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T XB10®, 4 PP2C fif PR g 1) XB15P, 4 ity
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55/ 0. ML OsWRKY 89 [ 55 K M kK AE
KA, 5 W) B AR Ji LIV 2 et o J 2 40 00, 7
A 99 3 (X anthomonas oryzae PV. Oryzae, X00)~
FEHEI B (Magnaporthe grisea)SLEUR I B (R hizoctonia
solani Kithn) 12 % K 7 )5, K I OsWRKY23S,
OsWRKY45 2 OsWRKYS53 . OsWRKYS55 2 Al
OsWRKYS82 PV [ % s 7K ~F 38 I, 53 4 R I
OsWRKY 62 72 7K A8 [ Ak og Hi: 0 47 i 42 18] 18,
OsWRKY03 ™). OsWRKY13 ™. OsWRKY23 U8,
OsWRKY 5321 OsWRKY 824 52 7K ¥ I (salicylic
acid, SA). K PR (jasmonic acid, JA). = F] &
F B (methyljasmonate, MelJA) ok K Jf Bg — M
(benzothiadiazole, BTH)I1 1% S . 7E i bx A
RIE OsWRKY45 J&i» /KFER I8 AT 1 5 11
PUPES R, HIRSS T SOk P e R
K OsWRKY 71 TV%EFE DR KRG X 1 ARG 95 16 o 1
ness SEERIE OsWRKY 532 OsWRKY 80P [ %
S DRI 0 R e IR BTk

O THRIT WRKY £ I EKRE 5 £ KA Xa21
AT 10 A BT RN T Rk, BRI TR
WRKY #K 7 1 DI RERN Xa21 A F PR ALER,
AWFFEEE T 5 AN/KRE WRKY #5%K 1, % T
FESEPUAA, S B2 (Western blotting, WB)73
M T eEEm B AE KRR Xa21 S 10 7RG
PUMER NI, R P IR T, &
FU0S  (Mock) g B ) 2k, KILT WRKY 4K
T F P A S B R A O 118 2 1 B RIS 7K PR 4R

1 MR57E

1.1 KFEmrE

R AR E KT8 A 9311 4l B M 3R bk
WA 1L 24 50 10 A1 15 em) AR AR K 20 BE YT
ZAREIT . TF AR R BRI I . TP309 S AN
Xa2l FEDI ORGSRl 6F (U R 996 B8 Philippine
Race 6 (PR6)1)ET A= BY TR K (PXO099) K I 5% & [ Y.
(S), 4021 &% Xa21 HEPFHe N TP309 111 K45 1) 4l
HRRRD, XA R E PXO99 FILPTE(R)P.
1.2 B

F IR B AR PXO99 | A [ Rl 27 B st A
REWT AR IEM T e, AraxST Bk DNA
FH 5 R I R 27 3 4E 0 73 7% Ronald e fit, K
IR PXO99 TG 315 T PXO99AraxST B
PR, ZEARRIN avr BRI (I Ah 0 B
7E PSA ¥5 755 1 (0.5% 40 B &5 1 R, 2% 1 B,

0.05%/c iE 2 1R) 30C K797 48~72h Ja, FH/KH
BEA 100 A /ml, K B BY ) e g B DI ik
ATEAT, LK 2SR /KAE A4 B (mock) . A5 73
BT 0h. 2hy 8hy 1 R, 2K, 3R 5 R, 7R
FT10 KR EFHF AL (2 1 em), WEOES G
F=70°C UKFI AT
1.3 ZRBERESE

H A5 507815k 11 /KR8 3 R 41 250808 25 (htep://
rice.plantbiology.msu.edu). #FJH BEPITOPE 4K {41
TP P i, e PR B I B, TR 7K
a4t 1 2 B AT ¥t J5 FH BLASTP #4X) 7K A
& [ % FE (http://rice.plantbiology.msu.edu/analyses
search_blast.shtml)ZEAT ME—VEAT I, #f5E H AR 2 Ik
FB UG I R, 2w PRI %
A AB I AR HE T A AT B ] SE L.
1.4 BSFZ (dot blot)

