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Study on Pathogen Resistance of OsWRKY Transcription Factor by dsRNA Interference

Method

Wu Ya-wen!'2, Xig Ke!, LiJing!, Yu Yong-hong? , Hu Guo-cheng?, Fu Ya-ping?, S1 Hua-min? , Dou Cai-hong! ,

GUO Ze-jian®' * , SUN Zong-xiu?’ *

(1College of Agriculture and Biotechnology, Zhejiang University, Hangzhou 310029 s China; ?State Key Laboratory of Rice Biology , Chi-

na National Rice Research Institute, Hangzhou 310006 , China; °Department of Plant Pathogens, China Agricultural University, Beijing

100094 , China; * Corresponding authors)

Abstract: To study the functions of the WRKY superfamily of transcription factors in rice, a hairpin dsRNA interference
vector involving in a sequence of conserved WRKY domain, constituted by about 60 amino acid residues, were constructed.
The vector was transformed into the embryos of wild parent Zhonghua 11 by Agrobacterium-mediated co-cultivation method.
A total of nine transgenic lines with interference phenotypes were identified from 65 independent transgenic rice plants. PCR
and Southern blotting analysis indicated that the foreign DNA had been integrated into rice genome of Zhonghua 11, and most
of them were single copy. The three selected interference lines showed more resistant to rice blast (Magnaporthe grisea) and
bacterial blight ( Xanthomonas oryzae pv. oryzae) than WRKY T-DNA insertion mutant T456 and Zhonghua 11, and T456
was slightly more resistant to these two diseases than Zhanghua 11, suggesting that dsRNA interference was successful and it
might have suppressed some OsWRKY transcription factors which were highly associated with regulating pathogen genes.

Key words: rice (Oryza sativa); T-DNA insertion; transcription factor; RNA interference; Magnaporthe grisea; Xan-
thomonas oryzae pv. oryzae

B E. hTHRMEY WRKY 2R RGN FEFAEKS O, WE TS WRKY RFLEHIEN dSRNA Rk
WFBERE, ARFEN FEEFERKBEPELILBH ONETHPREMKA. PCR M Southern R K I dsRNA B ¥
AARE I MEEAT  BEZHRHBEN, 44 T-DNA AR WRKY 2 A T456, IR THPH 3 M FHERM
T456 ¥ B A E AR HE, RB 3 AT 8 S W ROKE B2 & S bui: B B3R F T456 e 11, B T456 o
76 11 B HURSE AR A A A5, R BT dsRNA F #2500 i B 7T B8 T sl il 7 3528 OsWRKY K o 51 1ol 98 18 9070 22 [ iy

BB .

X@i0. KB TDNAFA; HxEF; RNA T3 FER; BIFHRE

FES S, QU43.2; S$432,2; S511.01

YRR — R RS EE R 5 R
#L % (post-transcriptional gene silencing, PTGS),
i A UR Bk R B9 W 8% RNA (double-stranded
RNA, dsRNA) F&f# N 21~25 AR T RNA
(small interference RNA, siRNA), NSl K& Y
R4 P ) 8 mRNA B9 57 54 B %, X F PTGS
# A RNA T # (RNA interference, RNAD), RE
RNA T AW B E&E . b TeEday+
BLA ] DL 18R O s A2 M st B R 8 5 R
ST RSEAT 2 REMER, T LR UM
BARABR, WEF R AR, BN SRR 5
HI e —AE T AN,

HRRTFEEZEYRNREIREE RSP ES

XHkERIRE: A

TEHS . 1001-7216(2005)06-0489-06

KT . RIERSEHRE TH DNA 4
IR E R, T B R TR 5 LA R IR B
KBS WRKY EARXRBREH P2 —. #EHfE, &
#EIF i) WRKY Z% AR R 8t 70 4021, ek
e g 1024220, MAEFEYEEZE
Y R IA WRKY SRFFED Y, R A5 H
BEZRE. MEKZH . X—KE—HEHARR

W% B3 2005-05-30; MERRUCEI AM: 2005-08-28,

BEeWB: HEARM¥ESFTBIT A (30471122,30370139);
WL AR FES BT H (Y304210); KBAYEERESXZ
BEQHIIFHE .

