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Pear scab caused by Venturia nashicola has been reported as an important disease of pear resulting
in lowering the quality of pear fruits. In this study, it was conducted to investigate the relationship
between resistance of V. nashicola and mutation of 3-tubulin gene and the fungicide resistance in field
isolate group in benzimidazole fungicides. Responce of V. nashicola to carbendazim could be classified
into 3 groups as sensitive that does not grow at all on PDA amended with 0.16 pg/ml of carbendazim,
low resistance that could not grow in 4.0 pg/ml medium, and high resistance that can grow even at
100 pg/ml. Thirty isolates of V. nashicola collected from 3 regions as Wonju, Naju, and Okcheon were
highly resistant to carbendazim. Analysis of the nucleotide sequence of B-tubulin gene of V. nashicola
showed that there was no difference in the nucleotide sequence between the sensitive and the low-
resistant isolate, but GAG at codon 198 (glutamic acid) was replaced with GCG (alanine) in the high-
resistant isolate. Among 10 isolates obtained from the Okcheon, 5 isolates showed the substitution of
glycine for glutamic acid, which were resistant to carbendazim, but more sensitive to the mixture of
carbendazim and diethofencarb than others. Through these results, all isolates of V. nashicola isolated
in pear orchard were found to be resistant to benzimidazoles. Also, mutants E198A and E198G at
B-tubulin were found to be important mechanisms of V. nashicola resistance against benzimidazole
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M OB

Ut A W= &8 B2 A Sa4o] v Aok
THoll A Al o] Aufst= FF-2 Az, o AT
Yt Venturia nashicola®l tal| A ZH4=Ado|tt By, o] &
< Aulste= 571 987k A2 stk (Kwon 5, 2010). Hl
ASEFHY 2 4 st FE 6974 Q3 71|, €7t
Y& 47| wfzel 714el wet Zol= AT sfuitt 10
3lof| A 183 o] oFA| WA E sHA] ko™ = o A
ZrstA ARt @A 58 WA At Al A A,
benzimidazoleA| AwA], Y] A2 AEHE TS
AATAY HEZE 0L TS JA|Sh= AtA 5o
A=A Utk

o] ¥ benzimidazoleA| A<A|l= Tl A& 2
= AAARA, 4=2F 25, Ze] Foll Al Botrytis, Monilinia,
Colletotrichum, Sclerotinia, Podosphaera 5¢] € 2.7]= o
e A =S BAISH] YA AF-&-gtt(Bradley 5, 2006;
Chen 5, 2014; Hwang 5, 2010; Sedlakova<®} Lebeda, 2008).
BenzimidazoleZ] &A= A28 Y22 B-tubulin®]gt&=
ol A}t mlAlAT FAdol Zasta, B-dimere] A
A= Adfisl7] fol, 28 o= HHFY N ZEES
Ao 24 WUt A2 A5k EtHDavidse} Flach,
1977; Martin, 1997). 3FX|7t 2k-8-%o] v -9 Eo]s}o AL-E-3F
A 29 2w AgAe] A AR S Holk Weol
HEAY 31 % T (Albertini 5, 1999; Jones®} Walker, 1976; Ross2}
Newberry, 1985). At} H-2E LW 41 Venturia inaequalis
o A= 1975Wd0f FA M= A benzimidazoleA| At
Aol thet A do]l BaEglon, oA H2EFHYS
Q) © 7] V. nashicolad| A & 1977 d 0] LE oA #3542
dhao] X 1 ] th(Hartill, 1986; Ishii2} Yamaguchi, 1977). =+
ol A= o]t ql4tol| A &2 3t Botrytis cinerea®} 32 =
A 223t Colletotrichum gloeosporioides 59| | #3}/do] 1
I &% tHHwang 5, 2010; Kim 5, 2009). Benzimidazole A 4f
A AL HAFE] B-tubulino] A ofw| Ak U7} T
£ otk 2 X|eE| o] AhA| o] K &fo] o] R oz 7] oF
7] w&of YEbdTtHMagt Michailides, 2005). Benzimidazole
Al AatA ol tsl A A o8 T/ AEHEd &
o] 9] B-tubulin 825 A3 A1, 6, 50, 167, 198, 200,
2401 Q] o}u| Ak 2] Eo] &2l E] g thH(Albertini =, 1999;
Baraldi 5, 2003; Davidson <, 2006; Jung 5, 1992; Koenraadt
5, 1992; Ma 5, 2003; McKay &, 1998; Qiu -5, 2011; Trkulja -5,
2013; YinT} Xiao, 2013; Zhan3} Huang, 2007). ©| A3 4] &4

