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Abstract: The WRKYs are a group of plant-specific transcription factors that play important
roles in defense responses. In this study, we silenced 2 GmMWRKY33B homologous genes using a
bean pod mosaic virus (BPMV) vector carrying a single fragment from the conserved region of
the GMWRKY33B genes. Silencing GMWRKY33B did not result in morphological changes.
However, significantly reduced resistances to Pseudomonas syringae pv. glycinea (Psg) and
soybean mosaic virus (SMV) were observed in the GmMWRKY33B-silenced plants, indicating a
positive role of the GMWRKY33B genes in disease resistance. Kinase assay showed that
silencing the GMWRKY33B genes significantly reduced the activation of GmMPK®6, but not
GmMPK3, in response to flg22 treatment. Reverse transcriptase PCR (RT-PCR) analysis of the
genes encoding prenyltransferases (PTs), which are the key enzymes in the biosynthesis of
glyceollin, showed that the Psg-induced expression of these genes was significantly reduced in
the GMWRKY33B-silenced plants compared with the BPMV-0 empty vector plants, which
correlated with the presence of the W-boxes in the promoter regions of these genes. Taken
together, our results suggest that GmMWRKY33Bs are involved in soybean immunity through
regulating the activation of the kinase activity of GmMPKG6 as well as through regulating the
expression of the key genes encoding the biosynthesis of glyceollins.

Keywords: GmWRKY33; virus-induced gene silencing (VIGS); immune response; GmMPK3/6;
prenyltransferases; glyceollin

22 54 )73 A6 B 11 U (mitogen-activated
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Table 1  Primers used in this study

Primer name Primer sequence (5'—3’) Size (bp)

Construction of primers for BPMV-VIGS vector
Glyma.09G280200-F AAAGGATCCATAAAATATGGACAGAAACAAGTGA 34
Glyma.09G280200-R AAAGGTACCCTTCCTCTCCAACAGAAGCTG 30

Primers for silencing examination
Glyma.09G280200-F ACCTTTCAACCAATAATAAACAA 23
Glyma.09G280200-R ATTAGAAAGAGCATAGTAGAAATAG 25
Glyma.18G208800-F ACCTTCTTTCCATCAATAATAAAG 24
Glyma.18G208800-R TAAAAGTAGAAATTGCCAAAAC 22

Primers for RT-PCR
Glyma.10G295300.1-F TGTGCTGCCTCAATTGTTTA (G4DT) 20
Glyma.10G295300.1-R TGCAAGAGCCCAAGTAGAA 19
Glyma.01G134600.1-R AATGTAATTGGCAATACAAATG 22
Glyma.13G097800-F TAACAACGCTTCTTCTCTCG (HPT) 20
Glyma.13G97800-R AAGGAATTCTTGACAGAGTCC 21
Glyma.10G070200-F CATAATCATTGCTGTGAGTACTG (C4DT) 23
Glyma.10G070200-R CAAGAACCTATAACCAAGCTAAG 23
GmELF1b-F GAGCTATGAATTGCCTGATGG 21
GmMELF1b-R CGTTTCATGAATTCCAGTAGC 21

Primers for RT-qPCR
Glyma.10G295300-F TCTACTCCTTGGGTTTGG 18
Glyma.10G295300-R CCCGTTTCTGACCTAGAC 18
Glyma.10G070200-F AAGCAGCCCATGCTATAC 18
Glyma.10G070200-R CCAGTACAAAGCAACCAAG 19
Glyma.01G134600-F ACCTCATACTTCCAATCCTC 20
Glyma.01G134600-R GCAAGGAGAGACGAAGAA 18
Glyma.13G097800-F GCTTCATGGCACAATAGG 18
Glyma.13G097800-R CATGTACACCCTCCTTCA 18
GmELF1b-F GTTGAAAAGCCAGGGGACA 19
GmELF1b-R TCTTACCCCTTGAGCGTGG 19

The bold sequences are BamH I and Kpn I restriction sites, for cloning PCR fragments into BPMV-VIGS.

