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Abstract In 2005 and 2006, and in 2016 and 2017, Botrytis cinerea, Alternaria panax, and Colletotrichum panacicola
were isolated from lesions of gray mold, leaf spot, and anthracnose on the aerial parts of ginseng. Pathogenic susceptibility

to pyraclostrobin, fluazinam, and prochloraz was investigated by using all isolates of these pathogens found in ginseng.
The efficacy of the fungicides was tested by using the agar dilution method to inhibit the mycelial growth of the pathogens.
Showing a decrease in susceptibility of all the pathogens isolated in 2016 and 2017 to pyraclostrobin, it was possible to be

confirmed the occurrence of resistant isolates. Although resistant isolates were already obtained from B. cinerea isolates
in 2005 and 2006, the isolation rate of resistant isolates increased to 93.5% in 2016 and 2017. For A. panax, two isolates,
APES12 and APES9-5, with ECs, value exceeding 10.0 pg/ml were collected in 2016. For C. panacicola specially, 93.0%
of resistant isolates were collected in 2016 and 2017. In contrast, no resistant isolates were collected in either 2005 or
2006. Furthermore, none of the three pathogens studied had any confirmed resistant isolates to fluazinam and prochloraz-
manganese. To confirm pyraclostrobin-resistant isolates, analysis of the cyt b gene revealed the presence of the point
mutation G143A in all resistant isolates. Through the allele-specific PCR, PCR products of 260 bp, 250 bp, and 352 bp
were amplified only from the resistant isolates B. cinerea, A. panax, and C. panacicola. It is our conclusion that the allele-

specific PCR protocol established through this study can rapidly and accurately test pyraclostrobin-resistance of ginseng

pathogens isolated from the field.

Keywords: Ginseng disease, Botrytis cinerea, Alternaria panax, Colletotrichum panacicola, Resistance to pyraclostrobin,

Allele-specific PCR
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Al Egols, HrHy, g AR A a“”OPoi
Q4Fe) S gAkEFol Bl S Foh(Kim et al., 2008).
QA E ol Ut Botrytis cinerea= 715 ¥ 17}
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Uchida et al., 1984). QI4F AR 19223 A& HilE 3l om
Colletotrichum panacicola®l 23 ¥, £7], Eujo] nF
HFAISFCH(Chung and Bae, 1979; Han et al. 2004) —Zri °‘°ﬂ
whAo] /\]6]—1:1] WA 2 7]0f Qof I3t ZHA v
S EHA £ & Rk %
OfafjA] ARkE|m, upd o] F 11
Z Y& ok

QAAF A F Rt ¥l 359 - WAISH] HleiA =,
A A E A elsto] WA ok W o] AR WA aitE
7It e 4= ATHKim et al., 2007). AEFFol, HFH,
A 5o WA 9ot 3522 TEE A=A
TE O3, o5, A Soll 2230 Qict 2ht At A=
SAE S Zﬂﬂ oF A o]yt Yo WA o
AT Ut A= °ﬂ A Ay 8t
?l5to] A2 }—t— At
Aol A o FF9] ‘%‘% Oﬂ ol sf Al
A A7 oY A S8 A2 s A
ol Aol Al B2|3t B. cinereas 714
AFE A48T AuE Hoets A+

[oX

EI

= =270 i
AFsrol 8- oF 4= 9t} BenzimidazoleA|oll 458}= carbendazim®]]
et A 715S ECot 715222 10.0 pg/ml2 A3},
A AALS AAS AT, 20050 223t 897 o5 F
87.6%7F, 2006 o] E]gt 1477 5 Fo A= 96.6%7}
A 3FA o] 9l th(Kim, 2006). T3 ol 43}= strobilurinA
At AlE WS A8 1A e A AIEA, v ookt
Al U] Aol BIREHA ARG-EThE Y A3 Aol
wo] BEql gl o A% B. cinerea?}: Colletotrichum

