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BGHR o A2V S 0 {H 2 G R A RO Y B
FYEHE (Suryanarayanan 2013) - £ 2/EY)t »
T EWHENNEEEEA Alternaria spp.
Aspergillus spp. ~ Chaetomium globosum ~
Cladosporium cladosporioides ~ Cladosporium
spp. ~ Colletotrichum graminicola ~ Curvularia
spp. ~ Epicoccum nigrum ~ Fusarium oxysporum >
Fusarium spp. ~ Penicillium spp. ~ Scolecoba-
sidium humicola ~ Trichoderma spp. ~ Xylaria
spp. & (Varma et al. 2017) - [ H{FEF I IH
BE HRHEMINES > CHINAERETUEIE
YK i JE 4 W) i 5 (Saikkonen et al. 2010)
IHEEYR IR E - 42 = EY PO S 0 RE
11 FHEEEHCWAHKREREYDEH &
4 B E U E 58 E (Beauveria bassiana) 4
BB/ BRE - NE - RKEEZRNER
(Arnold et al. 2003; Varma et al. 2017; Ramakuwela
et al. 2020) - W AHIME - RN LR TR
RERMN LN BARMEE - 1 NE
HELSESNREAHYLER  THEMN
AT 347 2 %)) (Debbab et al. 2011; Sury-
anarayanan ef al. 2012)

IR AR R S AR~ % BEE AL
WAL » RERBIAANAFFEES A ZE
117 B a5 N A W R R R S E Y D
fir (Vega et al. 2010) - DIBNWE RIS » 778
R R NN EEHE R RIEE (Colletotrichum
spp.) ~ Fusarium spp. ~ Penicillium spp. LA %
FAER} (Xylariaceae) 27 HE (Vega et al. 2010) »
WEARES R B > 2 BRI i Z N AR EE AR 7
BB R A E R Xylaria spp. ~ S B DR
Guignardia spp. (f M X Phyllosticta spp.)
(Santamaria & Bayman 2005) - 5% 75 =0/ &
B UNEEEE R N A E Y EH > Oliveira et al.
(2014) thEmnyEETEAAEERYEER N
AWEAE - FEETE B A = R b E
» FHEEIAIZE L Phyllosticta capitalensis Fy
F o HPA RS > BT R E B R IR o LAY
WAEE @ SIMEE e - WA RE
BRI AT A 7 #1975 L 14 SR YL ER 7B 7 (Bongiorno
etal. 2016) -

HRREEN 8 - BFERBLERESG
18T 57 (multi-locus sequence analysis) 252 »
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Colletotrichum J&EE ¥ 77 35 » ¥ A TE [ AV fE T
Eim > EELEE > £ & E KW IR
MEAEE > HAITEEL 14 EFENES
fii (species complex) » H 1 HE 248 {E# 2L EHY
Ynfd (Cannon et al. 2012; Damm et al. 2012a,
2012b; Weir et al. 2012; Vieira et al. 2014; Jay-
awardena et al. 2021) - {EHL P EEE Z 2 F » %
IR Al R MR Colletotrichum spp. A
IERIIYESAEN » 40 Colletotrichum gigasporum ~
Colletotrichum karstii ~ Colletotrichum si-
amense [ Colletotrichum theobromicola
ERVGEFMYEE R F & B EBE (Cristobal-
Martinez et al. 2017) » &2 BFAEYE F oy EEE
F1 Colletotrichum brevisporum ~ Colletotrichum
endophytica ~ Colletotrichum ledongense I
Colletotrichum tropicale M fG ERE - ENE
C BEPRTA R A R B R ik
RENERE - B ATHITE - %4 DUIMERY
fE (Oliveira et al. 2014) T internal transcribed
spacer (ITS) (Vega et al. 2010) ¥ E » H
KEC o ERE BB e G -

IELE & B R AR A R S B A 100 4 - H4D
M EFREILA 18 & (Tzean et al. 2019) »
5 Cercospora coffeicola 5[FERTINIMEIGHE
A 0 B Hemileia vastatrix 5|72 05 01 E 5 % DA
K2 Colletotrichum gloeosporioides BT 5| #E 2 T
WEFRIEIE o W& HR S S 8% B il T f o 7 4
LIRS I SN G A | L PSR =N S REDIN bk RN
RN L EEHER - ALEREENA
Y RERETEZ —  MEYNEFENE
ROJRERfER TR Z— -

Kz BWA — - H— RS EimyE
BERANFENNERERBE - DEARRE W
EYEREC M H O RE R EEE 2 N E
FRE B Y AH B S HH RS 2 722 52 > DI %
Bt - R AR ki 2 ke N AR EAH B 95 2
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e A 2B R RIFSE 245

