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Abstract— Gamma-aminobutyric acid (GABA) technology is a promising biotechnology method for enhancing stress
tolerance and nutritional quality in agricultural plants. Although tomato (Solanum lycopersicum) is a major vegetable crop
consumed worldwide and is rich in vitamins, minerals, and antioxidants, tomato fruits naturally contain low levels of GABA.
GABA technology involves the introduction or alteration of genes involved in GABA production using contemporary methods,
including genetic transformation, metabolic engineering, and gene editing (CRISPR/Cas9). The enzyme glutamate
decarboxylase (GAD) produces GABA from glutamate, and altering the genes governing this enzyme can greatly boost GABA
accumulation in tomato fruits. High GABA levels in tomato improve plant resistance to environmental stressors, including salt,
drought, and temperature fluctuations, in addition to offering extra health advantages such as decreasing blood pressure and
reducing stress in humans. The creation of GABA-enriched tomato aids in the creation of functional foods with higher
nutritional content. This technique offers enormous promise for future agriculture and horticulture by enhancing crop quality,
productivity, and health benefits, despite several limitations, such as governmental approval, biosafety issues, and public

acceptance of genetically modified crops.
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l. INTRODUCTION

Gamma-aminobutyric acid (GABA) technology is one of the contemporary biotechnology methods used to enhance crop stress
tolerance and nutritional quality. The tomato (Solanum lycopersicum) is a major vegetable crop grown all over the world and
is frequently consumed by humans. Using genetic engineering and gene-editing methods, scientists have created tomato lines
with enhanced GABA content. The introduction of genes or molecular alterations that boost GABA synthesis in tomato plants

to enhance yield, stress tolerance, and health benefits is referred to as GABA technology.
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FIGURE 1: Genome Editing of GAD Enhances GABA Accumulation and Salt-Stress Tolerance in High-

GABA Tomato

1. WHAT IS GABA AND ITS IMPORTANCE

GABA (y-aminobutyric acid) is a non-protein amino acid found in both plants and animals. It is crucial for the control of
growth, stress response, and metabolism in plants. GABA is well-known for its function in the human neurological system and
is linked to decreasing stress and blood pressure. GABA is found naturally in tomato, albeit in low amounts. In order for tomato
to become functional foods with health advantages, scientists are working to improve its concentration using biotechnology.
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FIGURE 2: CRISPR/Cas-Mediated Gene Editing for the Development of High-GABA Tomato with

Enhanced Nutritional and Stress-Tolerance Traits
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GABA is found naturally in tomato, albeit in low amounts. In order for tomato to become functional foods with health
advantages, scientists are working to improve its concentration using biotechnology.

1. CONCEPT OF GABA TECHNOLOGY IN TOMATO
GABA technology mainly involves:
1) Gene editing (CRISPR/Cas9)
2) Genetic transformation
3) Mutation breeding
4) Metabolic engineering

These techniques alter the genes that produce GABA, particularly those linked to the enzyme glutamate decarboxylase (GAD),
which transforms glutamate into GABA.

Important genes such as SIGAD2 and SIGAD3 have been identified by scientists, and tomato fruits produce more GABA when
these genes are edited.

V. METHODS USED FOR GABA TECHNOLOGY

4.1 Gene Editing Using CRISPR/Cas9
CRISPR/Cas9 is used to modify specific genes that control GABA synthesis.

e Removal of the inhibitory C-terminal region of the GAD enzyme increases GABA levels.

e Some edited tomato lines showed 7-15 times higher GABA content than normal tomato.
4.2 Agrobacterium-mediated Transformation
This technique uses Agrobacterium tumefaciens to introduce beneficial genes into tomato plants.

e This method can result in stable inheritance of high-GABA characteristics in future generations.
4.3 Hybrid Breeding with High-GABA Lines

High-GABA hybrid cultivars can be created by crossing genome-edited tomato with regular types without compromising fruit
quality.

4.4 Exogenous Application of GABA
GABA applied externally to plants can boost growth and stress tolerance.
e  Promotes resistance to salt stress in tomato plants
e Increases plant height and chlorophyll concentration
e Minimizes harm caused by reactive oxygen species
V. ADVANTAGES OF GABA TECHNOLOGY IN TOMATO
1) Improved nutritional value — High-GABA tomato may help in reducing hypertension and stress.
2) Better stress tolerance — GABA increases resistance to salt, drought, and environmental stress.
3) Higher yield stability — GABA-rich tomato may maintain fruit quality under stress conditions.
4) Functional food development — These tomato lines can be used as health-promoting food products.
VI. CHALLENGES AND RESTRICTIONS
e Public apprehension regarding genetically modified crops
e Regulatory approval in several nations

e The high cost of research and development
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e The need for biosafety assessment
GABA technology is seen as a potential instrument in contemporary horticulture despite these difficulties.
VII. CONCLUSION

The application of GABA technology in tomato represents an important advancement in plant biotechnology. Through gene
editing, transformation, and breeding techniques, scientists have successfully developed tomato with higher GABA content,
improved stress tolerance, and better nutritional value. This technology has the potential to produce functional foods and
increase crop productivity, making it an important innovation for future agriculture.
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