[F] B T8k Glyma.09G280200 il Glyma.18G208800
) BPMV JTEk /A BPMV2-GmWRKY33B.,
B E LI G, K BPMV2 25 kM
BPMV2-GmMWRKY33B i 43515 BPMV 1 kiR
A ABEAE 1.6 um £ K30k I, FIF PDS-1000/He
R R em R S B ARK Td ALK
AR IR s 3 AL, R
() R R RR () 138 2R ge it B {8 2 ) B 7
Mo FEA RN RS B FTHLBRE S $2H RNA
PEATUTERAOCR B B0 E . BE T e, K i B
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1.2.2 RT-PCR

cDNA A ;B RNA (3B E 7= i 48
BERY T T (Invitrogen); cDNA & RLEE) 7
FAILA 775 (ReverTra Ace gPCR RT Kit, TOYOBO)
AT WEESRRON A . ¥ RNA TE 65 °CHAVIE
5min, BTUKE. RIETEEOE BRI A
2 uL 5xRT Buffer; 0.5 pL Primer Mix; 0.5 uL RT
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1.0 pg RNA; /5 A SR
FIACKZARBUAZE 10.0 uL; 35V AE 37 °C
AT 15 min; 98 °CZEYE 5 min; ¥ cDNA 20 °C
fili 745

PCR JZJ¥ : PCR JZ Wi #% Tian PR Jr i
#4717, PCRYEFE F: 95 °CHIZE M4 2 min;
95°C 155, 56°C30s, 72°C20s, 35 MEH;
72 °CHEMH 5 min., FFJ SYBR green qPCR RT iz #
£ (TOYOBO) #1752 i} 5 it 5 4 Wi 4% =X 12 1z
(quantitative real-time polymerase chain reaction,
qPCR), qPCR JhW4% k™ r s i /s - Wik
7. qPCR ¥ 34 fir HAY#% A Applied Biosystems
Quantstudio 1 (Thermofisher), qPCR #" H4F¢ ¥ 4
95 °CHiAZE 1 2 min; 95 °C 155,52 °C 20's, 72 °C
30s, 340 MEF; 72 °CIEf 5 min.

1.2.3 STERMRICIE
433 Glyma.09G280200 5 Glyma.18G208800

PITTBRIGIES | 1 (e D)X A UTER AR B H 32 B
RNA fr6 i ¢DNA #£17 RT-PCR 4341, FrH
I 1) 5 51 U ER 51 4 43 0 AL T A A T R A
AR B b RiF 200 bp A4 AL E
1.24 EMAZHSRRENEE BT

Psg (35 5% . HETR B R 75 T80 B e SCik
TR I 7 ik A 70T
1.2.5 SMV-N-GUS ##. GUS #&Ff GUS
Rkt =

SMV-N-GUS f#f24%. GUS (B-glucuronidase)
YL (o F GUS Jg kb B #5AR P2 il 5L e
S GUS G A SMV-N 4 bk
(SMV-N-GUS) 45 5| # Fh 31| 23 2k 4 XT B8 AE tk
(BPMV-0)5 BPMV-GMmWRKY33B T BRAT #2514
I i o B338900 e e e A2 G Yy s AR 1 Tl
AN RN R AR ML TR TR 3 d 5T
GUS Y4, i ] B 1B (Olympus) % GUS YLt i
DL T AL I 40 B 5 3 FH Image T B4 &= GUS

Enzyme Mix;
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BT ELAR
1.2.6 RIZENEEE S AR N#EL L GmMPK3/6
MR T 7 R P R BCE F Bd% AR AR 1Y
D7 RSO R AR BOR A1 K+ 50 mmol/L
Tris-MES (pH 8.0), 0.5 mol/L sucrose, 1 mmol/L
MgCl,, 10 mmol/L EDTA, 5 mmol/L DTT, # il
25 F i 1 F9VR 5 M (protease inhibitor cocktail,
Sigma-Aldrich). 45 M\ flg22 b5 it A
AR @S SDS-PAGE #1435, SRJE ¢
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K BAR i S AL P i (horseradish peroxidase,
HRP)IEY), Bl ad A i W R0 1 5 B oK
WY IR A (Millipore )i 12 B G AN 254+

2 HERE5M

2.1 KE GmWRKY33 EiREREEZ [EE)R
MRRSH
RIS WRKY33 3 [K 4 5 X5 41 % K

KR40 ¥EFT BLAST (phytozome 13), 4593
HRGIHEEAFH 6 1 WRKY33 [6] 5 IEH .
Glyma.02G232600 Glyma.11G163300
Glyma.14G200200 Glyma.18G056600
Glyma 09G280200 LA K Glyma.18G208800. it

X 6 1~ GMWRK Y33 [] i 5 K 4 i 1 1) A 2Bk 43
Mracml, X 6 ANFEER 4k 3 (& 1), AN
2 ANFE R Z B [l P55 91% A b o BT RT 4 4
FE R 22 6] 0 TR PR Rk 84%, [RKE T 4 43
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E1 XE 61 GmWRKY33 EREHBXFFIHFHLELSH

Figure 1 Phylogenetic analysis of the sequences of the coding regions of six GmMWRKY33 genes discovered
in soybean. The Arabidopsis WRKY33 gene (At2G38470) was used as a reference gene. The software used
for phylogenetic analysis was MEGA 5.10.

