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Research progress on maize Curvularia leaf spot caused by Curvularia lunata
WANG Xin-hua, GAO lJin-xin, GAO Shi-gang, LIU Tong, LU Zhi-xiang, LI Ya-qian, CHEN Jie (School
of Agriculture and Biology, Shanghai Jiao Tong University ; Key Laboratory of Urban Agriculture, Ministry of Agriculture and
Rural Affairs; State Key Laboratory of Microbial Metabolism, SJITU, Shanghai 200240, China)

Abstract: Curvularia leaf spot of maize is an important maize disease worldwide and one of the main diseases
in maize producing areas in China. Over the past 20 years, the occurrence regularity , mechanism of pathogenici-
ty differentiation and inducing resistance as well as biocontrol technology of the disease have been studied deeply
in the world. In this paper, the biological characteristics, pathogenic factors, physiological differentiation mecha-
nism, toxin synthesis and regulation of Curvularia lunata (Wakker ) Boedijn and molecular mechanism of indu-
cing resistance against the pathogen were extensively reviewed in order to provide reference for the innovation of
control technique against curvularia leaf spot in maize.
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( Curvularia lunata) ( FEZS : Cochliobolus lunata)
JE— TP 2RI R ) A 280 A | 2 - R Y
PRI IR T, 5 R K B | o SR A | KRR
PEE CH RESh AN 2 A AT R B 5T
. Fajemisin % (1976) 5% T 6 FlR B X £
KA BRI R AR

FI IR A= K08 H S LB Lok, 25T
JRT FK B B R A R Ry
TR O AR BOR A ORI 5 R A
JoRHIO PR IR S 0 e B s
ARUPUEETHI S TAE . EATAE R EAR e R
HAR B A 2 AR S BRI R
PEREEONEHAER 7/ b & AN O S R RS RAEE L oY1
BER G S WA O SPUR M T HLE AR AT 5
Ji& 5B Bt R, DA K 25 6 - B 7 4 4 R
BT P2 |

1T WEEMFEFE

T B H A 1R A A9 A 4 2k R A P AR
AT TERAMIRFSE, Bai %% (1998) BF5E Tk A
I TR R ST T R A, & B3 98T 1
Heidi pH {E N 6~ 7, MIXHEEFE 90% LA I, feid i
KIRIE R 28°C ~30C , W 224 K5l JEE R 30C ~
32C , Fiii pH {M 5~6. Zhu 2511 (2004) HF55 T
SR A BTG A8 TE B A i | 28 BH 43 A 96 7 1 & e
I R 257C ~30°C , W22 A Kol R N 25°C ~
30°C , 5 J B X TR B B8 A A i R4, LA pH 6~ 8
ki, Li %0 (2005) #F5E T 2K A WA 1955
FES, & B A 07 0 & BGd R N 25C ~ 35T,
22 KAl IR Bl 28°C ~32°C |, R FRAAR = 0 B Ui
JETETINR, SRS R T IR, YLk
ST KA PR, S B 22 A b K e B
SN 5 Fcm B YR A 7S BB | Q0 25 B 5 20 DL NHA4*
T2 R S TE 10 ~ 38T H T LUR Y E oK
BAE 30°C B, 05 5 (090 & 0 s i, 9 1 Kk R B
PelB-107 At B R A A K R SO M & M
O, 7023 5 SO P 22 IR 2 E A O T A B 5 3K
R Z R JOA e L Li 45T (2016) K ELHT A
Z5HEAEAE 2 FhASHD &Y Mating type 1-1( MATI-1)
F1 Mating type 1-2( MAT1-2) , FT A i 37 H 254
BEERRT , MATI-1 B#k 5 40.74% ; MAT1-2 Btk 5
42.33% , 4 HRBET 111, Lin %™ (2018) & #

i G R Fe™ ik BE B H 259 B A P AU
BRI —E MW HIVERT, M P BB Y5 i A
CINPS2 SRR FE T WM TR T HE AR

2 WEBRMESTHSEE
21 SAFERGMET

K S I B s i T A TR L Sl A A B0
Mo B4, 5 20 3 0 R B AE BT 8, Yan AE0Y
(2002 ) 38 17 R B8 7 1 ) 2 B ) R OK R Y S
AFETEKHZR, BE N E R LR
Ik 135 Mol7 E28,78599-1 , # F 4 C8605,7922
477,

2.2 HmESL

Yan 5% (2000) FIHZ LM ERGEE T
KHEILT FHA A e bt e ) R e
TUAE M BB H 25 1 e LR RRAE Y 20 RREA KR, AR
HOe P25 5 MU BE RS L 2 R 6 AU
R o SO A BRSO R, A AR
LT g R ALt b e R S AR AR
2.3 HFHBIEERAR

A R B o % E BORHE /D, Ning
2502002003 ) FHHT A 259605 AR 1 R AE o o i
U SRPEG AR, RAG XS T 5 TR PR R T s R
A R RS ( APADs) |, T T8 A 251
R E . Yan' 2! (2009) 38 5 FEHLY 4 22 41
(RAPD) ¥ 22 ML F MR FE DNA /KF 175
RHr  FEEBIEES 0.4 YU 6 4, 5% £ %
W R GEARATF I 45 R — B LA R Al i PR
TR | 3P S 1R Ml Sl | U R I | 22 B SR TR R Sk
W A o AT T A ) T 2 A s i)
ARG, RGN SR B AL E S5 R 5 5L 5
FEMGE RV SR E?, Hou %7 (2013)
AL TP REIET Clg2p SRR K
Z SR I N (PCR) A 7 vk, T FH F3r H 25 4
A5 A BB 412 B A

3 mEEERET

3.1 fffs
£ i liff ( cutinase ,E.C. 3.1.1.74) J& T2 & R ik
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fitf, JE—Fh o/ B K AREES X0 B L B A SO
HAEEMEA, Lio 287 76350 7 25 1 8 5 R 41
HlfiE T 13 DR, 278 TRV, K%
BHEA — & ERSTH GYSQG %7 F 2L iy
DxVCxG[ ST] -[ LIEMF] (3)-x(3)H %%, 5k A
725 H TR ) B — 2 A ol B A SR R T

Skamnioti %™ & B A 6 B A I
Cut2 75 [ & M A S Az AR S 38 1, Cur2 2878
XK R BRI PR DRSS o T T 25 0 TR A Jo i
WA BRI |, Cleut7 WG s K78 & 5w 01 152
Wit AN 3 h e LA 2 Clow7 B %
PR, 22 AR PR B B0

3.2 ABREE[EfRES

FEYD9 R B 1R A B AL, 1 5 i 4n
Jif e 7 iE ( cell wall-degrading enzymes, CWDEs)
BEIR 27 32 40 i RES BT H 1R B AR A 45
CWDE, f 45 3 2 i ( pectinase ) , U1 2 58 2 | Wi
R (PG) R H AR ZUB IR i (PMG) 2 R
FUMERE 1R S 2078 BR B ( PGTE ) | SR B¢ HY ik g fify
(PE) M H 5L i 00 B i ( PMTE ) Fi2F 4 3 il
(Cx) % #R R B A EOR R 7,

