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INTRODUCTION

Agriculture has always been shaped by humanity's ability to
improve crops and livestock. From the earliest days of
selecting superior seeds to the modern era of biotechnology,
farmers and scientists have continuously sought methods to
increase productivity, improve nutritional quality, and reduce
losses caused by pests and diseases. In recent years, a
revolutionary technology known as Clustered Regularly
Interspaced Short Palindromic Repeats (CRISPR) has
emerged as one of the most powerful tools in biological
science. Often described as molecular scissors, CRISPR
allows scientists to make precise changes in the genetic code
of living organisms.

The application of CRISPR technology in agriculture
has given rise to what is increasingly referred to as "code
farming." This concept reflects the ability to edit the genetic
code of crops and livestock with unprecedented precision.
Unlike traditional breeding, which may require decades to
desirable traits, CRISPR targeted
modifications within a relatively short period. One of the most

introduce enables
promising applications of this technology is the development
of disease-resistant crops that can withstand pathogens
without extensive reliance on chemical pesticides.

Plant diseases are responsible for significant
economic losses worldwide. According to estimates from the
Food and Agriculture Organization, plant diseases destroy
approximately 20 to 40 per cent of global crop production
annually. These losses threaten food security, increase
production costs and contribute to environmental degradation
through increased pesticide use. CRISPR offers a
transformative solution by enabling scientists to identify and
modify genes associated with disease susceptibility.
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Understanding CRISPR Technology
CRISPR is a naturally occurring defence
mechanism found in bacteria and archaea.
These microorganisms use CRISPR systems to
recognize and destroy invading viruses.

The CRISPR Cas9 system consists of two
primary components:

1. Guide RNA (gRNA)

2. Cas9 enzyme

The guide RNA directs the Cas9 enzyme to a
specific DNA sequence. Once located, Cas9
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cuts the DNA at the targeted site. Cellular repair
mechanisms then repair the break, allowing
scientists to delete, insert or modify genetic
information. The simplicity, accuracy and
efficiency of CRISPR distinguish it from earlier
gene-editing technologies such as Zinc Finger
Nucleases and TALENs. Figure 1. Schematic
representation of CRISPR Cas9-based genome
editing for developing disease-resistant plants
through the modification and stacking of
resistance (R) genes from natural sources.

Table 1: Components of the CRISPR Cas9 System

Component Function
Guide RNA Identifies and binds target DNA sequence
Cas9 Enzyme Cuts DNA at the specified location
Target DNA Gene selected for modification
Repair Mechanism | Repairs DNA breaks and introduces desired change
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Non functional R gene

Synthetic resistant plant
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Figure 1: CRISPR Gene Editing Mechanism in Plants

The Concept of Code Farming

In the context of disease management, code

Code farming refers to the practice of managing
agricultural traits through precise manipulation
of genetic information. Instead of relying solely
on traditional breeding methods, scientists can
directly edit genes responsible for desirable
characteristics. The concept represents a shift
from chemical-based crop protection toward
biology-based precision agriculture.
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farming allows researchers to:
% Remove genes that make plants vulnerable
to pathogens.

Enhance natural immune responses.

X3

*

X3

*

Introduce resistance against viruses, fungi
and bacteria.

% Improve crop resilience to environmental
stress.
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Plant Diseases and Global Food Security
Plant  pathogens  significantly = reduce
agricultural productivity. These pathogens
include fungi, bacteria, viruses, nematodes and
oomycetes. Crop diseases reduce yields,
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increase food prices and threaten the
livelihoods of millions of farmers. Climate
change is expected to intensify disease
outbreaks by altering pathogen distribution and
increasing environmental stress.

Table 2: Major Plant Diseases Affecting Global Food Production

Causal Agent

Xanthomonas oryzae

Puccinia graminis

Phytophthora infestans

Fusarium oxysporum

Xanthomonas species

Crop Disease
Rice Bacterial blight
Wheat Stem rust
Potato Late blight
Banana | Panama disease
Tomato | Bacterial spot
Cassava | Mosaic discase

Cassava mosaic virus

How CRISPR Creates Disease-Resistant
Crops

CRISPR can improve disease resistance
through several mechanisms.

