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i Colletotrichum spp.Fit5 [EEHI B BK 5T I 72 fy E MR
BnmEl RS EVEE  SELREELELELEE - &
WL BT #42014~20 1 94FER 5 H 2278 £ 3t 1Y 2 SR A5 Bk R I 07 B
PR EST A TEREE E 8600 BRI A9 [ M E 88 o3 A i
TERE RITSE G A - EEKEERRIGIE C. gloeosporioides species
complex ° JEFZELIA (ITS ~ ACT ~ TUB2F;.CHS-1) F5 LK
HEERApMarFP Y VETT G R G - 4558 —EE RGNk R IH
SR T R C. siamense (1(588%) » KEEFE By C. fructicola
(f512%) = ApMarFE R 7 Sy SR bR 2 BN Fa D4 - Hofig
MR HLEE £ - FEfdiaBass & - WOt I 3 2 r e A s kAR
BEREE, - BREdEE R - AR ERIER 2 AV E R
5 0E 2B PRI R B R -

s bk - PR - R

8k (Averrhoa carambola L.) B A > M2 SR EGHNR
EHK BAFIVAERIRES > BN 28 PRI IEfEd - BAER
RSNG00 A - FESFEZR LB RSN Sk
GRFAS > 2EEEEBACRGER GO EERITION - &
BEEASUEFEIRS > EZRLERY - BEES T NES
RERE ~ JOME - A - BARIE - B - e - el - SHZE
B R MM A ~ CRLRES ~ 81 - 8 - MERIHMEOESES
BERE  BREZHSHEEZENAKRED -

APk B BB RDR R 2 IERT & 32 HE M 4T
BRIT > EASPRIYEE R E A REOR - BOER - B
PRAEA - 1BAIRH R A SUPIREY > Hh XD ERE KR
LI B Ry G 7 B o B EE o B PN R A SR YRR Y 22 4

Colletotrichum gloeosporioides > F B 2SR E H TP REFR ERY
—{E#E&TE (species complex)"” M C. gloeosporioides I HEE By
R ETERT ST AVEFHETE (species) 22— » (HITEILEEC A
R REAVE R REREES - FEE » UEERFT
R RIZEVIREZ 34T (phylogenetic analysis) BIR » 372 J4al e
JEIREHLC. gloeosporioidesFATHIMTIFEZATA (epitype) 778
REETHELE (clade)™ ™ - EFFE B LR LA %
TEY) SRIER B 7 SEE T B AR P 09 25 18 SR A S Y9
R B -

ColletotrichumT,H175 190{E B TE - {HJE DU | B ] 75 52
HIR BRI R A TR > B kR (R B R S DA " o i — Lk
i AR ERY BN T R R EUEA (holotype) fiEHe
Bk o (HEAUE M 0 T A ERAT i Colletotrichum H T 5 &
MR o {EEEE FE I IS = A R i U A (neotype)
HYEE TG E - BT E RIAZ I e 5 e R T Y 224
M % F R £ 5% (multi-gene phylogeny) RIS Ry & AR A
Colletotrichum HEHE EMNA S TEH %2 o PLEJE A (actin,
ACT) ~ P& E T (B -tubulin 2, TUB2) ~ $55%& 1 (calmodulin,
CAL) ~ % T'E & BB (chitin synthase, CHS-1) ~ DNAH B2
(DNA lyase, Apn2) ~ HIHEE-3-w5 8282 € G (glyceraldehyde-3-
phosphate dehydrogenase, GAPDH) ~ 3z & hilE (glutamine
synthetase, GS) ~ 4H%%ZE 1 (histone 3, HIS3) ~ fZiERE A% s N
$ P (internal transcribed spacer, ITS) ~ $&EB & LY (LG
(manganese-superoxide dismutase, SOD2) ~ K AC ¥t (mating type
gene, Matl) FELFERN FHIEHEZ E TR Colletotrichum
fEgEE " o C. gloeosporioides species complex 5 7] BEMH LA
ApMat (Apn2-Mat1-2 intergenic spacer) E&[R P oI fE15- 4481 2% FL A
FESI AT RIAAS D S E R iR 15 5 B B B8 DA
ApMatRIERGVE A HIAE 8 BN S AR & -

