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INTRODUCTION

Hepatitis C virus (HCV) is a member of Fla-
viviridae family but is placed in its own genus
and has a highly extensive sequence variation.
Enomoto et al [1] were the first group to
have typed HCV into 4 groups as PT, K1, K
2a, and K2b according to nucleotide sequence
homology in the 340 bp of NS5B. Okamoto et
al. [2) also divided HCV into 4 groups, I (PT),
I (K1), III (K2a), IV (K2b) by PCR typing
based on variation in nucleotide sequence
within core gene. Mori et al. [3] additionally
found V and VI types from HCV patients in
Thailand. Bukh et al. [4] analyzed nucleotide
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and amino acid sequences of E1 gene from an-
ti-HCV sera collected worldwide and clas-
sified into 12 genotypes, 1a, 1b, 2a, 2b, 2c, 3a,
4a, 4b, 4c, 4d, 5a, and 6a. Simmonds et al.[5]
made nucleotide sequence analysis for 222 bp
of NS5B and found that all HCV could be
clearly grouped into three categories, that is,
type, subtype and isolate after pairwise com-
parisons of the 222 bp sequences of NS5 re-
gion. Their classification was the following:
1a, 1b, 1c, 2a, 2b, 2c, 3a, 3b, 4a, 5a, and ba.
Simmonds et al. [6,7] afterwards revealed that
the classification of Bukh ef al. [4] is well in
accord with that of their own and suggested a
system for the nomenclature of HCV geno-
types. According to the system, HCV types



should be numbered in order of discovery
with arabic numerals and subtypes should be
identified by lower-case alphabet letter, again
in order of discovery. Analyzing more HCV,
Tokita et al. [8] revealed that the NS5B-222
bp of Simmonds et al. [6] and the E1-576 bp
of Bukh et al[4] are not always appropriate
for clear typing because of overlapping
between types and subtypes and suggested the
larger region of NS5B (1093 bp: nt 7939-9031)
could solve such overlapping problems
between type and subtype. As shown in Table
1, there are 9 major types and a total of 28
genotypes identified to date [3, 4, 5, 8, 9, and
10]. Their worldwide distributions appear re-
gion-specific, though some types like 1, 2, and
3 are spread around the world. Type 1la is pre-
valent in Europe and America and 1b in Eu-
rope and America as well as in Asia. Type 2
is prevailing in Asia and Europe and 2c is
mostly found in Argentina. Type 3 is a major
type in South East Asia, Australia, and East
Europe. In Africa and neighboring Middle
East, type 4 is exclusively rampant, although
4d is found only in Denmark. Type 5 is a ma-
jor in South Africa and is also found in Aus-
tralia, Belgium, and U.S.A. Type 6 is common
in Hong Kong, Macau, and Vietnam. And
type 7, 8, and 9 are found only in Vietnam.

It has been revealed that degrees of liver
disease and responses to antiviral therapy cor-
related to HCV genotypes are clearly different
[11-14]. However, correlation between HCV
genotypes and their differences still remains to
be studied further since additional HCV geno-
types are being discovered. Therefore, it is
necessary to study their correlation for a de-
velopment of efficient anti-HCV systems such
as vaccines and other antiviral agents. Such re-
quirement is enough to stir up endeavors to in-
vestigate diversity of HCV in a region or
around the world since HCV is spread all over
the world and efficient anti-HCV systems still
seem to be far away. g

In this study, we carried out the nucleotide

-32-

sequence analysis for the NS5-222 bp of Sim-
monds et al [6] and additionally for the El1-
576 bp of Bukh et al. [4] from Korean hepa-
titis patients. The 222 bp of NS5B and the 576
bp of El were suitable for typing Korean
HCV. According to the two reports [6,10], for
the 222 bp of- NS5B HCV's with more than
88% homology of nucleotide sequence were
classified as the same type (isolate), those with
72.1 - 86% subtype, and those with 50.1-76.
1% different type (type). Likewise, for the 576
bp of E1 HCV's with more than 83.7% homol-
ogy of nucleotide sequence were classified as
the same type, those with 67.5-78.6% subtype,
and those with 52.8-72% different type.

