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Abstract Resistance to boscalid was evaluated using 197 isolates of Botrytis cinerea causing gray mold
obtained from strawberries. Of the total isolates, 23.4% were resistant to boscalid. There were 5 isolates in
2011, 4 isolates in 2015, and 37 isolates in 2016 among 46 resistant isolates. One isolate sensitive to boscalid
and 4 isolates resistant to boscalid were selected and sdhB gene analysis was performed. Mutations occurred
in three amino acid codons of the sdhB gene of the 4 resistant isolates, and the mutations were detected in
four types such as P225F, N230I, and H272L/R. As a result of sdhB gene analysis using 315 B. cinerea
isolates obtained from infected strawberries, 4 mutant types were identified in 68 isolates (21.6%). The
dominant type was P225F type, which accounted for 50.0% of all mutants, and showed high resistance to
boscalid, fluopyram, and fluxapyroxad, and moderate resistance to penthiopyrad. H272R type accounted for
44.1%, and showed high resistance only to boscalid and was sensitive to the rest of the fungicides used in
this experiment. Types N2301 and H272L had low detection frequency (2.9%), high resistance only to
boscalid, and medium resistance to fluopyram and fluxapyroxad. To penthiopyrad, N230I type showed to be
sensitive and H272L type showed moderate resistance. All isolates were susceptible to isopyrazam. As shown
in the above results, when trying to manage gray mold disease using SDHI fungicides, simultaneous or
consecutive use of boscalid, fluopyram, fluxapyroxad and penthiopyrad should be avoided and, although
special attention should be paid, isopyrazam can be used as an alternative SDHI fungicide.
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A-| £ 2003). AAFAGA L] Ta BIA 12 EolH oz Adsi=
boscalid= cytochrome be, 251 &S A3|8l= strobilurin
Carboxamideﬁ] o] &3l= boscalide F|EFE=gole] A A A, B-tubulin®] FEL SAISl= benzimidazole,

AEAE 3%— a4 B3| 15 Adlsks AdAz C-14 @vedslaie] &S Aslsk= AtAl (demethylase
dH A O’D} B3| II= tricarboxylic acid (TCA) & inhibiting fungicide, DMI) 53 WA} A& AAE HolX]
2o 44 % Fito g Abstele 47‘4 Te A2 %= E4S 7KL dtH(Leroux, 2004). SHARE o]H £

Ao A F=e] B Aol Aosl= G4 YA =, Al A2 zh= off Wi XFA ARH 32t}

2 Mol Aol tehhs #A7E RaEgich
& SAIFTH Cecchini, Boscalidl] thet A& #AI7F Hirslo] 9l A=t

S =2 Alternaria alternata, Corynespora cassiicola, Didymella

boscalide &4 B 19 5HFHE= F2F X2 Q-siteol st
Fasto] HAdg FFold AE T5S

) bryoniae, Podosphaera xanthii 5°] $ItH(Avenot and
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2010; Avenot et al., 2012).

Botrytis cinerea= A4, 313, 34 Sl AL FFog
S doA B2 I E FIL o], MAES AMgsle A=
2 A e opuet tpFet WA PO R WIS Al
Eokal YA, URbA 0= ARg-sle WHE AAlE A E
Sk 3behd WAl HHolth(Leroux, 2004; Williamson et
al., 2007). SIXITF B. cinerea= AdA A3 HH =
7h =2 HYH o= A 91oH, trifloxystrobin, iprodione,
fludioxonil, fenhexamid, cyprodinil & 7]&2] So]d<l =}
S-S zhs gt AgAldl disiA A3 do] Harx o
AtHBrent and Hollomon, 2007; Weber and Hahn, 2011).
A AAHCE 20033FE AHg-st7] A12HRE SDHI A<t
31 boscalidell tHelX = B7]9F Akt FollA A3 wo]
RE 9JY(Yin et al.,, 2011; Konstantinou et al., 2015).
2]~ 4& 20121 Manolada®} Pieria x| 2] E7]ofA]
E2I3t B cinerea S boscalid A4 dF2] £
Q) 549 -77.1%Z VERESH | boscalid?} pyraclostrobin
SHAIQI Pristineo]Zh= AHAlIE 2005F5FE 20093 7H4]
AL ARG vl A o AlFPEOME AE 7]
28] HIE7F 19.1%% Vet 2991e] 27]0A 2014
FE 201637FA] E2I8t B. cinerea®] 580 @5l 56.9%
7} A& o] Ath(Veloukas et al., 2013). ol X = 2011
ol &7], ErtE, Qo]¢t e dAiFAA AFHE B
cinerea®lX] ECse%te] 100 ug/mL ©]/do] == #5E0] &
A7) AlFsigen, 201600 EEg #F FoAE
33.6%7t He 47 A F T2 YERSTHEL 5).

