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Homology of Scytalone Dehydratase Melanin Gene in

Venturia nashicola
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ABSTRACT : Dihydroxynaphthalene (DHN) melanin is known to be present in some ascomycete fungi. To verify the type of
melanin in Venturia nashicola that cause scab on pear, we investigated scytalone dehydratase (SD) gene, one of DHN melanin
genes, from 11 isolates of V. nashicola from different provinces in Korea and Japan. Through PCR approach, 429 bp amplicon
was produced from the 11 isolates and sequenced. All of the PCR-amplified sequences were determined as SD gene through
GenBank database search. All the determined sequences were composed of an intron and two exons coding for 122 amino acids
of SD. The homology of SD gene was 100% among the 11 isolates. Sequence identity of the predicted SD protein of 122 amino
acids ranged 69 to 73% with other fungi. Our results proved that V. nashicola operates DHN melanin pathway.

KEYWORDS : DHN melanin, Pear scab, Scytalone dehydratase gene, Venturia nashicola

vl A Xl (Pyrus communis 1.)$F 5=l (Pyrus
ussuriensis M.) ZL2]3L L&) (Pyrus pyrifolia N.)7} 910
ghollxe dEalzE 2 A=A ok, w2
(pear scab)> APdt7oll &3R= Venturia nashicola Tanaka
& Yamamoto®l] o3l WAshH M=k 53 7HEol| AT
of A T2 WS, AT ] WAl o)

FE 354 AR ergosterol biosynthesis inhibitor

(EBD)E AR5l 9Jt}. EBIOY it w72 A3 3o

Kor. J. Mycol. 2013 September, 41(3): 200-204
http://dx.doi.org/10.4489/KJM.2013.41.3.200
pISSN 0253-651X

© The Korean Society of Mycology

*Corresponding author
E-mail: piceae@dankook.ac.kr

Received September 15, 2013
Revised September 26, 2013
Accepted September 26, 2013

@This is an Open Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

200

BololA] 2 Aoz YA YO} (Barug and Kerken-
nar, 1984), Venturia inaequalis(Thind et al., 1986; Koller et
al, 1997)0A A& o] BaEAT}. V. nashicola T2
739 EBI Al¥9] hexaconazole®} flusilazoledl] #3H3S-
Hol& o] &AklA = A (Kwon et al., 2010). ©]°]l
wet v E T gk A= I Ao 28X
o] Ft=aL Ut

P (melanin) H& 315H=2] Ak £33} (oxida-
tive polymerization) ¥4 &3l A== 1A} 34
Eolm 11 EAL AEA Y 22 qA F2 2 e e
Alo) A4 ZZS- VERATH Bell and Wheeler, 1986). 22}t
U AR AE, &, 1, AltellA] BRaEd. 53]
oAM= MAEB L] electron-dense outer layert} A2
A AR} (Bell and Wheeler, 1986; Caesar-
TonThat et al, 1995). 772] Hehd F3A T3-S H
22 (tyrosine)= A (precusor)Z ©]-8-51e] A==
=4 313HE<1 3,4-dihydroxyphenylalanine (DOPA)HZE
53 dehd $47d 29} Malonyl Co-ARE] Al2}=l= DHN
(dihydroxynaphthalene) BePd A3 =271 78 2 &
A At} (Bell and Wheeler, 1986). DHN Hz}d A3+
o 2 Ao Beamaolq nusoel v 1



L pentaketide 3T T AZFEH F1F AHEEA
scytalone©| AJAJE T} 71 T scytalone 1,3,8-trihydroxy-
naphthalene(1,3,8-THN)Z ©<5] 11, vermelone©-2 -
& Al E5E0] 1,8-DHNOE HEke|o] 2F1HER]
wzhd-g ST (Kubo et al,, 1996; Henson et al.,, 1999).
el o] depde Aeidat Hx 5o o ghos
HE] Hoghoax e8] AES & e TS =
o=t A e ddd 7ol 2lolx DHN Hehdo] 3t <
T Q0] 'EAYTT (Colletotrichum lagenarium) 2 ¥ =
Wt (Magnaporthe grisea)?llX] =3¢ v} T}, o]E 2
HAAF7E 71525 BIAEE FYs] AsiMe F
2719 depdsby B3k Ao 2 HuEAcH(Howard and
Ferrai, 1989; Perpetua et al, 1996). ©|&|3t AFHHE §
3 o5 W] WAIE fsl Wehd e T SIS
AlS= tricyclazole} pyrouilon®] 7= TH(Butler and
Day, 1998; Woloshuk et al., 1980; Zeun and Buchenauer,
1985). o] E2AE2 Alpeh vl 2B 5] Aol = A
$5j0] 91 SIt}. e} e o] AHehe
sehdo] 214 DHN Webd A A22 REEolAer]
ol thg A nE obd gl Aolct.

