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FH Colletotrichum spp.Ft5 FERY AN SE 2 AN £ 220 E
Z— 2EREEE > wAMLEE o AUTTREER2014~2022
FEEZE SRR T2 RIERE - MLy 4f+
T 58 e 25 5 RIS 45 TR {4 5 BT M 17 1 e 885 107 W L9 TR M -
RIE > A FTERR RITS A1 el B iR 7y a5 DL S{E 8 & 1
(species complex, SC) = C. acutatum species complex (CASC) ~
C. gloeosporioides species complex (CGSC) ~ C. magnum species
complex (CMSC) ~ C. orchidearum species complex (COSC) fz C.
truncatum species complex (CTSC) o #4525 KA (ACT ~ CHS-
I~ GAPDHJXTUB2) FITSIZWM v HIEHR 4 B 5 oy i1 -
AR SR I B B AR A L BTk B93 1l B €. okinawense (CMSC >
108k) ~ C. tropicale (CGSC > 6f%) ~ C. fructicola (CGSC > 4
R) ~ C. siamense (CGSC > 2¥F) ~ C. plurivorum (COSC » 2fF)
C. truncatum (CTSC » 28) ~ C. schimae (CASC - 1£F) Bz 1#k)E
CGSCZ M « DL 8IE IR BT Al A B 29 AR INR T
AN THefd A4 g e BN - B EE A4
THEZ SHIREL © BRAIC. okinawense J¢.C. plurivorum » EAM5
{E BT Fo 5 V3 6 B TR 2 2 AR IR -

BRdEs © ZEREBGR G ~ 28

Rl 5

RIK (Carica papaya L.) [&ZEARJNFE} (Caricaceae) > %
AR SR ERAR MRS - &ERNEME FTRETE /A FARFEH K
FEol#E - HREE A S HARAE - SGRITRES S
INETEESAME > INLUEEFR AL - MBS REEEY -
NINBER RS HEGZE T EIEEE - 22ZHAHH

BEAITELY2800 A » (RIEFEHET » 0 MEER ~ FFE -~ mf -
i~ BEMERERNY AN ERERS  REAEA
E - B BEE  dEfhd REEINVEYE 0 EE S BRI
HIARNEE 2 (papain) @ 252 HEE E 5 YA RAL/K R (https://
healthjade.net/papaya/) °
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FIFEBEEA3THE (species) » IR B RIECERA Colletotrichum
~ C. capsici JC. gloeosporioides 3 {HEHEY - i
SRR > A 93 T AR YD BRY  E 28 B L RH R R Ao 9 2 -
Colletotrichumf 73 AT AR IS - MRIBRATAIIH TR
Colletotrichum¥7A 16{E#E & FE (species complexes) Kz 15 AN &
Al & FEATEE—FE (singleton species) @ 4 B4R #E280
ST - BAOERIN"T 3% Colletotrichumiy 7y J8 8 7 72 LA
JERE B 2 RIS FP31 (barcoding sequences) fF A f(KiE - ke L
6 91 B Fe ] 2 SRR AR R A TR - (B T s A
A (epitype) K HrHZAZA (neotype) WYEEHHEE » J9BHEL T IE
FAAZ B e 5 g B R B T Y #2401 25 5 el (multi-gene
phylogeny) #%E8 B2 & BiEh{T Colletotrichum & f& 5y JE B8 2
HAE I TEG 251 Colletotrichum 5y a5 & B F B RE R
FIHABIE S (actin, ACT) ~ WEEHEH (S -tubulin 2, TUB2) ~
$EFHE [ (calmodulin, CAL) ~ 24 T'E & REHEE (chitin synthase,
CHS-1) ~ HIMEE-3-BE AR &8 (glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) ~ # &Nl & 5§ (glutamine synthetase,
GS) ~ B EAYI(EES (manganese-superoxide dismutase,
SOD2) FEMIAC. gloeosporioidest B EApMar (Apn2-
Matl-2 intergenic spacer) SARZIEREIZIE NSk RMEE (internal
transcribed spacer, ITS) ZEFEH% 0 o Hef X LIHEEH (ACT) ~
MEEN (TUB2) ~ %6 T HGRE (CHS-1) FHMEE-3- W%
Wit Gl (GAPDH) SEAREELDN 51| BN HE A% B P o 1 i L
(TS) FF3FT R4S T B 2 AL e PP 5 B R i FHS > 110190

