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ABSTRACT : Fungicide resistance of 48 isolates of Botrytis cinerea collected from citrus in Cheju was
investigated and genetic diversity was analyzed with random amplified polymorphic DNA(RAPD). High
levels of resistance to benzimidazole fungicides benomyl and thiophanate-methyl and N-phenylcarba-
mate fungicide diethofencarb were observed. Negative cross resistance was clear between benzimidazole
and N-phenylcarbamate fungicides, and multiple resistance to the fungicides was also observed. There
was cross resistance among the dicarboximide fungicides procymidione, vinclozolin and iprodione as it
was observed between the benzimidazole fungicides benomyl and thiophanate-methyl. The lowest levels
of resistance were to the dicarboximide fungicides, but no sensitive isolate to polyoxin B was observed.
The isolates showed genetically diverse RAPD profiles according to the geographic origin collected, but
there was no significant correlation between RAPD profiles of genomic DNA and the levels of fungicide
resistance of the isolates. The isolates showed genetically diverse RAPD profiles, indicating that genetic
differentiation had already occurred in the populations of B. cinerea distributed in Cheju.
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Wagely-& dosle
AN & Botryotinia

FAA o] 7hate] x3e
& Al EA 2B 7"1]/‘% AR, 19, 3

A AU FFolH L F2 ey &

o] Azl B E 1L doA I 24

7;3141::1;,—1.0]3:]9] Hl—xﬂ‘*
HeEd 352 gL
3 o] kAkAlZ} AR REA o2 o)L 5

JEAd S
3] SAAMNE FHoZ HT AudA o]
THeellA BAtolel] B
o|H A2 o= LoEl Ayt
6}5’_ AE] TI71A 2708 KA

S 2 A7 3
Ao7Ax] e doA F3lr] wak o}qa} <=7}
A FHANM = 7+ EA S FshA doen 7=
Fo] AEAS gofrey] 7H Aul Etol & FeE S
43t

G AAs 2 AEW A
M8 AEA WA

g Ay Fsgoly whA|tAl 2 benzimidazoleA| AFFA
(benomyl, thiophanate-methyl ¥ carbendazim), dicar-

A Hol AYFFego] RAlste] 2 AT Fr). H2
AN 20 S 28 ) g )
of A7} Felubela e AU golnie)
A= G2 F7ez ol Aol

3 5(15)el S5 AFE T FEANA A AL
Fgol o] hgstgro] opAukA A A E 17.3%
2 2AHR W o] Aol fAA o s 27
T 30.0%% ZAMES o, 2P R ool
olof zh@el 2 WalE Tt Wow wyH FEF

o{

)

*Corresponding author.

boximide#] A=A (procymidione, vinclozolin ¥ ipro-
dione), N-phenylcarbamates] AM##|Ql diethofencarb
2 A polyoxin Fo] A & A2 wo] AL
ot qich 2y, 297} SolH el AgAlE A
Aol e Agge] w oz oFFr) AHzhEe] whAu)&
< F7HI7I AR XA oz Ao s
At £4E doy|a gl A4 EAE drdn
MU= AAolch w7 B. cinerea®] B EA}SL FAR= th
Aol FA XA} oo} FAl2] gl vl
A Ay sled i‘-7|‘—7]'°ﬂ A4 Wolr} ol Alstmz
715422 HAYPA K-F0] A3 AFAlol i 2}



KOREAN J. PLANT PATHOL. Vol. 14, No. 6, 1998 683

Aol A ATz whAld] B ofE ol U,
7,18,23).

webA, g AdFFolH S 82w vwhAEl] 4
e Loy T A 543 A A
oigt Ao HAAEE getgte g A
ol A4 o AbEA| s A7 55 A% e A
Z1EARR FREs Zlo] AF3 AAlth & dF=
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Al ZBF. 19979 AF=e F8 AF AR oA
A= 5 olE U7 &3 AR Y B cnerea
A8FFE 4313519 H(Table 1). HE #$ AHE 70%
ethanol® ¥HAHAEF ¥ PSA(Potato Sucrose Agar;
potato 200 g, sucrose 20 g, agar 20 g, S-F=+ 1,000 ml)
platedl] x|A}ate] 23°CollA] 4 F<F HH°J:5}°4 A FEA}
Z FAAH) BAZRE Ese] Al 470
& 2alul x| A BEAE Balslg e, B cinereai
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FA o g AEAAE FasI o, 48FF FollA] A
Q¥ g B2 247FE o= Al RAPDE &
Akl A ohefd & rﬁﬂz‘s}ail AEA] A 8A) 72
#HAd-& A