WP~ EARRE G GRS - BB PIA R TR 4D
maeXEalBor - eETRLUE  5RBE
RS 2 7 (En kR - R R ik
B ELBIPE PR 5—10 BRASS » HUEAE BRECAA
% GIREIEHEE 4 R T REARFER
75% EKEH 30 s FEIRIEN 1% RAFEIVEST
FMADHH 3 min > @M LASEE /K 30 s FE5E3 X
B LURE S F R A L 8K oy WY I
FARSVIR AN T em x 1 em /MR - B 5
R UIALS /NR - B PAFLEE (lactic acid)
BALEpH3IS Z R EFH A B AT EE
(acidified potato dextrose agar; APDA) [fif #
J3EFs B 750 uL 50% (v/v) FLEERIIA 300
mL potato dextrose agar (PDA) (Merck KGaA,
Darmstadt, Germany)] > N ZE B TIEE » fFIN
AEREHERHABARTE KIS ERT
B 7 dECER 1 R RERE 14de B UIT
BF 4R R B BE 71 &2 PDA T 4L RSB W R 1F
RI0CT R - B EEZ #EHERETE A
Bt ANERHERE (%) = (HHS 7 BEL
AWNAERZFER HSE/ 282 5 R H 8%
) x 100% - FEHAF ~ EEGT - EERPT
AR - FERMERE MR LZRIEER
Wt 5 Al EE 20-35% 2 ERRETT R BT o
WEREREE
MEHEEE N BRSNS
T - TR b
it - T2 RS ETTE 2 i€ (Barnett
& Hunter 1998) » %5 fif /2 61 X Ry o7 B AH S 15 2
HL [ T 0 I 2 — 25 DL ribosomal ITS R By 2 #%
HEEFP AT o3 1T o R MR R 2 558 3 44 DA
HBUEZ NaOH ffi 5 #ll HUFE Y] DNA 2 777517
(Wang et al. 1993) ° Ao 2 i R R B R
PDA » fFRHIEEBEHAE > SNV ERS » B
2200 uL 0.5 N NaOH - DLF-F5 = 35 H 1%
B 1 min > FFACEE L PR EL B R SR TR A
% > U gL 100 mM Tris-HCI (pH 8.0) #
1T 10x ¥k » A {S MR AT {F 5 DNA AR -
AT ITS &7y Fp 51 2 Wi - A slER AT A <
polymerase chain reaction (PCR) /A& 1x
PCR %&{#& [10 mM Tris-HCI (pH 8.0), 50 mM
KCl, 1.5 mM MgCl2, 0.1% (w/v) gelatin, 1%

Triton X-100] ~ 100 uM dNTP, 0.4 U Prozyme
DNA polymerase (Protech Technology Enter-
prise, Taipei, Taiwan) [l 52 0.2 uM primer >
SIS B K (8 ELAR SR By 25 wl  FREEA
PCR 5| F+¥ f4E © AR ITS 312 1TS1
(5'-TCCGTAGGTGAACCTGCG G-3") f ITS4
(5-TCCTCCGCTTATTGATATGC-3") (White
et al. 1990) - L JERHEAT : 94°C/4 min ; ##
ZPL94°C/30 s ~ 52°C/30 s ~ 72°C/30 s #E1{T 30
E G ER 5 72°C/7 min - 14 1 1% DNA £ A Bl
EZ-vision DNA dye as loading buffer (Protech)
a0 LL1.5% Agarose gel }2 0.5x Tris/Borate/
EDTA (TBE) 4 i /R #ETZEEE X T - 55
4h o B f3 PCR EVINZ LR E £V A E]
(Tri-I Biotech Inc., Taipei, Taiwan) #E{T % [i&
TEFF P % 2 %M S - S BB R A VIR
& Hry (National Center for Biotechnolo-
gy Information; NCBI) GenBank & ¥} &5 # 1T
FPol & s BALL ¥ -
MR ANEREE D S BGETE