2 Aol WeEo] DHN WeRd 47
22 UPIe SR AEIS Z1AT QA dopin
2t g=ro] ofe] A E2gt V. nashicola 775 HFOE
DHN Hehd AR S & 3l scytalones
1,3,8-THNOZ ZZA]7|= Ao Z83h= scytalone
dehydratase(SD) fr4te] EAIE defsjaL A F=
Zholl 32 tddol EAsk=A] vlarste] ARSI

B Aol AR 11709] V. nashicola 7= =7U]
Aol Eeld o7l Tt oA EeE ) IR
T}(Tablel). ©5 552 PDA(BD Science, USA) Hj =]
HES F 20°C &F 22004 309 FL uijFsto] Aol
AME3IAT (Fig. 1). Genomic DNA &2 &g~ =€
HIE (drill bit)S ©]-83}] FZ310H(Kim et al, 1999).
PCR ¥F3-2 Gene Amp-950 cycler(ABI, USA)E ©]-83}
o Ptlth. SD -3A}e] S35 degenerate primer$]
SD1(GA(AG)TGGGCIGA(CT)(AT)(CG)ITA(CT)GA) &
SD2(CCIGC(AG)AA(CT)TTCCAIACICC)E °|-83I3tt
(Wang et al., 2001). PCR ¥h3-Z71> 949 4] 31T pre-
heatingA1Z] T, 94°CollA] 5037t denaturation, 55°Col|A]
5037t annealing, 72°CollA] 2331 extensions 1 cycleZ
3k, F 30 cycleS RESAIZ] TR 72°CollA] 104 &<t
post extentiondal 4’CZ F-A3}AT}E PCR HHS2HE-2 1%
agarose gel oAl 21719531 ethidium bromide® &
Asted ER1519© ™ F7]= 100 bp DNA ladder marker
(Promega, USA)$t] HIuE 3 E<1sl3it}. E21€ PCR
2F=-2 High pure PCR purification kit(Roche, Germany)
< o83t AARBITE. AAE 4He2  MacrogenAt
(Seoul, Korea)oll @714 <€ E41& 2=t 7ML
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Chromas v2.31-5 ©]&-3t HFSIATH. A€ FAAY
A71X g2 Expasy2] translate tool(http://www.expasy.ch/)
S o]-83td QoA T Colletotrichum lagenarium®] A
Y )= SD F3A}S] o} =4t A< (GenBank accession
number, BAA13009)Z} H]al A48T, BlaLE 913 ths
A71ME HEL ClustalW 2 2138 o]-8s)] 4=3)35}
Rom 7|&o BuE thE 779 SD At AN e
GenBank HJ°]EJH| ]2~ (www.ncbi.nlm.nih.gov/genbank)
ZHE thetol AME3ITH AT T #2412 PAUP'4.010b
£ ©]83}4] Kimura-2 parameters AF8-31%] Neighbor-
Joining W (Kimura, 1980)°.2 $=83}9 1L, Ale:E W] &
A]9] 21Z] %= (bootstrap &4)E ZAFSH] $I31IA4= 1,00081<]
bootstrap resampling =21-S A3} T (Swofford, 2002).
Out groupC 2= Penicillium marneffei] SD A} 471
MEE ARSI

