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Abstract: WRKY transcription factors play crucial regulatory roles in plant growth and development, pathogen
defense, and responses to abiotic stress. Based on the previous gene family identification of WRKY transcription

factor genes in Zoysia japonica, as well as the transcriptome analysis of the salt-tolerant and salt-sensitive Z.
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japonica species under salt stress, a salt stress-responsive WRKY transcription factor gene named ZjWRKY 63 was
screened out. To further investigate the salt-tolerance function of this gene, primers were designed for PCR
amplification, and the coding sequence (CDS) with an open reading frame of 921 bp was cloned. The ZiWRKY63
encodes a protein containing 306 amino acids, which possesses one WRKY functional conserved domain and one
C,H, zinc finger structural motif, and belongs to the WRKY Ila subfamily. Bioinformatics analysis revealed that the
maximum score value of the average signal peptide for the amino acid residues of ZJWRKY 63 was 0. 267, indicating
that this protein does not possess a signal peptide. Hydrophobicity prediction analysis showed that the grand average
of hydrophobicity (GRAVY) value was —0.395, indicating that this protein is a hydrophilic protein.
Transmembrane region prediction found no transmembrane region in ZjWRKY63. Prediction of subcellular
localization showed that ZJWRKY 63 would be localized in the nucleus. Phylogenetic analysis demonstrated that
ZJIWRKY63 of Z. japonica has the closest genetic relationship with the Persea americana, PaWRKY65. Salt stress
treatment was conducted using the seeds and plants of transgenic Arabidopsis thaliana with overexpressed
ZiWRKY63. It was found that the seed germination rate, survival rate and number of lateral roots of the
overexpressing plants were significantly higher than those of the wild type. Meanwhile, in the transgenic A. thaliana
with ZjWRKY63, the expression of genes related to salt stress response was significantly higher than that in the wild
type in all cases. We speculate that the ZjWRKY63 gene enhances the salt tolerance of transgenic A. thaliana by
regulating the expression of stress response genes. The above research results provide preliminary confirmation of the
salt-tolerance function of the ZjWRKY63 gene, and lay a scientific foundation for further investigation of the
molecular mechanism of the salt-tolerance conferred by the ZjWRK Y63 gene.
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Table 1 Primers used for gene cloning and expression analysis

4, 7% Name 55 ¥ 45 ®2 Oligonucleotides (5 —3") Hi& Purpose
ZjWRKY63-F GTGTTACTTCCCCGGGGATCCATGGACAGCGAGTGGAGCG ZiWRKY 63 M 55 [t
ZjWRKY63-R GTCATCCTTGTAGTCAAGCTTTGTCATGGCAGTGCCTCC For the gene cloning of ZjWRKY63
AtABI5-F AGAGGGATAGCGAACGAGTCTAGTC T R A9 qRT-PCR &1k 4317
AtABIS-R GTTCGGGTTTGGATTAGGTTTAGG For the qRT-PCR of downstream gene ex-
AtCOR15A-F CAGTTCGTCGTCGTTTCT pression analysis
AtCORI5A-R CCAATGTATCTGCGGTTT
AtDREBIA-F AGGAGACGTTGGTGGAGGCT
AtDREBIA-R ACGTCGTCATCATCGCCGTC
AtMYC2-F GCGTTGATGGATTTGGAGTT
AMYC2-R TTGCTCTGAGCTGTTCTTGC
AtSOS1-F TCGTTTCAGCCAAATCAGAAAGT
AtSOS1-R TTTGCCTTGTGCTGCTTTCC
AtSOS2-F GGCTTGAAGAAAGTGAGTCTCG
AtSOS2-R GCTACATAGTTCGGAGTTCCACA
AtACT-F GGTAACATTGTGCTCAGTGGTGG PRI NS
AtACT-R AACGACCTTAATCTTCATGCTGC Inner reference gene of A. thaliana