o
= Al

DA ZFolo A B-tubulin §- A=) LB ofu]i-Ato] 2|3t
=H B-tubulin Tl o) B 2}5} = benzimidazoleA| AH+A)
o] fzto| oA =0, A+AE 25| = B-tubulin THEHE
of B2+5}x] F351a1 B-tubulin TH A o] a-tubulin T2 2}
Ao 2 Ay o nAaE FAsHEA Hd
o A& A sHA] Z8HA k. o] AE benzimidazoleA] 4
A= ZHEF 0| H= T A Y ofu| kAl Ao = Q15
Heqto] Aol thsto] A3 YeEtlA Erh(Yarden
I} Katan, 1993). Benzimidazole A AF#A] A &AJ¢l Al 51
ol A A THE B-tubulin F-HZFe] 2|3 H$j+=
S oheFet HIAI7F B arE o} glon, 1989 A 9] ofw|leilo]
glutamic acid®| Al alanine &2 x| gt=|= 27} 71 Wt
SHARE A B U] T/ AFAHY A= Foll kA A8
=YX obm| iAo F /I T2 7] g 2ol AR 24
o] g gstrh Abal H2HFE Y21 V. ingequalisol| A= 198
HA]| ofu]|zAko] glutamic acido| 4] alanine, glycine, lysine
o2 AgEg o, v HEEHHE AR V. pirinal| A=
alanine 2. 2 %] 2+=| ¢l tH(Koenraadt 5, 1992).

SHAIRE = G5 X Foj| A= oFE] &= benzimidazole] 4
A E AHESIAL YTl Sk, A oA AR 2y
Ho| AAH o = AAH A2 gtk mhebA] 2 =EFoA+=
I A S FolA TSl HEEFEHE S 4oV
nashicola®] A& HAS AASHH L, B-tubulin F-A A} £
28 E319 benzimidazoleA A4 AT} ofua| e Ako)
22t TAE AT

el AL8St FFet HHEF E2|. Benzimidazole
AtA ot A A= FTAEFAA
2P A & g} W35+ V. nashicola
5709 #54 20149 ¥, U, S A Y ol o
A 33t V. nashicola 304+ 5 AH&-3F Tk A e HE 4
A 2RE HYddS SExA 225tk HE A=A #1
o A EREAE 8319 100 ug/ml] streptomycin
2= 1x10°7)/mlI7F =& 24314
A @] AU =S E3H i
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A= UEE 2Esto] FojFnh Fotdn|g o= Fot
g BAZAE Sl F, 3 7o) BAYZAE 100 pg/ml <]
streptomycin< 37}t potato dextrose agar (PDA) ¥l 2]l
F3ka 200C9] dzANA 1057t WiFatct o2 A A

<l



152 Research in Plant Disease Vol. 23 No. 2

A= 4°Co| A st Ag o] AF-gatich Ago
AE3E7] YA s Bt 43S A28 PDA s o] HE3}
o FUS 2HA A 1077 v F et F A A v o 55
= AT YR A ST

A& At2st FH. BenzimidazoleA AwAQ
carbendazim (a.i. 60%, WP), benomyl (a.i. 50%, WP)Z} N-phe-
nylcarbamate 7| 2] diethofencarb 2} carbendazim 2] &34 (a.i.
25%/25%, WP)E Aol AH-8-3+ 3tk 2 A+tA+= PDA Hj#|
oA #&F-5%=7}0.032,0.16,0.8,4.0,20.0,100.0 pg/ml7} ==
= Arkakelk

V. nashicola0f CHst &M HAMME AX S0t =
AL ARl AMERE 3T R AHAE A SRl EF
2k %, PDA v X|of] 3% FE7} H =& g0 H71skgich
A9 2d-& HA357] YA 300 pg/mle] streptomycin
< Hjx]of| Zo] HrlstAnh HE S 7] Yste] EHlEh v
nashicola®] dAF Aol A F#AF ZRZHIIEZ XA, X1 mm)<
wlo] Wol AA1 S 3715t PDA iAol 13kt 200 ¢
ol A 47t s F otk AwtAl o] A= 457 vkt
S At A s A oA At H Y] #FF2) A7} T H
oA W e o5 A& ZASHAL, of2ff Ao oA o
AP AR &S ko] v wskgich
ARt A v A o A