boninense



126 J. Plant Med.

W b B SRR B ] 5 DL A3 AR F T 2 RE ROAZ R RS A% e 1
S 141 B &t e 1) 6 ) EL P B Y 4R S TR BB — T S B i &
RFEFE% 57 (multi-locus phylogenetic analyses) Kz Hfth =AY
Hi# (phenotypic characterization) fE HEfE" """ « #/E I >
RIS 1 455 i E B ik AR i BSINIACT ~ CHS-1 ~ GAPDH ~
TUB2 R ITS%: 2 Fp B BB R (ex-type culture) BUAN(E B A
(authentic culture) AYAH[EIRZEL I AETTEL S - DIEH 2 RERH
FEDURE 5 Sl DA FEA 2 RE R 45 i {5t (multilocus phylogenetic
tree) » PG B = 15 5 1 B R B L AH AT R TR U B RO 45
Btk - ELEREMETES » B SR/ N NE L
(monophyletic group) & —EEE o i & 2 (8 A #HER
(unlinked genes) FEBI&& 73 M P AV — B0 A8 - AT BURETEHHE
AT EEYE AT Ry &8 13 (lineage) ML ALAVES R - It
BI&E % Colletotrichum 73 72 i B (HE Y “ A —EH RS
BEE RSS2 (Genealogical Concordance Phylogenetic Species
Recognition » GCPSR)” @ -

B P A SR8 SRR B HY 22 24 8 I C. gloeosporioides »
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25)
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B 201443220224 > 43 B A 4E 2208 v i e pe 3 & AL E
B PR R L9 B BRI SR B 4 7 Bl I B o R R
REWRIEH GES TAEMTHE (acervulus) » EHRKES 4
T (conidium) » MEIHAMFERHEE % - RHURIE LAY RIHE
SR B o A FE TR A 2% 7 AR (water agar) > FRLABEHESHT
BLfI48E (single spore isolation) » DUEESE I o BLATEIE
BN RS B AR E AL (potato dextrose agar, PDA
Difco, USA) » BJ*24°C B HBIR1 2/ NI 2 A » 1R
i F o SR E6H TS 2 E R (culture) DLEAES mmfTFLES
DI 3% FIB AR > AN EE ] mLEEE /K 2 2-mL% #U/NE
(cryogenic vial, Nalgene Co., USA) » E18°C & EAEIERIAMRLT -
AR JE I B A BT 2 BR A TR B R B PR AR M 2 28 R B

F—  NINIEREE Y
TABLE 1. Colletotrichum isolates collected from papaya fruit used in this

study

Isolate ID Geographical origin Collection date
PC1 Meinong, Kaohsiung Nov. 2014
PC3 Linnei, Yunlin Aug. 2015
PC4 Linnei, Yunlin Aug. 2015
PC5 Linnei, Yunlin Aug. 2015
PCo6 Linnei, Yunlin Aug. 2015
PC7 Jiji, Nantou Oct. 2015
PC8 Jiji, Nantou Oct. 2015
PC9 JTiji, Nantou Oct. 2015
PC10 Yujing, Tainan Nov. 2015
PC11 Yujing, Tainan Nov. 2015
PC13 Yujing, Tainan Nov. 2015
PC14 Shanlin, Kaohsiung Nov. 2015
PCI15 Shanlin, Kaohsiung Nov. 2015
PC16 Shanlin, Kaohsiung Nov. 2015
PC17 Nanhua, Tainan Nov. 2015
PC18 Nanhua, Tainan Nov. 2015
PC19 Nanhua, Tainan Nov. 2015
PC20 Nanhua, Tainan Nov. 2015
PC22 Linnei, Yunlin Nov. 2015
PC23 Linnei, Yunlin Dec. 2015
PC24 Linnei, Yunlin Dec. 2015
PC25 Jiji, Nantou Nov. 2016
PC26 Linnei, Yunlin Jun. 2018
PC28 Gaushu, Pingtung Jan. 2021
PC29 Changihih, Pingtung Jan. 2021
PC30 Shinpi, Pingtung Jan. 2021
PC31 Shinpi, Pingtung Jan. 2021
PC32 Wufeng, Taichung Oct. 2022
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(AllPure Plant Genomic DNA Kit ; FEUAETAT - Z#) fhHL
FEN4AZ I (genomic DNA) o FliHiU 1% 0% DU & i 22 55 7 e
(polymerase chain reaction, PCR ) W& F% i A8 1% I P 855 i b
& (ITS, 5lFHITS1/ ITS4) ~ HlEiE L BN (ACT, 511 ACT-
512F/ ACT-783R) ~ % T EGREEEA (CHS-1,5|+¥CHS-79F/
CHS-354R) ~ Hhil%-3- 1l hi @A (GAPDH, 5]F¥tGDF/
GDR) KAWEEHHR (TUB2, 51 FHTl T2) FEHEFFI -
BN S R AR RS Ry25 ul - W& 12.5 uL 2X Tag PCR