1. Knockout of Susceptibility Genes: Many
pathogens exploit specific plant genes known as
susceptibility genes. By disabling these genes,
researchers can prevent infection. One well-
known target is the MLO gene in wheat.
Mutations in this gene confer resistance to
powdery mildew.

2. Enhancement of Immune Response
Genes: Plants possess innate immune systems
that recognize pathogens and activate defence
mechanisms. CRISPR can strengthen these
immune pathways by modifying regulatory
genes.

3. Targeting Viral CRISPR
systems can directly target viral DNA or RNA

Genomes:

within plant cells. This strategy has shown
promise in protecting crops against viral
infections.

4. Multiplex Gene Editing: Scientists can
simultaneously edit multiple genes associated
with disease resistance, providing broader
protection against diverse pathogens.

CRISPR Applications in Major Food Crops

1) Rice: Rice is a staple food for more than
half of the world's population. Bacterial
blight is one of the most destructive
diseases

affecting rice production.
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Researchers have used CRISPR to modify
SWEET genes that are exploited by the
bacterial pathogen. Edited rice varieties
exhibit significantly enhanced resistance
while maintaining normal growth and
yield.

2) Wheat: Wheat contributes substantially to
global calorie intake. CRISPR has been
employed to modify genes associated with
powdery mildew susceptibility. Editing
the MLO gene has produced wheat
varieties resistant to fungal infection
without introducing foreign DNA.

3) Tomato: Tomatoes are vulnerable to
bacterial spot disease and several viral
pathogens. CRISPR-based modifications
have generated tomato plants with
improved disease resistance and increased
shelf life.

4) Potato: Late blight remains one of the
most devastating diseases in potato
cultivation. ~ Scientists are exploring
CRISPR-mediated resistance by editing
genes involved in pathogen recognition
and immune responses.

5) Banana: Bananas face severe threats from
Panama disease caused by Fusarium wilt.
CRISPR being
investigated to enhance resistance through
modification of disease-related genes.

technologies  are

6) Cassava: Cassava mosaic disease causes
major losses in tropical regions. CRISPR
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has demonstrated the ability to target viral
genomes responsible for the disease,
offering a promising solution for
smallholder farmers.

Benefits of CRISPR in Food Production
Increased Crop Yield

Reduced Pesticide Use

Improved Food Security

Faster Breeding Programs

Enhanced Nutritional Quality
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X3

8

5

%
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8

5

%

Safety Considerations

Although CRISPR offers remarkable potential,

safety assessments remain essential.

1. Off-Target Effects: Unintended genetic
changes can occur if the editing system
targets similar DNA sequences elsewhere in
the genome. Advances in guide RNA design
have significantly reduced this risk.

2. Ecological Impact: Disease-resistant crops
may influence ecological interactions
involving pathogens, beneficial microbes
and insect populations. Long-term
monitoring is therefore necessary.

3. Genetic Diversity: Overreliance on a
limited number of edited varieties could
reduce agricultural biodiversity. Breeding
programs must maintain diverse genetic
resources.

Ethical and Social Considerations

The use of gene editing in food systems has
generated substantial ethical discussion.

% Consumer Acceptance

% Ownership and Intellectual Property

% Equity Issues

% Transparency

Future Prospects of Code Farming

The future of code farming extends beyond
disease resistance. Emerging applications
include:

Climate-resilient crops.

X3

%

2o

A

Enhanced nutrient content.

2o

A

Reduced postharvest losses.
Improved nitrogen use efficiency.

X3

%

e

%

Resistance to insect pests.
Tolerance to drought and salinity.

