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WE: WXEAHERALEREALATWEIZRE, SUHARAGE AR EGAAFTANER SRR S ARME. N @K
HEABZBOEGEESR, WERBRAL LR, RZARBRES S HAABRMEANLIRE, 2 LIFR) A
B X md SRR MBRER AR EMNERES TMEOHT, RARLAEARERXMNET 106 MNFAEH
BT SRR, £RENBBRE ECs, AL 0.009 12~0. 182 7 pg/mL Z &, R B4 & W09 40 & 2 4 %
ety fik X 5 A, T ECs 18 A4 (0. 067 2540. 034 06) pg/ml; A 5.0 pg/mL 4F 4 & M R E 4 K 57 5,
BT 2013 FRAERE I0AR, B, TS5 BB RAT S A ZHRKE, 2R APLRX SR AHBREAH, &
99.49%, XK I 3 HBERATEE R, 5 0.51%;: 3R HEAN LKL 2085 AL, HASHEK: A3 %
Bl-1/B3-1 PCR # ¥ A ARG B-MEZRGLR, MAEF 54 EHAHR 1980 toat, 4R A I3 A HA M 198 42
RBAEBEIYE Glu T A Ala.

X 8B W wEAEB; FRL; RABAL; AN AR

FESES: S436.341. 1 XEARERD: A MEHS: 1673 - 9868(2016)05 - 0026 — 05

T 3 T A% S T A BBl I S 2B 77 1 2O L R RREEAT . AT, R BAE, R EAEE IS ZERT, SR
BRAAG . AR Bt S BT R i 5 R A e L 3R e B I S T O B T
1932 4, W EHIEIRE Sclerotinia sclerotiorum H1#EE . RE KEB4THIX ZHEZ — EHMAHZHE R (car-
bendazim) S 3R B 4 I DKW % TR 50 B 36 200 T . X R APE AL R SRR BUE B A A
S5 O A R AR A T RE . 0 97 2208 R, A0 MR O3 RS BEL Ik T 22 0 RO LAk B KR H
0 B R L B — R T S R B — L I T T X 2 T R AR S . W LR
SEL T 1995 AR FEVL 0] 25 B YR I 2] FH E] 4T 22 B R0 T S TR A T bR B 3 S 22 AF Y M N 4 R R ]
APUPE RS RIS, PUPETE AR LG b, OF BRTHAKCP AR & R B S HUKE . R E Y T 2002
AR ST PCR Y1y il S A% 1 B U 88 BRI 91 7 B, R B2 TR RPUIE TR bR 5 BEUR R R 1Y B 1L
HHEAEEN 198 % F R EMERZ, 1 GAG RAZN GCG, Bl 58 48 1 bk 2 B &K - Hi k. # HO%
SEUOLT 2004 AR B, ISR A 2 T R PUHEKT 1 RIS B - AR 1 B DR 58 A 8L R L A O X
AL D T T ST 45 R SR WY A D L T T R TP R AR R R AR R Z R AR T B U EE Y 67,198,200,
240 fLAHERR . 02 N5 S PR MR A RSB TT LU T 134,165,241,257 SR @AM T £,

O WHHH. 2014-08-29
RETH . AT R BHF L T (201303023) 5 &R AT A SR B2 5 4 (CSTC202jjA80035) 5 M1 e 1 1 5 A BL W Al 55 2% % T
(XDJK2013B042).
fEZFIA: & WFA989 -, B, W KREAN, WA, FEMNFRERR.
WAFEE . B, mIBR.
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T TS R DX R 32 DX ST AR TR 22 TR R B BT 25 P IR A BT S5 i % )1 A% ik
TR T P25 PRSI . O 98 S b SR TR AR IO B 36 o T T T 24 P XL 3 Al K% s e T (3t A 4 (L 1 B
T RIS AR B

1 #RETE
1.1 ksl
1.1.1 A%k

2013 4%, 78 DY )11 45 F0EE DT i 8 AR 9 32 22 B X R AL R S5 AR L 00 B A% . R R R ) 2R AT R AR T
oo — R AW ZEFAE I — DT bk, U153 585 Bk i =5 141 A% i T 1k
1.1.2 43X %A

98 % 2 18 R FE 25 (VLTI AL 25) ) . AT 0.2 mol/L #hR . F& AL 10 000 pg/mL AYHRER % H 5