ARSI AL g AdFgey WAl R
E7Vol| A o] AREH T 9lE 9FA| FollA benzimida-
zoleA AAAQ) Wl 4344 (benomyl, a.i. 50%, 5F
3}sh) e} |29t 4=3}A (thiophanate-methyl, a.i. 70%,

Table 1. Botrytis cinerea isolates collected from citrus in 4
major cultivation areas of Cheju, Korea in 1997

Group®  Isolates Geographic origins

A A01~AO03 Northwest Cheju

(Hankyung-myeon and Aewol-eup)
B B01~B03 Northeast Cheju

(Cheju-si and Chochon-eup)
C C01~C18 Southeast Cheju

(Pyoson-myeon and Namwon-eup)
D D01~D24 Southwest Cheju

(Seogwipo-si and Andok-myeon)

*Geographic group is classified according to 4 major citrus
cultivation areas of Cheju Island.
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(procymidione, a.i. 50%, FHol12), R1F 3A|(vin-
clozolin, a.i. 50%, §=4t3) H o|=Z=2 & (iprod-
ione, a.i. 50%, £%¥33}), N-phenylcarbamate| A
A4l diethofencarb(K4A, FHe}lL2), N-phenylcar-
bamateA] AHFA$} benzimidazoleH] AdAle] Al
7leer =34 (diethofencarb, a.d. 25%-+carbendazim,
ai. 25%, EHbola2) 2 FAA]]l Ee Al FEHA
(polyoxin B, a.i. 10%, $%-35) 5 8%2] AwAE A
TFAAEFA HA N FASTE 2 AAFAEER O, 1, 5,
25, 125, 625, 3,125 ug/ml9] <FAl7} £ 3= PSA
plate®] Ftoll 104 A X wikgt A F3F< 7HA
g]ollA] cork borerE AHEsted wold 2174 5 mm F7]
o] #% diskS 2Akste] 25°CY] -27]4] 747t vk
st ZF A = FAM] S F5-5 A8
o 2t AFAE dAMEA # AT =(MIC, minimum
inhibitory concentration)& A&t th.

DNAQ| =& 3 &EN. RAPD %‘~/‘—1§ 213 DNAE
Sambrook $-(21)¢] alkaline lysis W2 t}a W3}
o] 2£3}9th. PD broth(potato 200 g, dextrose 20 g,
234 1,000 ml) 50 mlollA] 257k 27°C 224 A A
HH°J“"] 71 FAE cheese clothell 24 2] 7]l 2ol &
I FFHSF 3,000 ml AEE 2 F E71F AAARL
=, falcon tubed] 2o] 3F £t freeze dryAlZ]
liquid nitrogeng ¥ HAAPRLR 7o} sampled FH]
slich. DNAFZSS $18] £9)¥ sample % 0.04 g
microtubeel] B-& % lysis bufferg 750 mlE ¥ 1 ¢l
%4 k¢] phenole 718} vortexdlted 15,000 rpmell
A 58 Fot AR 3 A5 FH =L micro-
tubeol] ©3L phenol-S- HFHE-A 2] F F AFEH-L 3]53}9]
th. 3E A phenol : chloroform : isoamylal-
cohol(25:24:1)& Y3 & £E] £ t}& 15,000 rpm
ol A 5 F<3t °J/“*‘:r"ﬂ/‘]74*‘] AZBg Bohliglet, &
2]¥ Al sodium acetate 20 ml¥} isopropanol 1 ml
£ ¥7 15,000 rpmell 5% < HAE= 3 micro-
tube = Fof pellete] *37] A 2A2FA 255 08
% vacuum dryerollA 20~30% F<F @22 TE buffer
(pH 8.0) 500 mIE- ¥ DNAE =3ic}. thA] RNaseE
30 ml(250 unit/mD)-& #7}ste] AP# tappingdt ¥ 37°C
oA 1 hr ®.33}gth. 22 $-o|= phenol, phenol : chlo-
roform : isoamylalcohol(25: 24 : 1), chloroform :iso-
amylalcohol(24:1) £HEEL TANZ At F 747+

