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Genome-Wide Identification and Expression Analysis of
GATA Gene Family in Barley
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ZHAO Yanhong®, HU Dechang' , WANG Yanfang'

(1. School of Life Sciences, Ludong University, Yantai, Shandong 264025, China;
2. College of Horticulture, Ludong University, Yantai, Shandong 264025, China)

Abstract: The GATA gene family is a crucial class of transcriptional regulators in plants, widely in-
volved in plant growth, development, and various physiological and biochemical processes. In this
study, a comprehensive genome-wide analysis of the barley GATA transcription factor family was
performed using bioinformatics approaches, including gene identification, structural characterization,
collinearity analysis, promoter element prediction, and expression pattern profiling. The results
showed that the barley genome contains a total of 27 GATA genes(designated as HvGATAOI —Hv-
GATAZ27), which were unevenly distributed across the 7 chromosomes. Gene structure analysis re-
vealed that the number of introns in HvGATA genes ranged from 0 to 7, with distinct intron-exon ar-
rangements observed among different subgroups. All members contain the typical GATA conserved

domain. Phylogenetic analysis divided them into five subgroups(S1—S5), of which subgroup S5 con-
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tains 9 members, while subgroup S3 has only one member. Except for S3, the remaining subgroups
existed before the divergence of monocots and dicots. Collinearity analysis revealed that collinear GA-
TA gene pairs exist between the barley genome and those of rice, Arabidopsis thaliana , Brachypodi-
um distachyon , soybean, and tomato. Notably, the number of collinear gene pairs in barley-rice and
barley-Brachypodium distachyon comparisons was significantly higher than that in the other three
species. Cis-acting element analysis indicated that the promoter regions of barley GATA genes are en-
riched with light-responsive elements and hormone signaling-related elements. Expression profiling
showed significant differential expression patterns across 16 barley tissues, with most HvGATA
genes exhibiting high expression in inflorescence tissues, while low expression was observed in de-

glumed grains, suggesting their potential involvement in barley flowering development regulation.

Keywords: Barley; GATA gene family; Bioinformatics; Genome-wide identification

GATA H PR G5 1 51 2 Hi ) v o 2 1Y) 2 ot
HF.J&F DNA 456 8 M .8 %8S — s34~
IV B0 45 45 F 3 (CX, CX 00 CX, O 43 B FR A N-
finger (F£3 N ¥i) Ml C-finger (3E I C ¥i) ; C-fin-
ger MU IR BIIE L5 DNA F RS EF5) A/
T(GATAA/G, T8 GATA [H 45 5% Hi 5 51
FR45 4 20 3L R 3h 7 8 5R T XKISW GATA
¥ %), N-finger W) £ 8 2 5 5 H A (1 04
HAEA"H . GATA JEP R LR 72 Y A K
R B0 h & AR il
FHLCGATA EARES 58 F MR AL 055 8%
BRERKERSBE KN GATA #53%HF
OsGATAG 8 1 12 Jhy 8 45 7K K i 7 401 | Aok 250 F
FERL /N SEE R 10 FEh S b B 4 29 A
GATA 5, 9 & B0 AE 30 e 1y v & 44 4
AT AN R AT R — 4 GATA
HHAmZFPGH £ T R AR Wi T RiE & -
Fh o HE 00 S R Py e e R ARG . A HRE A,
KW EICSGATAI AT RE S AWM ER LT K
PO B 30 A O B A L B OK IE AR SN
WEF P GATA RH5H T 5 @ E %P
FHIEHOT

K2R NI 90 Ak 1 BB A AR, 7E ARk
Ly E R EE A, HAT, T RE P GATA
S KR 55 5 Rk A . AR ST S
AR E TR NS AR e K&
GATA FE LY 1% 5 X 45 48 L Yo o 1A 43 7
AR SE T R B S a5 A AR
Tl R G OE TR DA BB R 3 A A X A R T 4y
B, LA TR AR ST GATA KA 1E K4 K
KB R BE P8 1Y ) A8 25 SR

1 M5 &

1.1 XZEGATA RERERMNEERENM

M EnsemblPlant {4 )& (http://plants. en-
sembl. org/index. html) #l Uniprot & H £ #& &
(https://www. uniprot. org/) F T K EEHF
5, M Plam 0¥ J& Chttp://plam. xfam. org/)
N GATA K EFHE SCAF (PF00320) . F1 ]
HMMERS3 Chttp://www. hmmer. org/) )\ K Z
FE TP i e GATA 254, fl | SMART 7£
2k W 3 Chttp://smart. embl-heidelberg. de/) X
foek GATA #4758 E 5 HIE.

