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ABSTRACT: The production of dihydroxynaphthalene (DHN) melanin is known to be essential factor for pathogenicity
in Colletotrichum lagenarium. However, the genetic diversity of melanin genes was not much known among Col-
letotrichum spp. To investigate the variability of melanin gene in Colletotrichum spp. that cause anthracnose on
diverse crops including tomato, we cloned and sequenced partial sd, one of DHN melanin genes encoding for scyta-
lone dehydratase, from eight strains of C. coccodes, C. acutatum, C. truncatum C. caricae, and C. musae. The size
of PCR-amplified sd ranged 437 bp to 545 bp. The nucleotide sequence identity of sd among the Colletotrichum
strains tested varied from 49% to 99%. All of the PCR-amplified sd from eight strains contain an intron and have
two exons coding for 122 amino acids. Overall, the size and nucleotide sequence of sd varied among the five Col-
letotrichum spp. Sequence identity of the predicted scytalone dehydratase protein of 122 amino acids ranged 50
to 99%. Phylogentic analysis based on the sd nucleotide sequences revealed that the five Colletotrichum spp. could

be genetically divided.
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FEG A=, At 2 380] oA 2R
(melanin)2 & SIFEEA AT A9 F
3= T8l A EE AL sghEeln
o] A Fe AA e H2M i s
Witk dubAQl o= vhilz gl ghael ESHE
I tHBell and Wheeler, 1986, Butler and Day, 1998). 53]
Fol Wehd SA AR B2 (tyrosineys A
Al (precusor)Z ©|-&-5t] AAE = dHEA 3HHEQ] 3.4-
dihydroxyphenylalanine (DOPAYE 22 53 @apd g4
74&9t Malonyl Co-AY%E AlZE= DHN Hzid
(dihydroxynaphthalene) 8374 H=27}F 7P 2 A 9l
T}(Bell and Wheeler, 1986). DHN #2}d 3L 2
ApGFFEANA B HojgEd 2 I8 L pentaketide
e A A= S AFEEA] scytaloneo] AJAJE T
1 U scytalone 1,3,8-trihydroxynaphthalene(1,3,8-THN)
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2 2453, vermelone® 2 SHIE 3 ThA] BElo] 18-
DHNO 2 Z3t=]o] HFAHES! WahdS A4 SHeh(Kubo
et al., 1991).

DHN #zhd e -
A #7el JoAM 7155 FAYsks HYFF(infection
AoF HyE

el 2lelx DHN
wapd 3 ARol #st At v =W (Magnaporthe
grisea) B 90| B Y (Colletotrichum lagenarium)| < -
7} € vt Tk ol A EHAA{IL 71T ES
< 98l Ba = sk= 77| (appressorium) el Hepdo]
93 98-S 3= 207 B AT}t (Howard and Ferrai,
1989; Perpetua et al. 1996). o|&gt A+ HJ7E Sl ©]
£ Y] WAE S8 Wehd el 7 Al Aslst
= =4 ((tricyclazole) ©] 70 =AtHButler and Day, 1998;
Woloshuk et al., 1980; Zeun and Buchenauer, 1985).
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Colletotrichum spp= 25, BEVIE, 58 324 &,
D7), ASTF T T3 B 7
dol= AAHORE e Fag Wdtolrh 2y o]
E #7F°l ojA DHN Hapd 34 giab dd A4
C. lagenarium®|¥t =gt=]o] At7h Fssle] 2 up
Colletotrichum 4-F7}F A5l daid Ao T3t
B0 7 S g ARIT AW o® uig- v]5gt
Aol wEhA] e we] Wephd Al ARE ) A
SlA) sk d¥o g B ApdXe 552 Colletotrichum
) #F=5E DHN Hehd AR FHEF o
U2l scytalones 1,3,8-THNL.Z A 3A] 7= FA ol 24
S scytalone dehydratase £ F-4AH(sd)2] F-& A
7INES S5 F7IMES A skl g7k
A2 gFdS AL skt
e %

=3 H HXH =

Aol ARR-E 55 0 Colletotrichum T+ 35
QrIYEALLAEIKACCPIA  Edol AME-SIATHTable 1).
FoF 9ke #5= PDA(BD Science, USA) vl Aol &3 -
25°C gFxz1oll A wjate] Aol ARE-akdT.

