4445 A &S
20254F 7 H

S PN

Journal of Huazhong Agricultural University

Vol.44 No.4
July 2025,88~101

A, LA, TMRER, 55 KR GATA SO0 A58 PR 4 452 R SRR P30 i 137 2387 [T 1. AR rhefall R4l , 2025, 44(4) - 88-101.

DOI:10.13300/j.cnki.hnlkxb.2025.04.009

KTE GATAZEH EERALER T TE
0 & BfviB B Bl Rz 53 A

YWA, THE, TR, EH, B LT, REHF

MR LK FAMHFHRFR, Ki¥ 410128

BE

R R G KRR P S R A% O B X KRS GATA FIGHAT T A3 AL S |, IR 78 H W 1y

FEIE. S5 RWIR, 27 OsGATA FER 430 T 12 204 0 0 6 MW (1 ~ VD), Hodn IV G805 i i o Lef
5 (29.6%0) , ELIF— 37 1 P 2= DR EL A B 5T B 38 e LA (CXoCXsanCXeC) 5 BRI LR P 2 1 i /R /K R 5 oK
(Zea mays ReflGen_vA) 77 18 X [RIPHIEA , S5 PATF AR Y] GA TA FKgE il il A1 e 5L R 5k 1k ; 2 213k 05
7N, OsGATAL7 1 OsGATA26 1E 25U 4 & R ik H OsGATA26 fE 2250 tE L (SAM) R Ik o b i 3% .
qRT-PCR B IE B, + S 0 55 5 vk B8 OsGATAS . OsGATAS Fl OsGATA 13 1 3k , 1M 5 i & 25 40 441
OsGATAISW KL, Libghi R, KRG GATA R i i 23 Fe i vk 2 R R B A Y e 8 25, R s

HIIBENT SR At T H 2 AT .

KEBIE KR HRET; OsGATA; T2 $hha
FESFES S511.503.4 XHERFRIRAD A

FEW) 25 5 52 BVAE A Wy W 3e (5 g, G R T 5
R . 2R 2 S B0 Y AL,
M) 225 195 A FH R — S AR ik W AT, AT 2 7K 437 i
FEM s XK R, TR AR A EE K
K, FEAR K R 0 ik i A0 7K 3, 5 i HOG AR
RS R,

B kX THEY) R B 2O B, B ATTTE N )
FVR Y 38 S R OCHEVE T . KRR E R
M2 5E AT, i bZIP .\ WRKY .NAC MYB"/4
GATA ZAAAET HIE 3h Y FIAE ) () — 28 s
R 3 R AL 5 WGATAR(W = T 8§
AR =G A, GATA R FE M DNA 45450
B 1~2 MESF I CXoCX 0 CXoC A F8 45 My 15, 3
TP DR A R AR 5 A B T A L R B TR 4
A A CXoCX,CX,C P HI R 254 1Y) GATA 3
FH EL B RS K 98 8 ( Newrospora crassa) ™ nit-2 3
gifs . HAT, GATA B 5t N 1 3 N 5 AE £
R Hp 9k 2 5 Ok, AL O A 1A I 8% AR R
AT

GATA PP K KB 24 W Beh

ks H 45 : 2025-03-04
FETH  HEHRIEEQF DL IR H (5202410537017 )
A, E-mail : 18926245946(@163.com

XEHS  1000-2421(2025)04-0088-14

HAEBRLEMO, BN 2350888 4k k
B ICAVER ALV RS DL RS B 5 S R
GATA #: A il id 5 DNA ) GATA Joff 45
B WU R Y 235, AT 52 M AR 40 194 A4 1 T iE
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1.3 OsGATAMRTFEF SR RELE DM
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i 5 RNA , i StarScript [l —48 b 22 3 R 41 )2 % 5k 1
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Star Fast %&£} 7 qPCR i IR # (2 XReal Star Fast
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J¥ 195 °C #iAEPE 2 min, 95 °C 284k 155,60 °C B &/
SEL5 s, 40 MIEFR . EFEKFE ActinVERNS IR
SIKE R . K Excel fil SPSS 19.0 B4 X #4087
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21 GATAZEAMEE

HTF HMM # R, )\ Oryza sativa v7.0 3K 4
57 274 OsGATA JEW IR YR Ly Rk &
# O 44 N OsGATA1~OsGATA27., 43 #r B 4
OsGATA E AWM AILFKSE 4> 7t S S5 H
MOROARNE (R D, ZRER,OsGATAE AR
O K N 131 (OsGATA9) ~742 (OsGA-
TA13), 4> F B A 14.380 1~84.435 7 ku, pl {E 32 Fl
H4.56(0sGATA20)~10.03(OsGATAS) .
2.2 OsGATAERE R EEKE N

OsGATA G5 IE R g Y R 2 57 7341 i 45 21 b
ISR F GRS 3tk For i 2 A 54
(OsGATA1,OsGATA2, OsGATAG , OsGATA20
OsGATA24) . SR, 55 7 50 11 RIS 12 4L 4k AT
A 14 OsGATA FER T2 8 FlEf 9 Y tafk Lok kil
OsGATA BEH . fEHABYL AR 1, OsGATA S - 1Y
BT 2~41 . B5REW, OsGATA LR 1) 43 1
ZRMKR, H SR ERKETC.

