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ZEME AT E] (Vitis vinifera L) FEFAIBIRGAE _TEH
R FEESELEERE R T Ei& ) (V. vinifera x V. labrusca,
Kyoho) K& » BRI AR pAIERAL ~ 2 - HEKE/RSE
Bm® - EEEESLEEN  EYENHEEET - R
AT B R S R BRI AME TSR 0 B R S VB STy K
R REZEM BRI  BERRESRAR - & E
RELRIIEZGNR R - FRSEHEEREEREZ
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I BB 2 7 i E SR R F R E A - R A
SR TITE Colletotrichum gloeosporioides (Penz.) Penz. & Sacc.
U340 SRR G T AR 2R A BRI TR 3 SROE R B

J& (Colletotrichum spp.) W58 24 Fe 8% EAZAER T ¥ravmE i
O o B R AR B INE A §F 5 H s8R (species) 18
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RS R G N SR EIFRIE (internal transcribed spacer, ITS) » B
SHIEE-3-tek 5 i &8 (glyceraldehydes-3-phosphate dehydrogenase,
GAPDH) ~ HLEIEH (actin, ACT) ~ fEEH (B -tubulin-2,
TUB2) ~ $5442 4 (calmodulin , CAL) ~ % T =& KBS (chitin
synthase 1, CHS-1) ~ BEkEGHZHL & KBS (glutamine synthetase , GS)
KBS (EEG (manganese-superoxide dismutase , SOD2)
SRR o B ) 8 7 FH R I Apn2-Mat1-2
intergenic spacer (ApMat) ELZ8 A Colletotrichum spp.” &7 > H
T DU AT 2 H A (multi-gene) $E5E 2 4510 KRR
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FIELES - R AT SRR 4 1
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B LREATSIN  TMEEERAKETEAT » BHRE RN
oI F 55 5 By 2 AT ARG AR« 4 = MBI
DIETEEEHNHERS (half maximal effective concentration, ECs,)
TE BB 7705 - FRSEr— R VI EERDR R (e - ML 7 AFE
BEEr 7020 o AR > BT AR O E TR
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(discriminatory dose)™ **" o 1E25}% » FHEESFTERMITEYIfAE
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HAEM - BRARESENRRZWEREREEAE (potato
dextrose agar, PDA) » B A24°C A H IR 12N 2 R4S -
te@Esbnz M - SREETHMSZE (colony) PAEAES mm
FIFLER VIHUE % B B4R HE » TRA A4S ] mLAeE 7K 2 2-mL)2
J/INE (cryogenic vial, Nalge Co., Rochester, NY, USA) » E16TC
TE M AEAE R FRORTT o A5 % R o0 o B &K U 2 SR EEJE 1R TR IR LY
1008 » /o7t B MR & TR 28 & 2 IR BRI 248K - 1E /%y
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(ApMat, 5[F$AM-F / AM-R)“ " SSHELA T - Bl
PEKZFE > 5] 354 A E (annealing temperature) 53 HIAITS
(55°C) ~ TUB2 (52°C) ~ GAPDH (55C) ~ ACT (55C) FzApMat
(607C) » HEHI30 sec o HoAth 2 Al 2§ S FEAHRH < ADRHEL T 7%
BEWEHEDHRREDY - Witk DIESHHE S EEYHET
BREEER » EFrl R YIEERE (sequence contig)
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F1173 1 B SR e B 5 B 2 AR B R AR [E) B A e PR ER 3
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G538 (multilocus sequence analysis, MLSA) - [fi bA 4 8% 4 £t
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FERFFFRETIVIET » R — Bk 2 I ST AL R P 5 S 45 R 2%
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TABLE 1. Colletotrichum isolates collected from grape used in this study

Isolate Origin Date collected
GCl1 Xinshe,Taichung Aug. 2014
GC10 Erlin, Changhua Jul. 2015
GC12 Xihu, Changhua Jul. 2015
GCl15 Xihu, Changhua Jul. 2015
GCl18 Sinyi, Nantou Jul. 2015
GC19 Xinshe, Taichung Oct. 2015
GC27 Juolan, Miaoli Jul. 2016
GC28 Xihu, Changhua Jul. 2016
GC31 Juolan, Miaoli Dec. 2016
GC37 Dacun, Changhua Nov. 2017
GC39 Dacun, Changhua Nov. 2017
GC40 Sinyi, Nantou Nov. 2017
GC41 Juolan, Miaoli Nov. 2017
GC42 Xinshe, Taichung Nov. 2017
GC43 Xihu, Changhua Jun. 2018
GC44 Erlin, Changhua Jul. 2018
GC46 Erlin, Changhua Jul. 2018
GC48 Dacun, Changhua Jul. 2018
GC50 Juolan, Miaoli Aug. 2018
GC51 Xinshe, Taichung Oct. 2018
GC55 Dacun, Changhua Jun. 2019
GC57 Sinyi, Nantou Jul. 2019
GC59 Sinyi, Nantou Jul. 2019
GCo1 Xinshe, Taichung Oct. 2019