B 2 e A RRIE R B 0 BT
intergenic region of Apn2 and MAT1-2-1
genes (ApMat) K glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) £ [K F B 7 M iE »
GAPDH #15F 5| T ¥ & GDF kK GDR (Tem-
pleton et al. 1992) » ApMat g 7 5] T % &
AMF + AMR (Silva et al. 2012a) - 2L GAPDH
B¢ ApMat f7 51| #E 77 ) 20 09 B ik o3 BF 0 F
ANTE > B R PR B ER PR - AT S (AR Fp 5 R
A BN G i - 2 B & o0 i (i
A~ E£ W R B AL $E actin (ACT) ~ calmodulin
(CAL) -~ chitin synthase (CHS) - GAPDH [}z
B-tubulin (TUB) » H ft ACT ~ CAL ~ CHS K
TUB E A F BetliE 2 5+ 77 5l F ACT-512F
J2 ACT-783R (Carbone & Kohn 1999) ~ CL1C
J CL2C (Weir et al. 2012) ~ CHS-79F K
CHS-345R (Carbone & Kohn 1999) » L 5z T1
(O’Donnell & Cigelnik 1997) & Bt2b (Glass
& Donaldson 1995) - (5 /0fr 2 Btk &%
Weir et al. (2012) Jz Damm et al. (2012b) F{#
F 2 E#E WA A 2012 18 82 > SR FT
& (Manamgoda et al. 2013; Wang et al. 2016;
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Sharma et al. 2017; De Silva et al. 2019) »
FEkZ P (2 1) B GenBank &fth B T &
% BUKIHIE Z EHRER P (% 2) #EATLEL
o BERHF Sl ClustalX v.2.1 @i (Lar-
kin et al. 2007) #{THPLE HEF (alignment)
% > bl jModeltest # 7T DNA % i 8 % (DNA
substitution model) FE(ETEN > HAHHKE
= # Rl 75 7% (Bayesian information criterion)
T35 DNA B Rl » =R PRELE 2
#HE - DL SequenceMatrix v.1.7.8 #S (Vaidya
et al. 2011) PFEEEEL A5 » i L MrBayes
v.3.2.6 (Ronquist et al. 2012) #ETH K HE
(Bayesian inference; BI) 7 f&f U 2 % - #E 1T
2 RATHT - BRI 1 x 107 i X (genera-
tion) » 45 1,000 {R&HHACH 1 B 347 » F Ko
R FRIERT 25% HEAL -
IINEE A NAEREEEE A REERS
R 2 B4 BEFEHE PDA AU T 3-4 d
(R VI % 2% £ PDA S RSB E
A% &AL [synthetic nutrient-poor agar (SNA) >
BT | L BB AN A 6 g agar ~ 1 g
KH,PO, - 1 g KNO; ~ 0.5 ¢ MgSO, + 7H,0 ~
0.5 g KC1~ 0.2 g sucrose fz 0.2 g glucose] I
B AR BRI R 25C Y Rk 5
& 7d - DR SAFERES R
DU r A 7 BE i 8% [differential interference
contrast (DIC), Nikon 801, Nikon, Tokyo, Japan]
Bl AR FA R4 5% - MTE 28 (appressoria)
ZWBZE 2% Weir et al. (2012) ZJ7AIIEHOE
Bt A » IEHRIEE R BT SNA RESZ
TR DUEE KRR 1 x 10* spores mL™' &
&7 > KKBEREE B AL (water agar; WA)
PIE R 1 cm Y 78R - BN RE & 2 H3 R
B Y WA SRR | 10 uL f50R > MR E S
BEZER RN WAL E - BB R RARREZ
BRI BRI 2STEE3Id 218
R R L DL A SR s 7 b
pd BTyl e AN

fER
MR RN EBRERR E DB
S8 T IO I A 5
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Y &K NE - EREE K ITS B34 1
$E BT WERL Colletotrichum spp. ~ Phyllosticta
spp. R A E R B PG bl s 0 7
— 3£ 53 B 21 859 £k Colletotrichum spp.
475 ¥k Phyllosticta spp. ~ 505 PR A E R HH
B 214 R EA S HE 0 iz thflaER 3
Frm > SEEES#EZLEBILL Colletotrichum
spp. X 0 f£ 7 {E & Colletotrichum spp. 15
HT70%LL BB CHEREFHRE
PR GR35 S 2 100% 5 1 Phyllost-
icta spp. W4EH {E PDA | 2 I B4 0 H %
LEZEE (B 1A) - 72 [E ik B 2 o B
ALK ERCE KEE T MYEE AR
#:F Phyllosticta spp. » BE 235 FTNYER
SEERAIE 77.6% 5 SS90 A E RHE B A B
Fl| Nemania spp. N Xylaria spp. * It Xylaria
spp. 1 PDA F 2RO BEE - HAIE R
wE FEHBHE IR (B 1B) » Nemania spp.
MERSRABEE  HE&KZE KR ZIERER
NEREE (& 1C) - RAERIEEAE 7 {8y
A 20% DL ERY o EER - Hop A 5 2 P
WERE S R R 92% - HMMEE N2 E
» fil & Alternaria spp. ~ Cladosporium spp. ~
Fusarium spp. ~ Lasiodiplodia spp. ~ Pestalo-
tia spp J2 Phomopsis spp. %5 > {£1£ & 77 0j W
B EESE] - HP{EH Pestalotia spp. (FEH
SRR o B LR R S 0 By 26% 0 HEREE
T EEER IR 5% o Colletotrichum spp. ~
Phyllosticta spp. K 5% £ & FFE B bR T 78 1k
BRH ENSEERS 2 B—REF EAEE
172 flE 2 L EMNAEEE -

LA GAPDH X ApMat E&X B #) 41
BFENEREE DB

HERCE - EMET - BEIFT - &
i~ FEETE X LT E U 147 BR
» §]2 LL ApMat 8¢ GAPDH f+ 51 73 #fr » &%
RERKZHRIEERBI C. gloeosporioi-
des W ETE - (E£H HIFE TR 7 BE4S A BUE
WIREY C. boninense 18ETE - DIA £ 147 &
FRIEE (3% 2) & 0FH GenBank fHGEE L C.
gloeosporioides &1l 7 FEIHE (1) #1128
& 7E > EF ApMat B K F ER 2 51 DL A B
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% 3. Collectotrichum spp. ~ Phyllosticta spp. 5z & FAGERF (Xylariaceae) BB F N EEAE 7 (@A [E]Hr & ik
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Table 3. The isolation frequency of coffee endophyte including Colletotrichum spp., Phyllosticta spp. and Xylaria-
ceous fungi, from coffee leaves from seven coffee orchards in different areas.