AN, R TIRSE 274 OsGATA K& [H 22 [a] n] fE1F
TE ) EBPE , X OsGATA W 2l FF e o0 M o 45
IR TE 27 A B P Of R & IR B E R T A A
FE 5 10 £ Gx e PR [l #6021 3 %F F B & 741, 43 3]
i Os_chrO1 (OsGATA18)/Os_chr05(OsGATAZ21) .
Os_chr03 (OsGATA2)/Os chrl0 (OsGATAI0) .
Os _chr03 (OsGATAG6)/Os_chr7 (OsGATAI13) o X
KW OsGATA FER ) R BeEEZ X Y 5k £
DAY NS
23 YT GATASHIRGZEB A

F T ARG OsGATA & [ I3k X & fif
H MEGA 7.0 8 A4 %F A 5 IF (Arabidopsis thaliana,
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Table 1 Physicochemical properties of GATA transcription factor proteins

qam R JEH D WMRKE  ATRE/A SmA O REIGER AL Transcription

Group  Protein name Gene ID Amino acid length ~ Molecular weight PI Location start-terminal site
1 OsGATA19 LOC _0s04g46020 450 49.386 21 7.17 Chrd 27260209-27264560
1 OsGATA23 LOC_0s06g48534 292 31.571 98 4.96 Chr6 29365981-29370366
1 OsGATA26 LOC _0s02g56250 418 43.831 34 5.53 Chr2 34408089-34413407
11 OsGATAG6 LOC _0s03g08370 732 83.391 03 7.56 Chr3 4272870-4277474
11 OsGATAI13 LOC _0s07g42400 742 84.43570 7.98 Chr? 25371994-25376165
Il OsGATA3 LOC _0s02g05510 328 34.856 52 5.01 Chr2 2664370-2668170
I OsGATA20 LOC_0s03g47970 319 34.237 80 4.56 Chr3 27269705-27274117
I OsGATA24 LOC_0s03g52450 271 29.027 71 6.14 Chr3 30094292-30099092
v OsGATA4 LOC _0s05g06340 313 33.640 03 8.38 Chr5 3245204-3247503
v OsGATAS LOC _0s02g12790 353 37.637 95 9.39 Chr2 6705604-6707734
v OsGATA9 LOC _0s01g24070 131 14.380 10 9.4 Chrl 13570607-13573322
v OsGATAI2 LOC _0s06g37450 390 41.083 66 9.42 Chr6 22155053-22157061
v OsGATAIS LOC _0s01g47360 242 24.92279 6.63 Chrl 27055960-27056849
v OsGATA21 LOC _0s05g49280 250 25.606 81 8.51 Chr5 28271822-28272850
v OsGATA22 LOC _0s05¢50270 279 28.292 09 6.74 Chrb 28817605-28818871
v OsGATA27 LOC_0s01g74540 142 15.564 77 9.45 Chrl 43172094-43173178
V OsGATAIL LOC_0s03g03850 271 28.967 47 6.39 Chr3 1733298-1734113
V OsGATAS L.OC_0s12g07120 383 40.207 10 10.03 Chrl2 3496286-3497437
Vv OsGATA7 LOC _0Os11g08410 431 44.556 54 6.76 Chrll 4432776-4434071
vV OsGATA10 LOC _0s10g32070 528 57.300 88 8.09 Chrl0 16847405-16849151
Vi OsGATA2 LOC _0s03g05160 219 23.369 16 9.04 Chr3 2506064-2507173
Vi OsGATAILlL LOC _0s10g40810 675 70.952 80 8.63 Chrl0 21943291-21945186
Vi OsGATA14 LOC _0s05g44400 386 39.440 34 6.32 Chrb 25832469-25834622
i OsGATAILS LOC_0s02g43150 431 45.060 84 8.67 Chr2 25996914-25999176
Vi OsGATAIL6 LOC_0Os12g42970 309 34.830 44 7.54 Chrl2 26693519-26696516
VI OsGATAL7 LOC_0s04g456502 376 40.004 03 8.02 Chr4 27000814-27003617
VI OsGATA25 LOC _0s01g54210 387 40.610 48 6.16 Chrl 31180196-31182456