spp. 5 ollA Aol Hiko] Ql= Ae o] th(Kim et al.,
2014; Kim et al., 2019). 3}A|F 59 S4 o] E HA&Ao2
WA Sk= QA A4 WY+t B. cinerea, A. panax, C.
panacicola®] A FEHOE FELH A&t
A= At Aol tiet FRA QL A AH L ol FolA| A
A2 AHlolth wEba & Aol A= A4k A F ol A
ALEY Y, AT, BAYS oI 35 Wt
3f|A] pyraclostrobin} fluazinam, prochloraz-manganese &
3}_9] }\]—__anﬂ_‘:': /\ﬂuLg}oq 7L Bﬂ%;{.g} AL_;Lxﬂ 7\131./\4
A& AAEGAL 0|2 aliA] 200597} 20061 of] Halet 2t
O] w2} 20167} 2017 0f| 2] 3 o5 ARE-8L,
04 Foto] 7171 Aol o] Z+ Wt o] AbAlo] it 74
W3S 2ASFITE 3 pyraclostrobin®] thall A g
WA oy b §HAE B4l G Bl o) 4
A5 wo] RS 0|9 g 2A YT,
A =ddo] ¢ ]E 7]H}OE AarA ol A& Al
Lo|5A A& 4= )= allele-specific PCR HH-2 &2 519 Th
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Qo] AHY

BB, AT, DAY
200619 Kim(2006)2 Lee(2008)0] 0
welste] FEsta A E A A Hastd
0k 2016 20170 &
cinerea= YAt 5, 54, 53
gx}oﬂ/\—] Ao o] WAS Hol L.
Qe A Reac AU Bhe sk e 2
220 3919 97 3942 119] 91 20] HLES 565 mme) 2
et 1% Aot AANFEFT 70% oflghZoll A W
7, dgEaRes AT RULED 248
A ARAZ T, & A iAol &8E 20°Cof Al
B Fskaich. oF oA 147t vjeket F, wi Ao 4%
W52 Arto| A wtAF 2748 B0 300 pg/mle] streptomycin®]
%7} potato dextrose agar (PDA; Difco'™, Becton, Dickinson
and Company, Sparks, MD21152 USA) v z|of| &4 ujjofst &,
AT BATAS T} Helsto] 22job2 Bhu el
A panacs 34 BAB} 35 84, 59 24t ERol Y2
Qake] E71 9 Qe AR she] 25°CY] Eetay AdAtollA A
Aejateiet. et FHo| FAH BAZAE R F o=
Wk, Pttt AR E G2 93(AE: 1.5-1.8 mm, ZoJ:
90 mm)g AHg-sto] TR} ZEe|shgict. woj #AY 22} g
7H§‘ 25°C2] PDA HjA|ofl Hgsko] 247F uj kgt 3, ufj Ao
FAE o AHEE Ho] EFudAE SRS C
panaczcola~ I FF, 594, 28 5 S5 ) A9 =
A9 it 2 oA FAE Y] HAE Hole A& ARt
At Eefskoich A Aol F4E ©AE e 2A4E 34
At Wi Fo] & o]gate] wo] 300 pg/mle] streptomycin©]
H7He SRl dEAlA A dgds etk
EZA U E 1x10" 7)/mlE ZATE Sl 50 ulE 300 pg/
ml9] streptomycin®| F 7} PDA vjZ|o| L2 =d3F &
25°Co| A 27t viFstgiTt. ui x|l FAH 52 wlojuo]
i FA = ARSI A ol ARERE A 7HA] W et o
= B. cinerea?} 444F3¢, A. panax?7} 404+=¢, C. panacicola?}
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YO HAE Bt e S| EI AR Fo] p85to] 2
ml2] eppendorf microtube]| glass beads (A|5; 0.1 mm)2} 3H7
931, 70°Co| A 12A17F o)A B4 723 3, bead beater (bullet
blender, NEXTADVANCE, USA)E ©]-8-5}0] n}4f3}$ith. Exgene
Plant SV kit GEXgeneTM Plant SV, GENEALL BIOTECHNOLOGY,
KOREA)E o--5tof whaljat st Aol 4] gDNAE FZ&3H3iTh
ITS5 (5-GGA AGT AAA AGT CGT AAC AAG G-3°)¢} ITS4
(5°-TCC TCC GCT TAT TGA TAT GC-3’) primerE ©]-8-35}¢
WYt ITS 992 5353 F 714 9S 248 44
ZFE S 9J5}o] 8]4% gDNA 2 pul, EZPCR™ 5x PCR Master Mix
4 pl, Z}2}9] primer 1 pl, k574 12 plE S8l 5 20 ple]
PCR HF$913 WS T ITS 18 2E51] 91510 95'Coll A
4% pre-denaturation= 53§38t ¥, 95°Coll A denaturation 30%,
52°CoJ|A] annealing 302, 72°COY| 4] extension 45%2] HH-3-& &
353 WHESEI A, 72°ColA] 75 final extension THAIE A% H
HH8-2 TR PCR Akz 221 915}ko] 0.5X TBE buffer®}
agarose ES- 0123} 1% agarose gel-& TH5-11 safe view"™ classic
A ARl SHAl H7kgE 3, 100 VO Yol A 404 52t
7199253t} UV-transilluminator (FluoroBox, NEO science,
KOREA)E AM-3l0] S-Z% PCR AH2-2 #Hel5H3ith. Expin™
PCR SV kit GixpinTM PCR SV kit, GENEALL BIOTECHNOLOGY,
KOREA)E AM&-5F0] PCR 53 AH=2 A8t 5, Macrogen
(Daejen, Korea)ol st} SEH A% G741 ES
A S5 Bt H7]4EE NCBI (National
Center for Biotechnology Information) & #]©] 2] 2] Basic Local
Alignment Search Tool (BLAST, https://blast.ncbi.nlm.
nih.gov/Blast.cgi) oA S-AES EHelsh & E4 51 th