Master Mix (0.1 units / u. Tag DNA polymerase ~ 0.4 mM 4
FEAINTP ~ Tris-HCI pH8.5 ~ (NH4),SO, ~ 4 mM MgCl,520.2%
Tween 20) (R AL AH > =) » SR ES] %1 ul
(10 uM) 522.5 uL (10 ng) FERASHLEZELS uL/K o S &l B4
S FESS IR (5 F95°C > 5 min » $FE #E A3SRIGIFIGEES
F—IERFER95C » 30 sec » 5 TFF5ERE (annealing
temperature) 43 B AITS (55°C) ~ ACT (55°C) ~ CHS-1

(58°C) ~ GAPDH (55°C) J.TUB2 (52°C) » $9{EF30 sec : HE{H
JHJE (extension temperature) £572°C » 30 sec * &L

72°C > 12 min&SH I IE o AN EE Y PR T BN
FERF > 4SRRI RL P 5 EBEE (sequence contig)™ » &
B P 5 IRHE Ryt S B R 8 08 RO R R o i 2 )+ BRIAEAR
FERAVEE N SUZ B 7 5130 5 8% A B N 3R 1T (GenBank) «

2. AT HREMEAT

BRI & B (o i 2 DUZ B RS A e PO S R PR & (ITS)
JeAtEE ' E s R IEEA (ACT ~ CHS-1 ~ GAPDH}.TUB2) f¥
FISEAE R 2 FE R R PP HETT 7347 (multilocus sequence analysis,
MLSA)!' » S3#fiéd US4 R (448 (phylogenetic tree ) £
HMERIC. okinawense (C. magnum complex) FETUZEA (holotype)
PRMAFF24051 76 CHS- 1FE R P51 » I3 ATHGRFIA - ZEAIZ
& P51 o3 B (e s R Y &5 R A I 1 51 03 R H R DTS
P B — BRI B BE 7 5 S AE R 2 B R B P 51 - 1%
BEFP 52 4RiE (edit) S BEF (align) (B 45 BE Lasergene
software package  SeqBuilder module fzMegAlign Pro (DNASTAR,
USA) o ZHRILEE 7 5 IHETT G R 5 53 BT - 040 AAE R &
TEEILT R (ex-type) (F RS F iR (reference strain) © 73
75 DL H BT HEET A (Bayesian inference method, MrBayes
v.3.2.7) B RIERE (maximum likelihood method with 1000
bootstrap replicates, MEGA-X) BfH © FLAh » &G GME D HT1% )8
FHIE] T 2 25 B R mE L b e & e AR e S A T AR DL P LR
DATRET H BRI -

3 BEZEREIIHELA SR
DLECE 5% B8 (% o0 B 8 8 &8 2 PC30 (C. fructicola)

PCO7 (C. okinawense) ~ PC11 (C. plurivorum) ~ PC09 (C.
schimae) ~ PC32 (C. siamense) ~ PCO5 (C. tropicale) KPC29 (C.
truncatum) FETRRAFRE I B 8 E 2 PC26O#E B 3 H B 5 U B
RECAE R Z Ltz B FF 7R R » BERARURE EL 32 DU
R R 5IAHBIE 43 % (percent identity) Fow » DUE—2bHE
PR EAVAS R -

EEHENE TR

REEHANRIE R E 2 JPAR - BtalE PR E 18°CE RS Z &
T NEY EH S BRI R A TR > 1024°C KRR
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tropicale) ~ PC29 (C. truncatum) JPC26 (58 E) FEREE - #F
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f5 > DUSERRRME AR - HefEsl B T2 -

s R

FIGRARATE R R T
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CHS-1 > GAPDH ~ TUB2) H#E{T%EERB&RI R TEE
T8 (E B AE oy BT S E &1 - BIC. gloeosporioidest8 &y
f&E (CGSC) ~ C. magnum#E&FE (CMSC) ~ C. orchidearumtE &
f& (COSC) ~ C. acutatumtE&FE (CASC)KC. truncatum{B&7FE
(CTSC) (F=_~VU~ E—~7F) - CASCHEIEEC. schimaeH.
EIEME > HRE MG ESE (R ~= - E—) - CGSCH4
BfE » HHPC fructicolaG4E R B FY 582 E - Hf3
k (PCl4~16) JRHE mHETIZME - S5—HRPC30JR B 7 507 14
4o C. tropicale 5 6B BRITIR H EMGAMALS » (255 B3 ME 7>
2 PCA~6EIE MR EAREI LR P51 - PC23~245 2 Mk HAH [
WY > PCR2RIFPAHME R - C. siamenseH2E R (PC3
KPC32) JERARETSL » 53 A5 H EMBGIRAES R & i FE
& BRFPHIZRMA - [h4h » WA —EIRPC20 Z B2 75
BUREGET & S WEEE - JI RS 2 iE R-~= -
B ) o CMSCHIHETEC. okinawense = 10E 1 » H S EFIZEE
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TABLE 2. GenBank accession numbers of cultures of Colletotrichum from papaya used in this study

