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(L LA RS ol 5 B @B 20, BN 3113005 2. HiLAE @A i iy Ry ki,
WL 248 3116005 3. WL R A E E s, B 310004)

8 E: 2L 2004—2006 FMHOT . IT AR R R 0 R F) B FORT R BLE B b AR R K [ECs, =
(1.07 £0.11) mg/L]A4& 3, KBB4 Kk Rk e W T 4008 RHERF 8 0BR 2B E
et BBE AL, 4R R TR RRAH B IO R B B a o R R iRk, 2012—2013 4
F22017—2018 89 -F3) ECso A5 A1 4 (5.23 £7.79) A= (24.30 £ 49.33) mg/L. H ¥, 2012—
2013 R M EAMRIAE A 15.3%, HIAHEKAKP M (LR) Bk, M 2017—2018 SFaguh i
PMEEHAZE 532%, FEIT 7.5% 69 F FK-F4E (MR) #AcFe 1.3% 69 ZHK-F4utk (HR) @
PR, RBLABIAMEAMRN B LA KRR R, FHRE. TAREFEA ) EHRBARMELHLEE
EF, WS TSR AN RELH R BRI IEARILEH B & (SDHB) M & AT
BRE, @45 H272R. P225F A2 N2301 3 A¥ £ A, H & H272R AR & & 88.5%; L SDH
A SDHD ¥ AL A ERE; 1 SDH C #9 R E (G85A + 193V + M158V + V1681) 5 =t 25 7| 4%
RMZ B T RIL A .
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Resistance to boscalid in Botrytis cinerea in Zhejiang Province
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Abstract: Shift of sensitivity to boscalid in Botrytis cinerea collected from plastic tunnels growing
fruits and vegetables in Zhejiang Province was monitored by the mycelial growth rate assay based on
our previously reported sensitivity baseline, (1.07 = 0.11) mg/L for the wild sensitive isolates collected
from 2004 to 2006. The results showed that resistance to boscalid in B. cinerea was developed rapidly.
The mean EC5y was (5.23 £ 7.79) and (24.30 = 49.33) mg/L, respectively for isolates collected during
2012 to 2013 and during 2017 to 2018. The total resistance frequency during 2012 to 2013 was 15.3%
and all resistant isolates were low-level resistant (LR). For the isolates collected from 2017 to 2018, the

total resistance frequency was increased to 53.2%, including 7.5% MR isolates and 1.3% HR isolates.
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There was no significant difference in mycelial growth, sporulation, sclerotial production, and

pathogenicity between boscalid resistant and sensitive isolates. No point mutation was detected in SDH
A and SDH D. However, a single point mutation, H272R, P225, or N230I, was found in SDH B of all
boscalid-resistant B. cinerea. Among them, 88.5% of resistant isolates were H272R. And no obvious
association was found between boscalid-resistance and mutations (G85A + 193V + M158V + V168I) in

SDH C.

Keywords: Botrytis cinerea; succinate dehydrogenase inhibitor (SDHIs); boscalid; resistance

monitoring; resistance mechanism

IKF %1 Botrytis cinerea W] NEIT 600 J& 1 000
RMAEY), SIS, 0 AR %
JiER =% KRR B R Y. ERY R B
faF VAL, KA RS 2 A, LR TR
PP, DLRLEEAE], A AR AR = B AR S TH
FAE R A SR 173, FafE A —£0r, Wric
BN ERER) T =X 2 —, oA @ T I ) 5 1
MRS T BN o KB NI i RO AR A
RS, R M RARFENTE, —K
ALk 30% Aeda, PEEEIN ATIE 60% LA R

