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B B HRA LAEMREBZRERE Botrytis cinerea Pers. 5 £ &5 14 2 7| we B H i 69 LR M
KB, RPN T RO LA 6 AR B4 195 EERE 7 H a2 BLid i
BN, T H T 20 R AR HMBAA ARG IRMABMLABAR 77|, 4RE7: ZEBA
Jeest B R EBRERE A L4 K4 ECsy i MAA 0.15 pg/mL, s KXAAKTF 110 pg/mL; =
JoF 8 &K 49 ECso IMEH 0.19 pg/mL, R KXAAK T 50 pg/mL. L X F HKF A EH A= B
B B b IR R A 29.74% (KT KT 10), FHIIMEH 20.51% (FtEK-F X F 100). %%
M6y = A L 3R 30 BB 28 SdhB A K A H272R X P225F R LA %k, H+ H272R RE L A &K
K&k, HREN, LiEWREEFERERE M RBLE e KT B R R G, Rk
A A 9% R R IR 30 BRI 2B SdhB Tk 49 H272R RE.
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Sensitivity and resistance mechanism to boscalid of Botrytis cinerea

from strawberry in Shanghai
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(1. Shanghai Academy of Agricultural Sciences, Shanghai 201403, China;
2. Shanghai Agriculture Technology Extension & Service Center, Shanghai 201103, China)

Abstract: In order to evaluate the sensitivity and the resistant mechanism of Botrytis cinerea Pers. (the
causal agent of gray mold disease) from strawberry to boscalid, the sensitivity of 195 isolates in 6
districts in Shanghai were tested with petri plate. And the succinate dehydrogenase subunits genes of 20
isolates with different sensitivity were sequenced. The results showed that the lowest ECs, value of
mycelial growth inhibition was 0.15 pg/mL, and the highest value was over 110 ug/mL. The lowest
ECs, value of conidial germination was 0.19 pg/mL, while the highest value was over 50 ug/mL. In
Shanghai, the resistance frequency was 29.74% (resistance factor >10), and the frequency of high
resistance was 20.51% (resistance factor >100). Resistance mechanism analysis indicated that the

resistance to boscalid could be attributed to point mutations at codon 272 or 225, which would lead to
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the substitution of histidine to arginine (H272R), or proline to phenylalanine (P225F) in SdhB subunit of

succinate dehydrogenase. And the H272R substitution was more common. This study showed the high

resistance level and frequency to boscalid of B. cinerea from strawberry in Shanghai, and revealed that
the H272R substitution in SdhB could be the main cause of the resistance.

Keywords: strawberry; gray mold; boscalid; sensitivity; resistance mechanism; Botrytis cinerea;

succinate dehydrogenase

Hi K i %] #0 Botrytis cinerea Pers. 5 EU I K 5%
i (gray mold disease) J2& HL 48 A2 7 A ik i A2 de
B E 2 1, BREAR B R, T EL AT
AR, ERORRIBEE . EER R 2 H
I 7 96 B 2K 854 e DL IR A it 2 — 141,

WGE PR T 1 S MR f 5 P WP R B 7R, ) 22 ol
YR EREN, HAGEY. ALY, LRtk
JleX} B. cinerea MG PE Ry, X HAE 2K B9 1 HH 1]
BivE SR AT A 90% PLES, BLEH 50 Z2ANEmE#
i BT = b A A C T B VR AR W I R A
WA R KR HEED A 2555, I 10 Ak
CES X BB gl 72 . BT B. cinerea
BIEEER . T HRERHE S P ERETS,
J& 55 X 245 750 7= AR U I — AR A IR B[R]
B, W I B iV FH AL pt B — 9 Ji T 56 R 2y B
A IR R AR ST et o AR gk, Sk EBR R B
FIPTIHEZR 14 (FRAC) A8 N 7= A= Pt AU 558 e 1)
RE N, B. cinerea-WE B B fZ 4, FRAC N2 N
2 B e U U 5 R B - R B R A 3B
E .l E S E R Y 2 L ] B. cinerea X We Bk
Jig 77 AL U AR O T T N A AL A O B
HIRR I 58 (SDH), 18 A 26 R AR I I B T 1&
WARMEASSMEL, BH 4 AT, Hib
SdhA N ERE M, SdhB N 3 MM E A%,
SdhC 1 SdhD A5 & HEEM. #EikiE, B. cinerea
X WE I B pi i i 72 4 5 SdhB A 225, 230,
272 i £ K% SdhD WP 3E 132 47 S (R FE /R kA 54
AR, EEFTRE R RALRMBEAR, o
S M SdhB |/ P225L/F/T N2301 Al H272Y/
R/L, LA SdhD ) H132R &5lo-n 13,

