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ik BB B Ae ook B AR £ 69IR XAE A LA qRT-PCR 47 27 A B vt F A2 ¥ 5% %, 7200 mmol/L NaCl,
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BER g By SIWRKYS7 35 R 25 69X 3R 4% T 2281 3% .
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Bio-informatics Analysis and Sub-cellular Localization of
the SIWRKY57 Gene in Potato

Sl Xingru', CHEN Xin', WEI Han**, SI Huaijun'?, ZHANG Ning"**
(1. College of Life Science and Technology, Gansu Agricultural University, Lanzhou, Gansu 730070, China;
2. State Key Laboratory of Aridland Crop Science/Gansu Agricultural University, Lanzhou, Gansu 730070, China;
3. College of Agronomy, Gansu Agricultural University, Lanzhou, Gansu 730070, China )

Abstract: WRKY transcription factors play important roles in plant stress resistance. According to the previous
transcriptome sequencing analysis, it was found that StWRKY57 gene could up-regulate its expression under both drought
and salt stress conditions. In this study, potato StWRKY57 gene was studied for bio-informatics analysis, expression
analysis and sub-cellular localization. qRT-PCR technology was used to analyze its tissue-specific and abiotic stress
expression. StWRKY57 gene is positioned on the chromosome 8 of potato, featuring a 762 bp coding sequence (CDS)
region, and encoding a hydrophobic non-trans-membrane protein. Homology analysis showed that the protein had the
highest homology with SpWRKY40 of Solanum pennellii. The promoter region contains cis-acting elements related to
photo response, endosperm expression, circadian rhythm and hormone response. qRT-PCR analysis showed that the
expression of the gene was the highest in leaves, and the expression was up-regulated in 200 mmol/L NaCl, 20% PEG
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6000 solution and 100 ymol/L abscisic acid (ABA) treatment. The protein's sub-cellular localization assay reveals its

presence within the cell nucleus. This study could provide a theoretical basis for the subsequent experiments.

Key Words: potato; StWRKY57; bio-informatics analysis; expression analysis; sub-cellular localization

ILES B (Solanum tuberosum L.) &= BB JE 1 —
AR, BAEEK . KREFVNE Z 5 RS
TAREAEP" Y AR BV It TR e, DRHGE
PEIT, MR RESSR, WA T RRAYE N
—FPE SRR, BEREXT DS AR KA
PRACHR A5, SE I RR R S T S A ) AR
AR THIHART LIS R A2 B Ot
BAEFSCRIEMG . RS WG . PR RE Rk
P, EECRNE AR A LR R A T

55 A7 (Transcription factors, TFs) X 44
YERA T, nl SEYE iR i a, DLk
H A DR LUK S A9t B2 72 R A I ] 5 2 [F) 2R 5 Y
EAF T, 5t N TS50 %t 4 DI REIX 4l
A W5 B 22 ) DNA 25 4 3804 NAC 45 #4938 (No
Apical Meristem)®, WRKY Z5f45", AP2/EREBP %
14 Jaf, (APETALA2/ethylene— responsive element binding
proteins ) 5 WRKY %% % K F1E MY h A KR
— RN TR, A% — A WRKY # g 1%
1% A % SPF1 (SWEET POTATO FACTOR1) M H %
(Ipomoea batatas L.) H1 43 &5 ok 5", H G0 W)
REEZAIYM PR KE, LS UMEIT
(Arabidopsis thaliana 1.)"™, K5 (Glycine max L.)"™",
# JN (Cucumis sativus L.) ™. 3 H (Solanum
lycopersicum L.)™", ##4E (Gossypium hirsutum 1..)™
F K (Zea mays L)™' IKAF (Oryza sativa 1),
3% (Brassica napus L.)™ I HE3 9% . K24 60 N2
SLIRZ R WRKY Z5H38™", HLHC N v FLAT 5 HE A I
Ja E T4 B W=box (TTGACC/T ) 45 S R 51 3F
S545 1 5 BEORST (1 WRKYGQK A% .0 P 41, 3k T i
T S T 9 R IR A e SRR AE C i W AF 7R
C.H, (C=Xys— C=Xp0i— H=-X,—H) 8 C,HC (C-X,-C—
Xo=H-Xi—C) BU R BEAE R UL