Boscalid®] 28-S SA14HE-F428 Ax(succinate dehydro-
genase, SDH)y= V|EZE=g|o} ot EAlsts G4 53
A N2 dHA dom, et oF2 =Z5 = SDHA
(succinate dehydrogenase subunit A)} SDHB, 12|32 W&}
Uil WAl=le] 9= SDHCSF SDHDS] 4719] Athe|=
T4 =0} ATHCecchini, 2003). 2] SANSFLTAE
TCA 3|29 fg& gihgsdes vz, 5214 fH9
AAE NAD+e| F7HA|ol| ddslA] o nEF=gol Y
ol EAlsks fHlFE o AH ds] b, A=
T Fa3k 247} HrkSierotzki and Scalliet, 2013).
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=9} (Veloukas et al., 2011; Veloukas et al.,
2013; Amiri et al., 2014; Fernandez-Ortufio et al., 2017;
Hu et al., 2016). B. cinerea®|*] SDHI Aol thgh 23}
s sk sdhB AR Wolde 225%A, 230
25l 27237 9] opm|iedt SEo A WS 57EA7F QL
Th(Veloukas et al., 2011). o} =AF 5= 22584 € 2300
AolE A7 F 7F CColld TTZ WH3}ate] proline©]
phenylalanine® 2 X|3t%= P225FE 3}, AolA TZ WH3ls}

4] asparagine®] isoleucine® 2 2= N230I35 <] ATt
ofr|iAke] 272MA AECAE 3714 Woly o] YEhY
€4, C7F TE BFIA histidine®] arginine® & X]$¥ &
H272RE, A%lA GZ vHA histidine®] tyrosine® 2 %]
3= H272Y%, A7 T= ®islslA] obv|=Ato] histidine
oA leucine® 2 X|¥kwl= H272L8o] Ut}h. Fernandez-
Ortufio et al. (2017)% SDHI AratAlol gt A4 Aw
sdhB F-32ke] WolgE 7R AL 2u|9le] DrleA Falet
58070€] B. cinerea d4FE 47149 FPo2 ERIIE
SFATE. Al 1982 boscalidol| ¥+ A4S Hol= H272R%
H272YE 22 A1) 30.0%S AFA|stom, AA12] 13.8%
£ Apolst= A28 boscalid®}t penthiopyradol] Tt A
FAoE H22RH H272YF oIt A|3-H%2 boscalid,
fluxapyroxad, penthiopyraddp A &/do1™ H272Y ®Wo|H 2
2, 5.7%7} &390 01, A4f-3-2 352 SDHI A#A] et
oz}, fluopyramoll 74l A&Ql N2301 ®lo|@ o=,
7.9%7} 480l Eaiith. 28 20143 5E 20163714
2ol A =318 SDHI AdAl A& B. cinerea| A+
H272LE 3 P225F8 9] sdhB rAA E9Wole AZ YA
23ttt SDHI At €] 2H8-34Q1 sdhB +37ke] 578 914
oA WA sh= A EdRiolo] gk ofw]=At X8k SDHI
AtAl] gt A9 o] Al HA|RE F1) Heo
ol 7} AtAlel tigh vk dAgo] "ol 53] v
= o] @r|wo|A X3 B. cinerea 2,570 FolA
SDHI A #3741 3714]€] Ho & (H272Y, N2301, P225F)
2 SDHI 4#A|9l 438 & T2 benzovindiflupyrel] T3]
Me B 43 WS UER 7| = ShSith(Hu et al., 2016).

