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Botrytis cinereas | #EHY KB = B B 2 EPIHY B 25
L BEKEREEIRE RS LR R - F SRR EN
PUEEVERTE o RodPh Rk MUR B HLEEM: o TRy R T - T52A
2018~20195 4% B 2 & & FER E & 19 3618 U B B R B ik -
FIHF A HIEI A SURRE (effect concentration for 50% inhibition,
ECy) sl HE T vl ~ B2 - A5yl REwEFERE
TE FIME B BB 0 RS2 1 > G DATR & T 8 6 2 e R BL TR OE
Tl 53 B & B ik L iCAFE ST 470 S AH B BSR4
5o GERBUR > UERE - HEE - A5 B EE R ]
B LU T AERE RN ELZEEE @ G143A (cytb) ~ E198A/V (B -tubulin)
N230152H272R/Y (sdhB) J¢Y136F (CYP51) > H{IAME/D » SBE
IR PSR 73 F o E AT © BEAh - BEEA3ORRE T HiE
TR HIPE BRI BT EE T RIASL ~ 32 0 25Kk Ik
EHFPLE e U HZFE S A3 R E w8 - BB R
SHIERM  BERIKERE S B ERERE -

BRSER © IEURE - PIEENE - HHIRIAERORE ~ o Tl
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Botrytis cinerea Persoons [RERY K /& 2 EHb & LY
TEVIRE - KEEGEECHI0THEZT EEY > BRI - 7
3~ FtE -~ FRRIIEYD - MOK S FETT B BRI o (H DURCH
R ERZBEY o KRB E RV RIS B
A SEME B E (necrotrophic fungus) * 1247 HIRITRIE
» B K& 53 A (conidia) F5 HH JEUFIFR 7K (3126 T 2H 208
BN SAEYIRTE R, o DB B i 1 B PR A i 22
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FBEBELTWREERS 4 EIONEEWNE - sEERH
T4 BLER Al I T Y B R o RN DR O B o AR %
HEERE  FEKSWRETETE - B HEERIARE 5
botryticides * 48 BLIMERER10% AL BT 5 REHFEE A
REFAGCTEDIEERTED - BE > LETgEER 2K
PERIRE - AR R PUEE M TEIZ A E (Fungicide Resistance
Action Committee, FRAC) &} » 75%LL_EAEA#H] (mode of
action) AR EIC A PIEEIERTE > LSRRI YR E P G0
ek - AL B EIE R ER AL (target site) #54E 8 5 2 R B
S PLEBVE R —10 -

PEEME T E E ATV (detection) BEEEAE 1IN EM
(monitoring) » HARE EIER R B IEEMENENREL » MIFIRHLE
R AEER] > ko0 P EE I R R AR - R B g
BRI b > s (E BT A E R A RURRE (effect
concentration for 50% inhibition, ECs)? » [ 0] F LA 1755 5 B 3
BERIH R Z MEFSAESR (baseline sensitivity) » {E R 12 BT EE 2%
FEERYERREREAECD >+ BE F DL BRI B 0 I DL e AR - A&
JIEMERGE T IR AL B AR EE - (HEMIRE A B T s R E
EREATIENEEER KSR O N ER R R
MBVEESFAEITEREL « HOAMHRES S - (HRENE T - iUEE R
B4 N Fifis

FIREEE B ET SR SRR - A&
R 5 e s g e H A Amas R AL e f i > s E HE s
B AERE NN o B EAE SS9 A B E T E R
[ > SEEEAENE Rl R B AVAS T s R0 - B R
HHVFFE BB (specific site) BCEFZRVEMETRL (active site) F 2
/DB 4 (@[ A% (amino acid) TSR - A2 E A SIEER
BB VERV R SRR o AL TFEE 4S5 G 15 LB SR s DU H 1)
RETT A BIARE H A9 (EE i L SR (0 B B R 5 2E %
HRF(SH AL BRI B B 7 45 5 PRI A B Al - B IR PUEER &2 -
BLEEMEAT S FH0R) (molecular detection) ihiE 1 ¥ 4w iE s £LBH
AL B BB A B ST (codon) METTEEH AR AIZ T3 428 »
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HoJE FHRIE 7 FA0H0E o 3 FHe AR BB Y 5 S X %
(deoxyribonucleic acid, DNA) 2R EMNAY)5r T > MHEHDIEEE
PRI R b TR AR > HB &84 2 /8 (polymerase chain
reaction > PCR) KFEERTESF (DNA sequencing) UK H #RIEIERE
flir » SRR BT A TT A E BFAERE 53 T A B ~ Fedlg
st o

