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Abstract In order to evaluate the sensitivity and the resistant mechanism of Botrytis cinerea (the causal agent of
gray mold disease) in strawberry to fluopyram, a total of 90 B. cinerea isolates collected from five districts in
Shanghai during 2019 were tested by mycelial growth inhibition method and succinate dehydrogenase subunit
(SHD) sequence. The results indicated that the curve of baseline sensitivity was unimodal and approximately
normal distribution with a mean of ECs, value of (1.68=40.91)pg/mL. The lowest EC;, value of mycelial growth
inhibition was 0. 09 ¢g/mL, and the highest value was 75. 91 pg/mL. A new resistance classification standard was
established by EC;, value combined with mutation site. Fluopyram-resistant B. cinerea was found in Fengxian district,
with the resistant frequency of 72.77%, and the resistant factor (RF) of the most resistant strains was 45. 18. The
resistance frequency was lower in other areas, 25. 00% in Pudong new area, 4. 76% in Jiading district, and O in
Chongming and Qingpu district. Resistance mechanism analysis indicated that succinate dehydrogenase subunit B (Sdh B)
N230I mutation could lead to low resistance and P225F mutation to medium resistance.

Key words strawberry; Botrytis cinerea; fluopyram; resistance; succinate dehydrogenase

WAEHA: 20201021 fEITEM: 2020~ 1229
HETH: RS AREREE GPRBE T (201D 5 1 5) 5 Fig gl B2 bt ik A s s H CREBH 2018(B-01))
* W E/EH  E-mail: fumingdai@163. com



« 216 - 499 45 17 2021

K ) % 60 Botrytis cinerea 5| ¥ JK 255 J&
— xR B TS ) EE 0 L RS UL F A
Py B KR (AN FED 45 230 RAFMEY . KE
R ] S E A RS R R RIS R A
A A BB K AL A S LR e
SRAFRE A T AR R MEB IR HR 5 P A Pk
FURE KRG T E R AR R 5 R SR
et 2 R T E AR

TR PR BE 2 F 7 R A R — P R EA
1 156 5 B 71 77 26 (succinate dehydrogenase inhibi-
tors, SDHIs) AR 7, 2012 7L F E RIFEFIC. ]
ML P IR A LA R T TS AR SRR T Bl
TRTREENG KBS VR A R AR S5, s
1 L5 AT A T e T B o Sl T 7  BELAS G R
PR AR T« DT 00 S J £ i1 K B 22 AR B G
T Tl R

I R SV AR T 2 DXL A R
PRAEGIF I A L DA i P ) T e 248 A% T 700 7 I Tt
JHe VP22 i X 5 8 o B HH ) [ 2R kA T K 5 0 T X
W Ik A e 7 A P ARG H e T R A IR B
XoF SRR PR T i ) R I 9 B G PR AR IE SR
300 3 UMM BT PR FRe R b9 5 A DX ) B A R R s ) B 24
PEATIN , 37 R SR WF SR PR LI A S T
ST AT 5 SRy R R TN TR T i ) £l ] 9
S A HESh AR 2 SR AR =K

1 #R57TE

L1 #hlEK

T 2019 4F 1 A —3 A, M Bl 5 DX (529
DX 8 DX T DX 28 E DX Rl A8 DO I R g A
He b L FEHLR 46 ORGSO IR IR i 2R » Z 5 X1 ik
ST T AT A ) B E FRATE R U] —
AL B DR B 1B JRARAT 90 Ak B At < A 4 £t
Br. BT E R 1 2 PDA A RHE , i 5 (s
WE TP T ACHEM.
L2 HF AT SHEFE

98. 8 0 JRUML AT 15t M Ji 24 1 3 28 R A LA A
BRZS F S 0IE CE D 5 PR - [ 24 4 P A 3l A BR 2%
A s SR A A B IR R 7R 2k (PDA) 75 By B T
b el W A AR A PR R T BRSS9 A SR
%€ s PCR EasyTag Super Mix, b5t g EYHAR
A BRAE s TRHE b R E MR PR A A

1.3 BE2AEKMEKE

R F B 22 A K SR I T I e . SN B
Ji 245 PN BRI £ » AR 10 000 g/ mlL BREWE L T
e B4y A 0.0, 25,0, 5.1,2,4,8,16,32,
64 pg/mLJ% 128 pg/mL, R MEE: A PDA S
Mdife, T(25E 1) C JRIEEEFE 72 h )5, fE R I5 4
SATHIEAR N 7 mm P BEYE, R LR R 5 HRE
1) F 25 1l b ke DI 86 2 DR -l ok o) B g4k
PREA 3. (251D CHmEEE R 72 h 5 1+
TSP A T AR .

