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[SANS]
@%2 he increasing demand for food, coupled with climate change, limited natural resources
U@i and emerging biotic and abiotic stresses, has placed unprecedented pressure on global
2550 agriculture. Conventional plant breeding approaches, although successful, are time-
&% consuming and often imprecise due to genetic recombination and environmental influences.
gwg@ The advent of CRISPR/Cas-mediated genome editing has revolutionized precision plant
&% breeding by enabling accurate, efficient and targeted modification of plant genomes.
e CRISPR/Cas technology allows breeders to directly edit genes associated with yield, stress
% tolerance, disease resistance and nutritional quality without introducing foreign DNA. This
Xl article presents a comprehensive and reader-friendly overview of the principles of
0220500 .. . . . . . h

&% CRISPR/Cas genome editing, its molecular mechanism, major applications in crop
v improvement, advantages over traditional breeding, challenges, regulatory considerations and
280 future prospects. CRISPR/Cas technology represents a transformative tool for developing
et high-yielding, resilient and climate-smart crop varieties essential for sustainable agriculture
"7 and global food security.
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: pa Introduction
Qz Plant breeding has played a central role in agricultural development by improving crop yield,
c£25%0 quality and adaptability. Traditional breeding methods rely on phenotypic selection and
ZE hybridization, which require multiple generations and are often influenced by environmental
025%0 factors. Although molecular markers have improved selection efficiency, the process of
& introducing desirable traits remains slow and limited by linkage drag. Genome editing has
Q%Z emerged as a breakthrough in plant biotechnology by enabling precise and predictable genetic
Ak modifications. Among genome editing tools, CRISPR/Cas systems have gained widespread
Q

attention due to their simplicity, efficiency and versatility. Since their first successful
) application in plants, CRISPR/Cas technologies have rapidly transformed modern plant
breeding, offering unprecedented opportunities for precise genetic improvement.
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Origin and Working Principle of CRISPR/Cas Technology .
CRISPR/Cas technology originates from a natural defense mechanism found in bacteria and [>;&<>
archaea, where it functions as an adaptive immune system against viral infections. Bacteria
store fragments of viral DNA in CRISPR arrays and use them to recognize and destroy
: invading genetic material. In plant genome editing, this system is reprogrammed using a
}g@ guide RNA (gRNA) designed to match a specific target DNA sequence. The gRNA directs rf

oo

& the Cas nuclease (commonly Cas9) to the target site in the plant genome, where it introduces &%
el a precise double-strand break. The plant’s endogenous DNA repair machinery then repairs '
& the break, leading to targeted genetic modifications.

&0 |
s AGRIMAGATINE ISSN: 3048-8656 Page 215

&



mailto:brajsbi90@gmail.com

Baghel (2026) Agri Magazine, 03(02): 215-217 (FEB, 2026)

Target DNA

[ 1 5
i —
<.

Non-Homologous End jJoining DNA Homology-Directed Repaij

2 Double- %

(Indel-Prone Repair) Strand (Precise Repair)

Insertions / Deletions Break Precise Insertions
|
\ 4 “'

Insertions / Deletions Donor DNA lentenplate

(Indels) [ O
Gene Knockout Precise Insertions

Figure 1: CRISPR/CAS Mechanism for Targeted Plant Genome Editing.

DNA Repair Mechanisms in CRISPR Editing

Non-Homologous End Joining (NHEJ)

NHEJ is the most common repair pathway in plants. It often introduces small insertions or
deletions at the cleavage site, resulting in gene knockouts. This method is widely used to
disable undesirable genes controlling susceptibility or negative traits.

Homology-Directed Repair (HDR)

HDR uses a homologous DNA template to introduce precise genetic changes such as gene
replacement or insertion. Although less efficient in plants, HDR enables precise allele
modification and trait improvement.

Types of CRISPR/Cas Systems Used in Plants

3 Several CRISPR/Cas variants have been adapted for plant breeding:

£ e Cas9: Most widely used system; efficient and versatile

00 e Casl2a (Cpfl): Produces staggered DNA cuts and improves editing precision

« Base Editing: Allows single-base substitutions without DNA breaks

e Prime Editing: Enables highly precise and programmable genome modifications
These advanced tools further enhance the accuracy and scope of precision breeding.

Applications of CRISPR/Cas in Plant Improvement

Abiotic Stress Tolerance

CRISPR/Cas has been used to enhance tolerance to drought, salinity and heat by editing
genes involved in stress perception, ion transport, osmotic regulation and antioxidant defense
mechanisms.

Disease and Pest Resistance

Genome editing enables targeted modification of susceptibility genes, resulting in improved
resistance to bacterial, fungal and viral diseases. This approach provides durable resistance
without relying on chemical pesticides.

Yield and Plant Architecture Improvement

Genes controlling flowering time, tillering, grain size and plant height have been edited to
enhance yield potential and adaptability in major field crops.
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Nutritional Quality Enhancement

CRISPR/Cas technology has been successfully applied to improve protein quality, vitamin
content, oil composition and reduction of anti-nutritional factors, contributing to improved
human nutrition.

Advantages of CRISPR/Cas Over Conventional Breeding

« High precision and specificity

o Rapid development of improved varieties

e Minimal or no linkage drag

o Multiplex genome editing capability

o Possibility of transgene-free edited plants

These advantages make CRISPR/Cas a powerful tool for modern precision breeding.

Challenges and Limitations

Despite its potential, CRISPR/Cas technology faces several challenges, including off-target
mutations, limited efficiency of HDR, difficulties in plant transformation and regeneration
and regulatory uncertainty. Continuous technological improvements are addressing these
limitations.

Regulatory and Ethical Considerations

Regulatory frameworks for genome-edited crops vary across countries. Some nations regulate
transgene-free edited plants similarly to conventionally bred crops, while others apply GMO
regulations. Transparent, science-based policies are essential for the responsible adoption of
CRISPR technology in agriculture.

Future Prospects of CRISPR-Based Precision Breeding

The integration of CRISPR/Cas with genomics, transcriptomics, artificial intelligence and
high-throughput phenotyping will further accelerate crop improvement. Genome editing of
orphan crops and climate-resilient varieties will play a vital role in sustainable and inclusive
agricultural development.

Conclusion

CRISPR/Cas-mediated genome editing represents a paradigm shift in plant breeding by
enabling precise, rapid and efficient genetic improvement. Through targeted modification of
genes controlling vyield, stress tolerance, disease resistance and nutritional quality,
CRISPR/Cas offers powerful solutions to global agricultural challenges. Its strategic
integration with conventional breeding and molecular tools will be essential for achieving
sustainable food security in a changing climate.
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