H 8 (pyraclostrobin) J& ¥ R SMNERHIHIH] (quinone
outside inhibitor, Qol) » HA B il 28 H &5 & 77 D BUP B 4
R ZbelfE ZE A% (cytochrome bel enzyme complex) HYQofir
BE > FH#% 8 T fEcytochrome bEdcytochrome clf &k » LAHIH]
L AR RSO (E F - PHETRE AR o BRSNS R 58
Bk H FH 4R B RS 8 [ cytochrome bEYcytb B[R &5 4 Bl 2 g%
TERIF I RN 143 (G143A) BRET > LB E P
BN HROREE129 (F129L) #05T » (EAREIE - XAy
%5137 (G137R) b+ » SHER TR - H 1 md#& E P h S Hrgsy:
HRA Y o HI3EF (carbendazim) BEAFFBKME (benzimidazole)
gEm| > LSRG RS GMEED (8 -tubulin) » [HEME
B oy EELRE Bh DU AR 53 24 o IR B 2P I s
BB R AR AV EE 2 A R - (B EEEE198 (E198K/V/A) %
5Ty F R B5200 (F200Y) A RAYZEHET-288 > 29 o [q3p7]
(boscalid) /&4 FREERE (carboxamides) ZEH| » FEHNH HABUHEIE
FAEERT €56 (succinate dehydrogenase, SDH) PAZEREE HAY » [
B ZAEANBEAE S AT R E S Y o fEIRIARE AR ElE
(sdhB) FPHIRIE5272 (H2T2R/Y) 5+ Ryfii B £ 2 oe gk
IEAN - 55225 (P225L/F/T) K2230 (N2301) A5 T-2e 88 R il ¥ 1
Y EEMEARE o (B ILER SR MR ZE R0 -
TLJE (myclobutanil) J&5[E[E% 25 FHALHIHIR (sterol demethylation
inhibitor, DMI) » F&HI b f#0ms B S5 A% - 14- 5 B A (sterol
14 o -demethylase) » [HEFEIEE AL &R > R ZHCYPSTERA
B4Rt O o CYPSIHEINIY 2 (B2 55 1 2 L B [ 2 2 FR )
F&E & TR - EPIEEsH 2 — B2/ EREE136 (Y136F)
147 (K147Q) k347 (P347S) ZE3 (Mt T-(1yZe s+

TEZE TSNP a5 & BRI L2 B FOR S
14785 > iZ LR IAE % o S5y IR O B T AE A DS
PR o AHI R Sk BR A R 8% D A T DU B A T
HE—EET T 4 AR A SUREHIE - WAREIEREER -
Fe DR B AR BHES R (F 52 8/eyeb ~ H238 B -tubulin ~ 55851
IsdhB R 5T JEICYPS ) » SyAfr HART IE BTG 1 e HLBA & R R It
ATEGER LA A RORE R B o AT HAY - —RITH B
FRAS PR B HLEE M S TR ER T T - — RIS ALY
PUEEMELR - FE LR EERITT S 2 2% -

AR

MEETE

RIS R ER AL RS 2R AL

201843 H K 201943 B 43 BIRIAE & /8 & B AR A IR R TR
IEURSRE HRERE - ERETOM - Bk Bk - 5%
FIRFEETERSBEFRTHRZFE - HREGHEKES
AERERN AR S EEAERET30ME - LA & HER S
F o BBk B B IR AOHAD (5 0 D) 1okk R iiE
G0 (FCHS @ ST) 4%k ~ BALTAIE (U8 @ N) 28k - BiiTik
RAFESE ((RES : GX) SHF - BIfERGEIMEAD (15 G) Sk~ &
gl (RS W) Itk EEmEE (R S) 3tk
F o BT 2 ANHE SRR
deoxyribonucleic acid, gDNA) » [ Fi#lEeE > Eik 5y Bl DL
SRS S B A B R (potato  dextrose
PDA, Difco™, USA) PR - §424°C BB ERFEREESH » W
HE%% » AZEZIEREIZES (AllPure Plant Genomic DNA
Kit » HEERCATE] - Z08) MHUERNAH 5 SR IE HE12 A
b8 f EFr 2 FH -

(genomic

agar,

FEE FHNHEIB RUEE (effect concentration for 50%
mycelial inhibition, EC,)

AWFZE LUE 8L (pyraclostrobin 10% CS » & HTR)
H75% (carbendazim 50% SC > ZZHERF) ~ HTEF (boscalid 42.4%
SC» GEENTR) M#ETEE(myclobutanil 40% WP » &7 H
) FHARERLE T 57 7 Z2quinone outside inhibitor (Qol) (FRAC
code 11 ~ Target site code C3) ~ benzimidazole (FRAC code
1 ~ Target site code BI1) ~ succinate dehydrogenase inhibitor
(SDHI) (FRAC 7 ~ Target site code C2) Jzsterol
demethylation inhibitor (DMI) (FRAC code 3 ~ Target site code
G D)™V A1 FIME ISR Ry S BET] - BRI ZICTR by B2 BE L e 2%
AR iR iR SR Z i R EE R B L - AL
B DL RV IM R 73 R AR BRI AT S 5L (R—) »
EpEra AL o mCE B BHEEEEEEE (195 ¢
PDA + 7.5 g agar/L > Difco™, USA) » Fo#lsz Ayt > EA
HR9-emZ VBRI 5 1l ME 2 8 B8 E 4 EHT 5 iR
£R24°C - ek R R A RS S H WV B S Ry BT R B T - e
B> DIEARS-mmiTFLES VIHUE S GV E 4480 - BBIE 2 b
OB & TE A B B A BB R AR - PSRV IR E
24°C ~ FORIR 2 EORFEREEIH o DURMBETTE 0B IR EE
HERE » BIEEES > WM ZFH PIE B E R EK
[E&  Frisfigite@ninz A - BEKEGERRESE
1 o R B E A RORE (ECy) ELASIEEE 251
TRIEHVEEUE (log value) S & BIRAEA [FIZERDRE T BYE L
FIE 733 [CRINEERIpE I~ 5% BAS- BRI R B 2 B B/
IEERI R I 2 B EASx100%  Fys » 48R BE AR I I BRr o AT
(simple analysis) ETFIERS - AETRAR
Microsoft Excel 2016 (KB3178673) 64-Bit Edition; E{$# - 524 °

