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Abstract Changes in the sensitivity to pyraclostrobin, a strobilurin fungicide, were investigated by using
227 isolates of Colletotrichum acutatum causing pepper anthracnose, which were obtained from infected
pepper fruits from 2004 to 2015 through a single spore isolation. The detection of the sensitivity of all
isolates to pyraclostrobin was performed by an agar dilution method on PDA with or without the fungicide.
The mean ECs, values of the isolates obtained until 2014 was no more than 0.16 pg/mL. The resistance
factor value was high at 157 in 2006 alone, and the population of C. acutatum isolated in the rest of the year
was below 20. In 2015, however, the mean ECs, value of the isolate group was 16.437 pg/mL and the
resistance factor value was over 40,000. It was confirmed that isolates of C. acutatum, collected in
Cheongyang, Gongju, Buyeo, and Iksan in 2015, were resistant to pyraclostrobin. It was investigated whether
the effect of fungicide increased by adding SHAM, an alternative respiratory inhibitor, to the medium, when
investigating the inhibitory effect of pyraclostrobin on the mycelial growth of C. acutatum by using an agar
dilution method. However, addition of SHAM did not affect the inhibitory effect of the fungicide on the
mycelial growth of C. acutatum. Analysis of the nucleotide sequences of the cytochrome b (cyt b) gene of C.
acutatum isolates, which is sensitive and resistant to pyraclostrobin, revealed that the 143th amino acid was
substituted for alanine in glycine. An allele-specific primer was prepared using this substitution site, and the
primer was used to amplify the part of cyt b gene. Just as amplification products were formed only in
susceptible isolates in PCR using sensitive primers, only products of resistant isolates were amplified in PCR
using resistant primers. In Korea, as shown in the results of this paper, isolates of C. acutatum resistant to
pyraclostrobin was found only among isolates obtained in 2105. The resistance of C. acutatum to
pyraclostrobin appears to be related to point mutations in the cyt b gene. If allele-specitic PCR is performed
using an allele-specific primer prepared using this mutation site, it will be able to detect C. acutatum resistant
to pyraclostrobin quickly and accurately.

Key words Colletotrichum acutatum, fungicide resistance, pepper anthracnose, pyraclostrobin

*Corresponding author
E-mail: htkim@cbnu.ac.kr

202


https://crossmark.crossref.org/dialog/?doi=10.7585/kjps.2019.23.3.202&domain=http://kspsjournal.or.kr/&uri_scheme=http:&cm_version=v1.5

StrobilurinA| A=A Pyraclostrobin®il CHSt DFEINHET  Colletotrichum  acutatum®| Makd &al 2 7% 203

M B

StrobilurinZ] A= 2000100 EE|o] 2002158
F3pEeH, 20169 H=e] F8 ZEolA 3Ael] 2]
& Az AR B2 AAIR A2 A8 th(Bartlett
et al, 2002; Pillips, 2018). =M & a3k ZnAfa F
of sl o] v WAl st asrt 93] uf
ol a3 Ay #Zox wo] ARgshe Al Sl sk
o]tOo and Oh, 2016; Saxena et al. 2016). 53] 315 &
AW RS T A A2 AAE EHA Ao
wAet7] A Aol & Alsfokste AdAlR pyra-
clostrobina Y3 strobilurinAl AA7} A|eke 2 ot
gkef o] Al7]el| strobilurinA] At 2|7} Al <€A
A2l AAY &= s 2 BER, 33 SAH EA
o $loiA] strobilurinA] AA|¢] S84 vl At} 814
b H2 735 Au) EAONA] strobilurinA] A9 BAH
WA 37t At @50l JeERHA AR 2343
Y o 75 Slsfokehe wAI7E 2SI