N _ HWBREG,

1.4 IRIAERAG SEEE E /500 E R bb 3
BB 7 22 DNA (1) $2 BUR 2t B (9 CTAB
TR, AR K A A BE FR R WL (Sdh A,
Sdh B,Sdh C Y Sdh D) F¢51) R FAXIREE S i 4 X651
#). SdhA-F. ATTTGGAAACGCCCTTGGAC , SdhA-
R:CATTACCGAACAATCCCGCA ; SdhB-F: AC-
CTACTCGOCCTATCCAAT , SdhB-R: AGACTTAGCA-

AG, SdhC-R: GCTGGACTCTGAATGTGAT ; SdhD-
F: AGCCAATCAAATCCGTTCCG ,SdhD-R;: CAAAC-
TCCTCCCTGCCCTCT, X 4T HRR Y 4 4% V. 3k 25 A
FERPEFT PCR Y71, PCRAKZE Ny 20 pl.fu s 2 X
PCR EasyTaq Super Mix 10 pL. | Fif 5| ¥ %
0.5 pLL (10 pumol/L) . DNA #i#z 20 ng, & 5 A
ddH, O #h &, PCR F2:95 CHiZAZME 3 min; 95 C A%
P 20 5,55 CiB 2k 20 s, 72 C#EfH 30 s,32 PMEH;
72’ CHEMf 5 min,

HU5 pL PCR Y4724 F 226 B g Ao s il 4 7
HEL VARSI » B I B MR 2R X i e b A T4 IR %, A 4%
H PCR PEMpik A TAY) TR C ) A RIF-AT I o
1.5 HiEaIE

FIF Microsoft Excel 3R A4 1155 24 7 % 1 22 4
A 2 A RO ik B2 ECso i ) SPSS
22. 0 GErt A IR S B HEAT 4B R A4
RGEELEAT Shapiro-Wilk 2 (W) i E A A 5
P=0. 05 WFF & R0 A S MR RS 34 s B
SRR A0 28 AR ) ECso 43T LA AT » 22T A 38
O3 B S oy A i 2 . P 25 S48 ] DNA-



47 5 4 1

1R S T R R TR A R ML T B Y S A B e 231 L - 217 -

MAN B U BTt B bR 9 SDH & J 1)
AT EEXT 4 31 LA NCBI R Chttps: / www. ncbi.
nlm. nih. gov) 84l FE A G P IIE RN 2% . &%
GenBank & [H & i 5. KR705916. 1 (BcSdhA) .
KR866382. 1 (BcSdhB) \,KR705923. 1 (BcSdhCO)
KR705930. 1 (BeSdhD)

2 HRESH

2.1 EFKREFRENEMEABROSREES
P IR 5 A X, MR AT BN 40 B 3] 90 4
TR IR A TR R R . BRI S 5 R R - U
TR 90 SRR ECs 41 T 0. 09~75. 91 pg/ml,
B AN [R) b X 22 [v) 0 g R 25 TR X G M T T
IR EZE AR . 2 Shapiro-Wilk 1EZSHER G 45
HL IR ECs SR 43 A5 W=0. 49, P < 0. 001, k%
Mo A (B D 3R WIS [R] B R T BRI T 15 e 1) U
PEHIL T 434k © S S BURPE AR A A L bk
ik, Horb, 22 BREREY ECs) =6. 54 pg/ml, 24Ei%E
Stk oA (& 15 Hoar 68 BREERE R EGo AT 0. 09~
4.80 pg/mL, EIELNEES i, HW=0.97,P =
0.054 > 0. 05 (] 2), 1% 68 #k B #EF1 ECy Ky
(1. 6840. 91) pg/mL., BB — &L g th £ 455
ERSAT O VR R L S 1
100