code

linear regression
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TABLE 1. Fungicide concentrations used to determine the ECy, of Botrytis cinerea isolates

Fungicide Chemical group

Concentration (a.i. ug/mL) in agar medium

Pyraclostrobin Quinone outside inhibitor (Qol)

Carbendazim Benzimidazole
Boscalid

Myclobutanil

Succinate dehydrogenase inhibitor (SDHI)
Sterol demethylation inhibitor (DMI)

0, 10, 100, 250, 500

0,0.1, 1, 5, 10, 100, 250, 500
0, 10, 100, 250, 500

0, 5, 10, 50, 100, 250, 500

F 7 AW AGIFE A
TABLE 2. Primer sets used in this study

Gene Primer Direction Sequence (5'-3") Reference

cytb cytB129F Forward AGAGTTTGATTATGCGTG This study
cytBI129R Reverse ATTCCACTTAAACCTCTT ditto
Qol3ext Forward GGTATAACCCGACGGGGTTATAGAATAG Ferndndez-Ortuio, et al. 2012
Qol4ext Reverse AACCATCTCCATCCACCATACCTACAAA ditto

BB -tubulin TubF1 Forward GCTTTTGATCTCCAAGATCCG Banno et al. 2008
TubR1 Reverse CTGGTCAAAGGAGCAAATCC ditto

sdhB IpBcBeg Forward CCACTCCTCCATAATGGCTGCTCTCCgC Leroux et al. 2010
IpBcEnd Reverse CTCATCAAGCCCCCTCATTGATATC ditto

CYP51 BcCYPSIF Forward TGCGATGGGGATTCTTGAAG Zhang et al. 2021
BcCYPSIR Reverse TTATCGTCGCTCCCAAGCTAC ditto

MEEEETE FE T

IR AP R HT BEAT R AR R B R B AR T 52 - RS A1 b
AT B (5] R 2 M BRI BT EE A R BRI P Y R S a AR 82
o BRI E RPN AT RS R AH 5 SAZ BB AL B DU G TG 1 £
[Z 1€ (PCR) 47 RIS IRAMAE (120 A (cyrb) ~ B -1 HER
(B -tubulin) ~ SEIAWER GG R EAIBEE (sdhB) K SHE-14-54
FAAERALN (CYPS1) FAEERIIE S FIET » 51 F 56
WER > HheyBRERNFFYIEE » 5 HIfEAMAES 5
o O TR S A S A LSRR BB A S Ay - SR
(cytb) ~ HZ5% (B -tubulin) ~ (525 (sdhB)  FRETIE
(CYP5I)  BEHHHR EGESTE 25 1L WEI12S5  ul
PowerAmp 2X PCRmix-Green (ERAFAH » 278) » Hksr
£1.25 units Tag DNA polymerase ~ 0.4 mM 4fEINTP K 3mM
MgCl, » RFERTAIA S EA AT @S]+ 1 ul (10 uM) K2 uL
(10 ng) Z HEIMREL R #S LI - WK Z4EREIR25 UL < BEE
PSR MER IR R95°C 0 5 min > BEEHE A3STUHMIEEES -
—EERALAGIEE B95°C » 30 sec > BEE LIS [ TAEERE
(annealing temperature) 55°C (ZZERH[E) - FEA30 sec » AE{HE
& (extension temperature) £72°C » 90 sec » {2 FEHLL72C » S
min&h S JE o FEr i L S e EE Y P A T BN [ E T
TE PP SR BE TR R Y HI BB (sequence contig) © £ BEFEFTIGIRETY
AFEFELIRI % B IREE (GenBank) HHAH EIES AP %I DAE L 8188
BioEdit version 7.0.5.3 (10/28/05)* {E#%