Wbk SR IE R AT 2 8 i % 95 2 > (HAHBH I ST Al A
PR HER S IMER C. gloeosporioidesZ FEifk™ » T
SRR HIR o F A VR AT ey s e o B P S R YR TR A B
TELAEINE RZHERE » SR R Y 8 € i A BT =
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132030 5 SR B AR BB SRR O T BT AIAREE o R
Colletotrichum BT 7y LMV Z FEFT - (L1557 2 5 A
SRIE B 0 B 43 A (R R BB e 2 R B © 572 FAst %
JELR B N BT 224 H R B — A BRI AT S EEBIIRRE >
T S R BUR EE RS ER E I e & P E A e
20 e Mk BRI B A AR o Z AHRART O HE S A
PRETHIEEATRE « ARUF 9% Ry 8 a8 22 B S A5 Bk S 74 181 1 BT e
BHOTAN - R H 22 & M BT S AUk RIEDW B > fRH
T Re B SE AR P Y5y Bl E HAE A B3 bR AT A
T ##f& (artificial inoculation) PUHITE HSR FME (pathogenicity)
B5E R RME ECIERT (Koch's postulates) » 35 EE45E TR B H 1215
K SR 7 B R 9 B 77 G R BRI R

MEHERTTA

EMRZKIRERRTF

H20144F-3220194F » 53 Hll BiAE 2508 o 0 i 1 310 25 15 Bk
72 6 PR 7 SR JE 2 A Dk SR B A 43 B TR B o B R
REROE A £ £ T8 (acervulus) » BARESATE
F (conidium) » H 7 DMRIEHE BB B A2-mLA &/ NE
(Eppendorf tube) » BISEREREE - B MR E =R - KOLGH K
YELIS B 00 A PR AU AR AE R R A 1R 2% 7 F 4R (water agar) » £
DI FE 1T B 5784 (single spore isolation) JEfSEEAIEARE ©
AR BN SR FE RIS EAS (potato dextrose agar,
PDA : Difco, USA) » E14224°C Fedg: HCIR1 /N Z ERAS - fit
s - S EOH TS Z B (culture) PAEES mm
FTFLESVIIEE BRI - TRARSE] mLIEE /K 2 2-mL2
/& (cryogenic vial, Nalgene Co., USA) » B 18°C EEFaEEHA
TREE « otk BRI B A8 BT 2 BREE ST IE IS B IR 361k » Tk
IR S G E R SERE25ME B—)  (E Ryl e g
JFME (pathogenicity) wtB% 2 F -

R ETTRIEAR B 2 85 - BEEUSPk BOER B E 18°C B RAE
2 HTE/NETS SR B A SRR AR R24°C g H
FHR12V N 2 ERFE RO » FTfs 2 H RS L T REHE E -
AR SOk B G B E R R S A F8 TR/ (size) Ko
AR (shape) - M 1% B BB 4 BEEE A1 R B EE 2 AR E
PREZHRR > 43R CCLS ~ CC22RCC16 ~ CC20 » Hh&E ik B
YR AETA T AR R M R A RN Sy AR T R B R
[& - EEkEEH40{E T -

B TR BRI
FoREAE RS T 2208 S5 G P SN B < B R H B

F— - B RIEREE R
TABLE 1. The list of Colletotrichum isolates collected from carambola fruit

used in this study

Isolate ID Geographical origin Collection date
cC2 Juolan, Miaoli Oct. 2014
CC3 Juolan, Miaoli Jun. 2015
CC7 Yuanshan, Yilan Jun. 2015
CC8 Yuanshan, Yilan Jul. 2015
CC10 Yuanshan, Yilan Jul. 2015
CCl11 Juolan, Miaoli Oct. 2015
CC13 Juolan, Miaoli Oct. 2015
CC15 Juolan, Miaoli Nov. 2015
CCl16 Juolan, Miaoli Nov. 2015
CC17 Juolan, Miaoli Nov. 2015
CC18 Yuanlin, Changhua Nov. 2015
CC19 Yuanlin, Changhua Nov. 2015
CC20 Meishan, Chiayi Nov. 2015
CC21 Wufeng, Taichung Feb. 2016
CC22 Wufeng, Taichung Feb. 2016
CC23 Juolan, Miaoli Mar. 2016
CC24 Cihtong, Yunlin Jan. 2017
CC25 Nansi, Tainan Feb. 2017
CC28 Juolan, Miaoli Nov. 2017
CC29 Juolan, Miaoli Nov. 2017
CC30 Juolan, Miaoli Nov. 2017
CC31 Juolan, Miaoli May 2018
CC32 Nansi, Tainan Aug. 2018
CC33 Nansi, Tainan Aug. 2018
CC34 Juolan, Miaoli Apr. 2019