80F W=0.49, P<0.001
S§,=3.23, K,=10.21

(=N
(=4

B/ %
Frequency

N
(=4

o3
=

0  —— R I Pa— s y
0 7 14 21 28 35 42 49 56 63 70 77

ECs/ug + mL™!
1 M EEEGE 90 N ESRERERREL
4K ECo X1
Fig. 1 Frequency distribution of ECs, values of fluopyram for

the mycelial growth of 90 Botrytis cinerea isolates
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Fig. 2 Frequency distribution of ECs, values of fluopyram for

the mycelial growth of 68 Botrytis cinerea isolates
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Table 1 Mutation types in Sdh B subunit of 90 Botrytis cinerea isolates and range of resistance level

Sdh B 575 S H) PRIARESL/ B ECso il /pgemL ! B ey = SN |
Mutation type in Sdh B Number of strains Range of ECsg RF range
— 41 0.26~3. 24 0.15~1. 93
H272R (CAC-CGC) 27 0. 09~4. 80 0. 05~2. 86
N2301 (AAC-ATCO) 14 6. 54~16. 45 3.81~9. 85
P225F (CCC-TTO) 8 22.98~75.91 13. 68~45. 18
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Table 2 Fluopyram sensitivity of Botrytis cinerea collected from different regions in Shanghai

S % T R e T e | 2% /0
Region Total strains . Average of ECs .. . . .
Range Of EL5() sensitive strains resistant strains frequency

21 [X. Chongming 16 0.26~3. 01 1. 58=0. 89 16 0 0. 00

Z2 W% X Fengxian 22 1.31~75.91 23.08422. 68 5 17 77. 27

7 AEIX Jiading 21 0.48~17.06 1. 7941. 40 20 4,76

T 4 X, Pudong new area 16 0. 34~30. 41 4,2147.53 12 25. 00

HIHIX Qingpu 15 0.09~3. 24 1. 7340. 86 15 0. 00

Mt Total 90 0. 09~75. 91 7. 41414, 94 68 22 24. 44
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Table 3 Origins and resistant levels of 22 fluopyram-resistant strains of Botrytis cinerea
Bk ik P37 ECso/ B PEATEL Sdh B 52525 H) PRI A

Resistant strain Source pg e mL ! Resistant factor Mutation type in Sdh B Resistant type
PD1-3 28 X 6. 54 3. 89 N230I (AAC-ATC) LR
JD1-2 FEX 7. 06 4. 20 N2301 (AAC-ATC) LR
FX1-1 Z WX 7.38 4. 39 N2301 (AAC-ATC) LR
PD1-1 TH R8T X 7.50 4. 46 N230I (AAC-ATC) LR
PD3-2 TR X 7.74 4. 61 N230I (AAC-ATC) LR
FX1-6 ZEWE X 8. 31 4. 95 N2301 (AAC-ATC) LR
FX4-11 ZEWE X 8. 39 4. 99 N2301 (AAC-ATC) LR
FX1-3 ZEIX 9.08 5. 40 N230I (AAC-ATC) LR
FXJS3-10 ZEWEIX 9. 46 5.63 N2301 (AAC-ATC) LR
FXZH17-1 ZEWEIX 12.33 7.34 N230I (AAC-ATC) LR
FX1-10 Z WX 13.16 7.83 N2301 (AAC-ATC) LR
FX1-9 ZEWREIX 14. 91 8. 87 N2301 (AAC-ATC) LR
FX1-13 ZEEIX 16. 37 9. 74 N230I (AAC-ATC) LR
FXZH17-4 ZEWE X 16. 45 9.79 N2301 (AAC-ATC) LR
FX1-15 X 22.98 13. 68 P225F (CCC-TTC) MR
PD1-7 2R X 30. 41 18. 10 P225F (CCC-TTO) MR
FX1-7 ZEEIX 31. 05 18. 48 P225F (CCC-TTO) MR
FX1-11 ZEWE X 51.48 30. 64 P225F (CCC-TTC) MR
FX1-8 ZX 60. 44 35. 98 P225F (CCC-TTC) MR
FX1-12 ZEWEIX 61.58 36. 65 P225F (CCC-TTC) MR
FX1-2 ZEWF X 66. 54 39. 61 P225F (CCC-TTO) MR
FX1-4 ZEWEIX 75.91 45.18 P225F (CCC-TTC) MR
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