B Bl E B FIEL T DU N 8 05 T TE AL &
M mELEER -

R EEI BEEERAATE

oyl I BT EA IR R DR » AR IR IR BRI
B EERIHVECso Bl & FLEEAH R BRI B e By B e E R 2 - 1688
A PUEEMH R BRI ZS B B R T > DAEC B i (R 1 E Ay B Ik
PUEERY T IRE » NLEEPREVEC sy RN B AL BB E W R EE R
BR S MRS A AR RS B B bR RIDAECsoBUE & =i
TE Ry REER RIRAE > FLERBEMIECso/ N BCE N Z BUEE R 5
JRVEEEE 5 P i (moderate resistance, MR) HYECs RIS A |
A= o

a2
BREFIHENREHynERER
B IRBOR B ey B N P 51 2 JE 152 DIRTAH S [ 3155 713
W 32 AR R W B 31 LA PR S W X e 1 T A R 491360 bp
BN & (intron) » {EAEERED ] N33 U A £4150 bp
HIERE (deletion) « ZB—E&FFILAcytBI129F / RS [F%f > 1EiE
RFELYR5440 bp > ILERFFHIEIES 129F 5T+ 55 ZERFP 4l DL
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Qol3ext / ldexthy5|F¥ » MiEREL 560 bp > HEFFIE.
FEEE137 R 143 0BT - HERGX24A1 /1765 bp (H&EH &L
1200 bpPA & F-Bebi-143/144) « {5 7 361 DK 7 i 5 B 28
BYECso7 1A 12.5%8308.1 ug/mL © cyrbBERFFH 2~ 55129 K 55137
BT e P BTTCR GGG » H4mtE > fi 2 5 5
Ry PR (phenylalanine) K HH#RE (glycine) - HES 1435051
LB HE VRSB BGCT » 4Ris 2 B iE Bfig B % (alanine) »
HECs¥ =258 ug/mL > BBIIEEFE R o DR EERT) B
GGT » H4mil2 Fr 5l Ry H L (elycine) » ARZEEERI L
A BCRREH R0 ue/ml - FBEEEEE © ER B H kA
—BIINGX2 » HEC=144.5 ug/mL » BPIEEER (=) -

BHEXFIBXUREH B -tubulin X T

FEEA MU E B -tubulinZ K72 LATubF1 / TubR15 [~ $#13
e a% FE A E 53 51 - SETR RS 4 F5380 bp » BLES P oI AL FET 4%
FERIZE SRR 198 KR 2003415+ - (EE 198 A% H A
T HLEEME o el 368% b U B B H 2 ECso s 8 Wi
bt > <0.0015%>500 ug/mL » FI# Fs EUEEEI I - 15 R (REER]
Jl%0.1 ug/mL - BERRAE R T T 2 FHIG] > 2 B -rubulin
FERFFHIE 198 T R GAG » 4mith Ry BERE I
(glutamic acid) « REF R AHUEEEE - BIEE i S S8R S500
ug/mL > BEIRA R A BN 8% 2 S EGEBAE [E] - H198%
5T H 28 B AGCG » 43 RGTG » 43 Bl 45 8 Fy e B Y
(alanine) K &AREEE  (valine) © B -tubulinB: [R5 2 5200
WS FzesE » B RTTC » HeRTSIvEAEN HRERNERE GRI) -

BRI B MREEsdhBERE E

BEESIR IR F sdhBEE IR E BAIpBeBeg / IpBcEnd5 [~ $HilE
AR A WIEREEL 8950 bp o LE RS AL by 2
FEINZE S BEEE205 ~ 230 K 27255 T » (E{E230 K 2725 5T
Hress H B PTEEN: o (3 2 36k KO B 3 551 2 ECso /1
120.00422986.4 ng/mL © sdhBEERFPHI 2 52255+ e 8%
R CCC > 4mtlh 2 ML Ry Bl (proline) » S5230%% 5+ (&
—ERRG10Z2 8 BATC » 4RH5 By 5 (1 B i
ECy = 222.2 ug/mL > Rtk s HMERY HAAC > 4R
W B R ERIE  (asparagine)  SE272%MEFHIA3fEFEY] »
5y A EsCACK. CGCEATAC » 43 Al 4T oy 4H 4% e
(histidine) ~ UL (arginine) KHSHEHE (tyrosine) @ {2 FT#H
TybiBEZESE - BRG3IRW 1AL » FLEREE 22BN T CACE » B
ECso <10.0 ug/mL - JBREVEER R - HEREME 2 sz 2T A %y
CGCETAC » ECs I RHA100 ug/mL > EEPLEEFLE © G3 R WI1HY
ECso  47BIA37.2560.7 ung/mL » Zrfefysiy:
resistance, MR) » {H L3 (i B 5 #2888 (R A) ©

(isoleucine) »

