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Gene expression analysis of five OsWRKY transcription
factors induced by abiotic and rice blast stresses

XU Zhan, LIN Liang-Bin"

( College of Agriculture and Biotechnology » Yunnan Agriculture University » Kunming 650201, China )

Abstract: OsWRKY transcription factors have vital function in respond to adverse environment and pathogens in rice.
In order to elucidate the regulatory role of these genes,we used Realtime-PCR to investigate expression profiles of five
OsWRKY transcription factors(OsWRKY7,0OsWRKY11,OsWRKY30,0sWRKY70 and OsWRKY89) under abiotic
stresses and pathogen challenges. The expression characteristics of hormone treatments were also investigated in or-
der to study which hormone way they were functioning through. All five OsWRKY could be induced by pathogen in-
oculation and all these genes had different rate inductions under abiotic stress. In each hormone treatment,some were
induced , others were suppressed,and still others unaffected. Five OsWRKY genes were all likely to be involved in the
infection process of rice blast stress. OsWRKY7 and OsWRKY70 might participate in the resistance to rice blast by
JA and SA in a mutually antagonistical manner; OsWRKYS89 also might be involved in it,but not through the four
hormone ways studied in this research. In the aspect of abiotic stress, OsWRKY7 might participate in drought, high

salt and extreme temperature stresses through the ABA way; OsWRKY11 had the possibility to be involved in high
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salt stress; OsWRKY30 was possible to participate in high salt and hot stresses; OsWRKY70 might be involved in

high salt,drought and extreme temperature stresses; OsWRKY89 might be involved in hot stress, but not through

the four hormone ways studied in this research.

Key words: OsWRKY transcription factor; rice blast stress; abiotic stress; real-time PCR; gene expression

AFAEA Y Gk T 5 R R FE ) 1
BOK AR 8 ) S B AR AR W DR 2R TR A O A LB
KM KFERE Z — (Jena, 2006) , BFFAKFE 5%
R AR 0 36 DA SRR I B B AR 1) 43— WL X o e
1AL 0 KRS M 0 A B AR F 2. TERLA K
BUAE A Wy Wi 38 FOHT A B A8 S5 7 o L B Si R R T
FH I HE R 55 S PR 45 G BEME . WRKY & H 2
FTEHFETHY P — 255 F W F (Somssich,
2004), WRKY FEH A 5% (T) TGACC(A/T) (W
&, W-box) #% .0 )5 51 i) DNA #f 57 45 & (Chen et
al.,2001) , E&A 18 2 > WRKY S5t % 4514
AT 60 AR AL A B N i
HIESF £ WRKYGQK, C 3 C2H2 8 C2HC
MRS, R4 WRKY 25+ 38050 B Fn % 48 LU #
T WRKY B0 3 % —HE 2 4
WRKY 25 #4358, B8 S0 00l C2H2 5 55 %6 =
e 1A WRKY 4548 38, 5 # 0 B 45 goit Xk
C2H2,J5# W & C2HC (Eulgem ez al..2000), 1
B WRKY KA 72~74 R (Eulgem et
al.,2000); K FEH A 100 A4 W B (Guo et al.,
2005), FE MM T 1 5 M5 SRk, 2
WRKY 1335 80 B 4= Yo L4045 Fl (Barth ez al.,
2003) FIZK IR (SA) R AT R (JA) S5 AH W) I R BT 5
T (Jiang et al.,2008), WRKY % 3% [N 7 2 # IF 5
Z 51 Y 0 =% B A s 11 (Brader et al.,2004)
KR KR T I (Johnson et al.,2002) , 1 H7E
PRTT B 7 A R Tk #E FE 22 ) BE (Pandey et al.,
2009), —LE/K R WRKY £ 5 HT 9% B 18 52 0 1 34
WE I OsWRKY03 (Bai er al., 2005 ), Os-
WRKY13(Ding et al.,2007),OsWRKY23(Jing ez
al.,2009), OsWRKY31 (Guo et al., 2008). Os-
WRKY45(Qiu et al.,2009), OsWRKY71 (Bai et
al., 2007) #1 OsWRKYS89 (Chen et al., 2007),
WRKY 25 FH 75 Y4095 B A8 S5 g o B 7T A A 1 37
i R A AT R 1008 4 IR - 2 55 0090 B A8 1 {5 5
1£3% (Eulgem et al.,2007),

I AE KA OsWRKY #F5%E B B4R K&,
B 2 5 4R AR Yy 38 FHCHOR R R 1 T R R A
ML R Z OsWRKY K 5 3 fig 12 K & B0 Al

UESE . B ST BT B BIF 5 1 4 O 3 H — 26 5
ILIRE) Z 1 OsWRKY % 5% [ 7. >k Fl Real-time
PCR. X H 3R ik 3% Fs R s A2 b 47 0 A o O ik — 2
FEHAL KA AR A= Yy pe vk A BT AR 0 A b i 9
DI REAR LR

