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Purpose of the lesson: 

Acquaintance with 

application of somatic 

hybridization: aspects, 

advantages and 

disadvantages .

. 
Main questions:

1. Applications of In Vitro Tissue Culture Technologies 

in Breeding and Genetic Improvement. 

2. Recent applications of plant cell culture technology 

in the breeding process.

2. Somatic Hybridization: Aspects, Applications and 

Limitations

4. Aspects of Somatic Hybridization.

5. Applications of Somatic Hybridization.



• Applications of In Vitro Tissue Culture Technologies in Breeding 
and Genetic Improvement 

• Food security is one of the most significant challenges facing the future of 

our planet. By 2050, the world will need nearly double the amount of food 

produced today to feed an expected nine billion people. 

• To achieve this goal effectively, food production must be significantly 

increased sustainably on existing arable land while addressing the 

challenges posed by climate change. Crop breeding programs and 

improved management regimes have led to steady increases in crop yields 

over the past five decades. However, the rate of yield improvement has 

plateaued [1]. 

• The relatively small annual incremental gains in yield (wheat yields 

increasing at 0.9% per year, non-compounding rates; at these rates, global 

production increases by ∼38%) are not sufficient to meet projected 

demands by 2050. Therefore, producing better, higher-yielding crops is the 

ideal approach to be explored immediately [2].



• The genetic improvement of plant has traditionally been achieved through 

sexual hybridization between related species, resulting in numerous 

cultivars with high yields and superior agronomic performance. 

Conventional plant breeding, sometimes combined with classical 

cytogenetic techniques, continues to be the primary method of cereal crop 

improvement [3]. 

• Given the worldwide predominance of cereal grains in the human diet, 

cereal crops quickly emerged as prime targets for improvement by genetic 

transformation. 

• Plant genetic processing technology has progressed rapidly during the last 

decade. Initially, the genetic transformation of cereals was based on the 

introduction of DNA into protoplasts and subsequent callus production for 

the regeneration of fertile plants. The application and prospects of plant 

tissue culture and transformation technology in wheat for introducing 

resistance against fungal and viral diseases and abiotic constraints and 

improving nutritional quality.



• Recent applications of plant cell culture technology in the 
breeding process.

• Plant tissue culture includes a culture of the cell protoplast, anther and 

microspore (immature pollen grain), ovary and ovules, and embryo, which 

features genetic and epigenetic variation in the breeding material. 

• Such in vitro culture methods exploit all the available genetic variability and 

reduce the period of the breeding program to develop tolerant and resistant 

genotypes [6]. Primarily, plant tissue culture is used in vegetatively 

propagated crops and self-pollinated crops, especially with narrower 

genetic bases. 

• As an example, being an autogamous crop, wheat potentially possesses a 

narrow genetic base as the chances of the natural generation of genetic 

variation are about 3–5% due to its rare outcrossing actions. 

• Therefore, in vitro techniques can be a potential solution for manipulating 

the desired trait, enriching the genetic base, and recovering desirable 

variation.



• Somatic Hybridization: Aspects, Applications and Limitations

• These limitations can be overcome by somatic hybridization. 

Somatic hybridization involves the in vitro fusion of 

protoplasts to form a hybrid cell and culturing the hybrid cell 

to form a hybrid plant.

• There are three aspects of somatic hybridization: fusion of 

protoplasts, selection of hybrid cells and identification of 

hybrid plants. Let us look at all three aspects in detail.







• Somatic Hybridization: Aspects, Applications and Limitations

• Somatic hybridization is a novel technique that allows the 

fusion of two different plants to obtain a new hybrid plant with 

characteristics from both plants. 

• Conventionally, the sexual hybridization technique was used 

to obtain hybrid plants, but this technique had its limitations, 

such as only closely related species could be fused and also 

incompatibility barriers. 



• Aspects of Somatic Hybridization

• 1. Fusion of Protoplast

• The protoplast is a cell without any cell wall. Since they are 

devoid of any cell wall, the fusion of protoplasts becomes 

easy without facing any incompatibility barriers, while fusing 

the two genomes. 

• The fusion of protoplasts can be achieved by three methods:

• a) Mechanical fusion: The protoplasts are allowed to fuse 

mechanically by putting them together on a depression slide. 

However, this technique can often destroy the protoplasts.



• Aspects of Somatic Hybridization

• 1. Fusion of Protoplast

• b) Spontaneous fusion: This is a natural process that 

happens during the enzymatic degradation of cell walls. The 

surrounding protoplasts often fuse together, without any 

physical interference, but these fusions cannot give rise to 

whole plants.

• c) Induced fusion: Isolated protoplasts are fused together 

with the help of chemicals called fusogens, such as NaNO3, 

PEG, polyvinyl alcohol, lysozyme, dextran, fatty acids, 

electrofusion, etc. The mechanism of induced fusion is 

described below:



• Aspects of Somatic Hybridization

• 1. Fusion of Protoplast

• d) Agglutination/adhesion: The two protoplasts adhere 

together when brought in close contact by fusogens, such as 

polyethylene glycol(PEG) and NaNO3.

