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Occurrence and Monitoring of Resistance to Quinone Qutside
Inhibitor (Qol) Fungicides in Alternaria alternata f. sp. mali
Causing Alternaria Leaf Spot of Apple
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Abstract Alternaria alternata f. sp. mali causes Alternaria leaf spot, a major disease requiring constant
management in apple orchards in Korea. However, there are limited studies on fungicide resistance in
Alternaria alternata f. sp. mali. To date, there is no study on the resistance to quinone outside inhibitor (Qol)
fungicides that have been extensively used in apple orchards. We evaluated 96 Alfernaria alternata f. sp. mali
isolates, collected from apple orchards in Chungju, Jangsu, Jecheon, and Jinan in 2021, for their sensitivity to
the Qol fungicide kresoxim-methyl on the basis of spore germination inhibition. Among the 96 isolates tested,
83 isolates (86.5%) exhibited a high level of resistance to kresoxim-methyl with ECs values greater than 100 pg/mL.
Similarly, all 83 isolates were also resistant to trifloxystrobin because their ECso values were greater than 100 pg/mL.
This suggests cross-resistance between Qol fungicides. Sequence analysis of the cytochrome b gene revealed
that all the resistant isolates possessed the G143A mutation (GGT—GCT) at codon 143. On the basis of this
mutation, we developed an allele-specific PCR assay using resistance-specific primers and a PCR-restriction
fragment length polymorphism (PCR-RFLP) assay using the restriction enzyme Frnu4HI to rapidly detect Qol-
resistant isolates. Our results demonstrate that Qol resistance is widely distributed in the Alternaria alternata
f. sp. mali populations of apple-growing regions in Korea. To establish effective management strategies for
Alternaria leaf spot, our findings suggest that it is critical to continuously monitor fungicide resistance.

Key words: Alternaria alternata f. sp. mali, Alternaria leaf spot, Apples, Fungicide resistance, Quinone outside
inhibitor (Qol) fungicides
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Alternaria alternata f. sp. malil 2]3)] s} A
ol 2 wAste] 7 Agubgo] kA 3|74
Huto 2 SuiE= 540 Jom 49 sy dol
HEE 7] AFete] Al BS717HRE AR ST 9
ol 7P =2 I ES Holn 8713 108714 whgo]
Z-FITHCheon and Jeon, 2015; Cheon et al., 2018). A}
FEQ Y, B, N, F, 2UEE, TE
My 5 FRHYAY Al Aoz I
O} w7t 9 MR M et w2 F59 TR, A,
Mg T AR YEPHTHKIm and Hwang, 2004).
wEbA] Akt AulE7 M= RS WA S
A FE A, €5 F 12 Aol He 9 AAS
2 I ARt A AAl AETE o] FoA AT
(Cabrefiga et al., 2023). Al} AEHGHY BAE 915 4
dAZE AMAZGSZ B35 AA|, quinone outside inhibitor
(Qol), demethylation inhibitors(DMI), succinate dehydrogenase
inhibitors(SDHI) 5] & ©]-&%oJ2| 1L 3JTt}(Cabrefiga et
al., 2023; Verma and Khosla, 2018).

QolA| AtAl= 23] rlEEEz]ol yiatel] 1= cytochrome
b9l Qo F-9loll Afste] HAHAGAE ANT2=M ATP
WS FHAA Jete] oA tirikg JAlste 2H8714k&
7 AERSAR ASEAA el tist s Al
&3S JEPATHBartlett et al,, 2002; Gisi et al., 2002).
2t QolA| AAI7} B LIl ARS-Holl whet Thdst 2
BN FFoldA g wAo] R gtk HE=E
U3 7V F W (Blumeria graminis f. sp. tritici)?|A] A&7 o]
HaE o|% XT W (Plasmopara viticola), A273-2
HEL W (Venturia inaequalis), A &5 8w (Alternaria
solaniys TFFet 2&E2] HAdA QolAl AdAle] dig
A #4571 FelEATHBartlett et al., 2002; Campbell
et al, 2021; Lesniak et al, 2011; Nottensteiner et al., 2019,
Sierotzki et al., 2000). QolAl A#Alol gk A 3d-2 cytochrome
be] fARke] A=A ol el LAstH, thEAQ] #3H3
Fd Eddnolol= F129L, GI37R, G143A 5°] RilE|o]
AUTHGisi et al., 2000; Gisi et al., 2002; Grasso et al., 2006;
Sierotzki et al., 2007). ] EAHo] 5 FI29L ¥ GI37R
Qo= Yo 7 o] IS Holn A%
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AREEEM 9 o At FAEE W, GI43A
E¥ole 52 75 AEE e QolAl Aol
gk dAEAE A AaAle AR HIEIY
(Fernandez-Ortuiio et al., 2008).

