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pH 7.2+ 50 mM EDTA > 3% SDS » 19
2-mercaptoethanol ) {5194 - BU | ml B8 %
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Table 1. All 23 Colletotrichum species used in this study obtained from the Bioresources
Collection and Research Center (BCRC)

Species

BCRC No. Host

€. arachidis Sawada

35170 Arachis hypogaea ({6.45)

2 ul RNase A ( ribonuclease A, 4 mg /ml,
Gene Mark ) &> 37°C KL FE 30 o8 - BN
FHfH phenol / chloroform (1: 1> v:

fREIR 2L 10,000 rpm B0 10 53
2B BRI A B FEAY chloroform/
'é_myialcohol (2411 v v Amresco

USA) IRIZIE %L1 10,000 pm Bl 10
S B R BETAEELE - B 0.6
THRY isopropanol B 20 ul 9 3 M
OAc (pH 8.0) FFEMET 200 1
o FLL10,000 rpm BECs 10 4548 0 #)

capsici (Sydow) Butler & Bisby 35148  Capsicum firutescens (FiH#)

C catechu Sydow 35035  Areca catechu ({855

C. cingulata (Stoneman) Spaulding & Schrenk 35150 _ Persea americana (HgEL)

C. coccodes {Wallroth) Hughes 35114 Solanum tuberosum (F5E5%E)

C. coffeicola Tassi. . 35191 Coffea arabica (W)

C dracaenae Allescher 35019  Dracaena sp.(Fe3 )

C. falcatum Went 35083 Saccharum officinarum (H )

C. gloeosporioides (Penzig) Penzig & Saccardo 35073 Vitis vinifera (%))

C: gloeosporioides (Penzig) Penzig & Saccardo 35178 Averrhoa carambola ($5Hk)

C gloeosporioides Penzig 35283  Mangifera indica (C=52)
graminicola (Cesati} Wilson 35067  Eleusine indica (4Fi55L)
Jagenarium (Passerini) Ellis & Halsted 35030  Cuwcumis sativus (HJIL)

C;:::"iliacearz.'m (Schweinitz) Ferraris 35268  Lilium spp. (HE)
lunatum Ellis & Everhart 35102 Zygocactus truncatus (555

C. musae (Berkeley & Curtis) von Arx 35116  Musa sapientum (B4£)
nigrum Ellis & Halsted 35149  Capsicum annum (BRI
“orchidearum f. cymbidii Allesch. 35042  Cymbidium sinense (B
Ipapayae 35175  Carica papaya (RJIV)
passifloricolum Sawada 35137  Passiflora edulis (& HR)

C. pestis Massee 35291  Piper longum (F1E)
f?pinaciae Ellis & Halsted 35154  Spinacia oleracea (3 5%)
:jfrzmcatwn 35712 Phaseolus limensis(FE )

—K - EEREEIERGE I EEEECI S0z 70 % R

e BEREIH - MR &R
AHR 400 ul TE #EfEE (10 mM Tris-HCI
pH8.0 > ImM EDTA) ot -

PCR R JE

WA HEERE ( polymerase chain
reaction, PCR ) LI PerkinElmer DNA
Thermal Cycler 480 523317 - 15 DNA
Y 200 ng (MR (template DNA ) - £%EE
g} + CITS] ( 5-GCCGTAGGTGAA

CCTGCGG-3") 1 CITS4 (5°-GCCTCCGC
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TTATTGATATGC-3") "2\ &4 0.5 mM :
PCR RIENBYBELRS DNA BE
Rl ~ T B A SR S T 2 SR

(PCR Master Mix » Gene Mark ) » FZFEYE
LB ES .25 unit Z  Tag DNA
polymerase ~ 1.75 mM MgCl, ~ BLE 200 UM
dATP ~ 200 uM dTTP ~ 200 uM dCTP - 200
WM AGTP » [FERRFERS 50 ul > B4 0.6 ml
BRI LVE - SRR 25 W 2 il
LURG b B TE VR R AR Y - S8 R pie 2 i T
BERISMIANT : 04C 4 5348 ; frksmers
40 {EHBEREY 95°C 1 £38% - 52°C 1 438 -
T2°C 1438 - BRBES 72°C T 404 -