Genomic DNAS| £&

Genomic DNA F&& sl Ztzre] Colletotrichum <+
Ft "8 A2 (BioRad, USAYS Z-2 PDA HjX] 9|
59 ot 25°ColA dFALE w3t DNA F&52
HlF #AF 200 mgS HtE 2ml cryogenic vialoll &4 S
< TSE buffer (50 mM Tris-HCI[pHS8.5], 50 mM EDTA,
3% sodium dodecyl sulfate) 300 @& H7Isle] dAE
FHAI AT F8 FARE vial Aol BHA 19k el
g2 SHH|E(drill bit) o]-8-35l] D5 flollA 27 FF £
stz 237k th7] skt oAl 247 4 skith (Kim

et al., 1999). ¥ dAF &4l 3 M sodium acetate
(pH 5.2) 150 45 A7t 43S 3 20°ColA 1087+
2% YAAAEE]7](Sigma, Germany)llA 13,000 X g
21087 ARG v s Fste] 1.5 4 FHol
SATE &1 FFEe| F%2] phenol : chlorform : isoamylalchol
(25:24: 1; Amresco, USAYE F7}ste] & 4131 UA] ThA]
WAt 712 537 el sisitt. faliteld A4l
< Fste] oAl Al FEE #7132 %] isopropanol (Sigma,
USA)S H7bste] Zd2ollA 527k 223 v A2ld &
BE o] dAlEEste] DNAS HZAA 2xE DNA
= 70% ethanolZ A& - 2ol 7A=3laL 30 ple] TE
buffer(10 mM Tris[pH 8.0], | mM EDTA)E 7} 3}
UV-VIS spectrophotometer(Thermo Scientific, USA)E ©]&
3to] DNAYS A st

PCRE O|Z%} scytalone dehydratase FXX} sd@| =

PCR YH3-2 Gene Amp-950 cycler(ABI, USA)E ©]-&-
3le] =83l Scytalone dehydratase -F-8AAH(sd)e] 5
ZS 8l degenerate primerd] SD1(GA(AG)TGGGCIGA
(CT)(AT)(CG)ITA(CT)GA)# SD2(CCIGC(AG)AA(CT)
TTCCAIACICC)E ©]-8-3ITH(Wang ef al., 2001). PCR
HkS-E9] A48 10X reaction buffer 5 21, 10 mM dNTPs
14, 5X Band doctor 2.5 z1, 20 pmol primer 7+ 1 zl,
template DNA 2 4, 32 B 5575 37 1, 5 U EF-Tag
polymerase 0.5 z(Solgent, Korea)E #7Fsle] F 50 11
HRES W F WRESIth WhERE 94°ColA 47t
pre-heatingA]7] T2, 94°Col|A] 5027} denaturation, 55°C
oA 5027} annealing, 72°CollA] 247} extention=r 1 cycleZ
ated, T 30 cycleS WHEAIZ] T 72°CollA 10 &<F post
extentiond}2 4°CE 4|11 th. PCR HH-3-AHE-2 1% agarose
geldellA 27195 e ¥ ethidium bromide® 4] 3}e]
golsl e 7]+ 1 kb DNA ladder marker(Promega,
USA)9te] vluE Eaf gelstsint.

Table 1. Size of exon and intron in partial sd gene of Colletotrichum spp.

Species PCR amplicon size Intron size Exon size GenBank accession no.

C. acutatum KACC41832 437 bp 71 bp 366 bp GQ266388
C. acutatum KACC40805 437 bp 71 bp 366 bp GQ266384
C. acutatum KACC40990 437 bp 71 bp 366 bp GQ266387
C. caricae KACC40984 546 bp 180 bp 366 bp GQ266386
C. coccodes KACC40802 491 bp 125 bp 366 bp GQ266383
C. coccodes KACC41949 491 bp 125 bp 366 bp GQ266385
C. musae KACC40947 540 bp 174 bp 366 bp GQ266389
C. truncatum KACC42118 490 bp 124 bp 366 bp GQ266390
C. lagenarium 104-T 433 bp 67 bp 366 bp D86079

