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Abstract ; Transcription factor, also called sequence specific DNA binding factor, is a protein which can bind to specific
DNA sequences, and then controlling the rate of transcription from DNA to messenger RNA. By binding to either enhan-
cer or promoter regions of DNA adjacent to the genes, transcription factors can control the transcription level of the adja-
cent gene either up or down regulated. In plants, transcription factors use a variety of mechanisms for the regulation of
gene expression, when plants are in response to environmental stimuli, especially to biotic or abiotic stresses. WRKY

transcription factors are conserved in evolutional history throughout the Plant Kingdom, which play essential roles in va-
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rious physiological processes. Members of plant WRKY gene family are ancient transcription factors that function in plant
growth and development and respond to biotic and abiotic stresses. Previous studies have demonstrated that WRKY tran-
scription factors play essential roles in various physiological processes, including senescence, root development, sugar
signaling, and germination. Furthermore, WRKY transcription factors have been shown to be involved in responses to va-
rious biotic stresses caused by viruses, bacterial pathogens, fungi, abiotic stresses including drought, heat, cold, and so
on, and some signaling substances such as salicylic acid ( SA)/benzothiadiazole, jasmonic acid, gibberellin and
ABA. All members of this family contain at least one conserved DNA-binding domain with a highly conserved
WRKYGQK heptapeptide sequence. These conserved sequences have been designated as the WRKY domains, and func-
tion in W-box DNA motif (C/T)TGAC(C/T) binding activation, to regulate stress-response gene expression, which
were induced by pathogen, wound external stimuli and signal molecule. Here, this present review concentrates on the re-
cent report about function study of WRKY transcription factors, including abiotic stresses ( cold,drought,salinity) and

various biotic stresses (viruses, bacterial pathogens, fungi) , intent to elucidate how these WRKY proteins regulate the

37 %

plant defense and how they interact with each other will be hot topics for future studies.

Key words; WRKY transcription factors, stress resistance, biotic stress, abiotic stress

T [ E TE T3 TP AR AR AR W), REEUH Y
AGEA ERE D, N TGN AW I 7R K
WA AR M) R T — RV E RN AP R
AR Ak T A8 A R 9 52 2% HIL I ( Glazebrook,
2001; Lawlor, 2011) , 7 HL T &k T 545 Hha
T AEP A X 5 % 1) A BRAIL ) 24 R A A i 3
( Rushton & Somssich, 1998). M%7+ T =Y 11
& LA KR 27 RN AR IR A IS R AIE ST, N
ATHE S PR R AP RTAE A 1 2530 b A BRG Bh
R IEAEZ IR, A B R 2H oA — 0 o B PR A i
XA FEIREE AR A 5 T B i DR e SRk P D 4
A FEEE EEME I, JOF AR LU KR Y
X H P ( Riechmann et al, 2000) , ¥ HF 22
5 MR A IR 8 B e SRR R R s KT
PR E SN 2 — Bt R T LA AR ECE
(] 42t 25 5 AR AR I TT A |, o SR 45 H A ik
DAL 82 SR8 3 g 400 ) i 5 %) A DA T A A 2 )i
Xof 471 S 300 A5 AL AR 8 SN o e S PR R 22
HATRe 519 DNA SUNAL 5 F1 DNA 2553 1, 38
P LSRRG 0 57 ) D) BRI ZE A, A4 7 S 4 X A%
SERLF S X DNA 454 5lFn 55 R A s 45 AR 48
DNA Z5& B RHAE, 5% 5 15 250 9 DU LR
2K bZIP (B MESE MR A% ) \bHLH (i1 B — B2 e —
1) \WRKY .MYB ERF ( 2% Wi i [AF) Zinc finger
(PEFEEE ) (HSF( %5 % 7 ) %5 ( Riechmann et
al, 2000; Yamasaki et al, 2008) , A WRKY #%45¢
K Aea ) Arh o A 801z, IF B2 i) e ke A 1)
— KRB S R R E(E 1) .

