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Abstract: Maize banded leaf and sheath blight (BLSB) which is a very destructive disease, can result in a significant
yield loss and also heavily affect the quality of corn in maize production area. The expression of defense response genes

could be stimulated by SA (salicylic acid) and MeJA (methyl jasmine) in the signal transduction pathway, and regula-
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ted by members of the WRKY transcription factors family. Transcription factors WRKY family members in Maize and
WRKY family members which are related to resistance in Arabidopsis were collected from NCBI, and then polygenetic
tree was successfully constructed. According to the result of polygenetic which was conducted by using the software
CLUSTAL X and the software MEGAS.05, we concluded that the transcription factor WRKY76 was most likely involved
in maize sheath blight resistance network. Whether the transcription factor WRKY76 plays a truly important role in sigjnal
transduction path is still unknown. The materials used in this study were R15 (Resistant line) and Ye478 (Susceptible
line). R15 and Ye478 under different kinds of stress conditions were used to characterize the expression pattern of
WRKY76 gene by qRT-PCR, leaf sheath samples were collected at 0, 1, 2, 4, 6, 12 and 24 h post Rhizoctonia solani
AGI1-IA inoculation, and 0, 1, 2, 4, 6, 12 h after SA (salicylic acid) and MeJA ( methyl jasmine) stress
treatment. When leaf sheath samples were inoculated with R. solani AG1-IA at jointing stage, the WRKY76 gene expres-
sion was able to reach to the highest at 1 h post inoculation, and its expression was 20 and 32 times higher than control
in Ye478 (Susceptible line) and R15 (Resistant line) , with significant difference (P<0.05). The relative expression
decreased at 2 h post inoculation. 3 times for Ye478 ( Susceptible line) while it returned to the original level for R15
(Resistant line). The expression pattern in R15 (Resistant line) tended to increase along with treatment time increas-
ing, while it was always higher than the susceptible line Ye478 with significant difference ( P<0.05). When the maize
leaf sheath was treated with SA (salicylic acid) , the expression pattern of WRKY76 between Ye478 (Susceptible line)
and R15 (Resistant line) were almost the same level, and its expression in R15 ( Resistant line) was higher than that of
Yed78 (Susceptible line). For R15 (Resistant line) , the relative expression level of WRKY76 was 33 times at 1 h post
inoculation compared to the control, 46 times at 2 h post inoculation, and then decreasd to 2.5 time at 12 h post inocula-
tion. However, When the maize leaf sheath was treated with MeJA, Ye478 (Susceptible line) presents the downward
trend, R15 (Resistant line) shows a upward pattern according to the results of relative expression level at each treatment
time. There was no significant difference between Ye478 (Susceptible line) and R15 (Resistant line). Finally research
results of this study indicated that the WRKY76 gene expression could be induced by R. solani AG1-TA, SA (salicylic
acid) and MeJA (methyl jasmine) , and the WRKY76 might be involved in plant resistance signal transduction regulation
pathway to maize banded leaf and sheath blight.

Key words: maize banded leaf and sheath blight, transcription factor, WRKY76, qRT-PCR
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TR R L AR AR AN Tl ok = m
o X [ R 05 1 & e M AR TR R MR e 2 B
PR ABA RN AR W 3 B 38— B R ROk
E RSB R R, B K SO IR Y AR
BE, JUHLAVY pg M X 5 Ry ™ HE R X R K B A=
K KE 7R TSR ™ E AN R e (T v
45, 20045 R, 2005) , WL R
A SRESE JE T i 2 SR Pt PR iR AR TE A [A] I 25 7K
VA B A Y 5 2% BB AL N 22 ke R
MPTHEIE ., TERG R R YA I O TR R A
K M ( pathogenesis-related , PR) F& K | 21 & FH H 3
A P R G o Jo o 9 B R ) Rk | A B R R R GR
REBHI I R KR (salicylic acid, SA) J 5 #ij iR
(jasmonic acid, JA) JHHE , J0 B T b 3 PR B R 38
M) 22 B H PUPE (Spoel & Dong, 2012) , %%
T KT WRKY ZE0HR 7 B b1 REP 4% SA e JA {55
f&35% (Li et al, 2004 ; Mao et al, 2007) . 7EEZAEY)
W WRKY e IR 1 2 o0 A de )1z e RS