GenBank accession number’

Species Isolate ID ITS ACT CHS-1 GAPDH TUB2

C. fructicola PC30 0Q645447 0Q695484 00Q695488 00695482 00Q695486
C. okinawense PC7 00Q642143 0Q723039 ON553307 0Q723038 0Q723040
C. plurivorum PCI11 0Q642144 0Q723042 0Q723044 0Q723041 0Q723043
C. schimae PC9 0Q642139 0Q723035 0Q723037 0Q723034 0Q723036
C. siamense PC3 OR462353 OR417339 OR417346 OR417336 OR417342
C. siamense PC32 0Q642270 0Q723031 0Q723033 0Q723030 0Q723032
C. tropicale PCS 0Q642142 00695483 00Q695487 00695481 00Q695485
C. tropicale PC22 OR462350 OR417337 OR417344 OR417334 OR417340
C. tropicale PC23 OR462352 OR417338 OR417345 OR417335 OR417341
C. truncatum PC29 0Q642268 0Q975854 0Q975856 0Q975853 0Q975855
Colletotrichum sp.’ PC26 00Q629879 0Q992713 0Q992715 00Q992712 0Q992714

"ITS: internal transcribed spacer, ACT: actin, CHS-1: chitin synthase, GAPDH: glyceraldehyde-3-phosphate dehydrogenase, TUB2: [ -tubulin.
? The species of the isolate PC26 has not been identified.

F= AN B AR E R E AR TP B E AR T 2 R IR

TABLE 3. Molecular identification of Colletotrichum representative isolates from papaya based on their identity to the given gene sequences of reference

cultures of taxon

Percent identity (%)

Species Isolate ID ITS ACT CHS-1 GAPDH TUB2

C. fructicola PC30 99.8/JX010165 100.0/FJ907426 99.3/JX009866 100.0/7X010033 100.0/1X010405
C. okinawense PC7 100.0/MG600767 99.6/MG600971 N/A 94.7/IMG600827 100.0/MG601034
C. plurivorum PCI1 100.0/MG600718 98.9/MG600925 100.0/MG600841 99.6/MG600781 99.3/MG600985
C. schimae PC9 99.4/MZ595885 100.0/MZ664183 99.0/MZ799347 99.2/MZ664105 99.6/MZ674003
C. siamense PC32 99.6/JX010171 99.3/FJ907423 98.0/JX009865 98.2/1X009924 99.6/JX010404

C. tropicale PC5 99.6/JX010264 99.7/JX009489 98.7/JX009870 98.2/1X010007 98.8/1X010407

C. truncatum PC29 100.0/GU227862 98.8/GU227960 98.4/GU228352 99.2/GU228254 100.0/GU228156
Colletotrichum sp.’ PC26 N/A 100.0/MZ438726 100.0/MZ457438 100.0/MZ457456 99.8/MZ509122

! 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 reference cultures ICMP18581 (C. fructicola), MAFF240517 (C. okinawense), CBS125474 (C. plurivorum), NN046984 (C. schimae), ICMP18578 (C.
siamense), CBS124949 (C. tropicale) and CBS151.35 (C. truncatum) were used for identification. ITS: internal transcribed spacer, ACT: actin, CHS-1: chitin
synthase, GAPDH: glyceraldehyde-3-phosphate dehydrogenase, TUB2: [ -tubulin 2, N/A: not applicable.

? Unidentified species, the accession numbers in this row were from an unidentified isolate Col-1386.

Feylse AR > BAN ST E - E RS 2 E > 2 RRE R
&~ 6F - SERFRERT F2~= B=) - COSCHIH

DESEE AT 2B RET THEEER - FIEARNRIERE
SPASEEE - RS UCRER ERSEINESEN) - il

=

FEC. plurivorumE&2E M - 4y AR E G EHE X E L
Hizie 5 E G ~= - [EN) - CTSCE1EEC. truncatum
E2EEIR 0 47 AR E AR R R G M R R A - Ho B e S IAE E]
F~= EHh) -

B ~ ERERBHERFIE
B ER T R T IR RITS P A4 R - fhalEts

HP AT -

C. fructicola (PC30) : HEEENERECHELS > BIEIIMGEE
PR SEIREE Y AR T FHE > BVR A RPHEFE R50.61 cm/day
SrATA TR - M - B > MIREF (ound) - SR
JE R B R 45 1 B3 16.6350.54 F2.5.4040.50 um (B7SA ~ BTA -~ %
my -

