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FEM GATA BERRKEE R B TRIESTH
kOB OB, RTWL MR, BEEV, FAEY

(1. R ML K2 AR E Y RIRIZS I S5F 2 EE R SCRE, T BA 210037; 2. Bl K2 MR/
B BACHOL BRI B8 Ry, VI8 FE AT 210037)

WE: [ B8] WEFEM Cyclocarya paliurus GATA 3BT A &M FTegEF ok, [F%] AT HFEMARAS
R MBS GATA KB R RN EE, 2@oM AR R, RRENFA%EA0SE, Fad 4 ANARE
(0, 25.7, 513 42 77.0 mmol- L") #5 & phia & 38, 547 GATA AR Rkrh it R 2 X, (&R ] AFEmiLEA
PR R 46 AN GATA AR TR, HHFE 14 FFERL, GATA Rx%h A& A KEH 132827 NRAR, ROy
F% 4 14358.49~92724.86 Da, FEK A A-1.1190.368; L@@ EALRT: 37 A GATA B E4x Tz, H4 94
KB A Trrik, M Rf T, B3 TIMXAER T SA M : GATA AW RHERT P aSERERETH.
EEmB A fiKEa R LS 134w Tt 2FA5HEREN: CpaFls31008. CpaFlst45364 Fe
CpaFl1st12063 % RAX A A X T AL AR 304N & T 15d, B Mo 42 F Ak Lil, @ CpaFlst13794 =
CpaF1st04260 % 18 MR A phia /38 T RE Fifl, [ 88 ] H8M0 GATA LB Rk R A4 F KT RBAL 3
i, HEIL SR ea pEX, B8 &2 431

KR HEM; GATA #HFZE-TF; Hphia; R 5
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Identification of the GATA gene family in Cyclocarya paliurus and
expression analysis under salt stress

ZHANG Lei'?, CHEN Hui®, ZHANG Zijie’, SHANG Xulan'?, YANG Wanxia'?, FANG Shengzuo'?
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University, Nanjing 210037, Jiangsu, China; 2. College of Forestry and Grassland/Co-innovation Center for the
Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210037, Jiangsu, China)

Abstract: [Objective] This study aims to investigate the regulatory function of GATA transcription factors in
Cyclocarya paliurus under salt stress. [Method] Based on the genomic and transcriptomic data of C. paliurus,
members of the GATA gene family were identified, and their physicochemical properties, gene structure, and
phylogenetic evolution were comprehensively analyzed. The expression patterns of CpGATAs in response to
salt stress were investigated through salt stress treatments with 4 sodium chloride concentrations (0, 25.7, 51.3
and 77.0 mmol-L™"). [Result] The 46 GATA members were identified from the genome, distributed on 14
chromosomes. The encoded protein had a length of 132—827 amino acids, a molecular weight of 14358.49—
92724.86 Da, and a hydrophilicity coefficient of —1.119 — —0.368. Subcellular localization showed that 37

GATA genes were located in the nucleus, while the remaining 9 genes were distributed in chloroplasts,
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cytoplasm, and plasma membrane. The analysis and prediction of promoter cis acting elements indicated that
GATA gene family members included 13 cis-acting promoter elements, including auxin responsive element,
gibberellin responsive element and low-temperature responsive element. Transcriptome analysis showed that the
expression levels of 12 genes, including CpaF15t31008, CpaF'1st45364, and CpaF1st12063, were higher at 30
days of salt treatment than at 15 days, and were upregulated under salt stress. However, 18 genes, including
CpaF1st13794 and CpaF1s5t04260, were downregulated under salt stress. [Conclusion] Members of the GATA
gene family in C. paliurus actively participate in salt stress response at the transcriptional level and exhibit
diverse response patterns. [Ch, 8§ fig. 2 tab. 31 ref.]