1 #MBEF&E

ARG T 2010 4F 4 H % 2011 4F 6 H ZEd EFRE
2 6 7 LR 0 FAAH R ) bl B B A 3L A A o AR
1.1 K FE#F RS Fr

FHKFE H A0 48 (Oryza sativa japonica cul-
tivar-group, Nipponbare) , 5% 100 mol » m” + s,
B A 14 h/8 h,28 *C/20 “C ARXIEE 85% .,
1.2 FEEWhiB LB

MR 3~4 mE IR B . m A . IR (Y
200 mmol « L' NaCl); T 52 4b # . &y i FR K ; ¥ 4b
BRAERR B 4 C R RE R 77 s AL BH . 4 bR B B 5%
R 42 CFWERE % s AU A 40 38 . Ak ot B s 495 i
o
1.3 BME b E

3~4 MR T A FEER LI, M1 mmol -
L' K #82 (SA).100 pmol « L' 2 #i 2 /I fig (Me-
JA) 100 pmol « L' 7% 8 (ABA) .1 mmol « L' &
95 R CACC) W Jit 5 LA Z% 1 7K W5 it Ay Xof L
1.4 5 7 £ 7

FEVIE T H 2 P Al Bk 2 Be S 4t . R T 78 1 4%
Peng et al.(1988) W /7 kil % . M =T 100411945
AT B I 0.025 % Tween-20) X i I 3 7% 1 1k
TTWEZ5 3R, DL 0.025% Tween-20 W55 BT HFD
1.5 RNA 2B R X E & PCR

L RNA #Z B8 Chomeczynski ez al.(1987) Wy
AR, B 1 pg 4 DNase I LAY RNA R HE Re-
vert AidTM First Strand ¢cDNA Synthesis Kit(Fer-
mentas) JE 72 5 3+ % 5 5% OligdT 319 1 pl. 2
BESEWE 1 L, 5X Buffer 4 p L RNA FEIIHIF] 1 oL,
10 mmol + L' ANTP Mix 2 pL. 5K F 20 pL;
SN AR 42 °C 60 min, 70 C10 min; B 1 pL cD-
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NA HfE PCR #itz, HH N Z 3K Ubiquitin 5 # 17
PCR, K H: 36 35 7K P 3 W — 8Os , #1798 Ot 8 &
RT-PCR (gRT-PCR) Jx J 7 Roche Light-Cycler
480 % #% 47, Ubiquitin 5 fE N NS I, BF A 5
YR KRR 60 °C 45 MR,
EROESEIEY/R
OsWRKY7:5-GGACGAAGTCAGAGATCGAG-3'
5-CCGGTAGTAGTTCCTTGGGT -3
OsWRKY11:5-ACTCCAAGAAACCGAACAAGC-3'
5-GTCCTCGAGGTGATCAACCT-3'
OsWRKY30:5-TTTCAACCCATTTTGGGATCT -3’
5-ACTGAAGACTGAGCTCCTGGTG-3'
OsWRKY70:5-GTGGTTGTGCAGACGATGAG-3'
5-ACTTGTAGTAGCTCCTTGGGT -3’
OsWRKY89:5-GTGGCTCATATTACTGCTTCCT -3/
5-ACCCGGCTCTAATTTACATCC -3'
NEE SN GIEY P
OsUBQ5 :5-AGAAGCGCAAGAAGAAGACGTA-3'
5'-CCACCTTGTAGAACTGGAGCAC-3'
qRT-PCR X B & & 20 pL:cDNA #4R 1 pL;

10 pmol/L K& ¢ 514 0.4 pL; 2 X SYBR
Premix Ex Taq 10 pl.;ddH, 0 8.2 pnl.
1.6 B 5 53 47

F NCBI(http://ncbi.nlm.nih.gov/) A9 BlastP
THE,MZRFWEAE; A InterProScan Chttp://
www.ebi. ac. uk/InterProScan/) i il WRKY & &5
B 25 ¥4 3 s ] PSORT Chttp://psort.hge.jp/) Tl #%
VAR

2 HRH4M

2.1 ANEERFIISHT

FIH Blastp(http://ncbi.nlm.nih.gov/) {# R %
M, OsWRKY7, OsWRKY11l, OsWRKY30, Os-
WRKY70 fil OsWRKY89 5 i 5 A% i K 2 Al
Tk LR AEY I WRKY & H s H At 7 51 5 94,
BEMRA R W E 1, FH InterProScan (ht-
tp://www. ebi. ac. uk/InterProScan/) il PSORT
(http://psort.hge.jp/) X HA OsWRKY 3 [ 4 75
(4 2 1 HEAT S5 A0 RN NILS 2307 (GR 2)