MATERIALS AND METHODS
Anti-HCV positive serum samples

Of a total of fifty-six anti-HCV positive
serum samples 46 samples were collected
from Seoul National University School of
Medicine (SNUSM thereafter) and 10 samples
were from ChoongBook University School of
Medicine (CBUSM thereafter). Of forty-six
sera from SNUSM numbered from SU-1 to
SU-46, thirty-five samples (from SU-1 to SU-
35) had already been typed by SNUSM using
a PCR typing method [15] and were com-
pared with results of a sequencing method in
this study. The remaining 11 had been un-
typeable by the PCR typing. Ten sera from
CBUSM were numbered from CU-1 to CU-10
and had not ever been typed.

RT-PCR primers

The positions of RT-PCR primers are dep-
icted in Figure 1. For the NS5B-222 bp nested
PCR, RT primer JCK 14: 5-CTGGTCA-
TAGCCTCCGTGAA-3, external sense JCK
12: 5ATGGGBTTCTCGTATGACAC-3' {B=
(C,G,T)}, external antisense JCK 14 also used
as RT primer, internal sense JCK 13: 5'-
TTTGACTCAACCGTCACTGA-3', internal
antisense JCK 15: 5~ACGACCAGRTCGTCK-
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Fig. 1. Primers and regions used for RT-PCR of HCV. It shows the positions of the PCR primers for the 222
bp of NS5B and the 576 bp of E1 for sequence analysis.

CCRCA-3' {R=(A,G), K=(G,T)}, and another
internal antisense JCK 16: 5'-ACAACMAR-
GTCRTCGCCGCA-3' {M=(A,C)} were
manufactured. For the E1-576 bp nested PCR,
there were also made RT primer and external
antisense KHS 2: 5-YARGGCVGTSCTRTT-
GAKGT-3' {Y=(C,T), V=(A,C,G), S=(C,G)},
external sense KHS 4: 5-GCCGAYCTC-
ATGGGGTA-3!, internal sense KHS 1: 5'-
CCYGGT TGCTCYTTYTCTAT-3', and int-
ernal antisense KHS 3: 5'-GTGCCAN-
CTGCCRTTKGW RT-3' {N=(A,C,G,T), W=
(A,T)}. As all the PCR primers used here
were designed from as many sequence data
published to date as possible, any new HCV
types were expected to be captured.

RNA extraction from sera

RNA was extracted from anti-HCV-positive
sera by the user's manual of RNA STAT-60
kit (Tel-Test"B") or the single-step method
[16]. The RNA pellet was air-dried and was
dissolved in 5-10 pl of 0.1% DEPC-treated D.
W at 50T for about 15 min. Finally, 1 pl of
that RNA extract was used for RT and the rest
was kept at -70C.
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RT-PCR

RT-PCR was conducted as reported by Kim
et al. [17]. Reverse transcription proceeded at
37C for over 1.5 hr with M-MLV reverse
transcriptase (BRL GIBCO). RT-primers were
JCK 14 for the NS5B and KHS 2 for the E1.
PCR was operated with the automatic ther-
mocycler (Ericom, Inc) as follows - the first
cycle: 3 min. at 94°C; 1 min. at 45C; and 1.5
min. at 72°C, the rest 40 cycles: 0.5-1 min. at
947T; 0.5-1 min. at 53%C; 1 min. at 727, and
the last 10 min. at 72°C. For the second PCR,
one-tenth volume of the first PCR solution
was mixed with the second PCR buffer solu-
tion. External sense and antisense primers
were JCK 12/14 for the NS5B and KHS 4/2
for the El. Internal sense and antisense prim-
ers were JCK 13/15+416 for the NS5B and
KHS 1/3 for the E1. The second PCR of a to-
tal 50 pl was operated in the same program
with the first. Negative controls at each step
(RT, the first, and the second PCR) were used
to confirm 'mo contamination' and ‘hot start'
was used to increase specificity for the El-
PCR.



(A)

1A-O0N. SEQ
1B~CON. SEQ
1C-CON. SEQ
2A-CON. SEQ
2B-OON. SEQ
2C-CON. SEQ
2D-NL92. SEQ
3A-CON. SEQ
3B~CON. SEQ
4A-CON. SEQ
4C-GB215. SEQ
4E-CAB0O. SEQ
4F-G22. SEQ
4G-GB549. SPQ
4H-GB438. SEQ
5A-CON. SEQ
6A-CON. SEQ
7A-VN540. SEQ
7B-VN235. SEQ
BA-VN530. SEQ
8B-VN405. SEQ
9A-VNOO4. SEQ

1A-CON. SEQ
1B-CON. SEQ
1C-CON. SEQ
2A-CON. SEQ
2B-CON. SEQ
2C~CON. SEQ
2D-NL92. SEQ
3A~CON. SEQ

(B)

