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R y% 7 (bean pod mosaic virus, BPMV)Z % 4950 2k HAR(BPMV-VIGS) LA A 2| Rl Bf L8k Eid 4 A
GMWRKY33A A B 49 B 49, 4R &8, FRITEK LR 4 4~ GmMWRKY33A 2 B 7 & 23 I KA 69 2
FAE, RRERAKS K EHEREA . KEHRLTRA MK LR TRFOIEI ZFEK, HLH
GMWRKY33A FAHALEX @A KAT, e A5 K2 £ERE. GMWRKY33A LR T X 2 58
E TR B 13 4 P b5 49 GMMPK3 A= GMMPK6 #9380 #2 5 B 31 T = B4Rk, &% GmWRKY33A =T
VA8 it 42 GMMPK3/6 8945 & Rk BaEm A5 K 289 9% R, GMWRKY33A & K 2 %%
R 64 IR 42 B

XHIE: GMWRKY33; K &; mEFFFARRK;, LAERE; GmMPK3/6

TINTH : EXK A AR E (32170761, 31571423)

This work was supported by the National Natural Science Foundation of China (32170761, 31571423).
*These authors contributed equally to this study.

*Corresponding author. E-mail: jzliu@zjnu.cn

Received: 2023-11-26; Accepted: 2024-01-04



WHET % | GMWRKY33A FEEERTHM 3811

GMWRKY33A positively regulates disease resistance in
soybean (Glycine max)
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Abstract: The WRKY transcription factor gene family is a plant-specific transcription factor
that plays important roles defense responses. Studies in model plant Arabidopsis demonstrated
that WRKYs function downstream of mitogen activated-protein kinase (MAPK) signaling
cascade and participate in defense responses through activating the expression of
defense-related genes. However, the roles of WRKYs in defense responses have not been
previously investigated in paleopolyploidy soybean. Bioinfomatic analysis revealed that there
are three pair of GmMWRKY33 genes in the soybean genome. The identity of first two pair of
GmWRKY33 genes is greater than 84% (named as GmMWRKY33A). The identity of genes within
the same pair is greater than 95%. A 300 bp fragment highly homologous to these four
GmMWRKY33A was chosen to clone into bean pod mosaic virus (BPMV)-based silencing vector
(BPMV-VIGS) to achieve the goal of silencing four GMWRKY33A genes simultaneously. In this
study, we simultaneously silenced four homologous genes of GMWRKY33A using a bean pod
mottle virus (BPMV) vector carrying a single fragment of GMWRKY33A. Comparing the
silenced plants with the vector control plants, no evident morphological phenotypes were
observed. However, the GmMWRKY33A-silenced plants exhibited significantly reduced resistance
to Pseudomonas syringae pv. glycinea (Psg), Xanthomonas axonopodis pv. glycine (Xag), as
well as to soybean mosaic virus (SMV). Furthermore, we demonstrated that silencing these
GMWRKY33A genes significantly inhibited the activation of GmMMPK3/GmMPK6 induced by
Psg infection. Collectively, our results suggest that GmMWRKY33As are involved in soybean
immunity through regulating the transcription of GMMPKS3/6 genes or activating the kinase
activities of GmMMPK3/6. Taken together, our results demonstrated that GmMWRKY33As are
positive regulators of soybean immune responses.

Keywords: GmWRKY33; soybean; virus-induced gene silencing (VIGS); immune response; GmMPK3/6
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FH AT 6 253 503 (1995 it o 26 3/ VR ) HR B, T 4
JEA PR P LI E . SR, )i
FIBTIE . TR, 4878 K3 BT pIL I L K % i
BB IR B R

22 24 5 3% Ak B 1 P (mitogen  activated-
protein kinase, MAPK){55 4% TR 12 TEAR YY) S siE
SV R v i 2 R Y A A i R
A 32 A 8% il 5% 28 32 /K 7K 1 (receptor-like  kinase,
RLK) 7£ 5 51| 5 B 18 A6 ¢ 43 F B 2 (pathogen-
associated molecular patterns, PAMPs)zl | {55 5
J5i . WS MAP BRGNS, MAPK (5
SEERIRREL 3 G SR TR N
1PN SR 95 2 A o 20 B PN ) R 28 R o A
MPK3 . MPK4 Fl MPK6 J&WF 555 M) 12 Flis )
(112 5 B8 5% 1) MAPKP),