£ 1 EHA OsWRKY EB SH ¥ # F 5 B RS

Table 1 Homology analysis of 5 OsWRKY proteins with other species
B kAT [SE S S A K# ok
Transcription factor Sorghum Brachypodium distachyon Barley Zea mays
OsWRKY7 XP_002440147 (71%) XP_003568011 (71%) ABI13385 (72%) NP_001148337 (73%)
OsWRKY11 XP_002455987 (68%) XP_003566905 (59%) BAJ98419 (46%) NP_001147623 (62%)
OsWRKY30 XP_002444812 (55%) CAJ26376 (56%) ABI13407 (60%) NP_001170182(57 %)
OsWRKY70 XP 002441255 (56 %) XP 003566147 (58%) BAKO7677 (60%) NP_001147820 (56 %)
OsWRKY89 XP_002445412(70%) XP_003571606(63%) ABR87003(66 %) NP_001151453(69 %)

TE e A A0 S 2 R SR S LRI LK Al OsWRKY 2 1 20 R 119 [a) I

Note: The number in the form is accession number of each gene.,with their identities with corresponding OsWRKY proteins.

& 2 EA OsWRKY FE B &5 NLS 947
Table 2 Protein structure domain and NLS analysis of 5 OsWRKY genes

TSk N T oy FhE AEHL A 4y 4 e AR 5 WRKY %% AR B
TF MW (KD) PI Group NLS WRKY motif Zinc-finger motif
WRKY7 23.17 7.14 ot ? WRKYGKK CX4CX23HXH
(221aa) Group 11 (140~146) (160~191)
WRKY11 39.86 7.06 I PNKPKKKAEK WRKYGQK CX4CX23HXH
(379aa) Group 11 (177~186) (210~216) (230~261)
WRKY30 73.26 7.76 54l HKRRK WRKYGQK CX4CX21HXH
(674aa) Group 1 (443~447) (282~288) (302~331)
(493~499) CX4CX23HXH
(513~544)
WRKY70 59.65 5.50 B PTKKKVE WRKYGQK CX4CX22HXH
(572aa) Group 1 (250~256) (224~230) (244~274)
PDSKRWR (397~403) CX4CX23HXH
(351~357) (417~448)
WRKY89 59.78 6.71 B KRRP WRKYGQK CX4CX22HXH
(550aa) Group 1 (115~118) (233~239) (253~283)
PQPKRSRII (401~407) CX4CX23HXH
(362~370) (421~453)
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Fig. 1 High salt stress treatment a. X coordinate for each
OsWRKY genes, Y coordinate for the relative transcript level; b:
The untreated is arbitrarily set to 1,the values from three independ-

ent experiments are shown as mean—+ SE. The same below.
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WRKY30 W T 55 2015 3 H % Uk 52 1 2 T 5
FE IR 8 (Liu e al..2012), 76 B 3% I8 B2 W38 45
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ey e R U 99 X 5 2055 5 s OsWRKY30 Fl Os-
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9),OsWRKY7 #%5 5, OsWRKY30 £ 8k % M 4
59175 T (5 KA X R ORI . X 5 X
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16 11 ¥ ABA iS5 OsWRKY30 Ay ik (Liu et al. .
2012), £ ACC 4 # 5 (F 10), OsWRKY7. Os-
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24 REFLETHEREER

TP 5 SOR R P, 5 bR T TR AR 95-8-36 2
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EREES - 11,/ 12), o 2 OsWRKY30 #
BEE 105 E. 5 Peng 0045 A —F (Hu et
al.,2011,2012), M5 (K 12), OsWRKY7 Al
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{H , Z J5 BESR T 1 28 5 A7 /K7, w7 B [ B A4 4 A4S
OsWRKY Z A, 4 OsWRKY30 78 F 95 9% 1 361 mig
R AR AR E B, OsWRKY11 fl OsWRKY70
7 3 FE 9 oA A 52 W 155 . 1H OsWRKY 70 £ Hi 95 #4
B RIL260 v 52 S A5 96 14 38 2075 5

3 Hib gtk

FIH InterProScan X i > OsWRKY K & H
FEB 43 M W] : OsWRKY7,OsWRKY11 Jy 5 —4H
BB, R 1A WRKY Z5#9 880, BrH8 8034 C2H2;
OsWRKY30, OsWRKY70 #il OsWRKYS82 & —
MW B, BA 2 4 WRKY 45 W8, 48 a0 K
C2H2, FIFH PSORT 4 fifd 5 43 15 0 2 B . bR Os-
WRKY7 LLAh, FREAT HA A% 8 AR 5, $ 7R ax g
FEH A A% &, R S T EAE- . Os-
WRKY7 A g5 53 SN T 9 3 A%