QolAl AtAl= 1990t 4k Addshe o] = Akt
AR oA HEE IS HZE T2 el Aol de
ARG o] gt} thEA Q] QolAl AFA|ZE kresoxim-methyl,
trifloxystrobin, pyraclostrobin & azoxystrobin 5°¢] 1.2
AT = Al el WA 22T 34 oA R o]8E 4L
ATtH(Back et al., 2025). 221} 5Le+ 28712k 7171 4
Ao WHEAQD ARG A dFe WS oI
Ao, oo ma}l QolAl Aol gk A BA 7Fs
ol A&H o7 A7 E o] gt Zeiut Sl AR
Fr o] A=A Aol A3k A= Kim? Lee(1987)°)
oJ&} iprodione A #F7F HEE HIE o|F wi¢
mRgE dgolrt. 53] 4717 ARE X QolAl Aol
e ARl A 2 dAgel digk A= A
TR A=, ) Al ApiR|oIM o] AR we RS
BEUHHY a7} vt webd 2 dglMe Sl Ak
AR ) KGN Alternaria alternata £ sp. malis 3,
Qol AztAlel tisl A EE T3 Tl JAlES
o-&slo] ECy 2k &l B Aol 23 45 shk= B
TAAE At A3 T 7S Rlsiinh. F7H
S 2 allele-specific PCRZ} PCR-restriction fragment length
polymorphism AT 7|HS Sgto @y AtA] A3
RUEE B8A A gl =55 734 sisith
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Table 1. Collection information for Alternaria alternata f. sp. mali isolates obtained from four apple-growing regions in Korea in

2021
Lo Number of Latitude Longitude
Collection site Isolate codes isolates Host N) (E)
Chungju, Chungbuk CJ1to CJ21 21 Apple(Hongro) 37.07113 128.01801
Jangsu, Jeonbuk JG1 to JG25 25 Apple(Hongro) 35.65263 127.52849
Jecheon, Chungbuk JE1 to JE25 25 Apple(Hongro) 37.20294 128.24381
Jinan, Jeonbuk JNT1 to JN25 25 Apple(Hongro) 35.86073 127.41779
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At filter paperol X Azt AHE PDA HJA] (potato
dextrose agar, Becton, Difco™) BlJA] F&ol x)7dst =,
25°C, Y2, Al F= 90%= AFH wldrlolA sd7t
st & YAE 45 EFES st A2 PDA
Hj Ao 2)/dehe WHS wHEete] sitE] skl

HARIESH T4 918 internal transcribed spacer(ITS)
9 glyceraldehyde 3-phosphate dehydrogenase(GAPDH) -+
A% IS S5 T 7G-S FA 8T ITS ¥
ITS1(5>-TCC GTA GGT GAA CCT GCG G-3")/ITS4(5’-
TCC TCC GCT TAT TGA TAT GC-3°) primerS AH&-315
om, GAPDH 992 gpdl(5’-CAA CGG CTT CGG TCG
CAT TG-3’)/gpd2(5’-GCC AAG CAG TTG GTT GTG C-3")
primerS ©]&-3}o] ZFZ319th(Berbee et al., 1999; White
et al., 1990).