1A-DK7. SEQ
1B~Di. SEQ
1C-HC-G9. SEQ
2A-T4. SEQ
28-DK11. SEQ
2C-S83. SEQ
2D-NE92. SEQ
3A-DK12. SEQ
3B-CHAYA. SEQ
3C-NED48. SBQ
3D-NE274. SEQ
3E-NE145. SEQ
3F-NE125. SEQ
4A-14. SEQ

7B-VN235. SEQ
8A-VNG07. SEQ
8B-VN405. SEQ
9A-VNOO4. SEQ

1A-DK7. SBQ
1B-D1. SEQ
1C-HC-G9. SEQ
2A-T4. SEQ
2B-DK11, SEQ
2C-583. SEQ
2D-NE92. SEQ
3A-DK12. SEQ
3B-CHAYA. SEQ
3C-NED48. SEQ
3D-NE274. SEQ
3E-NE145. SEQ
3F-NE125. SEQ
4A-74 SEQ
4B-71. SEQ
4C-77. SEQ
4D-DK13. SEQ
4E-CAB00. SEQ
4F-G22. SEQ
4G-GB549. SEQ
4H-GB438. SEQ
5A~8A1. SEQ
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azesACACHR GRTTaGunan
CrasACCTSA GemanGasTs
CaansACAAS® GeCTRAARGH
CanupzACun GaoasTouGn
CranpsTCae GuaGnAzsAn
CrenpACOCeR GORRRARRAN
CaasACICoA (eABRASUGE
CarnpCaCan GruenGanTs
CaenasaCaC Tausuamay
CuoznasesC (pTasTanan
CangoaaTalT QuCRRumRR
esnsaengaC CeCasTarzn
CasonspesC Teseaopagr
CoseoaTCeT ToAsRARAzE
CoznA=TCaT TspszArans
Cazene(CAA raCosnstan

g
sasaCarsnan
ssasConsns
2eBRCHRESE
wCruCunnug
anusCasnun
RonRRuRREE
CarasAAGT®
eaunnuaTon
srosgnenes
zezuConmaa
rasuCuuafa

170

CGGTGGCCAC
2uCeCeaGhy
aCerABauGe
ACRumuBHGT
ATezzRalGT
ATCeCsausT
ATA®ARSTGT
spusanapGT
sagasneaGT
spnsnRaGGT
sAcazaaGGT
anranzAGT
2AwnnEaGT
2AzaanaTGT
SToR&AsUGE
sCussakGht
aCuRaRETGE
apzsARaGT e
BECREARRGE
wTzagsafGe
aTeapsaaGT
BACaaTBAGR

Fig.

GuaTGeAREC
anmunnTaxC
GammmaTrux
GuantaCaty
AvmeeaCTO0
CasunuCaul
TanTonages
CranAGCu1C
AssTanpans
CoanenTasC
GasepAT=aC

180
CAGGGATGGC
Taunpusaun
snaunaaTOG
GCawCuGOCY
GEAACKCC2s
A=uTCACCT
GReQCuACHS
suuTaCaTs
TeaACCCTT
asaTCRCaTa
TeAeT#CaCT
sasATRCRCT
22 AACE2CCT
#GCAC*OCCG
GOOCTa#C0
GOCTT==AT#
GCAACa=CTG
GCCAT=CaCx
GCCAT=CCTT
aCOCTwusTT
eCOCT=CCTe
aCCeACCTT

2AB.
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sppunEnTr
snpanCanTe
Asprassnan
auAraCaTTa
wepmuRanTs
weTosanale
wnpARaConan
amenasCTGr
®xCORGRuRD
REUNIRULRR
weTuaCuaTu
meBASCERTn
sxuusTaTTa

AGC® CCA A
waRBCRAACE CCAR®REuRA
BAARCHATT® CCAszusT#A
s2ARCHAAAS KCARTRRTRA
wRHRASTHCH HCARRARTRR
sAsaTuARCe %CATGRBARR
BARRCRARCE ECARBMRAUS
2ueaTRATAG CCTGRanTwx
suarurATRC SATGuART*a
wngnQunins aRLAGCRRC
sumangppse aTTunsrpnx
souminAAAC CAT®umiaNT
rumsusArAx CAT#&usARL
sukpueAGAC CATT#RARS:

