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Genome-wide identification of the TGA transcription factor family and ex-
pression analysis under abiotic stress in Triticum aestivum L.

JIAN Zilin, WANG Zili, QIN Chang, HE Fang, REN Mingjian
(College of Agriculture, Guizhou University, Guiyang 550025, China)

Abstract: TGA transcription factors belong to subgroup D of the basic leucine zipper (bZIP) family and are widely
involved in various biological processes and signal transduction pathways, playing important roles in plant defense against
pathogens , plant growth and development, and responses to different abiotic stresses. In this study, we identified the wheat
TGA transcription factor family using whole-genome data of wheat and analyzed various bioinformatics characteristics, inclu-

ding gene structures, conserved domains, cis-acting elements, and phylogenetic relationships. Additionally, we explored the

expression patterns of some wheat TGA transcription factor

Y5 H #7:2024-10-15

EEWH . HEARPEIE LT H (32260481 ) 5 5t A BT H
[ BRI P (2022) T 05 026 5 5THIE ML AE I 40 T B Fh
EASRETH [ SRS 5 H(2023)008] 5 ST = 4

genes in different tissues and under various stress
treatments using quantitative real-time PCR ( qRT-PCR).

A total of 38 TaTGA transcription factor genes were identi-

e A T A ST F [ 0H (2023007 2] fied, which were unevenly distributed across the 21 chro-
TEBRA  FITAR(2001-) 3 S0 3 A W05 2k 3 mosomes of wheat. Phylogenetic analysis classified these
INE BRI, (E-mail) 1395488225@ qq.com TaTGA transcription factors into five subfamilies. Within

BIFEE AL, (E-mail) rmj72@ 163.com each subfamily, the gene structures, conserved motifs,
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and conserved domains of the TaTGA transcription factors were essentially consistent. The analysis of cis-acting elements re-

vealed that TaTGA genes contain various types of cis-acting elements, covering functional regions related to plant growth and

development, responses to abiotic stresses, and hormone actions. The qRT-PCR results indicated that the relative expres-

sion levels of TaTGA genes were differentially affected by abiotic stresses and hormone treatments. The findings of this study

provide valuable candidate genes for molecular breeding of stress-resistant wheat and lay a foundation for further research on

the functions of TGA transcription factors in plants.
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TBtools #E17 AT AL AL FE

1.5 /NE TGA REHRZRE SN

JEHN X ClustalW 5 BRIANSEGH T 0 B ik
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RAERE A (IR S 3 M E S ER ) f
B RA7 1E -80 C UKA H, T RNA RYF2HL, M
qRT-PCR J5 M€ #853 /N TGA X1 L 1 8 A [F)
JEAWyhia R AL BT A AR XS FRIB K BT 14
W3 1, FBKPE L 272 2RI 45 5 Graph-
pad Pism9.5 il i,

%1 qRT-PCRFETASI¥FFI
Table 1 Sequences of qRT-PCR primers

A 551 ( 5'—3") RG9S 5'—3")

Actin GTGACGGGTGACGGAGAATT ~ CGACGGAGCGTCTTTGGAC

TaTGA3  TAATTACCCACAGGCGTGCIT ~ CGACGGAGCGTCTTTGGAC

TaTGA7 AATCCTCGGCAGCTACTGACT ~ ATCGATCGTTGCCAGAATAT-
GGT
TaTGAI0 CGCAACCGGGTGTGTCA TGCCGCTAAGCTTGTGGATG

TaTGAll GAAGTACGTACAACCATAGGGC CATGATTGCCCCACCACTTTG

TaTGA27 GCTGGGTTGTGAGCTGTGG ATCTGTAGGCACGGGATCTTC

2 ER 55

21 MNETGA REEEFRALE FBEEEMR
EAREUERS T

BETHUMGE B FHARFBR/NE 2 WAy
HI) SL v I S e 15 8 38 S TGA FEILR N 5L | i
2K TaTGAI ~ TaTGA38 . HRHE /N 4 Fk R 21 454 v
BESCIE GFF3 B A1 B (5 B, 38 1> TaTGA K
TR AN I S M Ay A A /NAZ 1 21 S G Ak I (&
1), \NFE2 A LIFEH, TaTAGI ~ TaTGA38 Yt 1) 4E
5 420 KL R B i M 332~ 570 aa, MR TN
36 600~ 62 200, % HL, 25 5,71 ~9. 09, AFaE R ¥
KT 40. 00, FIEFIE TaTGA AP ATREE A,
AN, TaTAGI ~ TaTGA38 4% 1) 25 11 5 1 A W 48 %X
}166. 70~ 84. 97, SEIK M FR ALK T 0, W] TaTGA
F RN A SR K MR BT, A o7 R0 45
RN, TaTGA 349 1IN 22 07 76 4 L A% N, X 5
TGA VE Rk St HF T LB BT RE AEFIA—2L,
22 INETGA RERTFERF RTEMWEHEER
LRI