2 AFolA = B7)olA 2l B. cinerea d5-5 AHE-3)
o} SDHI AhA] ol 431+ boscalid, fluopyram, penthiopyram,
isopyrazam, fluxapyroxadell it A3 A4S HA3H
o, AdA A3A B. cinerea®] sdhB AR G471 ES
FA310] SDHI 4htAl Adgel a5 f2AF Ho] <2
3} SDHI AtAo] et A3 =S Hlassitt.
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=
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. el @7] Al Aol A Alagelol
s D71E AFstaL, Wuk 9o F4E HWdFe EA4
EAE ¥z} B35, B, cinerea 315¢5 H 31T}
o] Fol 1971 #F= 55¢ SDHI A+t (boscalid (a.i.
49.3%, WG), fluopyram (a.i. 40%, SC), penthiopyrad (a.i.
20%, EC), isopyrazam (a.i. 12.57%, EC), fluxapyroxad (a.i.
15.3%, SO))°ll tiat 744 A=E ddgayoz A3}
Ao, sdhB FAAE FEste] SRe] WY oFE X
ALskATt. g B Aol ARG-EHA]l T YA 1187H +F
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FE sdiB FAAE FESj] AR pHFORA
sdiB $AA4 o)) WYL 2k

B. cinerea2| SDHI &z H0f Cist B3 =A}

G7]olA] ®E2$ B. cinerea 15BCGD3, 15BCGDS,
15BCGD7 15BCGDI1, 15BCGD15E A1%3}e] SDHI 4+t
A2 boscalid, fluopyram, penthiopyrad, isopyrazam, fluxa-
pyroxad ol g ¥R FHBMPOR ARSI
PDA ui=]of| 7} atA| o] Bafxl 27t HEE Hrlell e
o, Ale] QHS BAE7] H8lA streptomycing 300 pg/
ml7} EHEE 7}3}9\11’4— B. cinerea® FEYL 20°C
PDA Hl|X|ol|A] 4 5t viSt B. cinerea®] TAF ATt
A A7 3mme] #AERZES wojuo] AMgetth g
A wA o] HhHe] dAF 278 FESIAL 20°CAA 3
A SRt ugs &, #50] PSS AAlY &
= ARG AAE(%)S 7 AL v e =], FAR
A& ofef A3 o] AtA viA] AelA #F] H7
S 7Y A7bEA] e Al grellA 7] A7 HlaL
sto] Akt

f.{-/\}xgz} 0411]@;].(%) _
(1- A A A7F iR o F20 A
AgA FA 7 A o) 2o 27

) x 100

A

W] aF AdolA @A 2215 wlo] PDA x|l

P, 200C g7de] wirIelA 597F wiFsiT.
A GRS o] &3lo] dARIE Fo] 88}, glass bead
(&71; 0.1 mm)7} B71 2 mL tubeo]] ¥o] -70°Col|A 124]7F
ol T4 AZ3F ¥, bead beater (bullet blender, NEXT
ADVANCE)E ©]-&-3}] nifjalaitt. 0.5% SDS-CTAB (2.5M
NaCl, 0.25M EDTA (pHS8.0), 0.5M Tris-HCI (pH7.5), 1%
hexadecyl trimethyl ammonium bromide, 0.5% sodium dodesyl
sulfate)S 1 mL F7}8le] 65°ColA 14]7F &<k vhs-3t &
E%2| phenolS
15% &<t Bagh £, 13,000 rpmfﬂl*i 105—1L SRS
ol o HYE o Pl 4L 15mL e

o] AJ2ollA 158 B3 T, 13,000 rppmol| A 10

A S A EEFe isopropyl
3000 rpmﬂl*i 107F A4l2e skt

& 70% ethanol 200 uLE 3
& soﬂ AE 2 TEY = F, 13,000
*cl—li—a Sttt g els wE L AAES
ZAZ1 o, TE buffer 70 uL2} RNase
A}, 37°CY] F2FzolM 308, 65°C0|