100

CACACTOCGG
s rRCaaCE
waTCTGRECK
raGTCHACH
snaCTanaCR
anTasuneTn
szuaTCACH
sunewpzaTa
axaTTARSCR
4unTTGeoCH
s2aTTGERAR
sunaGraTs
axasTGaRCY
rnaTTGuans
2xTTGRIAN
sraCTCRRAR
xxuCICraRR
2aaCTCREAR
snaCTRREAR
nTCTARS AR
suaCTARACE
ansGEARRTR
s ]TTGRR TR
suspnRsTe
#4xuCTARRTS
2 TCTCRaCH
naTasCaaCh
waCTaR8A%

110 120

GGIGTGTOCC TTGCGTTOLC
spaxCraGae Cummuuassl
nxunonaGen Copnuzpons
wanangegns GuaukAGAAA
sARKConass ARuTSAGAAT
spweCassun zunTsAGEsT
morsgaeTen +38TRACGAG
a0uesuspun senTrEonAG
apRRCRAGED CrmsusCACA
»TsaCasAuz CueanrCoAA
aTanxanGan CronnunsAf
aTaaCanTan CusnuxGoAG
aCasnoaGen CrenACHsss
ssaaCazfen CuaT4uGATG
amanmmeann CoaTuuGusG
srunCaopnn CaaTasGARG
»ARRCERTAR amansuGASG
sanaCenpsn CxaTaaGARG
#ARaCaansa axaTRMAARA
BRHGRRBGAS RANLREGALA
sawnsanGes CuoTnsAASA
aCeeCraGer CanTusCARG
BARRCT8Gas nxaTRaGAKG
axauaCRAAC CATTS%AALE
saoanearsn GReTARCAAG
sAusnansrn AusTACCARG
#AuxConGua GRuT=2CAAG
wCrnnunTan AsaTARCAAG

190
AAACTOCCCA
CGCGezanaG
GGCGCraTax
raCGanansn
GGCGCAsTax
GGCGCT=Tax
GGTGOGRTT=
GGSGCAARS =
GGCGRGARRR
GGTGCGA=nw
GGOGCGAsux
GGTGCAASG= #GuuTTCCGH
GGOGCAGT»u uCxATCAAR
GGCOCT=sGC TT®ASTCe T2
wa0GCARBGT Te#ASTCCAR
GGTGCA=GC TT¥ANTCCA®
#eTQCT2=GC TT#ASTCTT=
GGTGCT=#GC TT*A==CCTo
GGCGCT==AC TCHARTCCA®
GGOGLGE#GC TCHAATCCA®
GGGGCTawAC TTARATCTG®
GGe(OGGT % aGauTsCTuw

TCAGTGH®Ga
2GOASGGCT*
aTANRGCHAR
#TCACARCax
sTAARGGCE®
CAARGGC=s
#CanTTCRAR
#CaaeTCaAR
xCauATCRAR
aTasATCOAS

200

CAGCGCAGCT

210
TCGACGICAC
auuGuaneGT
GREGACGRHs
AuvzsusCaun
GrunGCART
GmaxGCARRE
GueGACG#»T
AseCAwsRuT
CunxACCHuT
CraCGaGrnR
CuaCAseanT
ABRCGRARGR
CasCAsGasT
CruGanpan]
GusCARGEsT
CeaGAzAxT
GAsmauxaR
GeuGrunueT
Gre(uerssa
Gae(GuaQuan
ArGEAGuaT
e RGAXGLER

220
ATCGATCTGC
GamerCICeA
axTRuCASSG
GeasnxTsas
ERARERASAA
weawaARCA
anTaxACCA
GaGrrCassy
GaGeurAnRR
GaGurarars
GeGrunasRs
GaGraeTany
GaGrraTrnp
GGRuCTHAA
GeAsRCunnp
GoGaRCuBRA
GaGurrnanp
GeGureCuanp
GeGuraTasp
GuGHaCTRAA
GeGraCunsng
GuTauCTACT

230

240

TCGTCGGGAG TGOCACCCTC
aTeaeexaGC CaTGoGTen
#TesGATRTC CammsaGuss
sassfanaGC GRaTGaTTan
aTREAATSGC AsnTuaGGas
2a8xGATATC #anTaeGGan
supARTeCATC CraTerGTAT
BAGSGaROGC GRansaGALG
uGuxARS0GC ACGACAARSG
aGruGanTaC GeaTasAT2G
RGUSGORAGC waxTavGTsG
spemnueCen wamuauTanG
aGRRGRRTGC AswmanGasG
#GruARROGC GanuasTTsG
RGRuGRRTGC GRuT#aTASG
2GanAsa(GC 2axTEAGRG
nGeaGaaQGx CeaxeaToun
2GaaARETGC BREREATALG
aGrrGuaCaC 2xaTaeATRG
#GarGRRTGC CressuaGus
GraGEesGC GuuaiusTap
BARCGRAAGS ARsTGATaun