WRKY st F R E K L E . e
. AR TR ORI A A AR A Ve
SE R R EEAER . WSER (Malus domestica B.)
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MAWRKY18 F1 MAWRKY40 3 [F 32 £ W36 5955 5,
REA A B HAEIE A R — SR PR el B AR TR S R
TRAA, DA S A X R 3 BT, R
GmWRKY2 1 B K S AL SR T A A S DR U R 5
PO M RE IG5, VF 29 & B WRKY %% 5%
TAEAE W) ICR 5 ThI L R A L EAE T o 40 Dong
ZEBIRESE T 724 WRKY DNA 45455 53 R 71 3 1A
B, e Hr R Hop A 49 M TERUK IR (Salicylic
acid, SA)ACIUIRIITIE & T AL, TERE T
H, AWRKYS7 e DR 9 21K mT DL i i v it 7%
PR (Abscisic acid, ABA) 7K o 3% 0L R I 0 T 52
PE LR IF ALWRKYS3 He PRG54 bl ai e B A
J%, S B HL0, 1 & B AL G, it
A T VE b R AR A2 S SCALAT I, AT 9 e A P T 52
PES AT A, SIWRKY37 5K A1 SIMYC2 £
223K K- 32 K F TR H BE (Methyl jasmonate, MeJA)
G FEAF5 S, € 1 & (Boea hygrometrica L.)
BRWRKY1 % K38 1 15 BRGOLS1T 3 ] (1 3% 1% ok
P T 2 W™, JNFE (Triticum aestivum 1)
TaWRKY75-A(EAURI ST SR IR 5 , Al AEIE L I 1Y
ZE# R (Jasmonic acid, JA) 4 W) -& ALk 15 5% HiAth
WA, MG T TR R PR, O A
(Brachypodium distachyon 1..) BAWRKY36 3[R 1+ F ik
e KL DR G o 4% ) 7 PR % (Reactive oxygen
species, ROS) V-7 F1 5 He o AH 5 3 PR 1) 4 s ok
W B E T 2 3 Rk TaWRKY2 H: A (1)
07 I 2 B RE ER AN B Az ks i Rk
TaWRKY 19 FEPUESRAEYIPIER . TR AR iE i BE
71, [ B} TaWRKY2 Y55 STZ F1 RD29B. TaWRKY19
5 DREB2A H1 Cor6.6 By )i 2 125 5 K B 5wl #21
AT i D) DA T 1 s AR ) AR AR W aa A RE
TEF A, SIWRKY23 3 PRI £ i b F T H AL [A]
RIOKFTh, TERIF ST il #3k SIWRKY23 1Y 5
T ER I BT A2, S AN AR AR

H 8 5 1T B Si AL 00 > 25 SR T Zhang S5 (1)
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SR, BR

=,

i, 387¢

5%, FETRHAERIHE AT, SIWRKYS7 Sy
ke FER . SIWRKYS7 3K & T WRKY #% 5% [+
Malve, SlE—WAHFrAWRKY40IEFAML, 76
ABA .| ERAIT-RAFIREEMMNE TR, StWRKYS7 N 125
FEEIA . BIHL, K E R (Nicotiana tabacum
L) o I a 40 WRKY 3 Rt g i b FREE a0, 3
H 1 a V40 MdWRKY30 3 R AE /g 57 o Rk 5
T o X6 R G R R ) e SR R, i HL X R A A
i SZ P AR 5 X6 4% S ) StWRKYS7 3 A
AT T AW AE B2 o0 B AN Al 2R S M R a8 4 T
W AT A E DA R T StWRKY 57 25 P 76 M0 5
AR e . AR St — 2D SE StWRKYS7 BE A
BT RERTE SRR SR T HS SRR

1 #H 57 %*

L1 It
111 A

T 4% 2 5 A ¢ Atlantic” 13 B T R AS G
HH B,
112 BAARABAR

KIGFFE DHSo, RFFE GV3101, #{K pEGFP
G H R AR 2 A B2 AR 22 B S 2 (R A
113 XA ERARA

eS| K%i(l(anamycin sulfate, Kan). F#5F
(Rifampicin, Rif) . Z—E%Zﬁﬁ%(Z—morpholine ethyl
sulfonic acid, MES) . 8t T 75 fil (Acetosyringone,
ACE) . FAALEE (MgCL) ¥ H R ERHA PR

#]; KOD OneTM PCR Master Mix W4 B ZR VL A= Ykt
FATBRA ], BRAIHEAZRR N DI Xba 1 14 H TaKaRa
25l [A PR EE 4B Uniclone Seamless Cloning Mix I
AL BT AR BR A AL S22 EE b
- SYBR® Green Premix Pro Taq HS It B e SR
AW TR RA R RNASREGRG . 55— cDNA
G RO & A YR AR RHECA PR A A,
TN v s e St ) 5 AR Bk /N R B B R
AR FRA R AR X g [ oA
1.2 RWHE