WRKY ZAEYFEA W SR 50, mIL
PS4 A L IR S B 7 X W-box T
(TTGACCOT)!' " ILLAF L N Rk, FEAEY Bt
N R EEAEHTT, ST, sk
WRKY & 51J& MPK3/MPK6 48 H ,
WRKY ZE [ B8R 1L 1T DLk As Hi2E A W-box 1Y
FE 77 DT 52 i L 4 R iR R 2Rk Y e A
{BY 54T, MPK3/MPK6 %} WRKY33 5L
b2 L FE DR R AE WA B A4 v O B it G
SRR 2l 52, MAPK3/MAPK6
WA EIS IR IE ERF6 fl MYB 5452 5 H
[EE KRN ST B e SR 0] E
PRI, MPK3/MPK6 i 3o i PR A el A8 5 S X 1%
P DL 8 AH S BE DR 1) 2 1 2 AR 0 Hh s A7 E 1Y)
1 7 PEAIL R

H W52 BT MPK4 7] DL 5 MAP B4
4 iI$¥Y1 1 (MAP kinase 4 substrate 1, MKS1)#{H.
VEFIFBERR 1k MKS1PY MKS1 [A]ff 5 WRKY25
I WRKY33 A EAE AR, 78 T0 5 i =2 Y B
MK, MPK4 5 MKS1 } WRKY33 7EHTE AL
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ZARBHIE WRKY33 775 S RER 76 40 iR 17
YLR , MPK4 #7380 |, B0 1 MPK4 B R f£ MK S1
M WRKY33 A A AR sl 25 LS
PAD3 45 3L [ py 1k, 4k middsit (R Z A&
BP0 DL SRR, IR R[] MPK AT
TN [ 23T B AR DR R AR P i

WRKY 715K G i 2 e i 2 a1k
M K WRKY36, WRKY40 }2 WRKY45
TE Rpp2 413 (W45 B P e o 55 92 i
WRKY6 Al WRKY30 7 Rsvl A5 K 5 AL -5
BEM SR PUPE AR A TF AP UBRX SE I [N &
4331530 Rpp2 Al Revl /St e -0 (1
X2 WRKY & 7552 MAPK 38 R 42 045 LA K 2
B S 5ROGMERNAEY G BAA RS

I B 175 7 1 5L A T 3K (virus-induced gene
silencing, VIGS)$H A& 1 A Ry 7 9 57 5k H 41
W A — B BARSER R B, LRSI P
KR B R IG T —Mbif izby
PR SE R A UTER , i LB S AR A 2 DR A T RED
L5l o S AR S SE I DI REA . VIGS B
PSR | R, I RN BE R TR — N S R R
H g 224 153 DL e IR RETUAY S50 i B e 5l
SEXT AL BEN Z A5 R, IR, VIGS &
H Hi A L BT 3 D e B, TR B
T J% BF 5% 95 7% (bean pod mottle virus, BPMV)
VIGS & (BPMV-VIGS) &84 75 K 51 3 R 2
REAFFZ Hh 7 FH R B ) R 2 AR B 435°7381,

AWFSE &I E s BPMV-VIGS $ AR [R] i1
2K 4 1~ GMWRKY33A 1] F:80K & X K = R i
FF 1 (Pseudomonas syringae pv. Glycinea, Psg)
FIK 8 BT 7 (Xanthomonas axonopodis pv.
Glycine, Xag)bitEFAELL & Psg RYLArids S0
GMMPK3/GmMPK6 i & F2 B (1 FE A%, i B
GMWRKY33A Hy K & 48 [ vj 1) IE I R+
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1 S

1.1 gy

KREAFH William 82 fFh o K& A K 4
e R, 22°C; JEfE, 16 h oGRE/8 h AR

Pl K &R B FF TE (Pseudomonas
syringae pv. Glycinea, Psg) R4 [#tkLL S K& 8
PR I (Xanthomonas axonopodis pv. Glycine,
Xag).
1.2 7
1.2.1 BPMV-VIGS AR