—REH,) ZS5lYNEER Y EREE
BElan DL Ke [ 1 J v 45 A R AE AR 2 F2 ( Eulgem et
al, 2000; Eulgem & Somssich, 2007 ) , ZEFAFE I ( Qin
et al, 2013) /KA (Baldoni et al, 2013) HHH (Li et
al, 2012) HB 46 (Sun et al, 2012) 44 h 34 A
WRKY #% 5% FIE K D) BRI el , X L A fig
PEEAE YR B T . AR ST Y WRKYa M 51 1%
HALHE WRKY28 \WRKY62 ,WRKY71 ,WRKY76 4,
XFZ A GG P A B 5% AT 3k 2308 T 38 s KR X
ﬁﬁ% (Xanthomonas oryzae pv. oryzae) E@ﬁﬁ@
(Peng et al, 2010) , AtWRKY70 JE:AtH# SA B DA%
GERIER N A EEYE B, AWRKYT0 it 3%
IKAEPE W SA A1 T BY X UK T ( Erysipheci chora-
cearum) BLPE (Li et al, 2004 ) ; A 5z, mf B 2k #00
WRKYT70 22350 25 FEARAR P 0 SA A~ F: B9 X% By
SR P (Ren et al, 2008) , XEEWFFE R, 7EHE
YIPos b7 TR 0 i A v WRKY 3[R 3 5 LA B T
R S8 i f e 3 T AR BT
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H AT, B K WRKY §% 53% [H 3 K 9l B 7
A FAEY A SR A haa v R VR (HAE oK
PLEOR IR A FE rP iR R DLRGE . ASDF9E A R 40
HEARA &S S, DL WRKYT6 g e 5L [H, 18 i
RT-PCR AR JE[E WRKY76 JEH 4K ¢DNA JF51
Ifiz S 96 E it PCR 20 BT E K 85 41 4U7E R
[ a0 2518 T R RRAE , 578 WRKYT6 3 K7 i
F MEFLZANE T RS IR, 45
T RBTBORG I 19 73 F VR L AR R S TR T B
KB BURS S D B9 B SR

1 #MrE &k

1.1 ZE ity

A CLUSTAL X # {4 X4 3R 15 2 1 5 400 R I+
HT A5G WRKY S5 L DN 25 1 04T 22 7 51 B TG
Gt HURZ T SR EC S5 R, R H] MEGAS.05 #1fF
4B 4532 ( Neighbor-Joining method ) [ Poisson =71 | i
1T Bootstraping K: 55, # 42 100 ¥, ¥E H Uniform rates
¥ S EAEAT ( Tamura et al, 2011)
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HI5C WRKY IR B 3R 50 5 A 1
Fig. 1 Polygentic tree of maize WRKY76 and
Arabidopsis pathogen resistance WRKY genes
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Mr, B 1R 1 AR 45 2H B 0 20 A3 Rl R R s A
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SR B W FFNEE AL, 256 5 A% FE B R S REE
3T, £k WRKYT6 JE K 5 L5 IF HU #H ¢ WRKY
FEPR 2 1] 5L A i 0 R R | R 22 HoAr A R TE

BOAERT b ST B 20 A0 A, IR RS L4, Horp
ZmWRKY76 54095 A1 C 1) AtWRKY18 J AtWRKY40
(Xu et al, 2006) RFK R — 140, AL EH
WRKY76 AR W] S SHEY B0 SOV T 7
1.2 M % B

AR} Ry DR A2 7 3 48 2 3 P SRS
EFRM 478 MFTLUARE A 2 & R15, #d 0U )1 A0l
KT KRB FE Bt 76 TR BT 1A 147 bl 2 Ak
B AE Y0 S N TR SR M A 2 A% T AGL-
TA, 2 T2 i (B AR S 1.2.4.6.12 .24
h B 5 AR A W38 SR 7K A R R T R R e , 7K 4
FRAb PR BE F7 S mmol - L7, 2K 1 FR Ab BRIk BE R
0.1 mmol - L SO A B (R FIAR IS 1.2,
46,12 h HUH8 | 280 AR R G A7 T-80 C A H .
1.3 & RNA $2EUK ¢DNA &5

TR B RNA $2 0% I8 TRIzol 127 A I
FEVEAT . RNA SE%EMEM T 1.0% B 5 BRI L vk K
T FH A% PR 28 (1 ACKE I RNA 9 B8 RN 4 B AR 4
RNA 9 B ff o % St AR & RNA AR RR
RNA S5 i cDNA $ B85 £ 1) /0 7] ( TaKaRa ) it
F) B Ut I AT 34, cDNA KRS R FE T-20 °C VK46
&