Isolation frequency (%)”

Collection site Colletotrichum spp.  Phyllosticta spp. ~ Xylariaceous fungi ~ Other fungi
Ren-ai Township, Nantou County 97.9 0.0 22.1 5.7
Gukeng Township, Yunlin County 100.0 60.0 33.0 5.0
Chiayi Agricultural Experiment Station 76.8 77.6 78.8 25.6
Jhongpu Township, Chiayi County 100.0 0.0 92.0 13.0
(Shizhuo) Zhuqi Township, Chiayi County 76.0 63.0 31.0 28.0
Dongshan District, Tainan City 76.0 40.0 72.0 37.0
Taiwu Township, Pingtung County 89.0 59.0 24.5 29.5

“ Isolation frequency (%): the number of leaf discs from which the fungi was isolated/total leaf discs investigated.

1. DEEEST RS NAZEE (A) Phyllosticta spp. ~

(B) Nemania spp. J (C) Xylaria spp. 1555 EI8a &

B FAVETE AR o (A-C) M REVEIEHR - A HEEH I -

Fig. 1.

Colony morphology on potato dextrose agar. (A) Phyllosticta spp., (B) Nemania spp. and (C) Xylaria spp.

For (A—C), the left side is the upper surface of the colony, and the right side is the reverse.

IRMEEELE (maximum likelihood; ML) #1743
T o GEIRBUR - AT Z AR A 9 k12 8

S (E2) Hf Cl1-C3 5L Hl C. siamense
BT C4 By ML HY 73 52 A& Col-1836 -

Col-1837 }% Col-2217 » U\ C4 X 3IBREN
ApMat 51} NCBI 4815377 nBLAST HE%f »
AN EHITEFS B C. siamense ZLY 3 K
(GenBank accession no. MT602136) » {H EH fH
PEEHFIBI%-C5 T EHETH
C. fructicola B E R P51 > C6 73 LA & C.
tropicale - C7T {& & 1 & ¥ Col-2257 » B C.
gloeosporioides By 3T - C8 TN B 1L 7y <7 » & 11
{El R - C9 AIlEL

Colletotrichum kahawae subsp.

kahawae ICMP17816 L\ K Colletotrichum ji-
angxiense CGMCC3.17363 &l B[&6]—/rZ - C10
K2 C11 #1 Colletotrichum cordylinicola | 1E 6]
—5 N C12 4L HIEL C. theobromicola T
ﬁ o

MIEFERNE REESEREGE DT

Ty — SRR C1-C12 4y <7 7 @ bk fE s
FH &4y 2Pk % 1-3 Bk > #1T ACT ~ CAL »
CHS - GAPDH J; TUB & B 2 K K 53 F #E
T BUAB &#EE (B 3) - &R ExR » &t Cl
5379 Col-1929 ~ Col-1834 » 1A C2 4311
Col-1819 DL JBH C3 4>y Col-1818 ~ Col-
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Col-1838 Jhongpu Township, Chiayi County
Col-2212 Jhongpu Township, Chiayi County
Col-2214 Jhongpu Township, Chiayi County
Col-2198 Jhongpu Township, Chiayi County
__ %9 Col-2195 Jhongpu Township, Chiayi County
Col-2193 Jhongpu Township, Chiayi County
Cok1834 Jhongpu Township, Chiayi County
Col-2192 Jhongpu Township, Chiayi County
Cok1929 Chiayi Agricultural Experiment Station

_: X syn. C. lidis ICMP 18642
C. siamense syn C. jasmini-sambac ICMP19118

L Col-1926 Dongshan District, Tainan City

C1

0ok1819 Gukeng Township, Yunlin County
Col-1908 Jhongpu Tawnshlp, Chiayi County
T hi lin Coun!