BPMV-VIGS 4t (i FIF& e i kR SCE
Pt iR B A2 A TEY . 4 ARG GmMWRKY33A
[P LR Glyma.02g232600., Glyma.14g200200 .
Glyma.11g163300 & Glyma.189208800 &
Phytozome F& [ 21 54} %2 (https://phytozome-next.
jgi.doe.gov/Phytozome) FHH R MG . Filid s 5-
REE 2V (reverse transcription- polymerase
chain reaction, RT-PCR)M Glyma.02g232600 "~

*=1 AWMRFAASY

W H 5 Glyma.149200200 [AlEVE i 91%01)
300 bp MBS BPMV2 TLERERIA, #yg
GMWRKY33A Vi #k#k A& . i Glyma.02g232600.
Glyma.14g200200 . Glyma.11g163300 % Glyma.
189208800 ix 4 AL AFESFMESI Y,
RT-PCR #4 FUTBRACRIGHIE . NS 5L GmELF1b
(Glyma.02G276600).,
1.2.2 RT-PCR

cDNA B4 M : cDNA )5 5 B I #1 5)
SR T EE(TOYOBO A ®DiEAT . KA Ay
cDNA {RAFT 20 °CoKAH H1 25 H

PCR JZWAKZ A . 5xprimer STARBuffer,
10 uL; dNTP mixture (10 mmol/L), 4 pL; I1E[7]
512 1514 primer (10 umol/L), 45 1 uL; cDNA,
2 uL; Prime STAR HS DNA polymerase, 0.5 pL;
ddH,0, 31.5 uL. PCR ¥ HFEFF . 95 °CHIAL
P 2 min, FFRUEFT 40 MEFY HE(95 °C 15 s, 56 °C
30's, 72 °C 20 s).,

123 S|¥E8
515 BILE 1,

Table 1 Primers used in this study
Primer name Primer sequence (5'—3") Size (bp)
Primers for BPMV-VIGS vector
Glyma.02g232600-F AAAGGATCCAGGTCAGATGATGGGTACAATTG 32
Glyma.02g232600-R AAAGGTACCCCACGTGCTTCCTCACTGGAC 29
Primers for silencing examination and for RT-PCR
Glyma.02g232600-F ACCCTTCCATTTCCAAGTTC 20
Glyma.02g232600-R CTTCCATAGCTACCAAAAAGA 21
Glyma.14g200200-F AGCTTTCCATTTCTTAGTTTCAAAAA 26
Glyma.14g200200-R TACCAAAAAGGGAAAAAAAA 20
Glyma.11g163300-F GCCTCTTCTTCTTCATCT 18
Glyma.11g163300-R GCAAAAGCAAATTAATATTCCT 22
Glyma.18g056600-F GCTTTTCTTTCAAAGCCT 18
Glyma.18g056600-R ACTATGCATAAGAAAATATTCTT 24

GmEIF1b-F
GmELF1b-R

GAGCTATGAATTGCCTGATGG
CGTTTCATGAATTCCAGTAGC

21
21

The sequences in bold are BamH I and Kpn I restriction sites attached to the primers for cloning purpose.
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124 BEMXERZHHEE

Psg MR . TR . HURE DL R I 1150 #
B & & SCik o 1 i E O,
1.2.5 HmEEMSHEESIT

5 B- 7 BE 1T BR Bl 2L 4] (B-glucuronidase,
GUS)@l& 1Y K 5 A6 M5 7% (soybean mosaic virus,
SMV){{2 4 . GUS Y1 GUS Ji BER/ Nl
it B SCHRP b 7R GUS it B AR
I 5 5] Image J AT
1.2.6  SIZENEE A ST AT AL M BHER 1L GmMPK3/6

KREH A FATRE . Ik iR
LA K Western blotting 373 £ & 7 i B4 714748,
BT 34K & Phospho-p44/42 MAP Erk1/2 Fifk
(Cell Signaling Technology), ikt 3 000 1%,

