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Genome- wide identification and tissue expression analysis of the CIGA-

TA gene family in watermelon

Hu Aofeng, Li Huan, Chen Yaxin, Kang Wenlu, Dou Junling, Niu Huanhuan, Yan Wenkai, Tan Junyi,
Zhu Huayu, Yang Luming, Liu Dongming

(College of Horticulture, Henan Agricultural University, Zhengzhou 450046, Henan, China)

Abstract: The GATA gene family is an important class of transcription factors in plants, playing key roles in tissue devel-
opment, signal transduction, and responses to biotic and abiotic stresses. To comprehensively elucidate the specific func-
tions and molecular mechanisms of this family in the growth, development, and environmental adaptation of watermelon,
this study performed a genome-wide identification of the CIGATA gene family in watermelon using bioinformatics meth-
ods, and systematically analyzed their physicochemical property, gene structure, phylogenetic relationship, and expression
pattern. The results showed that a total of 25 CIGATA genes are present in the watermelon genome. Subcellular localiza-
tion predictions using the WOLFPSORT online tool indicated that these family members are primarily located in the nu-
cleus, and they exhibit significant differences in protein length, relative molecular mass, and theoretical isoelectric point.
Phylogenetic analysis revealed that the CIGATA gene family can be divided into four subfamilies, comprising 11, 8, 4,
and 2 members, respectively. The promoter regions contained six typical cis-acting elements associated with growth and
development, hormonal regulation, and stress responses, suggesting that the C/IGATA gene may participate in multiple
physiological activities of watermelon through complex regulatory networks. Furthermore, these genes displayed signifi-

cant tissue-specific expression patterns in roots, stems, leaves, flowers, and fruits, indicating that different C/IGATA genes
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may perform unique functions at specific developmental stages or in particular organs. This study provides potential tar-

get genes for breeding new watermelon varieties with strong stress resistance and high quality, and lays a foundation for

further elucidating the molecular mechanism underlying key physiological processes such as photoperiod regulation, chlo-

rophyll biosynthesis, and flowering time control in watermelon.

Key words: Watermelon; GATA gene family; Genome-wide identification; Bioinformatics analysis; Tissue expression
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Table 1 Primer sequence for CIGATA gene family qRT-PCR in watermelon
LK 4 FK Gene name IE[A 5147 (5'-3" Forward primer sequence(5-3") %[5 #7(5-3") Reverse primer sequence(5'-3")
CIGATAI CGGTGCTAATAGTGGCGGT CCACACGCATTGCATAACGA
CIGATA2 ACGACAGCGACCAGATTTCC ATTCTTCTTGGGTGGAGTCGG
CIGATA3 CTTCCCTGCCCTCGATCATTT TCCACATGATCTTCATGGTTCCC
CIGATA4 ACTCCTTTATGGCGTGTAGGC TTTGTTCGTTCCTGTGGTGGA
CIGATAS AAGACTTGTGCCGACTGTGG ACCCCTTTGCTCAACCCTAAA
CIGATA6 ATGGGGTTAGGGTTTGCAGT CATCGCTCGTCTTGCTTTCC
CIGATA7 TCGGTCTTCTCCGCCAATAG CATTGTCAGGCTTCCACCAC
CIGATAS TTGCGGTACGACGAAGACTC TCTCCACTTCCCCTCCTCTG
CIGATA9 GAGTTAAACGCCGGAACGC TGGTGGTCGGAGAGAATGTCG
CIGATAL0 CGGTGGCGATCCACTTCTT TCCGCTCTTCCTTCTTGAACC
CIGATALI TGATGATCATAACCCCTCTCTTTCC TGGGAGAGCCATTCGAGGT
CIGATAI2 CTAGCGAACTCTGCATTCCG GGGAGGAACGGAATAGCTTTA
CIGATAI3 CATTTGGTCCGCGCATTCC CGTCGACGAAATTTGAGAGCC
CIGATA14 TTGGTCATGGCGTCTAGAACT TACACCGGTTGGCACATCAC
CIGATALS ATGGTTCAAGCCAGCTCACA AATCCACGCTTTGCTGACCA
CIGATAI6 TTTCTCCAGCGAACTCTGCG ATTGGGCGGGTTCTTTGACT
CIGATA17 TTCCTCTGTCTCTGGTGGTGA ATAACCATTCCAGCTCCGCT
CIGATAIS ATAACTGCGACCAGCTCACC TGGGATTGATGGAACACGCA
CIGATA19 TATGGAGCCGCAGAAACAGA TCGTCTTCCTGTATCGAATCCC
CIGATA20 GAGAGTTGTGCCCATTTCAGC GGGGACTGCTTTGGACGATTT
CIGATA21 CGAGGGGAGGTTTACGCTTT TGCTGGTTGATGGGAACACT
CIGATA22 AAGGGCCTTGCTATCACTGT TCCGCTCGAGCATGAAGAG
CIGATA23 TATTCTTCACAGGCGACGACA GTAGGGGGATCGTTAAGCTG
CIGATA24 GTTTCCGGTCGTTGGAGAGG GGCGGCACATGAAAATTCCG
CIGATA2S GCCGACGCTAATTTCTCCAC GGTCGGTCCGGGAATTCATC