Strobilurin] #A9] 2Hg712ke nlEFZEZ ol Yjdlko
A= cytochrome bel T4 E9A] 7|58 A8t At
o] o5& Wallgte A ATPY| FAS AAlste 2oz o
24 ThBartlett et al, 2002). skAI%F 2 Z-g-Ho] -
Solat7] wjito] TAglA w0 g AN 79 A3
9] Z3o] vl golgk AetAlo]71 % sttt Strobilurin]
Aol et 28 Aol B 1998d 5 o
9 Al Ko B7EHS AT = Blumeria graminis
f. sp. triticilA HZZ B IE S tH(Heaney et al., 2000).
I 3 37EHF(Sierotzki et al., 2000; Ishii et al., 2001;
Kim et al., 2008), ‘=e+" e (Ishii et al., 2001; Collina et
al., 2005), Alternaria spp.Ma et al., 2003). Pyricularia
grisea(Kim et al., 2003), Venturia sp. (Steinfeld et al.,
2001) & TheFek A EHAolA o] AEHHORE By
of, A= o] A B o7 E HAAY 9ol =
obxltt. StrobilurinZ] iAol thek Aahg A o 75 778
She o R AEARl MR Al A 4
AE ARgslE 22k A4 Wol gith(Ma and Michailides,
2005). S HHL WE A EAZHE 22 HddS
AAE J7EeIA] G wiRI S A=Al E A 7FE uiA] ol A

A

27t gL A RS ZYstel MagozH A5
o g AYPch. 2ThEY o) Aoy Tyl #
75 gusel 232 FYstelok e, ol BE w3
AZFE BLE Pt AW AP 24 AE 2L 5 9
ohl e A7l st Yl Aol tid A
WY ol AYY & dnt

Strobilurin] A-A|S] A& 7182 AbdA o] 285
) EFZ=go}] cytochrome b (cyt b) -FrAALlA WA Sh=

HeEdwolt 9o deix g, 120879} 143H4)
o] o}miz4to]  phenylalanine®] leucine®=Z, glycine®]
alanine® 2 2| FEHA G4 o oFFH FFS HA
A FowA] Aol gk WA FH/do] Astgitt.
53] 14394 ofn|mgte] Xehe @ A ddlM B
a=o] ltk(Sierotzki et al, 2000; Ishii et al, 2001;
Baumler et al., 2003; Kim et al., 2003; Ma and Michailides,
2003).

SUANE 23 A WAE s 28 HEH
strobilurinA] A+A| S ARSI ARG ZFEEH o] A
A el A AgHgo]l BAPEA Y RS AR A
Tk B AFolME strobilurinAl AtAl 5 Rl pyra-
clostrobing Astod 13 BAHA] A3 A AFE
Ao 2SI T B3 strobilurinA] AHdAl <] 2
421 eyt b FHAE SH AP FH ] A
7INEE BAEAL, H7IAE Aol E o] gate] 7hAskaL

bl

=
3 AYY 23 WES TS S

olN

T5F(300 pg/mLe] streptomycin F7Hell Y2 Z2A
of X dedlS e XA} dgde] 22 dre
1 x 10*spores/mLZ 243 & 50 uLE 300 pg/mLe] strep-
tomycin®] 37Fe PDA ®lA](potato dextrose agar; Becton,
Dickinson and Company, Difco™)ol] =23k & 25°C w4
7104 2947k wj<gsiaint. wiAlel F4E SEs Tl
= o R Wdte dEAE st g #5E
& PDA iAo &74 25°C wig71ex] 1087F v Fatat
t}. Cryotube™ vial (Z17; 12 mm, %°]; 48 mm, Nunc Co.
Ltd)ell 300 pg/mLe] streptomycin®] F7Hd HdSHTE
1.5 mL ¥ & viFet #359] A AeolA A& 5 mm
o] A} Z27HE wlojufjo] 10527t o]y P AdeA] B
skt s 717 BES HslA 5% DMSO (dimethyl
sulfoxide)7} 71 Hds/FTE ARt -70°C 2429
Aol Basiict.