C. okinawense (PC7) © BV ELEREMEIT LA THE - EEIG
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TABLE 4. Dimensions of conidia of representative isolates of
Colletotrichum spp. from papaya’

Species (isolate ID)? Length (um)  Width (um) L/W ratio

C. fructicola (PC30) 16.63+10.54  5.40%0.50 3.10£0.30
C. okinawense (PCT) 15.73£0.85  5.00£0.00 3.15+0.17
C. plurivorum (PC11) 15.15£0.74  5.13%0.33 2.97%0.22
C. schimae (PC9) 1500+0.23 4.98£0.16 3.02%0.13
C. siamense (PC32) 18.05+0.78  5.10£0.30 3.55+0.25
C. tropicale (PC5) 17.60£0.81  5.48£0.51 3.24+0.31
C. truncatum (PC29) 26.23%£0.89  3.03%0.16 8.69 £0.46
Colletotrichum sp. (PC26)  17.00+£0.72  5.00 £ 0.00 3.40%0.14

! Meanzstandard error, n=40.
2 The PC number within parentheses is the representative isolate of
each species. The species of the isolate PC26 has not been identified.

o EERGERN omEE 2 HBH% > EEERFIEHR
#50.49 cm/day ° rA4=7EFERAMAE ~ Mt - BRI 0 WbGET
SRS K B RE 4y 51 B 15.7320.85 £2.5.0020.00 um (& A<B ~ [+
B &) -

C. plurivorum (PC11) : EEEERBRAEG  HEPRLE
B FGEAGHEY MBS AT EEA R
F150.59 cm/day ° SrATETERANAE - MG - EIEFEES S
W EE - SRR R T 4y Al R 15.1520.74 5¢5.1340.33 um
(B 7<C ~ [EEC -~ FM) -

C. schimae (PC9) : B%E 4 K& 57 8T HEHESI R 21 [E) 0
%% B A BE > BE AR PEHEER0.40 cm/day - S34E
7 BEAMAE - iR - BIRETE SRS - MG (acute) > SFHY
FE R S5 B B515.0020.23 524.9840.16 um ([E 75D ~ EED »
FIU) o

C. siamense (PC32) : & RMELRERO LM THE >
"wUEACLIRES B A R P HR 5059 cm/day © 434E
o T EE4NAE ~ M~ BRI - W IETE o PR R R Sy
518.0540.78 525.1020.30 um (& AE ~ [ETE ~ %00) -

C. tropicale (PC5) © B4 E HOEERS - WA EET
He > S4B R B0.47 cm/day 4T BRAA A - fi
&~ BT > WilGlEY SRS R B 5 AR 17.60%0.81 K
5.48%0.51 um ([EF ~ [EF ~ #m) -

C. truncatum (PC29) : E&E A FKEOEERE » Mg
B REFABE AR FE 4 R EE0.33 cm/
day - AT RN - KE - BAK > WInkE > FHEEE
L EE Y F526.2340.89 523.0320.16 um (BAG ~ [BHG ~ 20M)

Colletotrichum sp. (PC26) : F%E 4 REREMERELS > &
FLHABR Y A 3 > BR AR RS EE 50.61 cm/day - o3 AE R
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FEAHAE - e - BRI 2 0VEF - WiE - SEEREE K
B4R B 17.0020.72 55.0010.00 um (& 7<H ~ BHH ~ F20) -

REMRIE

VISR IER TSe S| 7 s o S (D O L & =¥ P4 /i NS
R TR S R B HR B /KR
AR - THR > BEEEA PR RS R - EAEKEEA
oy AT HE > LB P A S R R DL - g DA f
B K Y 36 It P P P 1 © DLBR A Bl B R O ZE A 1 A0 B
B HER BT PR s R EE R A FaRERE
Al - B ERas B AT e PR S HISTE A NN B (21 E
ZHE) BRI B R -

T

IR B (Colletotrichum spp.) &2 K2 EHZLEF
VINIR IR - o R R - SR R EE YRR -
975 IR R = R BT B RYARAY - 9 [ B Y 40 8 E A T e B
SRR EE TAF - SEREN S B AL S ~ o R B R R
FHE - (FYPUR B L B HE e AR FH SRS -
FH 7> SRJE B Y T RE R OA TR H 2= A3 DU RE R AR
RS EITET AW « HEAZERE A9 (multilocus
phylogenetic analysis) » A4S &R ERE ~ £ - wEME - B
TR R S 2 TR U R BRI SR B 28 70 M
B2 (systematics) WFZE 775 @ HEBIREELENGE 2007
FH A ERS BOIER B 43 SR R S 81 o AR
BT R G T B A s R O Y o SRR N SRR T K
SEEVIFRIERE S E R P RS e 84 =0+
SR AMTENN T ERGEE TENEESEY > 8
FEEINEHEIHIT A BT 55 ST AN R RIERE Y
SRS BN EE - B AE ) - BT RV A B
TRETREIN 2 B W R S R M AR EaTS 7 « R I
INEE IR E Y 3 B AR E IR - T B e TR 2R
RRAHREL © ARIE S AR P R AR 4 BR (A iy —{E B A B
A LS (clade) BIWTE 2 Fy—{E T - /2 H Al S IE I BT
FFE R AN F N o A L2 H E R E A - M 4
FNEEIHT (whole genome analysis) » iR/ DEE AR S AT AE
IR LA B A AL - B RIEREN B4 H 8
X B EEE R R ER -