KACC, Korea Agricultural Culture Collection. Size of C. lagenarium 104-T was obtained by counting nucleotide numbers positioned between
the sd gene sequences which are recognized with SD1 and SD2 primers.
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sd 78X H7 MY Y AE =M

sd §-37F2] PCR AH=-2 Gel extration kit(Qiagen, USAYS
o] g3ty Attt BAE A2 T&A Cloning vector
(RBC, Taiwan)®ll subcloning®t & plasmidE F&3}aL,
Hindlll A|gt& 45 2|3t cloning 95 13T
FZ% plasmid= MacrogenAH(Seoul, Korea)oll €714 <E
A oEEIT 971482 Chromas v2.31s ©]-8-5f]
ATk BAE sd 342 9714 8-S Expasy?] translate
tool(http:/www.expasy.ch/y= ©|-851%] C. lagenariume| SD o}
1] 3=AF A E (GenBank accession number, BAA13009)2} ¥]
AT BlLE 23 A7 2882 ClustalW 2
Z2IPE o83t Y e 7|Ed BHiE e
7 sd A 971482 GenBank Ho|EH[o] =2
HE thewlo}l ANt ABE £41& PAUP 4.010b5
0]8-3}4] Neighbor-Joining ¥ (Kimura, 1980)2.2 A2}
S, AlEEY ®X] 9] A2 (bootstrap #)E AT ¢
A= 1,000019] bootstrap resampling F41-8 A A5
Th(Swofford, 2002). OutgroupS 2= Ceratocystis resinifera]
sd A2 A7 & ARE-EFAAT

g o nFE
Colletotrichum spp. sd F8Xte] PCR & 3 7|
Mg 24
Colletotrichum d5° W3k SD13} SD2 degenerate
primer® PCR %5 AAJ8le] A& oF 500 bp BE=2] PCR
AHES T&A cloning vectordl] AZ3MAA E. coli DH5 P
PAAS AIZl & FE3 FepA| = Hindllle A28t
A719F o2 SRR A3, oF 500 bpo ARFE s Ho]
AZ =l Colletotrichum = w2} Tk 2ol 7k U= Z&
g1 3FATHFig. 1). A4¥ PCR AHES sequencing 3 ¢
Blast A& AAIS A3} sd A2 & =AU sd
AAFe] FSFo AM&-E primers= Ophiostoma floccosum®)

Fig. 1. Restriction enzyme digestion with Hindlll of the
recombinant T&A cloning vector containing partial sd
gene of Colletotrichum spp. Insert DNA's are boxed.
Lane M: 1kb DNA ladder marker, lane 1: C. musae
KACC40947, lane 2: C. caricae KACC40984, lane 3:
C. acutatum KACC41832, lane 4: C. coccodes
KACC41949, lane 5: C. acutatum KACC40805 , lane
6: C. coccodes KACC40802, lane 7: C. acutatum
KACC40990, and lane 8: C. truncatum KACC42118.

SES 98l C lagenarium3} Magnaporthe grisea®) sd 571
M5 vpRe R AFEAS, 2 AP AR gUl9
Colletotrichum T 5 SFo] & o|Foj7 A&
B ] Colletotrichum 5o €utdo=z ARSE = &
2O 2 oAz

Colletotrichum 4552] sd A2 Z7]= Table 190
AAEAT. PCR SFE sd 2] DNA Aole
Colletotrichum ZE7}¥ 1 A7)0l o)A zFo]7} EA) 6+
t}. C. caricae KACC409842} C. musae KACC409472
721z} 545bpet 540 bp= & AFol| vlwE #F T Aot
2 sd FAAE 7R 2 AT 2 U222 C. coccodes,
C. truncatum, C. acutatum T2 2 Zo]7} 20| 7} AT},
C. lagenariums FX%E 559 Collectricum 4R tl =
717} 23k}, ol st 7t sd F-Ake] A7) Xfel7} A3
7= olfE €71 fleted BAE AVIAEdA JEE
(intron)?} A<=(exon)S FASH A3} Table 1914 R}
9f Zho] =2 12URS] opuAks Y & < Q= 366 bp
o] A71E BE FollA FLa YERNSI o] & 47]
Mg Atolol] EAlsE JIEES Foll g 2717} skt
C. lagenarium®] JEZL 67bpZE 7P 23, C. coccodes
KACC41949= 125 bp2 7F¢ 32H, C. acutatum 37\
FE BT FUs T1bpel JEE A7IMES TR
AN TH(Fig. 2). A= PCR TZH sd 322 A7]00 U
oJx] ztole QIEES] A7]d| wet o7t A7l RS
o AT