WZEIK AR 2R, 10 pl sSAER R IR I %2
JIK B AE NC (1 em x 5 em) b, sUFEAARRUN 2 ul,
[F]i 5 BSA VE AR, 37°C TJ5, 4 5% BSA
] TBS-T(20 mmol/L Tris-HCl, 150 mmol/L NaCl,
0.05% Tween 20, pH 7.5) =il &4 1 h, R)547
¥ NC JEE 5 WRKY HiK(1 : 1000 #B)#% & 30 min,
F TBS-T % #050E 3 (35 min), FHHR I 41k
i (HRP)FR L EPT i —HiiF H 30 min, ] TBS-T
VEWESE 3 K(3%S5 min), FFH TBS %t 1 ¥X(5 min),
N ECL W50, OREF B A0 4f 5 7r % = b H
Xt k.
1.5 KIEEARRERN

W -70°C VRAFE KRG B 7R A T 78 20 AT B
TN T HEBUB(62.5 mmol/L Tris-HCI (pH 7.4),
10%H 3, 0.1% SDS, 2 mmol/L EDTA, 1 mmol/L
PMSF, 5% B- #itk &4WF), WRAIUK FJRCE 10 min,
ARG 12 000 r/min 4°C 250> 20 min, HL F35 R4 M
B
1.6 HRIZEDTE (WB) S HFAESHE

WB 73 #1112 5 WA S50 28 LR (4R8P, s
KA/ AT 3 9k, il ] HSP & (A 81T A I 4 Sy 25
s N2, B Gel-pro analyzer A4 X
Jeh B WB &S, tHE 3 Ik WB 55 1
BME R 7 2, PS5 AR i
1.7 WRKY miSEE R RO

M /K F& MPSS (massively parallel signature
sequencing) ¥ % (http://mpss.udel.edu/rice/)*" T 7 %k
P, vk HARIER S A5 B, #4874 MPSS
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BREE IO HE R S B 2 R T 1.
2 HERE5EHH

2.1 B¥r WRKY ERERYIEE
AWFFIEIT 5 AN 8 5 KR B AH 5 1
WRKY &R, WV 22 08 AT 42 5 7K R 1A - Al s RS

JEIRPUIER OsWRKY 13%9F1 OsWRKY45™. B3R IA
S B KRN I AS R BLIE ) OsWRKY 71%, 3R
K P K FERBIEIR BTN OsW RKY 532 R FE I 995
PAA R S AT 45 T R AR ) OsWRKY 2318, Bk
WRKY JEDR A5 Fri@2al. 401 e il %
K P A B T35 1.

Table 1 List of WRKY proteins and related information

Gene name Locus No. Group M/ku Peptide sequence
WRKY 13 0s01g54600 | 34 ENESSASAELEVP
WRKY23 0Os01g53260 | 27 AGNKEKQVMAKG
WRKY45 0s05g25770 I 34 SSDQEEVLSSLTPG
WRKY53 0s05g27730 Ia 51 AATPENSSVTFGDD
WRKY71 0s02g08440 | 37 VEEDFFHQQPLKKDP

22 MAKFIESHRMETE

AT PRAEGTAR 45 S, 1] BEPITOPE #k f:
TR A PR IE R, BARREIIE 1. T
KX 46 2 IRAE KR A BE LA 20 e 4 v g i — 4, X
K Hl BLASTP & 4 % 7K % #& 11 51 J (http:/rice.
plantbiology.msu.edu/analyses_search_blast.shtml)
170007, GURERW], X1 Z IR AR AL B F
FI B AR M. A T — % Bk iR
2 RRAENC B, ] WRKY $i4A#E1T Dot blot
iU PO = S e BRI < E AR E N E 2 RV S VA
M2k, 5 HA 2 IR B A A8 SR

Peptide
BSA 13 23 45 53 71

Anti-WRKY13

Anti-WRKY23

Anti-WRKY45

Anti-WRKY53

Anti-WRKY71

Fig. 1 Validation of antibody specificity by dot blot
Peptides were dissolved in ddH,O, spot 2 wl of peptides samples onto
the NC membrane at the specified position. Incubate with antiserum
as indicated at the left each panel (1 : 1 000 dilution) in BSA/TBS-T for
30 min at RT. Incubate with ECL reagent for 1 min and detected by
image station. BSA was used as negative control and the peptides used

for detection are indicated at the top.