AME AISsH HaFa 47K

Ao AL&S C acutatum % BF-= 200435E 2010
WA7kA] 23 Gujox SEAE FEste] TR Y
Aggoiet A8zl iAo Bastal Jle IF
A}, 2014932 2015300 3 dnjjo] WutoA T}
Al @2} FYT 7 52 @] & 2708 455 2
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Aol ARttt AFeA ol tiet AtA NS &
AFeb7] $1819 strobilurinZ] AHFA|ol <381 pyraclostrobin
(ai. 11%, SC)& & Ao A&t

ol

FMEIMHE 0|38 HalTe M7H ZsM =AL
Pyraclostrobin®ll Wgt C. acutatum®] 7573 A 3
A S B3 AR JAIES AT AA|
HasFrd o] ARSI, AdAlY] FEE 10, 2,
0.4, 0.08, 0.016, 0 pg/mLE ZH 3}tk T3k viA] Aol A
e A 3F 428 53 3FS Al S5t
salicylhydroxamic acid (SHAM; SIGMA-ALDRICH, Lot #
STBD3487V, 99%, MW; 153.14)S DMSO°] &3jste] &
% F=7F 100 pg/mLe] EE=E H71siled, DMS09]
T FEL 1% ols7t HEE sty wix|el| A7t
PDA HI|A] Zdel|A 7d7F vl et Ao wAF AtolA] &
7 3mme] 2712 wo] ZF AAl7E FEEE 371 PDA
HiA o] HESIAT WdHS HES iRl 25°C 4=A
HjF7]o A 5~79 7 v FeE &, Al S H7beRA] 2wl
A4 #22] F7Zo] 35~40 mm7t HAL W AV
A3t arAl o] FAA A& (%) o Ao sl
Alkat .

AR A& (%) =

(1- At A A7 e A o] 732 A7

Al A A ] @5 el 47

I

e ot

HEUZ cyt b UL FF I 7ML Y

C. acutatum®] cyt b 829 SE5E 918t Cacytb-P2
(5-CAT AGT AAY ACA GCT TCT G-3)8} Cacytb-R(5-
GGA ATA GAT CTT AAT ATA GC-3') primerS AH2-3}5]
t}. PCR HH3-AS 3145 gDNA 0.1 pgoll 10X KAPA Taq
buffer with dye 2.5 pL, NTP (Z+ 2 mM) 2.5 uL, 10 pmole
9] Cacytb-P2, Cacytb-R primers 22t 1L, Taq poly-
merase (5 units/ul, Kapabiosystems) 0.1 pL, 57
159 uLE #7ste] RHEQITh W24 387 94°Co A
pre-denaturation 58 5, 40% &<t 94°ColA| denaturation,
40% F9F 37°CollA annealing, 13 30% < 72°ColA
extensions 353] WHELEI] 3, 72°Co|A 587 F<t vhe A)7]
T TR 7)ol Lojxl PCR AH=ES <1
95t 1X TAE buffer2 1% agarose gel2 Tt

o 9

£ safe

view™ classics B ARl 9 H7FsFA T 100V, 35
17F A719% 3 % UV-transilluminators AR&-3lo] 52
2L BleIgiT) ZZo] B9E A BEL Expin™ PCR
SV kit (GeneAll, Seoul, korea)s AM&3te] A3 &
Macrogen (Daejeon, Korea)oll 97144 #4128 2519t
4% eyt b AR A71MEL BioEdit ver. 7.0.9.02]
clustal X5 ©|-&ato] 2] atal, MEGA ver. 5.2.10014 &
23 F NCBI GenBank®] H71MEE 853t A
£ RISkt