TR E BN 2 B P A 2« RF AR B 250K B o7
DA H B A SRS AE Y 1S 80 B SN S B BRI - 12 24°C
BRERAEEECH - el E & L (E) /BT - B
ZEH#4H (AllPure Plant Genomic DNA Kit ; HEAERAF » 2
) FHERRAAZIE (genomic DNA) o FHEN 2 fx 88 DL & i i
#HFZE (polymerase chain reaction, PCR ) Mg A2 & 1 g /A
SREIPEE (TS, 3 T-HITSY ITSH ~ PlEIES (ACT, 5[ 7%
ACT-512F/ ACT-783R)" ~ (& &1 (TUB2, 51 T#T1/ T)™ ~
TGRS (CHS-1, 5] T-#fCHS-79F/ CHS-354R)” Kz ApMat
G T EAM-F/AM-R)* PSRN 1] o 243 58 B R e a1
525 ul > N&12.5 ul 2X Tag PCR Master Mix (ZRAH A »
=) > %457 50.1 units / uL Tag DNA polymerase ~ 0.4 mM 4F#
dANTP ~ Tris-HCI pHS.5 ~ (NH4),80, ~ 4 mM MgCl,%0.2% Tween
20 > AGHIRTZ A S [F&1 ul (10 uM) 2.5 uL (10 ng) FERIES
ZEEEAS uL/K o 2GR 8 S G 0 (7R {4 9% 5 95°C » 5 min »
PEE M ASSTORIR TG - B—1ERMAR95°C » 30 sec > 5+
FEEURE (annealing temperature) fRA FIZEN ST H M - 57
BIBITS (55°C) ~ TUB2 (52°C) ~ ACT (55°C) ~ CHS-1 (58°C) K



ApMat (60°C) » HI1ERI30 sec ; ZEHEE (extension temperature)
F572°C > 30 sec > Bef&FFLAT2C » 12 mindE R IE - B & HH#
P JEEY) R T BN E R E - & P4 R BB T VI E
BEE (sequence contig)™ o SEHEAFFFIE b 1% SIH TR & K
WGz > EEARERIVER TS 87 B E R
17 (GenBank)  EEHREIRG MM o0 B —F » H—2 DUZIERS
e Nk IR ITS) ~ HLEIES (ACT) ~ f'g & H (TUB2)
K # T E GRS (CHS-1) SFATEXIE 75845 2 25 A 751 73
#r (multilocus sequence analysis, MLSA)®” » 53—HI[Z lApMat
BRLRMETT 04 » 3 i4s SR DA A %98 48 (phylogenetic tree )
B o ZEAFFN ISk & i el E R S EE R P51 7
AINGFN TS > FERFIE] — B AR A B B 51 S 4 Bl 25 BE TR
Fl| o FLRFHIZ 4R (edit) RHEF (align) » 737 A Lasergene
software package ~ SeqBuilder module &zMegAlign Pro (DNASTAR,
USA) o ZH R R AR P T & A0 64 AMERE

x= - BkRERE R ER L2 Rk ERFY Rk
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BTEMLT AR R (ex-type culture) 1E RSB HIE (reference
culture) (F=)™ 0 37 AR HEEHTHEETA (Bayesian inference
method, MrBayes v.3.2.7a) » BEELNApMar > 53071 77742812 FL R
FHEE o fEelEk 2 BRI BT A B A A P TR U
LSRR DAEER & M ITHEE 55 C. fructicolafRFRERRCCIS K
CC2R:C. siamensefRFEEMCC16 K CC0MY | it STHAL PR 51 8
I AR T AR B R ICMP18581 (C. fructicola) R ICMP18578
(C. siamense)™ AT FEHILLE - 10 DU S Fe 51 HE [R5 4 3
(percent identity) F=7r » DUE-— D HEY B B 45 R -