AN FRAE 1 22 8 i T i 3% 4 ([EAE BRI BT ITal A IR -
TG BUR AR R R R 2 o fildn > 88
KEHRERINKIERE A C. gloeosporioides ~ C. capsici . C.
boninenseE 3G > (A{EFTPRERII - RAMEMERTY] >
DIETTEL S « 38 E R 201848 C. brevisporum B & EA

o

XE
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Fig. 1. A maximum likelihood phylogenetic tree of Colletotrichum acutatum species complex isolates collected from papaya fruit. Isolate names from this study

are indicated in bold and ex-type strains are indicated with “T”

in the end of the taxa labels. This tree was built by the concatenate sequences of ITS and

ACT, GAPDH, TUB2 and CHS-1 genes. The tree generated by Bayesian inference had a similar topology. Bootstrap support values for maximum

likelihood (before the slash) and Bayesian posterior values (after the slash) are shown at each node. Missing values are represented by minus sign. The

scale bar indicates the number of expected changes per site.
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Fig. 2. A Bayesian inference phylogenetic tree of Colletotrichum gloeosporioides species complex isolates collected from papaya fruit. Isolate names

from this study are indicated in bold and ex-type strains are indicated with

T in the end of the taxa labels. The species of the isolate PC26 is not known.

This tree was built by the concatenate sequences of ITS and ACT, GAPDH, TUB2 and CHS-1 genes. The tree generated by maximum likelihood had a
similar topology. Bootstrap support values for maximum likelihood (before the slash) and Bayesian posterior values (after the slash) are shown at

each node. Missing values are represented by minus sign. The scale bar indicates the number of expected changes per site.
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Fig. 3. A Bayesian inference phylogenetic tree of Colletotrichum magnum species complex isolates collected from papaya fruit. Isolate names from this study
are indicated in bold and ex-type strains are indicated with ™ in the end of the taxa labels. This tree was built by the concatenate sequences of ITS and
ACT, GAPDH, and TUB2 genes. The tree generated by maximum likelihood had a similar topology. Bootstrap support values for maximum likelihood

(before the slash) and Bayesian posterior values (after the slash) are shown at each node. C. diversisporum, a singleton species, was used as outgroup.

The scale bar indicates the number of expected changes per site.
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Fig. 5. A maximum likelihood phylogenetic tree of Colletotrichum truncatum species complex isolates collected from papaya fruit. Isolate names from this
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ITS and ACT, GAPDH, TUB2 and CHS-1 genes. The tree generated by Bayesian inference had a similar topology. Bootstrap support values for

maximum likelihood (before the slash) and Bayesian posterior values (after the slash) are shown at each node. Missing values are represented by minus

sign. C. arxii and C. bromeliacearum belong to C. gigasporum and C. boninense species complex, respectively, were used as outgroup. The scale bar

indicates the number of expected changes per site).
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Fig. 6. Seven-day-old colonies of Colletotrichum isolates from papaya grown
on PDA at 24°C underl2 h darkness/12 h cool white fluorescent light.
A. C. fructicola (PC30), B. C. okinawense (PCT7), C. C. plurivorum
(PC11), D. C. schimae (PC9), E. C. siamense (PC32), F. C. tropicale
(PCY), G. C. truncatum (PC29), H. Unidentified Colletotrichum sp.
(PC26).
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Fig. 7. An illustration of conidia of Colletotrichum spp. associated with

papaya anthracnose.

A. C. fructicola (PC30), B. C. okinawense (PC7), C. C. plurivorum
(PC11), D. C. schimae (PC9), E. C. siamense (PC32), F. C. tropicale
(PC5), G. C. truncatum (PC29), H. Unidentified Colletotrichum sp.
(PC26). Scale bar = 10 um.

i
AR TR EE B G GBI 1078F-8.4.1-
BE-PLRI0THSR-8.4.1- P33+ I LETEIR) - SULECH -

51 F 3Rk

1. Anonymous, 2019. List of Plant Diseases in Taiwan. Taiwan
Phytopathological Society. Taichung, 329 pp. (in Chinese)

2. Anonymous, 2020. Agricultural Statistics Yearbook. Council
of Agriculture, Executive Yuan, Taiwan. Taipei, 340 pp. (in
Chinese)



136 J. Plant Med.

10.