1.2.1 ALt 22

PR R FHCE T 7 3%MS [BA R 7R LA B 77
mrb, ETREE(23+2)°C, e 16/8 h, JEHA
SRAE2 000 Ix FHEFR, HZEZFKN2 em GFMETES
FrAHIFTMEEA T AR, T A2,

W 4 2 AR Adantic” U FR L 2 4
B (R SR 20 . FAERK 23044
A, BEHBCR S — Bt AR E1T 20% PEG 60001
200 mmol/L NaCl ', 100 wmol/L ABA"4b¥f , HURE
R0, 3, 6, 12, 24 h, FEHLREORHR T Y
F 13T, BHIREL; FHAEE, RIE
FORL . mhR . 2R MIEIZE . BREE L MHRIEE, R
AL fit TR R VR 5 A T80 CURAR T
122 StWRKY57 3k B 44 A 045 85 5 H7

FIFR R 1o A AE S M hE S B, X S 88 5
StWRKY57 5K (GenBank accession No. XM_015315318.1)
PATAEE B2 00T

®1 EMEBRFESWRGE

Table 1 Softwares of bioinformatics analysis

TH L/ ik

Tool URL/Software Function

NCBI https://www.ncbi.nlm.nih.gov/ PRI
ProtParam https:// expasy.org/tools/protparam.html FEA AR 5B
Gene Structure Dispaly Server http://gsds.gao—lab.org/ R G544 53 B
ProtScale hitp://ca.expasy.org/tools/protscale.html B FH KT
TMHMMServer v.2.0 hitp://www.chs.dtu.dk/services/TMHMM/ SR AR A R 43 BT
MEGA7.0 https://www.megasoftware.net/ REKBF R
SOPMA https:/npsa—prabi.ibep.fr/cgi-bin/npsa_automat.pl?page=npsa_sopma.html TREE
SWISS-MODEL http://swissmodel.expasy.org/ |
PlantCARE hitps://bioinformatics.psh.ugent.be/webtools/plantcare/html/ AR FHE T
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1.2.3  StWRKYS57 35 B 4 F A 55 M7 B AL LU -

FIFH /9 33 Primer3Plus 331 qRT-PCR H¢ 5% 145 |
Y(#£2), HEREEflafE ANSIERS Rk
RPN A2 A B ARk 5
2 R

%2 qRT-PCR $245|%
Table 2 qRT-PCR specific primers

CILZE S (5-3")

Primer name Primer sequence

StWRKY57-F ATCACCAAAGAGGCCAAGGG
StWRKY57-R TGGGCATGTTGGTGCAAATG

Efla-F GATGGTCAGACCCGTGAACA
Efla-R CCTTGGAGTACTTCGGGGTG

1.24 L4AF RNA GIRIRY cDNA 45 6945,

BCEL A 2 5 A ¢ Atlantic” R4S 1, Trizol 132
HURNA, KA EUEY B RNA 7688 1 oM 6ot s i
AR, SRl TIANGEN 23 ] ) cDNA 55
—4i% cDNA G BT G S e sk, AR EAR 4 77 i
LR i
1.2.5 StWRKYS57 2 B I 4m B, 7 A5 AR 09 M) 3

TE NCBI Hh 15 5] Ty 45 5 S WRKYS7 L [H . M9
pEGFP AR P F AL H 751, {8 ] TaKaRa 7E4E 5|
YIRS S | i 3G e kT3 A CDS 7
§1, SIHFHI N StWRKYS7-EGFP-F ggtaccegggg
atcctctaga ATGGGAAACAAGTCTTTTTTTATTGA Fl
StWRKY57- EGFP-R gctcaccatgtcgactctagaAAAAAG
TAATCCTGAGATGGCTGTAG (/NG “Fhk: R [a] J5E ) o

T FH Th 4% B H R ¢ Atlantic” 2% 5245 3 ) cDNA
YENIERT, 1T PCRY . PCR WK FR N 25 plL
KOD One™ PCR Master Mix, 1.5 pL F/R., 3 pL
¢DNA .| 19 uL ddH,0, 350 wl; J2I &4k 95°C
AR YE 3 min, LLO98°CAETE 10 s, 62°CiE k5 s,

