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BHAZEERKEEBECIEY - RIEEER 500 AEBEAA 41 10 F£2KEx
ERAABEEERMT » B 2010~2018 FAMEEFFEER » 52 50% LI £
Hmkk 2IRMEE R - ZIBRRR KL ER DN 52 HE @ BREREEEE

IR ZRIRE B S Colletotrichum siamense ~ C. fructicola (C. gloeosporioides
species complex) -~ C. karstii ~ C. boninense (C. boninense species complex)
M —TEBEIN C. acutatum species complex §J377& Colletotrichum miaoliense
sp. nov. - Y I C. siamense AETEHELXREEER - HER |$§$ZT)?I
FE A R JELA R B R KB BN R AR A RE& i F 3% - FIIN BN R B2 B IR
T BEEEREATENESS  BrKEEEAHBARSHNRE Iﬂﬁ—yﬂ”\ﬂﬁﬂ
ERWNGER - MAEERENESE » 2 ~ B - RENS T AR ® 1908
FirEeHEPREEMNER  AELIRENREFREEREERNE  BSEEMN
BiR&E  WUEEEFRBERENFIETSI TR AREXNRSEFHEH
REFAT » AT A LU AR EE M RIESR & C. siamense £2 C. fructicola » {18
AEEAREMtEERERSTZEFE RENELER - A{ERZNHEZE 100 fg 2 C.
siamense DNA (4] 2 B/ REAME ) - KREESEE—HREHRE -

FARERE | BN BEER  RARAIEENIE
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S BB IR DI 53 A

SEEHFHEEEL 500-600 AtE - FFEEESE 18 BT FHEAEE
{EifE%8 300 Bt ' /A—BMEAKBEBCKR - BFEH5RAINRIN (9 BEZE 10
RH)) &t AR 1M BEE 12 BAFEGRRE  —BEERF3E4HER - &5
FEHEACELETEMEE  FaNRESESES AZ9IACE  EHABE
T 5E6 ANBMEEET7 £ 9 ANAZSE - k&N CRIREBPTIEKN
BEMNAER  SROFEREFERNBEBERES AN (BRE 1 2013) - £
EEFEHNESENTEREE 2500 B » T FRFHE RIEREERIETH
thBlmiE 20-30% (B @ 30% » NHAHA 20%) ERNERRERLERE @ EHE
SEREEE  HIRARBEAIENRREL  AIABR e T8 xRERE
R RFHIRNERME - lIER (anthracnose) B EHREZMREL— H
RIREBNXERIEMEE (Colletotrichum) 2 EH @ TERRDFAEMERE
ZHE  DTRERARRS THEMATEREERRERNT % @ ERHEE
RBRLUDTREATIERTENE  FHERREREBCER @ frEEEHELIAIRE
BEKETE @ FEUD FREC s EREE -

RETESREREZGHEAS  B2EMB MRS 5E2HR 55K
HEEHZEREERK EREZRMHNESREEABRGRRERE 94% @ Hf
DEESFREABRN  AMLBREEREZ 90% (107 FRELATER ) o
T 52 MR JER R K » 80% LI N EEFR AR M@ BE 2K - 2B B S
BRAMKZBE s A~ E2  RTERBESFAREAL > KM ITS BISHIFHLE
HWEERER B 45 KRB Colletotrichum gloeosporioides species complex
H 4 #B X C. boninense species complex » 5 3 # & X C. acutatum species
complex - #ERETRZEMBRNEFXIERREE —BARKE » EHRXLLC.
gloeosporioides species complex HIEAH LB AR LA (£ 86%) » EAm&m e
BYFTERAENER&EE (RKEREZ 94%)

RRBERBEME EARIERFAZXKERE * TE2BACHNREREZ
BERICE 7 NETEGD T 2MNERK&EEE S ITS « glyceraldehyde
3-phosphate dehydrogenase (GAPDH) ~ chitin synthase (CHS-1) ~ actin (ACT) ~
B -tubulin 2 (TUB2) ~ calmodulin (CAL) Ed intergenic region of Apn2 and MAT1-
2-1 (ApMAT) » A& H PCRIBREETEMER  RA—KkEBEZFIIKH
multiple sequence alignment & - 3 5l # 17 B ZE [ #7 (Bayesian inference) -



i N AR % Bl 23 At (Maximum likelihood) £ & K & 49 7% 20 #7 (Maximum
parsimony) » #5887~ C. gloeosporioides species complex {IEEENE S e &
JESRE ° & C. siamense Ed C. fructicola * C. boninense species complex & H 8
SMERIERE ° & C. boninense £ C. karstii » C. acutatum species complex
BE—RERERR - EMEDEREKER » LLC. siamense ([E— ) HIRAVEE
Bm BA75% HHIRBER (52 k& 14 397k ) (Chung et al. 2019) < |tt5h - 12 C.
acutatum species complex &R EEE K » TR/ - IR UBII 2
B —ERE BEEZESENASEE - EmiAHE Colletotrichum miaoliense
sp. nov. (Chung et al. 2020) -