Key words: Cyclocarya paliurus; GATA transcription factor; salt stress; expression analysis

GATA 5 AR — Kb FORSFRF SRR, T2 AETEZAEY T, fere Ryt g &
HARFE A 8l 7 X IR 34 1751 (A'T)GATAA/G) ., M5 1 A~ GATA 2K NTL1 J& IR Nicotiana
tabacum 1o EASRIRY, R LA T B Neurospora crassa 1 NTL2 BIIR IR, MY H R ZE GATA #%
SERF HALE 14 CX2CX18CX2C Frfgaht i, HAADEURAEE 14 CX2CX20CX2C Lty sk 2 4>
DL ERAEFE L FR GATA %5 N 1 A AR 5 HL 45+ el it o Ak e Oy gk — 200 2N W50, il
TERIRI ST Arabidopsis thaliana W35 58 1Y 30 A GATA R 5L, R4 R 4 MK HEY, Mok, 78K
Oryza sativa™ . &V FILE A Arachis hypogaea™ S5 A5 Wy H 43 ) % 7 28, 57 Fl 47 A GATA K%L,
51, B KHFEMI Cyclocarya paliurus GATA ¥4 55 R F W58 0 A WAHGE o

GATA T EMY h I AE Y2 DI Re T AT 2] 29 . TR KR . GATAs fERIRIER 2 5
YRR BB, WFhFi A AR T OGE MmN . BRAECH AR AR BEA S A Y i
e, 24 GATA IG5 C A UE e AR E Wit Stk rh B ¥EEH . WF9R R BH: OsGATA16 W] LLE
5 OsWRKY45-1 B J5 3 T4 YRGS A, 0 OsWRKYAS-1 (95235, 858 /K A8 v 300 f0 it ZE PR DY, A i
Populus GATA IG5 PAGNC1 fE+ 38 T il it 5 PAHKX1 JRsh T4 4, ¥ — A (NO) Hlid &
LA (H,0,) MR, IS5 SALICH, 35K IbGATA24 1] WYk A5 53 B A G 15 5 AL RS P 4AH
4, IbGATA24 5 IbCOP9-5a M HAF W] 1E 84 H % Dioscorea esculenta W 524 FH Eh4:13),

H MR ERA AR MY, o Rrbe SR . S S 2 R A s B, BRI
B BRI RPN EE AT AR A, TS0 7R AT b DX 1L X
A5 L, BT BT I LA T R R . S BRI ML B f R AR, KT T R A A A7
JolR 360552 M £ DX IR T R T ARV AE RIS, © R nT AT MR 8 . WFSE R 3: ERJihan g 24
il RN G B VE R AR, AR5 T AT 52 35 B (0 e S AR g F2 1Y) GATA S55% 53 H 7
RS T AN ER P e 1 I R AR, R AR 2 R R T R R R EE AR T R

AR A YIE B 25T R T Bl GATA SE G AT B S, A A M T . BER 254 |
R0 % B AT ToAE, -k AS [ e B 0 58 e b SRR AT 75 B GATA 3R G105 B 57 338 1 55 oy
MR, B B R BRI AE SR T 08 0 ML RN I 5 ) SIS R

1 MRS 7 *

1.1 #EYMREE

SEEG AR R T M JZS30#K F o SRR I — 0 AR AR A, 7R F MO R SRk R
% (RN 25~30 °C, JCREFK N 16 h, MXTIRELH 60%~80%) A7 Hka /K 3 Ab #AL . & & 4 FhA
L8N (NaCl) Zb F ¥ & . %} HR (ck, 0 mmol-L™' NaCl), fKhik EF (LS, 25.7 mmol-L 'NaCl), k¥
(MS, 51.3 mmol-L 'NaCl) FIEEh W E (HS, 77.0 mmol- L 'NaCl), 7KE5R ] 1/2 35 (A 22 B F7 1 (pH
6.0£0.2), SR ELES, W 7dHH 1R, BNAEEE 3AES, SH7EERAAH 15d (T f130d
(T2) RBUE R IR sE e B F, IR E G —80 °C SEIEREAS , T Jm Skl st 4 i e B S ot s
PCR (RT-gPCR) 73#7 .
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1.2 BHU GATA Kk REE RBUERI T

