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BRARSIEG W A WE R R R A 0 ERARIR MG HME R E F o AR - RPTR A 2012-2020
FHANHEZAEREZABLAHIRBEABINARE > LE R MR E R - Edhamoid
Colletotrichum spp. »-#i#k 3£ 40 #& © F| A internal transcribed spacer (ITS) * lyceraldehyde-3-phosphatedehydrogenase
(GAPDH) ~ actin (ACT)  beta-tubulin 2 (TUB2) ¥A & chitin synthase 1 (CHS-1) ¥ 5 XA RE L % &5 7%
MR BRETABRRBERET »dx 28 @5 #itk £% 4 Colletotrichum viniferum > 3£ 57 5 5%, w8 R ¥ 55
(subclade) * B34k X FEE T Wbk o ff o] 3% 85.7% @ B3N R L AL C 9 HHRAE & 3.6% 3 etk a 5 4
Colletotrichum fructicola (7.1%) % Colletotrichum tropicale (3.6%) ° C. viniferum R ¥ 5% T B k> $6.[E &35
URBPEWM P THABRRFERE - BAH AT B R B2 IRE R0 B4~ K Bl B4 %5H
HERAW ATLERLBFTAWMBRER L5 d3 C viniferum - W H 8 4 REERXBERBATF C
viniferum R X f# T ZHAHRT B RMBREFRET > EARTHEMERAFE ARG R BT
WH ERIAERBRER C viniferum R ELFH T ZHRTIIRERIFER > B S A XS MRk ¥4
B R EFHERBERF > RERFEREZEE - 5 AR TIARERBA - ssh o HEATIEAE R IR RE 2
WA AR A ARIE A S L o e MO R R MR R & R T #EZL C. viniferum R I F2F T Z Bk T3>
HWHARE £/ BRELAFAKRERS A RGBE -

RABEE | JOLPEE ~ B SRENFYIRGR G - ®EIRIER - Colletotrichum viniferum °
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PHEEEC TERBERPRE  Aite
VB BRI — B L Sy 2 H Colletotrichum
gloeosporioides Penz. 5|2 (Kuo & Hseu 2003;
Ko 2008; Tzean ef al. 2019) « 2K » ¥TEEMSY
TG B RBI{EZ[E 1 Colletotrichum >
TR S B AR R - AP RER
BUETTIE ) » WETR IR FEE B RIFLL
KRR R O EEDAE R R - It
Hh o B — B RIE R B A R
MR 45 1E By Colletotrichum sp. B 1 i E %
B AGEESERMSERIIEEGR G
(multi-gene phylogeneic analysis) J5 1] i & fi
i e &5 (Cai et al. 2009; Prihastuti
et al. 2009; Weir et al. 2012) - R E P
GG N LIESE E B C. gloeosporioides
HYBRAR HE v F o B 2 (A - R 2 18
FC. gloeosporioides 18 & 1E; (C. gloeospori-
oides species complex) 2 [ % C. gloeospo-
rioides y (C. gloeosporioides sensu lato ¢ C.
gloeosporioides s.1.) (Rojas et al. 2010; Weir
etal. 2012) -
MR 2 B 5 o A &S R U 5 | E A &
J& R 1% R & > &5 Colletotrichum aenigma
(Yan et al. 2015) ~ Colletotrichum citri (Lei et
al. 2016) ~ Colletotrichum fructicola (Peng et
al. 2013; Echeverrigaray et al. 2020; Lim et al.
2020) ~ Colletotrichum godetiae (Zapparata et
al. 2017) ~ Colletotrichum hebeiense (Yan et al.
2015) ~ Colletotrichum karstii ~ Colletotrichum
Colle-
totrichum nymphaeae (Echeverrigaray et al.
2020) » LK Colletotrichum viniferum (Peng et
al. 2013; Lei et al. 2016; Oo & Oh 2017; Eche-
verrigaray et al. 2020; Gao et al. 2020; Yokosa-
wa et al. 2020) % 10 {EfE > 57 /E R C. gloeospo-
rioides 8 & 1 ~ Colletotrichum acutatum 8 &
FELLE Colletotrichum boninense &% - 5
#h > intergenic sequence between Apn2 and
MAT1-2-1 (ApMart) E:RZ Fp 3w R INA Bh
75 Colletotrichum spp. 2 4748 (Silva et al. 2012) -
TR4% ApMar FRFPHIRTETTHI 038 - HH
AEZEHEEGZ —HNREBENEE G5
W R & By C. fructicola ~ Colletotrichum per-

kahawae ~ Colletotrichum limitticola ~

seae ~ C. viniferum ~ Colletotrichum spp. * DL}
SHM—EEEL C. viniferum ¥ G RAMEE T 2
TREEV (clade V) JEEE (Yokosawa et al. 2017,
2020) °

BE PRAE 25 30 W& 5 | 2% 4 % 1 B3 9 1Y T 229
R EEE R — » C. viniferum SRG M 2 %
BEG R AR P oAy R B~ SRR H A DA
K EFEMAIEPEZH (Peng et al. 2013; Lei et
al. 2016; Oo & Oh 2017; Echeverrigaray et al.
2020; Yokosawa et al. 2020) » i 5o B B 7Y
W R E R TN AR E o A
Colletotrchum spp. ¥ & R EE T S0VEE
£ (Yan et al. 2015; Lei et al. 2016; Echeverri-
garay et al. 2020) ; i H AR 5EHEH > 5
WA VI C. viniferum BRI » FELIEL C.
viniferum ¥ %% BE (A & BT 8l NAE R G R (A
EHERATZEEV (clade V) By HERR > H
EfEBEFHESEUR T - REIEN T ZEH I F %
EE (Yokosawa et al. 2020) » fFIfE A THAT
JFPEEVy o

F &8 > C. viniferum ¥l Colletotrichum
tropicale 1% 25 0] JBL S A ) S B A A g
&% (Duan et al. 2018; Lin et al. 2019; Duan &
Chen 2020) » Hd Duan & Chen (2020) H&&
P TESEER 2 AEREERE Lok
24 ¥R JE R B 0 7% 38 47 #7 internal transcribed
spacer (/TS) -~ glyceraldehyde-3-phosphatedehy-
drogenase (GAPDH) ~ beta-tubulin 2 (TUB2) -
actin (4CT) %1 ApMat & 5 (BERNZEE T3
WM LA C. viniferum ERHE GZAAS5.08608 5y
2B B R o A 45 R EUR Ko 22 R B C
viniferum & % R 7 51 1 18 [5] £ £ & (98.2—
100%) » 55 2 ¥k B C. tropicale F: R 7 %1 694
EIE R (97.8-100%) -