Colletotrichum spp.2] sd FAAZYE] 454S pair-wise
Moz FAS At Y7 sd A A7 Mg f-44
o2 Hol7} A Uelstt}. C lagenarium3 C. caricae
KACC40984= 7H¢ W& 49%°] “54S JelAL C
coccodes 2 AT 99%°] F=L AE5AHE BATE (Table 2).
ol 22 T FEdel =i Tl el
o] Colletotrichum sd F-AA] JEZ S &
T AT

Colletotrichum 457 32 238743 2] ApoldlS +
A7) fl8l A& F2lok JIEE H9lo] QM Es HEs
2 A3 RIEE F9l9 sd FAke] E2F Apol7} Bes &
ekiThFig. 2). EvkEdl M Ao 4 U= C acutatum
I C, coccodes® 73S AHEUE W C. acutatum 37N
7 % JIEES A7|x gl Ho|7F EAlstad vt
W, C. coccodes VN 5= 5L ANEE MES 7KL 3}
At w&bA Colletotrichum 4:2] Fol wWel 5 UlolA

sd 7372 471X B2 Melg =7t tEres 2 BoiEt

==

SD FHAtel ofol=tt M Y

C. lagenarium®] full-length sd f-2}= 188719 ofn]
20 2 o]F0J3 scytalone dehydratase S45 S35}
<l 270] JIEEF} 37l9] AE0 R o]Fojx Uth(Kubo
et al., 1996). ©]2 vlEgtoZ B A3lox Adojzl F7|ME
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. acutatum KACC40990
. acutatum KACC41832
. acutatum KACC40805

coccodes KACC40802

. coccodes KACC41949

truncatum KACC42118

. caricae KACC40984

213 5

GTAAGTCATTC-———- ~GOCTCA-CGGCGATGCTTTTCACTGCCTTCGGAGCAGGACGTT 53
GTAAGTAATCC----= =GTTCCA-CGGCGCGGCCTTTCGCTACCTTCG-ACCACAGCTTT 52
GTAAGTCATTC-———- ~GTCACA-CGGTGATGCTGTTCCCTGCTTTCAAATCAGGCC-TT 52
GTAAGTGAACCC-GACGGTCCTATCGGCGCCGTCTGAC-CTGCACATGGATGACAACCCC 58
GTAAGTGAACCC-GACGGTCCTATCGGCGCOGTCTGAC-CTGCACATGGATGACAACCCC 58
GTAAGTAAACCCCGAGCGTCTCGCCGGCCGCGCATGAA-CGGCGGCCCTGCTGTTCGTCC 59
GTACGTCCCCC————— ~CTCCACCCATCTCCCCCAATCCATCACTACCTACCCAACTCC 53

. musae KACC40947 GTACGTCCCCC——————- CTCCACCCATCTCCCCCAATCCATCACTACCTACCCAACTCC 53

lagenarium ———~GTAAGTCT-————CTTCCCCCAAATACACGCAAA-CAGAAACCGTCGTCCA——CC 47
. acutatum KACC40990 TGTGCTGA-CCGA-CTGCAG 71
. acutatum KACC41832 TGAACTAA-CAGCACTATAG 71
. dcutatum KACC40805 TGTACTGA-CCGAATTACAG 71

. coccodes KACC40802
coccodes KACC41949
. truncatum KACC42118
. caricae KACC40984

. musae KACC40947

TGT-CTG--GCGTCCGACATGAAGCCCCTTCACAAAATAAAATAAGAATCCCGOGCTCAC 115
TGT-CTG--GCGTCCGACATGAAGCCCCTTCACAAAATAAAATAAGAATCCCGCGCTCAC 115
GGCTTTGAGCCGTTCATCGCAATACCCATCTGGGCACCCCGGCCTCTGTGCTGACTCCAT 119
CGCCCTC——GCGCCCCCCCTGOGCCCCTCCCACAACCCCAACCCTGTCTCCTCGCTCCTC 111
CGCCCTC-—GCGCCCCCCCTGLGCCCCTCCCACAACCCCAACCCCGTCTCCTCGETCCTC 111

lagenarium GGTATTAACCCGAACGCAAG 67
. acutatum KACCA0990
. acutatum KACC41832
. acutatum KACCA0805
coccodes KACC40802 GCGTCCCAAG 125
. coccodes KACC41949 GCGTCCCAAG 125
truncatum KACC42118 CCCATCTGGGCACCCCGGCCTCTGTGCTGACTCCATGCCAG-———— - 124