TEFRERE 4 /NBF - DL 2%IBAEBH (22
x20cm )+ E 0.5 {5182 TBE fFlrggh »
BEFE 150V 3 /NEF» BED)L 200V I 1 /N
40 SEGETTEK - DUEBEEZ 9B
B BHSSEHELL Gel-Pro analyzer ( Media
Cybernetics ) 52 (%Ml » MHUE L
TSRS - TS S TFEANRE
B b BRIUAE 434 -

BRDHH

ARMER RSB BRES 2R
ZERE I LRI AR 2 R I - L
Jaccard’s {R8™ ( S;=Nap/(Nap+Na+Np) »

00 ng FSMEAR DNA » BRI 1% rRNA
CHERSFPYIRERLZ CITS B CITS4 §|
PR BREIEAE 52°C 0 SEFT 40 (HIRERAY
PCR > SEBIPIIREIET T PCR i
CFHEEE ITS &8 (ITS-5.88-1TS )+ H PCR
BB AN Y 540-605 bp 2 F( R
Z ) IS ZBPRRY PCR EEMINFY
550-580 bp 2[4 Err 550-559 bp FHH Y
o LG BCRC35042 J 35712 £ 550 bps

1

A
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BCRC35067 B 35035 & 555 bp & 560-569
bp 4 U4k » 4045 BCRC 35268 - 35291
. 35154 £ 560 bp ~ BCRC35170 & 565
bp : 570-579 bp FHEUH - B BCRC
35114 F& 35073 £ 570 bp - BCRC35148
F 35178 £ 575 bp : 580-589 bp AT H
BE > G35 BCRC 35283 B 35149 5 580
bp ~ BCRC35191 ~ 35102 K 35116 & 585
bp -

2=~ RIEE e ERRE .. PCR B4R RFLP s3ifTikie S T84
Table 3. PCR products of the I'TS region from Colletotrichium species analyzed by RFLP

Restriction enzyme patterns’