i ia 2 H By i 2K B 0 32 B, DA
WE I B8 % (boscalid) A AR B 3% 31 B2 Mt &L i 41
#7525 (SDHIs) AW R IT 10 43R4 b iz B
FAM R EZGFIRA Z — o e Tk A e v 7 T L 3t R
AT T 1992 F R I BA A G I G LA,
WOAE 50 Z2AEKRAERIL, HT PG 100 25
VEY) B EFEKEFFAE N 80 £ M ), Ik A 4
A B AL R PR A SRR A
R G =ik, J&T BA mbu gyt RS 1
JiF B 2 10 AHIF A DA A 3 5 T e ok B 7 R R 2K
B9 A O TRTRR B FH 22 AT 2 57 1) AU P R 2R
FRRHET, R 22 AR KR, S T WL
AR b R A A v I B M I U A, I
SN T ARSI B > LS, DURA SN AR = K
26) RN WE T TR R MR BT ANV B AR R R AR

1 #MR57EE

1.1 HIRZ5

95% WEME % (boscalid) JE 24, HIWHI KA
MHEARGIRAFS24E, FHBERECH] % 4 x 10* mg/L
FIRER, 4 °C FRTE.
1.2 E#HHRESSE

MHTLA BN T TRt FE 24T gy

10 MHO X AR A hn B TURIE A&7 345 KM
WAL R AR TR KB IR R, 556 SCHR U7 v
Xt K78 % 8 Botrytis cinerea #H47T 435 . % € fIR
0, SRIFE TR R R B R 1 Ak, AR
FERMIR R 5~7 ¥k FTABERIITE 4 C FIRAFT
L B I HE B R (PDA) R} .
1.3 ML

KA 2 A KR0S, B R kS /E PDA F
W T 23 °C FimfbiE9% 3d, SREHIELEAE 5 mm
(1) B 22 HL I B Fh 30 R B E 2575011 PDA PR
e, DURSZHE NI (CK), S4B ESR
2 o TR B LR FR A0 A E AR AN [F) B R o0o) v Tk
B B BURPE R SE . 23 °C FEFE 3 d FlES
Ab PR B 75 BAE (em), BCPSSETHEAH 2R (%).
FIFH DPS #pF, @k B BUE (o) -4 R LR
B () Z L HERIESCR, KREF S EIE A
B RANH K EE (ECsp). BL 2004—2006 K4 (1)
SRR AR R T E T B Y ) BRI B 2R [(1.07 +
0.11) mg/L]"AKHE, THEHUERS 2L (RF) 1 (RF =
WPk BECso (H/BUBRMEFELR) . IRYE RF H, SZH K
VLS5 1 J7 VRV 8 A TR PR I RO E R AL RF <
10 AEURE K (S); 10 < RF < 50 JR/KFHi 251k
HPE (LR); 50 < RF < 100 A2 KFHu 2t B ik
(MR); RF = 100 =K FHu2it Etk (HR).
14 MAMEKEEENE

B AL 328 26 W Ik 1 e B i A R R UK R Ak %
5 ¥k, S SCHRISTI T 243 39 I 5 4% B bk ) AR
R, PR, PRREALSURIEUN S, SRR BITE
PDA “FH _FT 23 °C fiiki 7% 3d, $THUEASHN 5 mm
IEH, AT PDA P g, SEARE R 9 4
PR 23 °C K597 3 d J5 R 758 LML &
Hep 3 MPRIOEE RS, AL FHERREK
ReJ1: 7 dJEm A 3 AFRE N 10 mL Jo B
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K, A T B A MER T EOR B S
PRI T BV BOREE, DL E AR L fE
71 15 d Gt R 3 AP B A AR .
BRI EE 3 K.