. caricae KACC40984
. musae KACC40947
lagenarium

. acutatum KACC40990
. acutatum KACC41832
. acutatum KACC40805

CCGCCOGGTGGAGGGCGGOGACGATGACGACGCCCAAACCCATCATCAAACTCACATCCC 174
CCGCCCGETGGAGGAGGCOGACGACGACGACGACCAATC———— TCAAACTCACATCCC 167

coccodes KACC40802 GCGTCCCAAG 126
coccodes KACC41949 GCGTCCCAAG 125
truncatum KACC42118 GCCAG 124

. caricae KACC40984
. musae KACC40947
lagenarium

. acutatum KACC40990
. acutatum KACC41832
. acutatum KACC40805
coccodes KACC40802
coccodes KACC41949
. truncatum KACC42118
. caricae KACC40984

. musae KACC40947

. lagenarium

AGCCGCOCGGTGGAGGGCGGCGACGATGACGACGCCCAAACCCATCATCAAACTCACATC 171
AGCCGCCOGGTGGAGGAGGCCGACGACGACGACGACCAATC-———-- TCAAACTCACATC 165

CCGCACCAG 180
CCGCACCAG 174

HOOO00O000 00000000 00000000 OO0 N0 00

Fig. 2. Comparison of intron sequences in partial sd gene of Colletotrichum spp. Sequence of C. lagenarium was from GenBank (D86079).

Table 2. Nucleotide sequence identity(%)/the deduced protein sequence identity(%) of the PCR-amplified partial sd genes in
Colletotrichum spp.

KACC KACC KACC KACC KACC KACC KACC C. lagenarium
40805 41949 42118 40990 40984 41832 40947 104-T

C. coccodes KACC40802 90/98 99/98 85/95 90/98 79/93 89/97 79/95 76/95

C. acutatum KACC40805 89/97 91/98 94/100 61/93 90/99 61/95 83/94

C. coccodes KACC41949 85/96 89/98 80/92 89/97 79/95 76/95

C. truncatum KACC42118 89/97 81/94 88/99 81/95 76/95

C. acutatum KACC40990 60/93 90/99 61/95 82/94

C. caricae KACC40984 59/92 95/96 49/94

C. acutatum KACC41832 64/94 82/93

C. musae KACC40947 50/95
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acutatum KACC40990
acutatum KACC41832
. acutatum KACC40805
coccodes KACC40802
. coccodes KACC41949
truncatum KACC42118
caricae KACC40984

. musae KACC40947
lagenarium

OO0 nH

acutatum KACC40990
. acutatum KACC41832
acutatum KACC40805
coccodes KACC40802
. coccodes KACC41949
truncatum KACC42118
. caricae KACC40984
musae KACC40947
lagenarium
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EWADRYDSKDWDRLRECTAPELRIDYRSFLDKIWEAMPAEEF IAMISDESVLGNPLLETQH
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EWADRYDSKDWDRLRECTAPELRIDYRSFLDKIWEAMPAEEF IAMI SDESVLGNPLLETQH
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EWADSYDSKDWDRLRECTAPELRIDYRSFLDKIWEAMPAEEF IAMI SDKSVLGNPLLETQH
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EWADWYDSKDWDRLRECTAPELRIDYRSFLDK IWEAMPAEEFVAMI SDESVLGNPLLETQH
EWADSYDSKDWDRLRKCIAPELR IDYRSFLDK IWEAMPAEEF I AMISDESVLGNPLLKTQH
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Fig. 3. Comparison of duduced amino acid sequences of the partial sd gene among Colletotrichum strains. Amino acid residue similarity
in the consensus sequence is indicated in decreasing order from identical (*) to similar (:) to less similar (.). The position
of intron location is marked with an arrow head. C. lagenarium sequence was from GenBank (accession no: BAA13009).

sd RN ASE EY

AANE C lagenarium®| A sd A 2 opu]iAl A
dS AES s ¥ A, degenerate primers ©]-835f0] E
AN FEHS sd AR 9= C lagenarium® sd
7S] F A Bl YRR, 7 A JIEE 18A
Al A ddlEe] dREelS FRIskT