15,000 rpmellA 58 Fot vkEshy A2 A5 3
¥ AFZle] 100% ethanol 1 ml ¥ 3 10,000 rpmeil
A 28 Eo IAES AT o]w] F-E pelletS 1 ml®]

70% Y7}t ethanol® A ¥ 8} LA &2 8le] pelletdt &
7131 £-88 Wl a, F2 pellet-> vacuum dryerell4]
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20~30% A= = ohg datgol Fo] £°CellA nts}
of ARg-8} ).

DNA ZZ. DNA $%$% $¥ random primere
Operon” k] 10-base Oligonucleotide Primer kit A<}
WakoAF®] 12-base Oligonucleotide Primer kit A<}
kit CZ o]-€3lgcH(Table 4). PCR &3 5ng/ule]
genomic DNA template®} 7.5 ng®| primer, 0.4 U2
Taq polymerase, 1 t19 10 Xreaction buffer, 2.0 mM
dNTP(dCTP, dATP, dGTP, dTTP)E &3t3}te] 2| =3
Z 10 nl9 reaction mixtureZ 0.2 ml PCR-€ thinwall
tubeol] o] Williams 5(24)0] A A1ZF W] o3
3sith. PCR $E3272 94°CellA 3027t denatura-
tion®} 36°Cell4] 607} annealing, 72°CellA] 90%%}
extention®] HAIE Axl= 2SR 45 cycle A 3
815l 2, *-& denaturation A|ZH- 94°Col|A] 28-7¢, »}
A2t extentionX| 7k 72°CollA] 587 AAFAF] ¥ 4°C
of] g MAE= T2 o8 433}t PCR At
£-2 TBE bufferol4] 1.6% agarose gelS- ©]-43}e] 24]
7P A= A7]dF5o=2 /NS 0.5 ug/ml®] ethidium
bromidecll A 40% Fat A48t 1 M2 MgCLelA 14]
ZF =A% & UV transilluminatore)4] 667 Polaroid
filmE o]&3tq AMzlE Ao PCR A9 #4132 1
kb DNA ladder(GIBCO BRL)Z o]-&-3}o] 4 3}3ic}.

RAPD £44. PCR< ©|-&3}d <12 RAPDY data®
A1 3 A719954] band F-5F(1 == 0)oll o}
£ binomial data matrixS NTSYS-pc, version 1.80-2
o] &3} EA31¢tH(20). Jaccard s formulael] wa} Ak
9 A9 32 912 UPGMA clustering pro-
gramel 93l dendrogram= 2t 8l3icH(22).

Za o pE

ZZ MUZTOIHTO| APMIME. F-AI7F 48
FEo AR H2dAF=MICO)E AR S o
benzimidazole#] 4+#A](benomyl®} thiophanate-methyl)
9} N-phenylcarbamate#] AbFA|(diethofencarb)el o
34 MIC7} 1,000 ug/mi7HA 74 52 A4 =
< vehdigl ey, ogo 2 HAAQl polyoxin Bell sl
A= MIC7F 10~100 pug/ml ¥$131 2, dicarboximide
Al AFA](procymidione, vinclozolin % iprodione)<}
N-phenylcarbamate”] AhFAl|2} benzimidazoleA| A
Al &Alel diethofencarb+carbendazimel| ™ajA]=
MIC7} 0~10 pg/ml el &3l Aoz A=}
(Table 2).