R R BB ERE &R | 38 5 E
i 2 IR R R B M - AR SE E 2012 4R
PEEERIEESE - 6 ~ LA EAFEELE
S ) Mt R — R A M T O B TR LI B R Y
WERE - MR 2 F REF B~ SEHTE
F DU ELE BRI E & 5 (4FRR 5L » Eleusine
indica) * 57 EE{S Colletotrichum spp. H % DL
ITS ~ GAPDH ~ ACT Jz TUB2 ~ chitin synthase
1 (CHS-1) FER Z W Fe 51 o i & Bl (%
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KHBEZHHEE  BEESIEEEEaRERE
7 B R JE P B R DA R & B A AR AR
A N TS > il T 2RIEE C. ovi-
niferum 154 %) 45 & 55 7 B 4H 4% 2 0 [
MRS EZ R -

MBS E
BEREREERD HERE

EHREY SR E S SR EE
PH 6 HFEE - FREEFTE - 26K
RATER ~ PTG S - K0S A5
HEEREE - WENEAGERERRE - &
F DUk & A R KRR A B (R AR
) o 540 0 A KB EA A EGE R R R
H o STEERREE R o Bk 2 AR B AR AR
Seiatg o VIEUH RS EIAT 7 x 7 x 2 mm’ >
48 0.5% K AW#H (NaClO) R EHFE 30 s » DU
FARFZR ALK 1% ER B EHE
I8H5 (Potato dextrose agar, PDA; Difco, Lawrence,
KS, USA) ‘P ait b MENER 24-
280C) 1-2 d XML BRI PE - R A TER K
R EE 7Bk E - RIS R & EE
HYSH &% B - ok R R AV SH AR B = ek [
45l 2 ZHEREE < 100% -

A B &SR Colletotrichum spp. B
BEHU B — 7 AR RS N Y PDA - I EF
PEJRLLI2 b EEEE T d DIBZEEE
By TG - — HHERL Ry Colletotrichum
spp. > YJHLEHE (10 x 10 x 0.5 mm’) » FEE
fE B 0% 7 )H (100% mineral oil, Sigma, Burl-
ington, MA, USA) F1{#7F -

RRED S EE

HEL & genomic DNA (gDNA) #fi it = &k
FPRDL PDA 1A 25°CHE® 10 d 1% > SIEUEH 44
TS 2 28 KR - EA%IAR 1 500 pL CF buf-
fer (BREABFTEC T » RERER) REHES
HAMERE KA REIE 1.5 mL #0%E -
LA 11,269% g @ 0s 10 min o UL HL 200 pL 3%
WS E N 1.5 mL #3008 - 165 100°CRZA T
£ 10 min & > B ZE DL ddH,O #5fE 10x &L
BN -20CHRFHH -

BN P 5 R e E e ¢ KA E e i
Z gDNA DUFFE 511 %5 3 17 5 & Tl o 0 S
(polymerase chain reaction; PCR) » {4 {ig Ay 7 41|
1 F5 ITS (White et al. 1990) ~ GAPDH (Templeton
et al. 1992) ~CHS-1 (Carbone & Kohn 1999) -
TUB?2 (Glass & Donaldson 1995) ~ ACT (Car-
bone & Kohn 1999) fil ApMar (Silva et al. 2012)
FERAIR B BT Z 5] %41 SCRCFT
F o E—BI4h 2 RS iE TUB2 I RTE 5|+
(forward primer) T39 (5-ATCACAACAAC-
GCTTGCGACG-3") » H B AWt 3 173kt -
PCR [ZJEJE &K (20 pL) E& 10 pL i 2K
& 16 TE R K (Tag DNA polymerase 2x Master
Mix RED; Ampliqon, Odense, Denmark) » 1 uL
eDNA » 10 WM 5[ T5H 4 1 pL L& 7 pL ddH,0 -
PCR [ JE i 12 By © 95°Cfi# Jig K FE (denature)
5 min ; 95CAENESIE 30 s ~ 56 CRL& S JE (an-
nealing) 30 s ~ 72CER S JE (extension) 30 s »
AT 35 WAEER 5 fx B LL 72°C 7 min BT H 4%
MR E - DAMEHE B HE B8k i 2Y PCR B Mg &
Y R BE—BHER IR 1% » iR STRERIIR A VIR fy
HPRE/\E] (Tri-1 Biotech Inc., New Taipei, Tai-
wan) HEITEF ©

Bk B ORI 40 0 - G E(L o A SL
126 BREFEMREY P I E K > B & AR50
40 P it 5 5 Pk A1 86 £& 2 i ik (reference
strain) » 2FFRIYFYIE R HERBEIZ Y
Fifr& s 9 0 (National Center for Biotech-
nology Information; NCBI) &l EES - %
B Z 3057 725 # MEGA X 088 (Kumar et
al. 2018) L Clustal W (Thompson et al. 1994)
HEFTHIZHRFI 3 Hr (alignment) - FE#E AT
T LT R RGERAERY - SRR R B
FILARE SR BEEE N (ApMar) B4 B4R B 3 2
(ITS + GAPDH + TUB2) 15 % [N (ITS +
GAPDH + TUB2 + CHS-1 + ACT) 7 2 FN#
GRARIE o BRI (B i RIAZRE (max-
imum likelihood; ML) F1 H # % (Bayesian
inference analysis; BI) —f&E B 752 E{TH
o G AU B B 4R F o) A7 BB Smart
Model Selection (Lefort ef al. 2017) 1 MEGA
X A AT TEM - H P R UAER 2 A &
ESETRUMI - H BER A R £ BL IR 1 B B TR
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GEIRMFE 1 - K URERG R 2 5 A
i MEGA X #UEG 81T » WG LAREE =0 (heuristic
method) J77£ M nearest neighbour interchange
(NND) Z D73 R > Ra&m bl 2 A
R 1 DL (bootstrap) HETT 1,000 JUHUEEZK
Tl o HIERTE 2 WG B4 8 A F MrBayers
v. 3.2.7 (Ronquist et al. 2012) 2% » HEfEETE
B BB A e i 22 3 £ 4% (Markov chain monte
carlo; MCMC) & &% » # 1T 1,000,000 1L »
1,000 # 5t HUEE — 2 > Al 25% Z 181 fe B
Pl ek 2 A6t P DL SE (R (BI0RE — 208 5 con-
sensus tree) * i B~ & B (posterior prob-
abilities; PP) » IR I G A8) 70 A SEFe 1
B 4% B (45 DL FigTree v. 1.4.4 (Molecular
evolution, phylogenetics and epidemiology
2018) #EfT4gEL