EARR R IEAIE

DA 27 77 2OREUR B Bk 2 B et e e B A R B AR
HOPRMEER T (detached fruit) 2 JRME © BT B Z S fE
R HBGREHRRE [(fnfE @ Ak o SEelERE R C.
SfructicolaRFBEIRCC15 2 CC22LA R C. siamenseRFEFHFRCC16

TABLE 3. GenBank accession numbers of cultures of Colletotrichum from carambola and reference strains used in this study

. 1
GenBank accession number

Isolate ID* Species ITS ACT TUB2 CHS-1 ApMat
CC15 C. fructicola ONO045773 ON206659 ON206663 ONS553306 ON169964
CC22 C. fructicola ONO055730 ON206660 ON206664 ONS553303 ON169965
CCl6 C. siamense ONO055094 ON206661 ON553307 ONS553305 ON169966
CC20 C. siamense ONO055715 ON206662 ON553308 ON553304 ON169967
ICMP 18608 C. aenigma 1X010244 1X009443 1X010389 1X009774 KM360143
ICMP 17673 C. aeschynomenes JX010176 IX009483 1X010392 1X009799 KM360145
ICMP 12071 C.alienum 1X010251 1X009572 1X010411 1X009882 KM360144
ICMP 17919 C. alatae 1X010190 1X009471 1X010383 1X009837 KC888932
ICMP 18580 C.asianum F1972612 1X009584 1X010406 1X009867 FR718814
GAUG 17 C. conoides KP890168 KP890144 KP890174 KP890156 N/A
YNI1A4 C. endophyticum N/A N/A N/A N/A KU251734
CGMCC 3.17889 C. fructicola KU251520 KU251601 KU252152 KU251868 KU251706
ICMP 18581 C. fructicola JX010165 F1907426 1X010405 1X009866 JQ807838
CBS 112999 C. gloeosporioides JX010152 JX009531 1X010445 1X009818 1Q807843
MFLUCC 13-0726 C. hebeiense N/A N/A N/A N/A KF377562
ICMP 18187 C.nupharicola JX010187 1X009437 1X010398 JX009835 KU239773
ICMP 1778 C.queenslandicum JX010276 1X009447 1X010414 JX009899 KC888928
ICMP 19051 C.salsolae 1X010242 1X009562 1X010403 1X009863 KC888925
ICMP 18578 C. siamense JX010171 F1907423 1X010404 1X009865 1Q899289
ICMP 12567 C. siamense 1X010250 1X009541 1X010387 1X009761 N/A
ICMP 17795 C. siamense 1X010162 1X009506 1X010393 1X009805 N/A
ICMP 18121 C. siamense 1X010245 1X009460 1X010402 1X009845 N/A
ICMP 18653 C. tropicale 1X010264 1X009489 1X010407 JX009870 GU994425
GZAAS 5.08601 C. viniferum IN412804 IN412795 IN412813 1X009413 N/A
ICMP 17903 C. xanthorrhoeae N/A N/A N/A N/A KC790689

"ITS: internal transcribed spacer, ACT: actin, TUB2: 8 -tubulin 2, CHS-1: chitin synthase, ApMar: Apn2-Mat1-2 intergenic spacer, N/A: not applicable.

? Refer to table 1 for isolate information.
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FCC20 - EPRICETE I G 82 B Al S A PR s
WRUEFEIFT » MRS A% LA 5 4 F RO IR (1x10°
conidia/mL) PAfLERE - HEESTE S LLT0% LB (ER DN S
B RIER30.0x22.5%8.0 cmZ A E BE ST & > @I LA
ORBERE TR - BRUIRE - AR LUE B (spot
inoculation) J7ET © HEfEAT - e ABFEAERE LHEIER
5 mmZ PERERE o PR AR EUE kA T RO RO R R > 55D
TREKZ EHEE BB - SREREEAIRE - SR &
FaE - BHRE (24-280)  &ORSHERISHBFEGER - &
AIEET B0~ 1~ 2~ SRARFIRBEEE DRI R0~ 12 3K
=4 mm > AGUERICHERS PR EPRATA 0 R R (50~601E)
HYREPTEE - 1 DA E(E R B E PR IR MEATREE - S5
PR 2 AR AR A Sy A o B B BRI 0 AL