S 1-(04)=(1— :‘E:
AR A BT O0=(1— o s

39 %
%94

HElHO| gDNA FE, gDNA &S 95te] B+
PDA | o] A3} 20°Ce] A=A A 47t v Fet 3,

nashicola®] wtAHE =5k -70°Cof| Al 1243t 5-<F 524
Zkeh Bt et f2 W E AHEshe] F 22X HANS
T =A Z45tL, Kang 5(2005)2] WO 2 gDNAE =
FAth &3 gDNAE 50 pl2] Bd 5740l 59 3 5mg
°] RNase S 2|3} 37°Co]l A 30% uH-3-A]# RNAS A7 3}
a1, 65°Co| A TA|ZE 5-¢t Hatsto] RNase S &84 SHAI T
2% gDNA«= -20°CY] WEatel A Hakste Ay o AL-§
iy

oft

<l

V. nashicola®| B—tubulin %X} SZ1 H7|ME
XM, Btub14F (5-AAC CAA ATT GGT GCT GCC TTC TG-3) %}
BtubR (5'-TGG AGG ACA TCT TAA GAC CAC G-3)& Al-8-3}¢]
B-tubulin F-AAS ZZ35}9th PCR mixtureo| = dNTP 2.5
ul (ZF 2 mM), 10x Taq buffer 2.5 pl, primer ZF2}F 1 ul (22 10
pmol), DNA 2 ul (25 ng/ul), Tag polymerase 0.1 pl (5 U/ul) 2
TS 7 159 u7h HE=F SHFT PCR g2 123t 94°C
o] A denaturation, 30%7F 58°C|| A annealing, 147} 72°C
o A extentiong 353] WHE5F¢Ih ¥H-E-& A= A=
1.5% TAE agarose gelol| 4] 100 V& 4087+ A7|%9 53 Z uv
illuminatorol| A band& &<213} % th PCRZ A oA B-tubulin
F AR FZAHE-2 PCR Expin kit (GeneAll, Seoul, Korea)
£ 0|85t FAst o, A H PCR 4= FE 2 A
(Macrogen, Seoul, Korea)oll @748 £ 4L o]2|3} %t

Zo o @

B Z2HRL|HFAO| benzimidazoleZ| A-ZHlof CHE
Hr2 A3 o) AL-&-3 V. nashicola 571 T3 2] A-d-A|of) thgt

Table 1. EC,, value* of Venturia nashicola causing pear scab to benzimidazole fungicides and the mixture of carbendazim and diethofen-

carb
Isolates’ Carbendazim Benomyl Carbendazim-+diethofencarb
V. nashicola KCTC 6484 0.053 0.009 0.022
V. nashicola MAFF 615002 1.154 0.813 0.595
V. nashicola MAFF 615003 59.123 >100 0.327
V. nashicola MAFF 615029 >100 >100 0.150
V. nashicola MAFF 615023 >100 >100 >100

*EC,, value (ug/ml) means the effective concentration reducing the mycelial growth of each isolate of V. nashicola by 50%.
*Each isolate of V. nashicola was inoculated on a potato dextrose agar (PDA) medium amended with or without fungicide at indicated con-
centration, and incubated at 20°C under the dark condition for 4 weeks. Colony diameter was measured one month later. Inhibitory ratio (%)

of mycelial growth was calculated as follows;

Colony diameter on PDA with fungicide

Inhibitory ratio (%) of mycelial growth=(1

~ Colony diameter on PDA without fungicide

)x100.
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Fig. 1. Controlling efficacy of carbendazim against the mycelial
growth of Venturia nashicola isolates. All isolates used in this
experiment were incubated on potato dextrose agar medium
amended with or without carbendazim by indicated concentra-
tions at 20°C for 4 weeks. After that, the diameter of colony was
measured to investigate the inhibitory ratio of the fungicide.
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theF 1A LrElth Table 132} Fig. 104 H= 23t 2+
o] ZH=/d Q1 KCTC6484 2] carbendazim©]] T ECy gt
0.053 pg/ml .2 H, carbendazim ] =7} 0.16 ug/ml{! PDA
vz ol M= AP AE kA kgl shARE A A%
A& X o| = V. nashicola MAFF615002 2] EC,, %2 1.154 ug/ml

o1, 40 ug/mle] carbendazim< 3 7}3t PDA vl x| ol A] o
AL 8 A78ER] B8t Carbendazimof] T s A 1L A1 3}
391 371 o3& EC,o 7k B 100 ug/ml o]/ 3lem 71