1.3 ZjWRKYG63 & R 9 £ 9135 & 5 547

H NCBI ™ %l (https: //www. ncbi. nlm. nih. gov/)blastx DI REX} ZiWRK Y63 % [H ¥ 51 ik 17 BLAST 43 #7 , IF
b2 F TR BT 4 4% 22 3 R 5 91 ) DR ST 45 ¥ 38 5 47 70 AF o 7E ProtParam (https: //web. expasy. org/protscale/ ) 7E £& ¥
i M ZJWRKY 63 8 [ 1Y 48 F 55 8 M B FE MR 41 i . A SignalP 4.1 Server 7F 2k ¥ i (https: //services.
healthtech. dtu. dk/services/SignalP-4. 1/) Fiill Z7ZWRKY 63 % H A9 15 5 ik . H ProtScale 7 28 [ 3 (https: //web.
expasy. org/protscale/) Il ZIZWRKY 63 8 H i FE B /K P . ] TMHMM v. Server 2. 0 7 £k [ ¥ (http: //www.
cbs. dtu. dk/services/ TMHMM/) il #lll Z)WRKY 63 & [ i) #5 I 25 14 . ] SWISS-MODEL 7 £k ¥ 3 (https://
www. swissmodel. expasy. org/) Tl #ll Z)\WRKY63 & [ 1 = 2 45 . H WoLF PSORT 7 £k ¥ i (https://
wolfpsort. hge. jp/) Bl ZyWRKY 63 §% 5% K 7 (4 37 40 i 72 i . ZJWRKY63 [ & 115 51 DL K ) U5 7 %) 3 4o
MEGA 7. 08 #e) st AR, BEAT 38t 4% 320 4k 73 #r o
1.4 ZjWRKY63 # 3k B 34 dg I~ A F 85 & 5 B 40 W ot 35 M 57
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i P AE A S me- L RE B (J st R SEE R A R A FD B 1/2 MS #4555 3 (phytotechnology ,M519,  i{434n
T AHERE% 1650 gL s HER 6.2 g- L' oK AL S 332. 2 g- L' AN K S AL 0. 025 g+ L' FLAK R i 0. 025 g+
L O TR OTR — 8 — KA 37.26 g- L' -LAKBRRR WAL 27. 8 g- L R EE 180. 7 g+ L' B FR 4% 16. 9 g+ L'
MR BN — K& 0.25 gL' BALH1 0. 83 g- L "5 MR 1 1900 g+ L' B R — & 81 170 g- 15 LK B AR # 8.6 g-
LG HAR2g L SHEEL00 g L SHHER0.5 g L 53R I 0.5 g- L MBI R 0. 1 g+ L) b, X 55 K
Bl HEATHUPE TR 2 o B PE Y 2 €0 5% 5L I 40 1 A8 R B R TR 98 37 b 3G 37 BRSO PR PEAE R B9 T AR+ A
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(AR e P e S IR AU S IF A 7 (OE-22, OE-£7 Fl OE-#14) F1 87 42 B (wild type, WT)$8LEg I+ Ff 71 7 J5 40 5] 3% Fh
T & A 150 #1175 mmol-L ' NaCl iy 1/2 MS#5F Jk b, Mk S 3 E R, JFERE RIS 0.2.3 4 FI1 5 K4E
TR LR B A 3 E A

B 3R Al T I R R B A R b T R S SRR T 1/2 MS B3R 3 b, AR K 7 d S B K A — B A J i R R A
PLFG IR A 2 & 150 F1 175 mmol- L' NaCl#y 1/2 MS B 32 507 b B H 15 3% 0 7 d IR G814 0L Rg I7 Bk & (1 01
AL

N4 2 G Bt R DR R A TR PR R TR R e rh G IR R S T B R 21 d B A — B0 i R R R A
LR I 4 v 1 A AN B A A FRAH R R AL D 34 X AR R BE AT BEOK , Ab 3 2H A AR S
200 mmol-L™"# NaClIF W ¢ 3 d, Z J& 1 250 mmol- L™ ) NaCl ¥ ¥ 5% 3 d, 1 300 mmol- L' NaCl % 5% 3
d, #% )5 1 350 mmol- L' NaClUE B 58 3 d, IF & K 14 do X B AR MR 20 51 0% LA S5 oK, Tt b B85 o5 48 A7 0%
R
1.5 ZjWRKYG63 # 3 B 3y I 2k it 40 22 F phdtovey o2 K B 64 &5k 5 X o 4

