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Anilinopyrimidine %8 > 4K S5k (Pyrimethanil) KK
K (Mepanipyrin) s 55 " %Hf% Dicarboxidimide %8 » 4[15¢
Z 15 (Chlozolinate) ~ {K % [5] (Iprodine) ~ £ vo==
(Vinclozolin) Bl %% (Procymidone) : %% —%Hf%% &
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TEETEEIE ] B. cinerea PUEEVEB)RERIITSE K T fi# It



90  fEYMEEREET] 18 % H2 B 2009
A% ABAYE DB 0F5E 58 B R RE R R 7
R EEPAER A B EAET
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.Z phenol/chloroform/iso-amyl alcohol (25 : 24 : 1) HJE
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W e W B b 7 R 22 D e L R B A
900 11 .299.5% JEkEEL 50 11 .2 5 M NaOAc V&g » ifi
% -20°C NYTBGER - BTBGER 2 DNA ERHEEL 5
GyEE > WEEE 12,000 Xg 1% 0 ATRARCEEE O B AT SR
F| DNA H3RARY) (pellet) » bk FIEWEMA 1 ml
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B— K o % EISIR BB - DUE RO &I = R
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Syngenta) J 23.5% 1 5LEELE| (Pyraclostrobin, Cabrio
emulsion, BASF) 23 iE & 1~ 10 ~ 100 K
500 pg/ml #9 9 2357 P53kE PDA ZPiig gL i » LA
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K ~ A PRk I F R BIEAT (Guoshing, Nantou) ~ 15 HIEE IR i (Fengyuan, Taichung) F#T ITRR#TIH 85

(Hsinpu, Hsinchu) FA&LAE X @O i SR &

Table 1. The list of Botrytis cinerea isolates obtained from infected fruits of strawberry in Guoshing, Nantou county,

Fengyuan, Taichung county and Hsinpu, Hsinchu county

Host plant Place Number

Time

Isolate of collection

Strawberry Guoshing, 110

Nantou

GBS0-11~GBS0-16,GBS1-11~GBS1-14,
GBS1-21~GBS1-24,GBS1-31~GBS1-34,

2006/01/17
2006/04/06

GBS1-41~GBS1-44,GBS1-51~GBS1-54,
GBS1-61~GBS1-64,GBS1-71~GBS1-74,
GBS1-81~GBS1-84,GBS1-91~GBS1-94,
GBS1-101~GBS1-104,GBS2-11~GBS2-14,
GBS2-21~GBS2-24,GBS2-31~GBS2-34,
GBS2-41~GBS2-44,GBS2-51~GBS2-54,
GBS2-61~GBS2-64,GBS2-81~GBS2-84,
GBS3-11~GBS3-14,GBS3-31~GBS3-34,
GBS3-41~GBS3-44,GBS3-51~GBS3-54,
GBS3-61~GBS3-64,GBS3-71~GBS3-74,
GBS3-81~GBS3-84,GBS3-91,GBS3-92,
GBS3-94, GBS3-101~ GBS3-104,GBS3-22

Fengyuan, 23
Taichung

FBSO0-1, FBS0-3, FBS0-4, FBSO0-5, FBSO-C,
FBSO0-D, FBS1-1, FBS1-3, FBS1-4, FBS1-5,

2006/01/16

FBS1-6, FBS1-B, FBS2-4, FBS2-6, FBS2-A,
FBS2-D, FBS2-E, FBS2-F, FBS3-3, FBS3-4,
FBS3-6, FBS3-A, FBS5-2

Hsinpu, 19
Hsinchu

SBS1-11~SBS1-14, SBS2-11~SBS2-14,
SBS2-21~SBS2-24, SBS2-32~SBS2-34

2007/04/09

SBS2-41~SBS2-44

Total 152

ROSHNEREE R 2 PDA 7P Hiek% Z L VE SR - i
20°C EimAEMEOCIASE - TIRMEIYEE » K5 E 3 K
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M 2K -

Qol FHEERIET S IR B i 115525 2 PIRIIEA

E 152 BRI B R SRR e 45 R AR 6
& (FBSO-5 ~ FBSO-D ~ FBS1-6 ~ FBS2-4 ~ FBS2-6 -
FBS2-E) E A 85 i 5 [# Ik (GBSO-15 ~ GBSI1-
81 ~GBS3-11 ~ GBS3-83 ~GBS3-91) » d:&f 11 Hki
B > oy RIS 20°C SEilAR 10 Kk > WRERIRE DL
REE 1 RLUBIEER FEfE > IR BT LUK UE T
DA BRE + B ali] B 7 U= %8 10°conidia/ml » SR #2HY
300 I TREPIEIR 5 H bl = strobilurin %A%
P A ZHEIE 1~ 10 ~ 100 K500 pg/ml Z 6 25 2%
WA ZEHRf gt 2 20°C rRBESEHRERE LG 22 20 /)R
1% > LIRS 2 £ Z S (cotton blue) » ARG IS
1400 sel/ml HH) SEATH O R0 TR AR