Ni 25T RF 9T & PR B0 M 2 A5 Hk CLM-801
CLM-1648 11 Cx i1 14 i 35 3 5 , 55 800 & A b
2R CLM-2 1 CLM-393 1 Cx il 1% ¥ B i %
I, U6 I 24 22 0 s S0I M TR AR 175 S R0 B
s, Gao %™ LAk R 6 1%, KB E KD
0L BRESR AT 114 B30I 2 T 200 e B o8 At Tl 4 A7 7 I
AHOG, b 2F 2 3% B i It 1) 05 R 8 A e R AR
(C107:32.0% , WS18:72.2% ) H. 55 B Ei s P AH
KM B3 ( C107: r=0.843; W18: r=0.923),
Jiang 251V ST & R, ROK A R M BERS AR PUME R
KA ISR B )T, £F 4 B P A o
B R SR T R AN B R A v
F2 0 [ AR F 5 1R 199 B BOR MR NS Cx 1
PR TR —E KR . De YRR PG J&ik
T PO R, 7R i L TR = e AT 3 20 L BE B, PG
it 2 d5 Se B R R A il . Feng %517 #F 98 &
K5 i B T {2 G FE v, PG AT PMIG 1Y)
FEHE R Cx, PG B IE M L PMG &, Cx 136 Mk
AR ARA 3X 3 Tl 4 i B R g T B R
R R B = T OO s A, B PG XFH R E K A

R A 45 B B S T PMG I Cx, N 2507
KIS ATMT 2878 ¥k r= £ = A EUR T 1%,
{H PG 76 P i |, Cx BT PMEIA B 281k,

3.3 &=

331 HZEiLMHFLEF EikBEE Macr
FHIE BT A T K25 6 BRESR T 1Y) 355 T 4 o
2R R, Hh— a2 350 Da, 7r FHH A
FIEIH AR TEA RS, &A & FAET
VEPERE o R A ATV MR, Ly 5
L B 3R PEAT S AL, & BLFE R TE 190 nm
ABAT WAL | BT 2% 7 R AT RES = 8 B RAE
Y. Xiao ™ WFSTINR K A5 1R B 2 9 AT VA
e T O IR R R ORI B
BURHNRZ — HA—ERH EERFIERFR, HR
HA PG E HEFDCRR E P, TERR TR 2548 T T Z A |
T AN 14 B 1 B 2R BRI T /KR B, AN T =
SR BERN 2k, (R B AT B LR (L2 254 0
2009 4F Liu 55" F I 2007 s oK 25
S B TR SR P B AR PRI T R A
TR TR BB 2R, R 2% 7 2R A O — bk i 2
R, A 4 T P OBE- (5 HT k) Ik IR -2-0R TR #h
(methyl 5- ( hydroxymethyl ) furan-2-carboxylate,
M5HF2C) , 43+ F3k C.0,H, , 4314 156.1 Da,
HATE 3 A MSHF2C J& TR E LR,
St ORI B R R
3.3.2 HANBRERZLAR  ERD B
R TR 2R RS A T 1 SR AR B R B T R 2 R
B BRI e R IR 27 32 R 4 i A 5 3
HLAR BTANE | S A 324 3R 105 T =80T 3R
FES 2 HE AL B 1 A SR M S
(MDA ) i & 5 BT}, 20 A 1 1S O, HLAXFhx 2
FEHLA BRI 5 B R B Ak P (] 52 1E AH
ST, Tang %17 (2011) M 1 F oK 245 2 - BEJ
TR 2R BRI M, 45 SRR 22 200 B B 1 Ay i
AT A I AR L R FE ] 5k 100% , {H X B
R R R I BN i F R BA
AW BRI BT R T

3.4 EEE

3.4.1 Zé&FEmey BEOELRAYORIEEE A
Wi , R s R AR AR A 4 KA 0 5 A 28 0B N L 4
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JRLP o B A o T BB 2, 7 B i
BB G R, @RI ) & A% A
g1 A RN 4 Fh 2R K ZE(DHN) £
[ (DOPA) | JLZS 0 Fll y-4% 24 It i -3 , 4- X 2% —
By ( GBDH) ,

Wang %5 7] FH % B 70 3 12 $ U R 25 44
I BES R N AN R AR RERTE RSN WG X
WA W Wb, FE 2L MG L AFTE —E 22 7. Gao
A UM S A A L BRE R BT ) P S R R
ANE], M P A e R B2 DHN SR, Ak h
DOPA B, MR ARBEHIN T KM R (% 41 il B2
MERSE, FEOT R g B e, D BOR EA IR
%E[SOJ .
342 Ze&ZomAnXEEz DHNBEARWEY
BT E S AN REMN S, B8R4
( polyketide synthase ,PKS) . =FFEZ5i0J5iE (1,3,
8-tri-HN reductase , 3HNR , Brnl ) U5 3L 2558 5 filf
(1,3,6,8-tetra-HN reductase, 4HNR , Brn2) . /M
TR 5t 7K Bl ( scytalone dehydratase, SCD ) £ fiff
(laccase)® . Gao %5"™" FE U M 48 i T A v 4G )
F 16 MR ELERFIXMENA, OFE RO R G A
KA Brol ,Bro2 AN AER K B B30 it 52 41
KA H HSP70 &5, A ] T S BT A 25 4 iR Y

E VI
3.5 HREXER

3.5.1 ABEANFL RGN B EHE
) CX-3 FE 4L 4125 K/ 35.5 Mb, 175 11 234
AL b 2 R 840 5 CX-3 [
HEA 2 830 MRSFERAZRE, I 8 471 MR
F1,H 161 A% FEfil 129 4> G 8 BB SZ 44
153 NG 76 & & B R 4 /N K (235
ASBETF K i B 47 1~ ABC F1 252 4~ MFS # iz &
H 146 > P450,36 U E 4L 3E R, S
1 904 M T -2F £ BAEARCIE I Forp 4 127 4>
G 70 B K #BE 40 > ABC B4z M |
167 4~ MFS #388 F Ml 112 4~ P450 %5, CX-3 A
B 1) C—T Fl G—A BRI 12000 [t T 4
FE D A G A 2 1 A 2 B 804 A~ HLAT LA (E 5 iR
ISR 1, o 4 N 41 3 (A B 7.8%, 70 4~
FLA D) ReRliaR 00 20 W 2 11 2 2R A A e Al 5 7%
ia [ 5 S A RMBEE  A — SO fig 4 i BE 20

I K 5B A BB, AT BE-S K I B B
IR S

3.5.2 Clr-1 %  Liu %" yale 725 f - B
FEMECERE, WA T Cir-1 £ (accession:
GQ292557) AU Z 5 M= %k R B W & R
(M5HF2C) & i, W5 T @R A B ; Cli-1 .45
DU TR, i & 745 MR IERR I EH
i, HA BTB &5k ™ | i 45 by bl 2 — 4~ Ak A4
SRR IS AR ] LS oAb S st A e &2
FIFEY . Ni TR, Cl-1 FE R GRS Y
I CLT-1 @ TN, N kK Rk
B S AN, &1 24 AR 28R
s R A R A R ALV a1, RE S W i ik, 0F
— PSR, Clr-1 FEP R R P2k BRI
oy 07 = A B IR VE T, Cle-1 JE PR B
PUG, ACIH-1 RRE™A:#E % M5HF2C, H R 7% i 4,
ARV PEIREE ) SR Y A A RE S s Y