ZEA A 2238 1 DL R U R e R AR AE (3R 3) L 1
A= Py I ae S5 4 T R I 5 T 2 A X 5 > Os-
WRKY 5 [K )75 5 88 B2 H A AL , U0 B A ) % 3
PP 38 e AT S . R EE S A OsWRKY7,
OsWRKY11 Fl OsWRKY70 i 7% 1] G 2 5 7Kk # %f
[ ) STE R D AP ¢ S R ) B E By T N
7K RS H A S A1 B AT Hu ez al. (2011) BF5T I 75 K
11 AR, OsWRKY30 ik #5322 ABA #1H, mi
EHAE 11 AR ABA T B 58 Z1iE S$ Os-
WRKY30 #3235, IF IE ¥ T 28, H & # Y68
T2 MPK 8 [ # R AL 30E (Liu et al.,2012), Ui
Bl OsWRKY30 746 11 thiE it ABA &5+
Sl WA HAS S A K 11 A X R,
OsWRKY11 © £ Uk 52 1F 38 % 1 5 f & i e
(Kishitani et al.,2009) , 8K i N k3 H H L HAH
A BES 5 (POl 3 RRE A ol 3 . T R O A A
8 — b 30, DI BE B 38 3R GK 05 (B D F 2 78 R i
R A T, OsWRKY7 1 OsWRKY70 52 3| & I
AR IR 1 B E 5 2035 5 11 OsWRKY30 #l Os-
WRKYS82 {05z #) & i e i 5 2135 5. ik Os-
WRKY7 fl OsWRKY70 [ 1% 5 5 1 9 38 [ A o Tk
JER B G il KL € KA . 1 OsWRKY30 Al
OsWRKY89 Al fiB {2 5 i& hj i il KA. ABA /&
—MIrEs 5 TROSGHMELWHEYIEE, Os-
WRKY7 Al figif if ABA &4 FKRBX T 5.5
R FE R B HLME L B OsWRKY 70 4h , LB 452 145 %F
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& 3 A4 OsWRKY E FE 7E 0 5z 5 R 12 7, MR EMAFEYIIE THIREE

Table 3 Expression characteristics of 5 OsWRKY genes in response to

pathogen inoculation,chemical treatments and abiotic stress

Sk H T R T 5 EE i LEEh ) WMEERR
TF High salt Dry Temperature Wound Magnaporthe oryzae Hormone way
WRKY7 o) 1 A (%, (Cold,hot) rA At JAV SAA ABAY

WRKY11 o o — A 0 JAY
WRKY30 A A A (#H (Hov) A4 A4 JAA SAA ABAY
WRKY70 At o A (% .3 (Cold.hov) 0 JA Y SA4
WRK Y89 — — A (#4) (Hot) A 0 —

e A A URIRENAE S A RO A T IR

Note: “4 47 represents strong induction;“ 4 ” on behalf of the induction;* v ” on behalf of the inhibition.

FHADU A OsWRKY B A i 2 &0, i B A = A4
WRKY #5710 DL b, #E AR JA 2
Yyt 45 I Y 34 4> T (Ebneth er al.,1992), 7
ABEGE T, OsWRKY30 22 8 45 175 5. Al BEJ2& JA
WA . SR, Ui % OsWRKY7 Fl Os-
WRKY11. A fig 5 HMH R ixmA L.
FOE AT LA 5 4 OsWRKY O [a] F2 2 % 5
Wi B X8 I R A TT R S 5 RS R O W 8 B
Peng B Z5IF 52 OsWRKY30 1E ¥ 45 7K A5 % 20 4 5
FIREIER B BTPE (Hu er al..2012), TEARBFSEH H
A, OsWRKY70 52 %) 75 98 14 1015 5 308
55 12 OsWRKY70 ZEHLHR A1k RIL260 37 ]
FEOIE BT 9 B 5, 3K 1T BB TR Ry H AR I 2 — ol R
ORI B, FLAE B A W o & 5 T B8 A BB AR o A1 kL
RIL260 ARFE H 2, v] BB N 76 F 95 1A A 3 1Y i A2
WA AT RE S I 0 R T R RO TR BT B, — A
L SA FJA A S PUR AR SRR R R,
A — WS 5 6 06 A8 % 5 R 0 Bt L S o 0 5E
W25 XK B R A AR HUE BT P (Ham-
mond-Kosack ez al.,2003), FHIE # & — Fl2F 06 &
BEFRAVEE (Jin et al.,2009) JEARBIZE  , SA A fig
S OsWRKY7, OsWRKY30 fl OsWRKY70 %
SRR, JA 1 SA M EREHAEM T Os-
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