Ishiguro & Nakamura (1994) B K M H %

(Ipomoea batatas) T3 55 H 55—~ g A% 5 0 =046
TG W-box (TTGAC J¥51) M4 4 B F Y cDNA
(SPF1) LIk, AATARAR ARG IT (de Pater et al,
1996; Wang et al, 2011; Wu et al, 2005) B3 &
(Rushton et al, 1995) 7K FF ( Berri et al, 2009; Wu
et al, 2005) Fll " FEBHH L (Wen et al, 2014 ) 544
HarEs Y WRKY 5 5% K 61 i e DL s I v 2 85 1
T 744 WRKY 5% N1, FE KR8 0 547 126 4
(Berri et al, 2009) . #4ECA B SCHRHE , WRKY
k725 T YA KK E 2 fE 2 iy
i, Ko 45 Fh 1 18 UK & f & IR K F
G338 iy LA K R W) o B o 2 55 5 B (Eulgem et
al, 2000) . [FiF, WRKY %45 N 7 fet ¥ A4 Kt 72
SR LIV iAo 7] ) §1 M 120 NS I oA B o = N
DYSEZLEI A7) SEREOR A A= N TN =
S A RAES PP R (CRATIR K BIR R E R
FL 7% IR 55 ) B A5 5 4% 8B i 4 vh A ke 4 o 4R ]
(Chen et al, 2012; Jiang & Deyholos, 2006; Li et al,
2009; Park et al, 2006; Qiu et al, 2007 ; Rushton et
al, 2010; Xie et al, 2006; Xu et al, 2006) .

1  WRKY 2% % [ F By 4 4 5 1 A
Ty e

Wit HT WRKY 356K 1 & 751, &
i BB R AE A 45 D L5 B DNA 2545 3 b 4R
AP WRKY 4595k, WRKY 4544 5k i
—BERA T 60 N E LR RSF ISR, 175 1Y
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Species Number of WRKY
Red{jgae Cyanidioschyzon merolae AR 0
SR A Ostreococcus lucimarinus gﬁ% &) %ii E 77% 2
5 Prasi ceae Ostreococcus tauri 52 7;‘% H 3
Chlorophyta %: Chlorella variabilis JNER T8 1
|| Chiorophyceae Chlamydomonas reinhardtii K 1
— - fr‘rﬁ:ijz]hycm Volvox carteri Eif:2 2
;'lo;ses Physcomitrella patens /NS REE 37
T
[ A= 'Ez;,{‘}tes Selaginella moellendorffii EoyiE| 35
Land plants SRR Oryza sativa Japonica IKFG 126
Vaseular plants BT Brachypodium distachyon ~— FE55 fl B 86
iﬁ?*ﬁ% M Sorghum bicolor mRT 93
o Zea may BV o 124
Akebia trifoliate(Thunb).koidz — A 43
Vitis vinifera ik 59
- > A 7l .
Z{iﬂ tl % Arabidopsis thaliana U 74
Bl B2y Glycine max NG | 178
Furosids I Populus trichocarpa Z#t 103

Bl 1 WRKY 3N e 54 M me b g o i
Fig. 1 Distribution of WRKY domain containing proteins in Plantae (Wen et al, 2014)

B IS, A H— X R RIR I (Cys) 5—XF
PR (His) 5RIELL N A B 5 45 B e g i (&
2), HARSFEERIN N Ui & A 7 DA X ARST 2 S
sk 3 WRKYGQK, & & WRKY 4 5% H F i hr &,
J& WRKY 548 38 i i 4% .0 7 81, 3 B4 il WRKY
S5k 5 DNA Z Al &5 & 16t SC 5 R,
WRKYGQK #%3E7E WRKY 4544 35k o 75 1% /=5 9 8 5F
P HAS S S 80 SR T 5 DNA 256 1915 Mk
gy & H 2 2K (Maeo et al, 2001; Wu et al,
2005) . Bilan, FER R IFAUK RS, — 28 WRKY F%
BT WRKY 2546 38 rb ) H 2408 K 2R | 2 1R
MR RABERG LA T AR5 UL 61 an 73 22 ok i 28 A8
TR RFREE AR, & T WRKY #55H 75
DNA #9454 71 F B ( Maeo et al, 2001; Wu et al,
2005) . WRKY Z5F3R Y C St 7 2 A3 1 Rl 2 A0 )
P 2 I 2 1 R 2 2 B i A A 1) B 4 5 44, L2
439 h . C2-H2 ( C-X4-5-C-X22-23-H-X1-H ) I C2-
HC(C-X7-C-X23-H-X1-C) , FEIE45HI 7326 fEfd
YAk el B 21 5 2 VE H ( Xie et al, 2005;
Zhang & Wang, 2005) ,

A WRKY Z5H9 50 %5 H A C B4R 1 45 1)
FRAE, — BT LA WRKY 5552100 = k2. 1
FONEMME(E 3), HH 1 28 WRKY g

Bl 2 WRKY Z5H500 4544
Fig. 2 Structure of WRKY domain  (From wikipedia)