23 WRKY EB#AEKEMHREKIEPHRIE
VR

BUKFEE W1, 24 5. 10 AT 15 cm) #1358 A1
SYEEI. BRI ARSI SR R e, SR
BEAN, H WRKY 4R PR REAT WB
W, 5 2 froas. OsWRKY13. OsWRKY23
HT OsWRKY71 [#) WB 2 B35 5 L o — 4y sl
DT IR 27, AR AR T AR AIE 32 R TR 7 B I AL
%, BEM 94K WRKY 25 500 B 2 0 19
2, AR R, ARG R s AR
. OsWRKY13 5 3 s 214k, RMWH T
094 60, 40 F1 30 ku 247, OsWRKY23 £ 2
AN, RSk 60 A1 S0 ku A AT,
OsWRKY71 4210 60 ku. IXE6HE TR &
FHASE M L, LA ELS 1 J5 R AT fig
FH T KRS A4 P 1 2 11 5T DA S T 5 3R A 1R T A
TE. FEWE A & i T3S AR A I 2] OsWRK Y45 Fil
OsWRKY53 # [ I3 (Bl A Ff).
2.4 WRKY ERHETEKEMF PRYEER

MIKAE MPSS W93t T 23 pey S F o 4 BE S
A, FeF T 7 &% WRKY ZER4H
YR, AT IR DRI SAR DO R (0 LA (1] 3). ML 3
ol LUE H, FEER S BEE b, OsWRKY 53
A OsWRKY 71 AR sk /K485, OsWRKY 13+
OsWRKY23 Rl OsWRKY45 115 5% 7K P A% sl A
B RTINS A K, o0 W
ICT4r B, ROREAE A (A K 3L WRKY 4% 5%
AP Priem, XM Bkt R i e s
Kk LI A
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Fig. 2 The expression profiling of the WRKY proteins at different developmental stages of rice leaves

Total proteins were isolated from rice leaves at different developmental stages. 1, 2, 5, 10, 15 are from shoots at seedling stage of 1, 2, 5, 10 and 15 cm,

respectively. Ti is leaves at tillering stage, Bt is leaves at booting stage, Fw is leaves at flowering stage, Fi is leaves at filling stage.
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Fig. 3 Transcriptional analysis of
WRKY genes in rice leaves
# of MPSS Tag: Number of MPSS Tags per 10 million tags for each
gene collected from rice MPSS database (http://mpss.udel.edu/rice/). [J:
Seedling stage; M : Tilling stage.

2.5 KIES5SAMHFEHRMEE

TEKFE Sy BRI R T A 1T 15 RS, A
FEER B RE (8] 4). 455K B, 4021 #:F0 PXO099
o SR PR RN, B RN T 1S em,
TP309 % FF PX099 1 4021 $5 PXO99AraxST Jii
o) 5 SR P B (R N, B B A I 10 em,
Mock(4021-H,0) 5 3 A5 B S R B

- o
-

A T AL

R S1 S2  Mock

Fig. 4 Photograph of rice leaves taken at 15 days
after inoculation with Xoo
R: 4021-PX099; S1: TP309-PX099; S2: 4021-PX099AraxST; Mock:
4021-H,0.