SEx} B2 E sl Alternaria alternata f. sp. mali
T5E V8 juice agar W] Althuleksl &, 25°C H27AA
14247+ vkt EAHE A FT F8E A= Edrst
Miracloth(Merck, NJ, USA)YE ©]&3l9 3451t} 3|48
ZAF e | x 10* spores/mLE G 3 5 1.5% water
agar’} 5% 90 mm petri dish (SPL, Pocheon, Korea)oll
20 ulA =l JE AR F dnstolA] wolst
SEAE st PDA wiA o] 2245 & 25°Cel|lA 547t
HjFstaTt. o] P #Fo] AetolA A7 5 mme]
A HHE HF 81 20% glycerol 8ol FEFH 3 0°CollA]
HESAT

EXot AKX EE 0|28 7o &K Zrd ZA

202100 AN s 96712 Alternaria alternata f. sp. mali®t
SHErE A BRI AE (KACCPIA 9 ¥ KACC 40030
455 Ao o831}, Alternaria alternata f. sp. mali®l
)3t kresoxim — methyl (a.i. 44.2%, SC), trifloxystrobin
(ai. 22%, SC)9] xApdol oA a3-E 8R1sh7| fl8) ghd
BlA-S o] 83 TH(Pasche et al., 2005; Sautua and Carmona,
2021). 3 1.5% WAS 2+ AaA ] #F F=7F 0.01,
0.1, 1, 10, 100 pg/mLe] =5 H7lslct F7H o= |
Aol tiAl 3F ARE 5T SFE dAlsk] flsl 100%
yek2ol] 3X3t salicylhydroxamic acid (SHAM; Sigma-
Aldrich, USA)E % $% 100 pg/mLe] H== H718k%
TH(Ma et al., 2003; Vega et al., 2012). XA} &5 1 x 10*
spore/mLZ 3418k & AtA|7} 7FE 1.5% WA plate
D40 plA =83 5 25°Co A 124]7F o kA A
HjFataiTt. o] F xApe] wols FAXF17] flsf 50 pLel
lactoglycerolE *]2] 3} tH(Chitolina et al., 2021). Ao}
AAEE AEatr] Sl 2 s wjR|ollA 507] A
ool RS An|7 L o] gsto] &g, wo} Al &S =St
st ot 715 o] Zojoh IARFE Wold o}

el Aot LAY e EARTE o o]
o7t B A w golgt Ao Zsigit. Al 4
oF AL (%) oFf Aol oJairf Altkstsitt.

FAPDOL A& (%) = (1 - Al Al wolg
/A A2 ok x 100

HH T2 cytochrome b FHX FZ ¥ ¥I (ML &Y

Qol AtAlell thsliA A3 e o F-5 Eklakr] s
967 Alternaria alternata f. sp. mali 2] @52 cytochrome b
T2 A7 E 24 S Fal dEdnielE EIsit &
AR} S22 9131 Table 20 #A|AE AF(5-ACA CTG CTT
CAG CAT TTT TCT TCA TAG-3’)AR(5’-TTG TCC AAT
TCA TGG TAT AGC ACT CA-3°) primers A|Z}3IATh
(Ma et al,, 2003). DNA FZ&< 9]l PDAIA 7947} 25°C,
HEAOE wjgst & HANE Bo} A HLE o]§sto]
w3 gk & i-genomic BYF DNA extraction mini kit (iNtRON,
Korea)E ©]-83}9 genomic DNAE 5%, PCR ¥H3-2 7l
33T} PCR premix?! 2X Topsimple™ DyeMIX(aliquot)-
nTaq (Enzynomics, Korea)®l] genomic DNA 1uL, 10 pmole
primer Z}Z} 1 L, ¥ S7F5 7 pL, 5 20 pule] ¥kl
ZA8IATE v 278 95°CoA 387 pre-denaturation
) B 94°Col| 4] 40%7}; denaturation, 58°COlA] 40%7F
annealing, 72°Col*] 187} extensiong 353 WHE-3}193L
72°CollA 10527 §H8 A7) & FE38Ith HEHES 1%
agarose geloll 17195 3] gRlstar FZo] IE PCR
2He& Dokdo-Prep™ PCR purification kit(ELPIS Biotech,
Korea)E ©]-&ste] AAstAt. BA4HE2 macrogencl]
ojglate] H7IMES s #AE D714 ES Bioedit
Z2 YL o]§sto] gl A sk