Qlat AT CHSt w2 St AN

QA A AR-9] 371A] B toll gt pyraclostrobin (a.i. 20%
WG, t}3), fluazinam (a.i. 50% WP, T}5), prochloraz-manganese (a.i.
50% WP, AH)Q] FAME A &3S 217 6 mm| Petri 5 Ao
PDA Hj A& Fo] 33 o2 2ARsIelth. B Ytol gt
pyraclostrobin®] wAHEA AA| B IS 2AFSH] 9J8l A1, PDA
HjZ] o)) A T8 YA 8l= salicylhydroxamic acid (SHAM,;
Sigma-Aldrich Chemical Sciences Co., St. Louis, Missouri, USA)&
dimethyl sulfoxide (DMSO; Junsei Chemical Co., Ltd., Tokyo,
Japan)©|| &3 A1A FF FE7} 100 pgml7t =25 37k
AT E3 Al 2o WAsE7] 918) 2= PDA ] o
streptomycin®] Z|FF =7} 300 pg/mlo] === Hrlshgict Z+
ol thalial Agell ARg-gt 3% AtA|S] uix]ofA] F=
Table 17} Zro] 2A3sto] ARG-81Th. T3] A2 Q184 B.
cinerea+=20°COl| A, A. panax®} C. panacicola=25'Co| A 44
1268 Mo, 250] Aol 17 3 mme) A} 274

Woljo] BEUOE Agach BFUOE ol 34t
be sabelo] A Eulo] g8 HolAl HEshech
WARS AFAE BT e THE wjHo) A
0] 1740] 30 mm o)4fo] H|91E uh 2t HelFolA] F5e)
& 2ARBIh AFAIS] FAA A% A
Hel et Aol e] 39 4742 vlwstol ofefst 2ol

Astedet
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H2IFO| RNA £&1t cDNA &

T2 123 WYt A E bead beaterE 0|85}
ot 5lal, Hyrid-R kit (GeneAll Hyrid-R, GENEALL
BIOTECHNOLOGY, KOREA)E ©|-8-3}o] RNAE F=Z3I4itt.
23 RNAE nano drop (OPTIAEN NanoQ, KLAB, KOREA)S
AMEE 29t B =S FHl5t9 1, B E RNAE 50 ng/ml=
S]Asto] Aedof o]-83th. =% RNA+= 5X RT Master
Mix (Reverse Transcription 5X Master Mix, ELPISBIOTECH,
KOREA) 0]-83}%] cDNAS sttt T4 $8ll SX RT
Master Mix 4 pl, Nuclease-free water 11 pl, RNA 5ulE 3715}
MRS WHE 5, 37Col A 60, 94CollA] 52 PCRS 3%
FFEsch

Cyth

Cyt b +8AE FH57] §8to] B. cinerea+
gDNAE AE-35199M, A panax®} C. panacicolaw F+&3t
RNAZ AH&3to] A4S cDNAS FF 02 AMR3Hgith
Table 20| 4] H= A3} 0], B. cinerear Qo 13ext/Qo 14ext
primerE ARE-0F1.2.H, A. panax= CBF1/Apcytb-R primerE
A5 THMa et al., 2003; Samuel et al., 2011). C. panacicola=
2 A ol A AA] A ARE Cpeyt-F/Cpeyt-R primer&
AHESFATE AR SES A3 PCR 271 95°Col|lA] 2+
pre-denaturations 53§38t 5, 95°Cof|A] 1& denaturation, 15
annealing, 72°Col|A] 135 extension2- 353) WHES}S 1L, 72°Col| A