BT
Coding sequence (CDS)

[

Upstream/downstream

68 CHEH 10 s EFR, F£304~, 72°CALEM 5 min,
ACHRHIR

FH 1% 35 N5 W% 58 1 rl Uk Rz DU 9 1m0 i (e AR
TIANGEN 338 B i B 5 e DNA [ i i35 & i B -1
PR IR MR A EIY . B IR o™ PR R
Y5 B 2 AR A 0 A e S 7 AL A, 4% TIANGEN
Jo /N ) U B B B R TR B pEGEP [ it
BIFEEY) S RN, BEYIRNAR RN : 2 pL Xba 1 .
2 pL 10 X Buffer, 8 wL Plasmid DNA (100 ng/pL) |
8 pL ddH,0 220 nL IR R . B SVAKRR S pul 2 X
Uniclone Seamless Cloning Mix. 3 L 2 A 2
2 pLAB AT B 10 pL IR R . DL EEAR RN
N, WATIRA B E0, 50°C/R N 15 min, &
KR, ARG RIEZ A DHS o, B
RIERES 2 T 950570 o T e BCSH M v A 114 TR
WY, ISR A TRED) S .
1.2.6  RATH A E R R AIEK

$4 My B4 1) pEGFP-StWRKYS7 J5i hi i Ak J 57
BT, HAREAESE £ 5555, Gl
A L FIATN S BURRAT R A E R gk, 5
ARG A(5~6 J) Mg B, B RE9E2 d.
PR G5 PR R 5 SO R A - S
TE 488 nm PG TSR, #i H A E .
1.3 #iEAbIE

S H Excel 2023 & IBM SPASS 26 #4434 7454
JOLi

2 HER5 4T

2.1 StWRKY57 BEEREWEBRZEST
2.1.1 StWRKYS57 R 2 #5047

7E NCBI Wl AR IZ LN, WoR HE i T 5
ASEAE S YLl |, CDSIX K 762 bp, FFE4545H
HCH,, J&F WRKY F g R0 a4 (K 1),

— Wit

Intron

5'\ | |

! ! 3'

0bp 500 bp

1000 bp

1 500 bp 2 000 bp

BEl1 StWRKY57 BRI HT
Figure 1 Analysis of gene structure of StWRKY57
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SR, BR

®o8 WS 389

2.12 StWRKYS7 % & Ji 45

{8 FHAER AR ProtParam X 48 22 St WRKYS57 I
St R AT, AR TEE R, StWRKYS7
A T H 253 N2 IR, Xl
28.72 kU, FHIE%EHL A 884, MEHBILEH
28 /™ 171 HL 17 5% 2L (Asp + Glu) il 33 A 1F Ha fif 4% it
(Arg + Lys), 43T W CosHoosNisiOwsSoo 1% 5
AT REC R 57.47, BRI R ECH 75.53, B
BIE KM -0.653, RZE LA GKME. @
1 7E 28 B TMHMM X 238 1 9 85 158 X3 1 47 40
Br, RISIWRKYS7 & A S A BB XS, &1
LR .
2.1.3  StWRKYS7 % 755 & ) P 54

SRR F 7 i (Solanum pennellii) () SpWRKY40
A A G, SIWRKYS7 g i & (1 5 A

95.3% Wy [A U5 1, 55 3 it SIWRKY40 [R] 5 14 ik 5
94.5% , 15 D5 B StWRKY40 75 11 6 [5] J5 7 Ky
77.4%(&12) .
2.1.4 StWRKY57% @& =, ZZREMH5H
StWRKYS57 B& DK 5 25 11 Y — G 25 M FN = 45
¥, 4351 SOPMA F1SWISS-MODEL Tl . #2454
RE3FIE4) LI, B o IRBE . B4/ .
ToHAG . SEfPEE4FD, 351 761515 30.04% . 54~
1 1.98% . 1441 1556.92% . 28115 11.07%.
2.1.5 IRXAE A AT
LY EE SIWRKYS7 B A 8+ 1X.,  Bi#2 000 bp
751 K| ] Plant—CARE WX sl 704y, 45 52 26 B2z L 7]
JashF XA E N ot WARE . 25BK
T 2R R L SRR S A R G (6 3) o
Hi MeJ A Il ABA R oo £ .