Allele-specific PCRE 0| &8 G143A SQ10| &f¢l

QolAl AtA| A3dzt #HE cytochrome b A}
G143A =HolE gIs7] #1514 allele-specific PCR(AS-
PCR)S 851tk G143A E9Ho] HAS 93 primers
Ma and Michailides(2004)5 ZHarated @74 tiefdat
Eold reverse primers EFSIEE At AMEE
primer= Table 207 #|A|E ARF(5-ATGAGAGATGTAAATAA
TGGGTGAT3)2} ARR(5-AAGGTTAGTAATAACTGTTGCAG-
3]t} PCR WH&-HL cytochrome b -F72F 7 |AME &
Aol ARES 273 sl AlxstAth. PCR S35
95°Col|A] 3%7} pre-denaturations A 3F - 94°Co| A 40
27} denaturation, 61°CollA] 4037} annealing, 72°CellA] 187}
extension?}d & 353] RHESITE o] 72°Col|A] 1047F W
AR & FE39 . SE4HE-2 2% agarose geloll A7]%95 gk
% UV-transilluminatorg ©]-§-sto] &<1313]T}.
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Table 2. Primer sequences used for amplification of the cytochrome b gene and detection of the G143A mutation in Alternaria

alternata t. sp. mali

Primers Sequence(5°-3’) Reference
AF ACACTGCTTCAGCATTTTTCTTCATAG Ma et al. (2003)
AR TTGTCCAATTCATGGTATAGCACTCA
ARF ATGAGAGATGTAAATAATGGGTGAT Mo ctal. (2004
ARR AAGGTTAGTAATAACTGTTGCAG actal. (2004)

PCR-RFLPE 0|88t G143A Si0| &2l

Cytochrome b 32} 714 #41&
#7) B A3 (CIN0H +#5) A o= eld e+t
FE Add 3, genomic DNAS FHOZ
primerE ©|-8319 PCRE F3J3I%ith F354H2 PCR A
71EES ol&sto] AAZ & AFdFas Ao ARSI
Agtad A o] vy A4S {5t FrudHI(New
England Biolabs, USA)YE AM&-3lSith Alsta s W3-l
A zAre] A7 Wl wel 2A48IeH, 37°CAlA A7
A sle] DNAS Aekslsit). Algkas 2)g] AL 100 bp
DNA ladderS ¥3}5to] 2% agarose geloll #7]9%53F &
UV-transilluminatorol ] DNA 2% &S glsisit).
R
ARt R
AN st

2021 S Ak AuiA] 2
S A e s R e e I
Ao RHH F 967l HAHS st
g 9ol 5o EAHYESH =
GAPDH Al 998 F&¢ & A7 IMES 48kt
BAE d7]MDe] Zole ITS 420 bpet GAPDH 534 bp
Atk ol H7IMES GenBankdll 5= A. mali type strain
CBS 106.24 2 A. mali isolate FC-3659(LC206592), EGS
38-029(AY 762945, AY762955) 53 FAK=S H|w sk A},
99.7-100%2] A71ME 35S AT webr 2
Ao AMEE FFE2 ARRFE SRR dlternaria
maliz. 73Tt Woudenberg et al., 2015). AEHoZ2
AT G A2 Alternaria mali Roberts® 4214 ¢t
O FHZo| BRI AFANME 4 malivt Alternaria
alternata species complexol] E3FE|o] Alzlol] Eo]2Q] HAX S
Uehll= 4. alternata f. sp. maliz 753 JHCao et
al., 2024). WghA] B AFANMNE 4. alternata f. sp. mali=
33T

= Al AR el A =8 wal WAlel] 717 ARE-E 03]
Qol7Al A=Al thet A g o A B A7t

S8 A QoI &TH0f CHEH ZAtEto}

-y
o3
5
2
2

2
P

O
o
x

2

Ae] o]Foj2|2] ekok7lel B Aol EeEgt 967 #E
o g dstAl A3 ARE gllstarat &k Qolrl
Al W] 27] AS SAloA nEZER ol 35S
A gro2m Heleto] Ea} wof gl ol A5 Aot
B2 7Y 27 A A s A RS e Aes
A4 ATH(Bartlett et al., 2002). ©]&] g+ 2-& EAS 1
to Alternaria solani 2 Pyrenophora tritici-repentis &
A5 WA QoA AeAl A Brte EAol oA
&S 7Iuko 2 S8l tH(Pasche et al., 2005; Sautua and
Carmona, 2021).

