
 

 

 
Agri Articles 

(e-Magazine for Agricultural Articles)  

Volume: 05, Issue: 04 (JULY-AUG, 2025) 
Available online at http://www.agriarticles.com  

Agri Articles, ISSN: 2582-9882 
 

 

Agri Articles ISSN: 2582-9882 Page 755 

Genetic Improvement of Vegetable Crops through CRISPR/Cas9 

and Other Genome Editing Tools 
Krishna Chandra Tiwari

1
, A Pavani Rani

2
, Suman Dhaka

3
, 

*
Aniketkumar L. Bijewar

4
  

and Mili Rani Mandal
5
 

1
JRF/ Project Associate-I, Genetics and Plant Breeding, College of Agriculture, Rani 

Lakshmi Bai Central Agricultural University, Jhansi 
2
Horticulture Officer, Department of Vegetable Science, Dr YSR Horticultural 

University, College of Horticulture,  Venkataramannagudem, West Godavari, Andhra 

Pradesh, India 
3
M.Sc. Scholar, Department of Floriculture and Landscaping, Dr. Panjabrao 

Deshmukh Krishi Vidyapeeth, Akola 
4
Ph. D. Research Scholar, Department of Floriculture and Landscape Architecture, Post 

Graduate Institute, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola 
5
Ph. D. Research Scholar, Department of  Vegetable Science, College of Horticulture, 

University of Horticultural Sciences, Bengaluru- 560065, Karnataka 
*
Corresponding Author’s email: aniketbijewar@gmail.com

  

 

egetable crops play a vital role in global food and nutritional security by providing 

essential vitamins, minerals, and dietary fiber. However, their production is often 

challenged by biotic stresses such as diseases and pests, abiotic stresses like drought and 

salinity, post-harvest losses, and limited shelf-life. Traditional breeding techniques, although 

effective to an extent, are often time-consuming, labour-intensive, and limited by the genetic 

diversity available within crossable species. Recent advances in genome editing technologies, 

particularly the CRISPR/Cas9 system, have revolutionized crop improvement by enabling 

precise, targeted modifications in plant genomes. Unlike conventional genetic modification, 

genome editing allows for the alteration of specific genes associated with key agronomic 

traits without introducing foreign DNA, making it a more acceptable and efficient approach 

in many regulatory and public domains. This innovative technology has been successfully 

applied in vegetable crops such as tomato, lettuce, cucumber, and cabbage to enhance disease 

resistance, improve shelf-life, increase yield, and boost nutritional content. Furthermore, 

other emerging tools like TALENs and ZFNs have also demonstrated potential in vegetable 

crop improvement, though CRISPR/Cas9 remains the most widely adopted due to its 

simplicity, cost-effectiveness, and versatility. 

Targeted Gene Editing for Traits like Disease Resistance, Shelf-Life, and 

Nutrition 
Targeted genome editing tools, particularly CRISPR/Cas9, have opened new frontiers in 

precisely modifying key genes associated with economically and agronomically important 

traits in vegetable crops. By directly altering specific DNA sequences, scientists can rapidly 

develop improved varieties without the limitations of traditional breeding methods. 

1. Disease Resistance 

One of the most promising applications of CRISPR/Cas9 is in developing disease-resistant 

vegetable cultivars. Pathogen-related yield losses are a major concern in vegetables like 

tomato, pepper, and cucumber. Genome editing allows the disruption or modification of 

susceptibility (S) genes or the enhancement of resistance (R) genes to combat bacterial, viral, 
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and fungal diseases. For example, in tomato, CRISPR-mediated knockout of the SlMlo1 gene 

confers resistance to powdery mildew. Similarly, editing the eIF4E gene in cucumber has led 

to enhanced resistance against potyviruses. 

2. Shelf-Life and Post-Harvest Quality 

Improving shelf-life is critical to reduce post-harvest losses and maintain quality during 

storage and transport. CRISPR/Cas9 has been used to delay fruit softening and extend shelf-

life by targeting genes involved in ethylene biosynthesis and cell wall degradation. In tomato, 

for instance, editing the polygalacturonase (PG) gene and ACS2 gene has resulted in 

delayed ripening and extended freshness, without negatively affecting taste or nutritional 

value. 