RIR TR

B PR DL PDA B2 6 DL 12 h S A B 1 &
10-14 d > DU E /K ESEMT o WRRE
FRL 1 x 10° 7+ mL"' 2 807K R
10,000 27 (nuER s BERGARA
H o GEAHh)  BEEEE - D TEig, &
% (‘Kyoho’) EyftatE¥) » i DU B /K HUA 77
AT RIEREIRAE - DITFI AT
T o MR ARPE 1R P TEH AR S B - FERL 1S
HE 597 i B DA 52 ] 28 B R o

FREBM © 20172018 £ E R BRI

rere

]

1% 2

BREEE 1 ERE EYEE I moNZ
B BES LREEENRER2TRE
ANBHFNTERTETFRP 10s > HUHE
AR LS S B ) B o LA R B 1 A R P
KA > FREE R el R P4 RIBE RO ER
B> HEGER 1S mo B REEEARHA - BH
FRBEE 7 DL E -

PERREERE - PORZEN > BUEE R 2P
&7 110-150 cm &S HEEEF 2 mo & Z FE PR (R
F B > DL R BT £ mTRIER
EFE L EENE > AIEEER I A D
% HEKREEY  SEELS 2 - DUAHY
BRBHOHT » i EE TN BHEGERL > EAR
DI 55 ZR0E /K (5 YA R LS A 10 55 T 4 R A 7K BRAR
FE o SEATE PRGBS AL DB T B R
457 em IO > BEAE S 2T] > MHEHE
REEZE R - BHEERRE A 28°C ~ 12 h AR
EARERF - FrEBs -
EREIREE Y REIES

RBZE C. viniferum TP EE T ERELRS -
LI F217069 ~ F217131 ~ F217133 £l F217141
TE Rt A E Ik > BB 1E PDA SPAREFEE > DL
22-24°C ~ 12 h YA 5 e0ksE 7-10 d (R 5R
HYERAE > U EAREN Y ER TR
B o FHEE 28 A kT =R Ay £ T DL 0.5%
V8 i R AR R R ROR 0 DL
22-24CHREN B T E 2 d 12 BIEL - (T

T 1. AUIFREHGR R TR A H B R Al -
Table 1. Nucleotide substitution models used in phylogenetic analyses in this study.
1 gene phylogenetic tree 3 genes phylogenetic tree 5 genes phylogenetic tree
Maximum Bayesian inference Maximum  Bayesian inference Maximum  Bayesian inference
Gene/locus” likelihood analysis likelihood analysis likelihood analysis
ApMat K80” HKY + G
ITS T92 +G GTR +G GTR+G GTR+G
GAPDH T92+G HKY +G GTR+G GTR+G
TUB2 T92+G GTR+G GTR+G GTR+G
CHS-1 GTR +G K80 + G
ACT GTR+G GTR+G

* ApMat: intergenic sequence between Apn2 and MAT1-2-1; /TS: internal transcribed spacer; GAPDH: glyceraldehyde 3-phosphate
dehydrogenase; TUB2: beta-tubulin 2; CHS-1: chitin synthase; 4CT: actin.
¥ K80: Kimura 2-parameter; T92: Tamura 3-parameter; GTR: general time reversible; HKY: Hasegawa-Kishino-Yano; G: gamma

distribution.
* Not used in analysis.
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AN EE % #5 Fy Olympus BX40 (Olympus, Tokyo,
Japan) » f &% f#§ & Canon 50 D (Canon, Tokyo,
Japan) o Fy Bl 22 B 45 E RAR » B MR {E PDA
FREEE IS AR U TEEEG 2R
P BHETY PDA ST EREAVES  IRE N 4-40T
(ML 4CHfEEE - 3£ 10 (fAE) » BERE T &
RO 3 M > B3 EE > A ER
ETE&EREE BHEIHESEHER
FEEE > #EE TR 10 d BIRMEER > i
HE1-9 dEREE - SIS HAERERET
BhHER (B9 diERE - A& 1 dHEEE)
cm/8 d (Ffi7 : em d7) > HU 3 EHE B FHHE
REZE - SBBEE 3 X -

TR

BERERER DR

H 2012-2020 [ BEEHGE S E
W BN RS EEE) a9 GirttE -
Hlelm kg EE) - LR CRR) ~ FERi%
(G40 ~ /KEEP - BIEAF I HEH ) 5 - DA
Je & Hp T R BRI Y A i v R R LR ERLG B e 7
ZHERE  HIEREEEERE R RS R
AREB RV HE  DUERAERE -
e RIS E R 2 o T R E -
Hro BB ~ Wi Bl 2 RARIRFET - 1)
SHETE R C. gloeosporioides s.1. (Sutton 1992;
Weir et al. 2012) - fehHkiEE 28 i — LT
A sl

H—J7H > WE YRR AR
RN EEREREBRERERWE - R
EHBBtRBzEHEER (LT 2R

TERERER, K BRIERHEER)) I
NRERRE » BREIME IR DIRE - 83
Z R R R B (AT Ry TELAE BE AL R B
25y ) o B 15 S A AR o B E I B R Y 45 R
7~ Colletotrichum spp. Z /T EERME 5 » HAl
Pestalotiopsis sp. ~ Botryosphaeriaceae ~ A/-
ternaria sp. ~ Diaporthe sp. DL Fusaruim sp.
FHREINVA—ELLG &2) - TEEREERL

PERIEEIREE R R TEARBEAUAL R B
1y Colletotrichum & &R 7 BER 57 Bl By 35.9 ~
923 R 41.7%  ESHE P HE 64 K 1
AR BRI TR E T (R 2) -

BEAh - 7 — 18l 2 5% 4 A & MRS s 2 SRR ER
EFEBHGC/ZINR R FER - 4HS B A
$RiR %S FTIEE RS C. gloeosporioides s.1. >
PREEE oh 1 MRAT BERRFORT 4L Colletotrichum J&
R — R ETT B B (5 o0 17 - DL B 3LET 40 #%
Colletotrichum Btk » sF4 T BEACREE AL 3 -

SEFIIFRRIERARON

Ry 8 E Rt 40 I oy BERRAVAESE - HE R
WHZEHREE S1 KRB I Colletotrichum J& IR
B (Weir et al. 2012; Peng et al. 2013;
Yan et al. 2015; de Silva ef al. 2019) > H
& 31 M U E PR (type strain) ¢ A&7 E 41
ERER G EHON AR Z CHEE

2. 820152019 £/ S EENEE A F A RIS EEHERZ 2 BEELH -
Table 2. Isolation percentages of fungi isolated in different stages or diseased tissues of grape during 2015-2019 in

Taiwan.