i final extension A& AX F ¥e-& TR 24
H <ol w2bA] annealing 2% B. cinerea= 56'C, A. panax=
56.1°C, C. panacicola+= 54.5°CE2 243}t &HE PCR
AHEES Fl5l7] Y3l 0.5X TBE buffer= 1% agarose gel
THE0] safe view™ classice A AREEFol| U H7lst o,
PCR 4H=Z9] loading dyeE AH= 5 pl B 1 ul¥ 718k 75
VoA 6057t A719% 3t 3 UV-transilluminatorS A-8-540
SEAES I SEH AR E2 Expin™ PCR SV
kit(GeneAll, Seoul, korea)S AR8-3l] A8t & Macrogen(Daejeon,

x| 5=
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Table 1. Experimental concentration of main fungicides for three pathogens for agar dilution method
0 Concentration” (ug/ml
Fungicides a(')l' Formulation” Medium® (hg/mD
(%) Botrytis cinerea Alternaria panax Colletotrichum panacicola
+

pyraclostrobin 20 WG ;)IE:M 200, 40, 8, 1.6, 0.32, 0.064, 0 50, 10, 2, 0.4, 0.08, 0.016, 0 10, 2, 0.4, 0.08, 0.016, 0

fluazinam 50 WP PDA 1,0.1,0.01, 0.001, 0.0001, 0 50, 10, 2, 0.4, 0.08, 0.016, 0 50, 10, 2, 0.4, 0.08, 0.016, 0

prochloraz 50 WP PDA 10, 2, 0.4, 0.08, 0.016, 0 50, 10, 2, 0.4, 0.08, 0.016, 0 10, 2, 0.4, 0.08, 0.016, 0

¥ This abbreviation indicates the active ingredient in a commercialized fungicide.

* The formulations of commercialized fungicides used in the experiment are shown. WG; wettable granule, WP; wettable powder.

9 This shows the type of medium used when measuring the mycelial growth inhibition effect of a fungicide using an agar dilution method. In order to measure
the mycelial growth inhibition effect of pyraclostrobin on B. cinerea in potato dextrose agar (PDA) medium, 100 pg/ml of salicylhydroxamic acid (SHAM)
that can inhibit alternative respiration of the pathogen must be added to the medium.

 In order to investigate the mycelial growth inhibition effect of fungicides, the final concentration of fungicides in the PDA medium was adjusted as shown in
Table 1.

Table 2. Primers used to amplify the ¢y b gene of each pathogen and annealing temperature of PCR

Annealing temperature

Pathogens Primer 0) References
Botrytis Qo 13ext (5’- GGT ATA ACC CGA CGG GGT TAT AGA ATA G -3°) S0 Samuel et al.
cinerea Qo 14ext (5’- AAC CAT CTC CAT CCA CCA TAC CTA CAAA -3%) ' (2011)

Alternaria CBF1 (5°- TAT TAT GAG AGA TGT AAA TAA TGG -3°) .1 Ma et al.

panax Apcytb-R (5°- CAC TGA AAC CTC CTC AAA TGAAC -3°) ' (2003a)
Colletotrichum Cpeyt-F (5°- ATG AGA ATA TTAAAA AGC CAT CC -3°) 545 This stud
. . 1SS
panacicola Cpeyt-R (5°- CCT AAT GGG TTA CTT GAT CCT ACT G -3") y

Table 3. The primers and the annealing temperature in allele-specific PCR used in this study

Pathogens Type of DNA used in PCR Primer Annealing temperature(°C)

Bc-AR-F (5°- GGC AAATGT CACTGT GAG C-3’)

Botrytis cinerea gDNA 55
Bc-AR-R (5°- ACC ATC TCC ATC CAC CAT ACC T-3%)

CBF1 (5’- TAT TAT GAG AGA TGT AAATAATGG -3°)

Alternaria panax cDNA 56.1
Apcyt-al-R (5’- AGG TTA GTAATAACT GTW GCA G -3°)

Colletotrichum panacico- DNA Cpeyt-F (5°- ATG AGA ATA TTA AAA AGC CAT CC -3°) .
C

la Cpeyt-al-R (5°- CTG CAA CTG TAA TAA CTAACC T -3")