OIAT R SF 7 | PR <1 45 4 35 B ik TR 235 4 2 i)
B R R R Ak 5 D B A3 fb =2 TRDR R A G i, AR
WG 38 > TaTGA FJ5 LA 24 e 2] 10 R
SFHEFE (Motif) , B4 TaTGA FR 1 i G Fp ) 35 8k

wITE 8 AN KU L, I B TaTCA KGR
5 8 MBEE M T, 40 54 Motifl | Motif2 , Mo-
tif3 . Motif4  Motif5 . Motif6 . Motif7 . Motif10, ¢ H ix 8
MEEFTE TaTGA & B A R &S RS, I
HhAE TaTGA W TR — 53 3, Motif HY i & | 2H Bl Al
AERT AL B 25 RR AT = BE — 3%, R W Rl — 43 SR B 1Y
F Sy BEORSE i m) TER A A R S A L T RE . 5
IR A, Motif 78 AN [] 43 3 v 3R 80 i 40 3k 25 5%, B
Motif8 Motif9 {1 H 3 7E 3 7 TaTGA i 1, 51
S, A E] Motif 7EAE] TaTGA 1, 51w B HH 37 2
AR, 7T RE T TaTGA F kA A i 5 2 3%
I ANFETIRE . M 38 4> TaTGA % 1 03 h #5 %&
M DOG1 bZIP R L5, Ho 7 T N s 9
bZIP Z5#05, A0 T C 342 DOGT S5 #8  , iX 2645
FIEAE TaTGA B AR XS A B — 35, 2B TaTGA 1)
SEAE A v BE R ST R R AL T C s ) 5 4 B
TaTGA FERGEF T 45 5K WIR |, TaTGA Z5 I b1
O3 2 N TR B B 4 5 X3 (CDS) 5k B X
(UTR) (& 2) , 2 B iz 5k R 580 1 2k R 45 40 B A
ZREVE, A0, A 0 3P AR TH 3R 80 A LY
CDS UTR 41, iX 5 LR P sF 37 PRSP 45 S
GG RXT I, AN ) Ak 53 SO 7 43 A1 1Y 25 5 K
SEA AR AR AR AL 4 S Z B B D RE R A 2 OC
BPERL,
23 INETGA RIEREREHI

F T ST TGA % s K FR G AE A [F] 9 b 22 [i]
M ER AR SR X /NZE (Ta) KFE (0s) \EK
(Zm) FUFGIT (AL) 11 TGA FIE A AT R G K
HHr, X TaTGA . ZmTGA ,OsTGA J AtTGA %
FEHNiAT Z 9 L, T SRR 2 (NJ 35 I R 40
AR, R 3 WTLUE N, B RE KT I
TGA FKIGAT N 5 DAFEAL, 430 R T 41, 4L
M VARV A, Hrp 4 5 TaTGA f% b 70,
HAJLA WAL TaTGA B 15047 AT F P-4
TaTGA HIFFALBA A B BEARSF , K43 TaTGA B 5
HRAE SR 2 UM RE (¥ /N 43 3, 1 TaTGA22  TaTGA25
Fl TaTGA27, BLAh, /NFE TCGA KK 5 KRG, E K
TGA FTGIA] B SR 2% 06 R B, AL B AR LE AR AL,
HeEATReR I A RITIRE s /N TGA ZKk S5 R
JF(HD AITGA Z% ) A A8 22 40K, I TGA
G AN 3% R A AE B A ST AR 3
=z 5.
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Fig.1 Chromosomal localization of TaTGA
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F2 TaTGA HBHEBRNELIER