M Phytozome %4 2 (https://phytozome.
jgi. doe. gov/pz/portal. html) W 5k BT i & GA-
TA BTG ok by A & A5 S, 37 F1H Map-
chart s il gt ik @ i & . ffi ] Cell-Ploc 2. 0 7£
28 M vk Chttp: //www. csbio. sjtu. edu. cn/bioinf/
Cell-PLoc-2/) #EAT GATA 2 1137 40 M 5 37 i
1.2 ZEARTEFMEREHIN

I MEME T E (http://memesuite. org/
tools/meme) 73 #1 2 F1 L& 5F B J¥ (motif) . i
GSDS 2. 0 T. B Chttp://www. csbio. sjtu. edu.
cn/bioinf/Cell-PLoc-2/) 43 #r F K 2544
1.3 ZEgBEAUREEHRTN

* A ProtParam 1. H. (https://web. expasy.
org/protparam/) Wil GATA & [ /9 3 4% AL 1
i, f#ifH SOPMA Chttps://npsa-prabi. ibep. fr/
cgi-bin/npsa_automat. pl? page = npsa_sopma.
hemD U0 & F 264544 . 1l SWISS-MODEL (ht-
tps://swissmodel. expasy. org/) M H #Y = 45
¥, i@ & TMHMM Chttps://services. healthtech.



EAGRAE  RAZ GATA BB G I 4 B[R 4 58 58 T R 7k 43 BT

.« 79

dtu. dk/service. php? TMHMM-2. 0) T &
5 JEE 235 1) B
1.4 #HUDHELEESHT

] MEGALT i 1 Clustal W B xf
GATA #1727 9 L, IF 5% 0 NT ¥4 3 1
W, BEE Bootstrap {0 1 000, HAx 2 KR B
NE ., ffH Evolview3 #E4 T. A (https: //www.
evolgenius. info/evolview) 2 il ¥ 4k &, F| H
TBtools FA 73 R 22 5 R & 3 il L Rl AL A
ARG GATA L LR X,
1.5 E=X4E A T 4w

BORAE GATA 25N EBif IR 311X 2 000 bp HY
J¥ 41, 8 B PlantCARE 7£ £k T. H. (http: //bioinfor-
matics. psh. ugent. be/ webtools/ plantcare/html/) i
I i3 3l DX 38 =X /R F e F £ 1] TBtools 4k
2z i AR T oo o0 A 14
1.6 K% GATA ERERIEEX S

FF BarleyExpDB (http://barleyexp. com/
index. htmD) %4 % i K % RNA-Seq % ik ¥ #is

(PRJEB14349) # 47 GATA J [H ik 8 =X 70 #r
Bt & TG 15 d5 5 d 0285k
(CAR15.CAR5) 4 d IR (EMB) 4 J& &k di %
K (EPD .10 d #8464 (ETD .5 mm 5 1. 0~
1.5 cm 4€ ¥ (INF1, INF2), 10 cm 4% # 2%
(LEA) (fEJ5 6 FAMFE(LEM) K/ (LOD) (NI
W14y BE(NOD) \#2H3 )5 6 JE IFR(PAL) |5 Jil i A
HC(RAC), 4 J& # R (ROO), 10 em 4 B R
(ROO2) K 2 A~ A 50 i (SEND ) 36 [H & 1k
L, NI IR ZE GATA FEF ) FPKM {H . #
TBtools il KFEFHvGATA FHFEIKMEAE,

2 HERAHN

2.1 KZEGATA ERRERRHSTH

ARG K % E B 27 A~ GATA HH,
MHE A e 5 R b (9 A0 B S B i 44 8 HvGA-
TAOI~HvGATA27, LK JEh 784 ~5 500
bp. Zifi% X (CDS) K J& ok 468~2 328 bp(Fk 1), 27
DEERRBI S - A KA 0 7 S 9K B8 D,