JE P AT = T T2 100 SRR RS 2R LA - LA
AAINEREE L WA B AR - WL EC,, 1R
strobilurin REAR G 1 58 S HURMERFG Z AKHE -

B R R SR B P 0 Al R 1 R 1 R AR R
QoUMEER & Bk sZ T2 5

o 1 fAREE —E R  RE SR B PN IR TR A B R R
¥} strobilurin KHZER 2 RS2 IERIERE - 73 RIHkE H FE 1%
IR PR B — RS B SR E Ry Bl 6 AR TG B 1
Mk GBSO-11 ~ GBS0-12 ~ GBS0-13 ~ GBS0-14 ~
GBS0-15 2 GBS0-16 3 1T B iise B — i s R
ERror#tZ 4 BRI B PR SBS2-41 ~ SBS2-42 ~
SBS2-43 k¢ SBS2-44 5 Je 5 HH R e i e ] e g L SR
ERf oy Bl IR % 6 1k > 77 BIES FBSO-1 ~ FBSO-
3 ~FBS0-4 ~ FBS0-5 ~ FBSO-C ~ FBSO-D #lI FBSI-1 ~
FBS1-3 ~FBS1-4 ~FBS1-5 ~ FBS1-6 ~ FBS1-B &
PR MGt 22 BREE > AT SR —=FF strobilurin RH#%
B 71| YRR A 5 R S I R BT BRI R A IR 5 B 2 B B
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Vi BRRHIUEE - WLl EC,, TEREMRYURIETF (&
AR o

X v v HUEMEERE Cytochrome b 3P4 2
5 b

R T BRI cytochrome b (cyt b) FERFPAIE A
TAHE 129 e 143 BRI 158 A4 2858 TS B e Bk
Qol FHZERFE A N RIRE L 2R VE > Rtk > POEFE &R
BIIERT 3 FRIEFE (GBSO-15, GBS1-24 F:GBS2-34) ~ &
BRI IR 1 PRI AR (FBS3-3) Kot VT Ihsfr bl SR PRI 1k
(SBS2-23) FFEHEF 5 MRIGEA PR T EEIHSEL 17 eyt b
FEIK .z K > A RS A B e 3 i Qol ¥4
B2 TS MEINFROR © 5 % BRAT A HUZ 48 DNA VAWK »
I AT BB S 38 R S 2Rl LA 10 « M 5] -1
Bceyt-F (5'-AGAGGTATGTACTATGGATC-3") Kk
PWcyt-R (5'-AGGTATAGATCTTAATATAGC-3") 1T
O R EHW RS 1 1l BIFEDNA R ERSEEIHR ~ 2.5 11
10X PCR buffer minus MgCl, (Fermentas, USA;
Invitrogen, Brazil) ~ 2 «1 MgCl, (25 mM of Fermentas,
USA; 50 mM of Invitrogen, Brazil) ~2 1 2.5mM dNTP
(Genemark, Taiwan) ~ 5| BeeytF 5 PWceytR % 0.3 w1

~0.25 1 Tag DNA Polymerase (Fermentas, USA;
Invitrogen, Brazil) 2 16.65 «1 ZdH,0 » HEAREFRERS 25 «l
o S FEIRPEIRIFES 95°C » 2.5 min R s 95°C » 1
min ~53°C »30 sec ~72°C » 1 min » 3 35 {H{f5E= ;
72°C » 8.5 min —{E{EERSE R IE o Mg 2R B DL
1.5% (w/v) 2 TAE MGG TEIK M > WRTFE
EVIRI IR GTA BRAF (B G #ITE R » Rk
1% 741/ 8l National Center for Biotechnology Information
(NCBI) #eulirh &RHERT & 8% 2 Py A TEC S » E—20

LA Biology WorkBench Version 3.2 Clustal W 3#£{73£[K]
B li SLpe P S AR RS A EL o
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Qol FHZEFIE SR PR A B AR R Z BRI
152 FREEIR Z B ARBRIG E A & A 5 IR ~ REFERU v
T Qol FEARTT.Z 1 ~10 ~ 100 F11500 rg/ml AL
IREERIPY SR PDA B AL 3 Ki% - GHEHNHIA
HUE R ECy, » i SN R » s MOk B ~ R
2 31 22 B RE I R B B AR R R D R A8OR B
£ 2500 wg/ml BRORET S FEih A RANFIA G
i 50% FIEIRRELBI RIS 6.4 ~ 34.8 K 0% » T anfLi
A0 s K MO R B AR R AR RV N AE 0 R
500 s g/ml HEURE T B 5w A RN 2 #8iE 50%
HIBERRELB > B ESER 2 3.6 ~ B 47.8 Kol 21.1% -
R v B I B SR R R R R R 5
S EE 100 pg/ml > B ATEZANSIRT A SR PR
W R o IREE ot EERAE R - TR AR pRrh o #
SO B BRFE BB R EAZE > 2 500 1 g/ml BRLIRE
R SR A RANHI A 38 50% A PRELEI 3 HIE 9.9
2 12.5% o

Qol FHHERIETFRE RO B 12828 Z PRI
HIEA 11 PRI BT IR RS 0 Qol A8 = FREE
PDA HHAY LB - 5 FIFHI T B BE Rk SZ R
FIRTTAFTAN A (=) o 5O 11 PRIGARE R 12
FRFIIHERAME » H ECy JREEASS 500 e g/ml e
a LG T B AR b - B FBSO-D E2GBSO-15 Ry
FRIIR 7~ 58 2 S i PR R Ut » ECso JREE 31 F%

2~ PO [R] M s i TR 6 2 R I O IR TR AR S strobilurin BHRRE B STUCIR (kresoxim-methyl) ~ RRFERK

(azoxystrobin) 7 I 588 (pyraclostrobin) HA/Ees7 4

Table 2. Comparison of sensitivity among Botrytis cinerea isolates obtained from different strawberry fields to kresoxim-

methyl, azoxystrobin, and pyraclostrobin

Fungicide Collected Response to fungicide (%)’
place 1 pg/ml 10 pg/ml 100 pg/ml 500 pg/ml
Kresoxim-methyl Guoshing 0.0 0.0 0.0 6.4
Fengyuan 8.7 17.4 21.7 34.8
Shinpu 0.0 0.0 0.0 0.0
Azoxystrobin Guoshing 0.0 0.0 0.0 3.6
Fengyuan 0.0 0.0 26.1 47.8
Shinpu 0.0 0.0 53 21.1
Pyraclostrobin Guoshing 0.9 23.9 100.0 100.0
Fengyuan 47.4 82.6 100.0 100.0
Shinpu 53 21.1 100.0 100.0