0l-2158 Ren-ai TanShlp, Nantou County
77 4 Col-2151 Ren-ai Township, Nantou County

% - | Cok1818 Gukeng Township, Yunlin County
Col-2205 Jhongpu Township, Chiayi County
Col-1822 Gukeng Township, Yunlin County

C. siamense ICMP18578

Col-1927 Chiayi Agriculturl Experiment Station

Col-2203 Jhongpu Township, Chiayi County

Col-2221 Jhongpu Township, Chiayi County
Col-1804 Jhongpu Township, Chiayi County
Col-2210 Jhongpu Township, Chiayi County
87 [ Col-2215 Jhongpu Township, Chiayi County
Col-1924 Dongshan District, Tainan City

C3

C. tainanense CBS143666
100 | C. tainanense UOM1119
L—— C. salsolae ICMP19051

,— C. makassarense CBS143664
100 G i

ICMP1778

C. asii ICMP 18580

C. hy ICMP17673

C. endophyticum UOM1137

g

CoF1837 Jhongpu Township, Chiayl County

Col-2217 Jhongpu Township, Chiayi County
Col1836 Jhonggu Townshlg. cniazl County

C4

C. musae ICMP19119

C. ICMP 18608

[s

C. perseae GA100
C. nupharicola ICMP17938
C. alienum ICMP12071

- Col1928 Chiayi Agriculturl Experiment Station
Col-2216 Jhongpu Township, Chiayi County
Col-2204 Jhongpu Township, Chiayi County
Col-2167 Ren-ai Township, Nantou County
Col-2262 Ren-ai Township, Nantou County
Col-2254 (Shizhuo) Zhuqi Township, Chiayi County
71| = C. fructicola ICMP18581

C. fructicola syn C. ignotum ICMP 18646

Col-2194 Jhongpu Township, Chiayi County
Col-2251 (Shizhuo) Zhugi Township, Chiayi County
Col-2263 (Shizhuo) Zhugi Township, Chiayi County
ol Col-2248 (Shizhuo) Zhuqgi Township, Chiayi County
Col-2244 (Shizhuo) Zhugi Township, Chiayi County
Cok1925 Dongshan District, Tainan City
Col-2240 (Shizhuo) Zhuqi Township, Chiayi County
Col-2243 (Shizhuo) Zhuqi Township, Chiayi County
Col-2242 (Shizhuo) Zhugi Township, Chiayi County

C5

C. tropicale ICMP 18651
C. tropicale ICMP 18653

Col-2149 Ren-ai Township, Nantou County
Col-2150 Ren-ai Township, Nantou County
Col-2165 Ren-ai Township, Nantou County

C6

C.
100)

gl

>rioides ICMP 17821

Cok2257 (Shizhuo) Zhugi Township, Chiayi County

C7

i 2.

C. alatae ICMP17919

253

LA intergenic region of Apn2 and MAT1-2-1 [ %] Kz maximum likelihood J& &% 43 #7 mn Wk B X 4= 2 JH &

(Colletotrichum spp.) HIREAH - AKFELER ST By C1-C12 4357 » KRG TR Z B RIR ST T2 ENIAG T 2 Bk

Fig. 2. Coffee endophytic Colletotrichum phylogenetic analysis based on intergenic region of Apn2 and MAT1-2-
1 sequences using maximum likelihood algorithm. These isolates formed C1-C12 clades. Isolates used in sequential
multi-locus phylogenetic analysis were emphasized in bold.
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C. ti ICMP4832
C. aotearoa ICMP18537
Col-2206 Jhongpu Township, Chiayi County
Col-2207 Jhongpu Township, Chiayi County
Col-2166 Ren-ai Township, Nantou County
Col-2164 Ren-ai Township, Nantou County
Col-2220 Jhongpu Township, Chiayi County C 8
Col-2157 Ren-ai Township, Nantou County

Col-2199 Jhongpu Township, Chiayi County

Col2145 Ren-ai Township, Nantou County

Col-2175 Ren-ai Township, Nantou County

Col-2190 Ren-ai Township, Nantou County

Col2241 (Shizhuo) Zhugi Township, Chiayi County

Col-2182 Ren-ai Township, Nantou County

Col-2154 Ren-ai Township, Nantou County CQ

C. kahawae subsp. kahawae ICMP17816

C._jiangxiense CGMCC3 17363

C. clidemiae ICMP18658

C. psidii ICMP19120

C. wuxiense CGMCC3 17894

Col-2159 Ren-ai Township, Nantou County

Col-2163 Ren-ai Township, Nantou County

Col-2161 Ren-ai Township, Nantou County

Col-2153 Ren-ai Township, Nantou County

Col-2156 Ren-ai Township, Nantou County

e Col-2144 Ren-ai Township, Nantou County C1 0
Col-2187 Ren-ai Township, Nantou County

Col-2191 Ren-ai Township, Nantou County

Col-2152 Ren-ai Township, Nantou County

99 | | Col-2185 Ren-ai Township, Nantou County

Col-1840 Jhongpu Township, Chiayi County

Col-2178 Ren-ai Township, Nantou County

Cok2147 Ren-ai Township, Nantou County

L— C. cordylinicola ICMP18579

.I Col-2173 Ren-ai Township, Nantou County

[{ Col-2169 Ren-ai Township, Nantou County
Col-2172 Ren-ai Township, Nantou County
Col-2160 Ren-ai Township, Nantou County