*2 KAE GmWRKY33 EliREE 8 ER M LR
Table 2 Comparison of homology between GmMWRKY33 homologs in soybean

Gene ID Glyma. Glyma. Glyma. Glyma. Glyma. Glyma.
02G232600 14G200200 11G163300 18G056600 09G280200 18G208800

Glyma.02G232600 100 97 85 85 69 70

silencing fragment (%)

Glyma.09G280200 67 68 58 59 100 95

silencing fragment (%)

The first four genes are GMWRKY33A, and the last two genes are GmMWRKY33B.

J T 1T GmMWRKY33B (I HE, # T #
H# Glyma.09G280200 5 Glyma.18G208800 =¥
X 315 bp F B BPMV-VIGS #fk, LLHALEH}
TUER 2 4~ GMWRKY33B JE[H . i FR ey
GMWRKY33B VIR EIAR R IR G4 . RY)5
15 d A 2SR FEAIR . R BPMV-0
25 BRI X R A R 5 BPMV-GmMWRKY33B it 2k
MMRTERAY 0 R % 22 5 (K 2A), Ul [RIAS T
BRI 2 AL KRG K & F FF I RT-PCR
56 UE 4> B & B, GmWRKY33B it 2R #E #k
Glyma.09G280200 5 Glyma.18G208800 % 2 >
IR %% K8 BPMV-0 25 30040 TR A bk 44
i EREAR (A 2B), B IX 2 3 R B A TR
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R T ARSI R BT ER 2 A GmWRKY33B S [A]
Xf Psg Btk YN, Bl Psg R4 T k25 2 A
HEAE K % GMWRKY33B TT B AH Wk 2R -7 1R 75 1T
By, G5 RRW, DUBAERRM b B RE S48
BPMV-0 M- J E ™5 (& 3A); 5 & AR RS, A
— 3, BN [RINE] S GmWRKY33B 17T BR AT A
i Psy ZH 5 25 = F BPMV-0 (8] 3B),
T B [T GmWRKY33B 14 1Tk &%) Psg
132 Y 1 S
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B
BPMV-0 BPMV-GmWRKY33B R\d“ﬁ

R "

Glyma.09G280200

Glyma.18G208800

GmEIF1b

2 [EIBHTE 2 GmWRKY33B EEARSH AT RETK

Figure 2 Silencing 2 GMWRKY33B genes simultaneously does not result in morphological changes in
soybean. A: Comparisons of the morphological phenotypes between the GmMWRKY33B-silenced plants and
the empty vector plants. B: The transcript levels of the two GmMWRKY33B genes were significantly reduced in
GmWRKY33B-silenced plants relative to empty vector control plants.

BPMV-0 B
5 rmBPMV-0
OBPMV-GmWRKY33B Kok ven
4r ok ok =
a Hodock &
2 |ww w
O
: I I
=)
2
] L
L 2 4 6 8
BPMV-GmWRKY33B Time (d)

3 BPMV-0 1 GmWRKY33B iRtk R 17 Psg [F FORE R EE M M AL

Figure 3 Comparison of the symptom severity and the growth rates between the BPMV-0 plants and the
GmWRKY33B-silenced plants infected by Psg R4 strain. A: The bacterial symptoms on the leaves of the
GmWRKY33B-silenced and BPMV-0 plants 8 days post Psg inoculation. B: The bacterial growth assays on
the BPMV-0 and the GmWRKY33B-silenced plants after Psg inoculation for the indicated time. CFU
represents colony forming unit. The unit for Y axis means the log;o number of colonies replicated in 1 cm®
leaf area. Standard deviation, ***: P<0.001 (Student’s t-test).