Diseased leaves

Isolation percentages (%) Before fruits were harvested After fruits were harvested Shoot or bud”
Colletotrichum sp. 359 92.3 41.7
Pestalotiopsis sp. 234 76.9 75.0
Botryosphaeriaceae 15.6 15.4 63.2
Alternaria sp. 32.8 19.2 11.8
Phomopsis sp. 12.5 25.0 36.8
Fusarium sp. 15.6 50.0 333
Others 70.3 15.4 29.9

“ Brown spots or lesions on the shoots or buds before sprouting.
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fin LL A F215069 2 GADPH F1 TUB2 £ A K
RFEHEST BLAST 7p i = > HREF I8 Y &
AT E A E R 2 BR3E 4 R (ERRASE5771
B J11 B J2-1 5 CGRSI B CGRQ1 -~ B 1 &
75‘5 C. viniferum) —OFa AT 5 DL B3 55 #%

2E Wk (& 4) - FIHITS - ACT ~ TUB2 ~
GAPDH ~ J: CHS-1 % 5 {# £ [N 7Y B & ¢
B R AE SR 95 PRI B R A ME R G R A
fBH o &G R ER (B 1) - RHFEHY 40 R E
u] # 76 £y 3 ## Colletotrichum sp. » H. 1 28 I
81 C. viniferum L. J. Peng, L. Cai, K. D. Hyde
& Zi Y. Ying R PR K H A3 i B I C.
viniferum 7% @R G BAGREHE T - B —
EFBEM C. viniferum P EE » $HEE T
g (bootstrap support values) % 96% - 1fij H &
T 1% M2 8 {H (Bayesian posterior probabili-
ties) £ 0.99 > [ E £y C. viniferum ; 7T HREL C.
fructicola BN ERID K — 2 P BF » LA S
BUER 76%  MAEMBRMREER 1> #
E Ly C. fructicola ; 5 PREL C. tropicale BE IR
TR — L FPhE » PHOE S EE R 91% - A
HEHTERMREE S 1> 7#EF C. tropicale
(& 1) -

BEERA R TR C. viniferum S FPREHH
S 2 MR ZFRE » R AR FPRE T 8
RZFPEE C o (HAEFBRIPEE T AL
FEHUE/ N 50% 1T B EERT B 2R E s 0.74
MRZFEE C Rl RI Ry 67% 810.99 » HfH Big
& SRELERRAY B T =UAT R LK%TE%E °

HEESHMAEFETEERE T2 28
PR T 2248k (5458 85.7%) B> C. viniferum
RZFFRET > 1 £E (3.6%) BLEE FEIH C. vi-
niferum 2% W W [E B S R Z P BE C - T H A
3 (@5 EERE 0 2 BB C. fructicola (7.1%) > 1 ¥k
By C. tropicale (3.6%) ; H "TEZBFER, AT
TEFHY 6 7 EEfk R > 1 ¥k By C. viniferum 2
YREET 38k C. fructicola ® 552 ¥k B C.
tropicale s "RULIEFEREE R 5 0 4 (8 53 B PR
s 2 ¥k By C. viniferum XX R EE T~ 18R B
C. fructicola » J¢ 1 £k B C. tropicale ; H TH

EPLHIR (R e By EERIIAFEMEEE A C
tropicale ; HHEE B E R B C. fructicola

(& 1) -

B71E H2M

AWFFEE 2 25 EIRAHR & RIS % 4E GenBank (Y 4157HS -

Table 4. List of the reference isolates used in this study and related information and accession numbers.

#* 4.

Reference

GAPDH ACT CHS TUB2 ApMat
J1X009443 JX009774 JX010389

ITS
JX010244

KF156860

Isolates
ICMP18608, C1253.4

Species

2)
5)

—

(20
(20

~

Weir et a

JX010044
KF377492

Colletotrichum aenigma

—

~

Yan et a

KF289005  KF288964

KF377529

JZB330025, B1
ICMP18580, BPDI4, C1315.4

2)

2)

— = -

(20

20

JX010053 JX009584 JX009867 JX010406 Weir et a
JX010384

JX009915

FJ972612

Colletotrichum asianum

JX009576 JX009753 Weir et a

JX010192

ICMP18696, C1187

JX009930 JX009483 JX009799 JX010392

JX010176

ICMP17673, 3-1-3

Colletotrichum

aeschynomenes

Weir et al. (2012)
Weir et al. (2012)
Weir et al. (2012)
Weir et al. (2012)
de Silva et al. (2019)

JX009990 JX009471 JX009837 JX010383

JX010190

ICMP17919, C1275.5

Colletotrichum alatae

JX010028 JX009572 JX009882 JX010411

JX009959

JX010251

ICMP12071, C824
ICMP18621, C1194.22

Colletotrichum alienum

JX009552 JX009755 JX010386

JX010246
JX010205

JX009564 JX009853 JX010420
KX094285
JX010438

KX093982

JX010005

ICMP18537, C1282.4

Colletotrichum aotearoa

KX094083

KX094183
JX009989

KX094252
JX010265

CMM4268
ICMP18658, C1317.1

Colletotrichum chrysophilum

Weir ez al. (2012)