6A-HK2. SEQ

121

=2TCaA2GaTC GGreCeQCay nuawCATex] Gruussswes sQCeeswenT ACCAAR%sCT TCCACGEex( seAxs(UATY CouCAx(aaT Gu(uueusnTs aTaCGaa0GC CasAGTGGRT
TA-VN540. SEQ 121 oTCAACH2sC GGeaCuCAxn CumyCeuTsA GCTTuGuazs wuCounsTGT “COMARCHCG TCRACA#TC TCAXTGGET* Cx MaxT GaGraCRxTA #GuuGEeQGC AxaTGuTTax
7B-VN235. SBQ 121 TCAswsksze GGeaTanCan wwesCaxCrs (OCwuGeTen sCASCaxGGT GOO+AsuaCT TCCARAxzxG TCCGTGG=Te CoeCAzpu=T GuGauuxnCA sGeeGee(Ge =uxTGUATST
8A-VNS07. SEQ 121 ACAusCusTA CAmmaCupsn CumanmuTe] GeTGaTwixs aACsCaaTs] =(CsAsws(s xCCGHGuuGG TAGR(GaTe CosTTCxunT (aGuunsTa aTunakaTTC GeuGGuArs
8B-VN405, SEQ 121 ACT=eCeaTA AGusnCAres smupxunCup (EAGRAmsne xQCaT#aTGT 5GOeARCECx TCTGRTHuTH THAGAGGHT® CueCAmenx] GaGuuCasTr sGeaTuaTTC AxsGG#eGCT
9A-VNOO4, SEQ 121 aTase(axTa G(}lllncn‘[lﬂ' =asCoCTaT GRCTeGeaTz aCTasuxaGT BCOCABCTCA TC:GeAzzpr TCCACGGHT: wsaCuxGuxy GuAzzxasCe sxsaxaseGC CseGGeATeT
250 260 270 280 290 300 310 320 330 340 350 360
1A~DK7. SEQ 241 TGTTOGGCCC TCTACGTGGG GGACCTGTGC GGGTCTGICT TICTTGTOGG TCAACTGTTT ACCTTCTCIC CCAGGOGCCA CTGGACGACG CAAGGCTGCA ATTGTTCTAT CTATCCTGGC
18-D1. SFQ 241 naCenCensp sGesansasa xeaTssCuis sepnasasTs «CusCARSTC CruGuanasC sanCrursaGa sTCROuaGRs TGARSKEGTA TXGRAGRRTE X4ARCRUARS RRixssCand
1C-HC-G9. SEQ 241 =meeamzoaTA aGueTaspan suasaspnes xaCuaCAkss sCuennsTan CunGASCaeC A T A wakaCasCun RuuCrRARR
2A-T4. SEQ 241 saCanTaaTne aTuonawnas nansusCane onCGGGURGA 2GurCoCAC CsuGArsnsl wTa(uwunGy #GCAAnAT#% wxxo«TTTCTY ssuxpsdass sagaCenann sosCusosn
28-DK11. SEQ 241 vassaTaers aTaaTsanes saesGraes] seaGuCunGA sGARCasGTC GraGGCTReC wTAGHAuaGe RAGAAAuS® sCACTTT#eC muxspGaess sOssaxsOus sraCrAARST
2C-583. SEQ 241 aaCanmun2T sGeaTasans Anas(uanse aCGaGORGA sGeuGueCraC wusGGeCGeC GTGeGarGr sACAA%ARax TACTTTGIC %2GeAA#mex zCexsaaCan AmxCan(uss
2D-NEQ2. SBQ 241 asCusTonas sGuuspopoe AnpszaTax] weQOGuGeeGA sGT#GeCTTC wmunGaCesC sTafusnnCe xaCAMATSs TAASTTIGTC sa(uAssnTa sCuesnsGGA T.... ... ..
3A-DK12. SEQ 241 naCenTanGe sxsssaasss TuaTGuuenl sexGeCunse xCuanesGen AvzaGOCsC meGrasAGax xTCaTusuns TCAA®MAGTC ##GACkwsTa aCwaCun(Cr (ueCompmms
3C-NED48. SBQ 241 wsaessasps sTaswaaCax TassseTeor seaGuaesGe sxeswxs(es AxssGCuuoC sxmuxspAGAx aTCaCxuwus wACH&aCGTR uxGACGRexx sCuuCralen AnzCrspius
3B-CHAYA. SEQ 241 mssnmzss(e zGesmxeCen axasGCT2Tz suaGuAzeTs aCraCuspus AsseGCARLC ssARnAGA®R saCxpmsnns aCAYSSAGTT suGCAT®oax aCeaCaspCs GuaCusAusT