(moderate

F= - BREOHA B E S BON R M Bk 4hf t Eb AR Ze R
TABLE 3. EC,, of Botrytis cinerea isolates against pyraclostrobin and

deduced amino acid substitutions in cytb gene sequence at three codons

- - 3
EC,, (ug/mL)’ Amino acid in codon

Isolate  of pyraclostrobin ~ Response’ 129 137 143
S2 217.2 R Phe Gly Ala
S3 93.6 R Phe Gly Ala
S4 123.7 R Phe Gly Ala
N1 200.5 R Phe Gly Ala
N3 232.1 R Phe Gly Ala
Gl 73.7 R Phe Gly Ala
G3 58.6 R Phe Gly Ala
G5 142.5 R Phe Gly Ala
G8 125.0 R Phe Gly Ala
G10 124.4 R Phe Gly Ala
D1 263.0 R Phe Gly Ala
D3 308.1 R Phe Gly Ala
D5 135.3 R Phe Gly Ala
D7 130.7 R Phe Gly Ala
D9 192.8 R Phe Gly Ala
D10 136.7 R Phe Gly Ala
D11 233.1 R Phe Gly Ala
D13 169.3 R Phe Gly Ala
D15 208.4 R Phe Gly Ala
D17 30.0 MR Phe Gly Gly
D19 87.6 R Phe Gly Ala
D20 13.7 S Phe Gly Gly
D21 12.5 S Phe Gly Gly
D23 61.7 R Phe Gly Ala
D24 118.6 R Phe Gly Ala
D25 79.7 R Phe Gly Ala
W1 167.0 R Phe Gly Ala
GX1 162.8 R Phe Gly Ala
GX2 144.5 R Phe Gly Gly
GX3 128.1 R Phe Gly Ala
GXS 37.9 MR Phe Gly Gly
GX7 223.1 R Phe Gly Ala
ST1 26.9 S Phe Gly Gly
ST4 85.1 R Phe Gly Ala
ST6 134.3 R Phe Gly Ala
ST7 154.7 R Phe Gly Ala

! EC;, was obtained by the mycelial growth inhibition method.

2 S: sensitive, ECy, <13.7 ug/mL; MR: moderate resistance, ECs,=14~58
ug/mL; R: resistance, ECy, >58.6 ug/mL.

* Ala: alanine, Gly: glycine, Phe: phenylalanine.
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TABLE 4. ECy, of Botrytis cinerea isolates against carbendazim and TABLE 5. ECs, of Botrytis cinerea isolates against boscalid and deduced
deduced amino acid substitutions in S -tubulin gene sequence at two codons amino acid substitutions in sdhB gene sequence at three codons
EC,, (ug/mL)’ Amino acid in codon’ EC,, (ug/mL)’ Amino acid in codon’

Isolate of carbendazim Response’ 198 200 Isolate  of boscalid Response’ 225 230 272
S2 >500 R Ala Phe S2 1.6 S Pro Asn His
S3 >500 R Ala Phe S3 175.4 R Pro Asn Arg
S4 >500 R Ala Phe S4 142.0 R Pro Asn Arg
N1 >500 R Ala Phe N1 308.0 R Pro Asn Arg
N3 >500 R Ala Phe N3 167.1 R Pro Asn Arg
Gl >500 R Ala Phe Gl 238.6 R Pro Asn Tyr
G3 >500 R Ala Phe G3 37.2 MR Pro Asn His
GS >500 R Ala Phe G5 960.7 R Pro Asn Arg
G8 >500 R Val Phe G8 0.1 S Pro Asn His
G10 >500 R Ala Phe GI10 222.2 R Pro Ile His
D1 >500 R Ala Phe D1 651.8 R Pro Asn Arg
D3 >500 R Ala Phe D3 374.9 R Pro Asn Arg
D5 >500 R Ala Phe D5 603.6 R Pro Asn Tyr
D7 >500 R Ala Phe D7 218.7 R Pro Asn Arg
D9 >500 R Ala Phe D9 171.2 R Pro Asn Tyr
D10 >500 R Ala Phe D10 160.6 R Pro Asn Arg
D11 >500 R Ala Phe D11 986.4 R Pro Asn Arg
D13 >500 R Val Phe D13 168.1 R Pro Asn Arg
D15 >500 R Ala Phe D15 203.3 R Pro Asn Arg
D17 <0.001 S Glu Phe D17 1.4 S Pro Asn His
D19 >500 R Ala Phe D19 116.1 R Pro Asn Arg
D20 <0.001 S Glu Phe D20 3.6 S Pro Asn His
D21 <0.001 S Glu Phe D21 0.004 S Pro Asn His
D23 >500 R Ala Phe D23 9.76 S Pro Asn His
D24 >500 R Ala Phe D24 62.1 R Pro Asn Tyr
D25 >500 R Ala Phe D25 6.2 S Pro Asn His
W1 >500 R Val Phe Wi 60.7 MR Pro Asn His
GX1 >500 R Ala Phe GX1 238.0 R Pro Asn Arg
GX2 >500 R Val Phe GX2 1.0 S Pro Asn His
GX3 >500 R Ala Phe GX3 416.9 R Pro Asn Tyr
GX5 >500 R Ala Phe GX5 4.5 S Pro Asn His
GX7 >500 R Ala Phe GX7 471.3 R Pro Asn Arg
ST1 <0.001 S Glu Phe ST1 0.1 S Pro Asn His
ST4 >500 R Ala Phe ST4 132.3 R Pro Asn Arg
ST6 >500 R Ala Phe ST6 291.3 R Pro Asn Arg
ST7 >500 R Ala Phe ST7 297.2 R Pro Asn Arg
" ECs, was obtained by the mycelial growth inhibition method. " BCs, was obtained by the mycelial growth inhibition method.
?S: sensitive, ECs, <0.001 ug/mL; R: resistance, ECs, 2500 ug/mL. 2S: sensitive, ECsg <9.76 ug/mL; MR: moderate resistance, ECso =10~62 ug/
* Ala: alanine, Glu: glutamate, Phe: phenylalanine, Val: valine. mL; R: resistance, ECsp >62.1 ug/mL.