Btk C. aenigma (ICMP 18608) ~ C. fructicola (ICMP 18581)
C. siamense (ICMP 18578) ~ C. tropicale (CBS 124949) fz C.
viniferum (GZAAS5.08608)"" ¥ « 43477 7775 2R FH HEER BT A
(Bayesian inference method, TOPALI version 2.5) °

M EE

TRy TR A TR 7 S5 7 O P B 2 F R SR 0 TR B
FHTHEIE Y THEYREE N LE Y EEP AR 420
ML > SPA IR (azoxystrobin) ~ HFEH] (boscalid) ~ H
%5% (carbendazim) ~ FEHEEEKEE (cyprodinil + fludioxonil)
BBl (dithianon) ~ Z#UJRHE (fluopyram +trifloxystrobin)
752 (iminoctadine triacetate) ~ {83 & (iprodione) ~ FLHLAK
(kresoxim-methyl) ~ $¥§% /508 (mancozeb) ~ BEFTAIHE (manganese
prochlorate) ~ 5 (metiram) ~ BRE52E (oxine-copper) °
PrR}LZE () (polyoxins) ~ BEFEHI (prochloraz) ~ 7 &
(pyraclostrobin) ~ 552 (tebuconazole) ~ 4% (thiabendazole)
FHELZ (3% (thiophanate-methyl) ~ 758Ut (thiram) %5 (R ) - &%
P8 B AR SR B Y 7 pl i R SE s EE s P il & 48 2 Bl
FEEERIBRER T o BLEEERES 2 B /F A ZER] (multi-site) H6
T > HERS ST A (5] BB F P HI 487 (specific-site)™ -

RSN REREERTFRFZE

A 5% B DAY S A S B 2 O R i % I o 5 S8 EE
(FBD) HEEEER 120k E (GCL, GC12, GC18, GC19,
GC27, GC39, GC40, GC43, GC46, GC48, GC50, GC51) 741
TR ZHHIER « Bhal S > 820 0 B2 DU B 28 88 /K7
e 2 HLHH T RS (F2 ) « MK - H49 nLAEsEER0M A
W MER Z 82X (well) » FAIAL uLEE R Z fF 0% R
(1x10° spores / mL) * ¥ERE - BUMEEE AT AL K
2 P RS o PRI IR 2 R E R LABT T RE (parafilm, PM-
996) MAMI/K Iy ZEBOE BN Bz (24~28°C) » /W% - K&
W ZRE R BN BRI Z 2% F AR o S FR
BRELR24°C B ERAE o 24/NER % 0 FOLEREENER T R T
BIFR o FREHAEE - GEEFE200EMET - DESRE
TR - BRI S S BT EE T (One-
way analysis of variance, ANOVA) » 7 FLESRREIE/KAE > AR
HUR 7 7 BT B A N R B (Fisher's protected least
significance test, LSD, 5%) °

MEBHREREERERZE

Fo s S R R S ERE AR ESE R EE
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FEA200 uLBEAEER 2 MEREENR NN E R T - S ELE
SRERII AR /K 2 PR B R 108« Ut BEm 2 Ml 05 A BRI ]
PRI - BRI/ NEFIR - DU SISO > BEIE
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TABLE 2. Fungicides used in this study

Use rate
Fungicide Formulation FRAC code' (ug ai./ml )
Azoxystrobin 23% SC 11 115
Boscalid 50% WG 7 333
Carbendazim 41.7% SC 1 210
Cyprodinil 37.5% + 62.5% WG 9,12 313
fludioxonil 25%
Dithianon 42.2% SC M9 352
Fluopyram + 50%SC 11,7 125
trifloxystrobin
Iminoctadine triacetate 25%SL M7 267
Iprodione 23.7% SC 2 296
Kresoxim-methyl 44.2% SC 11 250
Mancozeb 80% WP M3 550
Manganese prochlorate 50% WP 3 83
Metiram 80% WG M3 1600
Oxine-copper 40% WP M1 300
Polyoxins 50% SG 19 167
Prochloraz 25% EW 3 100
Pyraclostrobin 23.6% EC 11 80
Tebuconazole 25.9% EW 3 173
Thiabendazole 41.8% SC 1 420
Thiophanate-methyl 70% WP 1 700
Thiram 80% WP M3 1000

! Fungicide Resistance Action Committee (2019).
?Use rate represents the active ingredient concentration in a label
recommended on grape (a. 1.).