3D-NE274. SEQ 241 meCanCraGe kGuaTeaTeu CssTAzexuT supAGeCueny s(Tr(u(Ea Ava(GOTREC wuaensAGAR dTORT3AGHE wAACzan(T# wxGACHReuy xeusCursACH GreCxxxusT
3E-NE146. SEQ 241 saCraCusGr sussTuaCun TramueTuns weaGuCutes sCumasu(uy GRuGGOCrmo smAwaeAGGR #TCaTesTss TACHuaT(TC #XGACk=esx CeuCusGTe GusCuuAnas
3F-NE125. SBG 241 pusamAnepne mzssTeaTae AxsTTawsus senGasanTe sCesroa(es Cros(Curs( wxTeusAGAG *TCaospAus TeAT=uQGTC #eGTTGs#xx wnsaCxupCr AseCouAus)
4A-24. SEQ 241 meranTanes sexeTosTaw sesaxaCuns wxAGGeeCrz aCuaGAnGes GouGAusAC e TeaTCGGE »(CaTreuns gxumunConn «RGEAGHME RutkauCen $aoCARRRLN
4B-71. SEQ 241 wnnasCaunT avaospaTar AxnTronss] esAGGCaskz uCxsAnuCus CruuennsC GAxzxnCGAs 2GCoCuxGus xoysxuCoe( xeGuATasRR wCraCerCux v s
4C-17. SEQ 241 sxCaa(CoeTz senpupnTen sussxzasns aeTGGCaRAR =eTaGueTas aua(Azumme TeTaexCAGH =GOxpssan pusexeTzae BxGuAzwess wsseruCun axeGeQauG
4D-DK13. SEQ 241 anCusCrunn seeappAuCen Axss(uonT waGGuesGe aCTaGueonn gupagoses( wxameaCAAx RTCrCusrrn wswaxuCuul dsapniun apaananCun $exCABARSA
4F-CAG00. SBY 241 mewenCuxzu surappsCar CasoTewuxr wxTGGCTEAY sCT#GuuGry Couspuznnl reCAAL 2GCuAR Ty semuneCunT ArGrAsior uxexsaaCuy axsCASGRax
4F-(G22. SEQ 241 noCaxpssp Tax weaGGCAAR ROsxASQGrk CarGAsuxaC wususCGGH axCoCaTwss TumxuwCueaC sx(uAGRSsR mutaxeeCu( sxswas(aons
4G~GB549. SEQ 241 zaCusnoons aGuunpxCes AsssuoTuss wspGGauses wCea(osers (ee(Assxe( wxsuse(QGlx 2(CaCrsssy TwamenTanC su(mpssien qCuuCuouns wuus(ARRR
4H-GB438. SEQ 241 s=ConTazmn smawspeCez AsssuATaes wsAGGeess: aCTeGuCAszx (eeGAzsGeC =GTaxeCAA% weCxxxaTes TesomaTesC seCrATuens eCosxaCus saws(TGau
5A-SAl. SEQ 24] saCasCmapn spssexCos CaasGCsssr ®0aGoAssGe anmxGeufun CxaxpswenC axusATAGGR 3TCRCeAGH® TACCRRAGTS snGuAsteux sOrazmuQsn TerCAGRasR
B6A-HK2. SEQ 241 sxCusATsaa 2G¥unARCER waspwunesT wxCusaluny aaTaGeCGuee AwsvsupruC awecaTCAGE weCrCuuTan Teswsn(Ts SessAnssss wOssCanun SRuURABALLR
7A-VN540. SEQ 241 ASETA #G TeasArAeeT #aTGGeCrGe wCusACasns Axa(GROGEC saGARTAGA® sTCaCeTAxe aCAxeeCGTC #aGuAGRsss samisgaCun 2yeCARAzan
7B-VN235. SEQ 241 =oCasCeaTA sGusTamssx CamsueCas] 28AGGCA%RE meTaGrenza AsnGeaCerC TuspuupAz xuCausrss wuseGTAGTC Sesxpsutan wutetes(uy sagu(Taxe]