Gao ZWI5Y k¥ 5 CLT-1 HAEMIIREERE L £
B K B (ClXyn24) | K B8 2 Tk 7% T
(ClAxe43) ™ Fil 2, BE A I % 156 1 ( CTAxe56) '
15 R OB QA O JE L BR Bk ACIoyn24
AClaxe43 AClxyn24 & AClaxe43 UK 710 B T %,
BTB Z5#4J& CLT-1 55 ClXyn24 ClAxed3 HAEHY
SRR DX I 7E LUK M Ry o — B JR 8 R AR T,
AClxyn24 AClaxe43 AClxyn24 & Claxe43 5 ACIt-1
) MSHF2C B 2 A A 1 B & N, MR &2
M5HF2C # R A S CBEHET A FIN B4R A
WA D CLT-1 38 1 P8 25 A/ A BRI
WA, RN A AL Z AR 5
3.5.3 ClvelB 3 Velvet & 7 JH7 B # K E
oA KL B EPREEEEN, Gao %7
FI B RE X3S ( Y2H ) cDNA SCE & B4 VelB
M cDNA ok, il 2R B B EMER
M EAR I, 2017 4F Gao 250 M\ R K 25 1 1 B
FRE P R IR TSR] T Velver K% ClvelB F: X
(accession number: KY435512) ,DNA 41 1 011
bp, NN T, 9ih 336 PMEIELRR , LIPS LB
AR IFEM ClvelB N2 5 P8 42 25 11 18 4 A=
T M5HF2C 3 K (194 0 & 80wkt , IF B3 1w
Clt-1 W 35, WL ClvelB 3 [H ] 5 25 60 14
M5HF2C B & 7N EER T,
3.5.4 Pks AR % REBCEE KA =W
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HAE S et R A B (PKSs) i 1L A ik, Gao
A1) ST CX-3 FER P S EEE T 18 R
B A BN, Hop 12 J8 TR RN PKS, 2 5/ R A
., 2018 4F Gao %'V 75 Pks18 WU sE Y 137 it
FIR Ry HE AN 221 MIKRIKAYEE R, Kb NADPH-
A5 3R PASO IR i il L K] Cl00874 | Tt it 2 g
Cl02247 F1 L-FLIR I A ML A Cl08767 W] figj&
BAAORMBR T EFLTN,

2017 4F Gao %'V B H 24 il i v sw B O 2%
E T ClpksI8 FEH , EALE 6 571 ANHIFEXT (bp) Al
6 276 bp B FF B L HE, St 2 001 > AR
Clpksl8 FERI B R 58 AR R R I (1AL R AL, JL T3k
5T A M5SHF2C B2 Y He 1, UERH Clpksi8 3 [
MUSH1,8- 2 REBRARA M, M HikS
M5HF2C B8 G A 06, Bl | BREE (2018) #F
GER I, Phs18 B R 145 25 A0 DRURR 1 7™ 2 i Bge s 285
5 M5SHF2C 5 h 26 BL (B8 R & 3K ) o Clpksi8
SEPRAER 5 0 A 25 0 b o e rh AR AR
3.5.5 Brnl 2B Xu 2 HISE T E K LM BE
I DRLFE 2F R BERR R T B0 1 Ak R B T
IR BN A 555 BUR bR 7R B) 9 2 T R 2 5%
ST 5 R B BOR PR 4 AR A O
BRN1 & [ Fl /)N 4 6 fili J§ &0 ( SCD) , BRN1 5
DHN RO E A BGEEHE 1,3,8- =R I ZEA 5
(3HNR) AR 1 [A) EE (93.7% ) . Lanisnik Z¢'*
KIR 3Hnr Fe R B 23k 508 A 2 A0 Y R A1
A KA, 24 3Hnr AN ZIEIE 200 R B R &
A BARAER .

Liu 5% DS 00 1 5% S0 P 28 28 14 2 v 1 6
PAF RO RR, 0 B AR A U SN Bl
(578 R, FLEO 1 EU A4 780 B Ak 8 AT R
RACE F A M\ T 2K 25 7 I B P i 2 e e o —
> DHN B R G piiad f i e ili—1,3,8 =
FEILZL A i FE X Brnl ( GenBank: DQ358052) ,
4K cDNA &4 1 001 bp, JF 5 32 HE 4 K 801
bp, 4ifith 267 LR ; 76 A ARILEFN 5 5% 96 h J5 1%
BRI kA i T4 3R 24 h M 72 h i) 5
HY A RUAH LY, Brnd UUBREGACARAE 55 35 U8 W h 2%
PR, B R 0 PR AR, 7R B Bk e T R
iX, Brnl RIS 5 1,8- R IEEROENE
B, M S SR MEY A,

Gao &3 We e T Hp A B CX-3 Fl Brad JLEK %S

AR TS W Brad ik AHCIRE R 1 o X
P27 Tt 5T NADP (1% H o B 5t S0 | FF 1 i L 1l
I UTP-HI % #8-1-BE W IR T BE R B S S
PR, AEAR R T 3 R E 0 28 W T A2 AH G R
(HSP30 F1 HSP70) Flid % /b S ( CAT) 94 K,
A BT D A A v U o
Brnl 5 Cltl 12518 rh i FRB R — 2

(I, Bral ULER)G , 28 A8 M7= 4 8 K 1) g
BEAKI, Clel BEiBRIG , AR A SR RE St
ZH I
3.5.6  Scd AW /INFEARERBE K EE IR (Sed) S
A R AW A R RS Zhai 451 F K
5 H I B B Y 55 0% PE 2 fE 8 WS18 ZEbitE &
KHE R L RE A F, & B SCD1, SOD,
BRNI1 % (R A I KA T2k, Zhou %7 1
FEARR LRI S P A3  &A EAR R AR T Scdl | Sod |
Brnl 3 FiRLPR 3R S AR 1k, 7[R — AR B Bk b
scdl 5 brnl 2 FPEE R A 323k = L AL, X 1T g
5 Scdl Brnl FEPRFERSESE A4 Z DHN & i B )
SEERIE A
357 HResmmAAR RE TR KDS
LI BE S R BOR BT B R0 R, Lu
(2018) R HAWIE 8.2 7 I 8 FOK 25 f Bk
W EA 6 AR A RK G BB (NRPS) B4, 4k
BT IEE L HE R RL N CINPS6 F CIFtr] R K25
oL B P B0 A W R B B TRk
TR 7 A0 A B 22 A K TG B S R, Atk S
(20 pmol - L) J& , BU J1 W1 b 38 i (H X 5 3% ™
AT SRR, Mao 45170 (2018) BB T Tk 1
I NADPH %84k Nox1 Nox2 iF 45 25 1 B (1) 7~

it ST AR BHE MR R R AR
A FE PR SRR
358 ZéEmabEmALRAGARE TKT
L BB TR B R (MSHF2C) FlR 5 385 i 7
FHAR Z2 2L [a] B R 4% 0, 40 Cle-1 . Bml | Pks18
VelB ,Clxyn24 . Claxe43 “5 3L 1 2 5 B0 K 4 il
PAFEE [T U2 5 4w g R B 3R A B, SRR
B A A S E DA R 2R F Y, W PKS &
g, HEA AL FE WA AT, PKS R4 AR/ K
R RGE TR SRR A BUA G, B 7E
RIBE RATAYI G b B ¥ T EZAEM .
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4 EiRMHEHEXESERE
4.1 MAPK S8

