gl gftnticles

(e-Magazine for Agricultural Articles)

Volume: 05, Issue: 06 (NOV-DEC, 2025)
Available online at http://www.agriarticles.com
°Agri Articles, ISSN: 2582-9882

parde de de de de Ao de Ao Ao Ao e Ae e e Ao e e A Ae e e A e A U U U O Or Ur Ov dv dv dv dv de de de Ao 1o e e dr Or O de de de Ae Ae e e Or

CRISPR Technology — Revolutionizing Agriculture and Beyond
V. Karpagam
Department of Plant Breeding and Genetics, MIT College of Agriculture and
Technology, Vellalapatti, Musiri — 621211, Tamil Nadu, India
“Corresponding Author’s email: karpagampbg@gmail.com

magine being able to edit the genes of a

plant or animal as easily as editing text in a s
computer document. This is no longer science
fiction — it’s the promise of CRISPR, a . . %]j“"
groundbreaking tool that has transformed the L

world of genetics. CRISPR (Clustered
Regularly Interspaced Short Palindromic
Repeats) is a natural defense mechanism found
in bacteria, now adapted by scientists for
precise gene editing in crops, animals, and
even humans.
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How CRISPR Works
CRISPR works like a pair of molecular scissors , -
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sequence and the “scissors” — an enzyme called Cas9 — cuts the DNA at that exact spot.
Once the DNA is cut, scientists can delete, insert, or modify specific genes, allowing precise
control over an organism’s traits.

Applications in Agriculture

Developing Disease-Resistant Crops

CRISPR has been used to develop rice resistant to bacterial blight, cassava resistant to mosaic
virus, and banana plants resistant to Banana Bunchy Top Virus. These innovations reduce the
need for pesticides and improve yield stability.

Improving Stress Tolerance

With global warming affecting productivity, scientists use CRISPR to enhance drought, heat,
and salinity tolerance in crops like rice and wheat. In India, ICAR and IARI have initiated
projects for stress-tolerant rice and mustard using gene-editing approaches.

Enhancing Nutritional Value

Gene editing enables the biofortification of crops. Examples include iron- and zinc-rich rice,
vitamin-A-enriched maize, and low-phytate pulses to improve mineral absorption.

Extending Shelf Life

Tomatoes and bananas have been edited using CRISPR to delay softening and spoilage,
reducing post-harvest losses.

CRISPR in Livestock and Aquaculture

In animals, CRISPR aids in creating disease-resistant cattle, pigs, and poultry. In aquaculture,
it is used to develop faster-growing, temperature-resilient fish species.
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Advantages over Conventional Breeding

Traditional breeding takes years and often involves random crossing. CRISPR accelerates the
process by directly targeting specific genes of interest. It is cost-effective, highly accurate,
and allows multi-gene editing simultaneously. Since no foreign DNA is inserted, CRISPR-
edited crops may be more acceptable to consumers and policymakers.

CRISPR in Livestock
Beyond plants, CRISPR helps in breeding disease-resistant animals, improving milk and
meat quality, and reducing the spread of zoonotic diseases.

Ethical and Safety Considerations

Despite its promise, gene editing raises concerns regarding biosafety, biodiversity, and ethical
responsibility. Off-target effects and unintended ecological consequences require strict
regulation. Transparent guidelines, risk assessments, and public awareness are essential for
the responsible deployment of CRISPR in agriculture.
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Ethical and Safety Aspects

While the potential of CRISPR is enormous, its use also raises questions about ethics,
biosafety, and biodiversity Scientists emphasize the need for strong regulations to ensure
responsible and transparent use of the technology.

Conclusion

CRISPR technology is a true scientific marvel — fast, precise, and cost-effective. For
agriculture, it offers a sustainable pathway to feed a growing global population while
protecting our planet. As India moves toward smart and sustainable farming, CRISPR could
play a major role in shaping the crops of tomorrow.

India’s Progress in CRISPR Research

Indian institutions like the Indian Agricultural Research Institute (IARI), National Rice
Research Institute (NRRI), and Central Institute for Cotton Research (CICR) are actively
using CRISPR to develop improved rice, tomato, mustard, and groundnut varieties. Notably,
research on low-glycemic-index rice could benefit diabetic populations by producing
healthier carbohydrate profiles.
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Future Prospects

The next generation of CRISPR tools—Ilike Cas12, Casl13, and base editors—promise even
more refined control over genome modification. Combined with artificial intelligence, these
could enable predictive breeding for region-specific crops. For India, CRISPR technology
aligns with national goals for nutritional security, sustainability, and farmer prosperity.
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