=2 =59] 100 pg/mi7t A7HE s oA = HYFe] FA}
7} 754k Quello 52010)-2 1] QltjofjubZ2] Akt 4

LB H S Ba5ho] HA 34 0 & benzimidazole A
AFA) Q1 benomyl} thiophanate-methylo]] o gt BH-g-& %
Arste] A, AR, AT, AT L2 £/
o} ZHe AL A 9] =71 0.5 ug/mi2l PDA &l A A
& AASHA] Zoh= FFE01L 0.5 pg/ml B R o A= A%+
SEA|9E 5.0 pg/ml B Aol A 1A Kot #FE2 AA
PR TR SA -2 5.0 pg/ml v A of| A= A
}5FA| 9 50.0 pg/ml i R | A AAFSHA] = FFE 0],
3442 50.0 pg/mi 2] vl z|of| A 2 2} A AL 7}53t

o]t & Mg oA AHE3t 57] F5 Foll A KCTC6484+=
F4 FFol AT Y A] 475 Quello 5-(2010)9] 7]&
o 2J5hH MAFF615002= A A3 o 5©]aL, MAFF615003
U] A 22 5% uAFA4 F3e 1R
A Yol walA = benzimidazole A A+

] 9
3 A3 71F0] & 71 ok Taiwano A &

[
S

Ao

LSy
A

U mlo 2 n\‘ mln 1:( o

o},
o

o] ZHEof BFAH-S A © 7]+ C gloeosporioides= Z} w52
EC, &k 7HA1 AL A benomyloll thet AR 71€< Ui
A AL EC,aE°] 10 pug/ml 013}, 4 8412 10-100 pg/
ml Abo], 1213 FA4 442 100-500 pg/ml AFo], I A4 g4
2 500 pg/ml 0]42 2 E8F A tHChung 5, 2010). 1| = 2
gz olo A= A Fuf| F4S Hol= HabFol A 3971
9 Monilinia fructicola 52 2|3+ benomyl®] ot -
SR APeE FES A3 Y EC g 0.03-0.05
ug/ml Ao], 2 A4 3/d2 0.61-0.96 ug/ml Afe], 12|31 314
S 50 pg/ml o|AF O 2 FLES}HTH M. furucticola= 5L
%t benzimidazole 15 9] ArwA|2tal R|2t= AAof wh
kx| 1 ¥h-g-o] 2 A UEt=d], thiphanate-methyl o] T
A= 9] EC, a2l M 9l+= 0.26-0.74 pg/mi %o, A
A E-E 238-6.42 pg/ml AHo| AT, TAEHA-L benomyl Tt
52 ;}71] 50 pg/ml ©]/°] 3 thMa -5, 2003). AFBF 54
7]h Cercospora beticola+= ECg, %k ©] 1.0 ug/ml o]}
T2 2, 1.0-100 ug/ml Ako] ] #F5 A A
514 © 2, 100-1,000 pg/ml AFo] S ZA8HA, 2] 11 1,000
ug/ml o]l #F &5 I AP O Z L ESF tH(Trkulja 5,
2013). o] A AgAle] thgt A AFY FES H
Aol webA, E FLT 712 2= aFl &ot= A
Altal e et A atA 9] F 7ol weEtA th27] gl A
S}t A7 9] 71&0] B asith AR 57 75 7HA
3! benzimidazoleZ| At Aol tiet XA 7S A5k
th ARt = A, AR, LA 5319 IF
2 YUE 4 A=, 0.16 pg/mle] carbendazim 1l & of A
A WA o= H 75 A2z ERshch AA
342 4.0 ug/ml carbendazim ¥ x| | A A& AAS)A] H5)

o, 11 11 A2 100 pug/ml carbendazim Bl X|of| 4] A AFo] 7}
58t 50|t} Benzimidazole A A4tA| o) £3}+= benomyl
o WSHHE 5#FE T3 vH-2-& RBP4, V. nashicola

KCTC6484= 7+4=4, V. nashicola MAFF615002= A A 34, 1
gl Yz 333 B5E 1 A3A L B carbendazimo]
et S TS & o AT A v F2E RS
2 Z A3} benzimidazole A AF++A| ol 43} carbendazim}
benomylell A w2} A& BA 7} A= & 4= Uk

