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ABSTRACT

The Gamma aminobutyric acid (GABA) content as a free amino acid which is involved in reduction of oxidative
stress damage and stress adaptation in the cell is adjusted by various routes, including the GABA shunt pathway.
In this experiment, Gama aminobutyric acid (GABA), hydrogen peroxide (H20,), activity of GABA
transaminase (GABA-T) and relative expression of Glutamate Gecarboxylase 1 (GAD1) gene in cold-tolerant
(Sel96th11439) and cold-sensitive (ILC533) chickpea (Cicer arietinum L.) genotypes under cold stress (4°C)
as a factorial experiment in a completely randomized design were studied. In tolerant genotype, H>O, content
after a significant increase on the first day of cold stress decreased significantly on the sixth day of cold stress
compared to control conditions (up to 4.7%), while its accumulation was observed in sensitive genotype (up to
50%). Based on H,0; adjustment as a damage index, these results indicated a relative acclimation to cold stress
in tolerant genotype. Under cold stress, GABA content in tolerant genotype was higher compared to sensitive
genotype (up to 14%). In this experiment, under cold stress, in tolerant genotype increasing GABA content was
accompanied with an increase in GABA-T activity and relative expression of GAD1 gene as regulatory routes
of this metabolite (up to 3- and 17-fold, respectively). The maximum and minimum activities of catabolic and
anabolic pathways were observed in tolerant genotype on the sixth day of cold stress, respectively. Therefore,
under cold stress, the accumulation of GABA in tolerant genotype led to reduced cell damage (H2O; results)
and improved cold tolerance. These indices were useful in assessment of chickpea genotypes under cold stress
and breeding programs.

Keywords: Cold stress, GABA transaminase (GABA-T) enzyme, Glutamate Gecarboxylasel (GAD1) gene
relative expression, hydrogen peroxide (H20>), tolerant and sensitive genotypes.
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Figure 1. Extracted RNA. From left to right: 1) 100 bp DNA size marker, Fermentas; 2,3)
tolerant and sensitive genotypes under control conditions and 4,5) tolerant and sensitive
genotypes on the first day of cold stress.

21y ey 50 3peds (sloyuziy 2iSTs 50 e soliiwl 55T slo JIgs -\ o
Table 1. Primer sequences used in gqRT-PCR amplification.

Gene Protein T,  Amplicon
Accession number Sequence (5°-3") . length
name name (°C)
(bp)
XM_004503044.3  GAD1 Glutamate F:GTGTTGTCATAAGGGAGGACTT 57.71 124

R:CTAGTGCTGCTGCTCCTATTT 57.81

. F: CTACGAATTGCCTGATGGAC  56.31
EU529707.1 Actl Actinl R: CCTCCTGAAAGGACGATGTT 5723 189

Decarboxylasel
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Table 2. Variance analysis of studied traits of tolerant (Sel96th11439) and susceptible (ILC533) chickpea genotypes under
cold stress.

MS
Sov DF H:0,  GABAT _ GABA GADL
Genotype 1 3327.64%* 0.8# 2.52# 218.3*
Temprature 2 748.98% 1.64 0.98* 109.1#
Genotypex 2 664.88* 0.86* 0.21* 85.8**
Temprature
Error 12 1 0.018 0.007 0.056
CV W) 11 10.03 5.72 4.77
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Figure 2. Change in hydrogen peroxide (H202) content in the leaves of tolerant (Sel96th11439) and susceptible (ILC533)

chickpea genotypes (black and light gray bars, respectively) grown under control (23°C), day 1 and 6 of cold stress (4°C)
(DPT). Different letters indicate a significant difference among the means based on the comparison of the average
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Figure 3. Changes in y-Aminobutyric acid (GABA) content, Glutamate decarboxylase 1 (GAD1) gene expression and
GABA transaminase (GABA-T) enzyme activity and in the leaves of tolerant (Sel96th11439) and susceptible (ILC533)
chickpea genotypes (black and light gray bars, respectively) grown under control (23 °C), day 1 and 6 of cold stress (4 °C)
(DPT). Different letters indicate a significant difference among the means based on the comparison of the average
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