B KR BER Rz R ENERY cm 2 G Ba T
FRPERFSVA P I - 024°C LI ERMERTESH - DuEi
EE OB BIREE R > ENETEEL - WA FH 1Y
EHRZEZEREE  DILERSEER 2 IIEBR - BEREEE
BpRFAEA -

BERRERE ST
AR B R B R AKTHM L
B > DURPEEE A 2 oy R T TR T RRHG A - 53 25 F0 15y A Ui
THEIF, (broadly rounded ends) 2 H &AL (straight, cylindrical)
JEEC. gloeosporioidestEETE o (kB R IHSTERA AT
(ITS ~ GAPDH ~ ACT ~ TUB2 ~ ApMat) BB R METTELE -
Hrep SRR P IS A B bk 2 AP S 152 98% 2L
(F=) o KHEE > C. viniferum{522FF » HES TE&GMESHT
Z A ARIE LAy AR5y ¥ (clade) > A GCI2RGCLI5—
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TABLE 3. Percent identity of the given gene sequences between Colletotrichum isolates from grape and the reference cultures

Percent identity (%)’

Isolate' Species Reference culture ITS GAPDH ACT TUB2 ApMat
GCl1 C. viniferum GZAAS5.08608 99.4 98.2 98.2 99.4 98.7
GC10 C. viniferum GZAASS5.08608 99.6 100.0 99.1 100.0 99.9
GC12 C. tropicale CBS124949 99.5 98.2 99.6 99.7 100.0
GC15 C. tropicale CBS124949 99.1 97.8 99.7 99.9 100.0
GC18 C. viniferum GZAASS5.08608 99.4 98.2 98.2 99.4 98.7
GC19 C. viniferum GZAAS5.08608 99.4 98.2 98.6 99.3 98.7
GC27 C. viniferum GZAAS5.08608 99.4 99.6 98.2 99.4 98.8
GC28 C. viniferum GZAASS5.08608 99.4 99.6 98.2 99.3 98.7
GC31 C. viniferum GZAASS5.08608 99.4 99.1 98.6 99.2 98.7
GC37 C. viniferum GZAASS5.08608 99.4 99.1 98.2 99.0 98.7
GC39 C. viniferum GZAASS.08608 99.4 99.6 98.6 99.3 98.7
GC40 C. viniferum GZAASS5.08608 99.4 99.6 98.6 99.6 98.8
GC41 C. viniferum GZAASS5.08608 99.4 99.6 98.2 99.2 98.3
GC42 C. viniferum GZAAS5.08608 99.4 98.2 98.2 99.4 98.8
GC43 C. viniferum GZAASS5.08608 99.4 99.6 98.2 99.3 98.7
GC44 C. viniferum GZAASS5.08608 99.6 100.0 99.1 99.9 98.8
GC46 C. viniferum GZAASS5.08608 99.6 100.0 99.1 99.9 100.0
GC48 C. viniferum GZAASS5.08608 99.4 99.6 98.6 99.3 98.8
GC50 C. viniferum GZAAS5.08608 99.4 99.5 98.6 99.4 98.8
GC51 C. viniferum GZAAS5.08608 99.4 99.5 98.6 99.4 98.7
GC55 C. viniferum GZAASS5.08608 99.4 99.6 98.2 99.2 98.7
GC57 C. viniferum GZAASS5.08608 99.4 99.6 98.2 100.0 98.7
GC59 C. viniferum GZAASS5.08608 99.4 98.2 98.6 99.2 98.7
GCol C. viniferum GZAASS.08608 99.4 98.2 98.2 99.4 98.7

' Refer to TABLE 1 for isolate information.

? Reference culture: ex-type or authentic culture of each Colletotrichum species.

® Percent identity: identity between each gene sequence of the isolate with that of the reference culture in percentage ratio. Genbank accession numbers
of reference cultures are IN412802 (ITS), IN412800 (GAPDH), JN412793 (ACT), JN412811 (TUB2), and KJ623242 (ApMat) for GZAAS5.08608, and
JX010264 (ITS), JX010007 (GAPDH), JX009489 (ACT), JX010407 (TUB2), and KC790728 (ApMat) for CBS124949. ITS: complete rDNA - ITS; GAPDH:
glyceraldehyde-3-phosphate dehydrogenase; ACT: partial actin; TUB2: /3 -tubulin-2 ApMatt: Apn2-Mat1-2 intergenic spacer.