go S
-0,

Allele-specific PCR

AtA A Coacutatum®] cyt b FAARS] ofn] =k
AR5 TR AL A #Fe A A TE S A
Al AEs7] 918 allele-specific primerS A 2FsFAT)
(Table 1). AFA #552] X912 cyt b 712k 428
WA A7)7} reverse primer 3' BT Eoll YA I== A%
SR, A ot A #FE B dEe]
AaA w2 A] Ee E-8-ste], A 5ol4 primere]
3 EES CGE W sk, 244 5ol primer®] 3' &
@ CCE BY=S AFsoith. PCR HHE 314
gDNA 0.1 ugell 10X KAPA Taq buffer with dye 2.5 uL,
dNTP (Z+ 2mM) 2.5uL, 10 pmole®] forward primerS}
reverse primers 22t 1puL, Taq polymerase (5 units/uL,
Kapabiosystems) 0.1 puL, a7 159 uLg H7lsted
TET RESERALS 457 95°ColA pre-denaturationS
Tl ¥, 302 FF 94°CollA denaturation, 303 &<t 58°C
o)A annealing, 13 20% &<t 72°Col4] extensions 303]
HHEBELAL, 72°CollA 5 EF v ARl & FESEIATH
o}7]oA] dofl PCR 2HEE5S ERlap] flste] 0.5X
TBE buffer® 1.5% agarose gelS THEIL safe view™
classice A A=l 9 H7sIH 100V, 4027+ A
71%9% 3 ¥ UV-transilluminators AM&-3te] SFAHES

Helpol 22 ¢ 54
5 drjol A ) EEsk e SollA 20043
1573, 200613 1873, 2007 2373, 20083 1245,

Table 1. Allele-specific primers for detecting the isolates sensitive or resistant to pyraclostrobin

Primers Sequence (5'-3") Prgczlzct
CacytF Forward GGG TAT AGG TTT CCT GGG TTA TG
R-mmc¢ Reverse ATA AGG TTA GTA ATA ACT GTT GCC G 78 bp
S-mmc ATA AGG TTA GTA ATA ACT GTT GCC C
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20099 1783, 201008 1625, 20119 1585, 20143 9
4, 20153 102352 Aol ARE-3Ith Aol Alg-g
@5 C. acutatum 5°18%] primer?] Cal-1 (CCA GGG
GAA GCC TCT CGC GGG CCT)¥ universal primer=
ITS4 (TCC TCC GCT TAT TGA TAT GC)Z B2 AR
3lo] PCRE a8l HMYIdS 543 tHKang et al.,
2005).

Pyraclostrobin®| CH&F DFEHXHF| S
Pyraclostrobin®] C. acutatum®l] 3 FAMYA JAE 3

Ao zAan. BANYOR A WS
ZASRA, DA EFAA) SHAMS] A2) Aol we

AR A 8-S v EAT}E Pyraclostrobinoll thak C.
acutatum® W& ZA} A3}, pyraclostrobin®] t$t ECs %t
o] 0.5 pg/mL °|3k%1 4 L& ECsoake] 10 pg/mL ©]
Aol A A 180 2 FEEH bl—l,‘—oiﬁt]—(Fig 1.
Aol thste] FElgh A3 S Hole 4FES
BE 20159 %] AT AL, 20049 5E 201430
59 Wi ECyth 0.2 pg/mL ©] 8K,

710 T
\__

H 1__ a7
ZF A HAdg kel A 298 Hlwsle] Holx
20049 5E 2014374 = 3. 5$E1 157.074A] E-E359A] 7

20153 A w5 AR 2202 40,000 oL
Z vu]$- Eokth(Table 2). 201539 AN g AaPd #FE<
AR Aae SR FY, o, 35 22aL ARE
ojrte s AgjH oz w9 QIHT ol YRS USiT
StrobilurinAl AkAle] gk A3y FH

Blumeria, Didymella, Podospaera, Pyricularia, Venturia &

Alternaria,

I o] W2 AEWURIHAA HiEo] lrh(Ma and
Michailides, 2005). sHAI%F ¥ ©@AWS do7|=

acutatumo| A= B Ao 25 HLs= vlo|t}, Table 2
oA e uket o] 201497FA] Sie] a5 Al F4H4]
£ 342 AR C acutatum dFN*E pyraclostrobin

RESPY
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Colletotrichum

=

1A

A =
A9 A, T, FFM AT

1o
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9
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wol7] AlZaidy. 2014Lﬂ77}x] o Wz
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o] BAHA= Ls%%

7] A 5
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a‘ EA%E}(Table 2).