1 KEGATAEREER

Table 1 Information of GATA gene in barley
HH % HP 1D Y o AR KB i fh X R &4
Gene name Gene ID Chromosomal location/bp Length/bp  CDS/bp  Subgroup
HvGATA0I HORVU. MOREX. r3. 1HG0023970 chrlH:93476930~93478255; — 1325 468 S3
HvGATA02 HORVU. MOREX. r3. THG0058390 chr1H:389294035~389295670; + 1635 1083 S5
HvGATA03 HORVU. MOREX. r3. 1HG0073340 chrlH:462036014~462036995: + 981 981 S1
HvGATA04 HORVU. MOREX. r3. THG0076900 chrlH:476658149~476660409; — 2 260 1134 S5
HuvGATAO5 HORVU. MOREX. r3. 1THG0091840 chrlH:507729691~507730475: + 784 654 S1
HvGATA06 HORVU. MOREX. r3. 2HG0125050 chr2H:98425567~98430449 ;. — 4 882 2 328 S1
HuvGATAO07 HORVU. MOREX. r3. 2HG0184840 chr2H:571876634~571878995: + 2 361 1 296 S5
HvGATAO08 HORVU. MOREX. r3. 2HG0185510 chr2H:574837073~574841364 . — 4 291 1326 S4
HvGATA09 HORVU. MOREX. r3. 2HG0217760 chr2H:664542126~664545433; + 3 307 1371 S4
HvGATA10 HORVU. MOREX. r3. 3HG0277700 chr3H:412816191~412817056: + 865 699 Sl1
HvGATA1l HORVU. MOREX. r3. 3HG0288270 chr3H:482386468~482388628: — 2 160 1179 S5
HuvGATA12 HORVU. MOREX. r3. 3HG0330940 chr3H:620764692~620766009: — 1317 546 S1
HvGATA13 HORVU. MOREX. r3. 4HG0334570 chrdH:9352553~9356098: — 3 545 951 S2
HuvGATA14 HORVU. MOREX. r3. 4HG0340090 chrdH:28519562~28523383; — 3 821 804 S2
HuvGATA15 HORVU. MOREX. r3. 4HG0347200 chrdH:74193764~74194820: — 1 056 1 056 S4
HvGATA16 HORVU. MOREX. r3. 4HG0405380 chrdH:570188896~570192550: + 3 654 2 187 S2
HvGATA17 HORVU. MOREX. r3. 4HG0407380 chrdH:578663790~578664629: — 839 747 S5
HvGATA18 HORVU. MOREX. r3. 4HG0416070 chrdH:603980344~603982486: — 2 142 1074 S5
HvGATA19 HORVU. MOREX. r3. 5HG0424280 chr5H:8995511~8998549: + 3038 1 050 S5
HuvGATA20 HORVU. MOREX. r3. 56HG0454780 chr5H:233014475~233016617: — 2142 1 341 S5
HuvGATA21 HORVU. MOREX. r3. 5HG0528890 chr5H:568479319~568480852: + 1533 489 S1
HvGATA22 HORVU. MOREX. r3. 6HG0559190 chr6H:64127231~64130703: + 3472 1014 S2
HvGATA23 HORVU. MOREX. r3. 6HG0579890 chr6H:202080340~202082103: + 1763 1026 S1
HvGATA24 HORVU. MOREX. r3. 6HG0599190 chr6H:399410252~399411983; + 1731 1218 S5
HuvGATA25 HORVU. MOREX. r3. 6HG0627260 chr6H:546369566~546374877 . — 5311 1218 S5
HvGATA26 HORVU. MOREX. r3. 7THG0716520 chr7H:503891930~503893877: — 1947 1083 N
HoGATA27 HORVU. MOREX. r3. 7THG0728220 chr7H:569286907~569292407 ; + 5 500 819 S2
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Fig. 1 Chromosomal locations of HvGATA genes in barley
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Fig.2 Evolutionary relationships of GATA genes among barley, rice and Arabidopsis
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Table 2 Physicochemical properties of GATA in barley