B ARKEREGEE  RBEEEFPSHEED 2KAFARERMER
R ETHEEELIRRARZEANETELRRERI LR #FRETRC
siamense fE R[ERE T (18" C~22 ' C~25"°C~28 C-30 C# 32 C) &
AREAPE  WMEMETER  HEIZEETRERRHAEZEDBELRE P B C
siamense 7AE RS ENER @ TrRRERRIN—E -

o< JEL 5 ks ) 2%

AR ERIERE A LAFE B 2S (appressoria) Y ABEREERRZ - 82
AT LAE L Z R385 (secondary conidia) » [& &R RN AR E AT LUELE D £ 5
¥ &R E R ZRAYIR SN ELEGE (Leandro et al., 2001) - #% £ #A M & &2 08 %
R EREEBERNER  ARESEFESEREEXRE - AMEALEREER
RAER - EERAREEEESE - REREBERREEE - A ERARER
(paraquat) B FRIEMILEYAEE » IMERERNEBNRERE AR » WiED
AR FREBRZEL @ BEBRESHEBRRAZIER (Mertely and Legard, 2004) -
Dr. Ishikawa B4 RMREIC B E R DUBBREESE » £ 10-14 XAJ#z2
BN Z 2 IE RN D A BT 3EE AL 15T (Ishikawa, 2004) - ¥4 )25 R1E
EEARBAXKEREEREERENBRRREE 2 H ERABEAHEHERIE
(PCR) » A& B 12 DNA E3FBER (BARRRRH ) - — PCR AREEH -
R S EEE 2 H24l7 (20 real-time PCR %5 ) A gE{EAI13E] -

RIEFEARE - ZRBELNBFSEEEHRIE (nested PCR) 5| 7% » |iti&
Tt —RE PCR EMERE X PCRIBIRINEM » AILREFEMENRE
BE - 5l ¥R BZEEE R EESIX C. gloeosporioides complex & H{RSF
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(B EAtD Colletotrichum spp. ™MRSF » BE _ETIEF ¥ ARKESS Colletotrichum
RIRTHE - 35189 nested PCR 5| F 8 HETE—MHNOHT » 2RI C.
siamense ML133 §9 DNA (/& IE ¥ 8840 ) » LE & IR E Ah C. siamense 73 BTk
MAREERERREEL 20 C. fructicola B2 C. karstii (WE—1 » 45 RABRA
ERE B HEREEZRERRES C. siamense X C. fructicola » &5 —
X PCRIZMEH 490 bp R ES& » 8 — ) x PCREAIEIEH 150 bp FE&E (B Z ) » #
C. siamense ML133 g9 DNA =%!#% (1 ng ~ 100 pg ~ 10 pg *~ 1 pg * 100 fg -
10 fg per uL) BT HIF - 45 R B~ nested PCR 7] LU {& BI{K = 100 fg =z C.
siamense ML133 DNA » KEXEESEHE (B2 ) -

o Ao

TEREREETURB BT ER T B » MBS B AENE & E
ReB—NEERRRAPTER * 78 A ees H T E2RER M EEHENESTE
R - BRIPTFA% 2 nested PCR £:4f7 » AILURAIZ/E T 2N S HRERE C.
siamense £i C. fructicola * B AgAIB A BN XKERE * BNTZERERHN
Fusarium spp. S(RME (Trichoderma sp.) IR ARZHIRRI K - AR AR Y
HEErNE—M > TEEREEZEHE  REH 100 fg BVxERE DNA (49 2 E
RREAR) BRI ER - Beiresg DBERKENDERERE © N8
ReAirfsE A nested PCR & @ BN —M PCR - EEHEHE—HERS » FIE
Ed real-time PCR BN EZE8E - BE XX EMN K AE real-time PCR 1K » EH
E}iﬁﬁﬁﬁﬁ%ﬁa’ﬂﬂﬁﬂéﬁ BMEEBRNFE R 10-14 XA BETEHIERRRANE » (@
ANRAZ AI1E 1-2 Rie RSEEk » ERFE TR - BlA B Bl EE SRS
BEEE —AEESE N A L ERER S R E R AT EE (8
2017) » REKFHFERBEMBERTEARA - LIRSEAREESEHmE