N5 21 d Y 2 Al T 5 DRR BT AR A0 RS I 40 1 43 0 e B B A 50 mmol- L' NaCliy 1/2 MS i A& 35 57 5
AR FE 6 h, 43 ) £ A 3 T RTAL RS O SRR R I S, O RO T RS o FRIUE RNA L 2 pg F AT R
A % cDNAL R UiF 38 w5 3 I AABIS (Accession: NM_001336591) . AtCOR15A (Accession: NM _129815)
AtDREBIA (Accession: AB007787) . AtMYC2 (Accession: NM 102998) . AzSOS1 (Accession: NM 126259) #lI
A1SOS2(Accession: NM _001344103) # 4 Yu %7 1 Jr ik 1T 98 6 € & qRT-PCR I (£ 1) o KM EE R 10
pL417F 25 pl 2X ChamQ SYBR Color PCR Master Mix ( Fg 5% i MERE A W B A BR AR ) .0, 5 pl 10 pmol-L
BYIE 5 (£ 1) .2 pL 50 ng- pL ' ¢cDNA 47 .2 pL. RNase-free ddH,O., qRT-PCR ¥ %5}y CFX96 real-
time PCR system(Bio-Rad,db 50) , )X W #2741 F : 95 °C 30's, (95 °C 55,60 °C 30 )40 AEHR . 5 K G M ) 26 35 1
i 2 AR, AtACT(Accession: NM _001336665) 5 IS 3 A, 4N FE S E4T 3IRE & L
1.6 33 A2 L5 it o A7

fifi F GraphPad Prism 9 X Z048 U 47 5K R J5 22 43 HF (one-way ANOVA) , Hir | #3878 P<C0. 05, #* K /R P<<
0. 01, ***3& /R P<<0.001,

2 BERESH

2.1 #%¥ ZIWRKY63 A Reh kx5 Lk

2% Wang %5 % 45 26 W L AR 2011 AR A BE Z004 78 T £ W 38 F (5% Sl e 45 50 b e 3 22 4
ZiWRKY 2 5% £k 5 W (B 1A) , i, ZIWRKY63 3£ H (Zjn_sc00011. 1. g02350. 1. sm. mkhc) 75 4% 2 #E
ZiWRKY 25 5 323k 36 I v 8 i 55 v, LR W6 Ak B 5 o R A0 245 2% RORE L 2004 rh 3635 B R B TR M
TE T 5 78 45 26 R bF E Z011 rh 33k o 52 06 T i 5 AR 35 (181 1B ), 28 BT 32 5k 1R 7 45 206 2 0 Jolh 36 i) 7 5o 72 v T g
REFBERMBEAER . it — P RUER D BRI, DL25 28 55 Bl Zenith” S AR, 2 UM RNA, J#E 5% 6 R
cDNA. L% cDNA iR, 5 PCR Y™, 345 921 bp B9 ZiWRK Y63 JE [ 44 CDS #4147 8 7 M1 22 1. 206 1Y
TR B B FL UK ARG, 25 SR AN 1C BT o X% PCR ™ W 2R 47 e Il de , 5 2 42 3 el s 5 i iz R s 7 s sh i
F KA pCAMBIA3301 |, # 84 K pCAMBIA3301-Pubi: : ZIWRKY 63, 2830 5, 5 ¥y 1 5 2 1 5 35 244
B ANARFTFBR GV3101 BBk P, 8 76 PCR S8 5 0 BH R B Rk (L 1C) |, R AT B8 A 5 1 003 JF 3 A 13 e il g o
F- Ui 1 B 2 3R] R A
2.2 %F ZJWRKY63 KR 69 A W13 8 F 547

B ve BT B 921 bp 1 ZIWRKY63 41 CDS J¥ 4l £ NCBI i i 47 BLAST 43 #r , kK iz &E &4 11
WRKY DI Ag 45 #3 (K 2A) . 24 NCBI ORF Finder 76 4% B0 , 12 3 K g 15— A4~ t 306 > 2 FE R 4 s iy A 11, Herp
WRKY ) gE 38 A & A — A @ B SF 1 WRKY 25 #38 (WRKY GQK) Fil— 4~ C,H, I (C-X.-C-X,,-H-X-H ) 8 45 &5
F 3 (& 2B) , & B ZJWRKY 63 % 5% H 7 J& F WRKY 1la Wl % .