Col-2179 Ren-ai Township, Nantou County
Col-2208 Jhongpu Township, Chiayi County
Cok1817 Jhongpu Township, Chiayi County
Col-2174 Ren-ai Township, Nantou County
Col-2196 Jhongpu Township, Chiayi County
Col-2200 Jhongpu Township, Chiayi County
Col 2186 Ren-ai Township, Nantou County
Col-1844 Gukeng Township, Yunlin County
Col-2181 Ren-ai Township, Nantou County
||| Col-2171 Ren-ai Township, Nantou County C1 1
Col-2148 Ren-ai Township, Nantou County
Cok1923 Dongshan District, Tainan City
Col-2176 Ren-ai Township, Nantou County
Col-2184 Ren-ai Township, Nantou County
Col-2183 Ren-ai Township, Nantou County
Col-2177 Ren-ai Township, Nantou County
Col-2170 Ren-ai Township, Nantou County
Col-2155 Ren-ai Township, Nantou County
Col-2168 Ren-ai Township, Nantou County
Col-2180 Ren-ai Township, Nantou County
Col-2162 Ren-ai Township, Nantou County
Col-2189 Ren-ai Township, Nantou County
Col 2202 (Shizhuo) Zhugi Township, Chiayi County
C. honi

b3

ICMP17903

C. theobromicola ICMP18649
Cok1905 Jhongpu Township, Chiayi County

Col-2213 Jhongpu Township, Chiayi County
Col-2218 Jhongpu Township, Chiayi County 2
Cok2201 Jhongpu Township, Chiayi County
Col-2197 Jhongpu Township, Chiayi County
Col-2211 Jhongpu Township, Chiayi Coun!

LA intergenic region of Apn2 and MAT1-2-1 %] Kz maximum likelihood J& 572 47 Wik & A A= 52 JH B

(Colletotrichum spp.) HIREA » AMiFHEIE Sy Fy C1-C12 7357 - MBS FHRR 2 ER IR GUEIT S RREG T2

Btk - (%)

Fig. 2. Coffee endophytic Colletotrichum phylogenetic analysis based on intergenic region of Apn2 and MAT1-2-
1 sequences using maximum likelihood algorithm. These isolates formed C1-C12 clades. Isolates used in sequential
multi-locus phylogenetic analysis were emphasized in bold. (continued)
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Fig. 3. Multi-locus phylogenetic analysis for Colletotrichum gloeosporioides complex in coffee leaves using Bayes-
ian inference analysis, which is based on actin, calmodulin, chitin synthase, glyceraldehyde-3-phosphate dehydroge-
nase and B-tubulin sequences. Isolates in this study were emphasized in bold.

LA actin ~ calmodulin ~ chitin synthase glyceraldehyde-3-phosphate dehydrogenase &z B-tubulin F£[A /B2
EIT RG24 - Ml

/—;—\

1924 & B C. siamense » s C1-C3 53 By C. fructicola » #&H Col-2165 4345 A %1 C6 47

siamense » C4 43 1 Col-1836 )z Col-1837 Hif
S EREG MR IN B 1 8557 8
7 C4 53 O RE FosfifE - C5 732 M HY Col-1925
K2 Col-1928 & C. fructicola » B~ C55&C.

B C. tropicale » C7 5337 N1y Col-2257 B C.
gloeosporioides » C8 73 37 T 1) Col-2145 ~ C10
43y Col-2147 DL K C11 43 T #J Col-1817 ~
Col-1844 J Col-1923 & & C. cordylinicola »



256 B SETSE 26

B C8~ C10 F Cl11 A C. cordylinicola » &
N C9 43 2 #Y Col-2241 H A& C. jianxiense °
C12 43 % T HY Col-1905 RI|/& A C. theobromi-
cola »

UIEAAE SRIEIRER T L2 C. gloeosporioides
a7 EE A 1 E0] se 8 s
TEFEF TR 2 ik E 2 & B 21k C. boninense
HEME 2 FEik o {k1% GAPDH Jp¥l~ # 5 » Hl
Col-2248 ~ Col-2258 7 Col-2260 &tk » 4% ACT ~
GAPDH J; CAL 2 B[R4 53 i1 > %37 Col-
2258 B C. boninense » Col-2247 } Col-2260
Rl & C. karstii (|8 4) »

1% W3

gl

2

MIBFEEAEREE

BURCERS

EN S Z“EEIJ: il % BN o3 i 2 10 1
U EE Y A PR IE B BT R K AT AU RR

22 GERYNE S - [ 6 Fir o BLEDERIRE S
C. gloeosporioides & TE T » KEIEEH
&R IEH A GECRIKE - FHEAIEREE - F
BEIKE (5 ZFEEMEKE 6A~E~T)
R AIBY By C. fructicola 4y B FR Col-1928 1+
PDA Lﬁ;@ﬁiﬁ%ﬁ%fﬁ S (1 ST) > it
Tl B & RURE TR IR A 5 43 C. cordylinicola &

kb (BRARER) ﬂ?t% # oy C. cordylini-

C. constrictum CBS128504

99

100

99

78

96

100

L C. dacrycarpi CBS130241

C. annellatum CBS129826
C. karstii CBS106.91

C. karstii CBS110779
C. karstii CBS127552
C. karstii CBS129833
Col-2260
C. phyllanthi CBS175.67
C. petchii CBS125957
C. petchii CBS378.94
C. novae-zelandiae CBS128505
C. brasiliense CBS128501
C. hippeastri CBS125376
C. parsonsiae CBS128525
C. beeveri CBS128527

C. colombiense CBS129818

C. brassicicola CBS101059
C. boninense CBS123755
C. boninense CBS128526

C. karstii

100

100

C. boninense

0.04

4.
Colletotrichum boninense ¥8-& TR HEHE
R R TEL A 2B B Bk

Fig. 4. Multi-locus phylogenetic analysis for Colletotrichu.