(31 A 4ERLHFL)

TH 2 MRS WRKY Z5H9 30, BF46 458 80 C2-H2
A AL B 0 & PR NtWRKY1  IbSPF1  Pe-
WRKY1 AtZAP1 1 CsSE71 &5, i#F— £ WF o8 %
B, C uinf) WRKY S5 7E5S 1 28 WRKY 5 DNA
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Group |
| l PCWRKY1
II IbSPF1
= B0 ] Azap
~ | | NIWRKY 1
LT N NEWRKY2
[ [ | | CsSET1
Group I
[ = [E PCWRKY3
L B =N APABF2
(W | | PCWRKY4
\ [ NEWIZZ
Group Il
N | ] PCWRKY5
\ [ | NEWRKY4
N - NEWRKYS

Bl 3 WRKY 55 RS RAE ) D = AR
(Eulgem et al, 2000)
Fig. 3 Three groups of WRKY transcription factor family
(Eulgem et al, 2000)

gh At PR S SYEA, N v WRKY Z5#38501% )
REHATE A5 48, il e 5 WRKY #5¢ K+ 5 DNA
FF ST 5 55 R RN GS G R S A G T8 B e
SRR S NI S 512 K55 5 F 5 DNA
M E.Z5 A H) L 2 (Eulgem et al, 1999; Maeo et al,
2001) . 45 1L F1% M 25 WRKY #5148 H & —A4
PRSP WRKY Z5 R 3R, W& 19 2 X 7E T, 56 11
I SN (R BE TG 4540 R C2-H2 , SR 1145 TIT 28 5 5k
AT B4R 4546}y C2-HC (Eulgem et al, 2000) , H:
H L5 128 WRKY B4 5% [ F 78 WRKY K H BT i
Bl S AW (Ma, Ib e, ITd A0
Me), JF50 tLxf 25 R0, 28 1 46 Sk 711
WRKY S5 555 1 2846 5% [+ C ¥ WRKY 4544
S PP HARBI AR B 5 A, I 5 N ity A9 AR AR BEAT 5
[FEREH ] 745 1 2% WRKY % 5 A 7 5 Hbr DNA
JPHIAH B 25 & B PR 8 2 SAER M2 C i
WRKY %% #4 38 ( Eulgem et al, 2000), %5 II &
WRKY 5 55HF H & —4> WRKY 45#3, H € Jh
B 45 R JE C2-HC A, I AtWRKY38, AtWRKY54
OsWRKY7 .PcWRKY5 Fl NtWRKY5 25, W58 %W,

S M2E WRKY Fes N 7 7edt (b b i s R, 9 Had
R R A A A TR — SRR A B AR A
BERAY AR, RN & S LT 48R Y
S5 13E WRKY Fesg R F# 25 1 A W38 B 2% i
N, X BEHASE T 28 WRKY % S PR 197 A= Al e &
T3 1 A1 B30 55 W38 BT 51 2 19 ( Eulgem et al,
2000; Wu et al, 2005; Xie et al, 2005; Zhang &
Wang, 2005)? J&