99 —— SIWRKY40
100 L SpWRKY40

62 StWRKYS7

’75tWRKY40
99 CaWRKY18

F CaWRKY40

———— NtWRKY40
100 NsWRKY40
L
0.05

2 SHREStWRKYS7 EAK RGHLR ST
Figure 2 Analysis of the evolutionary relationship depicted by the phylogenetic tree of StWRKY 57 protein in potato

50 100

50 100

150 200

150 200

B3 StWRKY57 BERRIBER _RLEH
Figure 3 StWRKY57 gene encodes the secondary structure of protein
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B4 StWRKY57 BEEHBERQZRKLEH
Figure 4 StWRKY57 gene encodes the tertiary structure of protein

F3 StWRKY57 BEEBIFRIAAE A T

Table 3 Forecasting cis—acting elements present in the promoter region of StWRKY57

K 527 Bk ThiE

Name Sequence Number Function

ABRE GACACGTGGC/ CACGTG/ GCAACGTGTC/ ACGTG 4 Cis—acting element involved in the abscisic acid responsiveness

CGTCA-motif CGTCA 3 Cis—acting regulatory element involved in the MeJA-responsiveness

GCN4-motif  TGAGTCA 2 Cis—regulatory element involved in endosperm expression

GT1-motif GGTTAA/ GGTTAAT 2 Light responsive element

MRE AACCTAA 1 MYB binding site involved in light responsiveness

MYB CAACCA/TAACCA 4 Homeopathic factors involved in ABA reactivity

MYC CATTTG/CATGTG 3 Core regulatory factors involved in JA signal transduction pathway

P-box CCTTTTG 1 Gibberellin—responsive element

TCA-element TCAGAAGAGG 1 Cis—acting element involved in salicylic acid responsiveness

TCT-motif TCTTAC 1 Part of a light responsive element

TGACG-motif TGACG 3 Cis—acting regulatory element involved in the MeJA-responsiveness

TGA-box TGACGTAA 1 Part of an auxin—responsive element

circadian CAAAGATATC 1 Cis—acting regulatory element involved in circadian control

2.2 StWRKY57 BERIES T RARREFES T TR, AIXTIRZE (0 h) i 13.6 £, KU T4
HCAS ] B5F 18] B FH 200 mmol/L NaCl, 20% PEG — StWRKY57 JLPR al fEmi i £h . T 52 H1 ABA i f& 193k

6000 A1 100 pmol/L ABA AMFERY THAL L5 Rl Atlantic” ,
I qRT-PCR $ A K #EHL A RNA H 5% 5% 4 cDNA
(7= HEAT RN, JF I L R Rk . 5 R
(I 5) B, i BEREERMHE T BiAZRR; £20%
PEG 6000 b PR, HFEEFE RS EFHE TR L
TR, HAE24 hist Rk fafeny, SXTHEZL(0h)
i1 6.1 1%

; TEABAALFRTR, HIEELR AR LT
Jo P F TR, H ABA ZLFELE 6 hinf HZK ik

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

A= Wpliia

FH qRT-PCRELAR ST 4815 StWRKY 57 HERITE
ANRIHLUR )RR T (E6), 455 AL LR
iR, ERAR. R MR, WEZE. £
P RIKEIRZ, (e RRIK R,
23 PRAETERITEIER

LI pEGFP 75 # AR S 25 FUu IR, 3l 3 R 14112
YLAE AR B I 7 20 B  BEEE 2R 35 pEGFP-WRKY fil &
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HE, RO RE DM 488 nm B o, pEGFP-WRKY i hth (1) %¢ 6 85 11 3£ 250 A T4
TSR RN . fEXT IR, WA ek b, KPS E SSWRKYST SR R4 AR 3R
EGFP{5 STEANAEEM Az prl W, miElEd &(E7),

ENaCl
70
BPEG
60 - CJABA
50 b
£
i
=B R
'H_E 8 be
= (5]
® = L
= Z 30
L
a1
20 ed
a
10 ab
ab b 4
decb be b b
0 L s | ﬁ | | ||
0 3 6 12 24
JrE Rl (h)

Stress time
T e ARIRIZE U [ 13 B ) 22 [ B R AR X 3R 0k i 22 5 1 3 (P<0.05) o ANRVNEFREFOR 7 03, RAXBE . RERFIREDR
EE
Note: The relative expression of genes varies significantly between different stress times in the same tissues (P<0.05). Significant differences are

denoted by distinct lowercase letters as tested using Duncan's multiple range method. The error bar represents standard error. The same below.

