APPLICATION OF GENETICS IN PLANT IMPROVEMENT

Induction of Genetic Variability (Gene Mutation, Recombination),
Physical and Chemical Mutagens, Selection, Hybridization and Plant

Breeding Techniques, Development and Release of New Varieties.

The application of genetics in plant improvement is a complex field that utilizes
various techniques to enhance the traits of plants for agriculture, horticulture, and
other uses. Here’s a detailed overview of the process, focusing on the induction of
genetic variability, mutagens, selection methods, hybridization and breeding
techniques, and the development and release of new varieties.

1. Induction of Genetic Variability

Gene Mutation

Gene mutations are changes in the DNA sequence of a plant's genome. They can
arise naturally or be induced using mutagens.

. Types of Mutations:

o Point mutations: A change in a single nucleotide base pair.

o Insertions/Deletions: Addition or loss of DNA segments.

o Chromosomal mutations: Structural changes in chromosomes (e.g.,
duplications, inversions).

. Applications: Mutations can result in desirable traits such as disease
resistance, improved yield, or altered growth habits. For example, some
modern wheat varieties have been developed using induced mutations for
better resistance to pests and environmental stresses.

Recombination
Recombination occurs during sexual reproduction when genetic material is

exchanged between homologous chromosomes.



« Mechanism: During meiosis, homologous chromosomes align and can
exchange segments, leading to new combinations of alleles.

. Applications: Recombination increases genetic diversity within a
population, allowing for the selection of favorable traits. It is essential in
breeding programs to combine desirable traits from different parent plants.

2. Physical and Chemical Mutagens

Mutagens are agents that induce mutations, providing a source of genetic
variability.

Physical Mutagens

. lIonizing Radiation: X-rays, gamma rays, and cosmic rays can break DNA
strands, causing mutations.

« Ultraviolet (UV) Radiation: Causes thymine dimers in DNA, leading to
errors during DNA replication.

Chemical Mutagens

. Alkylating Agents: Chemicals like ethyl methanesulfonate (EMS) can add
alkyl groups to DNA bases, leading to base substitutions.

. Intercalating Agents: Compounds like acridine orange insert themselves
between DNA bases, causing frameshift mutations.

. Examples of Use: These mutagens are used to generate variability in crops
such as rice and barley, facilitating the selection of plants with improved
traits.

3. Selection

Selection is the process of choosing individuals with desirable traits for further
breeding or propagation.

Types of Selection

« Natural Selection: Occurs in natural environments, where advantageous
traits are favored, leading to adaptation.

. Artificial Selection: Breeders select plants with desired traits to propagate.



Methods of Selection

Phenotypic Selection: Choosing individuals based on observable traits (e.g.,
flower color, fruit size).

Genotypic Selection: Involves selecting individuals based on genetic tests
(e.g., molecular markers).

Backcrossing: Involves crossing a hybrid with one of its parents to retain

desirable traits while reducing unwanted traits.

4. Hybridization and Plant Breeding Techniques

Hybridization involves crossing two different varieties or species to produce

offspring with desirable traits.

Types of Hybridization

Intraspecific Hybridization: Crosses between different varieties of the
same species (€.g., two types of tomatoes).
Interspecific Hybridization: Crosses between different species (e.g.,

crossing wheat and rye to create triticale).

Breeding Techniques

Traditional Breeding: Involves crossing plants and selecting offspring over
generations (e.g., selective breeding).

Marker-Assisted Selection (MAS): Uses molecular markers linked to
desired traits to identify and select plants that carry those traits more
efficiently.

Genetic Engineering: Directly alters plant DNA using techniques like
CRISPR to introduce specific traits without traditional crossbreeding.
Tissue Culture: Involves growing plant cells or tissues in a controlled

environment to propagate plants and develop new varieties.

5. Development and Release of New Varieties

Once new plant varieties are developed, they undergo a series of steps before being

released for commercial cultivation.



Steps in Development

1. Breeding Program: Based on the goals of improving specific traits such as
yield, resistance, or nutritional value.

2. Evaluation and Testing: New varieties are tested in different environments
for performance, stability, and adaptability. This includes field trials to assess
agronomic traits.

3. Certification and Approval: New varieties must meet regulatory
requirements, including safety assessments for food, environmental impact,
and compliance with agricultural standards.

Release of New Varieties

. Commercial Release: Once a new variety is proven successful, it is released
to farmers and growers.

. Marketing and Education: Information is provided to farmers about the
new variety's benefits, cultivation practices, and best management strategies.

« Post-release Monitoring: Continued assessment of performance in diverse
agricultural systems and adaptation to changing environmental conditions.

Conclusion

The application of genetics in plant improvement is a dynamic field that combines
traditional breeding techniques with modern biotechnological advancements. By
inducing genetic variability, utilizing mutagens, and employing sophisticated
breeding strategies, researchers and breeders can develop new plant varieties that
meet the challenges of global food security, climate change, and consumer
demand. These efforts are crucial for sustainable agriculture and the continuous

improvement of crop species worldwide.



