Available online at

ISSN (E): 2583 - 1933

http://currentagriculturetrends.vitalbiotech.org/

Current

e
QeLeess
Cee
e
e

4
w,
N
LU
N
¢
A

y e

4

Trends:

e-Newsletter

Agriculture

Curr. Agri.Tren.:e- Newsletter, (2026) 5(3), 116-120

Article ID: 605

Planting the Future: Gene Therapy Takes

Jeet Roy'",
Jammugani Vinod Kumar?,
Ajay Kumar Yadav?®,
Debojyoti Modak*and
Sayyad Umar Ahmed
Tajmohammed®

Research Scholar, Department of

Molecular Biology and Biotechnology,

Indian Agricultural Research Institute,
New Delhi
2Research Scholar, Department of
Biochemistry, Uttar Banga Krishi
Viswavidyalaya, Pundibari, Cooch
Behar
3Research Scholar, Department of
Entomology, School of Agricultural
Sciences, Nagaland University,
Medziphema, Nagaland
4M.Sc. Scholar, Department of
Genetics and Plant Breeding,
Ramakrishna Mission Vivekananda
Educational and Research Institute,
Narendrapur
5B.Sc. Student, Department of
Genetics and Plant Breeding, Late
Rajiv Gandhi College of Agriculture,
Parbhani

Open Access

*Corresponding Author
Jeet Roy”

Avrticle History
Received: 16.3.2026
Revised: 21.3.2026
Accepted: 26.3.2026

This article is published under the
terms of the Creative Commons
Attribution License 4.0.

Root in Crops

INTRODUCTION

Agriculture is entering a transformative era driven by
advances in molecular biology and biotechnology. Among the
most promising innovations is the concept of gene therapy in
crops, which refers to the precise modification, correction or
regulation of plant genes to enhance desirable traits.
Traditionally associated with medical science, gene therapy is
now being adapted to plant systems, offering new possibilities
for crop improvement. By directly targeting genes responsible
for vyield, resistance and stress tolerance, gene therapy
provides a powerful tool for addressing global agricultural
challenges.

The demand for food continues to rise due to
population growth, urbanization and changing dietary patterns.
At the same time, climate change, soil degradation and water
scarcity threaten agricultural productivity. Conventional
breeding methods, although effective, are often slow and
limited by the availability of genetic variation. Modern genetic
approaches, including gene therapy and genome editing,
enable faster and more precise improvements in crops.

Gene therapy in plants builds upon earlier advances in
genetic engineering and genome editing. These technologies
allow scientists to modify plant genomes with high precision,
introducing or altering specific genes to achieve desired traits.
Compared to traditional breeding, which may take decades,
gene editing can significantly shorten the time required to
develop improved varieties. This article explores the concept
of gene therapy in crops, its mechanisms, applications,
challenges and future potential. It highlights how this
emerging approach is reshaping agriculture and contributing to
sustainable food production.
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Concept and Principles of Gene Therapy in
Plants

Gene therapy in plants involves the targeted
modification of genetic material to improve plant
performance. Unlike traditional breeding, which
relies on the recombination of entire genomes,
gene therapy focuses on specific genes or
regulatory elements. The fundamental principle
of gene therapy is based on understanding gene
function and manipulating gene expression.
Genes control various physiological and
developmental processes in plants, including
growth, metabolism and stress responses. By
modifying these genes, it is possible to enhance
crop traits.

Gene therapy approaches in plants can
be broadly categorized into gene insertion, gene
silencing and gene editing. Gene insertion
involves introducing new genes into the plant
genome, often from other species. Gene silencing
reduces or eliminates the expression of specific
genes. Gene editing modifies existing genes to
improve their function. The development of these
techniques has been facilitated by advances in
molecular biology, including polymerase chain
reaction, sequencing  technologies  and
bioinformatics. These tools enable precise
identification and manipulation of genes.
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Mechanisms of Gene Therapy in Crops

Gene therapy in crops involves several key steps,
including gene identification, delivery and
expression. Gene identification is the process of
selecting genes associated with desirable traits.
This requires knowledge of plant genomics and
functional biology.

Gene delivery involves introducing
genetic material into plant cells. Common
methods  include  Agrobacterium-mediated
transformation, particle bombardment and
protoplast transformation. Once the gene is
introduced, it must be integrated into the plant
genome and expressed. This involves regulatory
elements such as promoters and enhancers that
control gene activity.

Genome editing technologies,
particularly CRISPR-based systems, have
revolutionized gene therapy by enabling precise
modifications of DNA sequences. These systems
create targeted breaks in DNA, which are
repaired by cellular mechanisms, resulting in
gene modification. The process of gene therapy
in plants, from gene delivery to trait expression,
is illustrated in Figure 1.
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Figure 1. Mechanism of gene therapy in crops illustrating gene identification, delivery through
transformation methods and subsequent expression leading to improved agronomic traits.

Table 1: Mechanisms of Gene Therapy in Plants

Mechanism Description

Application

Gene insertion

Introduction of new genes

Trait enhancement

Gene silencing

Suppression of gene expression

Disease resistance

Gene editing

Modification of existing genes

Yield improvement
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Applications of Gene Therapy
Improvement

Gene therapy has a wide range of applications in
agriculture, addressing both productivity and
sustainability.