LEHE

C. boninense CBS128547
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C. cymbidiicola IMI347923
C. torulosum CBS128544
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LA calmodulin ~ glyceraldehyde-3- phosphate dehydrogenase J B-tubulin F& (& 5 E% S5 ol Wk B8 A 4= 5 4H &
TEERBEGSN 2T - B TR 2 B R AT 2

m boninense complex in coffee leaves using Bayesian in-

ference analysis, which is based on calmodulin, glyceraldehyde-3-phosphate dehydrogenase and p-tubulin sequences.

Isolates in this study were emphasized in bold.
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FZERIBE o Colletotrichum cordylinicola Col-2145 kg (E) 1F PDA 2 Ei&BIRE 5 (F) 1F SNA |2 filFRIARE ;
(G) 7£ PDA FFIFHIBE R (H) M 88RIEE o Colletotrichum fructicola Col-1928 ik (1) ¢ PDA 7 [ 4 7HIAE
(D) £ SNA 27 i+ HIfE 5 (K) £ PDA FfITRIGE K (L) [fif Z 23 RIKE  Colletotrichum gloeosporioides Col-
2257 Ekk (M) 75 PDA Z 74 BIRE 5 (N) 1E SNA 2 fFHIR8 5 (O) 72 PDA L7FRIRE R (P) & 252IRE -

Colletotrichum jiangxiense Col-2241 itk (Q) 1£ PDA Z E % AIRE 5 (R) £ SNA |7 fiT-#IHE ; (S) £ PDA [
faTRIFE K (T) T ESAIRE o Colletotrichum siamense Col-1834 ik (U) 1 PDA Z E & RIRE ; (V) £ SNA |
Z A THURE S (W) ££ PDA _EAALTAIRE K2 (X) FFZ 88188 < (A) ~(B) ~(I) ~M) ~(Q) Jz (U) ZE- B BB & e I8
A B B A © ERFIR = 10 pm -

Fig. 5. Morphology of coffee endophytic Colletotrichum species. Colletotrichum cordylinicola isolate Col-1844 (A)
colony on potato dextrose agar (PDA); (B) conidia on synthetic nutrient-poor agar (SNA); (C) conidia on PDA and
(D) appressoria. Colletotrichum cordylinicola isolate Col-2145 (E) colony on PDA; (F) conidia on SNA; (G) conidia
on PDA and (H) appressoria. Colletotrichum fructicola isolate Col-1928 (I) colony on PDA; (J) conidia on SNA; (K)
conidia on PDA and (L) appressoria. Colletotrichum gloeosporioides isolate Col-2257 (M) colony on PDA; (N) co-
nidia on SNA; (O) conidia on PDA and (P) appressoria. Colletotrichum jiangxiense Col-2241 (Q) colony on PDA; (R)
conidia on SNA; (S) conidia on PDA and (T) appressoria. Colletotrichum siamense isolate Col-1834 (U) colony on
PDA; (V) conidia on SNA; (W) conidia on PDA and (X) appressoria. For (A), (E), (I), (M), (Q) and (U), the left side
is the upper surface of the colony, and the right side is the reverse. Bar = 10 pum.
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6. WNHEEEPN A= SYHEE 2 BURE © Colletotrichum theobromicola Col-1905 ik (A) fE B Z&E A EIEiEINE
5L (PDA) ZEIEAURE  (B) fEA KR EREAER A (SNA) L2 AT AIRE © (C) /£ PDA EfI7-RIRE K (D) [ff
FBRIUEE o Colletotrichum tropicale Col-2165 Btk (E) F PDA 74 RIEE 5 (F) 1 SNA |2 fi+AIEE 5 (G) 1
PDA I 7RIBE R, (H) M 25RI%E - Colletotrichum sp. Col-1836 &tk (I) 1£ PDA ZE74 KL ¢ (J) £ SNA |
Z{EFHISE ¢ (K) {£ PDA LIRS K (L) MiZZ238U58 - Colletotrichum boninense Col-2258 &% (M) 7£ PDA
T HERIEE 5 (N) 1F SNA 2 JFRIBE ; (O) T PDA FITRIRE R (P) [fifE25RURE © Colletotrichum karstii
Col-2247 itk (Q) #£ PDA Z H4 AR (R) 1£ SNA £ 2 fEFIAE 5 (S) £ PDA EFEFRIGE K (T) [Z83UAE -
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Fig. 6. Morphology of coffee endophytic Colletotrichum species. Colletotrichum theobromicola isolate Col-1905 (A)
colony on potato dextrose agar (PDA); (B) conidia on synthetic nutrient-poor agar (SNA); (C) conidia on PDA and
(D) appressoria. Colletotrichum tropicale isolate Col-2165 (E) colony on PDA; (F) conidia on SNA; (G) conidia on
PDA and (H) appressoria. Colletotrichum sp. isolate Col-1836 (I) colony on PDA; (J) conidia on SNA; (K) conidia on
PDA and (L) appressoria. Colletotrichum boninense isolate Col-2258 (M) colony on PDA; (N) conidia on SNA; (O)
conidia on PDA and (P) appressoria. Colletotrichum karstii Col-2247 (Q) colony on PDA; (R) conidia on SNA; (S)
conidia on PDA and (T) appressoria. For (A), (E), (I), (M) and (Q), the left side is the upper surface of the colony, and
the right side is the reverse. Bar = 10 pm.
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Fig. 7. Species composition and isolation frequency of coffee endophytic Colletotrichum species in orchards of (A)
Ren-ai Township, Nantou County; (B) Jhongpu Township, Chiayi County; and (C) Zhuqi Township, Chiayi County.
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B EYE R BEFATRRER 3 AV EIE B K
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KRG ERE s 9 (A EA AL R IE
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Hoar 7 B C A A S R yEE E AL 8 o Bl
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C. siamense J; C. theobromicola 1] %5 i Yk EE