Table 2 Physicochemical properties of the proteins encoded by TaTGA genes

——_— —— FIEMRECE: EERT S - ﬂ%ﬁi p— FKHEREEL gzéﬂlﬂ@

(aa) LEROR i (GRAVY) FENL

TraesCS1A02G096300. 1 TaTGAl 335 36 700 5.71 57.88 82.27 -0.438 AN t%
TraesCS1A02G276600.4 TaTGA2 481 53 500 6.29 63.78 73.97 -0.512 g1l 1ok 23
TraesCS1B02G127400.3 TaTGA3 333 36 600 6.14 54.41 83.60 -0.416 4l
TraesCS1B02G285800.4 TaTGA4 481 53 500 5.81 63.50 73.58 -0.502 A%
TraesCS1D02G105300.2 TaTGAS 338 37 000 6.56 58.57 84.97 -0.371 4 A%
TraesCS1D02G276100.5 TaTGAG 479 53 400 5.95 62.77 74.70 -0.508 4l A%
TraesCS2A02G097500.2 TaTGA7 336 37 500 9.09 54.87 83.75 -0.520 A%
TraesCS2A02G526300. 1 TaTGAS 419 46 300 6.24 59.92 71.89 -0.536 i A%
TraesCS2B02G113200.2 TaTGA9 336 37 500 9.09 54.54 83.75 -0.512 4l
TraesCS2B02G556600.1 TaTGAIO 435 48 400 6.23 56.91 71.47 -0.565 4%
TraesCS2D02G096800.2 TaTGAIl 336 37 500 9.09 54.99 84.05 -0.513 i A%
TraesCS2D02G529000.1 TaTGAI2 425 46 800 5.86 57.18 73.39 -0.507 4l
TraesCS3A02G190700.2 TaTGAI3 332 36 900 7.79 58.54 77.71 -0.605 4%
TraesCS3A02G334100. 1 TaTGA14 475 51 800 6.53 52.32 74.36 -0.514 g1 ok 3
TraesCS3A02G372400.1 TaTGAIS 570 61 800 6.55 57.58 69.00 -0.516 g1l 10k 23
TraesCS3B02G220400.2 TaTGAI6 332 36 900 7.79 58.54 77.71 -0.605 4l
TraesCS3B02G365100.1 TaTGAI7 477 51 900 6.78 50.58 75.68 -0.494 A%
TraesCS3B02G404800. 1 TaTGAIS 526 57 100 6.64 59.08 68.82 -0.517 i A%
TraesCS3D02G194800.2 TaTGAI9 332 36 900 8.49 58.21 77.71 -0.609 4l
TraesCS3D02G327600. 1 TaTGA20 477 52 000 6.53 53.94 75.47 -0.495 Y%
TraesCS3D02G365200. 1 TaTGA21 530 57 600 6.66 58.76 68.28 -0.545 il A%
TraesCS4A02G126300.3 TaTGA22 334 37 300 7.87 51.94 83.38 -0.505 4l A%
TraesCS4A02G183400.1 TaTGA23 540 59 000 6.44 54.89 69.00 -0.569 A%
TraesCS4B02G135000. 1 TaTGA24 566 62 200 6.40 56.40 66.70 -0.614 i A%
TraesCS4B02G178600.1 TaTGA25 334 37 300 7.87 50.04 82.22 -0.513 4l
TraesCS4D02G129900.1 TaTGA26 538 58 800 6.41 54.08 68.35 -0.568 YA
TraesCS4D02G180200.2 TaTGA27 334 37 300 7.87 51.94 83.38 -0.505 ANt
TraesCS5A02G174200.1 TaTGA28 467 51 300 7.02 53.54 77.41 -0.473 g1l 10k 23
TraesCS5A02G265600.1 TaTGA29 518 57 900 6.51 68.93 77.30 -0.550 4l A%
TraesCS5B02G265300.2 TaTGA30 525 58 600 6.58 70.75 76.63 -0.560 A%
TraesCS5D02G178800. 1 TaTGA31 466 51 000 7.83 55.34 77.58 -0.466 4%
TraesCS5D02G273500.2 TaTGA32 450 50 400 8.66 65.26 82.00 -0.476 4l
TraesCS6A02G165800. 1 TaTGA33 466 50 900 7.01 52.94 76.39 -0.452 Y%
TraesCS6B02G193200. 1 TaTGA34 457 49 900 6.98 52.41 76.21 -0.455 i A%
TraesCS6D02G154400.1 TaTGA35 466 51 000 7.01 52.18 74.10 -0.500 4l
TraesCS7A02G207100. 1 TaTGA36 443 48 300 7.86 56.73 81.83 -0.306 Y%
TraesCS7B02G114300. 1 TaTGA37 448 48 500 7.36 56.89 82.01 -0.285 i A%
TraesCS7D02G209800.1 TaTGA38 448 48 400 7.36 56.97 80.74 -0.301 4l
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