rpmoi| 4] l()l"f_rZ_ '?l
Ao A T3] 7

A SuLE 7k

sdhB 78 % | H7IME 24

sdhB gene +3AE SE37] 9l8te] IpBeBeg(5-CCA
CTC CTC CAT AAT GGC TGC TCT CCG C-3"%
IpBcEnd2(5'-CTC ATC AAG CCC CCT CAT TGA TAT
C-3") primers AHE-5FAtH(Leroux 5, 2010). PCR wH-<Y
ZAE 10X Tag buffer (1.5 mM MgCl,), dNTP mix 2.5 pL,
10 pmole®] forward primer®} reverse primerS Z}2} 1 L,
genomic DNA (25 ng/uL) 2 puL, 7ag DNA polymerase (5
U/uL) 0.1 uL (Kapabiosystems)ol] a5 H7lsle] %
25 pLe] PCR WHg-94-8 FHISIITE PCR BES- 2712 95°C
oA 387 WA SAIE AZ F, o4°CelA 30x Tt WA,
60°CollA 30z 2t A7, 72°CollA 30 ot A A
353] WHEEIA, PR ERO. R 72°Col|lA] SEZF WA
FTE3 PCR 5% =g 18] fl8td 1X TA
bufferZ 1% agarose gelS JHEAL safe view
7Fste] FQATk. 100 VellA] 4587+ 271952 Fa38kal UV-
transilluminatoroll Al §-42}9] FZ oJHE 2‘*?_1?} % PCR
SV (GeneAll. Seoul, Korea)Z gA|5}53tt. A€ PCR 4F
55 (F)Macrogendl| ©]El3te] H7IM LS TAISIATH &
ME sdhB Al 97148 BioEdit ver.7.0.9.09]
clustal X2 o] &3t A& 3sI0 1, MEGA ver 5.2.1914 &
23k & NCBI GenBank®] @714 9g o]-&ste] Bl 74
skt

o ru

es!

classicS 3

27 3 1%
B. cinerea2| boscalid0fl CHEt HHS

Fig. 194 B R o] Aol AMS-S B. cinerea 5t
9] boscalidell 3t ¥ A3 o st
717} BA LA, =] B. cinerea®] SDHI AtA|9]
g A3 71l webs 5959 ECsks 7ol A
A=E HTETO}‘E?\E} ECsotkol 20 pg/mL ©lal] #5& 7+

294, 20 -100 pg/mle] F+FE5 TEATA, 100 pg/mL
o]/o] l 455 A 452 EF5190. Boscalidol
o3k % F9] ECs%tS B. cinerea 15BCGD3%Ho] 6.41

ngmlLE 74 #2 W E %1, 15BCGDI1, 15BCGDIS,
15BCGD7, 15BCGD5E 25 100 pg/mL o402 #3HA
452 APEAT ALA 4d5 SollA 15BCGDIS &+
S} 15BCGD7 #5+ boscalid 102+ 100 pg/mL ] 2]7-oj| 4]
A AIEo] 34.63 40.0%, LI 47.99}F 44.7%°]
Atk BhAo] 15BCGDIS RE gl 20% o]k
AA &S B o™, 15BCGDSE 100 ug/mLAM 22} A
AEE A AAskA Xkt
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100.0 SDHI &z X2 ZAIYE oAX &2t
-e-15BCGD3 Adksl 530 that fluopyram, penthiopyrad, isopyrazam,
0.0 -0-15BCGD11 fluxapyroxad®] “AME A TS ZARISHHFig. 2).
£ 15BCGD1S Penthiopyrad®} isopyrazam *2] =7} S7FPHA S+
—-{1-15BCGD7

o] AR Al E e S7FsIAt 53] isopyrazame
100 pg/mL A2 FelA] 479] FAMEES 28] A8t
AL W oz}, 15BCGD7E 99.9% wAMYS JAI5H
t}. Penthiopyrad 9] 28] T%=7F F71shHA JAl&x &
7FI3AL, 100 pg/mLll = 15BCGD3, 15BCGD15, 15BCGD7
o] FAMYEE 80.4, 79.2, 77.8% A &I L™, 100 ug/mL
©] boscalid HZ]FelA 20% colate] JAES EHIW
15BCGD113} 15BCGD5l tiaiA % 65.59F 64.3%2] A
a35 R3AY. Fluopyram¥ fluxapyroxad®] A &3=
boscalid®} fAFate], 15BCGD3, 15BCGDI1S, 15BCGD7&
744 ¥ES-2, 15BCGD113 15SBCGDSE ARA w2