Korea)ol| 87|44 248 oJ=|5t9ich ¥4 cytochrome b primer 32t £0] A3 FFE2] 23Hd 4284 A7]7¢

B AZ A7) 4GS BioEdit ver. 7.0.9.02 o]-&3] 42|gt H, YA 8= allele-specific primerS A|215}9 allele-specific
PHYDIT ver. 3.19|4] &3}tk NCBI GenBank®] &7] 498 PCRE 433} TH(Table 3). PCR HH-5-21-2 DNA 100 ng, 10x
3| v|wslo] §-AUAS B4k Thumb Taq Reaction Buffer 2.5 ul, dNTP (Z} 10 mM) 0.5 ul, 10

pmole®] Qol3ext2} Qoldext primer Z+ 1 pl, 5X Band Helper™

Allele—specific PCRS 0|28t Hel7#o| X{ghM 2™ 2.5 pl, BioFACT™ Thumb Taq (2.5 units/ul, BioFACT™, Dagjeon,

Pyraclostrobin®|| tjgt A& 0 A 55 ok Korea) 0.25 pl, But5-74= A7Fste] 5 25 w7t 7] THE9ict.
w27 AE3517) Y3l B. cinereat Jiang(2009)0] ARE-3} primer HHS-Z -2 357} 95°COf| A pre-denaturation=- =351 2 40%
SF AT A panax®}t C. panacicola= pyraclostrobin # 34 ++5-2] 501 94°C)| 4] denaturation, 402 5-2F Z+ primer]] we} =5
cytochrome b -2 Aol A] ofu| Al 2|8k HOE A3 reverse 2e}5}ho] annealing, 15 303 F-¢F 72°Co|A] extension 353
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HHESEGIAL, 72°CollA] S ot BHEAIZ] & F R8I TH(Table
). o1 PCR AREE& 2151|918 0.5X TBE buffer= 1%
agarose gel& THE0] safe view™ classics W4 ARl 2]
718k 2.0, PCR AHZ0| loading dyeS AH=E 5 ul B 1 plX
A7¥ske] 75 Vol A 6057t 719 % 3t & UV-transilluminatorS:
ARESHo] SEARES SIS

(=)

= x =
QI XA 371X| o WRlR 22| U £
e Akol Al Hﬂ'P AUl oot o A7 H W,

c
W2 ITS5%} ITS49) primerE ZFZ

o A7 d o GAAS NCBIOA] 2AMSE A3, B.
cinerea, A. panax, C. panicicola= 573 % It}. Alternari
Colletotrichum <& H Q-2 Al 54317 Y= %
FAA A7 DS o] &gt AlE A4S AAsto{of shA|RE 2

i
>
o
L"L
2

S
A
N

AT A AFAY WSS 2ABH: Alo] Bojglgow
ok A 971D B ER e AL A

Qaik

22| A|7|7t CHE HT TThe| Amw|of CHEr 24 H3l
Table 40141 Bz A3k o], 7k W et o] it ECatt S AN
o, ECs%te] 50.0 pug/ml ©]4Q1 #59] ECsofk- 50.0 pg/ml=
AArsEI ), A3 of| AR8-3} pyraclostrobin, fluazinam, prochloraz2]
2831 =7} 1.9 mg/l, 0.135 mg/l, 34.4 mg/lo] 7] Wjo], 5 =2
ECogkol that A=) =7} 3 2] okrk. wheba] B ECodhe AlATE
), 50.0 pg/ml ©14+2] Fh-2 L 50,0 pg/ml2 AT
Pyraclostrobin®] o3t 3% {2 ECowii= H|1L5}o]
H1 2005-20069 F2ET 2016-2017 73 A kol A
Z75tg oy, EAFoz oA A =713 A=
et Hdkof §I2IT). B. cinerea®] 4t ECsodt-2 2005-20061
Ackat 2016-201749 et 7hol] H]wate] B 29.298 pg/ml
(0.039 - 50.0 pg/ml o]Ahol| A 41.344 pug/ml (0.117 - 50.0 pg/ml
o|Ah& Araslitt. 18], Wi ECuifo] Aatagol s
okl FAA Fode] Y™ AL, 2005-2006E
etol| A ofn] Aatdel #F57F vk R = Q17| witoll Bt

Table 4. ECs, values of pathogens isolated from diseased ginseng against fungicides