MAPK & &4 T G E A FiE, & — R &
PRSFBOAE 5 Gk s g, vl LK L AME 515 2% i
W Gao 45 AR T 3 A A CX-3 4ifd &
H5SBELEEE (S, cerevisia) . 7K 7 85 7 B (M.
grisea) MAPK i i 2% CHE L, R CX-3 A7
£ 3 A5 REIE B[R] R 9 MAPK G [ G B L [A]
5 Pmkl SR [FVR Clkl 3 (Cl06419) 5 Mpsl
B FEVERY Clml 3K (CL11087) 55 Hogl F&[H[H]
TR Clhl JER ( Cl05432) 5 3647 T SE ke« Clkl 3
cDNA 4K 1.271 kb, 4ifi 352 P2 IR ; Clmli
JEH cDNA 2K 1.251 kb, 4t 416 P2 IR,
Clhl #:H cDNA 4K 2.782 kb, 4ifih 377 >4 Fk
R, PBRIRIR 2 IH, Clkl VA7 45 8 R A K
FLF B A S R TR R EE T Clml PR T
Gy AR AR | A R R R A T M RR L BE T
Clhl BRI TE T 25 13 B LB & R 6e ) | 5§
RMBARNEG L, W T 2 2 Rl e il A
BRI PE )

2018 4F Ni % ™ SiEI Z Bl A 35 MAPK f5
ST RIS RER SROREERRIK, T H
LR O M ; 38 1 RT-qPCR 43#7 & 81, 5 %P A=
B CX-3 LL#, CWEAE A FHSEIE N Mfp (Mfel ) F
Pex6 1 ACIhl & ACImI Wik B N,

RAS & ARG — T4 E B AR SR
A SRR /N GTPase, 2016 4F Liu 2507 [ B 1 57
H A7 oG RAS B Clg2P ML, 7E 7
A~ Clg2P #H B AE H & (1, X5 i 1 A5 95 9 B 1Y
MAPK #) CLF( [a]¥ T Mst11) IR E AL ( ClU-
rase ) DIAEAS 24 %€ , Clg2P i i H: Ra 45 #5455+
P£5 CLF AHE AR, 98755 B 3 M i T8 sl Ao v
Ifii Clg2P-ClUrase AH EAE T T M+ IEA, i

R M) L R S50 1

Fus3/Kss1-MAPK & 428 76 X395 B 2 B A
Gy A 7 A R B0 P A T DA B Y R AR
FI'™, 2017 4 Zhao %)% o KR BES B 5
K411 Fus3/Kss1-MAPK & 4841 B H 1T T 4
Br5 %5, M\ K 25 16 i 5 55 A %8 5 it Fus3/
Kss1-MAPK Z¢ kig 42 v 3 4S8 H g 3L A Clf,
Map2k Clkl Fl—A#iE EAKEE Clstes50, EATHR

Z 55 LMY B T
4.2 cAMP-PKA {55 i@ %

CAMP {55538 AL 5 A~ T 2R 4 . 26 1 Kl
A(Protein kinase A,PKA) I ¥ L ( Adenylyl
cyclase, AC) '™ | Gao %" 753 H 25 #1 % CX-3
JER A &I 2 4 PKA i 4k 7 3 ( CL03564 .
CL01641) ,2 5 cAMP #4205, Liu %™ )
A SRR T —4 PKA BT, 44
PKAr( GenBank Acc. KF675744) £ 8 2 A5 BEAR
SEHY cAMP 25507 S 45 M, Z KT 51K 2.9 kb,
A 1383 bp 1Y ORF, LN & F, 4ifis T 460 4%
LR, 43 F M 50.1 kDa, %58 550 5,51 7E 5 774
KW 2Rk, PKAr Fik K fem, 0% #r A
TR 22 IR KR E AR,

4.3 G %ER- PKC FS#K

F SRR AT BN EAZKE, 1 MFS
s M |G R VEEAZIR B AR 1, =
HizAE S5 S50 R 0 H WG B A R,
LAY F PASO A 7 I OB 17 7K Ak I . SR 5
W, 2 5 kB K i SO AR W R A
R R L R R R AL G A 2 SR AR C
(PKC) £ [H——PkcA Fl PkcB, HoH PkcA FikF
Bl EE R R A RER S T, B RA
Gao 25 e A #1E CX-3 JEH AP RF T 1
AF PheA &5 ETRIR Y Phe JE [, 1 JC 3 IR A B A
FEMGE

5 BEESEEXRMTAIHRFIIE

5.1 3E#AS RNA EEXRIEREMBHRFHIIER

Liu'®(2018) 237 T mi RNA 4 & F k125
6L BRE95 14 T BRI AR | 7 I S5 N 118 ] R4 Ak
FE 23 5 % 5 HY 2 004 F11 879 > mi RNA, ZbF [
XF /D 125 /> mi RNA 2 B S 1 43 miR-
NA FZ3iK5Z BN 5 EURG RN T HE 4 0 42 b 1
ZH R4 ) 4 5 H 1304 T2 199 > mi RNA | ZbFHZH
Foxf BB 2H 22 895 1> mi RNA , PTG S A2 gk T
mi RNA ik ; K ¥ K 5 HAH Y A9 mi RNA
FEIRBLA B,

5.2 TRESRFSMEIER
B R MR 75 S A 4 By A R PR 3RS 4
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AP Lin 25 98 5K i mh BEG 1 7 AL
PRI 90 A B KT AU AP S R AR
JE 035 2550 T LA S8 Al R ) SOD 17 1384
YU AP PAL A1 POD X 33 2 A9 50U E H 2 A
P, Guo %1% HIB A S AL HE Tk 58 &
4HT, KB PAL 5401 A% 0 35 2k 14 4 G, POD
Sk R IEM C, SOD 5 ik f Ak B 3 f A ¢,
Chen 25'™ B 5% & B, FiJ i Ff i PAL Al POD i
P LR i e ) 4 K 25 I SR T 200 L (E
SR AP S BURS SRR A SOD I 4 B i LU B
g (A SN (MR BN E Sl

