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Abstract: Gamma-aminobutyric acid (GABA) synthesis in plants is primarily catalyzed by glutamate
decarboxylase(GAD), a key enzyme in GABA metabolism that is involved in regulating reactive oxy-
gen species(ROS) accumulation and stress responses. In this study, genome-wide identification of the
wheat TaGAD gene family members was performed, followed by analyses of their structural charac-
teristics, miRNA targeting relationships, expression responses to exogenous hormones including
TAA., MeJA, ABA, SA, and H,0,, as well as expression profiles of the GAD gene family induced by
biological stress from stripe rust infection. The results showed that a total of 19 TaGAD genes were
identified in the wheat genome, distributed across 7 chromosomes. Analysis of gene structure and

conserved motifs revealed that most members of this family contained the Pyridoxal deC conserved
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domain. miRNA target gene prediction suggested that the expression of TaGAD genes might be regu-
lated at the translational level by miRNAs. Transcriptome analysis indicated that TaGAD9-3B, Ta-
GADI11-3D, TaGAD4-2B, and TaGADZ2-2A exhibited relatively high expression levels at different de-
velopmental stages and in various tissues of wheat, and their expression was significantly altered un-
der drought and high-temperature stresses. Quantitative real-time PCR analysis demonstrated that the
transcript levels of TaGAD genes varied under exogenous substance treatments and stripe rust infec-
tion. Among them, the expression of TaGAD4-2B was most significantly up-regulated by IAA induc-
tion, with an increase of more than 300 fold, while TaGAD7-3A showed the highest expression
change(24 fold up-regulation) under SA induction. Upon infection by the stripe rust physiological race
CYR32., the expression levels of TaGAD15-4A and TaGAD19-4D were up-regulated more prominently,
reaching 13 fold and 12 fold increases respectively, which were significantly higher than those of other
family members. Through systematic identification, characteristic analysis, expression profiling and
quantitative detection of stress responses of the wheat TaGAD gene family, this study lays a founda-
tion for further in-depth research on the functions of TaGAD family members in wheat.
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Table 1

K1 TaGAD EARRSI¥FEF

Primer sequences of the TaGAD gene family

K Gene

19 ¥ %) Primer sequence(5'—3")

1E M Forward

JZ i) Reverse

TaGADI-2A
TaGAD2-2A
TaGAD3-2B
TaGAD4-2B
TaGAD7-3A
TaGAD9-3B
TaGADI1-3D
TaGADI3-4A
TaGADI5-4A
TaGADI19-4D

CAATCAACAGTCTCCAAAACCC

TC

AAGAGGCGTTGGCAGAA

GCCACGGCATCGAGGG

TC

TCCAAAGGTTCCAGCCA

GCCACGGCATCGAGGG

ACAAGGAAACAGGGTGGG

CGGCTTCGAGGGGTACAAG

GGCGAAGAACAAGGAAACA

TGCCGCTCGTGGCTTTC

CACGACAAACCCAACATC

TCGGCCTAAATCAGCCTATAAT
GGCGACGCAGATGGTGTT
GGCCGGCACGATCCAG
TTGAGCACCATCGCGTTC
GGCCGGCACGATCCAG
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CACGATCCACCCGAACCTC
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ACCACACGCATGACGGC
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Fig. 1

Phylogenetic tree(A) of GAD protein sequences of Triticum aestivum , Zea mays, Oryza sativa ,

and Arabidopsis thaliana and distribution of TaGAD genes on chromosomes(B)
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Fig. 2 Gene structure, conserved motifs, and miRNA target analyses of TaGAD



%5 B PR AT < /N2 AT R 0 R Tl 5 DR 5% 18 M A R 2 AR 2 .+ 589 ¢

R2 TaGAD BEEREHFHMESR
Table 2 Predicted information of the TaGAD gene family

/ =% = P i ] Y ey,
P 1D Nﬁ%ﬁ i M)}l?gi Tﬁ’mb?ﬁ 1{?? AR B ESE'EH@uElm
Gene Gene 1D umber o olecular  Instability Isoelectric Hydrophilicity ubcellular
amino acids weight/kD index point localization
TaGADI8-4D TraesCS2A03G0782700. 1 499 55. 688 42.73 6.74 —0.132
TaGADI13-4A TraesCS3A03G0046100. 1 450 49. 693 27.03 5.39 —0.054 -
R SUNE R RN
TaGADI1-3D TraesCS3B03G0052400. 1 487 54.107 29. 36 5.55 —0.100 Chloroplast,
mitochondrion
TaGADI2-3D TraesCS3A03G1214200. 1 471 52.336 31.81 5.50 —0.193
TaGADI0-3B  TraesCS3B03G1459100. 1 501 55.944 31.00 5.46 —0.189
TaGADI6-4B  TraesCS2B03G0868500. 1 499 55. 654 41. 66 6.16 —0.129
TaGADI4-4A TraesCS2D03G0721300. 1 499 55.760 43.31 6.16 —0. 141
TaGAD9-3B  TraesCS3D03G0041800. 1 490 54.147 25.95 5.45 —0. 064
TaGADS-3A  TraesCS3D03G1158300. 1 501 56.030 31.52 5.39 —0. 206
TaGADI7-4B  TraesCS2B03G0868100. 1 513 58.428 32.33 6.20 —0.195
TaGADI19-4D TraesCS2A03G0781400. 1 486 55.052 28.53 6.00 —0.212
TaGADI15-4A TraesCS2D03G0720700. 1 486 55.043 29. 87 6.05 —0.207 RIS
TaGAD6-2D  TraesCSIA03G0683400. 1 448 50. 500 11.10 5.16 —0.261 Mitochondrion
TaGAD4-2B  TraesCS4B03G0113000. 1 495 55. 758 39.59 5.41 —0.231
TaGAD2-2A  TraesCS4D03G0096100. 1 495 55.744 39.59 5.40 —0.231
TaGADS5-2D  TraesCS4A03G0908800. 1 454 51.758 35. 14 5.24 —0.263
TaGAD7-3A  TraesCS4A03G0153700. 1 500 56. 563 37.68 5.73 —0.232
TaGAD3-2B  TraesCS4B03G0632100. 1 500 56.511 37.52 5.54 —0.239
TaGADI-2A  TraesCS4D03G0561600. 1 500 56. 582 36.92 5.61 —0. 235

A

TaGAD9-3B TaGAD10-3B TaGAD15-4A TaGD5-2D

TaGAD18-4D

Group [ Group I

Bl 3 TaGAD E B = R L5 T
Fig.3 Tertiary structure prediction of TaGAD proteins
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Fig.4 Transcriptome expression analysis of the TaGAD gene family
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