S AR EE T 9eiet S dudEA
AN F9F 2 KACC 40030 E3Het 5 977l 455
o2 Qo A=Al kresoxim-methyl®] AP} |
BIHE AR o|& o #5H ECy WS A=
3tk Kresoxim-methyl®l] tet ECs, 72 5 A9 2170
o5 5 140 45, &7 AY 250 +F A5, A AF
250 5 % 23N 5, 283 ZI9E A 250 7 5 210
ZFAM 100 pg/mL oo 2 Yeyitt, wabd & 967)2]
By 75 3 837 45(86.5%)7F 100 pg/mL ©]%442] ECs,
2 UERATHFig. 1). ¥ A7olME ECy, wel 100 pg/mL ©]
el #FE9] ECs 32 100 pg/mLE A3 v
ECs, 3ol 100 pg/mL H|¥He 2 UERd KACC 40030
Z33 14 #FE 0.00pg/mL — 0.09 pg/mL B = e
sttt o]of Zro] At 58 23 w1 Atel9] ECs, ik
FElgh xjolE Ho] 7 Fto] HesiA EAThFig. 1).
olgigt A= & AFolM AR 7] RS Akt AfulA] €]
AFE Gl QolAl A#AIQ] kresoxim-methylell T gt
Aol & NwE TX3L 52 BoiETt

Kresoxim-methyl3} trifloxystrobin =5 QolA| A4
24 cytochrome b®] Qo 791l 2+&-sk= U3 28712+&
7HAt). 718 At QolAl AA 7+ wApA o] Bt
HRem  kresoxim-methyld] AH3IAHS Hole dF7t
trifloxystrobing H] %3+ Th2 QolA] AHAld = e 714
& Uehlle A= d#x rh(Park and Kim, 2022).
ool & AollX= Alternaria alternata f. sp. mali FolX
QolA| A=tA| 7+ wApAEMg A5 ERlstr] $lste] tifloxy-
strobinl] tHet 7S F712 H71sI3ATh Kresoxim-methylol
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Fig. 1. Distribution of ECs, value of Alternaria alternata f. sp. mali isolates from Chungju (A), Jangsu (B), Jecheon (C), and Jinan
(D) to kresoxim-methyl. KACC 40030 was included as the 22nd isolate in Group A (Chungju) in addition to the 21 field isolates.
EC;5, value indicate the concentrations required to inhibit spore germination by 50%.

el 100 pg/mL °lde] ECs, & Uehd 837 &5
(86.5%)7} trifloxystrobin®l] THEIA = 100 pug/mL ©]’3e]
ECs, #tol YeFsth(Fig. 2). ]88 A= Sl Ak
At o)A kresoxim-methylZ}  trifloxystrobinol] gk
A Aol ST ERIg e E QoA AstAl 7F
WA TS AR oleh FUg Ak 2017
3} 2018 Habd Al X999 tangerines oA £
2|et A alternata I % A= ATE Azoxystrobin}
pyraclostrobindl] that 7HeA-S A A3t 3] QolAl
ARl S JeRd #F7F T2 QolAl AdAldl=
AL eEo] 7 oAl 7F WA A o] EAEHE gl
31 tH(Chitolina et al., 2021). ©]&d A& 4. alternata

ok ohyel g2 AEYdddrE RIS oM7)zt
QolAl AAI7E ARH AL} ol 22§ Ventria
inaequalisS ZAFSF A3}, kresoxim-methylol] ol A gd-S
YeRl= 57} trifloxystrobin®l] WA= 7o) A
3l e 2ol QolAl AdA| 7F A o] EANES
R TH(Koller et al., 2004).