Fig. 1. Inhibitory effect of boscalid on the mycelial growth of Btk 15BCGD113 15BCGDS5 F2% penthi dol
Botrytis cinerea on PDA amended with indicated concentra- A * 5= penthiopyrade] o

60.0 ——15BCGDS

20.0 A

Inhibition ratio (%) of mycelial growth

0.0 -
0.0005 0.005 0.05 0.5 5 50

Concentration (ug/mL) of boscalid

tion of the fungicide. All isolates of B. cinerea were incubated M= A whes HIATh 7k w52 SDHI AhtAel
at 20°C for 3 days, for investigating fungicidal activities against 3t ECsp#k2 AR 15BCGD113 15BCGD5SE boscalid,
mycelial growth by using an agar dilution method. fluopyram, fluxapyroxad®] D814 100 pg/mL ©]4+] ECs,

e UEpel A3 #F=, penthiopyraddl] thalix=

1000 1 A —e—15BCGD3  —0—15BCGD11 w00 {4 B
——15BCGD15  —O—15BCGD7
—0—15BCGD5
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Fig. 2. Inhibitory effect of fungicides inhibiting succinate dehydrogenase on the mycelial growth of Botrytis cinerea. Fungicides used
in this experiment were fluopyram (A), penthiopyrad (B), isopyrazam (C) and fluxapyroxad (D). The assessment of fungicides
against the mycelial growth of B. cinerea was performed using an agar dilution method. All isolates of B. cinerea were incubated on
PDA amended with indicated concentration of each fungicide at 20°C for 3 days.
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29.9 pg/mLe} 45.7 ug/mLE Yeplo] =AY 42 (phenylalanine)=. 2| $+=] ] 2™ (P225F), B. cinerea 15BCGDI15
T F UATh SR F #FE isopyrazame] T g 230HA] FEo] AAC (asparagine)ollA] ATC (isoleucine)
ECs@te 233 0.5 yg/mLE 254 452 EFEAL F )2 ATHN2301). B. cinerea 15BCGD73} 15BCGDS
455 A3k 15BCGD3, 15BCGDIS, 15BGCD7 5 3+ 27244 3= A]eA] DNAS] Wit HAE =],
ST fluopyram, penthipyrad, isopyrazam, fluxapyroxad % 15BCGD7& CAC (histidine)oll4] CGC (arginine)Z(H272R),
4%2] SDHI AtAo] thg ECske] 15 pg/mL ol3t2 15BCGD5E CAC (histidine)lX] CTC (leucine)& X|$+%]

i kuoor

B, B A A2 FEES ATHH272L).
SMMESATA SR UMY 2M Boscalid X &M B. cinerea®| RHA} HO|Y

B. cinerea®] ¢gDNAZH-E] SDHI AA|2] 28421 &4l D7) BEdt F 315709 B. cinerea wF FoIA
AR LF A0 dhB FAAE ZE30], 1,021 bpe] FEA) 2011 = 5270, 20159 5= 387, 2016 5= 1077/
58 At 54 #5 B. cinerea 15BCGD39] sdhB 5 5 197 #FE Y92 ALt boscalide] AR

AR 4717 D3} vlagt A3, boscalid Aoz BRI AAZAE MR FALSIIT. 2 A, ECsHkel
B. cinerea 15BCGD11, 15BCGD15, 15BCGD7, 15BCGD5 100 pg/mL/ ©132] 3 A #2011 575, 2015
o] FAANME 225HAY, 230 A, 272 2] o] =Ato] W3t 201600 ZH2t detrst 37d5Y 22l = ATkFig. 4).
28k} 2028 BlsIth(Fig. 3). B. cinerea 15BCGDI1 20163 5 FoAME 201183 20158 FFole &
2 22591A19] oAt FEo] CCC (proline)ellAl TTC AR ECso7ke] 20 pg/mLollA 100 pg/mL Ao]Ql 5= A]