F K25 6 B 1 Cu/Zn-SOD HE K FF %71 42
1 978 bp, Hihid 154 2B, A 3 NS T
7 F 13,193 345 bp Ak, HAS BE4R 518 377,
71.65 bp'™ | 2017 4E Gao '™ W5 T ALY
AL Bl R Sod 1E ELIERE 140 Ak AR, R8I
Sod KR 5 A BB R IWUR YL £ AH ¢, AL
FHIE /G EB 07 9 ROS LR, 1 H H A LRI 6E,
FEPUHE TR SRR AR BT A S R, sod SEIH
AR AR R sod F& RS AR 20 it BE 9% it
fii CX PG Fl PMG W AY & ., 75 WL By
B, sod F DR 3 oL 11 2R €0 25 A4 T 5 s R B 7
Ht

5.3 AERFSERMENIE

5.3.1 The6 } B  Fan 55'™(2015) il ad 4 HE G 2%
KRB W ( Trichoderma harzianum ) B3 A 28 28 & X
JE 58 R T-DNA $i A 2] — D JEF ) ORF
SFECE A (WT) BRI 2828 1K Too Z (8] 1) T g
ZE5 SEPA T (WT) FHRAR L, (04K To6 1 1K
Foft X0 T 2560 T P e B i 5 DO TRT R B B 3R
AW It 4R The6 , il 327 4~ FE MR E
F1, 4 Co BIEHEH N 1, The6 il 845 KK
FTRRA U AH CIE [, DT F5E T AT 2576 P X5 1)
Pk

5.3.2 Paf-ah AW  Yu %5 (2015) B 5 R
H WX AKELE ( Trichoderma harzianum ) BEIREE A2
FHE G 1 51 26 It /N AR PR & T K e T Ak TR
( Platelet-activating factor acetylhydrolase like gene,
paf-ah-like gene ,PAF-AH) | JF A% F ik 43 M WA H T
PAF-AH i1, Hofeds pH 0 6, BLIE MK
Ca®" 1%k R i o T ARG 8 40 L 5, HRas At 1

KBS TR X ST R 22 % B RS B TE R A R OK B
PAFAH 258 i K F R (JA) 55155 £k
X 25 f BB 1) RGP

5.3.3 Hydl B Yu %" (2016) NI KA H
TEREFAT I 2RG KR 1 hydl FEH, K %N &
MAEARBE B AN MR I, ELA s ek, Ho g in &
REAT I BIAR 25 B 2 A0, 2 i0F A 85 A 2 L OK AR &
FPURMN R E S, WEKIR R cDNA CEH
vk # 5 HYDD HEAEM E KRR RREZMEA
( Ubiquilin1-like protein, UBQLN1 ) , i iz fi% £ X 24
ZHAR pulldown FIXL T2 EH ARSIk Aeia
% FWIRG HYD1 F1 UBQLN1 ] e {3 76 2% 340
JHLRSE , 38 2 Xk W BRE 99 1) 701 5 A 28 AR UE S K B P
HYDI1 ¥ C digf55 K ( RIES BEIX) 2= B 2 iR 5 4R &
UBQLNI1 [ N e 5 B AE . RNAseq ZiHT2& M .
AW HYD] EZ5Hl i SR BB FHMEERN
JIg (BR) il B4 5 K BE B 4% 5, AT I X
FEL I BER AP

5.4 HEXWMEET

Basha %5 D\ = SEAR B 43 B 31—k - 40
P ——ZF IUFF T BC121, X8 H 45 i B HL A 5 i 1
YU, Priya 25 BF 58 T K i ( Solanum tor-
vum) R T ( Leucas aspera) W) EEHR I |
B 2 #i (Azima tetracantha ) . /K ¥ J¢ ( Pongamia
glabra) ZEM: ( Piper betle) 1) Z BEEE B, FRXF B
AR BAIHAEN . Brunskole S8 5E T 81 H
AP B e 25 A ISR (3HNR ) B0 ) R0
Choudhary 45 (2017) B 5% & BLAR 7 5 40 K i
(NPs ) REH4 5 T K X825 760 B 114 By A S 07, I i
KAEK,
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TTE G TR AR O RS ARSI SR A R 1A
MATERE T [ PRt e i sE AR (H5CT 2 7m 5
T 5 R BAER I T IR HLEE B0 PR e i
il FER A MM AR, DL EYIBTIG oK
I BER HLER R A TR 2 AR ZIRAMT
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AR T AR A B N A KL 3k — 2P e B AN [R]
BOWIEBIFRICIEN AL, D 1 BE08 B RN B R
55 R0 R A AR R 4 R A T T B0 1 AL
FHOGEEIN S e DI RE | M 41 46 75 B AT D0 20
SR TR, [R] IR DAy P ) 9 25 9t - SR A AU
SRR ICIE N, I AT 1R 2 58 B 1R 23 AR
AR P 5 R 2 R R DR AS: D [ 27 X oK
2t Pt BN B8 O PR AL I B 28 AR L —
AR UEZARIC I B RE S0 , 3 1] ARG AN [R] b
GRS Lo TR A A 1 IO 7 S 4 XU
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JURE LS A I B TR A R R A T
(R Ak 2 P JSRN 27 T e e | 30 o g v 25 PR 21 N
SEULAY BT, T — R G5 A AT BEAH G KL,
W Clt-1 .Brnl Clkl .Clml Clhl .CIVelB PksI8 %,
RT —Lnl e dB R G RNk X T HESS
BE R A U AN (] B G A DG SE R 4 T
TERAEIRA . HATHESY 3B PKS 38 ¥ 1 £ B4l
fifg A T8 FRAHEE A AR A/ AP & 42 Y mT
e SERARE A (HENZ MM ECR K
X B R A BT S AT B0 DTk | il 2 LAl R
JEPE o R A AR B DAY
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FRZARGER AL BR (55 R RALR, LIE7R
Wk T 5 ZAR AR R 3T i BRI, HE— 2P W5
AR R GRS MR AR 7 A B A S A 5 I
RIS B, DI S EORPUE A M B A0
KA,

[1] Shurtleff M C. Compendium of corn diseases [ M ].
Saint Paul, Minnesota, USA: APS Press, 1980.
[2] Tto M F, Paradela F, Soave J, er al. Leaf spot caused

in maize (Zea mays L.) by Curvularia lunata ( Wark-

[10]

[11]

[12]

[13]

ker) Boedijn [ J]. Summa Phytopathologica, 1979,
5. 181-184.

Duan S K. An investigation and research of " yellow
spot" on maize inbred line Huangzao 4 (in Chinese)
[ J]. Plant Protection (FH#I{R4") , 1984, 10(6) : 12.
Zhao L S, Tian X J, Li Y Q, et al. A study on the
maize yellow spot identification of pathogen (in Chi-
nese) [J]. Journal of Agricultural University of Hebei
CATEAO 24 ) | 1995, 18(2) ; 43-45.

Nelson R R, Haasis F A. The perfect stage of Curvu-
laria lunata [J]. Mycologia, 1964, 56(2) : 316-317.
Lanisnik R T, Wheeler M H. Melanin biosynthesis in
the fungus Curvularia lunata (teleomorph; Cochliobo-
lus lunatus) [J]. Canadian Journal of Microbiology,
2003, 49(2) ; 110-119.