' The ratio of over 50% mycelial inhibition.
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28~ BORE IR % 2k R B T3 2 strobilurin SEAERISEALK (kresoxim-methyl) ~ BEFEH (azoxystrobin) B
52 (pyraclostrobin) 2 B&57 4
Table 3. Sensitivity of mycelial growth and spore germination of Botrytis cinerea isolates to three strobilurin fungicides

ECs, (1 g/ml)l
Location  Isolate Kresoxim-methyl Azoxystrobin Pyraclostrobin
mycelium spore mycelium spore mycelium spore

Fengyuan FBS0-D 56.11 + 28.67  >500 71124+ 2037 36.59+ 22.16 1.55 +0.68 846+ 1.68
FBSO0-5 206+ 096 >500 465.91=%106.54 > 500 482 £143 4238+ 3.94
FBS1-6 >500 >500 >500 >500 23.56 £2.45 427.15+101.42
FBS2-4 2820+ 3.48 >500 131.44+ 28.39 > 500 <1 30.84+ 2.82
FBS2-6 < 1 >500 67.28 = 32.96 > 500 <1 27.68+ 1.86
FBS2-E 280.74+ 7442 2 122.57% 45.67 > 500 <1 751 2.11

Guoshing GBSO0-15  283.11 +165.0 - 477.07£130.05 11.80x 1.55 439 £1.44 < 1
GBS1-81 >500 >500 >500 >500 - -
GBS3-91 91.58+ 41.25 >500 349.74+115.02 > 500 1.24 £0.19 3152+ 3.18
GBS3-11 >500 >500 >500 >500 18.57 £2.21 39234+ 72.81
GBS3-83 > 500 >500 > 500 > 500 16.72 £1.96 364.23 + 83.95

' EC,, : Effective concentration of the tested fungicide at which inhibition occurs at 50% mycelial growth of B. cinerea

> —: Non determination

36.59+22.16 € 11.8+1.55 pg/ml » HEFEM. 2 HI A
SREL TS A ABL o 55 IR kA RASUR B (291 72
R LS A - S RIS SRATY i v Ak B e FE
Fald o MEIREL G MhAE RAGHDHIE O > 1B E 5
Ry 2R T RER S - (BTEREHE 500 ng/ml HYR
FET » BERIES 25 B SRR PR A 1 58 2 g I 48 1 5
100% -

B — R U LR T 0 K T s A 1 B SRR R B
Qol HHEEM . )& 37 Pk 7% 52

7S B — e s SRR Py BRI B9 AS [ K i B
FEIER MRS s ISR ~ RRFE RO Y e B S BE A IS 1
FERANF Y o FE % MR it B — S s SR E P o
R 6 PR IK B R B R s IS SZ 2 ECy, B3I
M2 58.65 +15.57 Eil 283.11 £165.0 «g/ml » % 5kl
S22 EC,, RIS T A2 4.39 +1.44 Bl 6.58 +1.82
pg/ml > HAAH 5 PRERE sifTRUgsz 1.2 ECy, {H
KB 500 s g/ml o AEMEHTTRRRT I 19 4 BRI
B PRH > BN s ST MR R R AR EC,, (S KN
500 xg/ml > REFERBCE 4 BREPEAY EC,, (BRI 53 HI
151.58 +56.23 i 390.13+199.58 xg/ml - ;.2 » H&E
IR R 2 ([ B R LA SR E T B RS 6 B
BRIR I A ER UM - Horhsa ikl an FERCE FBSI
SR R EC, (EEK 2 500 s g/ml » T B et
SN PRI EC, fEHAIFS/ A2 1.49 £1.28 B 75,12 +
23.36 pg/ml Z[E ° £ FBSO A5 H¥IQol JEZE < fE - »
1S5 ISR L SR BB IR 9 ECs, filiFR > B FBS0-3 Ed
FBSO0-C_KJi® 500 w«g/ml F1FBSO-1 /[Ni2 1 peg/ml 4% »

HEFE MR A 2.06 £0.96 ~ 59.49 +23.28 €1 97.75+
52.54 pg/ml - [EA}: - GRFERECES FBST SRS FRAY ECy
fIEE K2 500 g/l > (i FBSO RSB ECy, fiEr »
FRFBSO-C KJi» 500 s g/mlyf » HERE k2 ECy, filifIlf T
fA72.41 +£20.18 Ei 454.39+103.13 pg/ml 2 1 R H
U LRSI PRAYT ECso fIE7T/2 1.55 £0.68 B 6.25+
1.52 pg/ml »

RO PUBMERBR Cytochrome b BERIFF51 53
e

FIIFHE|T¥# Beeyt F 5z PWeytR 1 7T%f Qol JHZER]
AN RIFURR 32 k2 5 PR IRBIUER B PRH B8 03 cyr b FE KT
Mg > il SRR I S HHE R B/ INRI RS 540 bp o #E
Fr#& > NCBI &ERHEAEITEL S » 1550 5 MRt E R
Fr% 81 NCBI &FELEH #Y Botryotinia fuckeliana
(AB262970 ~ AB428335 ~ AB 427166 £l AB262969) 2
cytb FERI ALY /72 79%~83% - 5t —*5 L) Biology
WorkBench Version 3.2 .2 Clustal W 1T B AFEER Fr ER
FEMBAEE RO LLHR » 1SN R ZEL 57 cyrb &R F1FH
UL 12 81%~100% » TR cyrb FRFy SRR
Bl oy =1 » B S GBS1-24 Ed FBS3-3 Wi
PR P8se AR - 55 RERS SBS2-23 Ed GBS2-34 W
PR o FRAIH AL 99% » 1 GBSO0-15 ERfRRY 75118l
HABBE R AU RS 81%~84% (F2F) o SIS = HEE
PRFr 9IRS 1T ELEH R > 15 K0 = T 0 A ADURE {8 /7 2
81%~85% » BARIL Fr B cyr b FERIPETARRIE A 25
T > (BELEIRATHURMEAS EAHBRAE -