1% B1-1\B3-1 i i 24 T 5 A 0

KIGFFRE B RE . Taq B LU R0 T RAR A AR (D A BRA A

pMDI18-T # kg T TaKaRa 24 A].
1.1.3 #&i

PDA ((Potato-Dextrose-Agrose) {5 F¢ 5 . DA% 200 g, B W 20 g, BIRHKH 17 g, 817K 1 000 mL.
1.2 SE§AHE
1.2.1 WXABREAT S AR HBAMELRGE S

SR FH AT 22 A K 53R 30 00 7 o 8 TR A TR X 2 R R 1) AR R R R BROAR Jitl 24 FH B A AT (L [
W17 BRL EEE 10 Bk R Lo Bk M 12 PR BEE 13 R B 12 Bk K9 Bk R 9 BRL FER 7 HR . db
B 7 B BT R A SIS, &0, 1 FHORFRTHIFE , 78 PDA Bi 3R 3P4l | 20 CHE3% 2 d, 2lifb)E
PRAFE. BB RE 20 CH535 2 d IR VKD G HIN E AR 7 mm MO, B HIERME S ZHE A M 0,0.005,0.01,
0.05,0.1,0.5 pg/mL i PDA i FR 5P |, 20 ‘CHFR 2 d, T8 OEN SR W& HiE, MM EE 3 )k,
A3 B TR T 22 B 8 7 s I it R 4 B O 1 E 5 R B EC 5, 1A
1.2.2 wXBAEBE S H 209w te Bl

SR FH DX 43 510) 0 325 000 5 90 5 TR A0S R G 22 B R I SRR L DL 5.0 g/ mL Ay S BURK L T R R A A
BIFE 5.0 pg/mL Z W R K FREE LREIEH KA NPT M R MR, AN AE 1 19 o UM PR Bk

1R E DR TN, 2 01N TR R MR, BT % 5.0 pg/mL 2 AN PDA 57 5LF
B, PAARINZY ) PDA 55323 E A XTHR L 20 “CHi % 2~3 d, REALFEE A 3 k. 481145 b A9 B v v vk A 4
THEBUPE AR,
Bk AR 4L

BUbE % =
PN

— ~- X 100 %
W 4 T Bk A 5K ’

1.2.3 W A 400H T AR 69 b KT 2

W A I B B HUME T R . 7E PDA #5350 B 20 CHEFR 2 d, TERH IS AT 2 R 7 mm B
B K HAERMTE S Z WA N 0,5,10,50,100,200,400 pg/ml B PDA }E 37 3P4 |, 20 ‘CHiFR 2 d, T
&SN B VR AR, AN E A 3 k. 43 BT S PME B R 2 B ) i R il ki EE O TR0 E O R
ECs {8, VABiHEE R EC: {8 -5 U8 3 42 10 BB 1 3 Bk A5 50, T3] i DLBR Bk 19 EC {8 8 b e X1 43 1
BREBHERRHE B 1 pg/mL<<EC;<<10 pg/mL M E M P, 10 ng/mL<<EC;,<<100 pg/mL [k
Pt . EC5,>>100 pg/mL WA E L.
1.2.4 ®WRAEEH,RE HEFGARG LKL N5

TSR B AZ 6 TALEL DNA 42 BCR A CTAB 42 L,

PCR 514 B1-1 f1 B3-1 J¥ 515 51 N

Bl-1: 5-GGTTTCCAAATCACCCACTCTCTCG-3’

B3-1: 5-GAACTCCATCTCGTCCATACCCTCA-3".
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PCR R BifAZ : 0.5 pul. Tag DNA BA8F (2.5 U/pl) . 2.5 pl. 10 X buffer, 1.5 pl. Mg®" (25 mmol/L) .
2 pL ANTP(2. 5 mmol/L each) 0.5 L. BI-1(5 mol/L), 0.5 pL. B3-1(5 mol/L), 0.5 pl. DNA #4 (10 ng), Jil
K2 25 pl.

PCR W &6 . 94 “CHZEHE 5 min, 94 C7Z287% 1 min,63 “C 1 min,72 °C 1 min, 30 PMEH,. 72 °C 10 min.