JX009877

JX009537

Colletotrichum clidemiae
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8910.29r F215149 fruit Xinshe
- F215090 fruit Xinshe
F216036 leaf Xinshe
1220153 fruit Xinyi
220156 fruit Xinyi
F217153 fruit Xinyi
F212083 fruit Zhuolan
F217115 fruit Dacun
-168| F218102 fruit Xinshe
220158 fruit Xinyi
F217211 fruit Dacun SUbCIade T
F212087 fruit Guoxing
50/0.7—| F216184 fruit Shuili
F217741 oaf Dacun
eaf Dacun P

F217209 fruit Dacun C. Vlnlfel'um
F217179 fruit Wufeng
F217177 fruit Dacun
F217069 fruit Wufeng

1220157 fruit Xinyi

F218118 fruit Xinshe

F218110 fruit Xinshe
1220154 fruit Xinyi

F216035 fruit Xinshe
96/0.99 Li F217133 fruit Puli
F218123 fruit Xinshe
F218130 fruit Xinshe
C. viniferum CGRS1
C. viniferum JZB330008
F215071 fruit Taichung Market
C. éinifer;lm JZ-éG &

. viniferum CGRQ1
C. viniferum J11 SUbCIade C
C. viniferum JZB330017

C. viniferum GZAAS5.08608
C. viniferum GZAAS5.08601

C. viniferum CAUG27 5
C. endophyticum CAUG28

93/1 C. endophyticum UOM1137
F217125 leaf Puli
F218126 leaf Xinshe
F217155 leaf Wufeng
F215089 leaf Xinshe

-0.74

-/0.54

68/0.99 F216037 weed Xinshe
77/0.9 F215147 fruit Xinshe .
w C. fructicola ICMP18613 C. fructicola

t220155 fruit Xinyi
C. fructicola ICMP18581
C. fructicola CBS125397

/0.8 C. chrysophilum CMM4268
C. nupharicola CBS470.96
C. nupharicola ICMP17940
62/1

F217120 leaf Dacun

i S0 'F216082 leaf Dacun
-/0.96] F212108 fruit Dacun .
C. tropicale

- F218113 leaf Xinshe
foorl C. tropicale CPC28607
F216025 twig Dacun
C. tropicale CBS124949
99/1/C. makassarense CPC28556
C. makassarense CBS143664
ICMP17673

C. y
s C. hystricis CBS142411
. alienum ICMP12071
}Cj/ienum ICMP18621
o

—/048'\

89/0.99,

6/1
C.
C. conoides CAUG17
6/ 11_1 C. hebeiense JZB330028
4 C. aenigma ICMP18608
86/1 C. aenigma JZB330025
100/11 C. asi ICMP18580
!'C. asianum ICMP18696
C. siamense ICMP18578
C. siamense CBS130420
C. siamense CMM3814

C. musae CBS116870
100/1- C. musae IMI52264

97/1 C.q i ICMP18705

C. queenslandicum ICMP1778
100/1 C. salsolae ICMP19051

C. tainanense UOM1290
64/- C. tainanense CBS143666

99/1— C. gloeosporioides CORCG5

— C. gloeosporioides CBS 112999

55/-

64/-

C. alatae ICMP17919

5X
52/0.97 C. ICMP18658
\\ 100/ ———— C. kahawae ICMP17816
\ C. psidii CBS145.29
3 lylinic ICMP18579
C. aotearoa ICMP18537
L C. ti ICMP4832
C. xanthorrhoeae BRIP45094 .
/085 100/1r C. llleobromlcola ICMP18649
- C. grevilleae CBS132879
\ \ C. horri ICMP10492
CBS123755

0.020

1. LA Colletotrichum gloeosporioides 18- TdH3: 95 {EE IR BN &~ & KR4 R %8 » DL ITS ~ GAPDH ~
TUB2 ~ ACT J. CHS-1 genes % 5 FLINEME > -
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Fig. 1. A maximum likelihood phylogenetic tree based on 95 isolates of Colletotrichum gloeosporioides species
complex. The tree was generated using concatenated sequences of genes encoding the ribosomal internal transcribed
spacer (ITS), glyceraldehyde-3-phosphate dehydrogenase (GAPDH), beta-tubulin 2 (TUB2), actin (ACT) and chitin
synthase 1 (CHS-1). The bootstrap support values (> 50%) and Bayesian posterior probabilities (PP > 0.5) are dis-
played at the nodes. The tree was rooted to Colletotrichum boninense (CBS 123755). The bar indicates 0.02 expected
changes per site. Type strains are displayed in bold. Isolates of this study which isolated from different tissues are
indicated by colors: leaves in green, fruits in blue, twigs in purple, and weeds in red.

C. viniferum>R3z[F7&% T EHEME C. viniferum
EIRAVRREREIR

TR C. viniferum X7 FrEE T BLE A
i C. viniferum WRRRG R % - AHITUCE
HREIE#FE 2 C. viniferum 41 75 & FHETT
Gy 0 AHEH S S ZE B FH DLo3 i A% B 1 51
TEECROHEIE - DUT G 77 Ry A8 5 57 e
1T o Echeverrigaray ef al. (2020) Ei Oo & Oh
(2017) {E A2 FR B L (8 Fk) B (1 £F)
WEEHT C. viniferum Btk > B Oo & Oh (2017)
{# N A3l 53 A ITS ~ GAPDH B2 TUB2 % F: K
HIBE P (2 4) » RSB —E0 7 7 it ER EL
FHIE SN » &4 A 77 BT B B iR B 1 A 92 P o0 i
Y C. viniferum RZ 7B T Btk 8 PRI L 7
B C EtR 11~ B P EIEVRZ PR C Efk 9
Bk DURAMEERRR | #R > 3k 28 #RE » RIE |
it 3 BRBFFIERR GBI o i (18 2) - 455%
FURFTAH C. viniferum 53 BRI 4157 B 3 {E
gy B 0GBy B E B AHRA M - HAR O R
Y 8 K AT 3 BRRA AR AE AT Y 2 /NBE © R
C. viniferum XZJFEf T Z B8 FHKEE AR
BEVB G RAGRET - [RBIY C. viniferum 3L
FrEf CHY BB B bk F215071 BLig i 1 &4k Al
B e o] R BT ©