2 BER54

2.1 GmWRKY33 EREZREHFERARIRXFR
vak il

KRG DU, HEER AT 75%0 5N
BN, AR ERFAH WRKY33
[ YL R S5, 78 Phytozome K40 14 b 480 e
I¥ WRKY33 [ZILIRITH L K cDNA JPFIHE R K
SR, EREIKGIEHFH 6 1 WRKY33
[FJHEEN . Glyma.02g232600. Glyma.11g163300.
Glyma.14g200200 Glyma. 189056600
Glyma.099280200 L) )z Glyma.18g208800. H[H|
[ A b4 R GmWRKY33 FiEH i 6 4
FERAT3 A 3 40, 44 2 IR L LN 2
R 22 (8] g R R ik 91% L4 BB s bkt
P i R AL i 25 ™ i TR 4l 22 1R
FTRI PR ik 84% %, 1 A1 Fi I 215 S 3 IR UT
AR AR AT [F] B ILER M PR RIS 80% L iy 2 A
s Z A EP ] H ik Glyma.029232600 5
Glyma. 149200200 3 175 | 47 D\ i 19 28 35 A £ < X
By ) 300 bp MR B v 2 S EE IERFIR
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Ji 7 (bean pod mottle virus, BPMV)/FHITITER
AR TG 4 AR BT 2
X 4 DMIEE A48 GMWRKY33A [l 5 5L B,
M Glyma.099280200 f~F X4 14 i iy %t i Bt
g ErlFIESUTER S AN SE A, K H a4l
GMWRKY33B™" , A fff 58 X & i F i 55 5
GMWRKY33A 5 B [F I 1) 4 SR, B Xt
GMWRKY33B 1) 2 PHERE#— P90 55 3
fitifi .

¥ E R ETF ) GmWRKY33A 7T R A i
JE) 5 S AT R IR ) R TR R R e L AR
AR R TR A BRI DR A E DL K S Bt i EE
PEUAERR  PEREANS 15 d [ AT7E IR ARG
A FEE R R AR, Ul AR G LB 5 AT
530 GMWRKY33A LR TRk . 45 5 & B
il BPMV-GmMWRKY33A Fl BPMV-0 %5 # {4 it i
WA MR I TR i & 2R (E 1), 3R TUER
IXSEEL IR R G A K & I o . RT-PCR
56 UE 40 M % W, GmWRKY33A L 2Rtk &
Glyma.02g232600 Glyma.14G200200
Glyma.11g163300 F1 Glyma.18g056600 jx 4 {~F&
By B SR AKOF- 5 BPMV-0 28 254 %k RE A Bk 34 5
EREAR(E 1D), VLRI VIGS A [m] i 370 #R
T Ei& 4 4 GmWRKY33 JE A,

2.2 [EBTER 4 D GMWRKY33A EE R &
PEIR T KEXT Psg B 1%

T WIRG GMWRKY33A 75K & FR it 4 T Y
PUrERON, F Psy CR O BE AU R) R4 Bk 2
FARXT B bR S GMWRKY33A JTERAE KR R 55
R AT T . SRR, HEFh Psg 8 d Hif
GMWRKY33A LERPRIM i B E . BPMV-0
S AR A B E(E] 2A. 2B); St —
o, MBI R EWER 6 d )5
GMWRKY33A ITERAR R I - rb i 20 T 4 i 3 22
F BPMV-0 BRI F R BB 2C), Ui
TUER GMWRKY33A FEAIR T R X} Psg BYFTTE



WHET % | GMWRKY33A FEEERTHM 3815

BPMYV-0

BPMV-GmWRKY334

BPMV-0 D - T
&

Glyma. 02G232600

Glyma. 14G200200

Glyma. 11G163300

Glyma. 18G056600

GmEIF1b

BPMV-GmWRKY33A4

El1 [FEFPRE 4 D GmMWRKY33A EEHARSHAERETNL  A: GmMWRKY33A LB 5 25 2R XS
MERERR PRI LLEL. B: BPMV-0 ZS#MRRYLARIE )T £ 8. C: GmWRKY33A JLERFEHR I K2, D
GMWRKY33A JLEKfY RT-PCR ¥k, HHAL T2 MR, 4 1 GmWRKY33A JE [N 1 % ik K - 78
GMWRKY33A JLERFE AR I 7 2 4 25 AR

Figure 1 Silencing four GmMWRKY33A genes simultaneously does not result in morphological changes in
soybean. A: Comparisons of the morphological phenotypes between the GmMWRKY33A-silenced plants and the

empty vector plants. B: The leaf phenotype of the empty vector control plants. C. The leaf phenotype of the
GMWRKY33A-silenced plants. D: The transcript levels of four GMWRKY33A genes were significantly

decreased in GMWRKY33A-silenced plants compared with the empty vector control plants.