R IR P R PR EE W R RS B TP RE - DISERRIE IROAHY -
PR BRI T2X -

#m R
EHZRE

BEE S I 9 B L o 4R i F T2 R I TS BE 7 51139
EREC. gloeosporioides species complex ° #% 877 T TE
Z4ER S HEEER & S B C. fructicola FC. siamense 1
f& o C. fructicolafRFHEIRCCIS R CC22E B BH EEFE
HEEAERKOH 2 & - FERAEAEKE - BIERRA
AW BREGARERZKEBEHNAGBES » B% LEE
Y ESERE (salmon-colored) AT ([ —) « 74T
et (hyaline) - BRANRLAEIRAE - 4HAREEH H S8 - I+ EHAE
J& (straight and cylindrical) » Wil 2 B - 4HHE A S SHEIRY)
(zuttulate) : 73 A AT 2 R/INPEIE T F16.1310.24%5.03£0.03
um (CC15) F15.35£0.13x5.1310.05 um (CC22) (& — ~ £ ) -
Gk RIEIRE C. siamensefRFREFRCC16 L CC201E H 2 E
EE N BRSO H 2153 > CCLOB & FR 1A fy 5 K
BE% - MG O OES > FEEPIARERAGTEMT
s CC20BT% HAEMAT 2 H B &% » B% = AT M o0 4= fid 1
% () o C. siamenseZ 534 f0F IR Fyfi(a ~ B4HAE - AEE
SHHE - O BAREdERIR (clavate) » Filw#li[E (obtuse at
both ends) - AL EHRERY) © 34T 2 R/NEEE ST
Al F512.83£0.20%5.38£0.08 um (CC16) k213.1540.19x5.75£0.07 um
(CC20) (=~ %) -

BT BRI AT

BEER 7 25 521 iR 3 Al g A RO S R R PN 8 1 I
& (ITS) ~ HLEIEE (ACT) ~ fE&EH (TUB2) R#ETES
JKEE (CHS-1) FREAFHIETT % HER &M (multigene
phylogenetic analysis) ¢ &5HRER > fEElEE T IHIES - &

B — ~ Bk SRR B AT S 8% BRI & R RS S A RORZ B -

Fig. 1. Six-day-old colonies of Colletotrichum isolates from carambola
grown on PDA at 24°C under12 h darkness/12 h cool white fluorescent
light. Upper plates: C. fructicola (A=CC15, B=CC22), lower plates: C.
siamense (C=CC16, D=CC20).

B — ~ kSRR B S AR T -
Fig. 2. Conidia of Colletotrichum isolates from carambola. The fungi were
gown on PDA for 10 days at 24°C under12 h darkness/12 h cool white
fluorescent light. Upper plates: C. fructicola (A=CC15, B=CC22),
lower plates: C. siamense (C=CC16, D=CC20). Bars=10 um.

— B HCC15 ~ CC22 K CCI3FE3HMRAHR B C. fructicola > Hak
22— AL JBC. siamense (B =) - BEHApMar
Z A ITEE R Pl 2 BRI EE SRR > R4 R (AL -
H B AR ERSR Z ERE > 3B C. fructicola.C. siamense ([
TU) o Ry —0 EL e B R 2 LR P HI BT AR I U B ik 2 AR
HFFIMEEE 5% DHESTEEE E 2 &R - EIREREKRZ4
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TABLE 2. Dimensions of conidia of representative isolates of
Colletotrichum spp. from carambola’

Isolate ID? Length (um) Width (um) L/W ratio

CCI15 (C. fructicola)
CC22 (C. fructicola)
CC16 (C. siamense)
CC20 (C. siamense)

16.1310.24 (12.00-20.00)
15.3540.13 (13.00-17.00)
12.83%0.20 (10.25-15.00)
13.15%0.19 (10.50-15.00)

5.03£0.03 (5.00-6.00)
5.13£0.05 (5.00-6.00)
5.38+0.08 (5.00-6.00)
5.7520.07 (5.00-6.00)