2.6 WRKY EBREKENBMH#R RN PR
Fik

N TR HARE ATE Xa2l A FKRE - A
I3 B DUPE SN R Ik, O WB H R T AE T
93 SN AN [ 1) 55 WRKY 2R IR IEFERE(E S).
Kl 5 45 5 5o OsWRKY13 FIl OsWRKY?23 & 1%
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3K T BEAE R0 G AN [ I TR) s A m) L A2 4k, i
OsWRKY45. OsWRKYS53 #l OsWRKY71 & 1 #
b A W 5 4 B, IR L8R 1
0k = R Bl 4 A ) [a) ZE K AT T . OsWRKY45
WL 2 45, o — 4R 43 1 5 (34 ku)
T, S35 BRI K. OsWRKYS3 (1 S
gy HOLAE 22 ku &b, LE S0 2 7 5 (51 ku) 2
AN BEATER RIS B 2 MR ERERIE, B
DLt OsWRKY45 Fil OSWRKYS3 [#) ik & 52 (4

Fi 6 B 1% S 19, OsWRKY71 115 5 4 4 IR 7
60 ku /e, SJLLTII 73 1 B E (37 ku) K, HH
W kAL, TR AN 60 ku 4517 SR AR I AR K
MR TR, 160 ku bR S 4T AT RE ST
W5 A % . Ak, OsWRKY13. OsWRKY23 Al
OsWRKY71 J& T- I 28 WRKY XK J& W& i ,
OsWRKYS53 J& [ a2, OsWRKY45 J& Il 25 (£ 1),
MAHIFFE 45 Fh AR IR 1 BRIk 5 i J& 2 1R AH
KA.

“ WRKY13 WRKY23 WRKY45 WRKYS53 WRKY71
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Fig. 5 The expression profiling of WRKY proteins in the incompatible interactions between rice and Xoo

Rice leaf samples were collected at several time points after inoculation of Xoo. I~9: 0h,2h,8h,1d,2d,3d,5d,7dand 10 d, respectively.

2.7 WRKY & B E AR KiE-Xoo B 1E KN HY
Fix

H T f# WRKY & I AEKFG - A R9RE B
ErRERIE, AT 3 MEPUE R N kA F
AL WRKY 5 T #E— 200, R T e
7E P10 (R: 4021-PX099). & %5 1(S1: TP309-

0h 3d

PX099). &5 2(S2: 4021- PXO99AraxST)Fl X}
(M: 4021-H,0) ] . 3 ANFTE] 250 h, 3 KA1 S K)
MRIEFEEALE 6). MK 6 iTLLEH, KiE
MG, 53 KA S RIH R, 5HXF AL
OsWRKY45. OsWRKY53 Fl OsWRKY71 & 1 #
oo RN RAET IR S SRIE. AR
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Fig. 6 Comparison analysis of WRKY protein expression among incompatible, compatible and mock treatments
WB analyses were carried out for leaf proteins isolated from four different interactions between rice and Xoo at three time points (0 h, 3 d and 5 d) using

anti-WRKY protein-specific antibodies. Lane R, S1, S2, M indicate interactions 4021-PX099, TP309- PX099, 4021- PXO99AraxST and 4021-H,0O.
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BRI, U R S5 1) 2 1T AR AT — o —
Pk, LA R SO AT e AR 1 R TR AR AL T
JER KB RN, Ui X2 WRKY 25 [ 19421k
HAEPURRE R, M2 PUBIEAT ), XA R4
BET U AT AT TR 2 Ul . PN
S [ AH Eb A R IR S5 R X531
2.8 7K#E-Xoo EEiI12h WRKY EE IR O
MIKAE MPSS Wl T8 T /KT8 S Xoo HAEIE
P b R Sl BT 7 W 2 h 4 i WRKY
HE DR B H AR PR (B 7, 3R A7 DR SR % i JEE 1)
e il 7 AT, 5 R A KK I Sk
FAU(KE 3), OsWRKYS53 F1OsWRKY 71 [ AH X% 5%
FRPERE T, OsWRKY13 1 OsWRKY45 AT 5K /K