80.0 4

60.0 o,

40.0

Inhibition ratio(%) of mycelial growth

20.0

0.016

Concentration (pg/n@) of pyraclostrobin (without SHAM)

Fig. 1. Inhibitory effect of pyraclostrobin on the mycelial
growth of Colletotrichum acutatum on potato dextrose agar
medium without 100 pg/mL of salicylhydroxamic acid (SHAM).
Pyraclostrobin was amended into PDA by the indicated con-
centrations. C. acutatum was incubated at 25°C, of which the
diameter was investigated 10 days after inoculation. Black line
indicated isolates sensitive to pyraclostrobin, while red line did
isolates resistant to the fungicide.

Table 2. ECs, value (ug/mL) of Colletotrichum acutatum against pyraclostrobin

Year — ECyo value (ug/mL)” . RF value®
Minimum Average Maximum
2004 0.021 0.070 0.102 5.0
2006 0.001 0.062 0.214 157.0
2007 0.026 0.129 0.317 12.2
2008 0.016 0.104 0.213 13.0
2009 0.056 0.146 0.208 3.7
2010 0.054 0.149 0.422 7.9
2011 0.060 0.153 0.325 54
2014 0.055 0.141 0.192 3.5
2015 0.002 16.437 >100 >40,000

9; ECs, values mean the concentration inhibiting mycelial growth on PDA by 50%.
®: RF (resistance factor) values were calculated by dividing maximum ECs, value by minimum ECs, value.
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StrobilurinZ] A= 22 ARl S-S Hol= A
AEEE 7o R FHdste] s AatAlelr]e sHAIRE,
a2 ZgAo] wig- EolFo)7] wie] A3 EA7F HA
st A dS Alsta AAle] a3 Al
FAsE7] fleiMe detslal dA% 28 AR 713 tE
o] g AAE Tt=% Zl°] T 23lTH(Vawdrey and Grice,
2005). 1997 el 7oA vhvkt Sigatoka & WAl &
7] 913141 strobilurin] AHAE ARE3F7] AlRFEPHA
FRCA(Fungicide Resistance Action Committee)> ARE- 7]
TO= 1) A7 Al ARS-31E 88], 2) strobilurinA] At
A9 23] A AME- BA, 3) FH TR FF FF, 4)
Aol gk AqelMe A2l 145 14-16Y o1 74 55
T8I 20009 89 WAt] AstAle] tig Fgo]
At AR 7S A A7 A 43)71A] AR
A WA B AdoM e AN 54 55 WA F
7FtAen, 2007doE A7 AR SIS 33 AL, ©
A AR B4 5 B AAT AR 7152 ARSI THAmIl et
al,, 2007). HIAZFEEETHEte] At W= pyraclostrobin®]
AHE-S Al FFoId RIS Slslixe AzF 33, 7 B
WA 4-58]2 A $Hstal ATHMichigan State Univerfsity,
2010). A FUolE strobilurinAl Ao ek AR
71z0] AU vidEo] A e, ofn] L A oA
A Hdgro] WSk Aejo]7] wjEol, strobilurinAl 4t
A ARGl thgk AAgH 71 nhe] F gk Aot}

Fig. 12 ¢34 & ARE-3to] strobilurinA] AHtA ]
TAPYE A EHE AR Atolnt wiA] AdollA strobilurin