® Arg: arginine, Asn: asparagine, His: histidine, Ile: isoleucine, Pro: proline,
Tyr: tyrosine.
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BRI EREEHCYPSIERER FN ~ BRI T R F R M bk S5 14- 25 FUR
BESUIR R B CYPS IFAPRZABCCYPSIF / BoCYPSIRE [T RER

SR 2% LR 43 PR B > RSB R4 B 1570 bp B3 g TABLE 6. EC, of Botrytis cinerea isolates against myclobutanil and

FEPTBERL N 2 S BEEE 136 ~ 147 3473 HE T (£ 13675 HE T

deduced amino acid substitutions in CYP51 gene sequence at three codons

Amino acid in codon’

Hoess H APrgeit o fhal 2 360k I EUH H S EEE e m EC (ug/mL) )
Isolate  of myclobutanil Response 136 147 347
ECs, /M #20.1281.5 ug/mL » DI19EME— B CYPS I H: [N 3 15 18
. . I I, ) S2 10.7 S Tyr Lys Pro
HE 0 HE136BET BTTC » RiEETFRAINE » BCsh $3 210 S Tyr Lys Pro
81.5 ug/mL > BHAER T RS » BIEERENE - HMERSY S4 99 S Tyr Lys Pro
BTAC > HA4RHE 2 R iR Rlig g - BECsy Z(E520 ug/ml > & N1 132 S Tyr Lys Pro
EEEE IR - FTA BIRZ B 147 34T FIgmEE R > 53Rk N3 143 S Tyr Lys Pro
AAGKCCT - 4mtl 2 el o3 il Py el (lysine) M AfiRENE (= Gl 7.1 S Tyr Lys Pro
) o G3 2.5 S Tyr Lys Pro
G5 12.6 S Tyr Lys Pro
G8 4.1 S Tyr Lys Pro
1 AY y J-m
B. cinerea 5} s‘zﬁini?j’l"ji-. . -~ G10 4.6 S Tyr Lys Pro
HEEBOM IR E S E i - HA5E - A ERE DI 127 S T )
. yr Lys Pro
FATEAGE M BB EEMEE Sy B B3] ~ 32 ~ 25K 18k - B TR D3 172 S Tyr Lys Pro
K A A L B P A 3 RR B E e - B D5 6.1 S Tyr Lys Pro
B A se S A S B 2 UM A 250 > [RIFFE Ll D7 7.3 S Tyr Lys Pro
ATEFGEE B AR EEA L& > D19 o Bkl 735 5L D9 4.5 S Tyr Lys Pro
#EHIEDIT ~ D20 ~ D21 ST 4% » BLESH R (&D19) 15 D10 32 S Tyr Lys Pro
6 2 B A R M - (R~ ) - bil 78 S Ty Ly o
D13 6.5 S Tyr Lys Pro
D15 1.4 S Tyr Lys Pro
D17 0.5 S Tyr Lys Pro
=9 B D19 815 R Phe  Lys  Pro
e e e . . . D20 6.9 S Tyr Lys Pro
ARG o3 BT B DT B S A R B T 0 ~E U RO S Dol 12.8 S Tyr Lys Pro
(ECyy) B Prdsim Be AL R ZE S 1V RE (% - 45 RS H RS R D23 178 S Tyr Lys Pro
A EEZREE - 10 (EREUHEE S E e Bavstss - cyBAk D24 5.0 S Tyr Lys Pro
AFFHIIEEE143 (G143A) G T2 51 Pl gEmbks £ 25 D25 10.7 S Tyr Lys Pro
BV Es 0 B -tubulinZERFEFE 55198 (E198A/V) BHE T-28 8% W1 0.1 S Tyr Lys Pro
FINE R DUEE MR - fEA TS0V > sdh BRI S H 55230 GX1 25 S Tyr Lys Pro
(N230D) R:272 (H272R/Y) B5HE T2 th & Ryt mie  O%2 o1 S Tyr o Lys Pro
W EHIEER - CYPSIEEFSIEE136 (YI36F) il 0% 07 S Ty Ly o
et e N g GX5 19.5 S Tyr Lys Pro
F o HHEIRE - B PEEER (R=~0N) o BN RulEER o7 - s T Lys -
LA p e L . yr 3
] RS HH E F o TR R R R E DR M R A T - AR ST 6.4 S Tyr Lys Pro
Fp B SR L A R DU i IR R E SR ST4 15.0 S Tyr Lys Pro
1B o EEEAMHE PrEE R R NT R B E A 55 R B IR P EEE ST6 163 S Tyr Lys Pro
[ (&= ) REERFESTIIIFERE - AW5T e DIEC, 8 ST7 16.3 S Tyr Lys Pro