162 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 12

A —— PN T Zjn sc00045.1.802590.1.am.mkhe gr 12:00 B C
| [ Zjn sc00011.1.g02350.1.sm.mkhc 10.00 400 - —e— 7004
Zjn sc00029.1.g04940.1.sm.mkhc
0 Zjn sc00016.1.g03060.1.sm.mkhe © | &% -&- 7011
Zjn_sc00069.1.g00340.1.sm.mkhc 6.00 300 (bp)
I 0 Zjn sc00086.1.g02720.1.sm.mkhe | 400 2000

B Zjn _sc00005.1.g03930.1.am.mik 1000
{E B [ Zjn sc00012.1.801370.1.am.mk 00

M ZjWRKY63 M ZjWRKY63

FPKM

750
Zjn_sc00008.1.g04060.1.sm.mkhc 0 500
Zjn_sc00011.1.g02540.1.sm.mk 100

B Zin sc00050.1.g02440.1.am.mk 250

Zjn_sc00007.1.g08050.1.sm.mkhc 100

Zjn_sc00066.1.g03460.1.am.mkhc 0

B Zjn sc00012.1.g00620.1.sm.mk

Zjn _sc00316.1.g00050.1.am.mk 1 jii] Ti h

Zjn_sc00039.1.g05460.1.sm.mk %ir/kgfa(s )

- | gj: zzgz%g f gzggég f o :nn/f:(f Zin_sc00011.1.g02350. 1.sm.mkhc cDNA A

Zjn 5¢00022.1.g04390.1.sm.mkhe Agrobacterium tumefaciens

0 Zjn sc00009.1.g08230.1.sm.mk
Zjn_sc00049.1.g00990.1.sm.mk

|| Zjn_sc00005.1.g04120.1.am.mk

o
o
[N

E1 SZ%BEZiWRKYEENEFAREESF

Fig.1 Transcriptome and cloning analysis of Z. japonica ZjWRKY63

Az SR T ZiWRKY 25 5 3% 35 3 [H 7E 25 26 BT 3h b4 RE Z011 A AR 44 K 2004 Hh 1 % 5% 40 43 7 Transcriptome analysis of differentially expressed
genes of ZjWRKY in the salt-tolerant material ZO11 and the salt-sensitive material Z004 of Z. japonica under salt stress; B: ZiWRKY 63 3 K 7E 2011 1
7004 " i 5% 5% 20 43 B Transcriptome analysis of ZiWRK Y63 in Z011 and Z004; C: ZjWRKY63 3 [X (i 7e [# Cloning of ZfWRKY63. FPKM: £ 11 Ji
AR HCTR Al L Y 5 (K 3 3K 5 Fragments per kilobase million; M: Marker.
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1 ATGGACAGCGAGTGGAGCGACGGAGCG CGTCCTCGCCGACAGAGTCTGGTTGCGAGGGARAGGTTGGGGCTGGTGA CAGATTGCCCGGGA
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1 TACCTGTCGCTCACCTCGCTGCCTCGCCGTCGCAGGAGCGGCTGTCTCAGACCAACGCTCCCTTTCCAACCCCGACCACTGCCGCGAAGCTGTCTAACGGGCCCT
3 s P AT AUPAASTGT RTRRSANTIE KT RTYV VTV VT PTLATDTYSGTPTRTPTIEKTG GV
106 TCGCCTGCGACGGCGCCTGCTGCTAGCGGGCGGAGGCGGTCCGCGARCAAGCGCGTGGTGACCGTGCCTCTGGCCGACGTGAGCGGTCCGCGGCCCARGGGCGTC
106 110 120 130 140 150 160 170 180 190 200

106 AGCGGACGCTGCCGCGGACGACGATCGCCCGCCTCCGCCAGECGCTTGTTCGCGCACCACTGGCACGEAGACCGGCTGCACTCGCCAGGCGCCGGGTTCCCGCAG
716 E G N T § TDEWAGWZREKTYGOERKTPTIEKG®GSTPEFTPRAYTYRLZLES S