2.3 [EBHTER 4 D GMWRKY33A EE T
PR K E ST Xag B4

Xag 1245 AN Mt , R E A H
BRI . A T RTTEE GmWRKY33A Ji5 X
Xag PUPE R, 4 Xag TR AT 3
BPMV-0 75 #iiAXT HEAEE 5 GmWRKY33A 1Tk
kMR ETNTRm. FEREE, &M
GMWRKY33A ITERAR R - b 9 i 4 2 2 R
Xt HEAE AR R B E (B 3A). XHRGEN A ik
15 VTR TE LA AT, 465 58 2 AR B2 PR AN [ 5 )
J&i GMWRKY33A ULERFE AR F_E A B VR TE R
7 32 3 1 T AR A BEAEL BRI R 1 B VR TR
BANL (B 3B), SR b A TR E ™ E R A
—Z (K 3A), ULIHUTER K S GMWRKY33A 1]
X Xag MHTEREAR, B GmMWRKY33A 76K
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U TR R
2.4 [ERFETER 4 ) GmMWRKY33A EFEEZE
PRI AKEXT SMV BUHT i

R T ez ) B OO BR 4 D GmWRKY33A 3 [A]
X SMV Hitk &N, ¥ SMV-N-GUS (5 it &
JEN GUS Fl& i SMV N #fR) M =
BPMV-0 5 GmWRKY33A I R 4 10 25 44t
b, FEEERTRFE 3d 5T GUS Yo fa . Yefn
J& W ABE A LR R R R R, T GUS
BE A R /N R B A /5 Bl R L 45
FHKP] GmMWRKY33A JTERM bk R G M H i
GUS T s (19 BLAR /N B e 250 i 3 1 28 8 T
2 AR R (D 4), UL TR TR 4
GMWRKY33A [r] Y5 5 [ AT & 25 B ik K & X
SMV-N-GUS #Hidk .
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BPMV-0 g
f o BPMV-0 *okk
5 BPMV-GmWRKY334

g4 I
&2
2 3 —
<
& 2
1
BPMV-GmWRKY334 0 .
Day-0 Day-6

2 BPMV-0 ZE R GMWRKY33A EEM Psgy RERERBEFHBRMMER A
GMWRKY33A VLERFER 5 BPMV-0 HARFE Psg 174% 8 d JaM A LARAE. B: GMWRKY33A ULERAE 5
BPMV-0 75 A HRAETE Psg 4% 6 d Ja BV T IMEAL Y FLAL. ***: P<0.001 (Student’s t 16:%5)
Figure 2 Comparison of the symptoms and colony forming unit (CFU) between the BPMV-0 and the
GMWRKY33A-silenced plants infected by Psg R4 strain. A: The bacterial symptoms on local leaves of the
GMWRKY33A-silenced and BPMV-0 plants 8 days post Psg inoculation. B: The CFU assays on the BPMV-0
and the GMWRKY33A-silenced plants at 0 and 6 days after Psg infection. ***: P<0.001 (Student’s t-test).

A B

BPMV-0 6  BBPMV-0

| OBPMV-GmWRKY334 i

Ak R
ek

BPMV-GmWRKY334

lg (CFU/cm?)

I 1 1 L Li

0
Day-0 Day-2 Day-4 Day-6 Day-8

3 BPMV-0 1 GmMWRKY33A JIE MK RiEM Xag FHIRERBEELREMEE  A: GmMWRKY33A
UUBRME R 15 BPMV-0 25 AR A Xag 8 d JE M i EAYAEIR H4L. B: BPMV-0 fHFR 5 GmMWRKY33A i
BRAE R 7 He D Xag A [A] I A] J5 T 2 THEC AL, *** . P<0.001 (Student’s t K 5%5)

Figure 3 Comparison of the symptoms and the colony forming unit (CFU) between the BPMV-0 and the
GMWRKY33A-silenced plants at different days post Xag infection. A: The Xag symptoms on local leaves of the

GMWRKY33A-silenced and BPMV-0 plants at 8 days post inoculation. B: The bacterial growth assays on the
BPMV-0 and the GmMWRKY33A-silenced plants at different days post Xag inoculation. ***: P<(0.001 (Student’s
t-test).