X3

%
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Challenges

Despite its promise, several challenges remain.
Technical Challenges

Regulatory Uncertainty

Public Perception

Infrastructure Requirements

Economic Considerations
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CONCLUSION

CRISPR technology is transforming modern
agriculture by enabling precise and efficient
editing of plant genomes to enhance disease
resistance. Through the concept of code
farming, scientists can directly modify genes
associated with susceptibility to pathogens,
reducing crop losses and decreasing
dependence on chemical pesticides. Successful
applications in major food crops such as rice,
wheat, tomato, potato, banana and cassava
demonstrate the immense potential of CRISPR
to strengthen global food security and promote
sustainable farming practices. While challenges
related to regulation, public acceptance,
biosafety and equitable access remain,
continued research and responsible
implementation can help maximize the benefits
of this technology. As agricultural systems face
increasing pressures from climate change,
emerging diseases and a growing global
population, CRISPR-based genome editing
offers a promising pathway toward healthier
crops, resilient food systems and a more
sustainable future for agriculture.

REFERENCES
« Bortesi, L., & Fischer, R. (2015). The
CRISPR Cas9 system for plant genome
editing and beyond. Biotechnology

Advances, 33(1), 41-52.
https://doi.org/10.1016/j.biotechadv.20
14.12.006

+ Chen, K., Wang, Y., Zhang, R., Zhang,
H., & Gao, C. (2019). CRISPR Cas
genome editing and precision plant
breeding in agriculture. Annual Review
of Plant Biology, 70, 667-697.
https://doi.org/10.1146/annurev-
arplant-050718-100049

34



If'\

&>Agrospheres=™

R/
0’0

Y/
°

Doudna, J. A., & Charpentier, E.
(2014). Genome editing. The new
frontier of genome engineering with
CRISPR Cas9. Science, 346(6213),
1258096.
https://doi.org/10.1126/science.12580
96

FAO. (2021). Scientific review of the
impact of climate change on plant
pests. Rome: Food and Agriculture
Organization of the United Nations.
Gao, C. (2021). Genome engineering
for crop improvement and future
agriculture. Cell, 184(6), 1621-1635.
https://doi.org/10.1016/j.cell.2021.01.
005

Jaganathan, D., Ramasamy, K.,
Sellamuthu, G., Jayabalan, S., &
Venkataraman, G. (2018). CRISPR for
crop improvement. Plant Cell Reports,
37(11), 1425-1438.
https://doi.org/10.1007/s00299-018-
2313-7

Langner, T., Kamoun, S., & Belhaj, K.
(2018). CRISPR crops. Plant genome
editing toward disease resistance.
Annual Review of Phytopathology, 56,
479-512.
https://doi.org/10.1146/annurev-phyto-
080417-050158

Copyright © June, 2026; Agrospheres

Available online at
http://agrospheresmagazine.vitalbiotech.org

R/
0’0

ISSN (E): 2582 — 7022

Ricroch, A., Clairand, P., & Harwood,
W. (2017). Use of CRISPR systems in
plant genome editing. Toward new
opportunities in agriculture. Emerging
Topics in Life Sciences, 1(2), 169-182.
https://doi.org/10.1042/ETLS2017008
5

Rodriguez Leodn, J., Sanchez Garcia,
C., Heredia, G., Mayo, S., Herrera
Estrella, L., & Lozano Juste, J. (2023).
CRISPR technologies for plant disease
resistance. Plant Physiology, 191(1),
30-48.
https://doi.org/10.1093/plphys/kiac483
Zaidi, S. S. E. A., Mahas, A.,
Vanderschuren, H., & Mahfouz, M. M.
(2020). Engineering crops of the future.
CRISPR approaches to develop climate
resilient and disease resistant plants.

Genome  Biology,  2I(1), 289.
https://doi.org/10.1186/s13059-020-
02204-y

Zhang, Y., Massel, K., Godwin, 1. D.,
& Gao, C. (2018). Applications and
potential of genome editing in crop
improvement. Genome Biology, 19(1),
210. https://doi.org/10.1186/s13059-
018-1586-y

35