H AT ¢ it th [X 505 IR 87 00 B X WE It 1 %
{0 TR IR, B B 1 SR AR AL S5 38 v A B A .
Uk, AH 5T R B 22 A K R R R K
YA E TR A BT 6 AN EEREX (B) 134
FHb ) 195 ¥R B. cinerea AR F A KB Bt

WGE IBE P R BRIk, DR, LR A 20 MR HTIE K
PAFE R, AN TR R S P R AR
IR RARNL i S S P IIR &, BUA
G BOE TR A B g AR B B A T I A B R, DR
PUVE M S ia BE SR AP AR AR

1 HRS

1.1 HilErk

i?mnﬁn 47, NElTEHAE. F%
X, #EXs S X WARBX &ERX R
Bﬁﬁﬁiﬁﬁﬂ,mﬁﬂﬁﬂﬁ%MKﬁﬁf
B, ORORE 2 B VRN 0 B R AT R B AR
BT AR E RN T PDA B 553 b, 24 C T
7%, WS RENSEE, RE Y5 B. cinerea &
AR EE . SRIET [F — 9 51099 Ji 1 £R B
1 ¥k, BASRAE SR 15 4k, LE3E715 195 #Rii
lﬁoﬁiﬁlﬁﬁﬁﬁmmﬁéﬂﬁ,MC
Hw2dfE, T 4°CRA7,
1.2 &7l w3 lJ&in%%

98% WE ML 1 1% (boscalid) Ji 250 H i BeAL

TAHMRAT: 7 Hr 2l ER e B E 2454 B0 272 151
AN M & MG 772 (PDA) W H

ZE BD ], HT M FR & 24 K]
B, KEMER I (WA): FflE 15 g« LHK
1 000 mL, HI T/ J5 g £l 7 7 R4 Ht4e . PCR
SuperMix Easy Taq . pEASY-T1 #fk & Ktt
H SRS (Trans-T1), WHILE2XESEMEARA
BRAR, T HEERE R,
1.3 EZEKHRE

KB 22 A K R VED I 5 o K T A e
iV TR, WO 50 mg/mL IEFR . IR AL
SEO, P I ERK BERRR R R, MO A AR
JREIRES N 010 0.2 0.5, 1. 2 &% 5 ug/mL
1145 %5 PDA “FAR, FTHURERNE; BHl 2.
5. 20~ 50 /&% 110 pg/mL 1245 PDA P, T
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o R (BRI B e s 25 70 ) MRS 37 3 A
PR s RSN 110 pg/ml). Bk 110 pg/mL
B 77 5P B A DA IR 1 S D AR AR 2 400.22%
Ab, HAR AR PIEE A &N 0.1%, R4 51
PL¥R I 0.22% 1 0.1% IR PDA ~FARIE AT A
SR, fE24 C FRiFR S5 dMEELGITIER
5 mm PG, B FIR R VIR & 25 AR
g, 24 C EREEIE R 3d G, H7ss Xk
BHEEER, §0EE. BNREEE 3R, U
Zhang ZEUI3RIE (1) 2004—2006 4F 1 [E# L KL I3
BN TSI R MR fidisd e T TR i
(1) B. cinerea BRI HUBPEREZE (1.07 £0.11 pg/mL)
YE NS R UE, THEPEACE (R): PUi/K =5
Pk ECs50/1.07 pg/mL. it bl R <10 K
BUEK (S); 10 < R <50 APt (LR); 50 < R <
100 NHHT (MR); R = 100 N&EJi (HR).
1.4 fAFEAAINGHIA L