AHFFE T HE TR cDNA 2K H R1S ## )5
1 h I HEEZEZ0 RNA 1 S ok s T2 0 & 43 it
AR RHE R1S R 478 A< B3 15 01RO R Ak , e 48
AR —BORY ML BR, E AT ST A 22 B B AGL-TA | SA |
MeJA = Fi b 3, £ HU -5 20 20 RNA, $2 U5 1Y
RNA 38 3 BB W B8 I L VKRS, 28S 1 18S 457 T
W, oA R L4 (18] 2) , R4 RNA S8 PR RS
I IR N E 0D,/ 0D, I HLAETE 1.8 ~2.1
Z i), 3R RNA 2R, UL, Brdd RNA AT H
T e S L R o e R SRS 2 S R T

el e e L e e RS
ol e L el e e b EE

Bl 2 FORPHEE RNA LKA
Fig. 2 Agarose gel electrophoresis of maize sheath total RNA
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J¥%1, H Primer Premier 5.0 #¢31 HArFE A 1 5E R 5]
Yy A A CDS TSN (R 1) . DL
cDNA N, #E4T RT-PCR I, B 2 F U0 F
il ¢cDNA 2 pL, E TSI %4 0.6 pl,2xKOD
Buffer 10 pL.2 mmol -+ L dNTPs 4 wL . KOD FX 0.4
pL, I EH ddH,0 % 20 pL, PCR M FEF T .
94 °CTAEME 5 ming L) 94 CAEME 30 s, 56 C ik
30 5,72 CHEfH 1.5 min, JHIF 35 ¥R ;72 C FIE(H 8
min, PCR Z5H 225, B 10 wL #E 47 B 3k A I 4 B
ZESL [ PCR 7= 9 91 % $: 51] pMD©19-T # A |,
¥4k E. coli DH5«u, 7% PCR B lE BHME TRk | 3% | ifg
BERAEAHBR A FIT

1.5 WRKY76 B [E RiX$FES 17

PIEKEFILNH GAPDH B NS HEN, HIE 7
RED 7 1) F oK WRKY76 )75, 1 Premier 5.0 i1 H
FIFEH ) qRT-PCR 51491 (£ 1) . FIH Bio-Rad CFX
SERF G T PCR AW T K 4 20 2R [ B 3 4k
BT[] 80 A RE S R AT F AR RRAE 3B, R AR R A
EvaGreen©Supermix 5 pL Wiz 1 pL, FFif5 945
0.5 pL, i ddH,0 Z SRR 10 wL, S 4514k 98
°C FiAEME 2 min ;98 °C7EME 2 5,59 °C (GAPDH) 55.9
C (WRKY76) iR K FIZEAH 10 s; JEH 39 1K ;65 ~ 95
C,fEmfRI 2, I 3 NEE SRR
Bio-Rad CFX Manager ER D] gene study R IHAT

®1 SIMEREFES

Table 1 Names and sequences of primers used in this study
Bl LEEI1Y TSI I RIE
Primer Forward primer Reverse primer Function
1 AGACACACGCAGGTCATGAT TGAGGGAGATTTGGCTCTAA 55 /% Cloning
2 ACCGAGATCATCGCCTAC CTGTCCCTGCTCCTCTTC qRT-PCR
GAPDH ACTTCGGCATTGTTGAGG AAGTCGGTAGAAACCAGAT qRT-PCR

2 HERH4M

2.1 WRKY76 E£RFEHIEE

FRAE NCBI B4 2 A A 1 £ K WRKY76 mRNA
JPA BTt B AR 9 R S 5 | i 1S A 5 B4~ CDS
(1) —BF 8, #E4T PCR 734, k45— 2 K% 1 083
bp A Bt (I 3) K H g B3] pMD19-T 24k I, B %
PCR i BHPE Fafe | 36 92 4 WA BR2S /B4 T
FEPI ), fF D 2 R S5 AT Sy 8 E 4T BLAST
X, 25 5 5 A SE R 7 41 R R M TR ) T 100% , 3%
U S AR 20 )35 R H A
2.2 WRKY76 EEREFES
2.2.1 WRKY76 £ 54 247 AGL-1A Bt F 4y £ 5%
Fik  SEHPE G PCR 45 SRR W S AL 22 % T8
AGI-IA 12Ye Tk R15 FiHi 478 1 h J5, WRKYT6 fig
g SRR [ R Rk | B ek m R B i, Hoh e
BRI 478 KB R R1S ik i 4000k
YRR B 20 £5F0 32 £ B 2 h BUAIXT A EE 1 h
FHXS F R RN, I8 b R 478 FHXT Bl 3
fE2e A BURM R R1S B2 JF K 72 S5 1 4~ 24
h, 7EEGE AR, SO B UIEAE, 2 5 L BLAE 4 h
A 12 b, FERIE 24 b B AR ek 7 (] 21 K5 (1
TEPUR AR R15 o, Rk 5t B s, 135 6 h A,

WRKY76 Marker

100bp

Bl 3 HEFER (WRKY76) 54 i ok
e H B FER, AR Marker,
Fig. 3 Agarose gel electrophoresis of target gene( WRKY76)
The target gene is on the left, Marker is on the right.