3. Nutritional Enhancement 

Biofortification through genome editing offers a sustainable approach to improving the 

nutritional profile of vegetables. CRISPR/Cas9 can be employed to upregulate or knock out 

genes involved in the biosynthesis or degradation of essential nutrients. In leafy greens and 

root vegetables, gene editing has been used to increase the content of vitamins (such as 

vitamin C and provitamin A), minerals (like iron and zinc), and antioxidants. For example, 

targeted editing of SlMYB12, a transcription factor regulating flavonoid biosynthesis, has 

been used to boost antioxidant levels in tomato fruit. 

Case Studies in Tomato, Brinjal, Cucumber, and Leafy Greens 
Genome editing, particularly CRISPR/Cas9, has shown remarkable success in targeted trait 

improvement across multiple vegetable crops. The following case studies illustrate how key 

genes have been edited to enhance disease resistance, shelf-life, and nutritional quality in 

major vegetable crops: 

1. Tomato (Solanum lycopersicum) 

a. Disease Resistance: 
Tomato is highly susceptible to several fungal and viral diseases. The Mlo gene family, 

particularly SlMlo1, has been edited using CRISPR/Cas9 to develop resistance against 

powdery mildew. Mutations in this gene reduce fungal penetration, enhancing resistance. 

b. Shelf-Life Improvement: 
Genes involved in ethylene production and fruit ripening, such as ACS2, RIN, and NOR, 

have been successfully targeted to delay ripening and extend shelf-life. For example, 

knocking out polygalacturonase (PG) reduced cell wall degradation, thus enhancing fruit 

firmness. 

c. Nutritional Enhancement: 
CRISPR/Cas9 editing of SlMYB12, a transcription factor involved in flavonoid biosynthesis, 

led to increased levels of antioxidants and phenolics, improving the nutritional quality of 

tomato fruit. 

2. Brinjal (Eggplant, Solanum melongena) 

a. Pest Resistance: 
CRISPR/Cas9 has been applied to enhance resistance to the notorious Leucinodes orbonalis 

(brinjal fruit and shoot borer). Efforts are underway to edit genes involved in plant-insect 

interactions, such as those in the jasmonic acid and secondary metabolite biosynthetic 

pathways, to increase host resistance. 

b. Browning Reduction: 
Brinjal flesh browns quickly after cutting, impacting consumer preference. By targeting 

polyphenol oxidase (PPO) genes, scientists have reduced enzymatic browning, improving 

post-harvest quality and shelf-life. 

3. Cucumber (Cucumis sativus) 

a. Viral Disease Resistance: 
CRISPR/Cas9 editing of the eIF4E gene in cucumber has conferred resistance to potyviruses 

such as Zucchini yellow mosaic virus (ZYMV) and Cucumber vein yellowing virus (CVYV). 

This gene plays a critical role in viral replication and infection, and its disruption results in 

broad-spectrum resistance. 
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b. Sex Determination and Yield: 
Modifying genes related to sex determination like CsACS2 and CsWIP1 has enabled the 

development of gynoecious (female-flower only) lines that lead to higher yields and 

improved fruit uniformity in hybrid breeding programs. 

4. Leafy Greens (Lettuce, Spinach) 

a. Nutrient Enhancement: 
In lettuce (Lactuca sativa), CRISPR has been used to knock out Lsat_1_v5_gn_5_142321, 

which is involved in nutrient metabolism, to increase levels of ascorbic acid (vitamin C). 

Similar efforts in spinach have aimed to enhance folate and iron content. 

b. Disease Resistance: 
Genome editing in leafy greens has focused on knocking out genes involved in susceptibility 

to downy mildew and bacterial leaf spot. For instance, editing DND1, a known S-gene, in 

lettuce resulted in improved resistance to pathogens. 

c. Shelf-Life and Freshness: 
Modifications in ethylene-related pathways, even though leafy greens produce low ethylene, 

have helped slow down senescence processes. Knockout of ethylene-responsive factors 

(ERFs) delays yellowing and preserves leaf texture during storage. 