K A8 1 AN, 42005 T B B 22 A K
WIS TS PUE S ], BEMLIEE 40 BREUR B
Bk (S). 3 BRIKHUE Mk (LR) 3 BRH HLE Rk (MR)
J 12 ¥Rk (HR) BEAT I 52 o 5 e 15k o i B
T8 P R A R S TG R 24 7 e 2% o B R EE G i
0.1, 0.2, 0.4, 0.8, 1.6+ 5 &% 50 ug/mL &%
WA SR (i G 24 77 75 15 5 58 b H T 52 e 6 g
THARMIMER, i &R ¥ 50 pg/mL), =
O R D2 B I A . AARE 77 0L ) EUHT 65 1) 23 A=
7T RS, HWIRERS 1 mL 2 10° 4.
HY 100 pL 787 ByF W 210 A0 T8 25 WA PR
b, 24 °C BB TRIERFE 18h J5, TE¥%E
T N0 B R B RO ST S A, DL
BRI ENN R .. BRI
HE 3R, BANEENEMTSEAKT 200 4.
1.5 BEIABR AR SEGE FE 551 E & bk Xt

MAEBUME AR E (S« LR. MR A1 HR) H B #k
WS BEATLIE R S Bk, XTI BRI I S B (SDH)
) 4 25 W3 g i 5 K SdhA. SdhB. SdhC 5
SdhD FFHVHAT I E o T 22 TRALFE % 5 DNA $2HL
%% Harju UG W T k. SdhA. SdhB.
SdhC 5 SdhD F=R Y38 51 %43 74 : SdhA-F:
ATGTCTTCATTTGCTATGCG, SdhA-R:
CTATCCATTTTCATCTTTA; SdhB-F:
TCGAACCTACTCGCCCTATCCAATT, SdhB-
R: GACTTCTTAGAAAGCCATTTCCTTC;

SdhC-F: ATGTTTTCACAGAGAGCAA, SdhC-
R: CTACAAGAAAGCAACCAACG; SdhD-F:
ATGGCTTCATTCATCAAACCATCCG, SdhD-
R: TTATGCGCGCCAAATTCTTTTGATA. H‘E
TAY TR (R AwS =i irng. %
F NCBI M3} (https://www.ncbi.nlm.nih.gov) K]
BLAST n T E AU S HitE Bk ) SDH A 741
BEATEEXE,  FE DL NCBI 34 2 A A 5 5 9 1 &
#% ., 2% 74| GenBank 754 HI28: KR705916.1
(BeSdhA). KR866382.1 (BeSdhB). KR705923.1
(BcSdhC) F1 KR705930.1 (BeSdhD).
1.6 HIELIE

N.F SPSS 19.0 Gt it # A4 x5 F s 24T 40
B, R R 4 BB i 47 Shapiro-
Wilk ¥ (W i) IESMRL; @i probit Bt &
2 7040 11975 i B T 2 AR K Rt F B R D EC s s
MRYEHUIE 2 G br o, K )55 SR B 18 10 R B i
22 K BCs HFM N 7 KA R ¥ SdhB
BRI RAS 5 15 Je RAF KA oy R A R oy A &=,
H Kendall’s tau-b 25, 431 X5 Ji v 70 7 0 & 5 B
2 KX 2 0 R S R T R S AR Y
KA UL R0 i B R A 5 AR S B AR O MR AT
38T H Office Excel B2 il A2 3 A1 B 5 B M
EA AR .