By mEERENEEC vi-
niferum X Z P8 T BLER C. viniferum B 5 &
FG R 2 HAR S P BE V B R (Yokosawa et
al. 2020) V4% F1% 5 Yokosawa ef al. (2020)
LA ApMar B[R Fp 51 1 ¥ 4% A (4 B > IRLBE AR
W 7E L ER UM [E] SRS > a9 AT IV R B RS AR
W5E B~ C. viniferum X3 FPRE T B 8 1%
C. viniferum XL FFEE CEMR 1 1k > DU &F
FIE 17 #% (2 4) > 26 BRI (B 3) - 77 iréd
RETR > BENRZFET R ENRZF
HCHMEI  HASHV ZEHKERK —ZF
B ST RFRVICHE A SR BUE By 86% [T HEE

A R E(E 5 0.97 » BB RS FEET
KBRS PR C BRI R - Sy R
I SRERN F215071 EEEXZFH C 2 C
viniferum # = H bk (GZAASS5.08601) 43 & i
[E—Z P BE - ApMat 5 IREEENTR GBI AGE R
EAFTa oA 5 (EER Z P A Frigssam— -

C. viniferum 2Rz R8T BV E PR 45 1% Ha
MR EIS R

AWt ERREEER ERE I EE
FHEBER C. viniferum KZFEET - LLF217069
FRFEMEE > MRS T - HERKE
FIREEE > REFEGEREHEMER o4&
i+ #E8 » RIEEY (cylindrical) - Fi i B #
A —Im R  BHABURM S RE A
12.4-14.0-16.0 pm (min.-avg.-max.) > & & &
4.8-5.3-6.0 pm > =& A 2.2-2.6-3.3 (F 5 -
4) o BEES (appressorium) /%y h&k (L E| 17 (O
2 A HAIRTONAR (irregular ovoid)
SRR IR (clavate) » ¥ % Fy B $8 €5 iR (cren-
ate) > Hfi tH 3R A A2 (lobed) 5 & Ky
8.0-10.9-15.6 um > E & £y 4.4-6.8-10.0 um (&
518 4) - FkkmEAEREE R 28C 4CULT
DAR 40CRL EdEA & - SHEt ¥ EEF217131
F217133 B F217141 FriEfTHY 3 i8R - HEE
FRELSY A T 2 J AR EL F217069 AE{DL » B2
ARAENE 28T HEKREEREHEE
A S FE G 55 B F217131 [y I 75 A B
F217069 1 {Ll » F217133 B4 F2171413 {1y & 3%
RFEBGEREREE > FFREE -

C. viniferum X Z Fp & T H R AE H R HAE
HEFSENHEEEZERE  BREEER &
REZ R SR E R - I EEHE R
B EE (B 5A-C) : BRERR > WAEE
SR B - s o RIS G - FEN - ERAr
VI A8 RE SR ERAEEE (&
SD~E)-
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F215071 fruit Taichung Market
C. viniferum J11

C. viniferum J2-1
C. viniferum JZB330017

-/0.8%— C. viniferum CNU171001
C. viniferum CGRQ1

C. viniferum CAUG27
C. viniferum GZAAS5.08601

C. viniferum CA043
] -/1| C. viniferum LMF18-2
C. viniferum CI026
C. viniferum CI036
C. viniferum CA044
| -/1| C. viniferum CA041
C. viniferum LMF18-1
C. viniferum LMF18-6
75/1 F217131 leaf Puli
F217141 leaf Dacun
F217177 fruit Dacun
F217069 fruit Wufeng
F216035 fruit Xinshe
F217133 fruit Puli
95/1 F212083 fruit Zhuolan
F217115 fruit Dacun
C. tropicale CBS 124949

—
0.0020

2. DL Colletotrichum gloeosporioides 18& 84k 28 BEFREL ITS ~ GAPDH F; TUB2 %5 3 FLN R > i KR
FRGRR A -

Fig. 2. A maximum likelihood phylogenetic tree of 28 isolates of Colletotrichum gloeosporioides species complex.
The tree was generated using concatenated sequences of internal transcribed spacer (I7S), glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) and beta-tubulin 2 (TUB2) genes. The tree was rooted to Colletotrichum tropicale
(CBS 124949). The bar indicates 0.002 expected changes per site. Type strains are displayed in bold. Colletotrichum
viniferum isolates from different countries are indicated by colors: China in red, Taiwan in purple, South Korea in
blue, and Brazil in green.

C. viniferum R FEt T BEMRZ AR B T ERETREMAG - fEERaE ok
SAllER BRSNS F217069 B F217133 » K47
O R R AV MR F217141 81 F217131 »

FoWE R C. viniferum XZFP BT HIR IR DIATE B MR4D SR8 4 RS A R R T EITHY

Ve BEEAFEMEEAEN C. viniferum XZFF  BifEsEEE T (1) BEEE : DLF217069
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C. viniferum 17-25-1
99/1 C. viniferum 17-25-2

98/1

72/0.7]

76/1

73/0.97

65/0.9

89/0.79| ¢

o »
m Clade \
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0.0050
3.

C. viniferum 17-18-3
C. viniferum 16-16
C. viniferum 16-15

96/1) 215071 fruit Taichung Market

C. viniferum GZAAS5.08608

F217141 leaf Dacun

F217069 fruit Wufeng
F216036 leaf Xinshe

95/1|F216035 fruit Xinshe
F212083 fruit Zhuolan

F217133 fruit Puli
F217131 leaf Puli
— F215090 fruit Xinshe

nClade V 17-33

C. fructicola CBS 130416

LA Colletotrichum gloeosporioides 18 & fE4E 26 FHifk > ApMat FERIFERE > e KRB 4 RE (A 081 -

Fig. 3. A maximum likelihood phylogenetic tree of 26 isolates of Colletotrichum gloeosporioides species complex.
The tree was generated using intergenic sequence between Apn2 and MAT1-2-1 (ApMat) partial sequence. The boot-
strap support values (> 50%) and Bayesian posterior probabilities (> 0.5) are displayed at the nodes. The tree was
rooted to Colletotrichum fructicola (CBS 130416). The bar indicates 0.005 expected changes per site. Type strains
are displayed in bold. Colletotrichum viniferum isolates from different countries or Japanese clade V are indicated by
colors: China in red, Taiwan in purple, and Japanese clade V in orange.