Regulatory and Ethical Considerations 
The adoption of CRISPR/Cas9 and other genome editing technologies in agriculture has 

sparked global debates around regulation, safety, ethics, and public acceptance. While 

genome editing holds significant promise for the sustainable improvement of vegetable crops, 

its deployment is subject to varied and evolving legal frameworks and ethical considerations. 

1. Regulatory Frameworks Across Countries 

Regulatory approaches to genome-edited crops differ significantly across regions: 

United States: 
The USDA has taken a relatively relaxed stance on gene-edited crops. If no foreign DNA is 

introduced, genome-edited crops are not regulated as GMOs. For example, CRISPR-edited 

mushrooms and waxy corn have bypassed strict regulatory oversight. 

European Union: 
The European Court of Justice ruled in 2018 that genome-edited organisms fall under the 

GMO Directive, subjecting them to the same stringent regulations as transgenic crops. This 

has slowed down the adoption of CRISPR in European agriculture. 

India: 
India’s regulatory stance is evolving. In 2022, the Government of India exempted certain 

genome-edited crops (especially SDN-1 and SDN-2 edits) from the strict regulations applied 

to GMOs, recognizing the distinction between transgenesis and precision gene editing. 

Japan and Australia: 
Both countries allow genome-edited crops with no foreign DNA to be cultivated and 

commercialized with minimal regulation, provided safety assessments are conducted. 

2. Biosafety and Environmental Concerns 

Despite its precision, CRISPR/Cas9 may still cause off-target mutations, raising concerns 

about unintended ecological effects. Regulatory bodies emphasize: 

 Risk assessment for off-target effects 

 Monitoring of gene-edited plants in natural and agricultural ecosystems 

 Assessment of gene flow to wild relatives or non-target species 

3. Ethical Considerations 

Genome editing in food crops raises several ethical concerns: 

1. Naturalness and Tampering with Nature: 
Some argue that altering the plant genome—even without introducing foreign DNA—crosses 

ethical boundaries related to natural integrity. 

2. Food Labeling and Consumer Choice: 
Ethically, consumers should have the right to know whether their food has been gene-edited. 

Transparent labeling policies are demanded by civil societies and advocacy groups. 
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3. Access and Equity: 
There is concern that genome editing technologies might benefit large agribusinesses more 

than smallholder farmers unless efforts are made to ensure equitable access. 

4. Intellectual Property Rights (IPR): 
The patenting of gene-editing tools and traits may restrict the open use of the technology and 

hinder innovation among public research institutions and small seed companies. 

4. Public Perception and Acceptance 

Public attitudes toward genome-edited crops are shaped by trust in science, regulatory 

transparency, and perceived benefits or risks. While genome editing is generally seen as more 

acceptable than transgenic GMOs, effective science communication, consumer education, 

and stakeholder engagement are critical to enhance public acceptance. 

Conclusion 
Genome editing technologies, especially CRISPR/Cas9, have revolutionized the landscape of 

vegetable crop improvement by enabling precise, targeted, and efficient modifications of 

specific genes. These tools have significantly contributed to enhancing traits such as disease 

resistance, post-harvest shelf-life, and nutritional content in key vegetable crops like tomato, 

brinjal, cucumber, and leafy greens. Unlike traditional breeding, genome editing bypasses 

many limitations by accelerating trait development without introducing foreign DNA, making 

it more acceptable to regulators and consumers alike. While the scientific potential of genome 

editing is immense, its widespread adoption must be guided by robust regulatory frameworks, 

ethical considerations, and transparent communication. Addressing concerns related to 

biosafety, intellectual property rights, public acceptance, and equitable access will be critical 

in ensuring that the benefits of genome editing reach all stakeholders—from researchers and 

producers to consumers. As the technology continues to evolve, its integration into 

sustainable agricultural practices promises to play a pivotal role in securing food and 

nutritional security, especially in the face of climate change and growing global demand. 

CRISPR and similar tools are not just technological advancements—they are transformative 

instruments for the future of vegetable crop breeding. 