2.5 B GmWRKY33A &K Psg i55H) T GmWRKY33A, H Psg/3rilfz4s BPMV-0 %5
GMMPK3/6 HIEEIZE B GMWRKY33A UK, SR)5 A% —PE )
o TRIRE GmMPK3/6 HTIE = A HOB Bk iy MPK3/4/6 T A 7E42 e A Wl
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Bt A FARECAY R FIRE A EAT western blotting  [RYLFTIA A GMMPKG6 Y ISOE T8 #5023 2k
I3HT o 45 K W] GmMWRKY33A T ER AR i Psg % BRAE AR BB AR 5). B4R GmMPK3 7

<

BPMV-0 BPMV-GmWRKY334 BPMV-0

120 ¢
100 -

——

80

—

60 -
40}
20

Diameter of GUS foci (um)

0 L |
BPMV-GmWRKY334 BPMV-0  BPMV-GmWRKY334
4 [EIRPTER 2 4~ GmWRKY33A EESE ARSI SMV-N-GUS HiEHIFER  A: BPMV-0 FE#RA
GMWRKY33A JLERFEHE I J1 GUS R iy tbdL. AR =5 mm. B: f# 2 GoE T X AR A b
SMV-N-GUS BExizAii. C: fifp il R T UUBRARR I A SMV-N-GUS BEsiZMii. D: YU HR5 BPMV-0
23 BARRT AR R b SMV-N-GUS {2 e B HAS Y HAL. IR 2ELCNTE 4 AR R G v 2351 & 30 4
DL R BE AT AR AE S . *** . P<0.001 (Student’s t #35)
Figure 4 Silencing two GMWRKY33A genes simultaneously leads to the reduced resistance of soybean to
SMV-N-GUS. A: Comparisons of the GUS foci on the leaves of the BPMV-0 and the BPMV-GmWRKY33A
plants under a microscopy. Bar=5 mm. B: SMV-N-GUS foci on the control leaves observed under a dissecting
microscope. C: SMV-N-GUS foci observed on the leaves of the silenced plants under a dissecting microscopy.
D: Comparisons of the diameters of the SMV-N-GUS foci on the leaves of BPMV-0 and BPMV-GmMWRKY33A
plants. The error bars indicate that the standard deviation calculated by measuring at least 30 lesions in 4
independent leaves, respectively. ***: P<(0.001 (Student’s t-test).
Psg

BPMV-0 BPMV-GmWRKY334  Col-0

Oh 05h2h 6h 24h48h0h0.5h 2h 6h 4h48h10min

GmMPK6 L AtMPK6
GmMPK3 . I - — AtMPK3
% . A (MPK 4

5 E GmWRKY33A EiRE R T A% Psg fR3#/E GmMPK3/6 HEERIAEIEE  BPMV-0 Al
GMWRKY33A I 38R A ke FH R 2 TXE s o B 04 /5 A AR 7 F) A ] 5 JBORY: - 7 P % — M U B R AL 25
MPK3/4/6 H4LIAIE 1T western blotting X {2 4 M - U 25 FURE il EA T 3 M. CBS Je (45 RAE S A
U

Figure 5  The activation of GMMPK3/6 induced by Psg infection is significantly reduced in
GMWRKY33A-silenced plants. The BPMV-0 and GmMWRKY33A-silenced plants were infected with Psg by
spraying for different days. The activation of MPK3/MPK6 was detected by western blotting analysis using an

antibody that specifically recognizes phosphorylated MPK3/4/6. CBS: Coomassie blue staining was used as a
loading control.
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BPMV-0 25 # /A4t #k 5 GmWRKY33A 17T Bk A bk
WO KCEIARAG, HAE GmWRKY33A VB #k
FOE AR S T BPMV-0 28 2R bR (K 5), %
B Pst 5 S 0 GMMPK3/6 H #4 3% #K # T
GMWRKY33A , Bl GmMWRKY33A #] Ji
GMMPK3/6 J s PE -