HFIAEY), 301 GATA) | £ 2K (Zea mays , W
Y, 36 4~ GATA) FI/KF (Oryza sativa,, 5.5 AH
1,274 GATA) ) GATA S ZIERRIT A, K48 4%
% 1 Jones-Taylor-Thornton (JT T ) 4 F4 455 R k) 2
ARG EFWE2) . 274 OsGATA #4364
WHREAB.C.D.EMF). REKF T ER, %5
WRER AR EER . DIERHEAEH
OsGATAHE &2 (FA 81, 7 29.6%0) , ik
FW R EH 74 (& 25.9%) ,EFEE A 41K
GO 14.8%) o ARG C W ZK K (%A 341K
B, 111%) , 0l B R FEALA 2 A BB
7.4%),
2.4 OsGATAEAKEFEMS N

N T EHEAHII T OsGATA B FF5) ZRE1E , %t
PRSP 100 AT E— 2D Y, % 1 10 Rl
AR SF 3T (B 3) o (EAHE R, F— KN

(1 OsGATA Ji 57 5 30 3 AR 25 3 4 A, X — & B0
P SR T WHRER G K m Tl
W R 24 OsGATA B 5t ——OsGATA6 1 Os-
GATAL3, P R Z IR, BLAh, F4E GATA
B S A MR, A motif6 . motif7 . motif8 |
motif9 Fl motif10, X $6HE P AUAE VIME S 1Y 24> i 5
OsGATAG6 Fl OsGATAL3 H fE 7 . OsGATAIL7,
OsGATA15.0sGATA2 . OsGATA25 OsGATAL4
OsGATALG6 LUK VINE G (W B, 78 B AT N a2
W) P A — > 30 4 19 %6 7 5 (DLPKEDLEELEWLS-
KYMDD) . #f 5 #i , Motif 1 (HCGTTKT-
PQWRRGPDGPKTLCNACGIRYK) J& flf 5 OsGA-
TAs FEBAEAE PR SF BT HL IV LR (4 i A B Bt
L&A motifl X —3LFF

R T HE— 243 K1 27 FlOK RS GATA & A 1Y 751
FRAE , X EA T B R SF S5 7 S 047 T e xt . 2
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and red lines represent collinear GATA gene pairs.

1 K¥EH OsGATAEEHFBFEXFZREE
Fig.1 Schematic diagram of chromosomal relationships of OsGATA genes in rice

B He X R BT A GATA G5 11 #8514 <7 45 1 5k
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BURE 5 e aiE 2R 1 A. thaliana GATA 25 ¥ 18 3
A ORIFNE W GATA REF RSP R
HERR L AT e H OsGATA HE I YIRER) Z A K.
A, % B B A R GATA B 45 45 14 5F
HE(ES) .
2.5 OsGATAEEZRMEHIHLEES T

R T B T RO AE GATA ZE05 ik I8 Fn k£
L, X Oryza sativa 5 3 W48 ¥ (Arabidopsis
thaliana Araport 11) Lk e 3 F B~ iH A W) ( Zea mays
RelGen_V4 . Triticum aestivum. IWGSC . Sorghum bi-
color_454 v3.0.1) FEATHMpla] IR r (E6) . 45

RN, 174 OsGATA FEH (15 63%) 5 /N AL
LeMEESE 191 OsGATA R H (15 70.4%) 5 1w 5247
TELRPEEHE 18D OsGATA R (15 66.7%) 5%
KAFAEFERMEERE 2D OsGATA R (5 7.4%) 5
PRI AA e v i 4 . (HAR T A2, OsGATA
BN SR K A LR R T S R
IF YLLK 1T R -5 X S W) B K RS AR S BRLA A
ik S LIRS

AN, — 6K FE OsGA TA HeF 5 24K 5 1
Yymh R B A R G IR . BN, KR OsGATA K
WA 24 W R (OsGATA4 F1 OsGATALL) 5i% 4
YR I LR R . T RS S A
Tl S T s i 6 ) 70 B (AN 5 R )
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Fig.2 Phylogenetic tree of GATA proteins in Arabidopsis, maize, and rice

TEAR D) BEORSY . 5 R YA R R 2 v 1)
OsGATA FERNA 174>, Horfr OsGATAG LA = 5 Al
EARPIRSF , OsGATA23UAE LA RS . A 104
OsGATA BERAAEAEARAT I LE B SC R
2.6 k%8 OsGATA EEAZRKERM B FIRN1ERA T
ot