AET-G2 X 8 S AR TE R R K- (B 4) . 48
T Hra R R RS UR A B RIS H @A XS
Fk 5 BRI R 478 H 25 R B T W KE
(P<0.05), H UL B WRKY76 %% 5% P 3k R AR 7
AEJE KRB PUR 22 R IR 2 —

2.2.2 WRKYT6 & SA 432 F oy 2 Fik  FEMYINY
Yl S R a, KR (salicylic acid, SA) fE
NN IR 570 3 PR A PO i O RS
SV ( hypersensitive response, HR ) Fl 2 4t 3K 45 P 1
( systemic acquired resistance, SAR) &I, ZMifi SA
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SR AZE RN IBRTE] Treatment time of AGI-1A (h)

Kl 4 WRKYT6 TESL AL 22 A% WA T HFRAE 0t
AR WAL BRI ] ARy WRKYT6 FHXS ek,
Fig. 4 Expression profile of WRKY76 under treatment
of AGI-IA X axis represents the time of treatment,

y axis represents relative expression of WRKY76.

AT DAYG A P e, o T AR WRKY76 DR 2
552 SA [, SA Kb BE R15 FE 478 J , B4 T
SPGB PCR 4307, 45 FL 3R W TR S8 b R
478 1, WRKY76 915 51 8 3 1Y b 3k, 7 Ak B
JE BT h AR X Ak i 6 BRI 33 %552 h B AR T
TR IR B R w1y 46 % B 5 FF UG T R, 12 h B AH
X ek S YERF X BRI 2.5 5K ZE U A R
W %I R A T 208 B R B 5 B A R AR B, AH X
Fe kA B BULEMNA S 4 h, EARXS 355 B AR TRk
AR 478 (I 5) o TERR AT BEh SA gt 7
T WRKY76 F:H A5
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Fig. 5 Expression profile of WRKY76 under treatment of SA

2.2.3 MeJA 422 F WRKY76 KB 64 £ % ik A
fi% (jasmonic acid, JA ) M LT GEAT A= P 4 = Fij iz H
fig ( methyl jasmonate , MeJA ) J2& /= S5 A4 vh — Fp & L
A 43, FEAEL ) 1 X JBik 38 285 A 4 5 e S vl

1.5
[ ve478
= Rr15

>
|
i

=
3
1

HEXRIEE
Relative expression

0.0 o I-1|; |“|i I-1|. |—|I._
0 1 2 4 ) 12
IKIFERALIERTE] Treatment time of SA (h)

Kl 6 WRKY76 TEAHIR H HaAb 3T 19 RaA o Hr
Fig. 6 Expression profile of WRKY76

under treatment of MeJA

FIFEBEMEER . — BV RFTRR (JA) IR
7 7560 S5 25 R S L PR i ek, B S R R T
HE TR T LGS S B M ) R N A
Koo TEARHEGE I MR 478 248 56 A R W e
(MeJA) 4b B J5 | WRKY76 & K i e 1k 48 % 2] T #0
i, WRKY76 JEIHNTE 1 h Kk N xR 0.6 £, H
b8 2 B ) 5 BEASHRAE 0.1 ~0.3 Z (8], 764k B ]
BN R R T S, e Aok R15 1,
WRKY76 3L M ik R BT s bR B,
AR AL FE 4~ 12 h B a] B P AR X 26 08 i 4
TE 18 A (ES) o Lia kM, WRKYT6 k[
ERFITRS SHME S FiEmh R T HEEN, &
JA A2 JA fE3E MYC 35, MYC 34 35 40 HE A
VSP2 ( vegetative storage protein 2) %% ik H £ i %
WRKYT6 23k, [H I, WRKY76 FE [H] 52 5] 3100 1] it 2k S
UHA &,

3 ik E &

WRKY J&—Fp 2215 5 Rk 5 R 7, 76 = 55
FE I A S AR A P 3 S A e S 4 R
ZY)Re, HEA P BRI 238 1945 55 (Dong et al,
2003 ; Pandey & Somssich, 2009) . 75 54 /iiria S
Bii T WAR 550 F WK IR SR FTTR AL 1T Y RE s
5 WRKY ()33 (Park et al, 2006) ,

WRKYT76 TEW M HUER A 28 RAEFN ST AL 22 R e
Y EA Z5 S R P i R R 7E 1 h 1Y
FEN FR 3kt TR B IO, HPEARE R1S KRR 8T = 19
FEB0E TIROG AR 478, 3% 515 S 07 TN 24 3 72
H WRKY J DK R AR SR D REARL ( Dong et al,
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Fig. 7 Regulatory effects of WRKY76 in the SA and JA pathways Arrows represent a positive regulation role; T represent inhibitory effect.