2 WRKY #%x A F 5 4F £ 4 fir 2

R FE [ 3 AR L R op SN A B BR B FE AN
(AR, (A ) 75 AT 13 N AR fL i 3R 8, 7
WL INFEAEE T A Y A B AR AL P 25 R 2B A
N kAR, o WRKY % 56 FAE bl FE e 7 —
FERTEEER, Bk WRKY #52 N PR Rk
MS 5 T AHYILENR TR = G o A v A X6 L BT A g
RN AR IS R WY VF £ WRKY 75 K+
FFERZS5 75 @i AR 5005 E A Y B
BN [ ( Chen et al, 2012) , 25 B4 THAE
3 ()5 JE A W 3 AH 5G9 WRKY 56 56 (%
1) o Bl i 3l S Y B R Ry F A 2 0 R |
KL L RIS R 4L 5 B 2R B,
SEFEDCEEA T 4 LA o b B sk dL o B LS
FO TG Sl (N 25 G Ve o B S5 05k iR & A
B2 0L I S DR R IR R Dy R St T R 4 1Y
TR ATBE, i 3 A ) Fh K TS L R4
Mr, BRE 2468 T2 WRKY #3112 5 THY
Mg 17 = A 4 s ek, 0 4, 9 5 % B 100 A4S
WRKY #5¢HF 1A 61 ANk F5 5 T Rk
REAEAESI GG, 41 A FEF WRKY 5 5% 132 = 5
REEATR T AELAR X2 3 T 5 RN 3 3 A 38 i Bk 15
A% WRKY #5125 7 i 4 N 228 F ihaa
Bt 2 (Jiang et al, 2014; Kayum et al, 2014; Wang
et al, 2014) ., s 47 B 45 R L W] TaWRKY16
TaWRKY24  TaWRKY59 Fl TaWRKY61 (1) ik /K F
TE/IN 22 1 % 5 38 i B (Okay et al,
2014) , Ramamoorthy et al (2008 ) X%J 7K #F 103 4~
WRKY #5867 [FAE A P ik in (L4678 3 4R
FOTH) THREBE S, 450 Z 54 4~ WRKY
R LR AEAE NG T SiE SR, FIRE
B,k WRKY #6pH P&k e, A s Ll A
2 B, UL T WRKY 558K XA py AR 4
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Table 1  List of WRKYs involved in abiotic stress
HEH Lizk7] LI IWIRFS Jip30 264 275 3Lk
Gene Plant Method Sress type Reference
AtWRKY25.,26 .33 WARIIF B AR #h A Jiang et al, 2009;
Arabidopsis Deletion mutation Salt, oxidation, heat Li et al, 2011
AtWRKY46 N SUE SN BB Suzuki et al, 2005
Arabidopsis Overexpression Heat, osmotic stress
AtWRKY57 IR SF A GEAL P& Jiang et al, 2012
Arabidopsis Insertion mutation Drought
ABO3/AtWRKY63 WrIT [ T Ren et al, 2010
Arabidopsis Deletion mutation Drought
AIWRKY6.42.75 VB i RIE AR Wi = Devaiah et al, 2007;
Arabidopsis Overexpression, insertion mutation Lack of phosphate Chen et al, 2009
BhWRKY1 FHE FUESo ik Wang et al, 2009
Boea hygrometrica Overexpression Dehydration
CaWRKY40 A i R F # Dang et al, 2013
Capsicum Overexpression in tobacco Heat
CaWRKYs Lag ) R 7% 3 Wu et al, 2016
Camellia sinensis Transcriptomics analysis Cold, heat
CmWRKY17 Hifk SUE ST h Li et al, 2015
Chrysanthemum Over-expression Salt
FcWRKY70 i) o Rk B T5 Gong et al, 2015
Fortunella crassifolia Overexpression in tobacco Drought
GarWRKY7,104 AR i FRIA BT #h Fan et al, 2015
Gossypium aridum Overexpression in Arabidopsis Salt
GhWRKY17 LY it R FAH R T H,0, Yan et al, 2014
Cotton Overexpression in tobacco Salt, drought, H,O0,
GhWRKY25 i e L RINFN # Liu et al, 2015
Cotton Overexpression in tobacco Salt
GhWRKY34 MAE IR E R I #h Zhou et al, 2015
Cotton Overexpression in Arabidopsis Salt
GhWRKY39-1 HiAE i R F AL Shi et al, 2014
Cotton Overexpression in tobacco Salt, oxidative stress
GhWRKY41 iy o Rk B i T5 Chu et al, 2015
Cotton Overexpression in tobacco Salt, drought
GmWRKY13 2154 PN WK F R ST e TR Zhou et al, 2008
Soybean Overexpression in Arabidopsis Salt, cold, drought
GsWRKY20 PN i FRIE B T T Luo et al, 2013
Soybean Overexpression in Arabidopsis Drought
HvWRKY38 R Rk T58 Xiong et al, 2010
Barley Overexpression Drought
MusaWRKY71 TFRE pUE. 3o % 3k Bk (1,0, Shekhawat et al, 2011
Banana Overexpression Cold, salt, dehydration, H,0,
0sWRKY1.2.5 .43 K i ik TR BiEkn Berri et al, 2009;
Rice Overexpression Salt, drought, osmotic stress ~ Ramamoorthy et al, 2008
OsWRKY11 KRG FUES37 TR Wu et al, 2009
Rice Overexpression Heat, drought
0sWRKY45 K FE o R IR FNU R ST TR Qiu & Yu, 2009
Rice Overexpression in Arabidopsis Salt, drought
0sWRKY74 IR AE SUE SN PERRERYLIR Dai et al, 2016
Rice Overexpression Phosphate starvation
0sWRKY80 K FE [7Sub=y7iass Bt TR Ricachenevsky et al, 2010
Rice Tron excess induced Fe-excess, drought
PgWRKY 1 AE TSR A3 AT N Nuruzzaman et al, 2016
Panax ginseng Transcriptomics analysis Salt
SdSTHP64 Fiin FUE 5o % Huang & Duman, 2002
Bittersweet nightshade Overexpression Cold
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FEH Lizk?] WHFE 7 12 JHia 25 27 3CHik
Gene Plant Method Sress type Reference
SIWRKYs P Al ESuviy i) % Chen et al, 2015
Tomato Expression analysis Cold
TaWRKY2 .19 INFE i R IR F ARG ST % TR Niu et al, 2012
Wheat Overexpression in Arabidopsis Salt, cold, drought
TaWRKY10 INFE 1 FEI8 B B % TR H,0, Wang et al, 2013a
Wheat Overexpression in tobacco Cold, salt, drought, H,0,
TaWRKY44 /N L RIB BN R HhTR BE Wang et al, 2015
Wheat Overexpression in tobacco Salt, drought, osmotic
TaWRKY93 N iSRRI TR Qin et al, 2015
Wheat Overexpression in Arabidopsis Salt, drought, cold
TeWRKY53 it i3 SuE U Ipi e T Wei et al, 2008
Thlaspi caerulescens Overexpression in tobacco Salt, cold, drought
ThWRKY4 WIEARA i R BRI TR Zheng et al, 2013