PCR P I, 4% pMDI8-T 84K b, B AL KA B, Pkt B4 g B kA7 00 R . 7 510000 7€ th B i
A T AW TR AR R 55 A1 BR2S 5 58 A

FIH Danman 6. 0 FAF 437007 25 28, IE R JH 2 58 77 41) Lo X e 24 M T ik 0 b o il S8 B8 A% 009 R Bk 1 980
(B — T 2R 11 ik PR i 3 37 B 4 08 1) B2 TR T 1) 25 5

2 HRESMH

2.1 HMEXEZFENSERNEREEL 70r
SR FH D 22 A A R0 R T N I EE 60F
PRAS MR AR S B 1Y 106 BRIMSE A OW W Mtk X 2, Sor
PR R U s B AT U A A B 1, EC fH § 4oF
AL IE LK 0. 009 12~0. 182 7 pg/mL, o ARMHE & 30
BRI EC. 2 5 SUR B k19 20 £, P EC., 20}
{H 4 (0. 067 2540. 034 06) pg/mL. 106 kil H 1or
A% 975 BRI XoF 22 BT 2R 114 B0 U VR AR R A A Bt i 2 LI iy 0 004 .08 012 016 0.20
2, PR IEA AN, B IS T R 2 ok EC,/(ng-mL7)

TR 30 05 T 35 O 22 TR % B A R B TR T
AR X BT R 89 EC o (B S 1l 536 8 % 0 1 %) 22
R UL
2.2 HREZFEEX S E R H B 5T

HiZ 1 AT UL, U4 . EERTTSE 10 AN X B SR ALl S B A i AT . LA 2500 i % 5. 0 g/ mL AR 2H
SR R, DAE T 585 B U N 22 R B IR PE. S5 SR R, AU 3 MR 2 1A 2 I B 01k v ik . PR R
SR 0. 51 %5 ik AR Ml X3 S5 TR AZO T 0 22 R AT USSR B bR O T (EURADARAFFE TP B bR . I 4
Jev VT i DX 3 56 B R 6T 22 T 2R 4 T T 7 P M 0 A 9 o

x1 JIAREZFEFRENSERBRERE

B1 108 #hkilkEZFENSERMNHRENES

SRS b WRREC  PUPETABREL PUHEMR/ % SR SE b T R % BT BRE BiEmSR/ %
Py i e e 124 1 0.81 &P 51 0 0

U B 2 40 0 0 EREM 42 0 0
oyt i 42 0 0 EREH 41 0 0

D1 39 0 0 o PALES 39 0 0
DI B, 98 0 0 it 585 3 0.51

I iz 69 2 2. 90

2.3 HERMEEEKHREKTE
R 22 A R P E LI E 3 MRPTPE bR, A5 SRR T 3 Bk 2 R A Tk Rk EC, {5 7330 A
5095. 25 pg/mL,140. 25 png/mlL,254. 48 pg/mL, HUHEAEI N 75 765 . 2 085 f%. 3 784 1 (K 2), LA
PUPE B AR AER 43, 3 Bk ] B TR PR 220 A s 4.
2 HXERREMNSERIAUEKOSNINE

IS 5 1 R 5 ECs/(pg+ mL ") R LR
LZDR9-13 y=0.321z+3. 810 5 095. 25 0.991 75 765
WYDR75 y=0.3182+4.235 140. 25 0. 984 2 085

WYDRS54 y=0.388x+4.167 254. 48 0. 981 3784
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2.4 HEREFEKRBTES FOE

FIHEIH B1-1 F1 B3-1 X 3 DM VE AR B U8 8 10 BL N #E4T PCR 974, BR45 M R 2 1) DNA
B, I A g R 3 AN SR B A% TR AR Y B R R R R B 841 bp. SFRMERERR 1 980
() B~ B L P 9 e, R ERES 593 Bl 3t A AR A C, ALY 198 1 &3 18 th A4 &R Glu 28 7 & IR
Ala, HAAL SR KL A AR S, BRI 3 bk i =5 A T I 22 187 R 70 1 A Ak 1 B 1 2 2 O a5 1 20 B TR 8
A5,