11

12.

13.

14.

Cai, L., Giraud, T., Zhang, N., Begerow, D., Cai, G., and Shivas,
R. G. 2011. The evolution of species concepts and species
recognition criteria in plant pathogenic fungi. Fungal Divers.
50:121-133.

Cai, L., Hyde, K. D., Taylor, P. W. J., Weir, B. S., Waller, J.
M., Abang, M. M., Zhang, J. Z., Yang, Y. L., Phoulivong, S.,
Liu, Z.Y., Prihastuti, H., Shivas, R. G., McKenzie, E. H. C.,
and Johnston, P. R. 2009. A polyphasic approach for studying
Colletotrichum. Fungal Divers. 39:183-204.

Cannon, P. F., Buddie, A. G., and Bridge, P. D. 2008. The
typification of Colletotrichum gloeosporioides. Mycotaxon
104:189-204.

Cannon, P. F., Damm, U., Johnston, P. R., and Weir, B. S. 2012.
Colletotrichum current status and future directions. Stud. Mycol.
73:181-213.

Crouch, J. A., Clarke, B. B., and Hillman, B. I. 2009. What is
the value of ITS sequence data in Colletotrichum systematic
and species diagnosis? a case study using the falcate-spored
graminicolous Colletotrichum group. Mycologia 101:648-656.
Damm, U., Sato, T., Alizadeh, A., Groenewald, J. Z., and Crous,
P. W. 2019. The Colletotrichum dracaenophilum, C. magnum
and C. orchidearum species complexes. Stud. Mycol. 92:1-46.
Damm, U., Woudenberg, J. H. C., Cannon, P. F. and Crous,
P. W. 2009. Colletotrichum species with curved conidia from
herbaceous hosts. Fungal Divers. 39: 45-87.

Dean, R., Van Kan, J. A. L., Pretorius, Z. A., Hammond-Kosack,
K. E., Di Pietro, A., Spanu, P. D., Rudd, J. J., Dickman, M.,
Kahmann, R., Ellis, J., and Foster, G. D. 2012. The top 10 fungal
pathogens in molecular plant pathology. Mol. Plant Pathol.
13:414-430.

Duan, C.-H., Pan, H.-R., and Wang, C.-C. 2018. First report of
Colletotrichum brevisporum causing anthracnose on papaya in
Taiwan. Plant Dis. 102:2375.

Hyde, K. D., Cai, L., Cannon, P. F., Crouch, J. A., Crous, P. W.,
Damm, U., Goodwin, P. H., Chen, H., Johnston, P. R., Jones, E.
B. G., Liu, Z.Y., McKenzie, E. H. C., Moriwaki, J., Noireung,
P., Pennycook, S. R., Pfenning, L. H., Prihastuti, H., Sato, T.,
Shivas, R. G., Tan, Y. P., Taylor, P. W. J., Weir, B. S., Yang, Y.
L. and Zhang, J. Z. 2009. Colletotrichum - names in current use.
Fungal Divers. 39:147-182

Jayawardena, R. S., Bhunjun, C. S., Hyde, K. D., Gentekaki,
E., Itthayakorn, P. 2021. Colletotrichum: lifestyles, biology,
morpho-species, species complexes and accepted species.
Mycosphere 12(1):519-669.

Kumar, S., Stecher, G., and Tamura, K. 2016. MEGAT:

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Molecular evolutionary genetics analysis version 7.0 for bigger
datasets. Mol. Biol. Evol. 33:1870-1874.

Lin, C. P., Wang, C. L., Tsai, J. N, Dai, Y. L., Ann, P. J., Zhan,
Y. M., and Huang, S. Y. 2022. Occurrence 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. (in Chinese)

Liu, X. B., Feng Y., Zheng X., and Huang. G. X. 2019. First
report of papaya anthracnose caused by Colletotrichum
brevisporum in China. Plant Dis. 103:2473.

Liu, F., Ma, Z. Y., Hou, L. W, Diao, Y. Z., Wu, W. P., Damm,
U., Song, S., and Cai, L. 2022. Updating species diversity of
Colletotrichum, with a phylogenomic overview. Stud. Mycol.
101:1-56.

Liu, F., Wang, M., Damm, U., Crous, P. W., and Cai, L. 2016.
Species boundaries in plant pathogenic fungi: A Colletotrichum
case study. BMC Evol. Biol. 16:81(14 p.).

Phoulivong, S., Cai, L., Chen, H., McKenzie, E. H. C.,
Abdelsalam, K., Chukeatirote, E., and Hyde, K. D. 2010.
Colletotrichum gloeosporioides is not a common pathogen on
tropical fruits. Fungal Divers. 44:33-43.