2 HERED
2.1 REREELEKSHEFIHL X IERERR
Rk

R 22 A KA IR SR B . g b X B K
75 TR 0T W R Y ) U 2 S ROK, 195 RREE A
T 22 4E K ECs B /ME N 0.15 pg/mL,
KM AT 110 pg/mL. 4 W ik IESMHR K,
195 Bk B AR B 22 2B K 1) ECs (AR 5341 W=0.60,
P<0.001, 2AEESMES G (K1), REHEEREBE
SRTEAAONT BE T B P R M A7 E — 8 e Ak, By
WAk APt K, S8 MREHRI ECs H =
16.58 pg/mL, ZIEESMESAM (K 1); HR
137 BRI PR ECso fH AT 0.15~2.45 pg/mL 2 |1],
BESHEIES S, H w=0.96, P=0.15>0.05
(Kl 2).

gy AL R AR IS R W IE I B e T
40 HRBURE MR B FH5 KM ECso H N 0.19~
1.21 pg/mL, £ WiLIESMHERLK, SIELMES
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Fig. 1 Frequency distribution of ECs, values for the mycelial
growth of 195 B. cinerea isolates
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Fig. 2 Frequency distribution of ECs, values for the mycelial
growth of 137 sensitive isolates of B. cinerea

I3 A, ECso M 0.58 pg/mL(& 3), i 18 ¥k
PEE R ECs KT 50 pg/mL(F 1). L33
ORI, 58 Mk B MR T 1 R 5 TR 22 A K B e
Pk B i ) ot R AL A R AE AR SR P (Kendall’s tau-b =
0.948, P<0.001).
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Fig. 3 Frequency distribution of ECs, values for the conidial
germination of 40 sensitive isolates of B. cinerea

®1 EEREHEDERTFIELXVEE E ISR
Table 1 Sensitivity of the conidial germination of B. cinerea

from strawberry to boscalid

TORE B 4/ KPR BRI bR ECso/(ng/mL)
Resistance phenotype Number of e —p
: : VA XA+ bRER
(mycelial growth) strains/plant Range Moan + SD

UK (S) 40 0.19~1.21 0.58+0.25
Sensitive(S)
iS4t (LR) 3 >50 >50
Low resistance(LR)
41 (MR) 3 >50 >50
Medium resistance(MR)
L (HR) 12 >50 >50
High resistance(HR)

2.2 2017 F LB X EE Ik % E X IER &R
HEER

B 22 A K AHREE (37 2) #WH: 2017 F L
W5 X (B B AR P 3 b SR A 1) AR BRI A 6T T
BT A R, e BCy S ME KT 110 pg/mL,
B PUEACE KT 100, Mg, Bk
PN 29.74%, EPUIEN 20.51%. %X (&)
o s BRI AR B v ) b XA AR T IX S
EX, A 46.67% F140.00%; KIE T 28 H
(55 SR B BT MR AR, FL 90% I B R 38 T xS e
Tk BT e SRR
23 MMRTMS

# Pk SdhA. SdhB. SdhC 5 SdhD 3R 54 LL
X AT s AR, 20 BEAS IR BUBE B R 1) SdhA
SdhC 5 SdhD 3 NIER VR K AR 5 PRBURRH
PRI SdhB 5 R A& R A 9248 M 15 k01 B Ak 1)
SdhB WA KA T AR R KL . £S5
5, RABMRES P EZ A ER R & IE
FHIEME (Kendall’s tau-b = 0.60, P =0.02 < 0.05).

Bkt 15 MRETHEBE MRS, A 13 BREHRIN
SdhB W% 272 fi7 4H 2 BR R AL A K 2 R (H272R,
CAC RN CGC), 2 #REPRM) 225 fr itz B A
NN EIR (P225F, CCC %484 TTC), HRA
R GHHEKE Z A FLEA M (Kendall’s tau-b =
+£0.45, P=0.13), M H272R RAGLE i SR K
FEWE P RAEREE, kT RBA, KT
(LR). H¥H1 (MR) K mi$t (HR) WPk 50 £ 1
ZRAL M P225F RABA KA, AEGEDER
JR B A I 2 (3R 3).