BT 23 'C BRI RR 3 d JA4THC S mm
[ERo N LIS i\ e S R S T QU WA S
Ft 1 ASGER, SFRREEF S 5Kk, 23 °C BigR
P ORBE R 3d e, ot LR, B

HAPIERFREURRE ). R EHEE 3 K.
1.5 A FHSIS

R 48 BRI 0 o 5 SR, L BB A A [
FIER 4> Pk, LA DNA RN, EH 4 X514
(GR 1) 20 a9 B 58I IR i =% (SDH) 1) SDH A
SDH B. SDH C £l SDH D 4 V%) DNA H B,
FEur Hgk AT e, 455K BIOXM #if:, 5 NCBI
W) BLAST #E4T 7 51 Lt o0 #r A B Ab 22

%=1 PCRIIERASIY

Table 1 Primers used for PCR reaction
R AR GlEvER P BRI
Gene name Primer Sequence (5'—3") Size/bp Annealing temperature/C
SDH A LzsSdhA-F ATTTGGAAACGCCCTTGGAC 3065 54
LzsSdhA-R CATTACCGAACAATCCCGCA
SDH B LzsSdhB-F ACCTACTCGCCCTATCCAAT 1077 54
LzsSdhB-R AGACTTAGCAATAACCGCCC
SDH C LzsSdhC-F GCCAGATTTCCTTAGTCAG 1208 52
LzsSdhC-R GCTGGACTCTGAATGTGAT
SDH D LzsSdhD-F AGCCAATCAAATCCGTTCCG 854 56
LzsSdhD-R CAAACTCCTCCCTGCCCTCT
2 #ERESH 4 (5.23 £7.79) mg/L, F2MUBIEILLE K 4.9 17,

2.1 AR

2004—2006 FE T WL VL5550 R4 1 B ik
TR 2 6 0F E T A i 1 BRI HE 2R EC s H N
(1.07+0.11) mg/L™. 2012—2013 541 2017—2018 4
SIAREE . AT 236 F1 240 Bk B H A
S5 WY, WA SRR A ] 1R6T WE T B i 1)
JERAE 2 0B B PRI S (3R 2). Hih 2012—2013
M) ECso {H7E 0.11~32.05 mg/L 2 ], P13 ECs,

2017—2018 f#] ECsq fEL7E 0.11~679.56 mg/L Z [i],
F45 ECso 14 (24.30 £ 49.33) mg/L, U3
Zr 22,7 o MPUZGME B MR K EERFE
2012—2013 £ L HIFUEIE N 15.3%, HENK
KPP (LR) Wikk: i 2017—2018 44 0Hi 24
PER MR 1T & 53.2%, HEFEHRET 7.5% )
H A KRB (MR) BT 1.3% 17 /K T
(HR) 1tk

*2 NMIERBRADAENEEEREURME TN

Table 2 Shift of sensitivity to boscalid in B. cinea collected from fruits and vegetables in Zhejiang Province

STREAE ECs, {1130 Eﬁ;ﬁag%g fH RS Sensitive phenotype
Sampledyear  ECsorangel(mg/L)  yapye/mol) U S [ATHPELR AR MR RKTFHtE HR
2004—2006 0.09~3.69 1.07£0.11 228 (100.0%) * 0(0.0%) 0 (0.0%) 0 (0.0%)
2012—2013 0.11~32.05 523779 200 (84.7%) 36 (15.3%) 0 (0.0%) 0 (0.0%)
2017—2018 0.11~679.56 24.30+49.33 112 (46.7%) 107 (44.6%) 18 (7.5%) 3 (1.3%)

e R ).

Note: ‘No. of isolates (Frequency).