T, U, S A 223t 3079 carbendazimeof| o
R3S AW EH Fig. 204 B A Zo] BE #4527
100 ug/ml carbendazim ¥l X of| A A A}5}of, Zujjol A H2] gt
RE 3+ carbendazimoll ta 4] LA GAJ o]l tt
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Fig. 2. Effect of carbendazim on the mycelial growth of Venturia nashicola on potato dextrose agar (PDA) amended with the fungicide.
Isolates of V. nashicola were collected in Wonju (A), Naju (B), and Okcheon (C). Isolates of V. nashicola were inoculated on PDA with car-
bendazim by an indicated concentration and PDA without the fungicide as an untreated control. All isolates were incubated at 20°C for 4
weeks, and the diameter of them was measured. The inhibitory efficacy (%) of the fungicide against the mycelial growth was calculated
by comparing the colony diameter of V. nashicola on PDA with carbendazim to that on PDA without the fungicide.

Carbendazim/Diethofencarb Z&!H|Q| FAIAHZF
HEat, Ao AHEHE 570 o5 S0l Al carbendazim
of diajA A FF< KCTC6484%F AAGFA +F2
MAFF615002, 18] 31 I A3 o5 F-ol A MAFF615023
2 A 9|3t MAFF615003T MAFF615029 &+ #5+= &%
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Inhibition ratio (%) of mycelial growth

carbendazim} diethofencarb 2] ZgHA| o) s A 744 40

°]AtHFig. 3). 74243l V. nashicola KCTC64842] EHAof| of

& EC,o k2 0.022 pg/ml 2 7H8 W2 EC3he HoZglo 20°

™, 0.16 ug/ml ] E3tA|7} 71 PDA v || A FAZE A 0- I

5] AAFstA] Zgk whHol, carbendazimoll s A A A g3 0.01 01 ! 10 100
ol MAFF61 50029]_ 121 ak4 2] MAFF61 500334_ MAFF615029 Concentration (ng/ml) of carbendazim/diethofencarb

S 370 #39) EC,,3H-2 22 0.595,0.327, 0.150 pug/ml .2 Fig. 3. Effect of the fungicide mixing carbendazim and diethofen-

carb on the mycelial growth of Venturia nashicola. Inhibitory ef-

Z3A7} 0.8 pg/ml 7= PDA vjR|ol| A A& YAslA] H
SHATE AT LA g4 o] MAFF615023-2 100 pg/ml <]
PDA B 2] o] 4] 2 2} A AH3F91..1, EC, ZHE. 100 pg/ml 0] 4k
2 carbendazim¥7+ o} 2} carbendazim T} diethofencarb &
LA ol A = A QA AL = eyt

T3A 9 FAAE2] carbendazim} diethofencarb= Al
2 QAT 2 2AF BA A Q= A Z A carbendazim
o a4 A4S #3F = diethofencarbell T A 744
ojr, Z4AQl 3= AF S EUtHElad 5, 1988). T}
A ZApo| A A EH Y +Fo] benzimidazoleA| AHwtAof o i
A A dol W@E o, At A Aol &4
Ue AT o] THAE A2 5HA carbendazim A3 W
2132 diethofencarbol] 2J3) A AAFo] AAE 1, ZH4=Ad <l
5+ carbendazimol| &8 A JA| =] 7] wj Zofl AFHAdo] &

e

=(IJ_\__1"

ficacy of the fungicide against the mycalial growth of V. nashicola
isolates was investigated on potato dextrose agar (PDA) amend-
ed with or without the fungicide by an indicated concentration
through an agar dilution method. All isolates of V. nashicola inoc-
ulated on PDA were incubated at 20°C for 4 weeks. Colony diam-
eters were measured after 4 weeks of incubation. Inhibition ratio
of the mycelial growth was defined as the diameter of a mycelial
colony on PDA with the fungicide by an indicated concentration
per colony diameter on unamended PDAX100.

AR POl FS o] FIL Q= EA ol &= A7t
7} =38tcH(Ishii 2} Takeda, 1989). 31X EOlE, L &= Qo] &
oA E2gt AL FFo|HHF oA 4T LAAFAE T
Aol )& carbendazim¥} diethofencarb 5ol s A &
Aol #3571 A= i tHPappas, 1997). Koenraadt 5-(1992) %=
Atkel Aokafoll A H2EF S U2 7= V. inaequalis
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o} V. pirinaE £2| 3+ benomylol] thgt A3 A= A A
3} X (low resistance), 4] 34 (medium resistance), 1A &4
(high resistance), =4 &d(very high resistance) 522 &
5kal, o] Z+Ze] 1155 ©] benomylZ}t N-phenylcarbamate 7] o]

|

24:3}+= methyl N-(3,5-dichlorophenyl) carbamate (MDPC) 2} &
A A 2R A A7 JQ=RE 2 AT V. inaequalis
o AL AAFAE A5 #FE= AT o0& 7Y A