211 GGCGAGGGARACACATCGACCGACGAGTGGGCOTEGCGGAAGTACEES GCCTATCAAGGGCTCGCCTTTTCCGAGGGCTTACTACAGETGCAGCAGCT
211 220 230 240 250 260 270 280 290 300 A 310
211 CCGCTCCCTTTGTGTAGCTGGCTGCTCACCCGCACCGCCTTCATGCCGETCTTCGGATAGTTCCCGAGCGGARRAGGCTCCCGAATGATGTCCACGTCGTCGAG
106 3 G e P AR KOV E R SR &G DD DK VT VN S FFE B NHSIG A YD R
316 AAGGGGTGCCCGGCGAGGAAGCAGGTGGAGCGGAGCCGGCTTGACCCGGACARAGGTGATCGTCACCTACTCCT TCGAGCACAA CCGGCGCAGTGCCGAGG
316 324 330 340 350 360 370 380 390 ) 410

316 TTCCCCACGGGCCGCTCCTTCGTCCACCTCGCCTCGGCCGAACTGGECCTGTTCCACTAGCAGTGGATGAGGAAGCTCGTGTTGGTGAGGCCGCGTCACGGCTCC
141V Q N R Q V I P KPKAOQTVZPZPE P VESVYV SV GNMEDV A
421 GTGCAGAATCGTCAGGTGATCCCGAAGCCCARGGCCCAGACGGTCCCGCCGGAGCCAGCGGTGGAGTCCGTGTCCGTCGGCAACATGCACGACGTCGCCG
421 430 ¢40 450 460 70 480 490 500 510 520
CTCAGGCACAGGCAGCCGTTGTACGTGCTGCAGCGGCGGTG
A e a1 AaTocCGNSC CACGSTVETVEHDTDTER T TLZYDEGUV S
526 GCCACCGCCGCTACATGCGCCGGCGCGCTTGCCACCGGGGGCAACAGCGGCGCGGGGAGCGTCGAGGTGCACGATGACTTCCGGTGGCTCTACGACGGCGTCTC
526 530 540 550 560 570 580 590 600 610 620

526 CGGTGGCGGCGATGTACGCGGCCGCGCGAACGGTGGCCCCCETTETCGCCGCGCCCCTCGCAGCTCCACGTGCTACTGAAGGCCACCGAGATGCTGCCGCAGAG
211v T S s T s P S DADAATDTDMTELTYGSMTFTFGA A ATYVTSTETPA ATPTELZP D
631 GTCACCTCCTCCACGTCGCCCTCCGACGCCGACGCGGCGGACGACATGCTGTACGGCTCGATGTTCTTCGGCGCCGCGGTCAGCGAGCCGGCGCCCCTGCCCGAC
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CAGTGGAGGAGGTGCAGCGGGAGGCTGCGGCTGCGCCGCCTGCTGTACG? GCCAGTCGCTCGGCCGCGGGGACGGGCTG
246 E F G D V G A W F G A G E A B L P E &8 A M ¥ F R
736 GAGTTCGGCGACGTCGGCGCGTGGTTCGGCGCCGGGGAAGT \_,GATGTTCGCGGCG"‘TGCG—quC"TT"C”GAGTGCGCCATGGTGTTCCGG
736 740 750 760 770 790 800 810 820 830
736 CTCAAGCCGCTGCAGCCGCGCACCAAGCCGCGGCCCCTTCGGCGGT TC\_T CTGCGCTACAAGCGCCCCGACCCTCTCGAAGGGCTCACGCGGTACCAL
21l R H A GDGLAMA AGA RAGMT EKVEU QPGS GG GTAMT *
841 CGGCACGCCGGCGACGGGCTGGCGATGGCAGGGGCCGGGATGAAGGTCGAGCAGCCGGGGGGAGGCACTGCCATGACATGA
841 850 860 70 880 890 900 910 920
841 GCCGTGCGGCCGCTGCCCGACCGCTACCGTCCCCGGCCCTACTTCCAGCTCGTCGGCCCCCCTCCGTGACGGTACTGTACT

2 S5 ZWRKY63 RFEMEH S

Fig.2 The conserved domain analysis of Z. japonica ZjWRKY63

A: ZJWRKY 63 {557 45 #4 3 35 1l Prediction of ZiWRKY63 conserved domains; B: ZjWRK Y63 i [H () 1% R 17 51| K He 2 it i) 2 3 152 15 51 Nucleotide
sequence and encoded amino acid sequence of ZiWRKY63. HE 2k WRKYGQK f# 5F % /¥ The dotted line indicates the conserved motif of
WRKYGQK; L4k Ky C,H, %7 (C-X,-C-X,,-H-X-H) The solid line represents the C,H, motif of C-X.-C-X,,-H-X-H.
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Fig.3 Bioinformatic analysis of Z. japonica ZjWRKY63