PCR

Nap (URMEMRILEIGHEER » Ny~ N -
=3 N A B . BCRC Sau
%/ﬂ(ﬁ*ﬁ _ %Eﬂ{tﬁﬁﬁﬁﬁk%ﬁﬁﬁﬁ'}ﬂ%%ﬂ) sl Species No product SerFI Pvu Il Bst Ul N Mspl FEco Rl Bam HI
1% PCR{ZSIEEYET 10 ul 2 b g . ’ (bp) (0 Q] (2 ae &) it
e o B WUPIA2 WGESE  FERTEER 2 ARIARE © A LR B P %
:Ei fackn':g iyeb’ & bromophenol blue ) FUR —{E = fafEl - L) Statistica &5+ . C. arachidis 35170 565 F G E B F A A
:)m: S B2 %EIISB A (P94 ethidium ( StatSoft, USA) 2 Rtz 555 C. cinguiata 35150 600 C F C D C C B
of‘fij‘}cfe’ 0;545‘%/1“1) 7(%:‘(15“ fHiRE .~ TBE (unweighted pair-group method analysis, -C. coccodes 35114 570 E E D I E D A
FRATH A - ,J:,is-ém 100V MEfTREIK 35 5348 UPGMA) JE{TEEE 4R ( clustering ) » $& C. coffeicola 35191 585 A G G A A A A
B AU e L me PAfRGI18 AR BRAZE - C. dracaenae 35019 590 D F K E D C F
(Polaroid 667) MEAHZES - - C. falcatum 35083 540 J A ) H H H H
%i C. capsici 35148 575 A G A B A A A
BRHIBE e tH % C. gloeosporioides 33073 570 A G A B A A A
£
FHE4 DNA 2 PCR EEVIEY 1 pg s 4351 8% DNA 8l{% « PCR R C. gloeosporicides 35178 575 A G L B A A A
{8 Bst UL~ Py TT~ Ser FICNEB )~ Eco R] « LI 23 A BT T M v s B T C. glocosporioides 35283 580 A G L A A A A
Saz; 321 * Msp LHT Bam HI (Promega) (% HiliU4 DNA » BI85 400 ul TE buffer » g }gr a””’”‘f"m’” g 2 gg’g : j : g [B) }; (12 g E g
T % 7RI - R ER 37T - iy . o . lagenarium
i BAEPRIIE 810 ug 2 DNA © 47y C. liliacearum 35268 560 A G L B A A A
R TP e o C. lunatum 35102 585 I E I D B B E
T%glﬂ ;E;i?fﬁﬁilﬂ?%}ZW%ﬁ%lf&Fmﬁﬁ%Eﬂ% 7 RRFR B 3R 00 B 4 19 % U i T BE g C. passifloricolun 35137 605 I E I D B B E
able 2. Polymorphic patterns of the ITS region of Colletotrichum specie di i '
restriction enzymes pecies digested with 7 C. musae 35116 585 A E I D I C E
Restrict] — C. nigrum 35149 580 B F B C B B D
of chzyme Recognition sequence No. of polymorphic patterns C.orchidearum 35042 550 A C G B A A A
Bam HI 5'...G" GATCC...3' 3
Bor Ul Y C. papayae 35175 605 1 E K D B B E
oo RI 2.6 CG...3 12 C. catechy 35035 555 A G L B A I A
Vo 5‘...GVAATTC...3 9 C. pestis 35291 560 A G L B A | A
PV;,DH 5l...C C(EG...3 [0 C. spinaciae 35154 560 D B H G I I G
o 3AL 5|...<vZAG CTG." 3 7 C. truncatum 35712 550 J A J H H G H
Ser FI 5,"' GéTC" 3 , 9 " The number under each enzyme represents the total number of patterns observed from the 23
3%..CCNGG...3 10 species. Letters in a column denote the pattern associated with the specific enzyme; the same

letters from different columns are not comparable.
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WEE BT ~ pa N 5 PRI . — :
Bgmzii P?}Z LP ’ifj e s BUA-H 8RHE 5 Pvu 11 BT AR A1 R AR B 6 Bl Msp 1 SORZHE G METN 25 7% Pvu 1L Bl Eco
1153\97E%E§Eﬁﬁé=%m o WE TH > LLAG it - Rl (BEAIERE Bse UL G « 414N Boi
HE AT EHACIRGIEE ¢ Bam RG> Bsr UL BEAR KRR UL > 85 Bst UL SRR SRIGAARE 7 B -

HI~Bst UL~ Eco RI~ Msp I~ Pvu 11~ Saur 3A1 AP BUECEE 12 FiEE % o (BRI LU 23 4
0 Ser F1 53 RIBIEIM - el SR8 S mI by B R —— 8l ﬂ\?ﬁﬁﬁéﬁfmgﬁﬂﬂ@ﬁ?z%
RS T DNA BRGS0 bp DNA Step TG - 4 BEABIIR SR ERATAR,
Ladder » Promega ) ELEHER! > FIF Gel-Pro % Bsr UI e 35 5 A R B P B LA
analyzer SCRINTEIG R RBERATIE S 8 - B RIS (G MR 19 &ﬁﬁﬂ% 4
H?%@fﬁﬁﬁ?ﬁ%kd\ﬁ&?k CHERILAZE B BB EMMBERS “@u bl é
EC%E} A-L SR (18— ) - (HABESE800%  graminicola B C. spinaciae #% Bst Ul 51
ZITBUINESBAHEIREEE (base pair) ¥ % @S H W B Msp 1A #5314 B
ﬁszj’iﬁf:’r‘ﬁﬁkd\mﬁ%iﬁ: P WAELL 2 BURTIED RT Msp 1 BLYL  HAEEE T
OB IEITRIEIEE K (22 x20em 1B Y47 AT EIGIE Y ¢ SAAM B TR R
{# ) DUEBI R A2 TGS s IR C. liliacearum B C. pestis+ Bst Ul [ =355
l‘EifEnFIE%% ’ Bst Ul IRHIESFRAES AR 2 000 43¢ L B0+ ELff#ESE Ser FI-~ Pvy 1l Sau
miE > AL 12 FGRHENER 5 3AT~ Msp 1 Fe Bam HI J18K » #i4. S4E7E aook -