FIIFH Biology WorkBench Version 3.2 .2 Clustal W
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F£IY ~ St E BT (Guoshing) ~ R (Fengyuan) F#difl (Hsinpu) FH[EEE—E Fi R & LR & BB R vl
fiX (kresoxim-methyl) ~ EiFERH (azoxystrobin) 2 5 5T (pyraclostrobin) ECs, HJ/E&3Z

Table 4. EC;, values for 22 single-conidium isolates of Botrytis cinerea from single infected strawberry fruit in Guoshing,
Fengyuan and Hsinpu assayed for sensitivity to kresoxim-methyl, azoxystrobin and pyraclostrobin

EC,, ( #g/ml)’

Location Isolate Kresoxim-methyl Azoxystrobin Pyraclostrobin
Guoshing GBSO0-11 126.95 = 82.43 >500 6.58 = 1.82
GBS0-12 223.78 =125.29 >500 470 £ 1.39
GBSO0-13 204.38 = 90.29 >500 449 + 1.20
GBS0-14 58.65 = 15.57 >500 5.03 = 0.90
GBSO0-15 283.11 £165.00 477.07 £130.05 439+ 144
GBS0-16 237.13 =153.16 >500 6.13 £ 1.51
Fengyuan FBS0-1 < 1 435.44 +£238.18 513+ 1.23
FBSO0-3 > 500 163.12 = 33.30 3.80 £ 1.76
FBS0-4 59.49 + 23.28 454.39 +103.13 498 + 1.38
FBSO0-5 206t 0.96 465.91 +=106.54 482+ 143
FBS0-C > 500 >500 6.25 + 1.52
FBS0-D 56.11 £ 28.67 71.12 £ 20.37 1.55 = 0.68
FBS1-1 > 500 >500 55.62 £19.56
FBS1-3 > 500 >500 68.25 £21.82
FBS1-4 > 500 >500 7.15 + 2.11
FBS1-5 > 500 >500 75.12 £23.36
FBS1-6 > 500 >500 23.56 £ 245
FBS1-B > 500 >500 1.49 + 1.28
Hsinpu SBS2-41 > 500 151.58 £ 56.23 < 1
SBS2-42 > 500 390.13 £199.58 2.58 = 1.12
SBS2-43 > 500 361.04 £132.68 223+ 1.05
SBS2-44 > 500 235.23 +154.30 1.79 = 0.59

' EC,,: Effective concentration of the tested fungicide at which inhibition occurs at 50% mycelial growth of B. cinerea

K1~ DRIEIRBRHURNER R Z BT eyt b FERIFHEIE(%)

Table 5. Similarity (%) of partial cyt b gene of five Botrytis cinerea isolates compared by Clustal W program in

Workbench 3.2

Isolate GBSO0-15 GBS1-24 GBS2-34 FBS1-3 SBS2-23
GBSO0-15 - - - - -
GBS1-24 81 - - - -
GBS2-34 85 82 - - -
FBS3-3 81 100 82 - -
SBS2-23 84 81 99 81 -

T o il RBE RIS 2 oyt b BERIES 129 K 143 &
EWE TR B8 o It 5 MRILEAFRIRY eyt b FEA
R 129 R T8 TTC » M 143 BEE T
GGA &l GGT ¥IfEM[E HIE HfE glycine (£X) ° It
4t » 1 F>41]j% Biology WorkBench Version 3.2 ##z%aY 17
Fli% LA Clustal W ETTELES » #5550 5 PRULEAR PR
A At v] (8 & Rk BT SE Pk A 2% 88 I e A0 R 3 B a0
G137R/E/V/S ~1147F ~ A153S ~S255Q Ed1.275S/T? %
RS TR ZEA TR (8 —) < teot - AREEHE FeRS R

1S4tk GBS1-24 Eil FBS3-3 HIA cyt b FL[K] 127
T R AR T1271 2288 » SR ILLEGZE 8% Qol AHEE
P A BB S T Y R (AR o

%j» 2A
n ni

AHTF Fetn ) AR X OPE  BR PRET Qo RERR BRIy
AT > BEIR IHCRE SEF AT G 18 R HERS S Dia e &2
JREIP > (B ERS SRR 1 A IR I R
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FIN ~ UK (kresoxim-methyl, Km) ~ BEFERY (azoxystrobin, Az) K 7R (pyraclostrobin, Py) ZEHA[FEHUENEZ
Botrytis cinerea BEERES cyt b FEIK 55 129 Bl 143 181k L SE52F T -

Table 6. Mutation and deduced amino acid substitutions in the partial sequence of the cyt b gene in isolates of Botrytis
cinerea with different responses to kresoxim-methyl (Km), azoxystrobin (Az) and pyraclostrobin (Py)

ECs, ( 1 g/ml)' Sequence in codon

Isolate Host Place (amino acid)