Tamarix hispida

Overexpression in Arabidopsis

Salt, drought

Yolhaa KN E PR B R Z 4 S A ATTiE
KIA R WRKY % 5 R Hosz —Fpilran 514175
S A B[R] 32 JLRR 38 PR 55 T, 10 BH ax g
WRKY % 55 R~ 76 M) o, AS [ JE A= 49 Joip 3 7y 8 4 3k
P A — B R

B T I 4 PR 2 1) 2 8 35 Rk BRES e BT
B HAR RS WRKY 5% 1 i %
IR EIL R I s R AR AR A AR HE A
R AR A Y A B S AR T 2 FHLET . Zhou et al
(2008) # K & GmWRKY13, GmWRKY21 Hl Gm-
WRKY54 i i Rk BHU R ST, A it #2858 Gm-
WRKY21 7] L 5 bk 6 8 3 i Ho bk, o i 363k
GmWRKY54 $&5 TAH RN T 52k 3 i 2t 7, 4%
1M id ek GmWRKY 13 [0 A8 A X £k 3 i H 22 1 oy
EABHCPE RS BEAR T AR ABA B, Rk
/NFE WRKY #5551 TaWRKY2 G ¢, R
TaWRKY2 7] LLigad | STZ A1 RD29B f) 31k M ifii
PE AR R R AT R AP, TaWRKY 19 AT LLi#E
it 74 DREB2A \RD29A #i1 RD29B 2 i At bk it 3 |
PUFEMBLIERE JJ (Niu et al, 2012) . KA AL P Y
GhWRKY39-1 %% A A FCAR v n] DL i M A 1) Pi 3
FPTEALI A BE 7 (Shi et al, 2014) , [FIAE, it
FESEPREEAR , AATTRT L MFE MR i 2 1 A K i g
A B RN e B 6 R AR W 38 HLA R Pt
WRKY %5 H T, Flan, AT\ E 4 &8 s EEY
KW T Y TeWRKYS3 i 8 ik B 3 | &
I TeWRKY53 J&— N8 38 38 S niz 1) £ 3 45 R+
(Wei et al, 2008), Zheng et al (2013 ) #F 5% & L

Tt £ 55 1% ) 6 A M v 43 B9 45 B ThWRKY4 %% 5%
T, I K BT L 5 18 7 8 4200 AL il (SOD ) At
SR Bk, DT 3 I3 A 4 P 1) 8 4B o 7
At AL A, B AR R AR A TR R bt 4