3.2140.05
3.0120.04
2.40%0.04
2.3040.04

! Meantstandard error (minimum to maximum), n=40.
? Refer to Table 1 for isolate information.

fREER (TS ~ ACT ~ TUB2J CHS-1) BAfEAE AN YL E
o> FRRIAEDUE 39 2299% DL | ApMarks R AEADLFE RI IR] B
ME > C. fructicola¥d#£99.7% > C. siamense }597.75299.8% (F
« Py

[1]

ERRERIERIE
kS B (AR ER Z o3 A T80 R DA R P 7 50

— C. aenigma ICMP 18608
———  C. conoides GAUG17
C. alienum ICMP 12071

N 05 C. fructicola ICMP 18581
—E CC22
1 CC33
—— CC15
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P REER BT RN - RE3 E AR o BEREERL B
HEEORIRPDE - P BEREIF 2 oA - M A fik e o AR 1
T o LI R L R R 2 AG Bk R P O (L - M e
IKZ SRR B AR A S B PRAE R R 56 S H AL 8 25 B AR AL
R e R R HAEEIE I R3.25 (CCLS) »
3.75 (CC16) ~ 3.25 (CC20) }z1.50 (CC22) o 55 LA Ao 55 il
Al A AR IR SR B DT ERY > BT AR - CEE¥ > Hi
SR TP AR R B PR (L > SERRHEEUARAL -

EN I
Colletotrichum spp.fE Ry ERFF 2 BB LB A E VIR IR E
W HEREE T AR EERESRERT  HEANALE
AT R 23EBIIME (singleton species) @ & EtiE i 190 B
U H1A Colletotrichum spp.HITE BEFE (B AE & HI 1R & FE R Y
FEHL T T P A (8 ) R R (R FR R E R T I Ry il
g™ 19 o BRI Colletotrichum spp. & & FARER K FE1E AL

C. fructicola

! ——— C. fructicola CGMCC 3.17889

C. viniferum GZAAS5.08601
1 — C. asianum ICMP 18580

083

— C. nupharicoia ICMP 18187

0.01 084

C. siamense ICMP18578 C. gloeosporioides

CC29

0.8 cc10
— CcC16

w013

C. siamense ICMP17795

CC26
C. siamense ICMP 12567
C. siamense ICMP18121

CBS 112999

C. siamense

C. aeschy ICMP17673

C. tropicaie ICMP 18653
C. queensiandicum ICMP 1778
C. salsolae ICMP 19051

0002

&= ~ Bobk S i 2 BRI 4 B ] -

Fig. 3. Phylogenetic analysis of the isolates of carambola anthracnose pathogen and their closely related species of Colletotrichum based on the concatenate
sequences of ITS, ACT, TUB2 and CHS-1 genes. This analysis was performed by Bayesian inference method using MrBayes v.3.2.7a. The numbers beside

nodes are posterior probability. Scale bar=0.002 substitutions per site.
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— C. aenigma ICMP 18608

C. h ICMP17673

0.99 098

1~ C. ali ICMP 12071
L C. tropicale ICMP 18653

C. asie ICMP 18580

C.q Landi ICMP 1778
C. salsolae ICMP 19051
CC20

C. siamense ICMP 18578

ccs C. sinmense

MFLUCC 13-0418
C. alatae

o

horrhoeae ICMP 17903 ICMP 17919

C. fructicola ICMP 18581

CC33 C. fructicola

CC15

C. fructicola CGMCC 3.17889
C. nupharicola ICMP 18187
C. hebeiense MFLUCC 13-0726

7Y ~ Bk SRR B ApMar KSR B (4 [

C. gloeosporioides CBS 112999

Fig. 4. Phylogenetic analysis of the isolates of carambola anthracnose pathogen and their closely related species of Colletotrichum based on the sequences of
ApMat gene. This analysis was performed by Bayesian inference method using MrBayes v.3.2.7a. The numbers beside nodes are posterior probability.

Scale bar=10.02 substitutions per site.