E35] dE= <4l tubulin A3A AalAel benzimida-
zole A£2] benomyl®} thiophanate-methylell @&t 3}
AdFe] vlge 24z 72.9%%) 81.3%% 3 MIC7} 1,000

Table 2. Fungicide resistance of 48 Botrytis cinerea isolates
to 8 fungicides used for control of gray mold of citrus

Percentage of isolates

Fungicides "
tested MIC (ugim)
0~1 1~10 10~100 100~1,000 1,000~

Benomyl 208 63 0 0 72.9
Thiophanate- 146 4.2 83 0 729

methyl
Dicthofencarb 52.1 14.6 0 6.3 27.1
Procymidone  37.5 62.5 0 0 0
Vinclozolin 333 66.7 0 0 0
Iprodione 333 625 4.2 0 0
Diethofencarb+ 79.2 18.8 21 0 0

Carbendazim
Polyoxin B 0 0 62.5 375 0

‘Minimum inhibitory concentration.

pg/ml o]Atel A=A A FFL] v]go] BF 72.9%=
A 9l AR ZAREC SelviEteld Ay
Fgolw el gt AFAIA G- 1984 rd el W (3)ell
2]3)| benzimidazoleA AHFAll| 3t 234 2] vl
&°] 6.3%2 AR AH§ RuEglovt v 5(17)2
19913 benzimidazole#] Aol thal #3FAdel &7]
AYFFold FF ulge] 73.2% ¢|2= A2 ¥
38 v} gledl, A E 4 benzimidazoleH|
o AgAel g AU FFolF A FT2] Ao
A7 el o]2 3 Qe A o2 HlE Y

=3} benzimidazole Al 52 AFAe} JAH wx}=]5}
AJ (negative cross resistance)& Yelll& o2 W
(4,8,9,16)% N-phenylcarbamate #A%2] diethofen-
carbell W& AFAAEFS] W& 33.3%% L MIC7t
1,000 pg/ml o}l T=AFAFFE vl ge] 27.1%F
28k 9l o2 FAFE ] N-phenylcarbamate|
%] ANFAlE benzimidazoleAl%-2] AbAl| e} mEk7)x]
2 AgAIA A o] AR & 4 il B g4
% benzimidazole#| 47#1<] benomyl®} thiophanate-
methylel] @8] MIC7} 1,000 pg/mlQ]l F55-& N-phe-
nylcarbamateA] A4 4l diethofencarbel] 3= o
FE AEAAE el en, diethofencarbell thshA]
MIC7}F 1,000 pg/mldl #F5< benomyl®} thiopha-
nate-methylell tH3l] & A4S veple] F AlE
2] AbiAl e} gk SAkd ZARA AL FH A BRE
= 32tk (Table 3).

gHH  benzimidazoleAl5-¢ AtAle} N-phenylcar-
bamateA-&-2] AbtAlel] Hig FAd AP A o]
g AFsgol HkAl kAl diethofencarb+carben-
dazimell e £ FFFlA 17Fe] 10 pg/
mlellA] FEA SIS el olS B n =3RS e
Y= d5t LAHA o} AR = F AE A
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Table 3. Levels of resistance of selected 24 isolates of Botrytis cinerea to 8 fungicides used for control of gray mold of citrus

Resistance levels®

Code Isolate
B’ T D Pr A% I DC Po
1 C01 +++ +++ - + + + - ++
2 Co7 +++ +++ - + + + - +
3 Co04 +++ +++ + + + + - ++
4 Cl14 - + +++ + x =+ - ++
5 C16 - - +++ + + + - +
6 C12 +++ +++ + + =+ + + ++
7 C10 +++ +++ + =+ + + - ++
8 D01 - + +++ + + + - +
9 DOS +++ +++ - + + + - +
10 D07 =+ - +++ - - =+ - +
11 D13 +++ +++ - + + - - +
12 D10 - - +++ - - - - +
13 D12 - - +++ - - +
14 D03 =+ + +++ - - + _ +
15 D15 +++ +++ - =+ + - - ++
16 D17 +++ +++ + + + + - +
17 D21 + - +++ - — + _ +
18 D24 +++ +++ - - - - - +
19 A03 +++ +++ - * =+ * - +
20 B0O2 +++ +++ - + + + - +
21 BO3 +++ +++ - + + + + +
22 BO1 +++ +++ - * =+ + + +
23 A01 +++ +++ - + + + + +
24 A02 +++ +++ - + + =+ + +

*~; 0~1 ug/ml, +; 1~10 pg/ml, +; 10~100 pg/ml, ++; 100~1,000 pg/ml, and +++; over 1,000 ug/ml of minimum inhibitory
concentration, respectively. "B: Benomyl, T: Thiophanate-methyl, D: Diethofencarb, Pr: Procymidone, V: Vinclozolin, I: Ipro-

dione, DC: Diethofencarb+Carbendazim, Po: Polyoxin B.