Fig. 2o Uehd JIEES] A7 LS Fig. 3 A
opu] =t Aol 23HA] <=Afo] & isoleucine o7 Ak
Sk YxJoll 9] Colletotrichum =4 E 5ol A
AT o= JIEES] EA) YA7F T € S
Al 43s] dAE HoFErh & Aol E4E 87
Colletotrichum T2 sd 32 A& ZF 122711¢]
ol ieiks AYshs AS FRISINC™ C. lagenarium
< x3tete] s B4 At 9N Colletotrichum
scytalone dehydratase o174t A E-E 93~100%2] =&
s 7L USITE (Table 2). hs W EA LRI WE
B3l doixl AxE BH H|wE F wHel Colletotrichum
sd FrAAke] 519 opu=it ME F 5, 27, 43, 46, 54, 66,
68, 73, 95, 96, 108, 112, 115HA] ofr|z=Alo|A] Hol7} QI
3, OE oprAbEe wlg Z BEFY USS gRls)
SAThFig. 3). ©] A2 v|Fo] & w] Colletotrichum
FE9 exon T4 HlwA Z HEHO] USS & F 3
At C. lagenarium?}t =2 73&53<S U 2& £ o
B AR AAHE Colletotrichum®] o) x=AF A<E-& DHN
wapd Aol BAIE= scytalone dehydratased} 22
7158 & A0Z dEHt). old wE B dgd A8-H
87FAl Colletotrichum 452 SD +3AFe] 9714 <€S NCBI
GenBank®l| 55315 th(GenBank accession no. GQ266383~
GQ266390)(Table 1).

>

sd $7AAL] - DG 7]HES = Neighbor-joining ol
o3| AlE BAS F3YSIHTHFig. 4). A% Colletotrichum
FFEL C. lagenarium™ 778 5A#AE YeERI L,
o0& &= e M griseast ¥ 2A 774 FABAE
ek A Ophiostoma 42 Colletotrichum 43}
FAIAZE 7P A Aoz YeRdth. C acutatum ©] 735
T WA #5574 802 tha Holrt Yle AR
YUERIT C acutatum F-& TFFst MAE JAs=H 5,
1999) o= L&A J=nt DHN Hapd A e
Fodsh= kel Wolzt o] g tfet MAaE e &
A3} o' Aol J=Ad A= F F F o ARG

A7 A8 o= B7E
AEZXO R, scytalone dehydratase F1#ke] JEER
fI= Colletotrichum 4] $7+ 52 FlA F44
Ho 7} EA3taL, AE919] opn| At M Ee w9 2 BE
Hol &S ¢ UATh &F F transcription TS H]
WBPHA of2|gh 7 Wolrt fdAt el o g
W X]=A] RNA Fseol|l A ef ©halz oA o] A7t
a3l &0 sd k] JIEE F-919] v =
o 574 7|5AE @ANS doT)= Colletotrichum
9 AEvHA AR o8 7S AR 77
7 A2

e, o

L

i

s

He

£ AdFe BEvfEE HEStY] oy A& 8xHes o
O 7%= Colletotrichum #5258 datd §-2x19] vk
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98
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ool

p=1
[

C. acutatum KACC41832(GQ266388)

C. acutatum KACC40990(GQ266387)
C. acutatum KACC40805(GQ266384)

C. coccodes KACCA41949(GQRE6385)
C. coccodes KACC40802(GQ266383)

1 C. truncatum KACC42118(GQ266390)
o C. lagenarium (D86079)
98 C. musae KACC40947(GQ266389)
—] C. caricae KACC40984(GQ266386)
Magnaporthe grisea (AB004741)
80 i Ophiostoma floccosum (AY098657)
54 Ophiostoma piliferum (AY098664)
91 Ophiostoma setosum (AY09B666)
{ Ophiostoma piceae (AY098661)

1

Ceratocystis resinifera (AY098655)

Fig. 4. Neighbor-joining phylogenetic tree of Colletotrichum strains based on partial nucleotide sequence of sd gene. The numbers
above the nodes represent bootstrap values of > 50% (out of 1,000 bootstrap replication). Ceratocystis resinifera is used as
an outgroup. A parenthesis is NCBI GenBank accession number.
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