ST R R ARG 2 S L[] R R B X SE R DURU M - B " ECs, was obtained by the mycelial growth inhibition method.
LBHIAN > ANGX2H cytbFER AR 2E5% » Al BPIEERE K (F=) 5 = ’S: sensitive, ECs, < 21 ug/mL; R: resistance, ECs, 281.5 ug/mL.
GIRWIE S50 ch S5 B » (B Hsdh BEL PR IR i 2 (EF) - * Lys: lysine, Phe: phenylalanine, Pro: proline, Tyr: tyrosine.
MESERRI S - EAREEATTT (BB RERBISN - 21

e LA R B S DUEEME R MR+ ([EE AR

TE MEAT P e 5 B R S B Rz M L L T R 838 R — B FR 52

Qn



BEAD > BT BB T AU B R AR Y % B P EE I R
B KZHERE (31/36, 86.1%) [l H we Uk B0 Bige
M HEEEPE (25/36, 69.4%) RIERF S EH - B2 kA
FIRBUEENE (R=~7N) - B TEKBURIIb e L - ZEhigE
MECE— S A2 LR - RE R KR IR 45 0] ) S2 5 Ay i
B RETREEEURETTHNESR - £ H - AR £H
0B R S (1 T3 9 0 B AR P B v S B 4 B — B
H o HEF > EEREORE 2 E PN R R A A R
EIBFAE - Bl EEEINNYEER - HIEDRERE
B~ A 7S R ERER I (fenhexamid) SrEE7 L & B ol & B 4
WO AE B E A > 340kkBotrytis spp. K 10.3%[FE
B Z B (trifloxystrobin) ~ HFH ~ FE35% (cyprodinil) ~ K
%2 (fludioxonil) R BB e S STEREE TR L % SR L8140 5 fifE
« PHBESF R M S 3t 7 L S S O A 1) 2 Sl A e e
18,24)

ARIFSEAE R B e BT o cyrb BEAFP YL
FHRT4H S %77 Bl i HL IR R Y R EE P 31 - ia 2RI E I i B e
FIRHEA REY1360 bpAIA &+ » &EELH - R FIHE RN
PIEGELA (putative intron-encoded endonuclease, XM _037342774)

42)

o [EAh - ERRGX2HY cyrb BRI A 491200 bpN &+ » 4k
Bebi-143/144 > I BAEH 143 T 2 %Y - GX2HIECs=144.5
ug/mL » JE R BEE PR o B Hcyrb RN BT SE AT BE Y 3 15 -4l
PSR » AR EERIEIIN - M 2RSS A
1 55 B FE S U N A SR [ P 43 e B0 A SO B > LB e
H B MBcbi-143/144N &+ » (HAIFA G143A%E8
IRENE A& FELG 43 AZE B AT » 34 SCHEMI L A &1 Er il
NG143AZE B HTHEEME" - AP EINRAZNE T
BG4S AZEERHLEEE IR - L7 RS T2 16 T 143%
WFAyZe s » BT DAz B b ey - Rdefes > Hi{Eh—
TRE T Eam - FEGE > PRICE Y SH T SR IR MU 5 3
FEELSE (strobilurins) JREIQolsEEFIHY B2 14 T THTSE » Hslhs
B E T ST BT (PR B 4REC o B9 6025 ug/mL » (B EEFEE
(azoxystrobin) K rEl i (kresoxim-methyl) AYELER > FHECso7
RIS HEATT 283 g/l » MERBHLSEBME - H Eoy B 129 K
13FRE THfEoe B - (R K cyrp NG 143AZE LTS
FEELEEEIRRAS 2 RV EHIEN - RAETsE
BRI EE ARG 143 ARG 2S5 - SUBERVEEAN A thRhze s » 12
HAREEN cyrb BRI ERBEFEN FE (L (heteroplasmy) HEPE ©

EREBOREE B o sUBEUE 2 3 Rk
B4 E S B2 EME (ECy, <0.001 ug/mL) » HER3257 B HIl
#t (ECs >500 ug/mL) 3 HEFIEEE R EA 8 -tubulin
HIZE 198 B T35 - 28 5% (E198A/V) () » 2 ST »
B B B BB E IR IR US> ELPUR I DR 0 S T TR PR 1Y
BB -tubulinFE KR E HE198A/K/VZEEE® 1 192 o SIfFsieda »
TEFPE LR AP B 5 2 R E o > H B -rubulin B A
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HYE198VERRECHT T ELE198 A i % > HE198K# H sk &
SERVHR - EHE HB R B R BN U R
ABAEE  EEHRITEC M IER1.0 ug/mL - i i S Ik
FIIRFAI00  pg/mL® o DLk 3 2 b B M A B 22 465 SR 35 & F
B > B DUEL B B -tubulin Ee[RBEZE 8 DIE198A Ky
T 5 E198VZZ - E198KRIR R - H P REEE R EIATVEC, BUE
EHRMmRAE