A: ZJWRKY63 % (15 5 K Wl Prediction of ZJWRKY63 signal peptide; B: ZjWRKY63 #& 1 #i /K 1 B ] Prediction of ZjWRKY63 hydrophobic
property; C: Z)WRKY63 & [ #5 5 45 ¥4 7 | Prediction of ZJWRKY 63 transmembrane structure; D: ZJWRKY63 & 4 = %% 25 #J F il Prediction of

ZjWRKY 63 protein tertiary structure.

%Y ZIWRK Y63 A& W o 3 4% 3 4L 5 A7
i i NCBI 2 150 17 18 R 2] 5 45 26 55 ZJWRKY63 2 11 /5 51 A0 80 /% 8] V8 51, 20 531 R 7 25 PaWRKY 65
(Phragmites australis, XP_062206754) .Z& PmWRKY 65 ( Panicum miliaceum, RLLN25407) | 1 17 > MIWRKY65

2.3
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(Miscanthus floridulus, XP_066309589) . i B ¥ PhWRKY65 (Panicum hallii, XP_025814691) | Ml £ #&
PvWRKY65 (Panicum virgatum, XP_039813594) |\ &% F SiWRKY65 (Sezaria italica, XP_004969837) | & %
SbWRKY 65(Sorghum bicolor, XP_002458443) , £ K ZmWRKY 14( Zea mays, ACG45823) . JeFEfE OgWRKY 65
(Oryza glaberrima, XP_052136223) .17 15 & AtWRKY65(Aegilops tauschii, XP_020149507) 7K i OsWRKY65
(XP_015624912) . K & HvWRKY65 (Hordeum vulgare, XP_044972707) . — ki /N & TAWRKY65 ( Triticum
dicoccoides, XP_037406553) . — F & #f§ ¥ BAWRKY65 ( Brachypodium distachyon, XP_010232262) | /N %
TaWRKY65(XP_044344816) (&4 A B34 B LpWRKY 65( Lolium perenne, XP_051226874) .17 5+ AtWRKY 69
(NP_567073), Z 78 e AF45 5 R 4526 5 Z]WRKY 63 5 7% 25 PaWRKY65 [l 35 4 56 R it (F 4) .
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_'7 ZjWRKY 63 (4525 55 Z. japonica)
2 98 PaWRKY65 (% 25 P. australis)

ZmWRKY 14 (kK Z. mays)
54 100 _|:MfWRKY65 (TL745 2 M. floridulus)
75 SbWRKY65 (1 3 S. bicolor)
LpWRKY65 (£ F 4 B3 5 L. perenne)
BAWRKY65 (% il 5% B. distachyon)
AtWRKY65 (1515 % A. tauschii)
Too| ™ TaWRKY 65 (N2 T. aestivum)
57| HvWRKY65 (K H. vulgare)
50 L TAWRKY65 (- $i/N% T. dicoccoides)
| OgWRKY65 Gt F:HE O. glaberrima)
1001 OsWRKY65 (K & O. sativa)
AtWRKY 69 ({l ¥ IF A. thaliana)

100
45

0.050

El4 Z4EZjWRKY63 Bt LHI 447
Fig. 4 Phylogenetic tree analysis of Z. japonica ZjWRKY63