AIEL AL (R (2225 RS Sor FLAN AAFINOREERA « H Eco RIBISY - ATk - o
Msp 1 FFEIRGIEE  970EE 4 10 FRIEAY HHESEE A WE LW ;T C COﬁ‘e’ico};
G E » IRRDL A-VARBES Eco RI B Saw B C. orchidearum + 5145 Pou 11 75 B ERY
3ALF 9FE - DLA-THBEE: Bam HI 15 8 f& - SHERGH 43515 G BRI C BY - B8R Ser FI

S F1 81 Msp 1 EAEIEEET 1 » (HATFT#E £
pvu 11 B2 Eco RIASEE-E LA #E - #4007

mE SRR M ROHFEREN > C
' capsici B C. gloeosporioides (BCRC35073 )

b P77 PR 4 B B A 1R ( Bst UL—

| BstU | Pvu ll EcoR |
MAB CDEFGHI JKLEEABCDEF

G

©)

300

copioiodsoanh
soproucdsaecd

200

100§

* RIEMEZ PCR EEVIREFRAT Bst UL ~ Pour 11 . Eco RI {F P T2 T LB 2 A
ERANZ o Bst UL e AL R BYHE - Py 1 5584 A-G £78 - Eeo RI 2]
B AT - ”

Fig. 1. Band patterns of the PCR-amplified ITS region digested with restriction enzymes Bst

UL Pvu 1I, and Eco RI used for species identification. Letters under cach enzyme

indicate different band patterns of specific enzymes.

TFTE L 2 A 1 R 1 e AT i 0 50 o S MO DA A B T R 2

A)~ C lunatum B4 C. passifloricolam FE[H
(Bst Ul—1)~ C. catechu B C. pestis ¥[8
{ Bst UI—M )~ 35 BA B Fri - Bse UL~ P

11 5 Eco R ERCRELE (W) =&

(RIS TS ERF S TERR - &

EHIk 7 FEIRGRIAR - P A 23 PRSI IE

T Ik 43k 20 TR Ry S A -

(B) Pvu ll

B — « ITS & iR4E PCR 18I % » RGAES
AIETIFR IS Bsr UICA ) Pvu 1I{B)
A Eco RI{C) {EF » MLA 2% 3
IRB RN SR

Fig. 2. RFLP analysis with restriction
endonucleases Bst Ul (A), Pvu 11
(B), and Eco RI (C), separated by
2% agarose gels. Polymorphic
types of each enzyme are indicated
alphabetically at the top of the gels.
The 2 bordering lanes are
molecular size standards.
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WA 1 2004
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HEBAGR > DL O = 2.5 AYIEEEE & » ZE4HR
PEMERT 207 R - WO R T EANMRE 8
BERT 13 B 10 {EEPR AR &
B oiE W 2 C lumamm 8O
passifloricolum » EIEBAEREGE 0.2 -~ i
C. falcatum Fr C. truncatum FifgHIE &5
BREERE - BEEEAR 192 S5 400 rE
103 BN — B > HEFEH C
gloeosporivides (35178) ~ C. gloeosporioides
(35283) ~ C. liliacearum ZHFEEE 0 &5
BT M C orchidearum f. eymbidii B 7=
PR ELE - IEREE 1.4 T ram e
0.58 -