E—EEEN: K973, L, EHER, ERB L
RAE.
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YA, WRKY BEMLZ FRETXE
EAPEAR LAR 2 MRFHRAR 60 M EER
M WRKY Z5#i8. £ WRKY & +E— MR
SFH) WRKYGQK L F %), 2 E#— 4 C:Hp 5%
C:HCRIEE#E B F (motif) , KZ ¥ WRKY & H
% (TY(T) TGACC/ D RA AR TR A W £

EAZSHM, WRKY BEAFEEETHR. .4

F R FREERART AW LT A E T RE
ZMIEE. AXXTEERREDRKRERS MR
S 5KBBRSA MYURR L. Wih, &S 565F.
AL, TR RE. Y RS ETR,FS
WRKY #HEEERKEZE HEMEBRERT.

HEE., KER TR FEESNEYE AR

F WRKY B, B, WRKY B—KIEHEEY
HRET. R, 7EAR b A 5555 R Sh AEBR
RMMERD .

RATAE A 45 000 1~ T-DNA A% R H R
KRS 5 A bk D) R A B B — A B B
T456, PFARTE R bR R I 0 M bk B AL O £ 2
AR KA R R R S H A R
0dEA, RERMEERRE, REEHY
bar P 4B, B Tailll PCR ARV #i% T-
DNA 75 A f 3507 51, © LB — 1~ WRKY %
RETEEEXER) 45 NCBI B E WA, &
B TS 1 etk b, M4 OsWRKYI00B], 4
LR EENIEER LR, RITWET 146
& WRKY (RSP MR A dsRNA T8k, 3454
T-DNA 225 SR BF 57 % 2 B B % A 5% 1 A
YL TR B Th BE

1 MESFH%

1.1 #E5RH

REFF AR KBEH B A RFEASIE 11(O0ry-
za sativa L. subsp. japonica), T-DNA i A\ & 75
& T456 , 3%t 5 E KR 5E BT 43t

#& pUCH-T A LB ZRHF. TagDNA T
&8 . N8 Hind Il 3 Takara 24 & 7= &h; Hy-
bond-N+ JE B i H Amersham Pharmacia; ECL
X5 &M B Amersham Bioscience /A &) ; X-Gluc
BitmEMAEY TEAR; BTA Y& B A EH
i B ENEY TRARIZN.
1.2 A&
1.2.1 dsRNA F#kk#itkes iz

FF E X Ubiquitin #E P H—1 1 kb EH A

of [ 7K B B 2 (Chinese J Rice Sci) 45 19 %45 6 #1(2005 4E 11 )

BHF EXWRKYHE MAT

R XWRKYH B £ibF

|

Bl £A4F6%RNATHRARARA

Fig. 1. Structure of RNA interference vector involving in intron.

ETFHRAIRMEERFFIF. ERERGEHRE], &
mEEFH cDNA K B 813 bp, 1% § £ Elicitin
#ES K IR72 #) cDNA XE(Em3 4 W1.5°-
TTT CCA CAC ATA AGC TAG CTC C-3’, K[
2|4 W3.5’- CCC TTC GTA CGT GGT GAT-
3, EETF pUC T 8B, BESHBERNHER
(hpt) i Basta B [H bar MG EEH Gus, BiEH
BHERCEI7]. ENETFH dsRNA TH MR
RBEMEHIE 1,

1.2.2 3Lk %

FARFEN RO E, BE SRS K Hie
8], FRRRBRITE N EHALOS, & HNE&T
B dsRNA TH REBEF AT ERFEAPE 11
HEAGEAR P, AHBALLHER (50 mg/L)
U A UM S e B A T KRR
R EN,

1.2.3 PCR R E

VBRI ER hprt AR R, EM5Y
5'-GGA GCA TAT ACG CCC GGA GT- 37, K [f]
514 5°-GTT TAT CGG CAG TTT GCA TG- 3’,
R A F R 25 pl, 3% 2.5 uL 10 X buffer,
0.8 L 2.5 mmol/L Mg?t, 0.4 pL 2.5 mmol/L
dNTPs, 0.1 pL Taq B§(1 U, ER B3I #% 0.2
gLy A DNA 1 uL, ddH20 19. 8 pL. ¥ 88 & K
FMH94C T EBAY 4 min, R 94CTFEH
30 s, 58 C Bk 30 s,72°C FZEfH 90 5,3k 35 1§
B, BJE 72°C T & 10 min. 0. 8% BUIS B KK
#l PCR 7= 4y, B A& GDS-7600(UVP) L &
Bz
1.2.4 Southern &%