BANRE A R LB EER (G o
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B — REREESEESHER ERELACREBNER D ERFLRE -a. BEEFHEH -b.
EE EMERHR - . RIERERFEERE K ESERER BRGEIIMEER - d. 8
MM ERRBERE - 6. EREERYIMAT  BRELAZHERZINE - f.
DERFER  REWVEIEET - BEZ A

Fig. 1. Anthracnose symptoms on strawberry and morphological characters of
Colletotrichum siamense. (a) Black necrotic leaf spots. (b) Withering and girdling
on a runner. (c) A strawberry plant with anthracnose crown rot showing chlorotic to
blighted leaves and wilting symptoms. (d) Longitudinal section of an infected crown
showing marbled reddish-brown necrosis. (e) The fungal colony was initially white,
later became light gray on the upper side. (f) Conidia hyaline, oblong to cylindrical,
with round obtuse ends. Scale bar =10 ym
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Fig. 2.
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ERTAMBEEHREZE-—MREHERH -a. DNAKAE S Colletotrichum
siamense ML133 (C133) - Fusarium spp. (F292 « F432 « F627 ~ F653 ~ F841) «
Trichoderma sp. (TO01 ~ T1425) « E5E1E F (leaf) & EE (NC) - M : 1 kb DNA 4
FZ%C (Faith Biotechnology) - b. Bz A& & F | #F8 > Colletotrichum siamense
ML133 #9 DNA : 1 ng/pL ~ 100 pg/uL ~ 10 pg/uL ~ 1 pg/uL ~ 100 fg/pL ~ 10 fg/uL - M :
1 kb DNA ¥ #Z5C (Faith Biotechnology)

Specificity and sensitivity test of the nestd-PCR assay. (a) Samples included the
DNA of Colletotrichum siamense ML133 (C133), Fusarium spp. (F292, F432, F627,
F653 -~ F841), Trichoderma sp. (T0O01, T1425), strawberry leaf (leaf), and negative
control (NC). M: 1 kb DNA ladder (Faith Biotechnology). (b) Samples included serial
dilutions of C. siamense ML133 DNA: 1 ng/uL, 100 pg/uL, 10 pg/uL, 1 pg/uL, 100
fg/uL, 10 fg/uL. M: 1 kb DNA ladder (Faith Biotechnology)
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Population analysis and development of a
detection method for Colletotrichum species
associated with strawberry anthracnose in
Taiwan

*Pei-Che Chung', Hung-Yi Wu?, Ting-Hsuan Hung ?, Chia-Ling Chung®
' Miaoli District Agricultural Research and Extension Station, Council of Agriculture,
Executive Yuan, Miaoli, Taiwan, R. O. C.
2 Department of Plant Pathology and Microbiology, National Taiwan University,
Taipei City
* Corresponding author, E-mail: peiche@mdais.gov.tw

Abstract

In Taiwan, strawberry (Fragaria x ananassa Duch.) is a high-value
crop with an average annual cultivated area of ~500 ha in the last 5 years.
Anthracnose has become more destructive over the past decade in Taiwan.
From 2010 to 2018, we surveyed anthracnose in major strawberry cultivation
areas in Taiwan, and observed that more than 50% of diseased plants showed
typical anthracnose crown rot (ACR) symptoms. Multi-gene analysis and
morphological characterization of 52 isolates revealed that C. siamense, C.
fructicola (C. gloeosporioides species complex), C. karstii, C. boninense (C.
boninense species complex) and Colletotrichum miaoliense sp. nov of the
C. acutatum species complex were associated with strawberry anthracnose
in Taiwan. C. siamense was recognized as the most dominant, fast-growing
and highly virulent causative agent of strawberry anthracnose in Taiwan.
Our results would help develop a comprehensive control strategy to alleviate
strawberry anthracnose in the future. Because Colletotrichum spp. can cause
latent infections, use of healthy and pathogen-free strawberry seedlings will
greatly reduce the occurrence of anthracnose rot in the field and the usage
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of fungicides. To produce healthy seedlings, it is important to diagnose
anthracnose at the stage of latent infection. We conducted comparative
genomics analysis of known Colletotrichum spp. genomes to search for ideal
regions suitable for the design of specific primers. We developed a nested-
PCR assay which can specifically detect C. siamense and C. fructicola, the
predominant pathogens causing strawberry anthracnose in Taiwan, but not
other pathogens and saprophytes associated with strawberry plants. It could
detect as low as 100 fg genomic DNA of C. siamense, which corresponds to
2 cells of C. siamense, suggesting the high sensitivity of this new detection
technique.

Key words: latent infection, healthy runner plants, nested-PCR
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