338 [ [ S A W BORAE Bt (NCBI) B0 28 v 75 S0 A5 A M 55 28 5k PR R g e S e, U
TAIR B PE PR IT GATA B P54 XS R EL, 5@ it BLAST A 4% R A HMMER #2748 %K 2 fhr ik
AT RE, I X 21 Swissport B FE IS T Bl GATA ZIGE N G A& H P81 . BEJA ¥ 5 Bl GATA &
FF 9 #2328 2| 7 26 T. 2. ProtParam (https://web.expasy.org/protparam/), FHULTIMNZIEREH . FHE . A
FasE Fa BRI SR K SE BRAE BT, JFiEad WolfPsorf 7E£E T . (https://wolfpsort.hge.jp/) FE47 V.40 Bz 43 T .
1.3 @R fEE SRS

i MEGA 11" B4R IF . /IN&E Triticum aestivum . 755 Ipomoea batatas FIT £ GATA H
JFANIEAT HEXT B, SR 5 (8 F AR S 3% £ 15 A1 Bootstrap J7 54T RGE AL F . (il HAEZR T2 NCBI H
i Batch CD-Search TJfig 45 & TBtools #X {4 ) MEME 7M1 4775 £k GATA £ H 7 91 (A A 55 45 #4358 5
AR SF I 7 %5, 18 1 PlantCARE!™ (48 % (https://bioinformatics.psb.ugent.be/webtools/plantcare/html/)
XM GATA B e 9 AT 45 500, JFid 5 TBtools k{47 AT AL
14 BEY GATA RRERNEBESHEHEESR

K H TBtools A HE BT Bl GATA ZI A AE R P i B A5 B, R4S 6 7 Bl 58 R 20 1 S
R GATA FEFREG AR A7 B K . 383 TBtools # 4 H ) MCScanX HIfig A 73L& 4 .
1.5 HRASW

X REA FEAT RNA S, cDNA SCPE# AL 3 (s ik %08 2 5 = NCBLEE 5, #2 S h
PRINA700136), J5i A %4 1t Fastp (Version 0.18.0, HaploX Biotechnology) i Ui§, 7 W 5 152 54 i 1
StringTie v1.3.1 (295 i 28 35 4 Wy KA F A AE Y2 ) 442, StringTie X /4 (max_memory, 30G;
seqType, fq; CPU, 10; KMER SIZE, 31; min kmer cov, 9; normalize reads; normalize max read
cov, 50) 115 FPKM fH, J-RH TBtools AT MALTE BMI GATA FIGHFEARFERR AN T iR
1.6 RT-qPCR 4%

TECER it 30 d B 9 25 3 3R IK GATA FE 41T RT-qPCR 43 #7. f# H MonScript RTIII All-in-One
Mix with dsDNase i 7fll & (32494 4) 315 cDNA, {# 4 SYBR Green Realtime PCR Master Mix il & (%<
itk stt) #47 RT-qPCR U o LA 188 rRNA AER NS BN, BIYTEAI{E R ILER 1. RAT 279 U5
BatEMXFRR R, 3IREAER.

£ 1 RT-qPCR 3|¥1FE7l

Table 1 Primer sequences for RT-qPCR

G1LY) EmGIHIFF(5"— 3') 5 1HFE(5'— 3")
185 rRNA AGTATGGTCGCAAGGCTGAAA CAGACAAATCGCTCCACCAA
CpaF15st40248 GCTCAGAACACGGAAGTGGA CTGGCCTATACTCTGGCAGC
CpaF 15103085 CAGGCCGACGAGGATAGTTC TGGCTGCATCTACGCTGAAA
CpaF1s133138 CCGGAACCGGAACTGGTAAA CAAAAACTGGACACCGCAGG
CpaF1s112063 CAGGCAGTGCTTCTACTGCT CTGGAGTGTCGGGCTCATTT
CpaF 15129899 TGTCGGCACAAGATGAGGTC CCCAGTCTCCCCATTTGCAT
CpaF 15124236 CCCAATTCTCCCCATCTCCG TAGGACCCTTGCTTCCCTGT
CpaF1st06121 ACAACTGTGGTGGTGCTTCA TTGGTTCGCCTTCTCTGGAC
CpaF1st13794 AGCGAGAGCAGAGAGTGAGA GTCCACAAGCCATACGACCA
CpaF1st41514 ATGGGGAAGCATGAAGGGTG TTCACCTTGCCTGGATGGAC