« 18 -



61

JUBLEE S5 UGN CIGATA JE PR S 4 R R 20 46 58 M HZRIE 1 H

X ISR 5T

¥ (https://blast.ncbi.nlm.nih.gov/Blast.cgi) ™ 15
TR EE G 1D, UL Cldctin 5
AW SR . qQRT-PCR J 4 J8 5¢ 6 i & PCR
A & Ui B PS4 4E , £ StepOnePlus ™ Real- Time
PCR 1% (Thermo Scientific, Massachusetts, USA) I
AT . BAFEMRE 3 IRAEWFEER 3 REAR
HE KM 20RO R A X Rk & .

2 RS0

2.1 CIGATA EE K&K R E RIBU B4
A FE R K % 5 4 S ORI DR 4 b
%52 25 AN CIGATA FE I, 3+ MR 48 o AF Ye i 4k
B g AT AL BN BT R Ay 48 CIGA-
TAI~CIGATA25 (£ 2) o {EIALYE R J7 1H , CIGA-
TA HE R 8 J R O 22 30 L D 6 1) A R 6 ) 22
. BEBEBEAN T 138 aa (CIGATAS) ~541 aa
(CIGATA20> , ’ X} 73 - J5t £ ¥ [l v 15 966.66 Da
( CIGATAS) ~60 645.04 Da(CIGATA20) , ¥ it %5
R A {E 4.87 (CIGATA21) ~9.76 (CIGATAS) .
16 MEEREM &SN TARMEER D, 9 N
PRI () 45 HE s KT 7 CRRCME B D) o I 40 e e Ao T U
g BN, 40K 28 CIGATA B R 5% i 1k B4 5E iz

TAHMARZ N, 1K 5 5 R 7 I R LR AE AR 15,
HPAT e Dy Rede At 7 45 M 2 at . XMz
1) 5 25 R K B A B 10 45 T 22 5, R B CIGATA
5 IR SRR A K A e e el i e A AR S N T
BT AN A BRI RE R OR L IR R R R AT
R T ae 1k
2.2 CIGATAERERERGLE ST

E 3 7 T TS B I 300 TR R KRS B R 21
() [E R P H A 2R 5 R 51 45 K 38058 E , 43 0l 45 8
25.26.25.30 Al 32 > GATA R . ) FH B KA SR
LRI GATA BFZKIE R G R B W BN, S
FA T AtGATA FiE R R 10 73 s e, T GATA 2t
R 5 e %20 9L L IVIUAN T . 78R CIGA-
TA FER RN 25 DN EORTE 4 DN A 50408 : 1
B 11 N0 8 AN 4 N IVIE 2 A REKE
PSR 2l F LR, 75 R RN A 3% I GATA 2[4
FKIEAE 4 AN N0 35 S B0 s i SR AR R AIE , IX R A X
3 Fh P RMEY ) GATA J R 5% 34k 0 A R B
i, HEMILAE D RE B AT e RABm IR PR X F
oy R G5 R 5 KR AU B T 55 2 B Y GATA B K]
FIRM ARG R G IHE—3, RFEY GATA FH XK
RAE S R P AR S e (B D,