ERIEC. tropicale » N EIEEHETIERE LB (B —) -
C. viniferumRFFHGC1 73 E T EE (mean £ SE) £ 14.49 +
0.23 (12.50-17.50) x 5.48 £ 0.08 (5.00-6.00) um * EF:JF » FHHE
[El ; C. tropicale RFHFHIEGC12EE 514.96 + 0.18 (12.50-17.50)

x 5.85 = 0.14 (5.00-8.00) um * KRB RTELEML > —FHERIILT
EEFEE S EEHE (range)' "
REBHEREETFRF 2 E

PSR 2 20FEAR B R B 1 2BRIG TSR B 2 B AR — 50 > 58
RN HIT T2 SF AV EET A BEARER ~ REGE - SR - %

0~ DUSE -~ RHLER () RSt ETR » HEERRE &
ER T AT SHFREITR0% - (EH G5 (GCI2)H rzH
BRI () B B R 2BERIE (14.0%) KEE

(78.0%) HIfE T TR MBEEREH LIS ER Z AT
HSg e fHfEM - tboh - =#0RE S REMHIERGC18 K GC19
CHEtR TS HEHRMIK (6.3%) MIETETR - H
L EET S (3 U R A T 3% 2P 2R BRI IE L 38 SF R B 228 0%
LR (&M -

REBHAEREREEMERZITE
PEH20TE AL 1 2RI 7 B B 4 2B R Z fII/E It 2
— B o FRANHIE AL RAVEERA RS ~ BECh R sl

HEE > EEE R E IR & o HEMRGCI2A1E 21
ZICHF 2N HE B HME Z /EHH - B—BNE

GC46 > ZBHREBEC RIS R B AV BA R - HERFERH
HelEth s Wit R 2 IRIER - 2 BERZ ERHA
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Fig. 1. Phylogenetic analysis of the isolates of grape ripe rot pathogen
and their closely related species of Colletotrichum based on the
concatenate sequences of ITS, GAPDH, ACT, TUB2 and ApMat
gene. This analysis was performed by Bayesian inference method
using TOPALI version 2.5. The numbers beside nodes are Bayesian
posterior probability. Culture accession numbers for each reference
species are C. aenigma (ICMP 18608), C. fructicola ICMP 18581),
C. siamense (ICMP 18578), C. tropicale (CBS 124949), and C.
viniferum (GZAAS5.08608). Refer to TABLE 1 for grape isolate
information.
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MR AEYIRRE E L FRHZ IR 0V R B i
el B 2R Y o TE R o3 T AR ) 22 R RH BRIl IS EC o 8 B i
SE o BEBE R BYERE (Colletotrichum spp.) BlEZEH > —
U220 FEINR I 244 IO RE C. gloeosporioides » HEH
BARBHP AT G —(EE S/ ™Y > H%EERTFZEY
PRIFIR B 2 B B2 R o T R A 7 B 2 B R A
AL EErsiskfmpi 3 > §I4 > C. acutatum ~ C. aenigma ~
C. capsici ~ C. citri ~
K C. viniferumC 0125358960, Lo BIH A C. siamense ~ C.
tropicale }; C. viniferum & EfE L RS 2 « Hp» Y DIC.
viniferumfy 2§ H - WZEEEXFE#EEEY - FLEER
R R A B o % ARt 244 o B K REAH B e 25 o Ryl
(EEARES" % fERMIIRFZE IRk - HAEE MBI {542

C. fructicola ~ C. godetiae ~ C. hebeiense
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TABLE 4. Effect of fungicides on conidial germination of 12 Colletotrichum

isolates from grape

No. of isolates with germination rate (%) of '

Fungicide 0.0 1.0~39.0  40.0~79.0  80.0~100.0
Azoxystrobin 0 1 1 10
Boscalid 0 0 1 11
Carbendazim 0 0 0 12
Cyprodinil + fludioxonil 6 0 2 4
Dithianon 12 0 0 0
Fluopyram-+trifloxystrobin 0 2 1 9
Iminoctadine triacetate 11 1 0 0
Iprodione 0 1 0 11
Kresoxim-methyl 0 0 0 12
Mancozeb 12 0 0 0
Manganese prochlorate 0 0 0 12
Metiram 12 0 0 0
Oxine-copper 12 0 0 0
Polyoxins 11 0 1 0
Prochloraz 0 0 1 11
Pyraclostrobin 0 0 2 10
Tebuconazole 0 1 0 11
Thiabendazole 0 0 2 10
Thiophanate-methyl 0 0 1 11
Thiram 12 0 0 0
Control (water) 0 0 0 12

" Germination rate on water agar plate 24-hour at 24 °C after fungicide
treatment.