2 HERESN

2.1 FHEW GATA RERREERIBLER S

$£T BLAST Hl HMM fifi 0 05 35 B Mk AL S #EA T FEXT o0 b, e a3 PIATRSF- BRI 46 A E bl
GATA FJGE M 5L o HEAPEBT 4 2R (3R 2) Won: GATA KR U 8 1 73 158 14 358.49~92 724.86


https://web.expasy.org/protparam/
https://wolfpsort.hgc.jp/
https://bioinformatics.psb.ugent.be/webtools/plantcare/html/

542 56 6 1) gk SR HEN GATA FER FG S e KL e T =ik b 1145

Da, Zwth8 BN 132~827 N BER ; S5 HL AL (pD) 4 4.85~10.40, FLrf 19 /4Nl bt 2t (p1>7), H
A RIRYE (p1<7); FEKPERBCN-1.119~-0.368, RLLAYEKMEE/NT 0, AL, W40 E N B

x2 BHRU GATA REEUHERS

Table 2 Physical and chemical properties analysis of GATA family in C. paliurus

P IR KA AR/ Ti/Da S RRUETRE IRITIRE sk HHEME 720 B R Ao
CpaF1s31008 350 38871.14 542 55.22 5854  —0.718 Chr5:3275133-3276675 A%
CpaF 15104551 333 36772.69 627 59.72 5598  —0.759 Chrl0:5255396-5257097 iM%
CpaF15t40248 278 3117134 885 61.17 68.71 —0.711 Chr7:36854287-36855776 )26
CpaF1st11493 259 29016.11  6.52 50.25 5467  —0.789 Chrl2:27234110-27235170 40X
CpaF 15103085 399 44049.62  5.58 59.07 50.63  —0.728 Chrl:39570084-39572566 A%
CpaF1st12368 440 48903.86  6.51 50.23 63.36  —0.672 Chrl3:4422154-4428720 A%
CpaFl1s133138 376 4128527  6.53 57.64 5574  —0.639 Chr5:28272282-28274034  Zji#
CpaF1st15405 304 33337.68  8.77 59.30 6572 —0.519 Chrl4:14310065-14314628 %
CpaF1st44867 381 41982.50  5.30 64.62 5223 —0.708 Chr9:24293467-24295185 )20
CpaF15104260 337 3673324 5.96 55.24 6576 —0.519 Chrl0:2743778-2747468 A%
CpaF1st10391 827 9272486  8.74 43.31 7756 —0.368 Chrl2:16098279-16120607  FflE
CpaF1st33607 162 17768.52  9.88 49.03 68.09  —0.560 Chr5:34149029-34150449 )20
CpaF1s5t05998 132 1435849  9.68 57.91 6432  —0.765 Chrl0:23155264-23156372 4%
CpaF 15145364 141 1549720  10.40 52.67 68.58  —0.482 Chr9:31189984-31191453 YA HIA%
CpaF15t05992 151 16553.39  9.76 48.39 73.71 —0.430 Chr10:23093430-23094145  Zffit%
CpaF 15142300 249 2744428 834 63.80 4823  —0.743 Chr8:29402271-29403166  ZNE#%
CpaF 15142347 250 2756334  8.06 64.29 4728  —0.764 Chr8:29941694-29942592 4%
CpaF1st06487 252 27884.50  8.03 60.42 3722 —0.907 Chrl0:29829715-29830640 M
CpaF15124908 352 3913169  8.82 53.42 6159  —0.726 Chr3:6660741-6662851 A%