3 WRKY %xHFE5RE®E

LA D T AR G A R v s D T RE RIS 5 5
TR KA AT A SCFE IR A 35 17 X D T i)
N7 118 24 L 25 T A2 A 1 O MAPK SR AH G R 1 BT
FHRHE s R DL T i R R A G A5, Ho,
WRKY %% 55 K 7~ 7E A 4 B T i e e 1 AR
HE RPN, VFZ LD A BRI B 9
WR A IS  F AR A —2E WRKY %% 5 K119
FIRKE2 KA (Ryu et al, 2006; Zhao et al,
2007) . 40, I iR 75 5 B K Rl WRKY 5% 5% 5 1
FREEIN (3R 3K 73 Hr 45 R R BT, 15 UK R WRKY
Bl SR A - ] L) 4 A 9% 5 915 TR Magnaporthe grisea 15
F3RIK A 12 4> WRKY 2K [F] B RES 9% 40 B Xan-
thomonas oryzae pv. oryzae 153 3% ik (Ryu et al,
2006) . AITFE A BUAEAR 22 -5 A4 7 100 AH G B
B IR Bl 1 PR A FH T W-box HOFFAE,
BN, VF 2 C YRS IE 2 B R G EE R I H
H1 ) SFR2 WY PePRI-1 KHEE H ) CHNSO Fil
PRI B NPR1 A5 B YR 3l 78 & A A R X
B W-box, WRKY 54430 BE WS 45T Hi Al W-box AHH.
YERT, IR, WRKY 5% 53¢ [R5 Al L a5 40 A 5
HEHEERIE 371 W-box 4G, UK T IiF T 2k
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FRak , T T IS AR 90 B9 BT B T8 &R B8 ( Rocher et
al, 2005; Turck et al, 2004; Yang et al, 1999; Yu et
al, 2001) , Fifid5 2~y fh 4 38 D 41 09 D0 7 58 1, 7F
VFZ PR R kIR T 200 R R R G s Rk TR )
WRKY #5361, %3 ERB TR WRKY % 5 A
TH TR B 7456, REOL N 5 humm ¢
{14 35 PR e TR K F T e, AT 44t v Ao %o i D T 1) 4
PET], AT R ) WRKY #% 5 H 1 3R ik i
BT, 7532 R B TR 5 % 19 352 ZE ARk LU 7 v ke IR 43
WRKY % 5% A 19 2 35 85 X 5 P g A OC 2L A an
PR1 PAL F1 PDF1.2 &5 (/AR G &, DT AT LAHE
X WRKY #5H 12 5 T HMSUN i 2 ( Chavan
& Kamble, 2013) , Kayum et al(2014) K 2/ 4 8
NTEHE WRKY 5 56 R 752 55 1 AR X 008 2 e
T Ak 76 T8 ) P, Jiang et al (2014) X 4% 4
WRKY HE[H 21K 15% 7 #7 & BLR & 1) WRKY #% 5% [H]
FRIBIKAE BB RIS 5 T e, (R A b iy
—/NEH PeWRKY89 7E i ik L H T &
IR T DA 55 AR R 0T SR BN T A e

I 1 FN 5 R 2] 5 A8 P 096 A G 1) WRKY %%
SRR F A, BHE R AT LG i T-DNA ffi A 5EDLER
TR B N A AR E— 20 M bt 9% FLER S AL AR BT 1 1Y)
SR, B WRKY % s P Pem bt # b
HEZMRE DG, G REAEY PR R YRR
AHOCEE 1 A BUS W AR DGR R A5 i 3k, D oh  BE5E
KIAEH AL WRKY B 5% K+ B Y P i 72
ikl 2 £ 38 42 A9 7E H ( Eulgem & Somssich, 2007;
Pandey & Somssich, 2009) , ] H &/ 548 1 ik %
ik ¥4 ¥k, Abbruscato et al ( 2012) & ¥ /K F4
OsWRKY22 5875 J5 (A5 A i 6] A 9597 B 5 I, AH I
TEK MR I3 35 OsWRKY22 ik R AR i i i 42
e 1 HO R B A B, BT OsWRKY22 % 5%
FAEAKFEY RIS E L e B G VE I . Mao
et al (2011) B 5% & B, AAWRKY33 7% MAPK3 Al
MAPK6 B FR fb ¥ 1% J5, A4 T MY bt & R
camalexin %33 | M T HR 15 480 g I Xo) 7 26 96 1A B Be
PE o TR 2 PRTER R AR B CaWRKYd J: A %
IRUTBRIG , A SUAR ik s 2 R DG i 11 25 DR AR U i
FHOCHE PRI R IR 7K #B B T, B CaWRKYd fig
308 o8 R 4 AP DX 3R R 2 8 DT 8 = AR R 400
P4 (Huh et al, 2012) . BR T XHRE RS BY 1E ] 755
Hh AP AR NI A AE S 2 10— 53 WRKY 565k A+
TERE R L B 174 107 225 2ok 2 e £ R 2 i A 481