E Ao AFE-H V. nashicola T2 5 Q1Fu) x|l A
AL Aol wi¢- =2]H, Fig. 190 Hole AAY dF2
AeAE o A5it), o] & APt o dfA e vt
DHN Wehd 4 =7} 3ls 202 o dste] mufjollA
ek ol el RN EelE 27 752 genomic
DNAE F=3} SD FAAE-3 Al=3t3itt. Degene-
rate primer] SD13} SD2 2 533 PCR AHE-S H7|9E
o= IIgH A, 7|k oF 450 bpo] WI=E <18}
SATF. PCR thas At 714 e 24 23 3F 429
bp=E SRIHAT. o]H & A= oM E2ld a3 =
W 97 A GelA] EelE #FE 1ol T 49
H71MES GenBankol] B3] vlwdk Ax} 117 B
3019 SDRHAE AP 1] F7IMES s
BAEEA 3 A9 BF LT A7IHLEE 7 A
ol w} Wi EF ] SD FHAE FUA e
TARLe] FYshH g A& w5 Jhol= w9 & BE
Hol = A FIsidin. E4" A71MENA
JNEEFH =S A 23 120709] opr|ieihs 39S
T A= 366 bp 2719] AEo= 63bp 719 JAEEC]
AdEe] sl Alow vttt o]H gk 54 B3k Siet
RN Eeld 75 257} 595 veldth

Fig. 1. Colony morphology of Venturia nashicola grown at 20°C
for 30 days on PDA. A: KGB-1 isolate, B: NYP-1 isolate.
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C. lagenarium®] SD +-AR= 27)¢] JIEET} 37]¢9] <)
E£o = o] FojH o, 188 7] op|iAko & oo A3
t}(Kubo et al, 1996). ©]5 v}EO 2 H| W3S W) & 4
oA DA V. nashicola SD B71MEL C. lagenarium
o] SD F3zte] F WA o] AREI, F WA JIEE
2oL Al WA o] ARES SIS V. nashi-
cola®t TF2 330]9] SD A} 11] “354E pair-wise
WMoz BAS A3, C. lagenarium®t 67%, M. oryzaeSt
65%, O. floccosumS}; 64%= YERGTH 9714 EE ofv|=
A MER Hgete] fAMES B4 A3, QoleAET
C. lagenarium®] 73%Z 7P =431, 1 v HEEY
T M. oryzae©] 70%, SARATE O. floccosum®] 69%=A]

E& TFolt JEES H71M LS Fig. 200 AAIE o
vk XA 2337 Aol 1= isoleucine PRt 9F
o] $1X|ol] SAVEHATE. o= JIEES] EA) A7} 1 2
< WellA 24ds] dAes HolErt. DHN Hehd A
AT7F & o] FoH oF i Ahdud L AEEE U
ERl AS B ) & AFllX 28E V. nashicola®] o7 =
2F A8 DHN E2hd AJgdell A== scytalone dehy-
dratase?} 22 715S & AO=E o SHY. SD Fx}e]
T REE Y5 AEE 7I8EOE neighbor-joining *H
of| o) A% ¥ =331t (Fig. 3). V. nashicola 7=
58 C lagenarium¥ 7V FABAS Jehia, o
&5 Tol= M. grisea} PIaLE] 7R FrABAIE e

Fig. 2. Comparison of amino acid sequences of scytalone dehydratase between Venturia nashicola and other species. Perfectly
conserved positions are labeled with black color, whereas grey color mark less conserved amino acid positions. MO: Magnaporthe
oryzae, CL: Colletotrichum lagenarium, OF: Ophiostoma floccosum, AA: Alternaria alternate. The position of intron location is

marked with an arrow head.
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Fig. 3. Neighbor-joining phylogenetic tree of Venturia nashicola based on partial nucleotide sequence of scytalone dehydratase
gene. The number above the nodes represent bootstrap values of >50%. P marneffei was used as an outgroup. A parenthesis is

NCBI GenBank accession numbers.
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Table 1. V. nashicola isolates used for this study
Number  Isoate Hos earoteoecion) s bp) ot sse acomionno