Km Az Py 129 143
GBSO0-15 strawberry = Guoshing 283.11 £165.00 477.07 £130.05 4.39+t1.44 TTC (Phe) GGA (Gly)
GBS1-24  strawberry = Guoshing > 500 > 500 38.53 +7.31 TTC (Phe) GGT (Gly)
GBS2-34  strawberry = Guoshing > 500 > 500 40.84 +8.80 TTC (Phe) GGT (Gly)
FBS3-3 strawberry  Fengyuan 201 = 1.17 83.17 £ 51.96 <1 TTC (Phe) GGT (Gly)
SBS2-23  strawberry  Hsinpu > 500 > 500 15.03 =1.90 TTC (Phe) GGT (Gly)

' EC,,: Effective concentration of the tested fungicide at which inhibition occurs at 50% mycelial growth of B. cinerea

GBSO-15  YKSPRTLTWIIGTVILIIMMATAFLGYVLPYGQMSLWGATVITNLMSAIPWIGQDIVEFI
GBS1-24 YRAPRTLTWVIGTI ILVLMMAIGFLGYVLPYGOMSLWGATVITNLISAIPWIGQDIVEFI
GBS2-34  YKAPRTLTWIIGSIILVIMMATGFLGYVLPYGOMSLWGATVITNLMSAIPWIGQDIVEFL
SBS2-23  YKAPRTLTWI IGSIILVIMMATGFLGYVLPYGOMSLWGATVITNLMSAIPWIGQDIVEFL
FBS3-3  YRAPRTLTWVIGTIILVLMMAIGFLGYVLPYGQMSLWGATVITNLISAIPWIGQDIVEFI
AB262970 YRAPRTLVWTIGVVIFILMIVTAFLGYVLPYGOMSLWGATVITNLMSAVPWIGQDIVEFL

A4 TS Y S
127 129 137 143 147 153

GBSO-15  WGGFSVNNATLNRFFALHFLLPFVLAALVLMHL IAYHDVVGSSNPLGISANYDRLPFAPY
GBS1-24  WGGFSVNNATLNRFFALHFVLPFVLAALVLMHLITLGETVGSSNPLGVPGYYDRVPFAPY
GBS2-34  WGGFSVNNATLNRFFALHFVLPFVLAALVLMHLIAYHETVGSSNPLGISANYDRLPFAPY
SBS2-23  WGGFSVNNATLNRFFALHFVLPFVLAALVLMHL TAYHETVGSSNPLGI SANYDRLPFAPY
FBS3-3  WGGFSVNNATLNRFFALHFVLPFVLAALVLMHL ITLGETVGSSNPLGVPGYYDRVPFAPY
AB262970 WGGFSVNNATLNRFFALHFVLPFVLAALALMHLTALHDSAGSGNPLGISGNYDRLAFAPY

GBSO-15  FLFKDLVTITLFFIVLSIFVFFMPNALGDSENYVVANPMQTPPATVPEWYLLPFY

GBS1-24  YLFKDLITITIFILGLSLFVFFMPNVLGDSDNY IMGNPMQTPPATVPEWYLLPFY

GBS2-34  YIFKDLITFTLFFFVLSVFVFFMPNVLGDSENY IMANPMQTPPATVPEWYLLPFY

SBS2-23  YIFKDLITFTLFFFVLSVFVFEMPNVLGDSENY IMANPMQTPPAILPEWYLLPFY

FBS3-3  YLFKDLITITIFILGLSLFVFFMPNVLGDSDNY IMGNPMQTPPAIVPEWYLLPFY

AB262970 FLFKDLITITLFIIILSIFVFFMPNVLGDSDNY IMANPMQTPPATVPEWYLLPFY

4 4
256 275

[&— ~5 PRIX MR R ZE 7 cytochrome b FEK WIRLEL 721 B2 NCBI &KL Z Botrytis fuckeliana 75! (AB
262970) LLEHESR - SBS2-23 ~ SBS2-34 ~ GBS1-24 K2 GBS0-15 FSHUMEEE » FBS3-3 ERMEE Ik - SisHATHE S AT A
FZerhe & Ba4T Qol KHLEEFHIFHRH < 2 i+ -
Fig. 1. The amino acids sequences variation in partial cytochrome b gene among seven Botrytis cinerea isolates. GenBank
accession number AB 262970 is B. fuckeliana sequences in NCBI. Isolates of SBS2-23, SBS2-34, GBS1-24 and GBS0-15

were resistant to strobilurins, and FBS3-3 was sensitive to strobilurins. The arrows of 129 and 143 were reported that
mainly corresponded with resistance to strobilurins, and others showed minor relationship with resistance of Qols.



9  fEYREREEET] 18 4% H2 #2009
SR B REFE BB B2 AR (K > TEEE T B0 B 500
g/l BIERERT » B 9.9% B 12.5% < B3t
PRE R RAZR52E 50% DAL » 8ERE 17 Qol AHARI
PR SN 18 R IR R Bt 2B R R AN © 1E
HAS > JRA RS HE SR i B 27 AH A P e 2
B. cinerea ¥y WREAAE FERBUE PLBEME A" » BHR
B. cinerea WA e R BT FERY B A PIBEME A &
BRAYERT » TIANTIERS R (2 ) Bl Ishii [C5 A A4S
AL o A RN > R[E] Ml PSR SR 00 il 2 SRR
TR R S SRR ~ AR FERBUR T U EF 3 i Qol FHEE
PRI S 2B AR B/ sz v JCHRR R B T
VLR HTR AR > S SO A S T 72 52 WAL 230 12 25 B AR
ZIH > HA I S0 B v UK BTG BiBE R
PHET 7 SRR 2 TR VR Ry T HY [RIIRE /AT RESHES X
v AT TG - T A B R IR O TR e UTRAE 4B
Pk o BLAY 5 B. cinerea BEVEY)FEERHIEIEZ - 1
Wk B an ¥R BB & BRRIT ATRE 2K B #RT SRE B A
FIEY) o AAfgerh Al etz 55 —F# Qol FHZER( 5
B> AAEREREE 100 1 g/ml ¥ SR IRBUR B A 2E
KB {1 3828 B RAIFAIHNE ZOR - HEWHAT el R £
H 5 RO S AN o ok — iR A EY RS IR A
TR o DRI S 1 s K TS B B8 R B e LT
SRR