CpaFls114436 225 2492932 9.19 4221 39.51 —1.119 Chrl14:936552-939513 YA
CpaF1st12063 364 40120.77  4.85 48.65 7047  —0.665 Chrl13:1849772-1855913 )26
CpaFl1s131471 359 38841.07 497 48.63 6733 —0.658 Chr5:7431224-7439528 RIS
CpaF1s121387 327 36490.18  9.69 50.48 5792 —0.869 Chr2:9770484-9772235 iM%
CpaF1st19401 528 58511.73  6.11 55.39 67.54  —0.564 Chrl6:14302411-14309576 4%
CpaF1st18106 258 2834977  9.05 56.55 58.64  —0.799 Chrl5:20131363-20133090 iM%
CpaF 15129466 542 6010326  5.92 55.85 7030  —0.580 Chr4:23938169-23945173 iM%
CpaF1s112064 310 3311502 5.12 4223 73.61  —0.423 Chrl3:1856825-1860692 LRI
CpaF1s103558 308 3287444 489 41.13 6429  —0.542 Chrl:43510795-43514419  Bf&R{k
CpaF 15143529 305 3277721 577 32.70 6528  —0.595 Chr9:5950153-5957707 YA HIA%
CpaF1st31469 304 32856.19  5.83 38.43 60.63 —0.670 Chr5:7423788-7429644 )26
CpaF15129899 541 60796.46  5.96 47.87 7423 —0.659 Chr4:30906208-30913091 A%
CpaF 15130660 336 36905.18  6.21 44.02 66.19  —0.471 Chr5:498151-499582 EESIN
CpaF1st42916 345 37921.05  6.13 38.43 59.39  —0.623 Chr9:535642-537262 i)
CpaF1s118811 538 6055596  5.97 45.12 70.63  —0.672 Chrl6:5904043-5913138 A%
CpaF15124236 373 4127078  5.30 41.12 63.86  —0.564 Chr2:43555546-43557671 iM%
CpaF1s115509 775 8448854 627 41.70 64.62  —0.815 Chrl4:15829121-15836785  M#k{k
CpaFl1s131203 373 4072149  5.86 45.42 60.46  —0.397 Chr5:4827679-4829481 BRI
CpaF 15100992 667 75052.44  7.08 70.50 61.56  —0.838 Chrl:12126306-12130501 A%
CpaF1st06121 654 72697.62  6.00 60.97 6636  —0.722 Chrl0:24970094-24974866 A%
CpaF1st13794 708 78 850.38  7.29 64.92 68.04  —0.702 Chrl3:22615455-22620576 4%

CpaFl1st41514 701 77486.71  6.69 52.86 70.67 —0.644 Chr8:18653928-18659825 Hlifiiok
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37 4 GATA BEHERL T UM, Ay 9 BRI T 43 A T2 A . 240 o A B s o
22 BFHW GATA ERARGHRARZELE ST

TR M) GATA B R Z B R B #AC R, W EE B 46 D 8l GATA HEH 5
T FH % GATA B 317 2 7 5 X I A g ik Ab iy (1 1), 58RI GATA ZEE R 57 R 4 DT
W, Hrp Class [Tl Class VS50 540 & 6 Fl 16 DNFIEM D1, Class 1 Fil Class IV REH S 12 4>
WG, BT RGLE IaE R, AT DA [R]— S 05 N 0 3 A B 53 7E kb - A RO RO &R, T HE
AR A= 2 D e

s ?