B5 dE44RE 4T SIWRKYS7 BEERIZETN
Figure 5 Changes in StWRKY57 gene expression under abiotic stress

70 —
65 + a
g 60
=
WE
' 2
m =
< =
i~

MM mEE s 7
Root  Petiole Stem  Stolon Tuber  Leaf Bud
HA
Tissue
El6 StWRKY57 EEED#E MM Atantic’ FARFRERIED
Figure 6 Analysis of tissue—specific expression profile of the gene SFWRKYS57 in potato variety 'Atlantic'
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SR Bib7] =312
EGFP Bright Merge

pEGEFP

pEGFP-WRKY

7F: pEGFP. 25 FAXHE; pEGFP-WRKY. S(WRKY57 5 EGFP A& & 11 (AR = 20 wm) .

Note: pEGFP. Blank control; pEGFP-WRKY. Fusion protein of SSWRKY57 and EGFP (bar = 20 pm).

E7 pEGFP-WRKY gL 40 E {ir
Figure 7 Sub-—cellular localization of pPEGFP-WRKY

39 #

FERLY R, Al A W a3 A e A4 R
FETHCRE 2 10 43 A ROl S g ek R sk, 5
TR R T AR AR AE R . TR AR N
T FR LA K= WRKY B s e H s 11k
PRMZ G, RS R, SN T
H 2 5 HAE R LT A ARE Y a5

A5 BT R T4 3 SIWRKYS7 i K
VAR B R (1, 7E IR R B b S0 A0 R 3 A
SpWRKY40 ()[Rl 51k fe iy, 5% 95.3% . ABA AJfiE
PEARHG . WA KA ER . MR A K S
TEAH I R A R %5, [ A nf DL b A 4 X s
MEERERL, A R A PR, X4
B SIWRKYS7 3 R 8l 7 X XA F 4 o B &
B, Mmoot WALERER . S5EHTN
R R 38 22 ) o 25 A S A I 204 DG, seon
A DA 2 85 A H A 2 51 DR B DR R s T 4% S Y
TR, HA TS a2 5 ABA S ATSA J
R B A B oG4 ABRE. TCA-element, 8 HF5%

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

B, 18 FHE(Betula platyphylla Suk 1.) # BpHsfB1
B SRR T RE S W $h AHCFE [ SOD . POD . P5CS Fi
SOSJE 3+ L/ ABRE JoE4s &, s T 5L )
Fab, M B O ME Y TR BB S, KRS R
OsWRKYS EA4%Y OsMYB2 Ji3 8 F X 38 ) W—box J¥ 4]
54y, T OsMYB2 3k, MIMFEAR T ABA(H
538 H H OsMYB2 TSR R IKT, KEH
GsWRKY20 3 1 2 tF A il ABA () 67 45 DL K GE
HEMRENFABAGS, H#mEE kS
GsWRKY20 )+ 218 68 71, + 218 T 4
MeJA 4b BT 1 FEAR ABA A5 2, $E K AREAh T
BT PES TE S48 B 45 (Medicago sativa L) HY,
A3 ) ANt P 3 22 v B 1Y) K A R 4 T A A i
(36 PRI B R F R B IER 2R Ak o, dE
ST S aE BT 5 R A0 RS K R TT
DA 3 2 0 95 3 R 1 40 0 AR SR OB TS JE ML S Tk
JE DN i T S I JIr s s 1) A B RS 475 . 2
FRTR, TR SIWRKYS7 R AT BE 2 5 ABA |
MeJA . SA R EAFHIIETE, INITTRZm T4 2
fiif 5. Rk, 22 JE B BESE R R
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StWRKY57 3 [N 1R R AR5 ik v ok — AP E 5 T e
Z 5 YA e

5T qRT-PCR 47T T Eh 442 SIWRKYS57
FE R R AR AR Py 3 R A [R] — R AS [R) 21 21
iR IE, SRR BINZAE AR b Rk
TEEL . PEG FIABA i b BN, ¥y BiRSRGK, il
W] Ch 4% 58 SIWRKYS7 JE D al REMA I EL . 5 A1 ABA
WA A I . X 5 Zhang SF L H B WRKY
it SR R - G e S A R A B ORI TS SR — 2. B
R IAZAK (Cunninghamia lanceolata 1..) CIWRKY19
SRTErh Rk R AR, Holid PEG BT A
AR BEAL IR, R T B e i 5 &b
BB R Gk 5 ETHER, m H
(Helianthus annuus 1..) HoWRKY33 J3: R 7E SA | JA |
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