22 MAMERNESE

4R (R 3) KWL, 5 ARITZGTE R B A 5 PREUR
AR IR T 22 A5 KR PR PR R BN
732 5 5 T WE I T e P A0 A 22 1) 9 G T S BBk

R, RUTATERERIE S BRI B TR
2.3 AN FHLHI S

Xf B AL HCFR) 38 MR R &AL (B 12 Ak S
16 #& LR+ 8 #k MR Fl 2 # HR) SDH 4 /M5 [1)
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Table 3 Comparison in growth rate, sporulation, sclerotial production and pathogencity between
boscalid resistant and sensitive isolates of B. cinerea
Iﬁm ECsy/(mg/L) Eit] EEAR et (X_IO“)/(/I\G/mL) PR JRBTEAR
solate Phenotype Colony diameters/cm Sporulation capacity (x10°)/(spore/mL) No. of sclerotial ~ Scab diameters/cm
X12-1 31.84 R 6.60 ¢ 2.43 ab 57e 347e
X12-4 12.51 R 587b 2.67 ab 59e 3.27 de
Z13-8 12.05 R 553a 2.50 ab 38a 3.07 bede
ZJ12-6 27.64 R 6.43 ¢ 2.53 ab 47d 2.97 cd
JD13-2 34.79 R 5.67 ab 2.57 ab 43 c 247 a
X13-2 0.45 S 5.57 ab 2.57 ab 58e 3.13 bede
B13-6 0.83 S 5.57 ab 237a 39 ab 2.83 abc
Z12-1 0.98 S 587b 237a 46 d 3.37 de
BQ12-3 0.40 S 543 a 2.73b 42 be 3.33 de
GS13-6 1.13 S 6.30c 2.70b 57e 2.77 ab

T BARATIME (n=3), RSB EAR 7 EBERRANF A EEE 2 57 23 (Turkey IRZ EELEL, P <0.05).

Note: Difference was analyzed among the three treatments of each site and different letters indicate significant differences among different treatments

(Turkey’s multiple comparison, P < 0.05).

FERVEAT 100, G55 (R 4) RW: BU (S) Btk
Br X17-22 4, HARBE MK SDH B 3Rk K AER
AR, TR I A AN [ KCSF B R 1Y) SDH B 33k
AT AR, FE: 272 MLEHARR (His) BN
R (Arg), BRI H272R; 225 A &L (Pro)
RANAENAM (Phe), B P225F; 230 fir i K&
AR (Asn) RN LA (1le), B N230I. H
o H272R BURAR 4R 28, 3k 23 tk, P225F A
N2301 BRAR 774 1 AR 2 ¥k BT BRI
SDH A A1 SDH D ¥J& K #2848 . £ SDH C W&
FFAHT R, b, RERIATE 85, 93, 158 M
168 Az [EII KA 4 m A S OL (G85A + 193V +
MI158V + V1681), HI[EIN7E 85 fir i H %’ (Gly)
RANHN AR (Ala), 93 LI FREIR (le) KA
RARE R (Val), 158 fr i FEE IR (Met) A H
HEER (Val), LLI 168 7 HAIE R (Val) B4 N
SRR (le)s M A 7E SDH C W% 80 1 K&k
180H s RAZ M B bk (RN 522 iR (1le) B2 NAH
& (His)] $9 B0 sk o

3 ERSe

VAR TR B, A2 7= o A 7 6 0 i
B L7 AR AN RV R FE B, ASHIF 5 1 i 3
PR A 2 T W T A G 1 SR M SR LR TV R I
2 W T DR A A R e Ik T R 1 AR
oo SEJEERBH . WV A8 S A Rl ) 76 Xt v 1 1 i
FIPLPE & JIRIE, 5 2004—2006 SEAAEL, HbiZy

PEAZE T 2012—2013 4 EF- % 15.3%, 2017—
2018 ik 53.2%, Pt Bk © OB
AL K2 B E R AR (LR), H4F (MR)
Fos K Fhit: (HR) Wk K A Bl , 2012—
2013 FERAEMIF N 0, 2017—2018 4E°H4 8.8%. it
BHTE I K 26 79 B A T R, W 19 1 e 7 SR 85 K
WP LA —E N HNE. B2, AL
s 20 AL R A R K I TR B G PP I I R SR
B, PRSI o I FH BT 5 A B M 0 24 P R 1)
il AR 25 . B Ao T R Ak £
R (carbendazim). Mg (azoxystrobin) %5 24551
PRI DU R IR O A #RaE™ 2, it T S R
22— W T T e B T 1 B3 DR A T B AR A Rk
— AR -