GATA 47 —_ o JTH gy FREE UAEED gy RGN
GATA name Protein 1D Length/aa ‘OIECUIM p Hydrophlle Subcel}ular a-helix/ % Ra?‘d‘gm
weight/kDa index location coil/ %

HvGATA01 HORVU. MOREX. r3. 1HG0023970. 1 155 17. 34 9.46 —1.14 Nucleus 23.87 74. 84
HvGATA02 HORVU. MOREX. r3. 1HG0058390. 1 360 37.75 7.01 —0.41 Nucleus 14,17 82.50
HvGATA03 HORVU. MOREX. r3. 1HG0073340. 1 326 34.73 6.14 —0.73 Nucleus 14. 11 82.21
HvGATA04 HORVU. MOREX. r3. 1THG0076900. 1 377 39. 26 5.76 —0.42 Nucleus 15.38 83.29
HvGATA05 HORVU. MOREX. r3. ITHG0091840. 1 217 23.08 8.70 —0.54 Nucleus 4.61 93.55
HvGATA06 HORVU. MOREX. r3. 2HG0125050. 1 775 88.61 7.36 —0.55 Nucleus 39. 87 49.55
HvGATA07 HORVU. MOREX. r3. 2HG0184840. 2 431 45.79 6. 87 —0.57 Nucleus 5.10 92.11
HvGATA08 HORVU. MOREX. r3. 2HG0185510. 1 441 48. 23 8.01 —0.71 Nucleus 17. 46 74.60
HvGATA09 HORVU. MOREX. r3. 2HG0217760. 1 456 49.41 6.61 —0.70 Nucleus 20. 83 71.93
HvGATA10 HORVU. MOREX. r3. 3HG0277700. 1 232 24,25 7.43 —0.35 Nucleus 11. 64 84.05
HvGATAl1l HORVU. MOREX. r3. 3HG0288270. 1 392 41. 35 5.96 —0.43 Nucleus 7.40 91.58
HvGATA12 HORVU. MOREX. r3. 3HG0330940. 1 181 19. 69 9.37 —0.73 Nucleus 20.99 75.14
HvGATA13 HORVU. MOREX. r3. 4HG0334570. 1 316 33.73 4. 66 —0.62 Nucleus 14. 87 82.28
HvGATA14 HORVU. MOREX. r3. 4HG0340090. 1 267 28.49 6. 10 —0.52 Nucleus 17.98 75.66
HvGATA15 HORVU. MOREX. r3. 4HG0347200. 1 351 37.61 8.50 —0.72 Nucleus 8.83 89. 74
HvGATA16 HORVU. MOREX. r3. 4HG0405380. 1 728 82.19 6.79 —0.52 Nucleus 42.03 46. 02
HvGATA17 HORVU. MOREX. r3. 4HG0407380. 1 248 25. 86 6.35 —0.36 Nucleus 11.29 87.50
HvGATA18 HORVU. MOREX. r3. 4HG0416070. 1 357 37.07 6.79 —0.53 Nucleus 10. 36 87.96
HvGATA19 HORVU. MOREX. r3. 5HG0424280. 1 349 39.91 6. 36 —1.00 Nucleus 5.44 91.12
HvGATA20 HORVU. MOREX. r3. 5HG0454780. 1 446 48. 50 9.54 —0. 64 Nucleus 4.71 92. 83
HvGATA21 HORVU. MOREX. r3. 5HG0528890. 1 162 17.39 10. 22 —0.77 Nucleus 20. 37 74.07
HvGATA22 HORVU. MOREX. r3. 6HG0559190. 1 337 35. 94 5.16 —0.78 Nucleus 21. 36 73.00
HvGATA23 HORVU. MOREX. r3. 6HG0579890. 1 341 36. 65 8. 84 —0.45 Nucleus 16.13 80. 94
HvGATA24 HORVU. MOREX. r3. 6HG0599190. 1 405 43.07 7.64 —0.39 Nucleus 20.49 76. 30
HvGATA25 HORVU. MOREX. r3. 6HG0627260. 3 405 43. 04 5.24 —0.40 Nucleus 14. 81 84. 44
HvGATA26 HORVU. MOREX. r3. THG0716520. 1 360 38. 80 8.71 —0.40 Nucleus 16. 94 79. 44
HvGATA27 HORVU. MOREX. r3. THG0728220. 1 272 28. 82 9.44 —0.55 Nucleus 15.07 79.41
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A Name