Fajemisin J M, Okuyemi O. Fungicidal control of cur-
vularia leaf spot of maize [J]. Proceedings of the
National Academy of Sciences of the United States of
America, 1976, 22(2) . 234-238.

Bai Y J, Chen Y, Li B H, er al. Biological characte-
ristics of maize curvularia leaf spot (in Chinese) [J].
Liaoning Agricultural Sciences (i T4\ ®l2£),
1998, 5. 9-13.

Zhu M Q, Zhao L P, Fan L. Study on the biological
characteristics of Curvularia lunata from Shannxi
Province (in Chinese) [J]. Journal of Northwest Sci-
Tech University of Agriculture and Forest [ Pt 4% #k
BHECRZ22 R (AARBIERR) 1, 2004, 32(4) : 44-
45.

Li F H, Ye H Z. Effect of temperature regulation on
the infection of Curvularia lunata to maize (in Chi-
nese) [J]. Journal of Maize Sciences ( E KE}2#)
2005, 13(4): 109-111, 123.

Yan H H, Chen J. Physiological differentiation and
molecular biology of Curvularia lunata in maize leaf
spot (in Chinese) [J]. Acta Phytopathologica Sinica
(FEPR A ) | 2002, 32(3) : 288.

Yan H H. Pathogenic differentiation and identification
technique of Curvularia lunata on maize (in Chinese)
[J]. Chinese Agricultural Science Bulletin ( H &2
W), 2009, 25(18) ; 338-343.

Xue C S, Xiao S Q, Zhai Y H, et al. Pathogenicity



TR A5 K 2 AR BRI R

441

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

differentiation of Curvularia Iunata (in Chinese) [J].
Acta Phytopathologica Sinica ( # # # B 2% )t ),
2008, 38(1): 6-12.

Liu T, Zhao FZ,Wang Y Y, et al. Comparative anal-
ysis of phylogenetic relationships, morphologies, and
pathogenicities among Curvularia lunata isolates from
maize in China [ J]. Genetics and Molecular Re-
search, 2015, 14(4) : 12537-12546.

Liu T, Liu L X,Jiang X, et al. Agrobacterium-media-
ted transformation as a useful tool for the molecular
genetic study of the phytopathogen Curvularia lunata
[ J]. European Journnal of Plant Pathology, 2010, 126
(3): 363-371.

Gao J X,Chen J. Construction of a yeast two-hybrid li-
brary derived from Curvularia lunata grown in fries 3
medium and its application in the identification of Clt-
1 interacting proteins [ J]. Tropical Plant Pathology,
2018, 43(1) : 85-89.

Huang X L, Liu L X, Chen J, et al. Comparative pro-
teomic analysis of the response in resistant and suscep-
tible maize inbred lines to infection by Curvularia lu-
nata [ J]. Progress in Natural Science, 2009, 19(7) ;
845-850.

Hou J, Xing Y X, Zhang Y, et al. Identification of
quantitative trait loci for resistance to Curvularia leaf
spot of maize [J]. Maydica, 2013, 58(3-4): 266-
273.

Jiang X, Zhai Y H, Yan H H, et al. Effect of different
maize germplasms on activities of cell-wall-degrading
enzymes from Curvularia lunata (in Chinese) [J].
Acta Phytopathologica Sinica (1 ¥ %% B 2% #2 ) ,
2010, 40(3) . 325-328.

Chen J. Differential proteins and genes related to Cur-
vularia lunata potential virulence variation induced
continuously by resistant maize germplasm [ J]. Phy-
topathology, 2011, 101(6 supplement) : s33.

Wang X M, Dai F C, Zhu Z D. Occurrence and con-
trol of Curvularia leaf spot in maize (in Chinese) [J].
Plant Protection Technology and Extension (#EHffHA
5#E7), 2003, 23 (4): 37-39.

Basha S, Ulaganathan K, Antagonism of Bacillus spe-

cies (strain BC121) towards Curvularia lunata [J].

Current Science, 2002, 82(12) : 1457-1463.

[23] Priya K S, Prabakaran M, Thennarasu V, et al. Effect

of some medicinal plants against Fusarium oxysporum
& Curvularia lunata [ J]. Plant Archives, 2008, 8
(1) 53-56.

[24] Brunskole M, Stefane B, Zorko K, et al. Towards the

[25]

first inhibitors of trihydroxynaphthalene reductase from
Curvularia lunata, Synthesis of artificial substrate,
homology modeling and initial screening [ J]. Bioor-
ganic & Medicinal Chemistry, 2008, 16(11): 5881-
5889.

Brunskole M, Zorko K, Kerbler V, et al. Tri-
hydroxynaphthalene reductase of Curvularia lunata--A

target for flavonoid action? [ J]. Chemico-Biological

Interactions, 2009,178.1-3.

[26] Choudhary R C, Kumaraswamy R V, Kumari S, er al.

Cu-chitosan nanoparticle boost defense responses and
plant growth in maize ( Zea mays L.) [J]. Scientific

Reports, 2017, 7(1) : 9754.

[27] Li G F. Clonging, analysis and detection of the Mat-

ing-type genes in Curvularia lunata ( in Chinese )
[D].
(TEFH: TR REE) , 2016.

Shenyang: Shenyang Agricultural University

[28] Liu K X. Effects for iron on the perfect stage of Curvu-

laria lunata (in Chinese) [ D]. Shenyang: Shenyang
Agricultural University (4 FH: L BH &M K2),
2018.

[29] Ning H, Qin Z, Wang L H, et al. Studies on blochade

of immunoadsorption to the non-specific antibodies of
Curvularia lunata (in Chinese) [ J]. Journal of Si-
chuan Agricultural University ( VU114 E K2ZE2E4R ) |
2003, 1(2) : 132-134.

[30] HouJ M, Ma B C, Zuo Y H, et al. Rapid and sensi-

tive detection of Curvularia lunata associated with
maize leaf spot based on its Clg2p gene using semi-
nested PCR [ J]. Letters in Applied Microbiology,
2013, 56(4) : 245-250.

[31] Chen S, Su L, Chen J, et al. Cutinase: characteris-

tics, preparation, and application [ J]. Biotechnology

Advances, 2013, 31(8) : 1754-1767.

[32] Dean R A, Talbot N J, Ebbole D J, ef al. The genome

sequence of the rice blast fungus Magnapothe grisea



442

A 32741

49 ¥

[J]. Nature, 2005, 434 (7036) : 980-986.

[33] Liu T, Hou J M, Wang Y Y, er al. Genome-wide

identification, classification and expression analysis in
fungal-plant interactions of cutinase gene family and
functional analysis of a putative CICUT7 in Curvularia
lunata [ J]. Molecular Genetics and Genomics, 2016,

291(3): 1105-1115.

[34] Skamnioti P,Gurr S J. Magnaporthe grisea cutinase 2

mediates appressorium differentiation and host penetra-
tion and is required for full virulence [ J]. The Plant

Cell, 2007, 19(8) : 2674-2689.

[35] De Lorenzo G, Castoria R, Bellincampi D, et al. Fun-

gal invasion enzymes and their inhibition [ J]. Plant

Relationships, 1997, 5. 61-83.