F217133 ~ F217141 F F217131 FHE 2 1
R RE R R A A DR S wk R - BERER
F & HEER - SRR R Ot - RE
BHAGEE AT > 5 BE 2R R R L IR R AL B
CREEOREMIE  REEt > RE
[MIFE ~ SRPAEOR - SRHZ M B - R R
EEGRE L EPEIERIE - RS S N ELRE
R - PR /K Y B IR AH A e L 3R (i
6) ° LA_E 4 (PR 73 il 13 76 fe & 4 SR P 2 R A
T FE LA FH T 22 B Y e A M S i U ] - L

B B [EDR R B+ SO 8 (R A R A
IR - (2) AFAEPREERE - RAERFEN > M
TR0 OB AT A ) AR R 0 L 3-5 d % o
bt 4 8 R PR B AAE R R SR (]
TA~B): EiZ 10-14 d 1% > HEER & HHR
B ~ wmAb -~ T B A E RIS AT
A F217069 B F217133 53 HEAk g L (&
7C) » F217133 Bl F217131 #E Bk B | B BH 9% 2
(18 7D) - Bt4h > 4 {HE IR & A& R SR AT
@ (LIRE (18 7E ~ F) - AT > B /KHY
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5. Colletotrichum viniferum X7 Fpit T BIREEL

ST

B71E H2M

AR -

Table 5. Synopsis of morphological and physical data of the Colletotrichum viniferum subclade T isolates in Tai-
wan.
Conidia length x Appressorium length Mycelium growth
width min.-avg.-max  x width min.-avg.- Optimum temp. for rate at optimum temp.
Isolate no. (um) max (um) Length width ratio mycelium growth (mmd™)
F217069 12.4-14.0-16.0 x 8.0-10.9-15.6 x 2.2-2.6-3.3 28T 5.4
4.8-5.3-6.0 4.4-6.8-10.0
F217131 12.0-13.6-15.6 x 9.0-12.6-17.0 x 2.0-2.5-3.1 28T 5.0
4.8-5.4-6 6.0-6.7-9.0
F217133 12.8-14.9-16.4 x 7.6-8.7-10.4 x 2.46-3.1-3.7 28T 4.6
4.4-48-5.6 3.6-4.4-6.0
F217141 11.6-13.1-14.8 x 8.0-10.7-20.0 x 2.4-2.8-3.3 28T 3.9
4.4-4.7-52 4.8-5.8-8.8

4. Colletotrichum viniferum X7 FPEf T HIATLRE

— A
Thid) AR

=
=

N

J

A (
&l 3 i

B HEEA  IEAEE - BHEE - AT B -

Fig. 4. Morphological features of isolates of Colletotrichum viniferum subclade T. The top and reverse views of a
colony, conidia, and appressoria of each isolate were illustrated in one row from left to right. Cultures were grown on
PDA at 22-24°C under 12 h light period for 7 to 9 d. Conidia were from 7-day PDA cultures. Appressoria formed on
glass slides and developed from conidia suspended in 0.25-0.5% VS8 juice for 24 h. Bar = 10 pum.
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5. Colletotrichum viniferum X3ZJF# T FEHRE L (A-C) & EER 81 (D ~ E) FEHE -
Fig. 5. The typical field symptoms caused by Colletotrichum viniferum subclade T, including (A—C) diseased leaves
and (D, E) fruits.

Ao

6. MR ANTEERE Colletotrichum viniferum X3 PR T Btk F217069 1E R E AR VR Z R -

Fig. 6. Symptoms of grape fruits (cultivar: ‘Kyoho”) inoculated by the isolate F217069 of Colletotrichum viniferum
subclade T. These 1-month-old fruits in the orchard were inoculated in planta with the conidia spore suspension (1 x
10° conidia mL™) of the isolate. The typical symptoms of grape ripe rot appeared after veraison.
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[ 7. SREMEE A TR Colletotrichum viniferum 32 FFRE T Bikk (A-C, E, F) F217069 5% (D) F217133 141F

ESIE > C (DA

Fig. 7. Symptoms of grape leaves (cultivar: ‘Kyoho’), young shoots and blossom inoculated by the isolate (A—C,
E, F) F217069 or (D) F217133 of Colletotrichum viniferum subclade T in greenhouse assays. The potted plants were
inoculated with the conidia spore suspension (I x 10° conidia mL™") and then were kept in 28°C and high humidity

condition (relative humidity; RH > 85%).

IR SE R - B Lk 2IRFEIE ALY
T EESAHENFE R E 0 SERRE AR -
HE]
C. viniferum XRZF# TR EETEH
BIRRERE

T E 6 S I 53 9 i e B [ T
SIARARNE - ARFZEA 2012-2020 FHEHE - &
s~ 80 DA EIEE A E A EE o Ha
35 5R 2 EEEEE TSRS - ot
TRV H] - B #E &R E 78R Colletotrichum
TTEERRE By C. gloeosporioides s. 1. > FEff&HkEE

Hr 28 tRETT X E P IR G R0 A » 33 25
Bk Es C. viniferum (89.4%) » 2 ¥k By C. fructico-

la (7.1%) > 1 ¥ 5 C. tropicale (3.6%) ° #& i B
C. viniferum BJE R > 51H 24 BRIB C. vi-
niferum XZITEET » S BEELBIS 2 85.7% » 55
1 £k (3.6%) i C. viniferum GZAAS5.08601 (f&
R EHE) il GZAASS5.08608 % 5 #4: [F] )& > C.
viniferum KZJFHE C ©

B SEE R EUR C. viniferum K38 T Fy
BB E R E MR A TR R ERE 0 Jonl
HIWFFE 25 C. viniferum By & /&6 &) 5 E R
J&% 7 B (Y &5 5 (Duan & Chen 2020) - {H 7528
TTEEMRFCEE BN C. viniferum XL PR T B
YR C AR E—2 o3 #fr -

Fipl—8RIE » AR ZRZFEE T HIE
PREUREEL G s KL Fp B C HY C. viniferum FEAE
& (Peng et al. 2013) fH{L - HAWIE Z KL
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C. viniferum 2R3z 58+ 2 IgAE R 1%

FEH 1 ACT ~ CHS-1~ GAPDH ~ TUB?
LLRITS (N2 FE R & RS > C. viniferum 1T
H R R R EC 8% (Peng et al. 2013) - K7 H
B2 B4 Yan et al. (2015) HYR5C 3 BN {5
s BB TR C. o viniferum & B AT B
EEERE > UOHES A E S FRFEE
E T - KRBT £ 7 Yan et al. (2015) H C.
viniferum & 7 P B EE R REH KM "C. vi-
niferum 25K, - BEEEKE C. viniferum
RGBT HHEEERR > F1 F215071 [6 4 5 4
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TP T BT R C LA T EEE &
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niferum R ZFrE C BN HHE 77 BF ([ 2) > 8
R & PR A R LV E S A -