2.4 LZ%F ZIWRKY63 # 3K B iy I o &b 314 55 A7

B B AR TR R Bk R OE-2#2 , OE-#7 . OE-#14 H1 8 24 8 Fh 7 43 5 5 0 F &4 0,150 #1175
mmol-L ' NaCl ¥ 1/2 MS 8555 5L b, 851+ A [l e 1 NaCl b B 35 3 b LB P fh T & 2F 1500 . 45 SR B8 E&H
0 mmol-L ™" NaCl iy 15 3% 3 i, 45 5 32 35 bk 22 A0 BT AR B4R G - 1 R 2R 00 W & 125 5 (K1 5A) o 7258 2 R,
WT K H &K 91.8% ,0E-#2 9 95.2% ,0E-#7 5 95. 9% , OE-#14 J3 95. 2% , 7E45 5 K I, & bk & Fh 70 kK %
B3 100% , Hodh WT 24 98. 0% , OE-#2 By 8 & F R 99. 3%, OE-%#7 4 97. 3% ,0E-#14 5 98. 0% (K 5A, B).
FE & A 150 mmol- L' NaCl #1537 56 b Gh FEES 2 K, WT 898 & R N 49. 0%, 1 £k Bk R OE-#2 K 77. 6%,
OE-#7 J 74.8% ,OE-#14 By Wi & Ry 78. 900 , it 3k bk 2 b 7 W & 34 1 3 & T8 4 # (P<<0. 001) (& 5C,
D). FEANEEEE 5 KB, & bk 27 85 R R B, (033 3k bk R AT B &R W TR A R WT ol
81.0% ,0E-#2 4 97. 3% (P<<0.001) ,0E-£7 2} 92. 5% (P<<0. 05) ,OE-#14 24 93. 9% (P<C0. 001) (& 5D) . # &
A 175 mmol- L' NaCl 1y 15 55 He vt , & Bk & Fh 7 i & 3B 22 T 0 F1 150 mmol- L' NaCl b # (K 5E, F) ., 7EAL
FRES 23 SR, i RIAE R A F o AR W TR AR, 28 2 R WT s & %8 14. 3% , i £ik bk & OE-
£2 4 21.1% (P<C0.05) , OE-#7 H 23.1% (P<<0.01) , OE-#¥14 } 25.1% (P<<0.001) ; 5 5 K WT #j & N
78.9% ,0E-#2 % 89. 1% (P<<0.01) ,0E-#7 J3 87. 7% (P<C0.01) ,OE-#14 5 86. 4% (P<<0. 05) (& 5F ) ,
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Fig. 5 Germination rate analysis of transgenic A. thaliana with overexpression of ZjWRKY63

A, B: 0 mmol-L ' NaCl 4b B J5 (9 # 7 & % The germination rate under 0 mmol-L ' NaCl treatment; C, D: 150 mmol-L ' NaCl &b B J5 14 #h 7 j
% # The germination rate under 150 mmol:L ™" NaCl treatment; E, F: 175 mmol-L ™" NaCl 4b B J5 (% Ff ¥ % % The germination rate under 175
mmol-L ' NaCl treatment; *3 78 P<<0. 05 * represents P<Z0.05; **3 /K P<C0.01 ** represents P<<0.01; ***3 75 P<C0.001 *** represents P<Z0.001;
T[A] The same below.
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Fig. 6 The salt tolerant analysis of transgenic A. thaliana with overexpression of ZjWRKY63

A, B: KN [A #e B NaCl b BF #% 3% (5 45 #k 2 REF AR A A9 01 4R %X The lateral root number of transgenic plants and wild type under different NaCl
treatments; C, D &R R 4b 35 55 3 R 4% Bk 22 BT A= 8 49 77 75 % The survival rate of transgenic plants and wild type after salt stress treatment.
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e WT AR B2 {E M 5.3, OE-#2 , OE-£7 Ml OE-£14 i 4R 5 - 4 {5 43 51 4 10. 0(P<C0. 05) ,12. 6(P<<
0.001) M1 11. 3(P<<0.01), 34 & & & TEF AR 54 175 mmol- L' NaCl Ay 85 55 3, i3 ik Bk & OE-£2(10.6) |
OE-#7(11. 3) M1 OE-#14(10. 3) 1~V B M AR B ¥ 2 2% 5 T WT(5.6) (81 6B) . ¥ WT OE-#2 OE-#7 f1 OE-#14
Tl 7 SORDAE I 198 3% rp OB IR B 3R 21 d )5 AR REEAT 3 Wb an A BT GE T 45 MR R A AR A TR . 25 R OR L IE
WIS T &0k R AR TG 33 0 10096, 107 £6 B ac b 3R J5 W T B9 A7 15 R 27. 8% , 3tk 3R 3K 45 Wk Z A7 16 43 5l Ky
83.3%(P<<0.001),77.8% (P<<0.01) M 72.2% (P<<0.01), ¥ B & & TE AR (K 6C,D).
2.5 #Hphia TR AXMAI T M AR ARG RXEX S