[36] FengJ, Gao Z G, Xue C S, er al. The pathogenesis of

the cell-degrading enzymes produced by Curvularia lu-
nata (in Chinese) [J]. Rain Fed Crops (Z<fRAEY)) ,
2002, 22 (3): 164-166.

[37] Ni X, Jiang X, Li Y Q, et al. Construction and patho-

genicity analysis of ATMT mutant of Curvularia luna-
ta (in Chinese) [J]. China Biotechnology ( H'[E 44
THEE), 2016, 36(1) . 23-28.

[38] Gao S G, Chen J. Differential expression of pathogenic

[39]

genes and proteins in maize Curvularia leaf spot in-
duced by resistant maize germplasm [ A]. Proceedings
of 2010 Academic Annual Conference of Chinese Soci-
ety of Plant Pathology (in Chinese) [ C]. Beijing:
Chinese Society of Plant Pathology (Jt&: H[EE Y
JREIESY) | 2010. 525.

De L G, Ferrari S. Polygalacturonase-inhibiting pro-
teins in defense against phytopathogenic fungi [ J].
Current Opinion in Plant Biology, 2002, 5(4): 295-
299.

[40] Macri F, Vianello A. Isolation and partial characteriza-

tion of phytotoxins from Curvularia lunata ( Wakk.)
Boed [ J]. Physiological Plant Pathology, 1976, 8
(3): 325-331.

[41] Lv G Z, Xue Y M. Bioassay of the Toxin from Curvu-

laria lunata and Its effect on ultra-structure of maize
leaves (in Chinese) [J]. Journal of Shenyang Agri-
cultural University (3% AR K 22224 ), 1999, 6
(3): 212-214.

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Xiao S Q, Xue C S, Shi Y, et al. Nature of physical
and chemical and pathogenic function of toxin of Cur-
vularia lunata ( Wakker) Boed (in Chinese) [J].
Journal of Maize Sciences ( E K &l2%), 2006, 14
(4) : 138-140.

Tang S G, Mou L, Zheng Q G, et al. Studies on the
stability of Curvularia lunara toxin (in Chinese) [J].
Plant Protection (FH#IfR£¥7), 2009, 35(1); 111-
113.

Liu T, Liu L, Jiang X, ef al. A new furanoid toxin
produced by Curvularia lunata, the causal agent of
maize Curvularia leaf spot [J]. Canadian Journal of
Plant Pathology, 2009, 31(1) . 22-27.

Gao J X, Liu T, Chen J, et al. Identification of pro-
teins associated with the production of methyl 5-
(hydroxymethyl) furan-2-carboxylate toxin in Curvu-
laria lunata [J]. Tropical Plant Pathology, 2015, 40
(2): 119-126.

Tang S G, Wang F, Gao Z G, et al. Inflence of toxin
by Curvularia lunata on superoxidation of membrane
lipid in corn cell (in Chinese) [J]. Journal of Maize
Sciences ( FARIEE), 2007, 15(3) : 84-86.

Tang S G, Zheng Q G, Mou L, et al. Study of herbi-
cidal activity of toxin produced by Curvularia lunata
(in chinese) [J]. Journal of Jilin Agricultural Univer-
sity ( FMARO R2E2E4) | 2011, 33(1): 23-25.
Nosanchuk J D, Casadevall A. The contribution of
melanin to microbial pathogenesis [ J]. Cellular Mi-
crobiology, 2003, 5(4) : 203-223.

Mendgen K, Hahn M, Deising H. Morphogenesis and
mechanisms of penetration by plant pathogenic fungi
[J]. Phytopathology, 1996, 34(34) . 367-386.
Wang X F, Xue C S, Xue S F, et al. Research on
melanin characters and its effect on pathogenicity of
Curvularia Iunata in maize (in Chinese) [J]. Journal
of Anhui Agriculture Science ( % B A&\ Bl %),
2007, 35(21) ; 6476- 6478.

Gao S G, LiuT, Li Y Y, et al. Understanding resistant
germplasm-induced virulence variation through analy-
sis of proteomics and suppression subtractive hybrid-
ization in a maize pathogen Curvularia lunata [J].

Proteomics, 2012, 12(23-24) . 3524-3535.



TR A5 K 2 AR BRI R

443

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

GaoJ X, Gao S G, Li Y Q, et al. Genome-wide pre-
diction and analysis of the classical secreted proteins of
Curvularia Iunata (in Chinese) [J]. Journal of Plant
Protection (AH#I{RIF44R) , 2015, 42(6) : 869-876.
Gao J X, Liu T, Chen J. Insertional mutagenesis and
cloning of the gene required for the biosynthesis of the
non-host-specific toxin in Cochliobolus lunatus that
causes maize leaf spot [ J]. Phytopathology, 2014,
104(4) . 332-339.

Perez-Torrado R, Yamada D, Defossez P A. Born to
bind; the BTB protein-protein interaction domain [J].
Bioessays, 2006, 28(12) ; 1194-1202.

Ni X, Gao J X, Yu CJ, et al. Bioinformatic analysis
and promoter identification of clt-1 gene in Curvularia
Iunata (in Chinese) [J]. China Biotechnology ( H[E
M TRRZGE) , 2017, 37(3) : 37-42.

Gao J X, Chen J. Regulation of toxin, melanin synthe-
sis and pathogenicity by Clt-1 protein of Curvularia
leaf spot [ A]. Proceedings of 2017 Academic Annual
Conference of Chinese Society for Plant Protection (in
Chinese) [ C].Beijing: Chinese Society for Plant Pro-
tection (Jb5t: HEMYIRI L) | 2017, 24.

Gao J X, Jing J, Yu C J, er al. Construction of a
high-quality yeast two-hybrid library and its application
in identification of interacting proteins with Brnl in
Curvularia lunata [ J]. Plant Pathology Journal,
2015, 31(2) . 108-114.

Gao J X, Yu C J,Wang M, et al. Involvement of a
velvet protein ClVelB in the regulation of vegetative
differentiation, oxidative stress response, secondary
metabolism, and virulence in Curvularia lunata [J].
Scientific Reports, 2017, 7; 46054.

Gao S G, Li Y Q, Gao J X, et al. Genome sequence
and virulence variation-related transcriptome profiles of
Curvularia lunata, an important maize pathogenic fun-
gus [ J]. Bmc Genomics, 2014, 15(1): 627

Gao J X, Chen J. Transcriptome analysis identifies
candidate genes associated with melanin and toxin bio-
synthesis and pathogenicity of the maize pathogen,
Curvularia lunata [J].
2018, 166(4) ; 233-241.
Gao J X, Chen J. Involvement of a Polyketide Syn-

Journal of Phytopathology,

thetase CIPKS18 in the Regulation of Vegetative

Growth, Melanin and Toxin Synthesis, and Virulence

[62]

[64]

[65]

[66]

[68]

[69]

[70]

[71]

in Curvularia lunata [ J]. Plant Pathology Journal,
2017, 33(6) : 597-601.