o] A7) 2 A FFo|H ] Ao g2 07 o]
& & 9l FedE A T2 gk 2y o2
AT WA A S o] 43 WA A S A AHE-E)
A2+ vpebel| A= o #3A (multiple resistance)
9] &do] BwHSITHG5,7,10,11,18). £ AFM=
C10 #F2 7%= benomyl¥} thiophanate-methylell
dsl MIC7}F 1,000 pg/mlE. T=Aa4< Jehds) 5
Ale diethofencarbell =i+ %= MIC7} 10 pg/ml o4+
9] FxA3AS veldla, diethofencarbel] o3l
MICZ} 1,000 pg/ml o]Are] 1 =A8AdL veldl= C
145} D01 #5 benomylell daix& 7H4A]S ehy
9121} thiophanate-methylell tH&] MIC7} 10 pg/ml ©]
Ae] FrAeA-E el ol AR 1 7
o Fxdls AdFFo T TFENME benzi-
midazole#l] ARFA|9} N-phenylcarbamate] Ak ofl
sl Aol AeAd-g A o5 AT S-S 9
ulglc}, whebs] o}A7lR]+ benzimidazoleA AtA| 9}t
N-phenylcarbamate?] AbdA E5o AsAdE e}
W o Adde] BAle] ARt w5 o] & A
ol x| "k T} A ATl tigt Ar]AQl diAe] B8
3o},

Dicarboximide] AH#AE F-ell4+ procymidione®
vinclozolin®l] W3] <FAA Aol A HEE A
243k, iprodioneel W A3 Fo] 20F(4.2%) A=
= 5ith(Table 2). o]&1dt AR AAFA A 1986W1
Z 5(12)l 913 dicarboximideA] ARFA] # &4 #F2]
nlgo] 32.0%2t7 g B} 1994~19961d F<F 34.9~
49.7%2] Mg FE Felg Z QDY Apele 2 3
Fol| A& dicarboximide ] AA| ol tl&F gt F2] Bt
Aol AwlgHe vrehdic), &9 FAE AEFHol
T FFE ZF iprodionedl] W A3l 275 A3k
75L& 25 Al 7FA] dicarboximide] Ad-A|Eol o
3 Fdg A A Hk-& Ryt 0|9} Z2& AN ben-
zimidazoleA| AHFA]Ql benomyl® thiophanate-methyl
o M E FAE e, 22 AT FAd g 2
A 8Ad-& o]u] ¥ H v 9lch(6, 11,19, 25).

g3, 3 4)4) polyoxin Bell tisiAle Al 45
7y Ad A=A Wgtw RE FF9 MIC7} 10~100
ug/ml WHelel &= 2oz w3A & polyoxin
BY o] &olx A} gl Aoz A=) mebi 7
2 Ao S 5307 uiA|sly] $lsii= oA
o] FFol uE AT HA FEI dApE wAYS
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Table 4. Nucleotide sequence of the 8 primers used for RAPD analysis, with total number of amplified DNA fragments and

size of polymorphic DNA fragments produced by each primer

Code Nucleotide sequence (5' to 3")

No. of amplified fragments

Size of fragments (bp) Remark

OPA-03 AGT CAG CCA C 5 560~1,450 Operon Tch. Inc.
OPA-13 CAG CAC CCA C 6 495~2,750 Operon Tch. Inc.
A-06 GCC AGC TGT ACG 12 600~5,000 Wako Co.
A-10 ACT GGC CGA GGG 9 650~2,100 Wako Co.
A-32 TTG CCG GGA CCA 5 490~1,900 Wako Co.
A-44 GAC GGT TCA AGC 8 700~3,450 Wako Co.
C-22 GGT CAC CGA TCC 12 550~11,200 Wako Co.
c92 AGG CAC CCT TCG 12 490~2,850 Wako Co.
Total 69

o] & ofA| Aol e s)of & A|AMgt.