N T WG ZfWRKY 63 3k P52 Wi e 3k D 400 S T 66 M 1) 98 72 40 ML, X B0 T b 6 4 T e e 6 ) i ik R
A1SOS1.AtSOS2 AtABI5 AtMYC2 AtDREBIA Fl AtCORI15A kR AEAT 047 (8 7). 453 WoR , IE 5
FRE T ZJWRKY 63 55 55 PR 45 bk F2 R B A AL 480 R I v 45 Mol a6 w7 ik P ) 2 3k & 25 S AN W 3 T &k 1 30 Ak 3L/ BT
AR 25 W 30 e R BE DA A A B R B B, Hod Rk bk &R OE-#2 . OE-#7 Ml OE-#14 'h ArSOS1.A1SOS2 ,
AtABI5S (AIMYC2  AtDREBIA M1 AtCOR15A B Rkt ¥ W& = T WT. i, AtDREBIA fl AiCOR15A
R EE AR, A0 31.5.64.9 .47, 7F119.3.13. 7.21. 54% , KW it ik ZiWRK Y63 5 K ] fi i 1 i 42 3 o)
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Fig. 7 The expression analysis of stress-responsive genes in transgenic A. thaliana with overexpression of ZjWRKY63 under salt

stress treatment
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ZiWRKY 63 K& K 75 400 1 57 v A B 1E o] 8 P2 1 1k o AR LAY AF SR 45 1R 78 /N 22 h A B 408 L /N 22 WRKY # 5% [
TEH TaWRKY93 %4 1 5 ARIRAE & M 5 5 1IR30, 1 35812 58 P B 6 2 X 400 e I A8 R 72 & A NaCl
FIH 88 B A MS P [ B0 0 25 4 vy AR RMMAR 2 A 5% vh i 3R 35 ZJWRK Y 6.3 5 P8 LR I v [ R 384
B B DRURE R A DUAR B AROAS TR A 2 0 R R  m EARK (S5 R ) o R /NE2 TaWRKY 1778 815 I h it #2356
AE & 4 1 R T 30 5 3 DI LR ST I AE T R, R R R T Ak 7R IR (Fagopyrum tataricum) i #
IR S R B R FeWRK'Y 46 R i 25 18 i e 5 DR 00 R O b 7 1 1 & 38 AR A% SR B s b D de ™ o 1 6 80 e 7
it 33K FOK ZmWRKY 17 5 B0 3% 80 HE A 2 1 8 34, 7 ik DXL 40 g O 7 09 17 R R AR K B T B 15
ZmWRKY 17 K& P 400 5 0 %) 5 W36 S Usk > . e I b, 34 46 ( Chrysanthemum morifolium) WRKY %% 5% [F
F I CmWRKY 17 13 3235 RE 15 1 2 W (I 56 DR MR 1) #7305 %, IR e B0 AR U E ™ . 25 BT iR, WRKY %%
S TR 2 5 B TR A A 0 T 38 T 52 P D v B R OE 1) A R VT T g, SOAT R 9 45 4 AR SRR | i & 2
ZJWRKY 63 5 PH B3l i 52 26 73 7 AL i 76 400 g IF o 0 ) 98 428 i R

Mk BB GR GE ZJWRK Y 63 3 H 2 5 (i £ M 4> 7 AR HLE AR BF 58647 T qRT-PCR DLPPAL 5 B 7
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AtCORISA) MK & Rl I 25 BFSE R, AtSOST  AtSOS2 Al AINHX 1 J2 ¥4 5 48 1y Tt £h 12k 119 )G 4 Na 7% 15 &
FIL, o ArSOST 56 PR 5 — Ff 5 i Na™/H 386 0] 5% 32 26 11, BB 0% 37 3R 030 7 40 i o8 1) B PRS0 R AF
FEH, 7E £ W 30 Ab PR, 4% 5 JE DR RR B T ArSOST R ArSOS2 3 IR 1) 26 35 5 15 A 10 6 i 35 M 22 57, i 6 1 3 4k 1
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5 FE T MR FR R 5 VA TR A BURH 56 W 3 TR A LA BIS LA K5 B8 76 TR A 5 15 3 M 56 1 e S IR 7 36 TR AeM Y C2 1 363K
5 BT AR UM LG B 25 S IR W0 A BES L  FRaA Bk R h AtABIS FI AIM Y C2 55 X I 3R 5k B B 3 T T AR
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