2 AT A S T8 A AR o] JREEed
HeollA QolAl AdAl 7+ wAPA e TRsAdo] &1l
T QolAl AtAle] AdAo] B sAl FAatElo]
e g5 i et 7y Al A A7t vl F89

JAFRe Sl
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Fig. 2. Distribution of ECso values for trifloxystrobin among 83 Alternaria alternata t. sp. mali isolates exhibiting high resistance to

kresoxim-methyl (ECso > 100 pg/mL).

Table 3. Kresoxim-methyl resistance found in Alternaria

alternata f. sp. mali in Korea

Table 3. Continued

ECso

. a b
Region ol (Eg%;’]) e NP Region Isolate (ug/ml) DR SNPs
JG6 >100 R G143A
CJl 0.03 S - JG7 >100 R Gl43A
Cl2 0.04 S - JG8 >100 R Gl43A
C13 >100 R G143A 1G9 >100 R Gl43A
Cl4 >100 R G143A JG10 >100 R Gl43A
CJ5 >100 R Gl43A JG11 >100 R G143A
CJ6 >100 R G143A IG12 >100 R G143A
CJ7 >100 R GI143A JG13 >100 R Gl43A
CJ8 >100 R Gl43A JG14 >100 R G143A
CI9 0.00 S - JG15 >100 R Gl143A
CJ10 0.06 S - Jangsu— 116 >100 R Gl43A
Chungju ~ CJ11 >100 R Gl43A JG17 >100 R Gl43A
Cl12 >100 R Gl143A JG18 >100 R Gl143A
CJ13 >100 R Gl143A JG19 >100 R G143A
Cll4 0.00 S - JG20 >100 R Gl43A
CIs 0.04 S - JG21 >100 R Gl143A
CJl6 >100 R Gl143A 1G22 >100 R G143A
cn7 >100 R Gl43A JG23 >100 R G143A
Cl18 >100 R Gl143A JG24 >100 R Gl143A
CJI19 0.00 S - JG25 >100 R Gl43A
C120 >100 R Gl43A JE1 >100 R Gl143A
CJ21 >100 R G143A JE2 >100 R Gl43A
JG1 >100 R Gl43A JE3 0.08 S -
IG2 >100 R G143A Jecheon  JE4 0.06 S -
Jangsu JG3 >100 R G143A JES >100 R Gl43A
JG4 >100 R Gl143A JE6 >100 R Gl43A
JG5 >100 R Gl143A JE7 >100 R Gl143A
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Table 3. Continued
Region Isolate (fg(/jtfgl) DR* SNPs®
JE8 >100 R Gl143A
JE9 >100 R Gl143A
JE10 >100 R Gl143A
JE11 >100 R Gl143A
JE12 >100 R G143A
JE13 >100 R Gl143A
JE14 >100 R Gl143A
JE15 >100 R Gl143A
JE16 >100 R Gl143A
Jecheon 115 >100 R G143A
JE18 >100 R Gl143A
JE19 >100 R Gl143A
JE20 >100 R Gl143A
JE21 >100 R Gl143A
JE22 >100 R Gl143A
JE23 >100 R Gl143A
JE24 >100 R G143A
JE25 >100 R Gl143A
IN1 >100 R Gl143A
IN2 >100 R Gl143A
IN3 >100 R Gl143A
IN4 >100 R Gl143A
IN5 >100 R G143A
IN6 >100 R Gl143A
IN7 >100 R Gl143A
IN8 >100 R Gl143A
JN9 >100 R G143A
IN10 >100 R Gl143A
IN11 >100 R Gl143A
IN12 >100 R Gl143A
Jinan IN13 >100 R Gl143A
IN14 >100 R G143A
IN15 0.09 S -
IN16 0.03 S -
IN17 0.00 S -
IN18 0.05 S -
IN19 >100 R Gl143A
JN20 >100 R Gl143A
IN21 >100 R Gl143A
IN22 >100 R G143A
IN23 >100 R Gl143A
IN24 >100 R Gl143A
IN25 >100 R G143A
YDR; degrees of resistance to kresoxim-methyl (R; resistant, S;
sensitive)