2.3 [EIFTITEL 2 > GmMWRKY33B EEZEZE  WULHK 2 > GmWRKY33B JL A X SMV HiTPERYSL
FRARKE X SMV Byt I, K SMV-N-GUS (5453 GUS ml &

PR TES E B[R B UER 4 ) GmMWRKY33A  SMV N ##K)4 1411 = BPMV-0 5 GmWRKY33B
B AIFEALRE AT SMV itk A TRIE  DIERFERRAE AR A b, fE =R TR 3R 3 d R it
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11 GUS Yeten, Yeto )5 i B A HH BLEIR & 1R
B, T GUS B K/ M B2 52 A/ B0z
ST, 45 R £ GmWRKY33B T Bkl #k
AR GUS BE A BLAR A K /N J e (a8
JE ¥ 2 T A AR AR (B 4), DI R B UL
B 2 4~ GMWRKY33B [r] I3 K o] g R K E
XF SMV-N-GUS Atk .
2.4 STEX GmMWRKY33B &K T flg22 55
B GmMPK3/6 HIEUETRE

Flg22 A 20§ 68 1 N i & 22 a3k

BPMV-0

500 um

140

120

100

80

T

60

40

Diameter of GUS foci (um)
—

20

BR /B, HAVE R PAMP W] 958 0 T B b 1Y
2R i 57 A P TR T SR g S

NG 1) 32 1A RT3 ) R AL MAPK (55 5%
WAR, WS ) MPK3/6 1T 38 1 Bk b WRKY
B SR LA i AR S PR 12450 Fir e o
FLWYEH Psg 5 Pst (Pseudomonas syringae pv.
tomato, DC3000) flg22 ¥ S kT GmMPK3/6
MR, A TR R SR flg22 SR
GMMPK3/6 1315 & /5 4 T GmWRKY33B,

FH 10 pmol/L I F1 Psg 14 flg22 43 Hij4b #E BPMV-0

BPMV-GmWRKY33B
BT
¥

BPMV-0

BPMV-GmWRKY33B

4 [EIFFRER 2 4> GmMWRKY33B £ FE S H K E X SMV-N-GUS HuiE (R

Figure 4 Silencing 2 GMWRKY33B 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-GmWRKY33B
plants under a microscopy. Bar=5 mm. B: Comparisons of the diameters of the SMV-N-GUS foci on the
leaves of BPMV-0 and BPMV-GMWRKY33B plants. The error bars indicate that the standard deviation
calculated by measuring at least 30 lesions (=120 lesions) in 4 independent leaves; ***: P<(0.001 (Student’s

t-test).
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Figure 5 The activation of GmMMPK3 and GmMPK6 in response to flg22 is significantly reduced in
GMWRKY33B-silenced plants. Leaf discs from the BPMV-0 and GMWRKY33B-silenced plants were
incubated on a moist filter paper for 24 h to allow recovery from wounding before being treated with
10 umol/L flg22 derived from Psg over the indicated time points. The kinase activities were detected by
Western blotting using Phosphp44/p42 MAP Erk1/2 antibody, which specifically recognizes phosphorylated
MPK3/4/6 across the kingdoms. Coomassie blue stained gel (CBS) was used as loading controls. The
Arabidopsis sample treated with flg22 for 10 min was used as a positive control.

&: 010-64807509 B<: cjb@im.ac.cn

171




172

ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

HENVD DEMY-CnliRE e Gene name Gene No. Function W-box number
e .71
B 1.5
_ ' OBPMV-0 eBPMV-GmWRKY33B
5
8 1.0}
7
O
E" ook ek
b L ek
QEJ 0.5
= sk
i)
-4

0.0
GmPTI0c GmPTI0a GmPT0! GmPTI3

6 MAERENT GmPT ERERIA A 54

Figure 6 RT-PCR and RT-qPCR analysis of the GmPT genes in response to Psg infection. The BPM V-0 and
GmWRKY33B-silenced plants were infected with Psg for 48 hours, and the RNA was subsequently isolated
from the infected leaves. RT-PCR (A) and RT-qPCR (B) were performed to monitor the expression of
prenyltransferases genes. GMEIF1b was used as an internal reference gene. The name, Glyma number,
protein function and the number of W-box presented in the promoter region for each gene are listed on the
right. The enzyme names and abbreviations encoded by the PT genes are: G2DT: Glycinol
2-dimethylallyltransferase; C4DT: Glycinol 4-dimethylallyltransferase coumestrol 4-dimethylallyltransferase;
HPT: Homogentisate phytyltransferase. ** and *** represent P<0.01 and P<0.001, respectively, by Student’s
t-tests.
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