225th 230th 272th
wild-type TCTTGCCCCTCCTACTGGTGGAACAGT . .. .TACAGATGTCACACTATT
P225F TCTTGC..CTCCTACTGGTGGAACAGT. .TACAGATGTCACACTATT
N2301 TCTTGCCCCTCCTACTGGTGGA.CAGT4 .TACAGATGTCACACTATT
H272R TCTTGCCCCTCCTACTGGTGGAACAGT...TACAGATGTC.CACTATT
H272L TCTTGCCCCTCCTACTGGTGGAACAGT . .TACAGATGTC.CACTATT
225th 230th 272th
wild-type STSCPSYWWNSEETE YRCHTTI L.
P225F STSC.S YWWNS EE .. YRCHTTI L.
N2301 STSCPSVWW.SEE . YRCHTTI L.
H272R STSCPSYWWNSEETE YRC.TIL.
H272L STSCPSYWWNSEETE YRC.T]L.

Fig. 3. Comparison of nucleotides (upper) and amino acids (low) sequence of amplified sdhB gene, obtained with gDNA of Botrytis
cinerea. The black box showed that the amino acid codon at position 225 was CCC (proline) in the B. cinerea 15BCGD3 sensitive to
boscalid, but was substituted with TTC (phenylalanine) in the B. cinerea 15SBCGDI11 resistant to the fungicide. This genetic mutant
was designated as P225F. At amino acid codon 230, AAC (asparagine) of the sensitive isolate was substituted with ATC (isoleucine)
in B. cinerea 15BCGD15 resistant to the fungicide. The substitution was designated as N2301. In addition, the 272 amino acid codon
of sensitive B. cinerea 15BCGD3 was substituted from CAC (histidine) to CGC (arginine) in B. cinerea 15BCGD7 or CTC (leucine)
in B. cinerea 15SBCGDS. These two mutations were labeled H272R and H272L, respectively.

@ Sensitive type @ P225F @ N230I @ H272R

0 2011 2015 2016
100 ss000 )
.
© 80
- L
= 60 s
]
b 40 L
o
*
20 -
0 wf “--l"' 1900000008000060!
0 20 40 60 80 100 120 140 160 180 200

Number of Isolates

Fig. 4. Distribution of ECs, value (ug/mL) of Botrytis cinerea isolates to boscalid and detection of genetic mutants. In this
experiment, total 197 isolates of B. cinerea were used for determining ECs, value of each isolate of B. cinerea to boscalid and
detecting the genetic mutant type. ECs, value of each isolate was calculated by using inhibitory ratio of boscalid obtained through an
agar dilution method. Detecting the genetic mutant type was conducted by multiplex PCR using allele-specific primer of each mutant
type, as described in Materials and Methods.
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M dF= 1535 AEEUG
Aol ARg-gE 1970 #5ol tislA 3zt WHold AL
AAE A3}, Fig. 49014 B A3 o] fAxt Wold
ECsp#te]l 100 pg/mL o131 wFox=t SRI= ATt
2011 2218 5270 w5 FollA] boscalid A d5=
Z saFo|Edl, A dF EF 2728A] op|xAt &
=94 CAC (histidine)”} CGC (arginine)Z *3H=]+= H272R
oIt 201539 3870 #F FollM= 0] #F7} ECs
Zrol 100 pg/mL o3l Aoz AH AL, o] At
A4S P225F3, N23018, H272RE 3 H272L8 0] 72t |
74 ERIFIT 2016390 1077 45 oA A3
4FE 3TN0, 1 T 221 FF7F P225FEe|S Y,
N23018 2+ H272REo] ZHz} 1359} 2d57F HAEEA
SHAIRE 12709 A& dFollM= sdhB fFAtlA ofr] e
Ato] X3 SIS HET 4 (i) SDHI AtAol
3t B. cinerea A3 AL G A0 AT BAlA
AtA| F2b §9)9] ojw]ste] X|FEHA] AktA|7F F2)
A B3517] wiiol] whysith, a9 SR8 ] Aol
A= boscalidol] tiek ¥&o] AP T YEPESoE &
513, sdhB Ak 7MY Aol 218k F-917F UEl
U o¥skd 12700 FFE sdhCSF sdhD AR d71A
& #Ao] FrtEolor & Ao B}, st Alternaria
alternata®) SDHI Ao Tt A3+ Solle 4259 B
Bk ople} €9} DM = FEAHo 7} LS| wdo|th
(Avenot and Michailide, 2007; Avenot, et al., 2009). Alternaria
alternata®) 29 CollA 134H419] histidine®] arginine©-
2 X3E HIMRIH, 2T Do 12334 FEA
asparagine®| glutamic acidZ X3k DI23EE 3} 13394
FE9] asparagine®] arginine® 2 X|3HH D133REF 2] Ho]
3 5% SDHI AgAe] tiair] AddE itk a4 &