%2 TK CIGATA EREREZBMM R T4 E N

Table 2 Physical and chemical characteristics, subcellular localization of CIGATA gene family in watermelon

EGH 6D o RO A PIREE gy gy TARER

. Number of Relative molecular . Subcellular
Gene name  Gene ID Location amino acids/aa  mass/Da Theoretical pl localization
CIGATAI ~ Cla97C01G018990.1 32073 917~32 075670 220 24778.98 7.59 4l f k% Nucleus
CIGATA2  Cla97C01G019480.1 2426 287~32428 178 296 33484.13 6.90 41i k% Nucleus
CIGATA3  Cla97C03G065950.1 29 349 925~29 352937 313 34 083.09 9.08 4l f k% Nucleus
CIGATA4  Cla97C03G067890.1 31244 426~31246562 180 19 660.66 9.26 4344 Chloroplast
CIGATA5 ~ Cla97C05G087950.1 6 059 016~6 060 634 147 15996.27 9.76 4l B k% Nucleus
CIGATA6  Cla97C05G099140.1 28279 034~28 281 610 267 29 252.62 8.77 4IHi k% Nucleus
CIGATA7 ~ Cla97C05G102680.1 30922 558~30 925852 348 37782.38 5.76 4l f k% Nucleus
CIGATAS  Cla97C06G114250.1 5172 027~5 173 657 138 15021.03 9.76 41 I k% Nucleus
CIGATA9  Cla97C06G117240.1 8 778 198~8 780 685 286 30 937.49 6.18 4l f k% Nucleus
CIGATAIO Cla97C07G135600.1 21262 175~21263 702 258 27 671.39 9.06 45 Cytoplasm
CIGATAII  Cla97C07G135950.1 22 140 772~22 142861 312 34 281.34 5.89 % Nucleus
CIGATAI2 Cla97C07G140060.1 27 812 739~27 814 812 322 35095.02 5.84 2N % Nucleus
CIGATAI3 Cla97C08G150290.1 18 705 681~18 708 390 317 34300.26 5.59 4l fd k% Nucleus
CIGATAI4 Cla97C08G154610.1 22 716 580~22 724 175 358 38 892.04 4.97 2N A% Nucleus
CIGATAI5 Cla97C08G154620.1 22726 367~22 736779 296 31975.38 6.31 4l fd k% Nucleus
CIGATAI6 Cla97C08G155280.1 23 305 942~23 308 758 355 38913.30 5.87 4N A% Nucleus
CIGATAI7  Cla97C09G161940.1 67 689~69 843 333 36 416.44 6.22 4l HU k% Nucleus
CIGATAI8 Cla97C09G163710.1 1418 182~1 423 274 303 33 878.63 6.39 4N % Nucleus
CIGATAI9 Cla97C09G167780.1 4 468 516~4 470 499 149 15985.47 9.25 4344 Chloroplast
CIGATA20  Cla97C09G175500.1 14 772 585~14 779 385 541 60 645.04 6.73 2N A% Nucleus
CIGATA21  Cla97C09G177940.1 29 745276~29 752 042 307 32 996.48 4.87 4l fU k% Nucleus
CIGATA22 Cla97C10G186890.1 2359 482~2 367 396 539 60 054.19 6.45 4N A% Nucleus
CIGATA23 Cla97C10G196120.1 25 839 736~25 841 674 282 30978.02 9.14 4l fu k% Nucleus
CIGATA24  Cla97C11G210650.1 4 000 627~4 002 711 330 35778.89 5.44 4N A% Nucleus
CIGATA25 Cla97C11G221130.1 27213 979~27216 160 350 39 049.82 5.56 4l fu k% Nucleus
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Fig. 1 Phylogenetic analysis of GATA gene family among watermelon, Arabidopsis thaliana, cucumber, melon and rice
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Fig. 2 Chromosome distribution of CIGATA gene family(A)and gene structure(B)in watermelon
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Fig. 5 The relative expression level of GIGATA gene family in different tissues of watermelon
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