=

il

Al AtAY a3 AAske A5, AHske HddY] &
e Akl W ol w23t o] g
t}. o] cyt bel E5Ae] E4do] strobilurinA] AbA] o
oJelja] AL sitlgte A sF HEE Bl AR
7b o] FEAL A= ATP7} @4 E7] w0l th(Vanlerberghe
and Mcintosh, 1997; Joseph-Horne and Hollomon, 2000).
olgst WAIES HZE Magnaporthe grisea, Septoria
tritici, Botrytis cinerea, Venturia inaequalis 51~ L&A
ATHTamura et al., 1999; Ziogas et al., 1999; Zheng et al.,
2000; Kim et al., 2003). Botrytis cinerea®| T3t azoxy-
strobin®] ¥APo} AR G5 ZAFS -, AtAlE A
ShaL A7 FE WS Agolle EApdot A gL A
SEA|NE wjFA ko] 124]7ke] b W] AR
o} oA 7} 3] &E-E tH(Inoue et al., 2012). 3HA| T YA T 3}
& oAlske SHAMS S48 & 745 ZApdo} A=
241 7}0] AUY=E X EH T}, Phytophthora catorum®) 735
azoxystrobin®} SHAME 7] H717F uiA] Aol A A
& A Gt azoxystrobin THEOZ A2t wET}
A F7¥sle W, fF2Ake] digh ol Al gd=
azoxystrobin = * 2|9} azoxystrobin} SHAMS| &3} #
g] 7kl A2 2}o]7} ¢l tH(Rebollar-Alviter et al., 2007).
2 Aol M e FHIEE ARt C.acutarumel] HE
pyraclostrobin A& 23S RUBHT of thA 54
A9l SHAMS| X2] 57} pyraclostrobin®] TAMYZ <A
o] JIFS nAE A2 ZARIIT. Fig. 2004 B A
3} Z¥o] pyraclostrobin®ll tallAl 7741 335+ C. acutatum

¥o

Inhibition ratio (%) of mycelial growth

—e—15BY4
—4—15G)4
—&—15JD1
—O—15YG1
——15GI1
—1—15I83

- 15BY4+SHAM
- 15GJ4+SHAM
- 15JD1+SHAM
- 15YG1+SHAM
- 15GJ1+SHAM

=N N

- 15I1S3+SHAM

Concentration (pg/mL) of pyraclostrobin

Fig. 2. Inhibitionary ratio (%) of pyraclostrobin against the mycelial growth of Colletotrichum acutatum causing pepper anthracnose
on PDA with (dotted line) or without (solid line) 100 pg/mL of salicylhydroxamic acid (SHAM). For assessing inhibition effect of
pyraclostrobin on C. acutatum, 6 isolates of C. acutatum, which consist of 3 susceptible isolates(15BY4, 15GJ4 and 15JD1) and 3
resistant ones (15YGl1, 15GJ1 and 15IS3), were used in this experiment.
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Table 3. The ECs, value (ug/mL) of Colletotrichum acutatum isolates sensitive and resistant to pyraclostrobin on PDA amended with

or without 100 pg/ml of salicylhydroxamic acid (SHAM)

o ECs,value (pg/mL)?
Fungicide response” SHAM — -
Minimum Average Maximum

. - 0.001 0.103 0.422
sensitive

+ <0.001 0.272 1.455

. - 69.798 >100 >100
resistant

+ >100 >100 >100

 Fungicide response was determined as the results of the agar dilution method.
® ECs, value means the concentration inhibiting mycelial growth on PDA by 50%.
© Symbols means that — was no addition of SHAM into PDA with the fungicide, and + was the addition of SHAM.

2 3 "4 SSRSCEEEEENEE 012 N

- e - w— - <— 617bp

Fig. 3. PCR product of amplified cyt b gene through agarose gel electrophoresis. DNA of Colletotrichum acutatum extracted from the
mycelia incubated on PDA at 25°C for 10 days was used as a template. cyt b gene was amplified by using the primer pair of CacytP2
(forward) and CacytR (reverse). M; 100 bp marker, 1; 15BY1, 2; 15CY1, 3; 15IS1, 4; 15GJ1, 5; 15CY 10, 6; 15184, 7; 15GCl, 8;
15BY4,9; 15GP1, 10; 15GJ4, 11; 15MAL, 12; 15AS34 and N; negative control.