VIS, AH OsWRKY 23 [%s 55 ) LRI AS 21
PO BT JRADO R 3 PP BAE S N AE 3 AN IR R] 2 1)
S OL, ATLAE H OsWRKYS3 {E 3 h Fl 48 h It
) R BN R T, fE12h
S TR A5 T B, PR S AR T . Bl e
I AIAE K OsWRKY 71 7E50 BEEAET R 2T
Bt $h. XF WRKYS53 M1 WRKY 71 (/KRG -Xoo I
PR I 3 s 5 R A R IR S BT L, W
A RIVEATZ RA7AE IR0 DT, I s 6 S Al
BT 1R 2 AR v BE e Ao . oAt 3 AN A
(OsWRKY 13+ OsWRKY23 Fl OsWRKY45) %155
WA, M DA R A BAT I R ) 10 e s X1
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,;_%b
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Fig. 7 Transcriptional analysis of WRKY genes among incompatible, compatible

and mock treatments interactions between rice and Xoo
# of MPSS Tag: Number of MPSS Tags per 10 million tags for each gene collected from rice MPSS database (http://mpss.udel.edu/rice/). [1: R; W : S;

@: M.

3 it it

H OSSR IR HER I, DR T ek
1 1) 2 TR 0 e B 8 1 o ) e B A A
AWFFIEFE T 5 ANIKFE WRKY #esk K1, Hl#% T
ORI BUARR EREAT T % . 1 WB 081 T
WRKY & FI7E KRG A A LUK 5 1 H
E R REFEEAEM. 45 REWH,
OsWRKY13. OsWRKY23 #l OsWRKY71 7 M-}
ik, HBEM R AERREFEERE SR, 1L
Wi B Rk B e, 7 OsWRKY45 fil OsWRKYS3
e P R WARIE . FE KRG -Xoo B AR FEH,

OsWRKY45. OsWRKY53 F1 OsWRKY71 # (1 %
AT A, HARAG S BN HE A 5 o B IR S
16 1 B A A 2% Al I HE A . ARSI 45 B UL,
OsWRKY13 #l OsWRKY23 0] feE M- A 1E 3 A4 K
R IEMER], OsWRKY45 Fl OsWRKYS3 1] g7
AKAE - MR B EAE R e R AR, M
OsWRKY71 7& —Fp 55 T A Dhie. ASie 25 R
X T fi# WRKY #es K1 IR D Re AR 82 T 2.
HF 2B £ W WRKY 5% K176 K g % 95
JEI N R R VR . fECL%EN Xa2l 5T
(IHUR IR TOAEY, XB10 i 4i iy WRKY % 5% A
TN FEKAEZ IR M. grisea RAL)G, 45 2K
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W) WRKY JEPI A 15 NS %6 0k A2 i 35 AR
b, Hod 12 A~ WRKY FE DRI S B A [R) P2 5 b 52
2w RE B Xoo M5 2P fiBR 4 N Ta K
WRKY W 5 J& B 51 (OsWRKY62, OsWRKY2S,
OsWRKY71, OsWRKY76)R] %55 PRI10 SR FRIA
R R A B R RE RS B AR G K R I i R
W, OsWRKY 13 #7555, JFnl LA/ /K
MITRAS 5 R I JE R, 1) OsWRKY 23 5 /KT8 G
S5 B Pyricularia oryzae Cav UL} SA #bB 5, W
Wiifs FHE%, RIS OsWRKY23 WAL IFFEAK B
PR A DA 6 s 36 n, JF 4 om0 T O W IR 4l e
Pseudomanas syringe pv. tomato [P, ik
OsWRKY 71 TF1%% JE DR KRG T 1 At s Bt 384,
T HLPORAHSCIE R OsNH1 F1 OsPR1 (R R ALE
e BL DR KRS h A 3 3 5 2 ¥ OsWRKYS3 %2 SA.
MeJA FIFGIRE W5 S, B R IAH LRI X
PBZI~ PRI14~ Chitinasel~ PR5 F1 Chitinase2 13
IR AR TR, RN ORI PR A
S R R IA T B IR A 45 8 OsWRKY 45,
OsWRKY53 fil OsWRKY71 ® 125 Xa21 /T 11
PUR BRI TP IR, N8 Xa21 AHSC
Mo oc Rt TR, BAKN
OsWRKY13 F1 OsWRKY23 & FALERT 8B B H ()
RIEF LM, AXFEBEARAEREINSS
Xa2l PUF NI AT fet, DR A Ho s oy 2UnT g 2
RAATCE G B

