 