3 INESTTE
9 JE TR X 3% TR 75 ) SRR A 00 2 ) s 7
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Table 2 Sensitivity and resistance frequency of the mycelial growth of B. cinerea from strawberry in different districts in Shanghai

N
Resistance scales
BTHRK T U (S) &3t (LR) THL (MR) H9T (HR)
o Sensitive(S) Low resistance(LR) Medium resistance(MR) High reistance(HR)
Source of strains
ECs 1t iz ECs 1t ARz ECs 1t i ECs 1t ARz
Range of Frequency/ Range of Frequency/ Range of Frequency/ Range of Frequency/
ECs¢/(ng/mL) % ECs/(ug/mL) % ECsp/(ng/mL) % ECs/(ug/mL) %
EE 0.60~2.45 90.00 16.58 3.33 96.90 3.33 >110 3.33
Chongming County
BRI 0.44~1.74 73.33 - 0 78.12 3.33 >110 23.33
Fengxian District
FEX 0.58~2.28 60.00 20.11~37.38 6.67 73.92~94.26 10.00 >110 23.33
Jiading District
EAES 0.15~1.63 70.00 23.24~29.84 6.67 55.98~61.97 6.67 >110 16.67
Jinshan District
THZHTIX 0.40~1.74 53.33 - 0 - 0 >110 46.67
Pudong New District
HIH X 0.33~2.01 73.33 28.88~39.95 6.67 55.51~84.87 6.67 >110 13.33
Qingpu District
St 0.15~2.45 70.26 16.58~39.95 4.10 55.51~94.26 5.13 >110 20.51
Total

®3 0 REFRBHFENERERAME R SdhB T ERE AR

Table 3 Resistance to boscalid and mutation types in SdhB subunit of 20 B. cinerea isolates

T 224K BCso {8 (1E + brifEE)

Resistﬁf Eﬁfyi{fn{@itil%rowth) N? f’; ??r:jilns ECso value of mycelial growth/ Mutsa(i?(gl :ﬁ%f%hB
(ng/mL)(Mean + SD)
UK (S) 2017BCCMQP0106 1.33£0.13 7 None
Sensitive(S) 2017BCCMQP0101 1.21+0.25 % None
2017BCCMCMO0206 1.41£0.11 J None
2017BCCMPD0101 1.09 +£0.20 J& None
2017BCCMFX0101 0.68 % 0.08 J None
%475 (LR) 2017BCCMCMO106 16.58 +3.32 H272R(CAC to CGC)
Low reistance(LR) 2017BCCMIDO0104 20.11 +4.43 H272R(CAC to CGC)
2017BCCMIS0202 2324+287 H272R(CAC to CGC)
2017BCCMIDO1 14 37.38£4.55 H272R(CAC to CGC)
2017BCCMIS0105 29.84 £ 6.02 H272R(CAC to CGC)
H1Hi (MR) 2017BCCMCMO101 96.9 % 7.80 H272R(CAC to CGC)
Medium resistance(MR) 2017BCCMFX01 14 78.12 £9.56 H272R(CAC to CGC)
2017BCCMIDO0107 81.22+1022 H272R(CAC to CGC)
2017BCCMISO0112 61.97+9.89 H272R(CAC to CGC)
2017BCCMQP0103 84.87 £ 6.58 H272R(CAC to CGC)
&1t (HR) 2017BCCMPD0208 >110 P225F(CCC to TTC)
High resistance(HR) 2017BCCMIDO0101 >110 H272R(CAC to CGC)
2017BCCMIS0102 >110 H272R(CAC to CGC)
2017BCCMQP0301 >110 H272R(CAC to CGC)
2017BCCMPD0201 >110 P225F(CCC to TTC)