2003), TEHEF 6.12.24 h X =N HERHUI A 5 R
K HARXS B A 035 22 5, B b ek v T
AR, X 5 VpWKRY1 Fl VpWRKY2 32 I #1553
FIRMPL (=K, 2010)

IKIR (SA) A5 T 0¥ S H Wy s I AH 56 73 1At
3 ( pathogen-associated molecular patterns, PAMP ) 3
I W4 3% )2 v ( PAMP-triggered immunity , PTI) FIZL
N A 1) B % T ( effector-triggered immunity
ETI) ( Katagiri & Tsuda, 2010) f77F & K% B &
(Ryals et al, 1996; Bostock, 2005) , 4% %% )5
AR FEY 2 R S (5 500 T (MeJA T —
PR BRI Bt Uk ) AN e B8 25 11 ((defective in
inducedresistance 1, DIR1;
AZIN) E AR AN b ) B R A A
WKL G R HE BT P, BHL LR s 35 30— 20 & 4
(Spoel & Dong, 2012) , AWFFEH, FKRE(F 50T
SA KBRS, WRKYT6 S A A7 il 5 1 5 20 4 | 9 2%

azelaic acidinduced 1,

KRS AR K7 5 5 Y P SOh  By
P (Dong et al, 2003) , [AlAf X 54 p I+ Hh k£
B WRKY BERIERZ SA 191755 10 LR B 25 R AHAT
(Eulgem et al, 2000) , FWIIEEN AT REVE N SA {5
AL R E S L IZJHTW%. Rk SA {5
SRR R BRI R, B R R IE A 1 4 R Y
NPR1 ( non-expressor of pathogeneSIS—related gene 1),
MM A A% NS 30, NPR1 0T 241 B A% 9 WRKY
B IR Sh A W) ) e 28 S i ( Ulker & Somssich,
2004; Eulgem & Somssich, 2007; Rushton et al,
2010; Spoel & Dong, 2012) , 5% k5 AGI-IA 11y
AR, 38 AT SO OV

JA (R S P R A S 0 i SR A F2
S 55 ESIRNE T S (Katagiri et al, 2010) ,
F MeJA AbHE KT WRKY76 LA 1) 335 W] & 52 5]
Ml JA 555 FREUIRIEROE SA 5570 7B
TRFE AR IK (Petersen et al, 2000; Kachroo et al,
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2001) , AtWRKY70 WITE LTS SA 75 7 5L B K3k 1 [7)
B, JA B B R I8 (Li et al, 2004),
WRKYT76 Jlr BAT %) SA 5 AT JA 55 K A %r
PR HEM AT AEAE SA FI JA B 5 SHEAS A-
WRKY70 FLEY S g, B WRKY76 B A 11 #3528 %1
iR JA Wi FE ] VSP2 2 PDF1.2 ( plantdefensinl.2 )
AIZ%3K (Hu et al, 2012)

Bl T A SR TR AR T 12 B BIF 5T, Bk 4k £ 1)
WRKY AL 01 B B 2 5 T A8 W 169 9 i A G 2
N, TEFRATHIBFSE b, MeJA  SA % U Y fE s 5
WRKY76 5536 ATk, FoK R15 FIHK 478 1E4Fh
NI ARG , B3R S R 3R It BN AR H
W IESE WRKY % 562 5 50 804 9 I 458 i
2, RN 1 h 5, WRKYT6 BYAHXT ek E ik 2 e
LA AGL-TA /) 61 NI W= 2% oK i 1) 3% B2
2,578 WRKYT6 Al RES 5 T T K% I 1 1= x5 10
(R B T

HYIFEZ RIS G RN TEREE — &
FN BT R N5 5 3 A8 W B | He v fe R B 2 KA
W15 5 SRR FIRAG 5 % it . RIS
HOEE R PCR K WRKY76 A % SA 55
SR JA IS T RN R, 76 SA IR, SA 15
T HATE WRKYT6 Fik M2 #E SA i o7 5 PR () & 3k
AP BOR HEER , 7E JA AT JA [F5 3
58 MYC2 RYFIR I MYC2 5 s 21306 WRKY76
FIZeik . XS HIET T WRKYT0 P87 DIREAAL
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