£ Qol FERK BRIFHIEH X v B Bk A R A0 158 2F
HORA B > BE 7 L REEE PRI IR bk A2 R ef 1 5%
ZFWRE - ARIZ Bartlett EX (2002) 45 Qol XA IR
BR'F FH £ 41 IR R 8 B 1 SR R 1T > TR T
ATP 2 &R > BEA 38 2 R Al R TEEL A I
B o SR AT N WE SRS H 0 QoI FH AR B I ¥t
Cercospora beticola Sacc. ¥l Alternaria alternata (Fr.)
Keissler SEAEYA [ B G A58 2 SIS T Ak A
RUARE" ™ » (B VAETFSCHE R E R AR 7 2R el 1
Tl IRET QoI RHAR RISz VERASH J7i% @ « $F#TA
BF 5 LR B AR AT - BERRRSZ R 22 52 - 1551 Qol
FAZEMIES 11 PROLEAE PR A SR RANHITE TR &l e
T-5% ZFHARA o (HEH A HRSEH RS £ 55 2F IR &R
PREER D > [R] LS HE 7E Qol B fha: =i MR A5 i/
TRK > RATFELIEZ WA TIHIE -

T 7 RAEEE FRIHT R 50 IR TRT ERTAR 12 T T Ak
bz R IR E B R R E Rz
TR TR TR B PR R o SR SR R B St [ B —
P L R SR BT P e o CRIERT BB R [T Qo REEE 7|
S aEE) — > SR [ B — R LA R B IR
BRI BRI S Qo K Sy 477 Jak S e I e 7 5 4f (SR PY) ©
Brentc #{] Hollomon (2007) Wi 45 HiFH R TZE I R

AR nIRERIR 2 — - BRI n] R[] IR TEHU I B 1
BRIAR B R i (5] — AR EE FIRE GE R B Wit B %
RREHIIA £ o A 7ehs RS E TR — WA SRE b
RERIIRFA7 AEDT B ek BRTRR - BESR = {18 bl iy 2 H Y
R AN[E] > HE AT GEEBT — {8 i B ERk B 5 E A B
WK B s FER 2 SEBERE FEA B > BV B il bth o
TR 35 25 i FH o MUK BXCRE A R BT (1 R BB A
A RE U [ R SR o ILIE > Qol RERR BRI
EHRE P RE B 2 A B2 B R 0 B ATE i e
Bt HAE 2 M AEY) BEE R ER PG & E o a0 AE
BIEEER (Peronospora brassicae Gaum.) ~ JIVEESE B f4
(Pseudoperonospora cubensis) ~ JI\ 3 [ ¥ K
(Sphaerotheca fuliginea (Schltdl.) Pollacci) ~ JTVEH = AR
(Didymella bryoniae (Fuckel) Rehm) ~ Hf J& Ji§
(Phytophthora infestans (Mont.) de Bary) 5z jxJE iR
(Colletotrichum gloeosporioides) 5 » KW TERARR AT EH
SRER SRR > RLRESZ BIEE YL th v GE2 iRl HTEEMERY
RIZ2 Z— o R AR JHIHFEERAE It — Ml 052 DR B
¥} Qol AHZEF| 2 HUBNERL - M [ AFE M E YIhEEERY
18 °

AIRFEIHTRIEREE T cytochrome b (cyt b) FE[X] » #
REURAFHURPERIRES eyt b FERIHES 129 B 143 J&
RS 0 R Bhe B R (8] —) - BA AT A WFIERT H
T Qol FEZERIGPRH A 129 B2 143 B TRE R4
BRSSP BIR @51 AAKERT - B E AP Qol FH
B 2 FRE IR R BRI PE AR HUEEVE #AHI > W FEE oy b
FEK P =E28 o AAFFE AT Qol AHZE FRINANF] B3z
IK R IR 2 eyt b BERIRY » ARENZFIELHT Qol FHAL
BRI P A R BRI TRy 22 88 - Bt RPTPE Bk GBS1-24
B FBS3-3 45 127 SRR HHE T1271 2225885 -
{EEEAHTPEF MR GBS2-34 B2 SBS2-23 HIjt:) e 4
AR o BN 127 R ST B HTEEN: A2 AR 30 ANAHRH -
Zheng il Koller WL (1997) FEHT Qol FEALEH NI KR
HFEE S. tenacellus 91 M. Galopoda FIRKAEGPIEEN:
Z M. viridimarginata 355> cyt b ZERK 25 127 EiET-BE
AR RIIR » (HAVEEI M. viridimarginata %1 Qol FEAL
BRI o2 2 PERE AT & & > S — D WSS A S.
tenacellus Bl M. galopoda I THEER 127 BB TEES$4
ZesL » JRRA SR 143 B 255 BB TR AR - Y
Zheng i Koller Wi FRERFSHIIAEE 127 B FHRITES 129
BERET- > KL AT REEEL M. viridimarginata B2
FERIBTIE " o B hm A SESEHE BB PRI cyr b BERIFR91]
FERPAR S > ATy BB o (B = BEER AR R T R
T B PR ST IO AR ECERAR  BEAS R Tshii [C5EA
Ffras 28 SAH LY o L AFE RTAR AT SR DRI B



PREGE D > M5 5¢ 23 WHHTY 26 BRI /2 5 Bl sth bl 14
HBH » RAZHY B8 2 R LURRE SR K eyt b K&
R F LR B 2 -