Kby GR= -~ Bl—) - 8Bt RO - 2 EWEREHEE
FABERERE - HEHE EaJgELLC. viniferum B 2% > 21
C. tropicalefl Bt FE B > (LB PN op i R A S R %
HHIEE « C. viniferumXFEEHE GC1 KC. tropicale %,
Ktk GC12 JRT R fHE (detached) "Bl "8 &) L E TR
HplEtE (FE > RER) - ARFHEFTAEEREESR - Z
A AT > Pl bh R e - RIS 49 AT B Re
I 50 BE AN B AR o AL

AT SE Ry e RIS 1 20k B 3 95 BT 36 2% 728 2 O e 7 R 71 22 70 IR
Mo N [EIEFFE DAFE 45 oF K B4 R R tElE BN AR E
TE o TR I EET] FE R R 2 B — T T A R Rk 5L
B o iR R L EEHISDRTE (ECy) MBE R EHEL 2 45
R BIHMEEBIRONESTEE R < HITAMAERON TS K&
N TR AR T fife SR B A R B ZE TR S T Y SE (dose-
response relationships) HIEZR e » R BlE AR S H Rl I B %
P EERI B RR I E o] gE i AR E T RIER AV R (L - B
o BB RS T R R B TR E SRR B
B HR AR (AR AT R IR L
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TABLE 5. Effect of fungicides on mycelial growth of 12 Colletotrichum

isolates from grape

No. of isolates with colony diameter (cm) of '

Fungicide <0.1 0.1~2.0 2.1-4.0 >4.0
Azoxystrobin 0 0 0 12
Boscalid 0 0 0 12
Carbendazim 0 7 3 2
Cyprodinil + fludioxonil 0 6 5 1
Dithianon 0 0 0 12
Fluopyram-+trifloxystrobin 0 0 0 12
Iminoctadine triacetate 11 0 0 1
Iprodione 0 1 10 1
Kresoxim-methyl 0 0 0 12
Mancozeb 0 1 7 4
Manganese prochlorate 11 1 0 0
Metiram 0 3 7 2
Oxine-copper 0 5 7
Polyoxins 0 1 7 4
Prochloraz 12 0 0 0
Pyraclostrobin 0 1 8 3
Tebuconazole 0 5 4 3
Thiabendazole 0 8 2 2
Thiophanate-methyl 0 9 1 2
Thiram 0 0 2 10
Control (water) 0 0 0 12

' Diameter range of colony on potato dextrose agar plate S-day at 24 °C after
fungicide treatment.

MR RS ORISR Y - R RGN ET A R
%(16, 17, 18) °

A 56 B ORI S e I 95 77 06 S ) 5 F 00 7 9 i
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dehydrogenase inhibitors, SDHIs) 258 Bl 7 7% 5 7 b5 T 4 fri g
PES 2200 (AIRE STUK R RIEREC. gloeosporioidestt
FEL S (R0 R Su B e AR gt o EO P R B BT I 25 TR
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P2 SR —E  BUR SR B BT EE M H A R O s Y 3 S 1

g - EEREREPUEEERFRE R E0A SRR
HEAZETHEHBFIRE BIFIVEER - Gl > 4-450K
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BRBR ~ DR S S S A1 SR A R R B T S B R e
550 FOIROHIER 1375 7 BRSBTS SR I A S B v
FEEUEEMEDY o BLAL > NIRRT R P B
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ABSTRACT
Duan, C. H.," and Chen, G. Y. 2020. Molecular identification and

fungicide sensitivity of Colletotrichum isolates from grape in
Taiwan. J. Plant Med. 62(4): 23-32.
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Ripe rot of grape caused by Colletotrichum spp. is a prevalent
and severe grape disease in Taiwan. It always incurs great losses
due to its fast dissemination by heavy rain in summer. Identification
of the pathogens based on morphological and molecular characters
indicated that C. viniferum was the dominant species and C.
tropicale was the minor one in our culture collections. Chemical
control followed by fruit bagging is the main measure to control
this disease. Therefore, the effective fungicides are vital for the
success of the disease control. In this study, we used microtiter plate
method to evaluate the inhibition effect of the fungicides against the
ripe rot pathogens. The results showed that dithianon, iminoctadine
triacetate, mancozeb, metiram, oxine-copper, polyoxins and thiram
were consistently effective to inhibit conidial germination of the
pathogens, while only iminoctadine triacetate, manganese prochlorate

and prochloraz were able to inhibit their mycelial growth.
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