15BY4, 15GJ4, 15)D1, 2= A2 3 45 C. acutatum
15YG1, 15GI1, 151S35 A@ate] Belwto] tigt pyraclo-
strobin®] ARG A GHE ZAFSIAA, dASE IA
A2l SHAME #7}s}e] pyraclostrobin®] &3}7} W3}sl=
2)9] 55 AT SHAYF SHAMS: pyraclostrobin}
o] H7IRAL BN Al A AAZHTT
a1 ottt B9 Fig. 2] 63t ito] ofuzh Aol AL
43 2277 BE +FE pyraclostrobinell tjgh A&} 7+
TORE FE5t] SHAMS A 2§ 4-9-9F A2shA] &S
739-2] EC5p3tS W3 tH(Table 3). Jin et al.(2009)2 C.
capsici, Botrytis cinerea, Rhizoctonia solani, Magnaporthe
grisea®ll gt azoxystrobin®] FAM A &5 ZAFSH
WA SHAMS| H7HasE SHAM 2213102 Hlwslis
], 8913k J7ekA] asks W Z+ Hde EC#t2 #
7Fe1S wo] ECs#k o2 vro] ALt C. capsicit
B. cinerea®l SHAM 281342 40.403} 2157325 SHAM
S APsIAE W azoxystrobin® E7F A5EIATh R.

solani®} M. grisea= 1333} 1.862.2 SHAM #H7}7} Akt
Aol FAMIE Aol = oFt FFE mIXA] %=
4, C acutatum® L217Y= 0372, SHAMS] 77t
pyraclostrobin®] A A Eol= FEFS wX|A] &
ket whebA] wiA] el AFEEAM ] strobilurinAl A
A gk AP A B S AR 7 AT E o
AAE H7Hd 8= gl

DFRENHTO eyt b FEA Y

Pyraclostrobin®l] thated A3 A d558 A
3lo], gDNAS FE3 §, MEZEL 0L eyt b F2AE
S5 A3, A4 a9t BellA 617 bpdl A
o] SEHUTHFig. 3). TFH oyt b FrAAe] AIMLEE
A3 Ak, AR 177] AFES B 14334 ofr)e
F=o] GCT (alanine)] AARY, A1 #7759 143
HA oAt FES 2% GGT (glycine)Z ERIF AT
(Fig. 4). Strobilurin] A=#A1= cyt b F7A A e

M

r



208 ghlat
Sensitive TATGGACAAATGT
A 1sevs TATGGACAAATGT
15BY6 TATGGACAAATGT
15071 TATGGACAAATGT
15Cv2 TATGGACAAATGT
15Cv3 TATGGACAAATGT
15Cv4 TATGGACAAATGT
15CY5 TATGGACAAATGT
15CY10 TATGGACAAATGT
150v11 TATGGACAAATGT
15Cv12 TATGGACAAATGT
15Cv13 TATGGACAAATGT
15601 TATGGACAAATGT
15G)2 TATGGACAAATGT
15151 TATGGACAAATGT
15152 TATGGACAAATGT
15153 TATGGACAAATGT
15154 .TATGGACAAATGT
143th
Sensitive YGaQMS LWGEATVI
B 1sevs veams Lt wfa Tv.
1586 veams L wia 1v.
150v1 .veams Lwla TV
15Cv2 veams L WA TV
15Cv3 veams L WA T Vv
15Cv4 .veams L wla T v
15CV5 veams L wila Tv ..
15CV10 .veams Lt wilaTva ..
15¢v11 .veams L wia T v
15Cv12 .veams L wila T v
15CV13 .veams L wia T v
15G)1 veams L WA TV
15GJ2 veams L wila T v
15151 veams L wla v
15152 veams L wa v
15153 veams Lt wla v
15154 veaams L wla 1 v
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143th

TATGAGGTGCAACAGTTATT.
TatTcacfrecaacacTTATT.
TATG&GTGC&AC&GTTATT.
TATGAGEMTGCAACAGTTATT .
TATGAGETGCAACAGTTATT .
TatTcaGcG@reocAancAaGcTTATT.
TAaTcAGEETGCAACAGTTATT.
TATGAGTGCAACAGITATT.
TaTcAaGTecAaACAGTTATT.
TATGAGETGCAACAGTTATT .
TATGAGEMTGCAACAGTTATT .
TatTcAacf@TecaAacaGcTTATT.
TaTcaG@rTecAACAGTTATT.
TAaTGAGETGCAACAGTTATT.
TATGAGEMTGCAACAGTTATT .
TatTcaG@TecancAGTTATT.
TATGAGETGCAACAGTTATT.
TATGAGETGCAACAGTTATT.