SRAEGILEC WM T EERAKBREREA
DNA, HWVIES Hind [l B§YI % . AR Hpt 5]
My &KW IERES, E/SIY 5°-GGA GCA
TAT ACG CCC GGA GT- 3’, R m&8|#% 5’-GTT
TAT CGG CAG TTT GCA TG- 3’, ¥ =¥ K B
KEZ 800 bp., HEHRICK Southern %% . BB
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Amersham Bioscience 4\ 8] # ECL &3] & 156 8 4 3¢
7.
1.2.5 GUS #%¢é

GUS #:f55 MR Jefferson 10 Jype, H 1~2
cm BN AESR GUSEAHEMN 1.5 mL HL8
th, F 37 CHRERA TR 24 b, 75 % B €5
£ LEICA MZ95 8 F W%, A LEICA DC300
BELME. \
1.2.6 #RBEBBF

7k 11.T456 A1 RNA F 35 f& W21, W28, -

W34 A TLEE. B EEETHLERL
M¥REREREREN,.FERKREIHH& 3D
BB E AR E BUNR A 11-1, 8 F B OK
B 1X1054/mL, LB K AT iR, BETES
WIER[11], #FE 7 d, BRH#E IRRI B 5 &5
w2 EERERAREL,. A BRERKKRE
KM E MR B0 MR YL A 10 B,
1.2.7 avtRBiest

SRR, FTRBREY,A50%E
VR 2 A B B o4 B O R R A B A B R
¥ 1X1094/mL, EBER T4 1700 FF iR,
AR RBEYVLE 10 B, G AR By HH 8/ 10 TR LA
L UIBY MR K AR, B 21 d EEKEN
WM KRR REK E, R IRRIDZARES X A
AR PR R

2 ER540W

2.1 FHENKBRRDNBEDIN

% dsRNA FH R R 7L 11 M1 44 %
RERATEN S BB RGBS I
65 HREE AR . TIRBERERSA 9 T HZ
A BHFHHR, THEN 13.8%., Ttk
=8 5B A RKRERAE 11 M b, T ERIUVHEKE

B3 T, R#ELBHHARG PCRER

Fig. 3. PCR results of RNA interference plants in T1 generation.

12 3 45 67 8 9101 1213 14 1516 17 18 19 20 2122 23 24 25 26 2728 29 30

AR RATE REREEM. EFHE

B, B kRIS T-DNA 6 AR K T456 ML E
AR M T456 KTk (E 2),
2.2 FiHE# PCR # Southern GUS # @
BEMLPEE 12 vk iR B THRBENHEEEME
PR 8 BA T RE M ZEEMEHEST PCR RBiE,
L7k 11 KB xE BB, ROk PR XT HR, 5 R R
ETHRBAMEEEHEEKPABSTEEAT THHR
WA A T RBWHEERERTIREAT
FTHHEEME 3D, UHFWETHREK W1,
W25 . W28 . W34 . W37 ML THEEE W2 Xk
# 4T Southern 2433 (B 4), 45 R FEHH, W21, W25,
W28, W37 Fi1 T456 #RA 2238155 » W B4 T 5 %t IR
W2RBFARMPE NN BEEXEFES. BRAEN
dsRNAFJREEBAAKBREEAAPHEFLTER.
gy W21, W25, W28, T456 ¥ M4 A, W37
hEH N HEA, W21 fi W25 A BB dH A [f — L &
WHBERAHEBREANEXRFES  HEGUSK

{0y el s

eI
Zhonghua 11

W21 W28 W34 T456

B2 T, AKTFH#%. T456 b it 11 HRHRBEAR
Fig. 2. Phenotypic performance of RNA interference plants in

T generation, T456 and their wild parent Zhonghua 11.

bﬁﬁ-i

Ll B e 800 bp

1— B CPHAENTBR) s 7—h 7 11(BAMEXT ) ;8 —T456; 12— W37; 13—W35; 14— W34; 15—W32; 16—W28; 17— W25; 18— W23; 19

—W22; 20—W21; 30— FHAXNRB., HA¥WIXTHRENHEERARFN.

Lane 1, Plasmid (positive check) ; Lane 7, Zhonghua 11 (negative check); Lane 8,T456; Lane 12, W37; Lane 13, W35; Lane 14, W34;
Lane 15, W32; Lane 16, W28; Lane 17, W25; Lane 18, W23; Lane 19, W22; Lane 20, W21; Lane 30, Control check; Other lanes are trans-

genic plants without interference phenotypes.
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W37 W34 W28 W25 W21 W2 ZHII T456

B4 TR dsRNA FH sk R LA F LK Southern
M

Fig. 4. Southern analysis of dsRNA interference plants in T
generation, T456 and Zhonghua 11.