304 #

Z R JE T AT KM R TE R, PUOHREE ), AR PR, B acReE, B 20 4l 70 ERLRICE A
BLSR . A LGRS B RT3 T B 3 T S8 DA A% 9 /N2 IR B 0 55 Z P E e . W ERR L AL T, R 2R
AR P R T AR (B T AR AL SRR )z A TS A D e R R R R AR B, At
RAREOFE " R AHR R BN &, AR 2 R ARy, B g aE e 2 R
AP TR BN R KR SR AR T AV . AT &5 R0, 8 DU K o PR T A S A R X
TH 2 BRAZ 05 TR T 22 T AT LA BUER M TR RR R S 3 T R T b XX T S A B B 3R D A G, AR AT
S AL R A, B R T AR ATl e AR B, AR R BEAIR, R A SRR R R, X R 2 SR 1 7 R
i BT R Z2 B 52, PR 30T S A T O R R R ARSI 8] B 4% B2 24550 B iy, FH TRDATS D SOURRVE Te ik ohy
FESZBR A7, Y S R A KR & AR B, T DUR 2 8 R BEAT B R, (HORATA Btk bk K 8L, JF BT
KEZW R VIR, XIS AN I N AR R O, BARRAERMAL, B2 h TRBREE LR,
ATh SR AE A2 AN 2 N A 245 700 9k R s [ 245 700 it P ™ A Bt TR AR 1 T BB M TR I S B 22 TR R N T . ke
Z RPN . JF B AE S BR R . Bk e B O B BT Y 2 R i ), 49 40
R R PR

KL 5E 45 S WA W) s )5t B0 T (B B vk TR AR I R A8 2B T B - A1 167,198,200, 240 S5 2 FE 2
ENIFESPIEFE AR AR 0] DL T 134,165,241,257 S8 HRR BT [, 1 B - E A 198 frsi# 200
P B 5 HUrE S A OC. AW SRS 1 ISR AL T B T A 1 40 i X 3 AR W 1) BRI Y 8.
Iy Hr AR 198 A & FEFR 1 Glu(MBC®) 7284 Ala(MBCR) , 574 56 H 8] 377 2K I 0k s 28 B bk 1) 28 A8 67 15 & AR
TE 198 vV &R L W IE — B, I H 2k 22 1 2 % Bt il 32 B A0 08 TR B Bk B2 I B, 198 i & LR
H Glu(MBC®) 4224 Ala(MBC® HT: Ak N = PUwi bk, 587 A s — 2.
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Molecular Mechanism and Monitoring on Carbendazim Resistance
of Sclerotinia sclerotiorum Obtained from the Blight Stems
of Rape in Chongqing and Sichuan

QIAO Xin, YU Yang, CHEN Jie,
YANG Yu-heng, TAN Wan-zhong, BI Chao-wei

School of Plant Protection, Southwest University , Chongging, China 400715

Abstract: Sclerotinia sclerotiorum is the main rape disease in the world, which should do harm to the pro-
duction of the rape. Carbendazim (MBC) was widely used to control sclerotinia stem rot in a long time,
but development of MBC resistance in the causal agent S. sclerotiorum led to control failures of this dis-
ease. In Sichuan Province and Chongqing, southwest China, where is an important oilseed rape, S. sclero-
tiorum occurs widespreadly, and some places are seriously. But field-resistance strains are not reported in
recent years. So in this study, the sensitivity baseline of the pathogen to MBC was established, and resist-
ance monitoring and molecular mechanism were also studied. There are main results as follow: the sensi-
tivity to MBC of 108 wild strains of S. sclerotiorum were collected from the area without fungicides pre-
vention, tested by mycelium growth rate method. The results demonstrated that the sensitivity baseline of
the pathogen to MBC is (0. 067 2540. 034 06) pg/mL. Based on the discriminatory concentration in PDA
amended with MBC of 5 pg/mL, a total of 585 single-sclerotium isolates (the 10 counties) of S. sclerotio-
rum were collected to monitor resistance. The result shows that the vast majority of strains are sensitive
strains, accounting for 99.49%. Only 3 field-resistance strains are found, accounting for 0. 51%. The EC;,
values of three resistance strains are 5 095. 25 pg/mL, 140. 25 pg/mL, 254. 48 pg/mL, and the resistance
multiples are 75 765 times, 2 085 times, 3 784 times. All of them belonged to high resistance strains. Am-
plified the resistance strains’f-tubulin gene by PCR, the results was sequenced and compared with strain
1980. The study shows that a single mutation resulting in the replacement of GAG(Glu) by GCG(Ala) at
the 198th amino acide caused the high resistance to carbendazim.

Key words: Sclerotinia sclerotiorum ; carbendazim; sensitivity baseline; resistance; molecular mechanism
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