. d)
Pathogens” Fungicides” Ii)(;lzzzn islj);)e;tzg) Min. FCo vall\::::g/ml) Max. t-value
Botrytis cinerea Pyraclostrobin 2005-2006 3 0.039 29.298 >50.099 ....... 17577
31 0.117 41.344 >50.000
Fluazinam B3 <0.001 0.001 0.009 o
3 <0.001 0.001 0001 ol
Prochloraz B3 0.003 0.070 0.150 o
3 0.011 0.054 0172 10
""" Alternariapanax  Pyraclostrobin 12 0.013 1889 6.430 .
28 0.117 3714 39.712 07
Fluazinam o 0.079 0.543 150 1'906; """""
28 0.056 0273 2.087
Prochloraz 2 0014 0277 1116 .
8 0.003 0.502 3870 0300
" Colletotrichum  Pyraclostrobin 3 <0.001 0.017 0.118 o
pancicola B <0.001 1,837 >50.000 554
Fluazinam 9 0.020 0.052 0097 Lol .
17 0.027 0.042 0.069
Prochloraz 19 0. 00] 0.01%{ 0.04@: ......... 1.674;‘; ........
2016-2017 17 0.001 0.008 0.017

¥ Pathogens causing three major diseases occurring in ginseng leaves were selected and used in the experiments.
® Fungicides used in this experiment were selected based on mode of action (MOA) group of fungicides with different MOA. Pyraclostrobin is a C3, fluazinam

is a CS, and prochloraz is a G1 group.

9 Isolates collected in 2005 and 2006 and ones in 2016 and 2017 were used in this experiment. Each number represents the number of isolates of ginseng

pathogens used in the experiment.

¢ The ECx value represents the concentration that inhibits mycelial growth by 50%. The mycelial growth inhibition effect of the fungicide on pathogens was
calculated by performing the agar dilution method on PDA medium. When calculating the average ECs value, the ECs value of the isolate with that of more
than 50.0 pg/ml, such as in the case of pyraclostrobin, was calculated as 50.0 pg/ml.
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ECsigtol A4l 2016-20179 Hekat BAH o2 (9|5 Zpo]7}
A ATHFig. 1A). 4. panax A Ht ECoato] 1.889 ug/ml
(0.013 — 6.430 pg/ml)oll Al 3.714 pg/ml (0.117 — 39.712 pg/ml)=
Fo st AR FAA ] 942 $llthFig. 1B). §HHe| C.
panacicola®]) T+ 2005-200610 A+] Ht ECygtS 0.017 pg/
ml (0.001 ©]3} - 0.118 pg/ml)ol Al 2016-2017 A0l = 11.837 pg/
ml (0.001 ©]3} - 50.0 pg/ml O AF5slHA BAH O R E
T2 7S YeRY It o] k= Fig 1ColA B AAE
2005-2006 Fetoll= AgAIQl FF7F A glsid vhde,
oF 10 o] A 291 2016-20174 A kol A= 93.0%2] #5327}
Al o= UERL7] otk

Fluazinam< 359 H Y B0 tisfA =2 dARIA
AR EIE Ho|1l 919l e, 2005-20061 7} 2016-2017 w5
ko] Hat ECotell & 2to|7} gl AR 0 2% {-20)/4d0]
A4t} B. cinerea®] 735 2005-20061 9 E-2]5t B. cinerea
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Fig. 1. Distribution of ECs value (ng/ml) of Botrytis cinerea (A, D and G), Alternaria panax (B, E and H) and Colletotrichum panacicola (C, F and I)
to pyraclostrobin (A, B and C), fluazinam (D, E and F) and prochloraz (G, H and I), respectively. The isolates of pathogens used in the experiment were
collected in 2005 and 2006, and in 2016 and 2017, respectively. The ECs, value represents the concentration that inhibits mycelial growth by 50%. The
ECso value of each isolate for each fungicide was calculated by obtaining the mycelial growth inhibition rate using the agar dilution method.