Yokosawa et al. (2020) F| F§ ApMat £ N
ST H AR SREEMRIEHEE - HER G
ST S N ;%Hz@%“%ﬁﬁaﬁ*f“f%ﬂ?% 5y
BEV) BEREE » HEL C. viniferum 18 = R
GRAGAEMT MR > (HRESIINENE
& o KHF3E 2% Yokosawa et al. (2020) HY47y
M5 7% > EIEEFIF ApMar L IRHEFT 73 BT 69 45
REFHANSEE VINEETTE C. viniferum
RZFHE T R ZFRE C WERA A EERS
SR ApMat F5 R v] DUBH B & o7 A [5] 30 485 5K
MEE (B 3) . FEF L Dl ApMar B/ 75|
LTI > F215071 BERREDE B FEIHYRSZ
Fr B C & £ GZAAS5.08601 (C. viniferum 1%
NER) 7 BINE— ST > BRI A 5 (E
BERZ P Ess i —E - F215071 EfR (AR
HEHERAMFETHERE  BARGREE
AL SE - IRIBFPYIER  REHRE AR
NS AR TTREME » KRR T B 0B 15 4 REfE
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C. viniferum ZRZ & T IO X2 HE
BEER

brTEERE AU E a8 sE
Colletotrichum spp. B 55T BRI o L H TEZE
TR EE . B BRI HZ N EE Ry » Colletotrichum
J& BRI 7 BEREH 35.9% & F] 92.3% © 35l
B TEERERER, EREREE 6 £F - BRUL
BENEE Ry ERBEREEUE 4 1% > RGO ihés
RERHE S RIA 1 B2 BRERE C. viniferum
REZFRET (2 1) -

B C. viniferum X3ZFP#E T EPEHEEHL 4 P
REFHRETHEERE - BRKEER DGR
C. viniferum X7 FPRE T Bk (F217133 E1F217147)
Al R R E 5 R AR S 1 S E R R R
ErEE SRR (F217069 BLF217131) 7N AT %
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2R B e s AR B - FEFE 1 mo
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AR F A B BB B9 C. viniferum XLy
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BB REURE RN I E R SR
M o FEMEEFEEEGT W REEHRER K
R FAE EIRRSE - $8H1 AT BE 2 R B B PRI TR
Mz ERNIER AR A FE TSR > Yan et
al. (2015) Ay %E th BEOR C. viniferum 7N [E 5
%’ﬁ*%ﬁ%’ﬁﬂﬁ@lrﬁE’JE@?TEHT&?JHE@E%)?

B EURERZREZER KRS -

E B Colletotrichum B & 7 Bt #R 370 E2 %
JR1%

2545 Colletotrichum J&FR%F84 Colletotrichum
capsici (Sawant et al. 2012; Pan et al. 2016) ~C. go-
detiae (Baroncelli et al. 2014) LSz C. nymphaeae
(Liu et al. 2016) %5 7] Y 24 % & 1 bk 5 | -2 % &
MRS (grapevine anthracnose) ° fb4) @ C.
capsici ﬁﬁjfﬁﬂﬁaﬁmx%’ﬁﬁﬁ (EERE)ES
WERERCHE S N e EH AR
& RE - KNIt TR E{%TEF%@*WEF
HEIES] (Pan et al. 2016) ; 240 > WIEFTA
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FAEREE TR Colletotrichum spp. 55 & &
P EIERARL - Bl E w R R R B8 C.
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Abstract

Lin, C. P, C. L. Wang, J. N. Tsai, Y. L. Dai, P. J. Ann, Y. M. Zhan, and S.Y. Huang. 2022.
Occurence of grape ripe rot in Taiwan and the pathogenicity and phylogenetic relationship
of'its primary causal agent Colletotrichum viniferum. J. Taiwan Agric. Res. 71(2):135-157.

Grape ripe rot caused by Colletotrichum spp. is one of the most devastating diseases for grape
production in Taiwan. To reveal population structures, phylogenetic relationships, symptoms, and geo-
graphic distribution of the causal organisms in the field, grape samples with the typical ripe rot symp-
toms on fruits, and necrotic lesions on twigs and leaves were collected and investigated. Moreover,
symptoms from field samples and inoculated plants were also recorded. From 2012 to 2020, a total of 40
Colletotrichum isolates were isolated and identified with the phylogenetic analysis based on the concat-
enated sequences of internal transcribed spacer (/75S), lyceraldehyde-3-phosphatedehydrogenase (GAP-
DH), actin (ACT), beta-tubulin 2 (TUB2), and chitin synthase 1 (CHS-I) genes. The phylogenetic tree
showed that grape ripe rot in Taiwan was mainly caused by Colletotrichum viniferum, which was divid-
ed into two subclades, subclade T and subclade C. Among 28 isolates that were isolated from diseased
fruits of grape ripe rot, 85.7% of these isolates belonged to C. viniferum subclade T, 3.6% to C. viniferum
subclade C, 7.1% to Colletotrichum fructicola, and 3.6% to Colletotrichum tropicale. The results also
showed that C. viniferum subclade T could be isolated not only from diseased fruits but also from symp-
tomatic leaves. The pathogens are distributed in most major grape-growing areas, including Zhuolan in
Miaoli County, Xinshe and Wufeng in Taichung City, Dacun in Changhua County, and Xinyi, Guoxing,
Shuili and Puli in Nantou County. When inoculated on young fruits in planta in the field, the isolates of
C. viniferum subclade T induced the typical ripe rot symptoms on grapeftuits after veraison, suggesting
that the pathogens were able to establish a latent infection. When inoculated on whole potted plants in
a greenhouse, isolates of C. viniferum subclade T caused various symptoms on leave, such as necrotic
lesions with a large area of yellow halo on the leave margin, defoliation, and browning leaf veins. Fur-
thermore, necrosis on shoots and blossoms was also observed. The results from field investigations and
artificial inoculations indicate that the isolates of C. viniferum subclade T could cause various symptoms
on fruits, leaves, shoots, and blossoms of grapes.

Key words: Subclade, Foliar symptoms, Multilocus phylogeny.
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