• e) Plasma membrane fusion: The protoplasts membrane fuse 

together at the site of adhesion, which forms a cytoplasmic 

bridge between the two protoplasts. High pH and Ca2+ 

concentration can increase the rate of membrane fusion.

• f) Formation of heterokaryons: The fused protoplasts round 

up to form a spherical homokaryon or heterokaryon.



• Aspects of Somatic Hybridization

• 2.Selection of Hybrid Cells

• Not all the protoplasts fuse, only 20-25% fuse to form a 

heterokaryon. The whole mixture consists of homokaryons, 

heterokaryons and un-fused protoplasts. Therefore, methods 

are devised to select the hybrid cells from this heterogeneous 

mixture. 

• There are three methods for the selection:

• a) Biochemical method: In this method, biochemical 

compounds are used to select the fused cells from unfused 

cells. 



• Aspects of Somatic Hybridization

• Biochemical method: 

• Drug sensitivity: In this method, one of the protoplasts is 

resistant to antibiotics and the other protoplast will not be 

able to grow in its presence. For example: if protoplast 1 is 

resistant to actinomycin D, and protoplast 2 is not; after 

fusion, the fused protoplast will gain characteristics of both.

• When the cells are grown on a medium containing the 

antibiotic, protoplast 2 will not be able to grow, fused 

protoplasts will grow, and protoplast 1 forms small colonies 

that can be identified and separated.



• Aspects of Somatic Hybridization

• b) Auxotrophic mutants: Auxotrophs are mutants that cannot grow 

in a minimal medium. The hybrids are able to grow in the minimal 

medium, whereas the parental cells do not grow, and thus the cells 

can be selected.

• c) Visual method: This method is very tedious as it involves 

selecting the hybrid cells visually and mechanically. In this method, 

cells that grow on different media are fused to separate them 

visually after fusion. Another technique is to use a pipette called 

Drummond pipette to mechanically separate the hybrid cells.

• Cytometric method: Modem techniques such as flow cytometry and 

fluorescent cells are applied in this method for easy selection of 

cells.



• Aspects of Somatic Hybridization

• 3. Identification of Hybrid Plant

• The identification of hybrid plants after development from the 

hybrid cells requires molecular evidence. Here are some 

common approaches for the identification of hybrid plants.

• a) Morphology of hybrid plants: The morphology of the hybrid 

plants is usually an intermediate of the two plants and can be 

identified easily. Hybrids such as pomatoes and topatoes are 

fusions of tomatoes and potatoes and can be easily 

distinguished from the mother plant.



• Aspects of Somatic Hybridization

• 3. Identification of Hybrid Plant

• b) Isoenzyme analysis of hybrid plants: Isoenzymes are forms 

of the same enzymes that catalyze different reactions. The 

hybrid plant consists of isoenzymes from one or both the 

parents. These isoenzymes can be analysed

electrophoretically to verify hybridity.

• c) Symmetric and asymmetric hybrids: When hybrid plants 

contain the chromosome numbers the same as their parents, 

they are called symmetric hybrids and are sterile in nature. 

Asymmetric hybrids are however abnormal and do not have a 

normal chromosome number or ploidy.



• Applications of Somatic Hybridization

• Disease resistance: Disease resistance genes from one plant 

have been transferred to many others with the aid of somatic 

hybridization. Example: Tomato hybrids have been made that 

are resistant to diseases such as TMV and spotted wilt virus.

• Environmental tolerance: Plants have been hybridized to 

tolerate extreme environments such as cold, heat and salt.



• Applications of Somatic Hybridization

• Quality characters: Desirable characters such as high protein 

content have been hybridized in many plants.

• Cytoplasmic male sterility: Many traits in the cells are 

controlled by the cytoplasm. Somatic hybridization has the 

advantage of introducing such traits in the hybrids, e.g, 

resistance to antibiotics, herbicides and male sterility.



• Advantages of Somatic Hybridization:

• Somatic hybridization can be performed in young juvenile 

plants.

• The study of cytoplasmic genes and their functions has 

become easy.

• The protoplast fusion gives a unique nuclear-cytoplasmic 

combination in the hybrid cell.

• It yields innovative plants with desirable characters.



• Disadvantages of Somatic Hybridization:

• The plants produced are not always viable and fertile.

• Protoplast fusion sometimes brings genetic instability.

• It has definitely made the fusion of distant plant genus 

possible, but viable seeds are not always produced.

• The selection methods are limited.

This sums up the technique of somatic hybridization. We learnt 

the aspects, application, advantages and limitations of the 

technique.



• Questions for monitoring the material being studied:

• 1. Applications of In Vitro Tissue Culture Technologies in Breeding and 
Genetic Improvement. 

• 2. Recent applications of plant cell culture technology in the breeding 
process.

• 3. Somatic Hybridization: Aspects, Applications and Limitations

• 4. Aspects of Somatic Hybridization.

• 5. Applications of Somatic Hybridization.
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GOOD LUCK!
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