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DESCRIPTION

Callus formation is a fascinating biological phenomenon in
plants that reflects their remarkable regenerative ability. This
mass of undifferentiated cells, often induced in response to
injury or under laboratory conditions, plays a important role in
plant tissue culture, stress adaptation, and the development of
innovative biotechnological applications. As a topic within the
scope of the article, the study of callus offers significant
insights into plant growth and development at the cellular and
biochemical levels.

Understanding callus formation

Callus formation is a process triggered by plant hormones,
particularly auxins and cytokinins, which regulate cell division
and differentiation. When a plant experiences mechanical
damage or stress, its cells dedifferentiate and form a callus at the
site of injury. This dedifferentiation is an essential survival
mechanism, allowing the plant to heal wounds and restore tissue
integrity.

In laboratory conditions, callus is typically induced by culturing
plant explants on nutrient media supplemented with plant
growth regulators. This controlled manipulation of callus
provides a versatile platform for plant regeneration and genetic
transformation. The balance between auxins and cytokinins in
the medium determines the nature of callus development:

¢ High auxin-to-cytokinin ratio promotes root formation.
¢ High cytokinin-to-auxin ratio encourages shoot formation.
* Balanced ratios maintain an undifferentiated callus state.

Biochemical composition of callus

Callus tissue is rich in primary and secondary metabolites that
contribute to its growth and adaptability. The biochemical
composition of callus varies depending on the plant species,
explant source, and culture conditions. Understanding these
variations is critical for optimizing tissue culture protocols and
enhancing plant productivity. These include:

Carbohydrates and proteins: Essential for cell proliferation
and energy supply.

Phenolic compounds: Provide defense against oxidative stress
and microbial pathogens.

Hormonal regulation: Auxins, cytokinins, and gibberellins
orchestrate cellular activities and differentiation potential.

Physiological role of callus

Callus formation is an integral part of plant wound healing and
adaptation. By generating a protective barrier of undifferentiated
cells, the plant minimizes water loss, prevents pathogen entry,
and initiates tissue regeneration. In natural environments, callus
formation is an adaptive strategy that enhances survival under
adverse conditions. In the context of plant tissue culture, callus
serves as a precursor to organogenesis (formation of organs) and
somatic embryogenesis (development of embryos from somatic
cells). These processes are central to plant propagation, genetic
modification, and conservation.

Callus in biotechnology and research

The ability to induce and manipulate callus has revolutionized
plant biotechnology. Key applications include:

Micropropagation: Callus culture enables the rapid propagation
of genetically identical plants, ensuring uniformity and quality in
agriculture and horticulture.

Genetic engineering: Callus tissue is an ideal platform for
introducing foreign genes, allowing the development of
transgenic plants with desirable traits such as disease resistance,
drought tolerance, and improved yield.

Secondary metabolite production: Callus cultures are employed
to  produce  valuable plant  metabolites, including
pharmaceuticals, flavors, and pigments. They offer a sustainable
alternative to harvesting plants from natural habitats.

Stress physiology studies: Callus provides a model system for
studying plant responses to abiotic and biotic stresses, facilitating
the discovery of stress-resilient crop varieties.
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Mechanisms of callus formation

Callus formation is initiated when plant cells dedifferentiate
under the influence of hormonal and environmental stimuli,
regaining pluripotency. This process is typically triggered by
applying plant growth regulators, such as auxins and cytokinins.
Auxins promote cell division, while cytokinins induce cell
proliferation. The balance between these hormones determines
whether the callus develops into shoots or roots.

Cellular reprogramming

During dedifferentiation, epigenetic modifications, such as
Acid (DNA) methylation

acetylation, alter gene expression, enabling the reactivation of

Deoxyribonucleic and histone
developmental pathways. Auxin signaling via Transport Inhibitor
Response 1/Auxin Signaling F-Box (TIR1/AFB) receptors
degrades Auxin/Indole-3-Acetic Acid (AUX/IAA) repressors,
freeing ARF transcription factors to activate cell cycle genes.
Cytokinins work through the Cytokinin Response 1/Arabidopsis
Histidine Kinase (CRE1/AHK) cytokinin receptor system,
modulating gene expression for shoot organogenesis.
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Applications in biotechnology

Callus tissue is central to plant tissue culture techniques. It
facilitates somatic embryogenesis, allowing regeneration of
whole plants from somatic cells. This is essential for genetic
transformation, where callus serves as the target for gene
insertion using Agrobacterium or biolistics. Callus also supports
secondary metabolite production for pharmaceuticals and
agriculture. Callus formation mimics a natural wound response,
aiding in tissue repair. Its ability to regenerate underscores its
role in plant adaptation and survival.

CONCLUSION

Callus represents the incredible regenerative potential of plants,
bridging the gap between fundamental biology and applied
sciences. As a key focus of plant biochemistry and physiology, its
study offers valuable insights into cellular processes, hormonal
regulation and callus-based
technologies are driving innovations in agriculture, medicine,
and environmental sustainability.

stress adaptation. Moreover,
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