Fig. 4. Nucleotides (A) and amino acid (B) sequence of amplified cyt b gene, obtained with DNA of Colletotrichum acutatum. The
black box was indicated as a point mutation from glycine (GGT) to alanine (GCT).

o], A5, SAEH] MES UE Fol A3 715
2 2494 &l (Fernandez-Ortufio et al., 2008), 7 &

< AEH oA Aol Yehbe 712k eyt b 4R}
oA HEAHololth M| cyt b FHAIA strobilurin
Al AstAlel thek A3 AEE HEddels o8 FR
7 BaEo] Qledl 14348 ofm|ietlo]  glycineo] A
alanine® = X|8== SAH|(G143A} 71 ol L&A
AT}, olv] Erysiphae graminis f. sp. tritici, E. graminis f.
sp. hordei, Mycosphaerella fijiensis, Sphaerotheca fuliginea,
Pyricularia grisea, Didymella bryoniae, Venturia inaequalis,
Cercospora beticola 51X Gl143A°] WL A A
A delo] =3 Uch(Sierotzki et al., 2000a; Sierotzki et
al., 2000b; Zheng et al., 2000; Kim et al., 2003; Sedlak et
al,, 2013). 29t olJg} Pythium aphanidermatum>} 7+0]
12991 4] o}u|i=2to] phenylalanine®llA] leucin® 2 X|3H=]=
AeEddol(F129L)el 2lair AdAdo]l B = Itk
(Bartlett et al., 2002).
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Allele-specific PCR
oM E2e i EAYdE T 20159
28 17 #4550°] pyraclostrobinol] thate] A ut
HAL, eyt b S 241S sl 23} 14384 o}
o] dolt} gl

°] glycineclA] alanine®. 2 *]% U
ol21gt DNA F7IXE e HEAR|E ©]&3t pyra-
clostrobinell tisted A&g w59t 3 #FE TET
= allele-specific primerE A|2}8}aL, allele-specific
PCR & 9319t} Forward primer= CacytFE 35
°2 ARSI, reverse primers A A 45 AES R-
mme, 454 #F AES S-mmeE A ZF3le] PCRO| A
stttk 2 A3} CacytFR-mmeE ARESH PCROIA =
pyraclostrobin 133 ol A% 78 bpo| SHAES &<l
51921, CacytF/S-mmcE ARS-¢H PCRAIA = pyraclostrobin
A dFelARE 18 bpe] FEARES ERIT & AT
(Fig. 5).
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Fig. 5. Allele-specific PCR for the detection of Colletotrichum acutatum isolates resistant (A) or sensitive (B) to pyraclostrobin. The
mutation site that G143A in cyt b gene was used for design of allele-specific primer (A; PCR was using primers CacytF/R-mmc, B;

PCR was using primers CacytF/S-mmc). M; 100 bp ladder.

A
M123456N

mEmstd5 6 N

Fig. 6. PCR results which were carried out with primers (A; CacytF/R-mmc, B; CacytF/S-mmc) and ten-fold diluted DNA
(100 ng ~ 1 pg) (A; 15CY3, B; 15NS1). M; 100 bp ladder, 1; 100 ng DNA, 2; 10 ng
DNA, 3; 1 ng DNA, 4; 0.1 ng DNA, 5; 10 pg DNA, 6; 1 pg DNA, N; negative control.

Allele-specific PCR ¥WHe] TIZTE ERisty] $aiA
pyraclostrobin A& 521 15CY33 74 o5 15NS1
9] DNA %5 100 ngFH 1pgZA 1014 5143 DNA
£ ARESle], CacytF/R-mme9} CacytF/S-mmceE 7FA| AL
allele-specific PCRE 3 3t8itt. 2 A2} 100 ngiEl 0.1
ngZHe S-S SIS 4 JAAR o] o|ste] DNA
SR E FEAHEC] ERIEA] §FSITHFig. 6).
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