[

o
}A #4352 MDPCY|| tiall A A vres E‘}}P_Eﬂ v
pirina®] A-ol= DA AT TAFA T8 &3l=
TJMMWOﬂWﬂHQ%%Lﬂﬂ%%%EﬁTMQ

H A F ol A= Koenraadt 5(1992)3} t}2 A diethofencarb

ool

9} carbendazim @] EA| & AL&-35lo] AAF AT whahA
9ol 229 AR FF 2
Hojof it 54t
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571 dAo dsiA= HeEAdS

F 5l
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80.0 1
60.0 1
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Inhibitory ratio (%) of mycelial growth >

0.01
Concentration (ug/ml) of carbendazim

A carbendazimel] a4 ZHAdQl 29FF2F A<l 2+
T BE7 QA8 w2AA 3] BA O = carbendazim i}
diethofencarb @] FAof| dsjA= A+ Bl © H
3l A, V. nashicola MAFF6150232 carbendazim3} &4 2%+
of tisfA g o]l Ishii2} Takeda (1989) %= V. nashicola

T+ 5ol Al carbendazim} 44 A FAFA A o QL
= 3=
propynyloyphenyl)-N'-methoxyformamidine (DCPF)o]| T} 3| 4|
25 A g S Bolk FH7h 900, WAL F 9849 C
7} 2l e o] Q)= carbendazim} DCPFE AF-&3}o] 22k Al
dE o 2 F AFA 2Rl daA AR ool &
F2ehA| g2 B askich sER|9E W) 3X]H 9] v 4=
Aol A YA V. nashicola 7+FE-2 Fig. 40| A B Ax} 7+
0] 40 pg/mle] EZAE H7Fet v x| A AE PSR

¢l N-phenylformamidoxime#| N-(3,5-dichloro-4-

100.0
80.0 -
60.0
40.0

20.0 1

Inhibitory ratio (%) of mycelial growth T

0.01 0.1 1 10 100
Concentration (ug/ml) of mixture >

Fig. 4. Effect of the carbendazim (A) and the mixture (B) of carbendazim (Car) and diethofencarb (Die) on the mycelial growth of Venturia
nashicola isolated from orchards located on Wonju of Kangwon, Naju of Jennam, and Okcheon of Chungbuk. Inhibition ratio of the my-
celial growth was defined as the diameter of a mycelial colony on potato dextrose agar (PDA) with the fungicide by an indicated concen-
tration per colony diameter on unamended PDAX100. Colony diameters were measured 4 weeks after incubation at 20°C.

A KCTC6484 TTTCTGGCGAGCACGGTCTCG
MAFF615002 TTTCTGGCGAGCACGGTCTCG
MAFF615003 TTTCTGGCGAGCACGGTCTCG
MAFF615029 TTTCTGGCGAGCACGGTCTCG
MAFF615023 TTTCTGGCGAGCACGGTCTCG

B 198
KCTC6484 FLASTVSTVPECKPM----- LVENS FCIDN----
MAFF615002 FLASTVSTVPECKPM----- LVENS FCIDN----
MAFF615003 FLASTVSTVPECKPM----- LVENS FCIDN----
MAFF615029  FLASTVSTVPECKPM----- LVENS FCIDN----
MAFF615023  FLASTVSTVPECKPM----- LVENS FCIDN----

198

TGTCCAGAACAAGAACTCGT
TGTCCAGAACAAGAACTCGT
TGTCCAGAACAAGAACTCGT
TGTCCAGAACAAGAACTCGT
TGTCCAGAACAAGAACTCGT

-~GLHEGGRGPDAQCPEQEL
-GLHEGGRGPDAQCPEQEL
-GLHEGGRGPDAQCPEQEL
-~GLHEGGRGPDAQCPEQEL
-GLHEGGRGPDAQCPEQEL

Fig. 5. Nucleotide (A) and deduced amino acid (B) sequence of B-tubulin gene from 5 isolates of Venturia nashicola. The mutation site at

codon 198 is indicated with a box.
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r{o