M - Abdulkareem Abdullahi -

286 oM -
70
1 A
60 02005-2006
50 4 ®2016-2017
40 -
30 4
20 4
O Ll
<0.01 0‘01-0_(}5 0.05- 009 0.09- 013
70
1B
E 60 0 2005-2006
% 50 4 W 2016-2017
Ja
%5 40 -
c
0 30 A
S 20
o
0 4 T T T
<0.01 0.01-0.200.20-0.400.40-0.60060-0.800.80-1.00 =>1.00
70
60 - C
02005-2006
50 4 W2016-2017
40 4
30 4
20 4
N [1 [
pinm | . : .
<0.001 0.001-0.01 0.01-0.02 0.02-0.03 0.03-0.04

Range of ECs; value against tebuconazole

Fig. 2. Distribution of ECs, values of Botrytis cinerea (A), Alternar-
ia panax (B), and Colletotrichum panacicola (C) according to each
range.
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Yol A QoI At Aol thet A7l Hirk o] qlrk.
A, EFH Y, AM, 9], X%, o, 2t § ohget
Aol A H2] 3 Qol AFtA| A8 Q1 Colletotrichum spp.2) cyt b
FAA ol A G143A2}F F129L9] =0l 7} A = ok (Cortaga
etal., 2023).

CTGCCCTACGGGCAAATGTCACTGTGAIGGTRCTACAGTT
CTGCCCTACGGGCAAATGTCACTGTGAIGCTERCT

Alternaria panax APEST
Alternaria panax APJP2
Alternaria panax APES9-5

Colletotrichum panacicola PGYAZ
Colletotrichum panacicola PGNS6

CTTCCATATGGGCAAATGTCTTTATGA
CTTCCATATGGGCAAATGTCTTTATGA
CTTCCATATGGGCAAATGTCTTTATGA

TTACCATATGGACAAATGTCTTTATGA
TTACCATATGGACAAATGTCTTTATGA

ACAGTT
GGTRCTACAGTT
GGTRECTACAGTT
GCTECTACAGTT
GGTIGCAACTGTA
GCTGCAACTGTA

Fig. 3. Comparison of partial nucleotide sequence of the cyt b gene amplified with each PCR primer pair in Botrytis cinerea, Alternaria panax and
Colletotrichum panacicola. The primers used for amplification of the cyz b gene are as shown in Table 1. Among each pathogen, isolates suscepti-
ble and resistant to pyraclostrobin were selected, the ¢yt b gene was amplified, and the nucleotide sequences were compared. The isolates suscep-
tible to pyraclostrobin were B. cinerea JP7, A. panax APES7 and APJP2, and C. panacicola PGYAZ2, and the isolates resistant to pyraclostrobin
were B. cinerea ES10, A. panax APES9-5, and C. panacicola PGNS6.
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Fig. 4. Allele-specific PCR for detecting isoletes of Botrytis cinerea
(A), Alternaria panax (B) and Colletotrichum panacicola (C) resistant
to pyraclostrobin. A total of 15 B. cinerea isolates were used in this ex-
periment, numbered 1 to 15. Of these, isolates 1 to 7 were sensitive to
the fungicide, and the remaining 8 isolates were resistant. The numbers
for each isolate were as follows. 1; GBGN24, 2; GBIM4, 3; GBGCIS,
4; 77803, 5; 70048, 6; JP7, 7; GS9, 8; ES4, 9; ES10, 10; JP9, 11; JP6,
12; GBGN47, 13; GBKP5, 14; GBES3, and 15; GBJP8. Numbers 16
to 30 were 4. panax isolates. Among the 15 isolates, only APES12 and
APES9-5 were resistant to pyraclostrobin. The numbers for each isolate
were as follows. 16; GIIM2, 17; GIIM13, 18; GJHS1, 19; GTHW1, 20;
GIYWI, 21; GIIMS, 22; GIGC1, 23; PGGS4, 24; APJPI, 25; APJP2,
26; APESI, 27; APJP2, 28; PSGS3, 29; APES12, and 30; APES9-5. C.
panacaicola isolates were from 31 to 45. There were seven susceptible
isolates from 31 to 37, and the rest were all resistant isolates. The sus-
ceptible and resistant isolates were as follows. 31; GPYYS, 32; GPPY3,
33; GPPS2, 34; GPOC2, 35; GPNN4, 36; GPAM1-6, 37; PGYA2, 38;
PGES4, 39; PGHP1, 40; PGCUJ4, 41; PGES3, 42; PGGS7, 43; PGNS6,
44; PGYA1, 45; PGHC2. M and N represent 100 bp ladder and negative
control, respectively.
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2 2k QIA} RANof vhAlSH Al asdoly ML ek o] WA A Botrytis cinerea, Alternaria panax, Colletotrichum panacicola’s 200593}
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WY oy b AR BT AT, A dtFollA = BF Gl43AL) FEARIo)7H Atk 2|k A7 ES o]-8-51q allele-specific PCR-S
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