= MAUZTOIHTO FEA O2d. 7 AYF
sbolH¥l# genomic DNAS] RAPD #Alo] FAI& pri-
merE Foll4l DNAZEHo] 7} T35t Qo] 7}
3t RAPD patterns Yebll= 532l 8719 primerE
RAPD profile ¥4 l| A1-8-3}59c}t. DNA template, pri-
mer, dNTP 52| 5%+ &3 band patterns et
EE AESE S 2Ag ey, RE AP F
2 23] HEAIES AAEt] 2hE A FFolw T
A oefAd-g A% A FA18 primers< 55
= Ao #5585 ERs=d 583 poly-

M 1é 3 4567 89101112131415161718192021222324

morphisma YePH I}, 871 primerel &J&l A3 frag-
mentE 7+ primer% 5~12702] genomic DNA fragment
£ A3t = 69719 genomic DNA fragment2 34
3t3+l, 3% genomic DNA fragment®] =7|+& <F
0.5~11 kbsc}(Table 4) FA%F primerel] th3F 7=
dFsgolH i 247 #5529 genomic DNAS] RAPD
pattern< Fig. 13} Zt},

EE 559 A7]9%lA] band -5l w}2} NTSYS-
pc®] UPGMA program< ©]-$-3l%J dendrogram< %}
Atk (Fig. 2). 7 A3} 7z AdFgo| T 475
cefgt A EiE e oleldt

M1 23 4567 898101112131415161718192021222324

e e e
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Fig. 1. Random amplified DNA polymorphisms of the selected 24 isolates of Botrytis cinerea generated by 8 random primers.
Lanes marked 1 to 24 are isolates listed in Table 3. M indicates molecular marker of 1 kb DNA ladder.
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Fig. 2. UPGMA dendrogram derived from the RAPD profiles of genomic DNA of the selected 24 isolates of Botrytis cinerea.
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sle] RAPDE #4431 A7} 21144l ohedd& Bt
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g AFAAGA 712 P A AU AL E
Fold whAlel] B old], B Al g ALUFH
o F AFA|A A Hxe} RAPD Aleloll= dA g
ABAE FE g+ Gl ©]A2 random primers
AREE7] wEel Yehde AR A= A A &
Azte] d3Ad-S 2] HsiA= RAPDE 24d < 3l
+ RFLP 5 th& marker®] &85 HAEZ & ek
ol Koenraadt$} Jones(14)+ allele-specific oligonucleo-
tide probeZ ©|-&38}] Venturia inaequalis 77521 ben-
omyl A&A FFE9 BAL A& 02 AR vl Qloh

2 AoA] g tiekdl RAPD pattern® AHdA|A
A T 2HE ALFHo Ty A EAfs=
34 kS ehle] T A FFel ol i A
A FEe] SA o Al AHEA] Y AellA] g
Al FsdoHFo] §4A WHolE FH3A aHdlof &
719 A7 L& 5 LS AAHEIE

2 o

7 AYFFo|HF 487Fol I AFAA G L
ZAVtaL 534 theFAdS random amplified polymor-
phic DNA(RAPD)- ©]-8-3t¢] #4351}, Benzimida-
zole#A| AHFA2] benomyl®} thiophanate-methyl % N-
phenylcarbamate”] A-##|¢l diethofencarbell &k A
W-ZdolF A FFL] WAo] A48 Fl o]21
9= Ao gelgglr). =3 benzimidazoleAl E2] 4
TA¢} N-phenylcarbamateAl52] AtAlel gk <Ak
T ZAA AL T 2 5 dded, F AF

o AbAlel e FAl AL Ad o AR

o] #&= gt Dicarboximidesd AHAIQl procymi-
dione, vinclozolin % iprodione AF¢]oll4+= benzimida-
zoleA] AFFAlQl benomyl¥} thiophanate-methyl A}o]
M= mapA o] HAE e M AR 5
o] & Ao 2 selxlg] o}, A4l polyoxin BellA
= A 57F AEHA 9sttl. RAPD profile?t
AFAAFAY FF Alololle ARe] gglet, A= A
wFgolwF FFE- thakst RAPD profileS veh
o AlFxol| EEsh= FHE AUTFo T AtolA o
kg FAA 3} B YE-S AlAFE T

ZAle| =

o] = 19954 % IS sedrzAv(EdT

& 5-95-23)el| 23l AFEH A5
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