sholA] el AL obal EgA] Bfet Aa4we) B
Jle Ao Azstant

B-Tubulin RTXS| HIIME 24, Btub14F/BtubR
primerg AR-&38to] Aol A& 5925 1,264 bp
9] B-tubulin SAZE ZZlgon, ZZ3 AR F
71 E& B A3 A1 Fig. 59| %3 carbendazimol o &t
A o Fof wpeta WSttt 7h=AdQl V. nashicola
KCTC64842} A A 341 ¢l MAFF615002%= 198 A €] ofn) i
A I E=0o] GAGE glutamic acid$+=tl|, carbendazimo]| of
A A3FAIQ] MAFF615003TF MAFF615029= GCGEA]
alanine©| %l 2.0, carbendazim3} diethofencarb2] ZgHA| o]
i) Al A 342l MAFF615023 AAGE lysine?] Ao & df
3T TRl 4 AT 25 EE AP AgjHo 2
Eﬂﬁol—‘i ] © A A3t benzimidazole A A#A| A3+

=9 B-tubulin F+HAE A3 A} TheFgt 9130 A

O}U] Ak A gho] Ax A A A S =5 thHMagt
Michailides, 2005). ©] A& B-tubulinj| A o}u]i=Ato] 2| 3=
H At A 7} B-tubulino]] F2HE|X] Z617] w20l 744l
A5}kl A gA o] EE ®l th(ishii2} Takeda, 1989). 1 H] of
ol Ato] A B 9179k AT ofuwabe] F 5ol uf
A A4 Amo = ZFo]7} 9)th. Benzimidazole ] AHwtA|
of) s A A 3A Q1 Monolinia fructicola+ B-tubulin®] 198
HA otu]i= ko] glutamic acidol| A alanine o2 X|2HE] %}
Ak, A A A0l M. fructicolaw= 6 A ofu]=Ato] histidine
o] A tylosine. 2 x|+ tHMa 5, 2003). 543t A A
O] X%t V. inaequalis 2] 73$-+= M. fructicola®} T2 A 1A
A 52 198 A ofu] i Ato] glutamic acid ol A] lysine
© 2 X 3E 9 th(Koenraadt 5, 1992). & A o) 4] A}-&-3}
A V. nashicola 54+ 198 A 2] ofu|=Ato] glutamic
acidt} lysine. 2 2| 3= M A carbendazimol] T3 A A3}
A& BT} A9 MAFF6150231F 0] lysine 2. 2 2|35
5+ benzimidazole A A+AQl carbendazim¥5t of
2t A WA} A g TA Y = N-phenylcarbamate )|
diethofencarb@}2] Ao thef A = AFA= HAL =X
73S0l weta = AT wA; A3 TA jlo] AFHdol

TaES Ho it
T 23 5 = Al Aol A AR T 30719 V.
nashicola ¥3 2% = carbendazim¥} carbendazim¥} die-
thofencarb Z&A ol tislj A= =/do|tH(Table 2). o] =
9] B-tubuling E45}H 198 A 2] ofu]izito] T E B 31
S} 5YU3H glutamic aicd | A] alanine 2. 2 2] Z= o] 9131

'E_‘l"

A5k, 2ol A B3t 57) #3F, 0C2, 0C5,0C8, 0C55, 0C57
dto] alanine©] oFd GGGS! glycine2 2 2| &= o] QA th
Glycine X]2+-2 carbendazimo]| i3l A = A= L}_]q_q.]o—]
A9 A daiA = e dFEEY H e
Tk Fig. 40| A E= A3} Z-o] glycine X8 @5+ 0.16 pg/

Table 2. EC,, value* of Venturia nashicola isolates collected from
Wonju, Naju and Okcheon in 2014, and amino acid at 198th of
B-tubulin