3 WwE5&#

WRKY & s SR A e s K. K
i FE 2R B WRKY 33 2 PR S5 AR AR ) F 332 I vy
B AR, KOG e R A
75%LA b W FE RAFAE D RETUA OB L™, 15450t
TEGE AR Jy A3 T K G R T RE A 5E .
1M VIGS FARME AT AT yRAMX —BRFE . VIGS HoR
A DA R O R [ Pk v ik 85% LA B, W]
DA B R 7 35 P ) BE DT AR 9 .04 DRI
2k GMMEKK1 #k & i RNAseq 45 A kB, 24
5 W7 WRKY33 H 4 & [ IR M p ok G
GMWRKY33 KL[H7E GMMEKKL 17T 2R Ak g ok
AR R AT REAE A B A R O
PR 3k BPMV-VIGS H A A2k
FAKFIHTER T 4 1~ GMWRKY33A ZE[H (1),
E— 2RSS TR IR R GEAE AT K R R T R
jj— ﬁ E/‘J ﬁgﬁ‘ri [40-42,44-47,50-51] R

GMWRKY33A TR #R7E KA - 5 BPMV-0
25 BRI M MR O G B 2=, 1B X sk
GMWRKY33A SRS 5 KT EK AT IR
(B 1), X5 WRKY E22 5450 AR LY iE
P — B, bt X e g R R UL
GMWRKY33A A B R ZXT Psg & SMV-N-GUS
PR 2 A 3), Ui GmWRKY33A KA
FWEAER e R e 3 EEAE . U
WRKY33 il AR R 2R A6 BOCHERE R 1Y
Rk 5K GHERAED AR, el

http://journals.im.ac.cn/cjben

i % ik BnWRKY33  w] g X A% 8
(Sclerotinia sclerotiorum) BTk, 15 B [ Al
Y WRKY33 ZEHiM 7 I DI RB 2R P 1. R
DAL EE(SMV )2 —Fl ™ 8 1R T E , 23R
RARE M=, HmEEmAFma", %
GMWRKY33A 4 A K F A REARATHT SMV 1K
TR, AP E AR AL LE AR

M I 32 B AR FE I, R IR R
BZ AR AT S PAMPs JERE G, TG 2 A
G R BRI (E 5 15 18 45 22 2L TE AL
BRI 242 (MAPKs) () MKK4/5-MPK3/6, &
JAifid MPK3/6 #ifiafk WRKY33, BEfRib)E Y
WRKY33 WGBS 5 3 T e Of 3 5 U DG A
(IR0, Bl T as R, fER T iiER
GMWRKY33A i 2 [k T Psg = 4«75 1Y
GMMPK3 fil GmMPK6 4G 2 (& 4), Ui
X2 GMWRKY33 7] LLJ##E GmMPK3/6 114% 5%
BCPEEIE M. KRG KA GmMPK3 Fil
GMMPK6 &AM, HiFshFX & 1-6 1
W-box, i Bl GmMPK3/6 ¢ % ik 1R 1 fE 2
GMmWRKY33 145, M3 GmWRKY33A it
BRAIFEH Psg i S0 GmMPK3/6 B M T &
(H 4), A5 FRPTENE £ T, MPK3/MPK6
PP RT3 ACC A S WRKY 3Rk,
M FFRIA N WRKY X ] #4558 MPK3/MPKG6 [
Fik, WIMTE B — > 1E ] B 5 5 ORI 4 5
ACC B () 2631k M I 14 P A4k,
MPK3/MPKG6 il g fk ERF %% s K MMk
65 O IBARAHOC B By AR L P () 23k, 2R T 3G ik
Xt B A PTHER T R B HED GmMPK3/6
S [RIRE AT L R AL TS GMWRKY33A #y%
ST FL 2, GmMWRKY33A NI ATITE GmMPK3/6
BRI FRIK , 8 Z 08 B — A 1F 1) B35 7 3
RIS
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JE O 38 [ 23 BLRC M 57 K %% (lowa State
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FEfit BPMV-VIGS %4t . Pseudomonas syringae
pv. glycinea R4 Bk &% SMV-N-GUS Jiiki .
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