FRAE 2005 4 Ma [K5F AR#RES Fh¥EHT - HTEEMERY
FEAE MTRE % BN R ER  EAE SER (R a2
SR & ZE AR VEF ELARE ~ FI R 5 B 36 S T o B ] e
figg ~ DU (R 10 E BREETINE I Btk /0 A R SE5IHY 2
TS 7 o Horh DL BER (' F E AR o £ B - T
oAy B IIZE 0 2 R A BRARAL OB o SR ARIE B i 2R
FRH - I R KBTS B R A5 QoI RHEE AR HEE
SCE » NI cyr b FERIRZE83 RS A » T HEAS SREL R
N5 @ 12 SRS eyr b FEIRI R4 2eid v 2415
PHEANE o FIHBEEK alternative oxidase pathway
HERE Qol FAZEFIHI(ER B » C W AL se & EEn
HINEEHT QoI XHZERI ZHES] ™™ © 4t » LLABC (
ATP-binding cassette ) transporter {7 =5 &8 gk &7
AR SRR - 1 1538 B ] 2 RREERI A2 AL TR -
FRIE b AR BT ZEHEM] alternative oxidase pathway i
ABC transporter > AJRERSS | L 8RR YR ¥ Qol
KAZE P AP UIER) R R - KRR H L EEEE S
B B RE I BROPS ER DT EE MR A 2L BB > GPRRT alternative
oxidase pathway Bil ABC transporter AHT Qol REZE7E
I 3R A 1 o AAFEE SHAT Qol KHZEM BRI IX
PR TR P A BT B OB SOt T T W) PERET o TR RE
ST EENE A WO HIE SEEE AR T g ST HEE ek /)
FH ] 08 M A= i SR - s (e (R 122 s &
HIEH] ©

&}i
3
=4

AHIF 52 e 5T B 37 BOK B2 B R R TR LB ER it
Probit-MSChart #X#853 7 EC,, fif » M A1 Tl 5k}
E27% B8r NSC 95-2313-B-005-020 B {4033 ) TELL
ERE T - LI

51 SCBt (LITERATURE CITED)

1. Bartlett, D. W., Clough, J. M., Godwin, J. R., Hall, A.
A., Hamer, M., and Parr-Dobrzanski, B. 2002. Review:
The strobilurin fungicides. Pest Manag. Sci. 58: 649-
662.

2. Brent, J. K., and Hollomon, D. W. 2007. Fungicide
resistance in crop pathogens: How can it be managed?
Published by Fungicide Resistance Action Committee,
Brussels, Belgium. 56pp.

3. Fei, W. C., and Wang, Y. M. 2004. Plant protection
manual. Taiwan Agriculture Chemicals and Toxic

10.

11.

12.

13.

14.

IR ET Qols Zf&sztE 97

Substances Research Institute, Wufeng, Taichung,
Press. 835pp.

Ferniandez-Ortufio, D., Torés, J. A., de Vicente, A.,
and Pérez-Garcia, A. 2008. Field resistance to Qol
fungicides in Podosphaera fusca is not supported by
typical mutations in the mitochondrial cytochrome b
gene. Pest Manag. Sci. 64: 694-702.

Fountaine, J. M, Ishii, H., Uchida, K., Inada, M.,
Tanahashi, M., Takeda, T., Ozeki, F., and Nakayama,
K. 2006. Development of Qol resistant alleles in
populations of strawberry powdery mildew. Abstr 11th
9 TUPAC Intr. Cong. Pestic. Chem.: 131.

Fungicide Resistance Action Committee. 2008. List of
plant pathogenic organisms resistant to disease control
agents. Published by the Fungicide Resistance Action
Committee, Brussels, Belgium. 60pp.

Gisi, U., Sierotzki, H., Cook, A., and McCaffery, A.
2002. Mechnisms influencing the evolution of
resistance to Qo inhibitior fungicides. Pest Manag. Sci.
58: 859-867.

Grasso, V., Palermo, S., Sierotzki, H., Garibaldi, A.,
and Gisi, U. 2006. Cytochrome b gene structure and
consequences for resistance to Qo inhibitor fungicides
in plant pathogens. Pest Manag. Sci. 62: 465-472.
Inada, M., Ishii, H., Chung, W. H., Yamada, T.,
Yamaguchi, J., and Furuta, A. 2008. Occurrence of
strobilurin-resistant strains of Colletotrichum
gloeosporioides (Glomerella cingulata), the causal
fungus of strawberry anthracnose. Jpn. J. Phytopathol.
74: 114-117.

Ishii, H., Fountaine, J., Chung, W. H., Kansako, M.,
Nishimura, K., Takahashi, K., and Oshima, M. 2009.
Characterization of Qol-resistant field isolates of
Botrytis cinerea from citrus and strawberry. Pest
Manag. Sci. 66: (in press)

Ishii, H., Fraaije, B. A., Sugiyama, T., Noguchi, K.,
Nishimura, K., Takeda, T., Amano, T., and Hollomon,
D. W. 2001. Occurrence and molecular
characterization of strobilurin resistance in cucumber
powdery mildew and downy mildew. Phytopathology
91: 1166-1171.

Karadimosa, D. A., Karaoglanidisb, G. S., and
Tzavella-Klonari, K. 2005. Biological activity and
physical modes of action of the Qo inhibitor fungicides
trifloxystrobin and pyraclostrobin against Cercospora
beticola. Crop Protect. 24: 23-29.

Kim, Y. S., Dixon, E. W., Vincelli, P., and Farman, M.
L. 2003. Field resistance to strobilurin (Qol)
fungicides in Pyricularia grisea caused by mutations
in the mitochondrial cytochrome b gene.
Phytopathology 93: 891-900.