T3 2o 4 BE P A 1Y) 43 B K22 WRKY %5 -1 &
IKRE R AE HYWRKY1 1 2 58 5 i 28 k &
PUBAHCE H HvGER4ce BYFRIE , AT B 845 K2 %
FH ks BP0 M (Lin et al, 2014b), Wang et al
(2013b ) BB CaWRKY58 33 7% 35 B M B A MR )i,
ST AR P47 R G 3 PR R A0S A 1 S TR 114 2
IRHERZ R T I, A CaWRKYS8 7EAE#RZ TR K G
WG R B O, &5, BE A
S5T W W s 1) 5 Y PR A OB WRKY F5 5%
W (#%2),

4 WRKY #FXHFEHEMERH

FIHATMIE, SEE TR SR WRKY #53%
FSIRSEFETER EP O 7 e ot 2l (EN i < 9SS RS 2259 N
FFEPE R BRI K e | LD Rk 1 1 45 4R B Al
Y et R U 2 5, WRKY 545 KRy £k
K2 KA, BN, FEAR R ki EdE B
S B R g 1 B TT DL SR B A9 5 S NtWRKY2 | Nit-
WRKY3 F1 NtWRKY6 A2k (Hui et al, 2003; Iza-
guirre et al, 2003 ; Skibbe et al, 2008) , [FJFEfY , Lu et
al(2011) A& B 25 05 BB v] DL K R Os-
WRKY53 F1 OsWRKY70 %3k, Ui WRKY 7% 5%
PR G T S 2L 1 2 1T RS S A 7 28 A R U
WP TN 2, Atamian et al (2012) A& BLPY
ZUAf Y SIWRKY70 76 + S0 BB J5 85 5 %
ik, DT ER SIWRKY70 H: K )5, & B0 7 U0 2R A
PR wrky70 T, Mi-1 9775 5 09 B HE M s Ul EH
Mi-1 JFifs S BT d 75 22 SIWRKY70 R (193 5,
[ #£1 , Skibbe et al (2008 ) LA & T YT BRAE # ir-
wrky3 FlI ir-wrky6 #fF 5% NaWRKY3 il NaWRKY6 fi}
ifie, WFo8 A INAEDUBRAB IR | A0 5 e 1 2 R
A S 5 B AR AR, LR 1 A o 70 ) e
AR T B A AR RR, L P NaWRKY3 1 NaWRKY6 7E
IR X AR 5 R R 10 e e A P e R R O ) R AR
. 2058 R0, ZEDTBRA R P, AR A 75
PLRRFTIR A i L R LOX2 |y ki T %, I
HAME RS F] R 7T LAYKZ NaWRKY3 Hl NaWRKY6
HE RO R T e 55 0 B AL M 16 B NaWRKY3 Al
NaWRKY6 #% 55 K 38 3of 9] 4% 5 F0 R 19 5 B, AT
Z: 5B H TR A T 10 00 BB A E 1 7 TR ok
(Skibbe et al, 2008) ., HHT, fE7KFEH, B A & B3
T—NHEESPHCEMKE WRKY 5% H T, 20t