[eh

Clo

A 19 A9 C8F D] AEARolo] <JsiA SDHI A
Aol AeAS YepE A EHADE dlternaria alternata
o|&Jo| = Corynespora cassilcola, Sclerotinia sclerotiorum,
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e, A Feeld 4 et 1957 2=k
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ok ol P225F, N230L H272L& o] 7tz 1954 #a)
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315¢F SOl sdhB AN 3 EdRe)7F IelE
T 687 =, A 745 FAAM 21.6%E AAsI A

Table 1. Detection frequency (%) of sdhB gene mutants in Botrytis cinerea isolates collected from strawberry field in 2011, 2015 and

2016

Year Origin No. isolates  No. mutants P225F N230I H272R H272L

2011 Gyeongsangnam-do 21 0 0 4 0
Chungcheongnam-do 11 0 0 1 0
Chungcheongbuk-do 20 0 0 0 0

2015 Chungcheongnam-do 37 0 0 7 0
Chungcheongbuk-do 15 1 1 1 1

2016 Gyeongsangnam-do 104 26 11 0 15 0
Chungcheongbuk-do 107 26 22 1 2 1

Total 315 68 34 2 30 2

*In the experiment, 315 isolates obtained by using a technique for a single spore isolation from diseased strawberries in 2011, 2015, and 2016

were used.

¥ The sdhB gene was amplified in all isolates and the sequencing analysis of nucleotide was performed.

“* The nucleotide sequence was converted into an amino acid sequence, and the position at which the mutation occurred was confirmed by
comparing it with the sequence of the susceptible isolate. Four mutant types were detected in this experiment as P225F (CCC (proline) —
TTC (phenylalanine)), N230I (AAC (asparagine) — ATC (isoleucine)), H272L (CAC (histidine) — CTC (leucine)), H272R (CAC

(histidine) — CGC (arginine)).
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Table 2. Mean value of ECs, (ug/mL) of Botrytis cinerea isolates to each fungicide inhibiting succinate dehydrogenase according to

genetic mutant type

Mutant type No of isolates Boscalid Fluopyram  Penthiopyrad  Isopyrazam  Fluxapyroxad
Wild type sensitive to boscalid 163 7.63 a 9.76 a 1.57 a 0.50 a 4.64 a
P225F 23 >100.00 b >100.00 b 48.89b 4.08b >100.00 ¢
N2301 >100.00 b 3121 a 6.33a 0.78 a 56.92b
H272R 8 >100.00 b 6.03a 282a 0.98 a 3.14a
H272L 1 >100.00 b 80.08 b 19.97 a 2.06a 59.83b

VA total of 197 isolates of Botrytis cinerea were used for the experiment.

¥ The EC;, value represents the concentration of the fungicide that inhibits the mycelial growth of B. cinerea by 50%.
* For all isolates, the mycelial growth inhibitory effect of five SDHI fungicides as boscalid, fluopyram, penthiopyrad, isopyrazam and

fluxapyroxad was investigated, and ECs, values were calculated.

¥ By analyzing the nucleotide sequence of the sd/B gene of all isolates, the mutant type was tested.
“Mean value of ECs, followed by different letter indicates significant difference based on Duncan’s Multiple Range Test (DMRT) at p < 0.05.
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