7

: IR B BT e R B A -
- EEREMAEYNEE - BEEYE T
- DIRSHMN R ERRFYEE - EREE
B ERRERN AR R LRI
A &AM T R REE A - BYE
| AERRE BT L BRI
— BB > ErYEEHEEES WA
RS RE  FEFEEENRER
B BERREEEEANRE BEE
PR E AT E R REY B
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EOREEERE EARERN—
CRE {ESEHCRE o R A I R R
B T LU e U e B AR A i
SRR BB - R L
SR B R A R -

C.lagenarium

e B o3 A A T RE W U SE 2 00 BER Al B S

C.graminicola
C.spinaciae
C.cocodes

AURE - W R - BRI REAELL -
o ER RN R AR - Mk R

C.lunatum —
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C.musae
C.papayae

jﬁ—f
5|
1“

- fifEH 5 7 7 0 FIIF PCR -~ RFLP 3445 - 43
- ATEREEE RS R T M EE
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 ESgal o R BT TR T
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C.catechy —
C.pestis —

C.gloeosporiocides
C.liliacearum
C.gloeosporicides
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C.capsici

- ERREEE PR E o BRI o BT R
- BIEMEERRS RPLP SRz, - BE
CE R MEIR BE B SNAY BHEDR B FERE o A

C.arachidis }
C.coffeicola

C. orchidearum
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RN R A R R H Y B PRy B I
- FINERIME - HEHERFYIR R
- ERERFRIEETLR R E ]

0.0 0.5 1.0

Linkage Distance

B= ~ LLBstU T~ Poull - EcoR | ZFEIRFITGIIY) 23 BRPHEEIAR ITS it DNA B4
T+ K UPGMA BFSE ST BT S 4 2 BHIK BRI - & BtkLUEseft s ( H#FE—)-

Fig. 3. Dendrogram of 23 Colletotrichum species based on the RFLP patterns of the ITS
region digested by the restriction enzymes Bst UL, Pvu I, and Eco RI.

CFEFEENEE - fEE PCR BilrayE
B ERSRRARRIE (ITS) sk e i
FLEEIRA - BERIRER B RS - B
FERRGR - MREEE T .. R FlTEEY
JF I FE A FA S0 L BEEERRE (Oncidiinae ) L&
ST S BFE (Imperata cylindrica) TREE
g R « EEEY) (Saccharum)
AT FE EE AT IR b A AN B B

1.5 2.0 25

) P R P I [ P 8 3 it Ml M R (R e

- HIIERFYRIE R R -

(%]
L

r-t.

Pythivm EEE"Y  BIEREEE ( Colletotrichum
spp. ) TRV EB{EH . 5 - B HAFRER

EH@W%Lﬁfﬁﬁﬁﬁ’ﬁ%m' 8,10, 12, 13, 14,15, 8. 19,
02 AR ST - BREE— 1

5 FEF E R - T RFLP %50
I A

P P P T LA B S RNA (FRNA)
HNE B ESIEEM - GIEE ITS
K2 5.85 rRNA HE[EB B » 16 RARRH]
ARBI Y4 Ho s Al =t - AT RE
R BERRET LT - Rt
TR G R - S e 7-12 Flfie Fr B
8 EHo Bst UL~ Pvu 1} B Eco RI =FR
ISR - RS0 M TRy RIE R
Bk « Martinez-Culebras 2 A g3t
LABGAHFge AR Y5 8 805 R
BRIELR VB - S5 80 {ESL %R ~ 4Nt 8
{EFEAY Colletotrichum 43 EERE - 188 1TS &
g% - LL 9 TEIRWIRE (Al 1, Ban 1, Hin fl,
Msp 1, Mvn 1, Pvu 11, Rsa §, Sau 3Al, 5 Scr
FI) 8Ol » &apH 7 38548 - DA Mvn 1~
Pvu 1l ~ B Ser FY ZTE[RAIEFAYHEEC - 275
Bl EENEERE - BEhey Mm 1
{ Boehringer Mannheim ) B[IA4<fH2e o4
4 Bst Ul ( New England Biolabs ) » fHfAA
[EAH AR E A R AT - (HHE AR
DNA YIHIHHR (5°-CGCG-37) » ARWftiE
7 BRI - SREH R 3 E - gESmIG
23 FEREAE SR 20 @488 2 5oE
REERE R EE B —IEER - RKkA]
BT A AY B DNA GRS - (R
feF 7l - DUHHBERL BT $1 ¥ bW B T2 B
RV HE — MRS - RS 2 RER
HEENE - HREYRA