EC,, value (pg/ml) 198th
Isolates - Amino acid
Carbendazim  Mixture*><*  codon
wlJé 12.14 0.11 GCG Alanine
WJ14 16.97 0.10 GCG Alanine
WJ15 >100.00 0.37 GCG Alanine
WJ23 43.39 0.09 GCG Alanine
WJ27 11.75 0.12 GCG Alanine
WJ32 97.76 043 GCG Alanine
WJ33 >100.00 0.33 GCG Alanine
WJ34 >100.00 0.33 GCG Alanine
WJ37 3237 036 GCG Alanine
WJ38 14.48 0.13 GCG Alanine
NJ4 64.11 0.15 GCG Alanine
NJ5 75.10 0.06 GCG Alanine
NJ6 61.90 0.13 GCG Alanine
NJ8 45.45 0.13 GCG Alanine
NJ9 >100.00 0.40 GCG Alanine
NJ15 >100.00 0.39 GCG Alanine
NJ17 73.40 0.52 GCG Alanine
NJ20 74.13 0.10 GCG Alanine
NJ31 39.08 0.40 GCG Alanine
NJ34 71.25 0.48 GCG Alanine
0ocC2 4337 0.02 GGG  Glycine
(o]@) 29.37 0.02 GGG  Glycine
0]@:] 26.32 0.03 GGG Glycine
0ocC16 39.17 0.39 GCG Alanine
0C30 55.05 034 GCG Alanine
0C36 27.52 0.36 GCG Alanine
0C48 19.60 0.32 GCG Alanine
0C54 21.58 0.33 GCG Alanine
0C55 10.27 0.01 GGG  Glycine
0C57 19.80 0.02 GGG  Glycine

*ECs, value (ug/ml) means the effective concentration reducing
the mycelial growth of each isolate of V. nashicola by 50%.
"Mixture was composed with carbendazim (Car) and diethofen-
carb (Die).
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ml&] E3HA| Ao A = EAE A ARsHA] Zehal e,
ECs, &t 94 0.03 pg/ml o] 3t=2 Ve o9 Zh= A2l #5+9)
S & 4= Ul th(Table 2). 3FA 9 MAFF615023 3} ZHo] SA¢
I w2} A4 A 9 )= carbendazim 3} diethofencarb &
Al g A S HAE A Fren, 23]2 B-tubulin
9] ofm| il A ghof| QS|4 B A4S Hole= w7 E
ATk o] A7 19881 A 9] ofu|i=ito] glycine 2 = X]2HE]of
carbendazimol] T3] A A Ao HE A, A w2} AFA
TA 7} = carbendazim T} diethofencarb Ao o 3 A
HaAdol AR= A fw A BalH= Aol
Benzimidazole#| A wtA|= 1970t F-E] AHE-H 7] A2}
e R0l AA=A A8 L7 WA B AlE
O WA of] Ab-&-E o] AR, EAo A A EH WA E flsiA
A E AstAAFE 23 Alolof] A qH/d+to] SE5|
A2t o| A= thekdt A1 EH Y F o A benzimidazole
Al A tigt Aol ZAI7E HaL Slok ol A=
v H2H R E o WA E 284l benzimidazoleA] AFtA]
7 AR E AT, A3 A o] o] Fo R A= gtk 5HA]
T 2 FE Aol webas H2E R WA AA 2kl A
benzimidazoleA| A A& Ag]staL 317 wfZofl A3Hd &
Aol gk gt HA o] Dagt Al7|ch 2014 =] Al A
ol A AT F3+= 30aF 257} benzimidazole A At
Aol thsh A A= et sl H2E R
A2ysHA ghck whaka] A=A

A A s} A zbet - F29S
Al Al A o] o] FoiA o st Ao A bt
A A4 el HFH 02 o ol Mok & Ao 2 AZE
ot

2 o

BenzimidazoleA| A<tA| A& ZUEFsHHEA, A%
233t B-tubulin -2 2+2] 198 A = 9] SR oLkl A
E ZAFF T Venturia nashicola®] benzimidazole A AFw+A
of th gt BH-8-2 0.16 ug/ml carbendazim ¥ 2| o] A 3] AY7;
813 Sahiz 744 40 pg/mi WAl 4 Aol oF Hli=
A A4, 100 pg/mlo| A 22} o] 7453t B Ao =
T 5 AT = 370 A 9] T oA ZH’SEP 30—?.LZ
9] V. nashicola+ carbendazimo]] T3 5 11 %A o]]
t}. V. nashicola®] B-tubulin A 2}e] G714E S &4 ?:S_P Z
I AAFE ATl A 72 G714 Goll ZFol7t
ANAA T LA FF= GAGS glutamic acid7}F GCG2l
alanine2. 2 X|g=]o] 9Jgith L o] It A BEdt 107

F oA 575 GGG2 glycine2 2 X EE o] Qi &
3] glycine 2. 2 2|34 79 carbendazimof| il Al A gH/do]
=M A] carbendazim®} diethofencarb Ao e A+ #
4ol 8 AR 2= B-tubulin®] 198HA =2 =
o] E198A%} E198G+= V. nashicola”} benzimidazole | A4
ol A Aol He 52T 7A S & o Ui
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