8A-VNS07. SEQ 241 uxCumpsoss suesspAeCos saxTuvpues we(GGuusTe sCusGuuGor (CaacanTreC sxswesCGAx wessafAxan TACCHTCGTT suGuapxans sCixaxusux TauCA=GoaG
8B-VN40h. SEQ 241 =sCamAszps sTeumAaCrz AsaTTepser meCGGCsaGe smusGuuGen AneGruCoaC axTzenCAs *TCsxsAAsr sACTHOGTC #aGrAGesTx sOriaxsCus aesCASCurG
9A-YNOO4. SBY 241 menamsaxsd xGuouspnTux AsnTuaTaaT eaTAGCxsAs 2CTe(eepss GuuGuansex ssTanzpAGGs aTepscAnas TCARGTCH&C #uGsATSHTs wCiuChuuss AxauGuansu
370 380 390 400 410 420 430 440 450 460 470 480
1A-DK7. SEQ 361 CATATAACGG GTCACOGCAT GGOGTGGGAT ATGATGATGA ACTGGTCOCC TACCACGGX!: TTGGTAGTAG CTCAGCTGCT CCGGATCCCG CAAGCCATCT TGGACATGAT CGCTGGIGCT
18-D1. SEQ 361 =xCGeGosAn sanmozaTan sasToRssus Anx AunAzal sepuaGuesT aGrasfsARy A wamaaTGE%A Gr GoeGruGerC
1C-HC~G9. SBY 361 saa(aGoasAn dapaTespss seaTasauaC setsassensy sTuanospen CaoTGGONKD sapwa(oe(y RARSNusAus gysaannnnp wsuanTixeG weesToscuy AssegsussC
2A-T4. SEQ 361 ACConCanTr pAnsnanTen snspusgmux vgasgoxtes sonaiesGue CrsGGRCALC AsxARCCaGR BGTOOGCHAM Gee(GeTxaC GeGaTzmian spwxsus(Ge TAGCHsGHA
2B-DK11. SEQ 361 seCeaCuxCs sCasunpnss wnsAusassC sexeaeCaTe suswesafua AaTCTCARC AwxAsQC2Cx 2CToTGOCGC nusTGuTaxT G#GCTAGS#C sTesAGROGs aTTCau#xGa
20-583. SEQ 361 sGCsaTaeun pAspsunssn wnaTesaeng sxnuaewasn wenuesGun CanTawCARC AxaOeCCuGu sGTRCTuGs GuuCiskmun GraxTaxuomy xoaxTuaTGn TARARsARGS
2D-NES2. SEQ 5 S R RIN
3A-DK12. SEQ 361 2axCeTTeAR sARuTamAKR 2ygTReusss surgmugans sTasseames CGRTGTREQT AsxsxeGaruy uGueQGaCux GeaTOxGuuC xxGARsTSGx wCasrzxAns Awsxus(raC
3B-CHAYA. SEQ 361 »nuGeTTeAx sAwaTuaTas ComARTCuGr CoARuGAzaT sAzuTauxAr GroxTeGaeC suxAnaCiy aTavaTesGe 2THGRsGARS
3C-NB048. SEQ 361 wxaeTTeAs sexnTmaen sxaTaugax( szasaaases asxswasnn AGRTCTCHGA AsaraGraGl #GarCAsCre TeuTGCARRC wx(AsTssTG CORssunA(s Tenfunpsws
3D-NE274. SBQ 361 =xCaanTaAn mAszAuGer zxeTwunaxn upsxuansss aTegwsafun AGSTGTTHGe sxsma(uuax s(ueQGaaTa GuuxCeGual saGAmwsaTx sTeruasCas TRuwnupmaz
3E-NE145. SEQ 361 wmasnCazpn sAeaTexoan A AGURGRCUGT CoANCTCran MAwsCTER2N GRaXGRGRuC XyAmainss CRERGAACK SRBANRSRRA
3F-NE125. SEQ 361 ®eCxsTanpc xAsuTATed nouTrarnss seamsessan sTseuzelsx GaaeGaTue] CesoaGuawn aGraTesCex GuCeusunC wseAGGRGE sCaxTaense saGusARsC
4A-24. SEQ 361 mmaesCexCs o AG muzaunCART CouOrOCHCx xCunsAsCAs GAnGessaC ACkxsxxToTC #CxumaweGe TruCxsAzGC
4B-71. SEQ 361 =eCGRCTonn aCeuupsGer xasxCoxsunC XOARAXRE xpewoAGEny RusaaGrems CoeASTAOGR muxxsAnCTz AnsuswsusC TCTAT#CRAG GTs=eTsuCw sAxCusGuGe