2B SR ) AL AR, AREFREM, b
HEHLIX 6 /N LA 2 7 DX IR K 85 994 11 % WE 9t B4 Jke 1)
BURME I —E ok, PLHESERIA 29.74% . H
rh, BERE O 20.51% M BEAR TR 2242 K1) ECsg 18 >
110 pg/mL, HXFBEMLIEE M) 18 BRPUIH: b bkt 7

H R 1 ECso MHII KT 50 ug/mL, 3R BINE N B ik O
JUF A& RN I A 73 B AR A R . R, X T
PUVE BRI 5 (10 4007 X L 58 0 S5t [X 0 5T
FEAPRE R M, NI T RERE 2G TT S, I E I
e B 255, ] e Al ) LAt 658 B 0 24
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FURFRE, 5% 1) Mo DU Ji 0 i Tk R e ) U ke
BB, DA IE R

AT, BEBE R N TS IR AR 137 Bk
993 Jir B B 22 25 K1) ECso 3MECN (1.11 £ 0.44) pg/mL,
XT 40 PR BUR B AR AT BT K K ECso BB N (0.58 +
0.25) pg/mL. 5 Zhang %5405 E W VL AL 55
T NS IR = BE 58 b RKRE o B L I R 2 A
KA 7B R BBURFE LR [(1.07 £ 0.11) A1 (0.42 +
0.05) pg/mL] B oA, 5 Myresiotis &1 %)
A MG v AR R A TR LK R AL
IR L 28 (2.09 AT 2.14 pg/mL) 5 —5E % 572,
22 0] 6 HH A [R5 Ji TR b A 1 A () B A5 2
W E SIS R AT TSR AT A Tk A
R B MU R 2 R KR TR 1
ECso SME R A 504, ARy b J B3 b X 5
E I BT TR P Ko W T T e 70 12 M ) 2 2% 4l
Z

AT T, 9 JE B AT RS T 22 A K
P 1 e P e vE R I — 2, L AR 1 R X W 1 1
)4 1) B R UG (BIURK B R EC5 18 < 1.21 pg/mL,
P R ECso 18 > 50 ug/mL). Z& Fernandez-
ortufio ZF'EFE 50 png/mL B BEE % N REIE W
H IR R R A A P B AR X — W, BE LA,
7B R AMHENE (& 50 pg/mL WE B L WA B
FRIk) BIE T B. cinerea e ik i i i v ) i
R/

Har, EE. mRH. SmESZAEFKHIRE
TR I B. cinerea % WE I R & 1T ME SAZ TRIAR! 1122,
PEIA R FCIGE, 2 5O DL i 5 B 0T W T 1R 1%
BT S LR Rk T R HRR I G SdhB W S 4 2
FRsE I 225 J2 272 AL R E B K A RALH
%, 4% P225L/F/T A H272Y/R/LU 131, Hor
H272Y 5 H272R RAB Ay W AHE 5T Xt
20 FRE Kk SdhB F 3 H X 45 B SR, H272R R
ARAE b R R KR B R R A e, A D
BMR R A T P225F AR, RAZ KA (H272R 84
P225F) 5Ptk r=A G o AH o, Pt K P 5 5%
WRBTC R EA RN BT HOAR AL U R R AR R
x4, Kretschmer 25295 Leroux ZEUWF 72 K3,
Jibi i 12 8 1 R i RIA [FIAE 2 530 B. cinerea Xt
0,475 I I B L P %) 22 P A e B 1 o ) 7 AR
KB &R HurE, Fln, 4% ABC (ATP-
binding cassette) ZK % AtrB iz & H 1 # % K1

(Mrrl) RARA, DL ZwtS MFS (major facilitator
superfamily) Z R M5 %32 T F B mfsM2 W) R BT
X PR 2 Jo -4 N T BOE RIE S o IXFP ML BV R
% fE BEAS I 7T 13 PRPUME R ik AR 35 H272R
RABRE, HHERIBARBEAFRRER . K
TAHIFE B B R S 15 A AR T AP BT 2 AL )
B e S Fe gt — B 7 .
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