Yield Enhancement

Improving crop yield is a primary goal of
agricultural research. Gene therapy enables the
modification of genes controlling plant
architecture, photosynthesis and nutrient use
efficiency.

Studies have shown that editing specific
genes can increase grain number, size and overall
productivity.

Disease Resistance
Plant diseases caused by pathogens can lead to

in Crop

enhance resistance by modifying genes involved
in plant defence mechanisms.

For example, genes that make plants susceptible
to pathogens can be altered or removed, resulting
in improved resistance.

Abiotic Stress Tolerance

Crops are frequently exposed to environmental
stresses such as drought, salinity and extreme
temperatures. Gene therapy can improve
tolerance to these stresses by modifying genes
involved in stress responses.

Nutritional Improvement

Gene therapy can enhance the nutritional quality
of crops by increasing the content of vitamins,
minerals and other beneficial compounds.

significant crop losses. Gene therapy can
Table 2: Applications of Gene Therapy in Crops
Application Target Traits Benefits

Yield enhancement

Growth genes

Increased productivity

Disease resistance

Defence genes

Reduced losses

Stress tolerance

Stress response genes

Climate resilience

Nutritional quality

Metabolic genes

Improved food value

Advantages Over Traditional Breeding

Gene therapy offers several advantages
compared to conventional breeding methods.
One major advantage is precision. Traditional
breeding involves crossing entire genomes,
which can introduce unwanted traits. Gene
therapy allows targeted modification of specific
genes, reducing unintended effects.

Another advantage is speed.
Conventional breeding can take many years or
even decades to produce desired traits. Gene
therapy can achieve similar results in a much
shorter time frame.

Gene therapies also expand the range of
genetic variation by enabling the introduction of
genes from different species, overcoming natural
breeding barriers.
Integration with
Technologies
Gene therapy in plants is closely linked with
genome editing technologies such as CRISPR.
These tools provide the precision required for
effective gene therapy.

CRISPR  systems enable
modification of DNA sequences,
Copyright © Mar., 2026; Current Agriculture Trends

Genome Editing

targeted
allowing

researchers to add, remove or alter genes. This
technology has been widely used to improve crop
traits, including yield, quality and resistance.

The integration of gene therapy with
genome editing enhances the efficiency and
effectiveness of crop improvement programs.
Role of Functional Genomics
Functional genomics plays a crucial role in gene
therapy by providing insights into gene function
and  regulation.  Techniques  such as
transcriptomics and proteomics help identify
genes associated with specific traits.

Understanding gene  networks and
regulatory pathways is essential for successful
gene therapy. It allows researchers to predict the
effects of genetic modifications and optimize
outcomes.

Challenges and Limitations
Despite its potential, gene therapy in crops faces
several challenges.

One major challenge is the complexity of
plant genomes. Many traits are controlled by
multiple genes, making it difficult to identify and
modify all relevant genes.

Technical challenges include efficient gene
delivery and regeneration of transformed plants.
Some plant species are difficult to transform,
limiting the applicability of gene therapy.
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Regulatory and ethical considerations also play a
significant role. The approval process for
genetically modified crops can be lengthy and
complex, affecting the adoption of gene therapy
technologies.

Environmental and Socioeconomic
Implications
Gene therapy in crops has important

environmental and socioeconomic implications.
On the positive side, it can reduce the need for
chemical inputs such as pesticides and fertilizers,
contributing to sustainable agriculture.

However, concerns about biodiversity,
gene flow and ecological impacts need to be
addressed. Public perception and acceptance of

genetically modified crops also influence the
adoption of these technologies.

Future Perspectives

The future of gene therapy in crops is promising,
with ongoing advancements in technology and
research. New gene editing techniques, such as
base editing and prime editing, offer even greater
precision and flexibility. These technologies are
expected to further enhance the potential of gene
therapy. Integration with digital agriculture,
artificial intelligence and big data will enable
more  efficient crop improvement. The
development of climate-resilient crops will be a
key focus in the coming years, helping to ensure
food security in a changing environment.

Table 3: Future Trends in Gene Therapy for Crops

Trend

Description

Impact

Advanced editing tools

Base and prime editing

Greater precision

Data integration

Al and genomics

Better decision-making

Climate adaptation

Stress-tolerant crops

Sustainable agriculture

CONCLUSION

Gene therapy in crops represents a
transformative advancement in agricultural
biotechnology, offering a precise and efficient
approach to improving plant traits and addressing
global food security challenges. By enabling
targeted modification of genes, this technology
overcomes many limitations of traditional
breeding, allowing for rapid development of
high-yielding,  resilient and  nutritionally
enhanced crop varieties. The integration of gene
therapy with genome editing tools such as
CRISPR has further expanded its potential,
enabling precise manipulation of complex
genetic traits. Despite challenges related to
technical limitations, regulatory frameworks and
public perception, ongoing research and
innovation are expected to overcome these
barriers and accelerate the adoption of gene
therapy in agriculture. The ability to enhance
crop performance while reducing environmental
impact makes gene therapy a key component of
sustainable agricultural systems. As the global
demand for food continues to rise, the
application of gene therapy in crops will play a
crucial role in ensuring food security, improving
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farmer livelihoods and promoting ecological
balance.
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