B 1 HEM GATA KW Rk 2 MR RZF 54
Figure I Phylogenetic analysis of GATA gene family in C. paliurus
23 EREZHMNESTEFST

GATA FWG N R F 25 A 1 Z RE M2 S 8 1 F0 N & F AU 25 5k, 1T Be s Lk I T RE 1 71k
X} F M GATA KBTIk R 4549 0 M1 2 B0 (€] 2): Class 1 . Class 1T & Class Il 5% N CpGATA &
PEE R AL, 45 WK R I N 254 22 A ik . Class T KN CpaF1st10391 F K 2544 4 5 T4
MIE, SN ETRIERK, T CpaFlst11493 FEH K M, (VS 2 MM T/ 1 ANE T
Class 1 W ZEIL NG AME K EMAN S, WEE 120 A& FLU KL 2~3 1 FMNE T, Class 1T Al
Class IV W R 40 S 2 A i F N & 180 .

H T IRASENTE M GATA FT5 W R 450 ST 5% s h s 7e g, AWF98 R MEME I
ELX} CpGATA FERHATORSFIF AN 4347, B3 T 10 NMASFIR)T (8 3). f 2 vl [a]l—F 505
WAL AL B AR RS IET . Class MDA G & A RSP ISP IR Z, Bl 4~6 1>, ¥& Motif 1.
Motif 6, Motif 7 Fil Motif 9. Class 1T W& 6 A~ GATA B 5 4025 A A5 S J5E 7 B0 FURH X B e ol —
#H, Y& A Motif 1, Motif 2, Motif 6 F1 Motif 7. Class IV V. 5 1 41 & O 4“7 SL FF B i b, Hop
Motif 3 Fll Motif 5 AW IR IR FRLT -

24 FHU GATA REERNEBEEMMLLED T
e BN AT IR . BN GATA ZKIEHE 7345 TFR Chr 6 A1 Chr 11 41y 14 ZR G4 A fk B (] 4).
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Figure 2 Motif analysis and gene structure of GATA family in C. paliurus
Chr 5 F1 Chr 10 Je a4k [ 734 CpGATA BB % , 7514 7 M 6 45; 1fi Chr 2, Chr 3. Chr 8 fil Chr
ISYetafk ot , BEH 154 CpGATA RN . s, Chr 1 RGBHERKERK, MMNTAHE
CpaF1s5t00992 . CpaF1st03085 Fl CpaF1st03558 3 & CpGATA F:IN, FWIFERMI GATA S8 3 K AE Y o 1A
RS AR
it AT R GATA SEH R L SC R, il MCScanX X MG LA S THEe /00T (F] 5),
Mo th 33 NI SERIXT . For Chr 5 1 Chr 10 Je i ik b CpGATA FEFACHRE, A 10 NIk
LRPESREXT s 1 Chr 2. Chr 15 fl Chr 16 YAk | CpGATA IR %t $epl & s bk e & .
FAREE K] Chr 5 A1 Chr 10 Q4K [ CpGATA AL RN R%, TEREHIYIRE Bl Be s AH L
2.5 BHEW GATA REEBRBHFIRKIEATH SR
XTE M GATA FEI 51 E¥i# 2 000 bp AYFED Fr BedbA AR FHOCHE 30, 78 46 DM GATA K
TR 5L Fp R 13 R R ICIE (B 6)0 KAy GATA SRR R 81 XA 5 G ma 1 a9 1 i 17 AR
PR ARV 5 2 Pl 1 e . ZENE B CpGATA L Ja 8h T X Rk A Y i & W ook, ds AR d & m
INF 7K AR TR T 7 RN R A R R WA N G E . A, 16 ARG F A IR R TR, 10 AR A B AR A
o R T, 6 R A S S R A L ) MYB 25 A 0. LA RS RE . R
GATA FIRFE R T R AE 45 2 A W ol v 7 i & #42 DC H A FH o
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Figure 3  Gene motifs of GATA family in C. paliurus
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Figure 4 Chromosome locations of GATA family in C. paliurus
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Figure 6 Analysis of cis-regulatory elements of GATA gene family in C. paliurus
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Figure 7 Expression patterns of GATA gene family in C. paliurus under salt stress
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Figure 8 RT-qPCR validation of GATA genes expression under salt stress for 30 days
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