HvGATAO1  7.79¢-25
HvGATA02 1.07e-68
HvGATAO03 2.51e-23
HvGATA04 1.24e-72
HvGATAO5 1.33e-23
HvGATA06 5.62e-152
HvGATAO07 4.39¢-65
HvGATAO08 6.71e-23
HvGATA09 1.45e-24
HvGATA10 3.66e-24
HvGATA11 3.81e-70
HvGATAI2 6.72¢-28
HvGATA13 9.66e-104
HvGATA14 3.47¢-98
HvGATALS 4.14e-42
HvGATA16 4.47e-146
HvGATA17 4.88e-60
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Fig. 4 Analysis of conserved motifs of GATA proteins in barley
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Table 3 Classification of cis-acting elements in barley HvGATA genes

2/ Type =/ JCF Cis-element
2 i N e TGA-element, TCA-element, SARE, ABRE., AuxRR-core, CGTCA-motif, TGACG-motif, P-box.
Hormone response elements ~ GARE-motif
i 368 W 37 7C A

TC-richrepeats , DRE,LTR,ARE.GC-motif ,MBS,CCAAT-box

Stress response elements

A A Koot MSA-like, A-box.circadian, RY-element, O2-site, CAT-box, motifl, GCN4 _motif, HD-Zipl . AACA _
Plant growth elements motif , MBSI
S 5T 1k ACE. G-box, GTl-motif, Spl, 3-AF1 binding. site, MRE, ATCT-motif, Box4. chs-CMAla, chs-

CMA2b, GA-motif, GATA-motif, TCCC-motif, TCT-motif, Box Il . Gap-box, GTGGC-motif, I-box,
LAMP-element, AE-box

Light response elements

HvGATAO1 8.00
HvGATA25 7700
HvGATA21 6.00
HvGATA27 5.00
HvGATA19 4.00
HvGATA22 %-88
HvGATA07 1.00
HvGATA20 0.00

-- HvGATA23
HvGATAIl
HvGATA05
HvGATAI0
HvGATA03
HvGATAIS

HvGATA17

I HvGATA26

HvGATAIS

HvGATA02

HvGATA04

] HvGATA09

-[---- HvGATAI4

HvGATA08

HvGATA06

HvGATAI3

HvGATAI2

[ HyGATAI6

] HvGATA24
vy
5 2

k&

ZH4A Tissue
CAR15: FEJ5 15 d KA AL CARS BT 5 d REA KR ; EMB: 4 d (9 I%; EPT: 4 KRR K ; ETL 10 d i ¥ L 4
INF1: 5 mm /%5 INF2: 1.0~1.5 cm 4£)¥; LEA: 10 cm 4253 LEM: {£J5 6 JAM4ME; LOD: f£)7 6 R A5 NOD: XMy
B8: PAL: {E/5 6 MM MFE; RAC: 5 IS ROO: 4 FIE MM ROO2: 10 cm & H I SEN: BiDH iR A,
CARI15: Grains with bracts removed at 15 days post-anthesis; CAR5: Grains with bracts removed at 5 days post-anthesis; EMB:

Embryos of 4-day-old; EPI: Epidermis of grains at 4 weeks-old; ETI: Ten-day-old chlorotic seedlings; INFI1: 5 mm inflorescence;
INF2: 1.0—1.5 cm inflorescence; LEA : Stem of 10 cm young plant; LEM: Lemmas at 6 weeks post-anthesis; LOD: Lodicules at 6
weeks post-anthesis; NOD: Tillers at the six-leaf stage; PAL: Inner bract at 6 weeks post-anthesis; RAC: Five-week-old rachis; ROO:
Roots of 4-week-old seedlings; ROO2: Roots of 10 cm seedlings; SEN: Two-month-old senescent leaves.
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Fig. 9 Relative expression level of the HYvGATA genes
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