W37,W34, W28, W25 fil W21 % T /A RNA FTHHAREMER

B W2 25 T8 RNA T3 8 B R B A 5 008 bk (B0 5D
ZH11 R RS 11(B ¥E %3 B8) ; T456 J§ T-DNA R4, AY
B h Hindll .

W37, W34, W28, W25 and W21 represent RNA interference
plants; W2 represents transgenic plant without RNA interference
phenotype; ZH11, Zhonghua 11 (wild plant). The restriction endo-

nuclease is Hind .

T456 w21 w28

W34 ZH11

il

B6 #ERENE ISRNA FHHEZHLRER
Fig. 6. Resistance result of dsRNA interference plants to rice

blast.

HBREHATRE, RIBR B EMEERBS R
e R Bk, T X B T456 REegidfa (B 5), B 1
HRE5 W21 W28 ETWHEEMBEREE 2, ik
WA N E RNA T 85k, #E 0 7T 86 &9 )5 B 2 0
BERXRRBAEKERRRPERH. W37 A FH
BRRFBORBEBME R 20~30 cm) I AR L 504
JREm&AE E#E—H R
2.3 dsRNA THH/RRMBERE

B 1 ME 6 A3 TR W21, W28,

o H K #E B % (Chinese J Rice Sci)

%19 %% 6 #§(2005 £ 11 AD

B5 T456 = W34 4§ GUS k&4 R
Fig. 5. GUS stained result of T456 and W34.

WEK Water T456 W21 W28 W34 ZH11

B7 Grri#RpE®E dSRNAFFHRZHRLREL
Fig. 7. Resistance result of dsSRNA interference plants to rice

bacterial blight.

W34 WRSE W L R F P I 11 1 T456, T456
X 11 B R G 118 6.3 % b
T8 T456 (9 4. 1 BT HHE 1. 4~2. 4 &, H &
% EF B, L] WRKY # 3 H T W g R
LR B HHE , OsWRK Y10 5 7 88 5 B R i i
B¥., FHE W28 b W21 F W34 B #UR , (B 2
RABE, RFYEATPRERYE L W21 Al
W34 BEL, SHRERIES T8 RIEKHEA LA
BE—EMEE.
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Table 1. Resistance of dsRNA interference plants to rice blast.
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g BREREK T RRE W& i
Material Longest lesion/cm No. of lesions per leaf Disease grade Resistance
#7E 11 Zhonghua 11 6.9%+2.9 8.1£2.0 6.3£1.3 S
W21 1.7£1.5 1.8+1.6 1.4%1.0 R
w28 2.0£1.0 6.6+5.2 2.4%0.5 # R
W34 2.3%2.4 2.1%2.0 1.5+1.1 #i R
T456 4.4+3.2 7.514.4 4.1+1.2 R MS
S, Susceptible; R, Resistant; MS, Moderately susceptible.
®2 RNATHHKAMAHERHHRYE
" Table 2. Resistance of dsRNA interference plants to rice bacterial blight.
Bk MR ﬁﬁ’& ﬁﬁﬁﬁ”‘&ﬂ:@] — -~
Leaf length Lesion length Percentage of lesion
Material ' Disease grade Resistance
/em /em length to leaf length /%
t7F 11 Zhonghua 11 26,27%3.15 5.0613.38 19.11+12.57 4.4%+1.8 HE MS
w21 18.0144.74 0.7240. 44 4,00+2. 30 1.240.6 #i R
w28 26.23%7.07 1.504+0. 90 5.97+3.46 1.6+0.9 #i R
W34 21.30+£4.43 0.9310.31 4.53+1.82 1.3+0.7 #i R
T456 24.25+3.23 2.68%£0.67 9.07+3.29 2.6%£1.7 i MR

S, Susceptible; R, Resistant; MS, Moderately susceptible; MR, Moderately resistant.