Silva, D. N., Talhinhas, P., Varzea, V., Cai, L., Paulo, O. S., and
Batista D. 2012. Application of the Apn2/MAT locus to improve
the systematics of the Colletotrichum gloeosporioides complex:
an example from coffee (Coffea spp.) hosts, Mycologia 104:396-
409.

Squissato, V., Yucel, Y. H., Richardson, S. E., Alkhotani,
A., Wong, D. T., Nijhawan, N., and Chan, C. C. 2015.
Colletotrichum truncatum species complex: treatment
considerations and review of the literature for an unusual
pathogen causing fungal keratitis and endophthalmitis. Med.
Mycol. Case Rep. 9:1-6.

Staden, R. 1980. A new computer method for the storage and
manipulation of DNA gel reading data. Nucleic Acids Res.
8:3673-3694.

Sun, Y.-C., and Huang, C.-J. 2019. Colletotrichum plurivorum,
the causal agent of anthracnose fruit rot of papaya in Taiwan.
Plant Dis. 103:1040.

Sun, Y.-C., and Huang, C.-J. 2020. Colletotrichum okinawense,
the causal agent of postharvest anthracnose fruit rot of papaya in
Taiwan. J. Plant Pathol. 102:581-582.

Talhinhas, P., and Baroncelli, R. 2021. Colletotrichum
species and complexes: geographic distribution, host range and
conservation status. Fungal Divers. 110:109-198.

Taylor, J. W., Jacobson, D. J., Kroken, S., Kasuga, T., Geiser, D.



M., Hibbett, D. S., and Fisher, M. C. 2000. Phylogenetic species
recognition and species concepts in fungi. Fungal Genet. Biol.
31:21-32.

27. Torres-Calzadaa, C., Tapia-Tussellb, R., Higuera-Ciaparac, 1.,
Huchin-Poota, E., Martin-Mexa, R., Nexticapan-Garceza, A.,
and Perez-Britoa, D. 2018. Characterization of Colletotrichum
truncatum from papaya, pepper and physic nut based on
phylogeny, morphology and pathogenicity. Plant Pathol. 67:821-
830.

28. Tsai, J. N., Ann, P. J., Hsu, Z. H., and Cheng, H. F. 2012. Survey
of papaya diseases in Taiwan. Plant Pathol. Bull. 21:154. (in
Chinese)

29. Udayanga, D., Manamgoda, D. S., Liu, X., Chukeatirote, E., and
Hyde, K. D. 2013. What are the common anthracnose pathogens
of tropical fruits? Fungal Divers. 61:165-179.

30. Weir, B. S., Johnson, P. R., and Damm, U. 2012. The
Colletotrichum gloeosporioides species complex. Stud. Mycol.
73:115-180.

31. Wu, C.-J., Chen, H.-K., and Ni, H.-F. 2020. Identification and
characterization of Colletotrichum species associated with

mango anthracnose in Taiwan. Eur. J. Plant Pathol. 157:1-15.

ABSTRACT
Chen, G.-Y. and Duan, C.-H.* and. 2023. Identification of

Colletotrichum species associated with papaya anthracnose in
Taiwan. J. Plant Med. 65(4): 125-138.
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Papaya anthracnose caused by Colletotrichum spp. affects
fruit quality and market values considerably. Twenty-eight isolates
collected from papaya fruit during 2014~2022 in Taiwan were
used for species identification and pathogenicity tests in this study.
Based on conidial morphology and ITS sequences, the isolates were
classified into 5 species complexes: C. acutatum species complex
(CASC), C. gloeosporioides species complex (CGSC), C. magnum
species complex (CMSC), C. orchidearum species complex (COSC)
and C. truncatum species complex (CTSC). Phylogenetic analyses
of the isolates were performed by using ITS and 4-gene dataset (ACT,
CHS-1, GAPDH and TUB?2). These analyses confirmed that C.
okinawense (10 isolates) was the dominant species followed by C.
tropicale (6 1solates), and C. fruticola (4 isolates). Moreover, there
were 2 isolates for each species of C. plurivorum, C. siamense,

and C. truncatum, and 1 isolate for C. schimae. Additionally, we
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also found one unidentified isolate belongs to CGSC. Inoculation
of a representative isolate of each species could cause anthracnose
symptoms on mature papaya fruit (cv. Tainung No.2), and the
same fungus was re-isolated from symptomatic fruit, thus
fulfilling Koch's postulates. Except for C. okinawense and C.
plurivorum, the other 5 species were reported to be the

pathogens of papaya anthracnose for the first time in Taiwan.

Keywords: multilocus phylogenetic analysis, taxonomy
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