TE B B 3 1 e 71 09aBa - sdh BELRIN 55 225 % 15 1
MR (R o MHRAICIRE LB R - F20E
TRAIE1ERGI0EN230128 8 » i nfE— RN 55— BLhi gt
HRAM2725 AR » RIL > FERE LI EEE K (ECy
=222.2 ug/mL) {REERFAN230IAYEE (R T) - fEAHIZES
IR BT 52 5 BRI sdh BE PR T 528 8 B e 25 1 7
272 BEAWHZESER » 28 (18/23)  KH2T2R > V8
(5/23)  RH272Y > B FEZCSEABEEEEE (levels  of
resistance) AFFERATE o HLEUARBIBTSEIRERC Y o BRNAER
G > H2T2R/YE MRS A oe HI{E B R e » A ge
KRS - BRANG3 D24 Hfk - NA B T-230 5% 27238
SERYEERE » HECs, /MR 116Z2986 ug/mL - [iAE FiliBizess
WY > HECy, 7E10 ug/mLDUT - Wk A 5251 bUE
FHYHH (BT - ERC3MDARME I » HECs, 43 H1537.2
F62.1 ug/mL > B EHEENE o (HEAHR S T Mo -
AT Ry 15 TR G 0 FT BE B B AR DUEE LB AR P iy — F A
B WMk R SR A AT E s TE o B ARG By i B
(tolerance) » MM ARA EN ERYILEE © (Hi8 S ERARWAR
REEE AR AR RO DISE s B P g8 - RITT RE S (E R 1 5
FBE KBRS T > R B ARWTZEBE R » EC5f£100  ng/mLEA
FAVE RS Hsdh BRI BEZE 8 o T ML EEF RIS o W Ry
TR T 1 SRS PR B B & (discriminatory dose)”
(FEH) -

TE R BR B B BB S ERIVEC,BERRD19
Ab > EERE2] ug/mLELUT > BEEEE b - HCYPSIERE
WG TN MZEE - DI9AYECsoA381.5 ug/mL > HEYI136FZ%
8 (FIN) o FAHENGRA 2 BORBOR B CYPS LR RS AR
DRI 2 45 B B R 1 SR AR B2 > T — EL LA IRI S BT B
FED19 > RIS I EEE L - BRI o] 2 FE b e JE Ebk
HI 53T Aol o AEAE PR > DA I Ja8 ] B 25 HH B 400l A 7 455 5
(difenoconazole) Jy ek ZEMHIEL ¥ &0 I U EE ny brgstt » H
PUEEE R R CYPS TN Y7 - MR & XA > £ ARSI
REL 1975 [ L T e 2 B AR AR A B AR Ry 27T > CYPS TG
PRI AR S e ) o [RIT R T [T 2 R ST
BB MR IR NS B8 DL CYPS TR BRI 45 F-han il s 4 o

AHI 7% R 15 LR RO B AT R R A DL A o
PUIBTE U B R R E o R AP ves o B
JERYPLEE I B S i > JE LRSS FIR LA B % S T EE Y i
PEFR=~TR) o H bl Fe B {74 4 PR I S IR 1
G - HREPIEERE R B TE AR BT > DU R TR higE
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ABSTRACT
Chen, G.-Y. and Duan, C.-H." 2023. Molecular detection of

insensitivities to the fungicides pyraclostrobin, carbendazim, boscalid
and myclobutanil in Botrytis cinerea in Taiwan. J. Plant Med. 65(4):
139-148.
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Botrytis cinerea is one of the most devastating fungal
pathogens on many crops in Taiwan. Thirty-six single-conidium
isolates collected from strawberry fields during 2018~2019 were
investigated for fungicide sensitivity in this study. We evaluated the
effective concentrations for 50% mycelial growth inhibition (ECs,) of
four fungicides for each isolate and determined possible association
with target site mutations in the cytb, [ -tubulin, sdhB and CYP51
genes responsible for insensitivity to the fungicides pyraclostrobin
(quinone outside inhibitor), carbendazim (benzimidazole), boscalid
(succinate dehydrogenase inhibitor) and myclobutanil (sterol
demethylation inhibitor), respectively. The results indicated that
fungal insensitivities to the respective fungicides were highly
associated with previously published genotypes, including G143A
in cytb; E198A/V in 3 -tubulin; N2301 and H272R/Y in sdhB; and
Y136F in CYP51. Accordingly, molecular detection of fungicide
insensitivity of B. cinerea 1s practicable. Furthermore, the numbers
of 1solates with insensitivity to pyraclostrobin, carbendazim, boscalid
and myclobutanil were 31, 32, 25 and 1, respectively. The numbers

of isolates with multifungicide insensitivities of two (pyraclostrobin

and carbendazim) and three (plus boscalid) were 31 and 25,

respectively.

Keywords: Botrytis cinerea, ECy,, fungicide insensitivity,

molecular detection