2.4 dsRNA THHHEMN AN RHRHRE

Xt AR S 8 dsSRNA TR RKIE
A RRGE 2,8 7), 146 11 1 T456 X [ M4
FRIRA B AR A R B4 51 R R b, T456 Mtk
b e 11 BE AR, 1M 3 TR W21, W28 A
W34 I EE AR 1.2.1.6 F1 1.3 %, R8T
HEKF, BEBHPE 1L LA HHE. W28 I
W21 f1 W34 Bg R B, HERAHE, X5 FEEH
BEMEHRAAE—, W WRKY #3RH 70
OsWRKYI0 #FHA 7§85 5 A% B MR i i 5
H. WRKY %ZEFHES5BERBIEE, L
SHAMHRAE X, RHAX—KEKEF 5 OsWRKYI0
FRBEMERBUES S THEEEMEE.

3 itie

dsRNA 7E i RBEFHYH R EERA
M, MEMEIT KB . KESHYHBHRS
FEENETHRE AFELIRFENFEFTE
REPEMHYMERA S, dsRNA THRAT
HYRREEHRAEYERIBROBRECESR
% [13~16]  Schweizer 20171 % $| A dsRNA F ¥+
RUURAZFH—NDIERFEETRERREER
REEEF BN T AR GRRNsE. el
dsRNA F# R B 5% WRKY #% FH F 8 iE Rk LR

E. RITAKRFHEN ST EHLEET WRKY RF
BH dsRNA FHRE, KB TA TS RBENHEE
HER . ZEHBERIANHRB, RATHE K
T-DNABARTERMFABERPHRERER,
A RER X HEF A REAGR. THHKLE
ARTBRBEHR, TREH TRV T RE
HEET WRKY RFEBE, EMH TR
FIEPH AR 5 OsWRKYIO0 [F ¥R B3 B, 1 X &
[FE L 7 2 T R 5K RBIRHER X, ML
bk # WRKY RIEPHBEBRRSHBHEAR
Sels19] | [E e 4L 8B T OsWRKYI0 ] fig 6 [ i)
BEUEREE. T HEEM T-DNA & A 8 KB
BER NI AN, 5 OsWRKY10 [F IR &)
HEXEFURASHR- R EBHENER.
Stoutjesdijk Z(20) f ik B RNA 1+ 8T —
FEENEIHFRPRENABEERTR, AU
REERBBERESRULE., CWEXLRIFEH, HE
HEREHMIREEEH R . XBIANERDF
WHRELEX. RIHERA, TOHUANTS
R, MAFTHERBEKRELHER ZE TIRE
R, EHARMHER, ZRBL, Bk BB mFE
BIRAMHER, 10 W28 AR, E TN RE
LERESHERNEFTHERX 4, HET GUS R s
BT, HEEIER dsSRNA B 47 H K
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BEEA S, IRHEERERNERERRTEHK
ARZEAEER.
HoEmERBBREAR — K RERE I ER,
RNAi i RF AR AN EEREN R REE LS —
X5 YR P 7R 75 B4 57 R B R 8t 3T dsRNA 43 7, —
WH LM S — M EER KRR, RAITFH A
WRKY ##H ¥R PR ERTH WRKY &5
i1 & £k Ubiquitin & F /) dsRNA T
B FRERVSERXFH T ERTFH. FA
RNA F ¥ 4t 3¢ 3 — 46 B 50 B F % 3+ dsRNA

RS, AR R FT S B X T BRSO T

B. T EZEEZENERE ST FIEE G X
EHRFH RNA THRATRTRRESHT. B
31 F X RNA FHHRARTH L5 EFZKK &R A
X4y KB 5T, ¥ 4w 5 X AR 30 7 X RNA T
AMBERGARERETELEN THEERRKL
A BITIRE. 7 5b, BT d K15 Northern J5 ¥
Rt — SR —KKHHPLERGME T, A
REWIEFEHATH .

448, RNA T30l R X 5 8 B 19 2 R T3, 0
L ZERAEA D REDENER. S
Em@ERmERENRER, AP EHFE— B
RNA FHHERE, —&hiER@ETBHRER
WIRERAB R, X & RNA THAWREF£1. B
M, b EmES TS RNA THENMKRE. E4W
EMRAHEIRERATRABEERKZRE, X
WRA LK XN T-DNA AREM RNA T3
ZRRRHARMERZ —. Hoh, —BEFATEHR
P BB R4 B AR R R A, (HE AT LA
TR R AR IR T AR R #4T RNA T 95 16 50
BE R DU 2 B AR AL, AT 32 5 % AR A 1) A A

W W4 A B 3 B S S M R B 5T B
B R h R AL MR K B AR B P K RS AT T
FEAZHFS B M £ H T 18 4 4> 917 Southern 2238
S A R R R KRB IS B,
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