( microchip ) - & W FI A BOIER B ¥ETET
PRI (EHEE -

BB AT - SRR KIBIRGER
B2 (8 Fr B BURB N DL B &S
HEE{ERES - C. dracaenae 25 13 {HERE
B—E o TERT » C falcatum K C.
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truncatum e AE G IR BERST AT 68 - 5
EREEEMTEERRE - A NE
RESREL - el b e B - A
FMERT B fFa9E#: C graminicola
B C. spinaciae JREEE 5B A SR RER 1
Bk Eiﬁ””"Ekﬁﬂééﬁ%f%ﬂﬁﬁﬁﬁbeQFZZ[E
R = SH—FEH C catechu 2 10 {[ﬁjiﬂi;rﬂ
i > Eeh C gloeosporioides (35178) ~
gloeosporioides (35283) ~ C. liligcearum %
Z{EEM R AR IE RS 00 R TE BRI
B2 i > S(EERESEERN AT
EEERTERET AT 2 ST C
liliacearum Jx C. capsici » i BT 5 7E4E
S —#E  BAE =M C gloeosporioides
BIHR(35073 ~ 35178 ~ 3528375 BEIG R 3k
SERWE SR D » SEFTE 23 B
%%Eiﬁ&ﬁ}&ﬁzz e i SREESHR MBI
“ﬂﬁ%_{ﬁfﬂ@"ﬁwalT:@fﬁﬂﬁ%
EU FRLED TR - B R
ERE I FEEAERIEERY S
ENBMAEEBSRBRE L -
Sreenivasaprasad®V& A s LL,;‘_frj:E]’Ja’
E§  FEHCEHET 18 (EAERY SRS Ul i B R
FErR  fRIE ITS Wk DNA oG sst
BRIE - G ATE SREE RS SR A E
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ABSTRACT

Chen, F. Y., Lin, M. T., and Chiang, M. Y.* 2004, Identification of Colletotrichium
species in Taiwan based on the internal transcribed spacer of the ribosomal region,
Plant Prot. Bull. 46: 15-26. (Taiwan Agricultural Chemicals and Toxic Substances
Research Institute, Council of Agriculture, Taichung, Taiwan 413, ROC)

The internal transcribed spacer (ITS) region of ribosomal DNA (rDNA) has
proven useful as a molecular marker to identify fungal species, including species of
Colletotrichim. Twenty-three Colletotrichum isolates, which were isolated in Taiwan
and used in this study were obtained from the Bioresources Collection and Research
Center (BCRC). PCR products were generated from the region spanning the ITS and
the 5.85 tRNA gene with primer pairs, CITS! and CITS4, which correspond to the
conserved sequences of the rDNA. Seven restriction endonucleases were used to
digest the PCR products in order to generated restriction fragment length
polymorphism (RFLP). The RFLP pattern derived from Bst UL, Pyy I, and Eco RI
led to identification of the greatest number of species; that is, 20 classified types were
recognized among 23 Colletotrichum isolates. Clustering analysis of these 23 isolates
was also conducted based on the RFLP produced by those 3 restriction enzymes.

(Key words: Colletotrichum spp., ITS, PCR-RFLP, identification)

="Corresponding author. E-mail: myci@tactri.gov.iw