rere

]

1% W3

F 1%89H (Cristobal-Martinez et al. 2017) 2638
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Je C. tropicale ] S RCUNYE R B M - H i+
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WEEEN AR B 8BS RO 2 9 IR R Ry [ 7
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F AR E G E LR R TR BT
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A C. coffeicola ZHIMYERE - 55 —iH
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Study of Endophytic Colletotrichum spp. in Coffee
Leaves in Taiwan

Chao-Jung Wu', Sui-Li Hsu®, Su-Yu Lai’, Miao-Chun Lin’, and Hui-Fang Ni*"

Abstract

Wu, C. J., S. L. Hsu, S. Y. Lai, M. C. Lin, and H. F. Ni. 2022. Study of endophytic
Colletotrichum spp. in coffee leaves in Taiwan. J. Taiwan Agric. Res. 71(3):243-266.

In this study, healthy coffee leaves from seven coffee orchards were collected. The seven
orchards were located in different areas, namely Ren-ai Township, Nantou County, Gukeng Town-
ship, Yunlin County, Chiayi Agricultural Experiment Station, Jhongpu, and Zhuqi Township, Chiayi
County, Dongshan District, Tainan City, and Taiwu Township, Pingtung County. Coffee leaves were
surface-disinfected and incubated on acidified potato dextrose agar to obtain endophytic fungi. Colle-
totrichum spp., Phyllosticta spp. and Xylariaceous fungi were isolated from these seven orchards with
a high frequency, and Colletotrichum spp. were the most frequently isolated fungi in six of the seven
orchards. According to the results of phylogenetic analysis based on actin, calmodulin, chitin syn-
thase, glyceraldehyde 3-phosphate dehydrogenase, B-tubulin sequences constructed by Bayesian in-
ference, the endophytic Colletotrichum spp. in coffee leaves contained nine species belonging to Col-
letotrichum gloeosporioides species complex, namely Colletotrichum cordylinicola, Colletotrichum
fructicola, Colletotrichum gloeosporioides, Colletotrichum jiangxiense, Colletotrichum siamense,
Colletotrichum theobromicola, Colletotrichum tropicale and an unknown new Colletotrichum sp.,
and two Colletotrichum boninense complex species, C. boninense and Colletotrichum karstii. Isola-
tion frequency and species composition of endophytic Colletotrichum spp. from three orchards were
compared. The Colletotrichum spp. composition of the orchard located in Ren-ai Township, Nantou
County resembled that located in Jhongpu Township, Chiayi County. The isolation frequencies of C.
cordylinicola were 83% and 27% in orchards of Ren-ai and Jhongpu, respectively. C. siamense was
also isolated from both of the two orchards. In contrast, no C. cordylinicola or C. siamense was isolat-
ed from the orchard in Zhuqi Township, Chiayi County. The most frequently isolated Colletotrichum
spp. in Zhuqi orchard were C. fructicola (45%) and C. karstii (45%). The result suggested that endo-
phytic Colletotrichum spp. in coffee leaves are highly diverse, and the fungal composition is different
among orchards. This is the first intensive study of endophytic Colletotrichum spp. in coffee leaves
using multi-locus sequence analysis to resolve the species, and the result provides information for fur-
ther study on coffee pathogen or endophyte.

Key words: Coffee, Endophyte, Colletotrichum spp.
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