YSNPs; single-nucleotide polymorphisms that resulted in kresoxim-
methyl resistance.
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Fig. 3. Allele-specific PCR detection of the G143 A mutation associated with kresoxim-methyl resistance in Alfernaria alternata t. sp. mali
isolates collected from Chungju (A), Jangsu (B), Jecheon (C), and Jinan (D). The 40030 lane in Group A corresponds to the allele-specific
PCR result obtained from KACC 40030. Sterile distilled water (SDW) was used as the negative control in place of template DNA.

specific primer?] ARF9} ARRE A|Z}sl:. PCRE 433t 2022; Rosenzweig et al., 2015).

A3}, 837 A @ o)At 227bpe] PCR AHE0] FZ 5] B AFoM = allele-specific PCR3} PCR-RFLPS] F
AUTHFig. 3). LA G143A SAWC)E A5k ARdolA 7] EAMYESHA] WS o] gsto] AR E R
PCR-RFLP W3S #8374 GGTIIM GCTE X|gHgo kresoxim-methyl A4S A48l H e 2ds ¢ e
2H GCTGC F7 1ML sk Altasid]l FmdHIE A A 79SS 3I3it). Allele-specific PCRS #&H4d
239ty 2 A3 kresoxim-methyl 74 F5ollA= 227 HE EdwolE &S AEE F o] gt e
bpe] PCR AH=S 81 &= 9= WA, kresoxim-methyl A A ZUE ] #g3gE wbA| PCR-RFLPE A|3haA
4 dFoIME 227 bpe] PCR AHE0] 178 bpot 49 bp= A Aol mE HH e Bl AAEH ddE F7IxE

o
g 279 A ERIE 4 AUSATH(Fig. 4). ]2t PCR- 28-S Asta AFY A Gl F e FHE 7R
RFLP Y& Alternaria 2 2199 Botnytis cinerea, Cercospora o wetA B AT e BT 7L Al E
beticola, Plasmopara viticola's-®] 94 Qol, benzi- Huaw e JTEe] Qol Al AA AdAE aHHo=
midazoleZA| A=FAlel gk A3 deS HAs= A4 ety BUE e o] 854 82 7 US A=
57|% & tHFuruya et al., 2009; Malandrakis et al., AT Fok o]E Tl =l Al AR A HEE
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Resistant

Sensitive

Fig. 4. Restriction fragment patterns of PCR-amplified cytochrome
b gene fragments from kresoxim-methyl-sensitive and -resistant
Alternaria alternata f. sp. mali isolates following digestion
with Fnu4HI. Digested products were separated on a 2% agarose
gel containing ethidium bromide. M, DNA size marker; S,
sensitive isolate; R, resistant isolate.
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2 & A} AFUIAH LS Alternaria alternata f. sp. mali o 23] HAsH= FQ el =2, = Al AufR] ol A
A&AR1 WA 879t et S AR RS o] At Al tigk e milg- Algkd o 53
717F AFEE Qo] AstAlell tigk Aah g A AghS gk A glrk 2 Aelxe 2021d F5, A, A,
et o] Abatk AR\ ANF S Alternaria alternata f. sp. mali 967) H2] 455 W3S Z QoA AdAI
kresoxim-methylol] thet 774 IApdo} A& 7|vko g Hrlsigict. 1 Az, A 2l59] 86.5%l sldst=
837 #57F 100 pg/mL ©)de] ECs #e YUEY =2 59 AHde Bk ES ol 839 #F&
trifloxystrobin®l] TIEIA%= 100 pg/mL ©1’4e] ECs, #& WERlO] QolAl AdtAl 7+ mapAEdo] 1=t
Cytochrome b -84} 4] A3}, 284 745 837 BFollA 14304 Z=2] G143A(GGT>GCT) 410l 7F 811
AT} ol wet A AR Eo]82l primers ©]-&-3t allele-specific PCRI} A $tE 4 FrudHIE ©]-8-3F PCR-
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2M0101: Alternaria alternata f. sp. mali, AF3} AFE A, QolA| A<tA|, A A&
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