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Rice (Oryza sativa L.), as a primary food source for over half the world’ s population,
plays an essential role in global food security. However, rice cultivation is
increasingly threatened by a wide range of abiotic stresses, including drought, salinity,
cold, and flooding factors exacerbated by climate change’s ongoing impacts. These
environmental constraints can significantly impair plant growth, disrupt physiological
functions, and reduce grain yield and quality. Therefore, enhancing the resilience of
rice to such stresses has become a central focus in modern plant breeding and
biotechnology. Among the numerous biochemical responses that plants activate under
stress, the accumulation of <y —aminobutyric acid (GABA), a non—protein amino acid, has
emerged as an important component of the stress response. In plants, GABA is synthesized
through the decarboxylation of L-glutamate, a reaction catalyzed by the enzyme glutamate
decarboxylase (GAD). A unique feature of plant GADs is the presence of a calmodulin—
binding domain (CaMBD) at the C—terminal region. This domain acts as an autoinhibitory
module, limiting GAD activity under normal physiological conditions. Upon stress—induced
increases in cytosolic calcium levels, the binding of calmodulin to the CaMBD activates
the enzyme, leading to enhanced GABA synthesis. Recent studies have demonstrated that
truncation of the CaMBD can relieve this inhibition and promote constitutive GAD activity,
resulting in elevated GABA levels even under non—stress conditions. Building on this

concept, the present study employed CRISPR/Cas9 genome editing to truncate the CaMBD of



0sGAD1, generating a novel edited line (0sGAD1AC #5). This was then crossed with
0sGAD3AC #8, a previously developed 0sGAD3 genome—edited line, to produce a hybrid
line, designated as Hybrid #78, which carried both truncated alleles. This combinatorial
approach was designhed to integrate the complementary expression patterns of 0OsGADI and
OsGAD3 to achieve broad—spectrum enhancement of GABA metabolism across developmental
stages. Phenotypic evaluations revealed that Hybrid #78 exhibited significantly improved
tolerance to multiple abiotic stresses compared to both the wildtype Nipponbare and the
single—-edited parent lines. Under cold stress, Hybrid #78 displayed a survival rate of
25%, while under salt stress it achieved 33%, and under flooding and drought conditions
it reached 83%. In contrast, the survival rates of wild-type plants ranged from 0% to

33%, and the parent lines showed intermediate tolerance, with survival rates from 0% to
66%. These results indicate a synergistic effect of the dual truncation in enhancing
stress resilience. Biochemical assays further demonstrated that Hybrid #78 accumulated
the highest GABA content among all genotypes, particularly under stress conditions.
Relative to wild-type plants, GABA levels in the hybrid increased by approximately 3.5-
fold under cold stress, 3.9-fold under salinity, and up to 5—fold during both flooding
and drought. Moreover, GABA content in Hybrid #78 was up to two times higher than that
of the genome—edited parent lines, confirming the additive benefit of the dual gene
modification. In addition, histochemical analysis using 3,3’ —diaminobenzidine (DAB)
staining revealed that Hybrid #78 accumulated significantly lower levels of hydrogen

peroxide (H:0:) under stress, indicating reduced oxidative damage and more efficient
ROS detoxification. To uncover the molecular basis of these improvements, RNA sequencing
was conducted on shoot tissues of Hybrid #78 and wild-type Nipponbare under non—stress
conditions. A total of 975 differentially expressed genes (DEGs) were identified between
the two genotypes, of which 450 genes were uniquely expressed in Hybrid #78. Functional
enrichment analysis using the Kyoto Encyclopedia of Genes and Genomes (KEGG) database
revealed significant upregulation in pathways associated with nitrogen metabolism. Since
glutamate is a precursor for GABA biosynthesis, enhanced nitrogen assimilation may
contribute to the elevated GABA levels observed in the hybrid. Additionally, broader
transcriptional variation was observed in the hybrid line, indicating greater regulatory
plasticity. Several key stress—responsive genes, including OsDREB, OsHSP70, and OsNACS,
were also found to be upregulated in Hybrid #78. These genes are well-documented for
their roles in improving abiotic stress tolerance through transcriptional regulation
and hormonal crosstalk. Their increased expression suggests that the hybrid line may
possess a primed or pre—activated stress response system, potentially contributing to
its superior stress resilience. In conclusion, this study demonstrates the effectiveness
of CaMBD truncation in enhancing the functional activity of GAD enzymes and boosting
GABA production in rice. The generation of a genome—edited hybrid line combining
modifications in both 0sGADI and OsGAD3 represents a novel and promising strategy for
developing rice cultivars with improved abiotic stress tolerance. These findings
contribute to our understanding of GABA metabolism in plant stress adaptation and
highlight the utility of precise genome editing for trait improvement in crop breeding

programs.
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