BA, AW FMKYE RF H, SHRBETESK)
FEUCRME ERE S B IAN, T IERE
FAO H#EFZ I P25 A I 77, LA RF = 10 1E
NPUZGTE B IR I e AR AEDY . BR T RFE, E P4
45 I 50 SR T DX 40 7)o v S A I 2K 2 267 0 %o e P
PR (R A

CUAWFCER A, 2K % 60T W gk B i 1) e 1
e PR AR B WA RS M, HAHK
FRAFRANE %2, Horp DL P225L/F/T A1 H272Y/R/L
ORI AR ST AR K SDH A SDH C #
SDH D . J A7 75 1K B I 1 Jie Pt 14 AH 5% (1) A2
M2 PE R K SDH B WA KA T R A, fdE
H272R. P225F A1 N230I 3 Fi257, He H272R #Y
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Table 4 Comparison of boscalid-sensitive and resistant isolates of B. cinerea in four subunits of SDH,
including SDH A, SDH B, SDH C and SDH D

Bk WE T B e SRR E Sensitivity to boscalid SDH ZA5 % % Mutations in SDH
Isolate ECs/(mg/L) 371 Phenotype SDH A SDH B SDH C SDHD
XB17-05 78.29 MR - P225F - -
LBI17-04 34.83 LR - N2301 - -
LBI12-17 67.76 MR - N2301 - -
XB17-01 1232 S - - - -
LBI17-22 0.616 S - - - -
LB17-06 1247 S - - - -
ABI7-01 3.187 S - - - -
LBI13-07 2.062 S - - - -
LBI17-18 1784 S - - - -
SB17-26 0.112 S - - - -
AB13-08 0.392 S - - - -
JB17-19 1534 S - _ _ _
JB17-38 41.07 LR - H272R - -
SB12-18 43.84 LR - H272R - -
XBI17-02 45.65 LR - H272R - -
SB17-31 26.49 LR - H272R - -
LBI17-19 50.13 LR H272R 180H -
LBI13-36 4834 LR - H272R I80H -
LB17-40 65.28 MR - H272R 180H -
QBI12-37 26.64 LR - H272R - -
HB17-39 69.63 MR - H272R - -
B17-07 2337 HR - H272R - -
QBI3-22 22.83 LR - H272R - -
BI7-10 59.10 MR - H272R - -
SBI2-14 80.13 MR - H272R - -
B17-29 31.51 LR - H272R - -
X17-03 57.42 MR - H272R - -
QBI3-01 17.99 LR H272R  G85A, 193V, MIS8V, VI6SI _
X17-22 1752 S - H272R G85A, 193V, MIS8V, VI68I _
SB12-17 9738 MR - H272R GSSA, 193V, MIS8V, VI6SI _
JB17-30 679.56 HR - H272R  G85A, 193V, MI58V, VI6SI _
SB12-02 3037 LR - H272R G85A, 193V, MIS8V, VI68I _
B17-03 4738 LR - H272R GSSA, 193V, MIS8V, VI6SI _
SB13-10 32.66 LR - H272R  G85A, 193V, MI58V, VI6SI _
SB17-11 20.99 LR - H272R G85A, 193V, MIS8V, VI68I _
JB12-08 53.45 LR - H272R GS5A, 193V, MIS8V, VI6SI _
PB17-01 0.684 S - - G85A, 193V, MIS8V, VI68I _
TBI3-09 0.758 S - - G85A, 193V, MIS8V, VI68I _

e - TR RRARA.

Note: — mean that none mutation was found.

KA 1 88.5% . (HAHAFLEAN HI B AME L, WU WEHFHE— R .
Pk X17-22 ) SDH B W3t B4Rt % 2E 7 H272R AW EE, EHLEREHE, HAj%
FEA, ER AR N e Pk B A fUse, BRI AL FEE RGP H272R AR S P 6 K 22 Hhome ok B e bt
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