FW ~ Bbk b E A B R Bk AR Py B MR (DL 5 2 =51

TABLE 4. Molecular identification of Colletotrichum representative isolates from carambola based on their identity to the given gene sequences of ex-type

cultures of taxon

Percent identity'

Isolate ID’ Species ITS ACT TUB2 CHS-1 ApMat
CC15 C. fructicola 99.8 99.1 100.0 99.3 99.7
CcC22 C. fructicola 99.8 99.6 100.0 100.0 99.8
CCl6 C. siamense 99.1 99.3 99.6 99.0 98.7
CC20 C. siamense 99.2 99.6 99.6 99.0 97.7

! Percent identity: identity between each gene sequence of the representative isolate with that of the ex-type culture in percentage ratio. The gene sequences of ex-
type cultures ICMP18581 and ICMP18578 are for identification of C. fructicola and C. siamense, respectively. ITS: internal transcribed spacer, ACT: actin,
TUB2: (3 -tubulin 2, CHS-1: chitin synthase, ApMat: Apn2-Mat1-2 intergenic spacer.

? Refer to table 1 for isolate information.

BEH (ACT) ~ E&ER (TUB2) ~ §53HER (CAL) ~ % TH
Gl (CHS-1) ~ HlEE-3-Wi Bz i €88 (GAPDH) ~ BhRE &k
g (GS) ~ MR NE sk HIfEE (ITS) RiLESLEAL
B (SOD2) HEHE™ o feiz s N R E RN EREE ]
B0 - $558E 0 S EE RN HRERIC. siamense B1C.
alienum ~ C. fructicola®\C. tropicale ; Bz B SHBE L
P AEBEE A RIE R E&RIC. fructicola BLC. aeschynomenes
Fe—EEC. siamenseE IR o EER R AR R > LS

HUATHE L IR e F1 0 2 e Ho oy Jth A « B b B RIBIE
FRFF USSR 9) Colletorrichum G S TETNEELLE I A& s
T o ARIBAZERAZ e NS E PRI (TS) Py p A &k
G BT I R 2 B TR b T SR A H R4 o B
(5% F7 F1NG A 2 FH L& AT Colletotric hum & 5 B HY BT 55 (<
O o i Ry T Colletotrichum spp. > Ty LATE FH 2 HEIR £ 347
(multi-gene phylogeny) BFEZAZA (type specimen) AYZELRFH
HITELY - W2WIEEZ ZERE (polyphasic characters) » ]



W IPRE ~ AR IR - BB R RS E > DUER
Colletotrichum¥E A8 Z:45 5748 (systematics) {RIEY - (&3 MHE
EENERANTEES - HERZERERENEYS T - Wifiik
1 e 51 ATy 2 AT SEAY 7 SR AR

AT - EEC. gloeosporioidestE ETENFT
E(E R ER - B A Apn2-Mat1-2 intergenic spacerZz[A|JH
(locus) HHJApMAT 53 FET RIHE AL % [F) Fif 2l 2 L PR P 511 73 B
&SR o BIANAEENRE - S5 IE R B 1V 8 E - B
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ABSTRACT
Duan, C.-H." and Chen, G.-Y. 2023. Identification of Colletotrichum

species associated with carambola anthracnose in Taiwan. J. Plant
Med. 65(2): 43-52.
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Carambola anthracnose caused by Colletotrichum spp. affects
fruit quality and market values considerably in Taiwan. Twenty-five
representative isolates were collected from carambola fruit during
2014~2019 and used for species identification and pathogenicity
tests. In addition to conidial morphology, phylogenetic analyses of
the isolates were performed based on a 4-gene dataset (ITS, ACT,
TUB2, and CHS-1) and ApMat sequences. The two phylogenetic
results were similar and consistent and indicated that C. siamense (22
isolates, 88%) was the dominant specie, followed by C. fructicola
(3 isolates, 12%) as the minor one. The ApMat-based phylogeny
was found to be a superior tool to differentiate Colletotrichum
spp., as it provided a finer resolution. We found both C. siamense
and C. fructicola could cause anthracnose symptoms on mature
carambola fruit after artificial inoculation. The fungus was reisolated
from symptomatic fruit, thus fulfilling Koch's postulates. This is the
first report of C. siamense and C. fructicola that cause carambola

anthracnose in Taiwan.

Keywords: carambola, Colletotrichum fructicola, C. siamense,
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