Xu S F,Chen J, Liu L.X, et al. Proteomics associated
with virulence differentiation of Curvularia lunata in
maize in China [J]. Journal of
Biology, 2007, 49(4) : 487-496.
Liu T, Xu S F, Liu L X, et al. Cloning and characte-

Integrative Plant

ristics of Brnl gene in Curvularia lunata causing leaf
spot in maize [ J]. European Journal of Plant Patholo-
gy, 2011, 131(2) . 211-219.

Zhang L, Li H, Xiao S Q, et al. Efficient Agrobacte-
rium tumefaciens-mediated target gene disruption in
the maize pathogen Curvularia lunata [J]. European
Journal of Plant Pathology, 2016, 145(1) : 155-165.

Gao J X, Jing J, Liu T, et al. Identification of proteins
associated with the production of melanin and with
pathogenicity in maize pathogen Curvularia lunata
[J]. Australasian Plant Pathology, 2015, 44 (6):
599-603.

Zhai Y H, Chen J, Liu L X, et al. The dynamic chan-
ges of pathogenesis-related proteins of a low virulent
Curvularia lunata isolate after reinoculating maize in-
breds (in Chinese) [J]. Acta Phytopathologica Sinica
(FEYRIRFR) | 2008, 38(2) ; 203-207.

Zhou F H, Liu L X, Chen J, ef al. Analysis of patho-
genicity related proteins and gene expression in maize
curvularia leaf spot under host resistance stress ( in
Chinese) [J]. Progress in Natural Science ( H X%l
PEE) , 2009,19 (9) :936-941.

Kimura N, Tsuge T. Gene cluster involved in melanin
biosynthesis of the filamentous fungus Alternaria alter-
nate [J]. Journal of Bacteriology, 1993, 175(14)
4427-4435.

Lu Y Y. Molecular mechanism of CINPS6 and ClIFtr]
regulating pathogenicity in Curvularia lunata (in Chi-
nese) [ D]. Shenyang: Shenyang Agricultural Univer-
sity (VLFH: YEFRARLR:) | 2018.

Mao X W. Function of CINoxl and CINox2 oxidase
genes in the pathogenicity of Curvularia lunata (in
Chinese) [ D ]. Shenyang:; Shenyang Agricultural
University (JLFH: PEBHAR LK), 2018.

Meng X, Zhang S. MAPK cascades in plant disease
resistance signaling [ J]. Annual Review of Phytopa-

thology, 2013, 51(1) : 245-266.



444

A 32741

49 ¥

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

Gao S G, Zhou F H, Liu T, et al. A MAP kinase
gene, Clkl, is required for conidiation and pathoge-
nicity in the phytopathogenic fungus Curvularia lunata
[J]. Journal of Basic Microbiology, 2013, 53(3):
214-223.

Ni X, Gao J X, Yu C J, et al. MAPKs and acetyl-
CoA are associated with Curvularia lunata pathogenic-
ity and toxin production in maize [J]. Journal of Inte-
grative Agriculture, 2018, 17(1) ; 139-148.

Liu T, Wang Y Y, Ma B C, et al. Clg2p interacts
with CIf and ClUrase to regulate appressorium forma-
tion, pathogenicity and conidial morphology in Curvu-
laria lunata [ J ]. 2016, 6
(24047) . 1-14.

Zhao X H, Kim Y S, Park G S, et al. A mitogen-acti-

Scientific Reports,

vated protein kinase cascade regulating infection- relat-
ed morphogenesis in Magnaporthe grisea [J]. Plant
Cell, 2005, 17(4) . 1317-1329.

Zhao F Z, Liu Z, Hou J M, et al. Identification and
structure characteristics of related genes of Fus3/Kss1-
MAPK pathway from Curvularia lunata (in Chinese )
[J]. Journal of Agriculture (&%), 2017, 7
(1) 84-90.

Shen S, Hao Z M, Gu S Q, et al. The catalytic sub-
unit of cAMP-dependent protein kinase A StPKA-c
contributes to conidiation and early invasion in the
[
FEMS Microbiology Letters, 2013, 343 135-144.
Liu T, Ma B C, Hou J M. Isolation and characteriza-

phytopathogenic fungus Setosphaeria turcica

tion of the PKAr gene from a plant pathogen, Curvu-
laria Ilunata [J].

2014, 54(3) : 310-314.

Indian Journal of Microbiology,

Herrmann M, Spréte P, Brakhage A A. Protein kinase
C (PkcA) of Aspergillus nidulans is involved in peni-
cillin production [ J]. Applied and environmental mi-
crobiology, 2006, 72(4) : 2957-2970.

Liu Z. Screening and identification of maize miRNA-
Mediated resistance to Curvularia lunata(in Chinese)
[D]. Daqing: Heilongjiang Bayi Agricultural Univer-
sity (RIR: BRI —REKY), 2018.

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

Lin R M, Chen J, Gao Z G, et al. Effects of curvular-
ia toxin on activity of main defense enzymes in maize
(in Chinese) [J]. Liaoning Agricultural Sciences (1L
TAMFFF) | 2000, (6) : 20-23.

Guo X M, Ye K C, Song X Y. An evaluation method
of resistance to curvularia leaf spot disease by physio-
logical indexes in Zea mays L.[J]. Plant Physiology
Journal, 2012, 48(9) . 881-886.

Chen J, Lin R M, Gao Z G, et al. The influence of
maize curvularia leaf spot toxin on host defense en-
zyme activity and induced resistance effect (in Chi-
nese) [J]. Acta Phytopathologica Sinica ( H 4% Ff
24, 2002, 32(2) : 43-48.

Yan L B, Xiao S Q, Li H, ef al. Construction of Cu/
Zn-SOD gene knockout vector of curvularia leaf spot
in maize[ A]. Proceedings of 2015 Academic Annual
Conference of Chinese Society of Plant Pathology (in
Chinese) [ C]. Beijing: Chinese Society of Plant Pa-
thology (dtat. HEHEYIIRI2ES) , 2015; 228.
Gao S G, Ni X, LiYY, et al. Sod gene of Curvular-
ia lunata is associated with the virulence in maize leaf
[ T]. Journal of Integrative Agriculture, 2017, 16(4) :
874-883.

Fan L L, Fu K H, Yu CJ, et al. Thc6 protein, isola-
ted from Trichoderma harzianum, can induce maize
defense response against Curvularia lunata [J]. Jour-
nal of Basic Microbiology, 2015, 55(5) ;: 591-600.
YuCJ, Fan L L, Gao J X, er al. The platelet-activa-
ting factor acetylhydrolase gene derived from Tri-
choderma harzianum induces maize resistance to Cur-
vularia lunata through the jasmonic acid signaling
pathway [ J]. Journal of Environmental Science and
Health, (Part B), 2015, 50(10) ; 708-717.

Yu CJ, Gao J X, Dou K, et al. Induction of maize
resistance to Curvularia leaf spot by hydl gene system
of Trichoderma [ A]. Proceedings of 2016 Academic
Annual Conference of Chinese Society for Plant Pro-
tection (in Chinese) [ C]. Beijing: Chinese Society
for Plant Protection (db5t. WP E PRI 2% 2
2016 443.

WAL 4 T 24k