76 O Y 37 %
&2 HUREXE WRKY #5REF
Table 2 List of WRKYs involved in disease resistance
AN LizE7)] Wik ke 275 SR
Gene Plant Method Function Reference
AWRKY3 I R SEIE I A Lippok et al, 2007;
Arabidopsis Expression level, mutantion Control phytoalexin expression Mao et al, 2011
AtWRKY62 WrgF KIBKF- A NPRI 19355 Yu et al, 2001
Arabidopsis Expression level Regulate the expression of NPR1
BcWRKY11,  #RIEMR LW IF Fibig 5 PRI PAL SRk Chavan & Kamble, 2013
53.70 Brassica carinata Expression profiles Associated with PR1, PAL expression
CaWRKY]1 B UL o A Oh et al, 2008
Capsicum Over-expression Accelerate hypersensitivity
CaWRKYd Bl R P9 PR Al HR AH KL Huh et al, 2012
Capsicum Gene silencing Regulate the PR and HR related genes
CaWRKY27 .40 B T RIRF A i o 7 R R A Dang et al, 2013;
Capsicum Overexpression in tobacco Improve the resistance to reye’ s bacteria Dang et al, 2014
CaWRKY58 B o R B R b EalSES Wang et al, 2013b
Capsicum Overexpression in tobacco Negative regulatory factor
GhWRKY15 Y3 o R B R PP T A LR Yu et al, 2012
Cotton Overexpression in tobacco Virus and fungi resistance
GhWRKY25 i i RIA B YU AT Liu et al, 2015
Cotton Overexpression in tobacco Botrytis cinerea resistance
GhWRKY39-1 L% I R B R VTR IR TR S AT 22 4% T Shi et al, 2014
Cotton Overexpression in tobacco Resistance to Reye’ s bacteria and Rhizoctonia solani
HvWRKY1 .2 KFE EIF A AT Wi HvGER4c £k Liu et al, 2014b
Barley Sweeping genetic analysis Suppress the expression of HvGER4¢
OsWRKY22 IKFE BRI 5AF G Rk R R R T APk Abbruscato et al, 2012
Rice Deletion mutation, over-expression Improve the resistance to Magnaporthe oryzae
0sWRKY53 K FE e =R LT i Chujo et al, 2009
Rice Deletion mutation Response to chitin induced
PloWRKY60 TEH AREF A PR X BN R YL E Ye et al, 2014
Populus tomentosa Overexpression in poplar Improve the resistance to Dothiorella gregaria Sacc.
PirWRKY40 it T FRIRE R T PO FRAE AT Karim et al, 2015
Populus Overexpression in Arabidopsis Necrotrophic fungi resistance
PuWRKY73 =17 T FRIRE R T YOIt B FR AR AT Duan et al, 2015
Poplar Overexpression in Arabidopsis Biotrophic pathogens resistance
PrWRKYS89 L) iSRRI 0 BB R A Pk Jiang et al, 2014
Populus Overexpression in poplar  Improve the resistance to M. brunnea f. sp. multigermtubi
SIDRW1 PR He LR POT A (ST T Liu et al, 2014a
Tomato Gene silencing Resistance to Pseudomonas syringae
*3 HERMEEREX WRKY HREF
Table 3 List of WRKYSs involved in herbivore-induced defense responses
S izk7] Wik JHia 25 E= BTN
Gene Plant Method Sress type Reference
AtWRKYS WrgF AR T8 XTI A Chen et al, 2010
Arabidopsis Mutation Improve resistanceto aphids
AIWRKY40 T ESLiE PR H S Rk Kusnierczyk et al, 2008
Arabidopsis Expression analysis Improve resistance to Brevicoryne brassicae
NtWRKY2 G Fik bt [N 372 S Hui et al, 2003;
Tobacco Expressionanalysis Induced by Manduca sexta Izaguirre et al, 2003
NtWRKY3 .6 A TR EIIESN. 9 Skibbe et al, 2008
Tobacco Gene silencing Resistance to Manduca sexta
0sWRKY53 .70 KT KIKHT IR R SRR Lu et al, 2011
Rice Expression analysis Induced by SSB larva
0sWRKY89 IKFE Uk Sy PR H T RER BTN Wang et al, 2007
Rice Over-expression Improve resistance to white-backed planthopper
SIWRKY70 [LiEawii SRR & v X WA R Bt Atamian et al, 2012
Tomato Gene silencing Improve resistance to aphids
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SR, L FE OsWRKYS9 25 T /K FE X K A K &L
FIPLHE (Wang et al, 2007) . f)a, B4 B4 1T H5r
St EtER S WRKY #5:HFagHcE (£ 3) .

5 EZ

WRKY # 5 R FAE AW ke A 1 JF 519
EREKEHGEA BV CRWEEE AN, 04
SLHEATH G , IEAFERICT WRKY Fe s+ 1yt
FAIZHRTT Ak, B FHSE R 2 e sk AR
WG B R TR Tk, AT WRKY #4 5% A
TIIRER) TR A IR, R HAN S5 TR A&
KRB R, EIE AR T AR Y XTS5 S ol 3E (%) i 7 1
o B KB, WRKY %5k A 5 MAPK Z¢HX il
SA JA SEHURAH MR A BB VIR CR, RET A fg
VA R B U PE AR G B B SR ISR A . WRKY #%
SRR FAERZHHE Y o2 — > R R I R K
MR NFEAEIRZ WRKY #5H1, B4, /AR
Z 1 WRKY % 5% H B AA7e AR BAE LR 2
B HEEEE L WRKY 5t H 1 R 3E H 2 ]
(R B UM IR G &= ], B T AR B SR I R
PRI, HE— 2 BOBFSE WRKY %% 55 K122 18] B9 AH 5.4
R4, DLtk — 2 [ B WRKY %% 5% R 116 A 4 7
= M ZEHL T AVE T B2 A e s i — A E 2y
], [R) IS WRKY 4 3% PR - 1 56 470 300 4ok it ot )
& A AR PR B 2 K N RIS
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