Kraiczy, P., Haase, U., Gencic, S., Flindt, S., Anke, T.,



98

15.

16.

17.

18.

19.

20.

fEYREEEE T 18 H52 W 2009
Brandt, U., and Jagow, G. V. 1996. The molecular
basis for the natural resistance of the cytochrome bcl
complex from strobilurin-producing Basidiomycetes to
center Q, inhibitors. Eur. J. Biochem. 235: 54-63.
Kuch, K. H. 2007. Qol fungicides: resistance
mechanisms and it practical importance. Pages 275-
283 in: Pesticide Chemistry-Crop Protection, Public
Health, Environmental Safety. H. Ohkawa, H.
Miyagawa, and P. W. Lee eds. Wiley-VCH, Weinheim,
Germany.

List of Plant Diseases in Taiwan. 2002. 4" ed,
Published by Taiwan Phytopathological Society,
286pp.

Ma, Z., and Michailides, T. J. 2005. Advances in
understanding molecular mechanisms of fungicide
resistance and molecular detection of resistant
genotypes in phytopathogenic fungi. Crop Protect. 24:
853-863.

Markoglou, A. N, Malandrakis, A. A, Vitoratos, A. G.,
and Ziogas, B. N. 2006. Characterization of laboratory
mutants of Botrytis cinerea resistant to Qol fungicides.
Eur. J. Plant Pathol. 115: 149-162.

Mertely, J. C., MacKenzie, S. J., and Legard, D. E.
2002. Timing of fungicide applications for Botrytis
cinerea based on development stage of strawberry
flowers and fruit. Plant Dis. 86: 1019-1024.

Meyer, M. C., Buenob, C. J., Souzab, N. L., and
Yorinori, J. T. 2006. Effect of doses of fungicides and
plant resistance activators on the control of
Rhizoctonia foliar blight of soybean, and on
Rhizoctonia solani AG1-IA in vitro development.
Crop Protect. 25: 848-854.

21.

22.

23.

24.

25.

26.

27.

28.

Olaya, G., and Koller, W. 1999. Diversity of kresoxim-
methyl sensitivities in baselin populations of Venturia
inaequalis. Pestic. Sci. 55: 1083-1088.

Reuveni, M., and Sheglov, D. 2002. Effects of
azoxystrobin, difenoconazole, polyoxin B (polar) and
trifloxystrobin on germination and growth of
Alternaria alternata and decay in red delicious apple
fruit. Crop Protect. 21: 951-955.

Sauter, H., Steglich, W., and Anke, T. 1999.
Strobilurine: Evolution einer neuen wirkstoffklasse.
Angewandte Chemie. 111: 1416-1438.

Schoonbeek, H. 2004. ABC transporters from Botrytis
cinerea in biotic and abiotic interactions. Wageningen
University (Netherlands). pp.

Sierotzki, H., Wullschleger, J., and Gisi, U. 2000.
Point mutation in cytochrome b gene conferring
resistance to strobilurin fungicides in Erysiphe
graminis f. sp. tritici field isolates. Pestic. Biochem.
Physiol. 68: 107-108.

Tamura, H., Mizutani, A., Yukioka, H., Miki, N.,
Ohba, K., and Masuko, M. 1999. Effect of the
methoxyiminoacetamide fungicide, SSF129, on
respiratory activity of Botrytis cinerea. Pestic. Sci. 55:
681-686.

Zheng, D., and Koller, K. 1997. Characterization of
the mitochondrial cytochrome b gene from Venturia
inaequalis. Cur. Genet. 32: 361-366.

Ziogas, B. N., Baldwinb, B. C., and Youngb, J. E.
1997. Alternative Respiration: a biochemical
mechanism of resistance to azoxystrobin (ICIA 5504)
in Septoria tritici. Pestic. Sci. 50: 28-34.



IR ] Qols LAz

ABSTRACT

Chen, L. S.', Chung, W. C.?, and Chung, W. H. "* 2009. Sensitivity of Botrytis cinerea of strawberry
to Strobilurins (Qols) in Taiwan. Plant Pathol. Bull. 18: 89-99. (' Department of Plant Pathology,
National Chung Hsing University, 250, Kuo Kuang Rd., Taichung 402, Taiwan; > Taiwan Seed
Improvement and Propagation Station, Hsinhse, Taichung 426, Taiwan; ’ Corresponding author, E-
mail: wenchung@nchu.edu.tw : Tel: +886-2284-0480 ext 356 : Fax: +886-2285-4292)

Gray mold of strawberry, caused by Botrytis cinerea, is one of most important diseases in filed
and postharvest. Quinone outside inhibitors (Qols), broad-spectrum fungicide, is an inhibitor of
mitochondrial respiration to decrease ATP production. However, Qols do not register for controlling
gray mold in strawberry in Taiwan. Three Qols fungicides including kresoxim-methyl, azoxystrobin
and pyraclostrobin were tested for their efficacy on inhibition of mycelial growth of 152 Botrytis
cinerea isolates. Among fungicides tested, 100 pyraclostrobin x g/ml inhibited the mycelial growth of
all tested isolates; whereas kresoxim-methyl and azoxystrobin only inhibited 9.9% and 12.5% isolates
which 50% of mycelial growth was inhibited even the concentration are more than 500 x g/ml. Thus,
the Qol resistant isolates might exist in field. Analysis of cytochrome b (cyt b) gene revealed that 5
Qol less sensitive and sensitive isolates did not show mutation at codon 129 or 142 in cyt b gene.
Consequently, the codon 129 or 143 in cyt b gene might not the major resistant mechanism to Qols in

B. cinerea of strawberry in Taiwan.

Key words : gray mold, Strobilurins (Qols) ~ EC, ~ cyt b gene
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