FETIKFT OsGATA FIEFEP il 2 000 bp MY
Ji B A T sl R B, 134> OsGATA
FEH YA 31 AR AE 24 5 i G (drought in-
ducibity) . AR, FFFEIR IS T 014 (the anaerobic in-
duction) f3EH A 17 4~ (63% ) , 777 I 75 2 J2 b T4
(the abscisic acid response ) {3 K47 201~ (74%) , 21
AN(77.8%6) e PR 248 S F1 R W iR 5 18052 1 TG AF (the
MeJA response ) , 12 4~ (44.4 %) F A H £ G iR W 18
JufF (low temperature response) o i £ OsGATAII
M OsGATA 1S B 8l 5 v B84 ik 30 5z v A 5 1Y T

PE(EI7A) .

OsGATA JEH ) _E1iF 2 000 bp Ji 8 X3
WA Z MO T, i ABRE . ARE .GC-mo-
tif . LTR.MBS.CGTCA-motif &2 TGACG-motif %,
FF X 8h oy TR o B 25 R R, ABRE 1
it i 2 , ARETE OsGATAS H i3 Hik3 6 4. {4
IEBEMZE, OsGATAI & 94 CGTCA-motif Fil
TGACG-motif TCH:, #Ei 1% 3 K 7] G 2 5 5 i R H
Bk (JA) (e )3z 38 2% (&1 7B) o
2.7 IK¥E OsGATARREWAARIEST

OsGATA FE R [ 41 21 rp & 35 45 5 o0 B 45 S
IR, OsGATA TEKFE K B 145 A B BER B AN TF 9
FRMER . REB OsGATA TE4 HL b 1 2 9 i 36
KK SR, OsGATA22 TE4h W 46T P6 . il 1
S1.FhF S2 K IEKFHAK . OsGATATEARIRI L
AR IR A 225, Hodh OsGATA26 Fl OsGATA 17
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Fig.9 Expression profiles of OsGATA genes under drought stress

M, T KA GATA ZREEN 2N A AR F0XE, OsGATA H 5 B 6 45
ARIE . (A-F) (112,38 1), KAE & e 2 Bl B A7 16 T IV
BETOKRE  ERFHUR T GATAEAM ARG K WHE, KU VI A%, | LR G b, IV



98 LRI I NI <3 4

944 %

log, % Ha (¥ i PR 2 15 A8 4k £ £2
The log,-transformed fold change
in gene expression

Z

EH2h @4h O8h [24h M48h

IKREOsGATAFE R X Jtk i R OsGATA gene family members in rice
E 10 #hEMET OsGATAEREKRILL
Fig.10 Expression profiles of OsGATA genes under salt stress
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Genome-wide identification of GATA family in rice and analysis of its
responses to drought and salt stress

PENG Yuxing, WANG Wanying, WANG Linxiao,ZHAN Meng, HAN Feiyu, WU Hanyang

College of Biological Science and Technology, Hunan Agricultural University , Changsha 410128, China

Abstract Rice, as a staple crop for over half of the global population, faces severe constraints in
growth and development due to the drought and salt stress.Mining key regulatory genes for stress resistance
in rice and deciphering their molecular mechanisms have become critical strategies for breeding high-yield
and stable-yield varieties with changes in global climate intensifying. A genome-wide identification of the
GATA transcription factor family was conducted and their characteristics of responding to stress were inves-
tigated to systematically identify core drought-resistant and salt-tolerant genes in rice. The results showed
that 27 OsGATA genes were distributed across 12 chromosomes of rice and classified into 6 subfamilies (1-
V1), with subfamily IV accounting for the highest proportion (29.6 % ) .Members within the same subfamily
exhibited conserved motif compositions (CX,CX15.20CX2C).The results of cross-species collinearity analy-
sis showed that there were 18 homologous gene pairs between rice and maize (Zea mays RefGen_v4) , indi-
cating that the evolutionary expansion of the GATA family in monocots is through ancestral gene duplica-
tion. The results of tissue-specific expression profiles showed that OsGATA17 and OsGATAZ6 are highly
expressed in most tissues, with the expression of latter displaying particularly prominent in the shoot apical
meristem (SAM). The results of qRT-PCR validation showed that OsGATAS, OsGATAS, and OsGA-
TA13 were specifically upregulated under the drought stress, while OsGATAIS was significantly sup-
pressed under the salt stress. It is indicated that the rice GATA family regulates the responses to abiotic
stress with spatiotemporal-specific patterns of gene expression.It will provide critical targets for studying the
functions of stress-resistance genes.
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