1 NHC-1 Japanese pear  Hongcheon, Korea (2011) 429 366/122 63 bp KF661519
2 NBS-1 Japanese pear ~ Boseong, Korea (2011) 429 366/122 63 bp KF661520
3 NHD-1 Japanese pear ~ Hadong, Korea (2011) 429 366/122 63 bp KF661521
4 ABM-1 Japanese pear  Ulsan, Korea (2008) 429 366/122 63 bp KF661522
5 ABM-2 Japanese pear ~ Ulsan, Korea (2008) 429 366/122 63 bp KF661523
6 NJJ-1 Japanese pear  Jinju, Korea (2011) 429 366/122 63 bp KF661524
7 KGB-1 Japanese pear ~ Naju, Korea (2010) 429 366/122 63 bp KF661525
8 NNW-1 Japanese pear ~ Namwon, Korea (2011) 429 366/122 63 bp KF661526
9 NYP-1 Japanese pear  Yangpyeong, Korea (2011) 429 366/122 63 bp KF661527
10 MC-1 Japanese pear ~ Mokcheon, Korea (2013) 429 366/122 63 bp KF661528
11 MC-2 Japanese pear ~ Mokcheon, Korea (2013) 429 366/122 63 bp KF661529
12 CBS793.84 Japanese pear  Tsukuba, Japan (1984) 429 366/122 63 bp KF661530
13 CBS794.84 Japanese pear  Tsukuba, Japan (1984) 429 366/122 63 bp KF661531

CBS: Centraalbureau voor Schimmelcultures.

Table 2. Nucleotide sequence identities (%)/the deduced pro- Xﬁ-l _.C_I)_

tein sequence identities (%) of the partial sd genes

C. lage-
ase M. oryzae  O. floccosum
narium
Venturia nashicola 67/73 65/70 64/69
Colletotrz'chum 73177 77/83
lagenarium
Magnaporthe oryzae 67/77

HHAY Penicillium 3= FABAZF 7P W Ao=Z
EldT}. o]o) wlet B AFoA 11709 V. nashicola TH2E
FE dojz G714 E-S NCBI GenBankdl] SD 34}
7IMEE T=3FATH(Table 1).

AEOSZA B A+ vid2EFHE T V. nashicola T
4 DHN Hahd Aol #fslk= S F3A Ue=
SRISHATY. V. nashicola 77-2] scytalone dehydratase -
AR QIER Fole A3t f37 ¥lol7t EAl8tA] &
KL, A& FL2)9] oppiegt IR vll-g- REZ S 8]
& 4 AT o)== Y oA w ARG dE AY
of| A A S v AT V. nashicola ol A1 SD
2 v =& AEES AU S AR
DHN #apd Aol #Belste f-32ks o= 77} )
= B} 8RR A5430] SD 3Rl 3lsk=A] o}
U tE depd AR E ER)skeRol tieixe &
O APt g ofof & Aolvt. 1Ejar v SE T
Aol Wehd S AAlshks oS 288 F IS A
o7 7|t & 5 oA 2 okAIA R Bds)
of depd Aehd Gl sl Seie A7t Bashiar
AtsEtt.

YH- AP g-FH+= Dihydroxynaphthalene(DHN) H2hd-&
ZHAAL itk 2 A= vlel] A2EFHEE doT|= V.
nashicola 7o) oW st Fejo] WepdS 711l Qh=A]
Q13k32AF DHN 2ahd 70 459] Q1 scytalone
dehydratase(SD) 32| F3 GA7IME-S U] o3 A
A3} oA EE 1] FF2FE 481 PCR
WS ARESE] 429 bp 2719 WRAHES 1) T B
TEHE S33H G7IAES 46T 555 PCR
AHE-2 GenBank database®l] Bl B33t A3} SD F-2IA}
2 WA £49 1170 759 SD FraAtells B
7Re] IEEF} 1227) of|=Aks Fehs 2709 o]
SAEATE. oI5 1170 SD A} Zhell A71ME-2 100%
5AS RAY. A-E V. nashicola SD F-3A] opn|i
A AEe] fAkEE TR ook HnE w 69~73%=
FFolTt. B AT Adl= V. nashicola T©] DHN #g}
A dAIE 298kl eSSt

ZAlel =
2 die w28 AR
(PJ007883042013)3} = HAYEAAT] ALl 23] o]F
o1zl AY.
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