FEDU IV o WRKY F A 1205 3 1 a2
FOA S oy BRIV, AR e VAR R AE T 5 P00 I
N — B AR A, A SR S . ) AR A A
R TP R, X ERATS PR & A oM 52
B GAAO. 0f L PRA TS R 2, ER AR
U VKRG b, AL HE WRKY 5 (3R IA7E
WIS R R I EER, 0 TR R Ak, &
Bow B>, ER T A R WRKY
AR R, T R AR B B SR e,
JEEEECOR, CFRER T RALR IR A I WRKY
T ARRHAR . R AT T HE D265 )= Y WRKY
WM F BT T N TR R 2
(1), IXEBRE ISR, AR, H RS0 K
I HR R [ BRI AR (1) AT PR AR B0 — 3 (A L —
L5 5L FiRte.

AHF ST A B WRKY (1) 5 s R 345 5 10
ORI T — MWL, et Kk fEr, o]
Kl 2] 3 4> 1 5t (OsWRKY13. OsWRKY23 il

OsWRKY71) 1) F 3575 fiy Wb 2E Kk #fg 3 m, {1
F] MPSS £l 3 OsWRKY13 Hl OsWRKY23 (1) %%
SEIKOPARMR, OsWRKY71 54 5% 32 5 76 1 1 bt A=
Kb fmem, SHEARKIAFEIEIMEIATE.
FEBUR RN, BATTRL I £ 3 > WRKY #1851
(OsWRKY45. OsWRKY53 fl OsWRKY71)% ik /K
R AE BR AR, (H I MPSS A s WK,
OsWRKY45 (1) 5 /K FARAK, 1 OsWRKYS53 Fl
OsWRKY71 46 5 =F B 5 N EaHA. BRI E,
SRR 5 R BAAHENA SO S. %
INBATHE AR I R e e (W R, IR B AR T i
HAFFL, S b, HiREEEEMETEY
[ (R AN — S0 S 1 B S 0,

WRKY #5702 — R H W D e & 1,
AWFFUE I R A 5 A WRKY & AE A K
RyrtRIA, %x TeEfsil FRIE B
GRIIA] iy RESRITA) . ARGGRR B L R A 4% 5 1
DUEASAE, 4 TIRILDhREIR L TR, |ARMA
[F) IR FEAE AT BE S T eI ThRE Sl 76 LAt
b, ATRAEE— B WRKY R AMEE, WATT
JEIIREWTIE.
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Characteristic Expression Analysis of Five WRKY Transcriptional
Factors in Rice Leaf Growth and Disease Resistance Reaction”
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(" College of Life Sciences, Agricultural University of Hebei, Baoding 071001, China;
2 Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China;
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Abstract WRKY transcription factors, one of the largest gene families in rice genome, are reported to play
important roles during disease resistance and other signaling pathways. We chose five WRKY proteins to survey
their expression profiles in the process of leaf growth and the Xa2/-mediated Xanthomonas oryzae pv. oryzae (Xoo)
resistance responses by Western blotting. The results indicated that OsWRKY 13, OsWRKY23 and OsWRKY71
were expressed increasingly with leaf growth till the flowering stage and their expression were declined slightly at
filling stage. However, the expression of OsWRKY45 and OsWRKYS53 were not detected. In the Xa21-mediated
resistance response, OsWRKY45, OsWRKY53 and OsWRKY71 proteins were induced, while the expression of
OsWRKY13 and OsWRKY23 proteins were stable. Comparison among the resistance reaction, susceptible
reaction and mock treatment revealed that the expression of OsWRKY45, OsWRKY53 and OsWRKY71 proteins
had a similar pattern between resistance and susceptible reactions. This result suggested that OsWRKY13 and
OsWRKY?23 may play roles in rice leaf growth, OsWRKY45 and OsWRKY53 may play roles in rice-Xoo
interactions and OsWRKY71 is functioning in both situations.
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