4C-17. SEQ 361 oxCGrTauAn #CaxmpnARa uxsproumenC swsgaxasun axeanACTas CxupssCARC asexaCCrCn eCxunGaTAx GAwsuaxasT AGCAsTO:GG saemxCeACs xAnzasAuGG
4D-DK13. SEQ 361 semasCuBAK SARKMAUARY uaTHuRuuC wernounsns wTeasAGuon CusTGrupsn CaxsuCCxkCr sCxupnsTAR GAxmxamukp GGCRuumaGl zCrsalsCx TmpAxsCuGC
4E-CAB00. SEQ 361 =aCasTeass sasnTeaGan . ..
4F-(G22, SEQ 361 =eCusCaxsn ansaTASALR
4G-GB549, SBQ 361 sxCenCaaCr sConTAmARR
4H-GB438. SEQ 361 maCxaCemCH ACRBBASGER MIBC. .. ... ......iet oiiuteeinn wunreaies naea e e cai e et ee et e e,
5A-SAl. SEQ 361 seassCreCs sComusa(Re xaxTasxesC orassxesns RTAsRsspan wssGuuAesC sxsCuGASGH sCrmmp) A *RGRTGGREA RA! e AnuCraGaGe
BA~HK2. SEQ 361 xxCGaCenCr eCrunpn(ry AsaTexsssC staaneusds sansnespen CasAneCART CewusCCexT weAGCARCT® GAssGrAxxT GHGATTTGTG CxAGTGr&sx ATTsuxsa(C
TA-VYNB40. SBQ 361 AxGuaTxaTz sGraTussss zexgsmensC sxunsoaces aTsseesTes GuuaGaxAsT CeCAXCxaGT #CTROGHCA® GAs=(uGauC #xGTTGSaRA aTusessACy TRTGe2CeGC
7B-VN235. SEQ 361 muazaTenCa sCasups( A sTapanaTas AxRTGRAARC CruxxCTaGT %GTRTGCAs GuuAxupza] =aGaTGRasp suouzsCTe eAsxRCHGH
8A-VYNS07. SEQ 361 =aCGaTesAn aGuuapeGey wzmnunsss( segaxaCAss saxsxaaTes CoswaTpAnuC sATeCTASGT wCTCARwARR GANAGRGuuA weGTTGOsRC sCwuGusCTs TCICRAGR(G
8B~VN405, SBQ 361 smexaTzran a(rasps(: A C CrauGTeART auCAXCACCT »xTCruzsir GAwu(eGreC wxGTTGOR¥C aTha(eeTGC *CTHeAGHGG
9A-YNOO4. SBQ 361 sxCasCunns sAsaspzGus mpspzseanC scasesCeCe amgxresGes CexGGTRAGC eATHuGenTT =xAGTGCCaw GARAGEAR:2C #aGTTGORmu #AsRGGHCxy xARGUuGREA
490 500 510 520 530 540 550 560 570
1A-DK7. SEQ 481 CACTGGGGAG TCCTGGOGGG CATAGCGTAT TTTTCCATGG TGGGGAACTG GGOGAAGGTC CTGGTAGTGC TGCTGCTATT TGCCGGOGTC GACGCG
1B-Di. SEQ 48] seunesxnGe szsrssasRs 2CRCuxCerC spAmsnguanx paxpwenses souTaguueT TasAsTaeed sexspwsCan xxsTandes] 2oxuGC
1C-HC-G9. SBQ  48) nuanansaTs anaspssses aCaGaepusC spCransams ponnssaass sseTexossT QouanCeaxs swamossCen CeaTasgaT xagwgl
2A-T4. SEQ 481 mamssausCa aupAselTCur sTuGraCasC waCanTuseC AnasAGOGus wrasampmus GeTezCAsCx eTanws(GC (neTenGruG wessas
2B~-DK11. SEQ 481 =aTuranaTa aGGeaTITe aTeGuaCane waCuanunul AsesAGCGas wnoCunnsus ARTRCCAuCHK ACxTerTGr AxsAxspun( ueTusp
20-S83. SEQ 481 2aTuaeuaTe sAARATTTR2 sCaCesTsal suCasnuaul AnsuATCGaw sasxoessny AnCreTARCx 2CrauerGAC susTuuGuaG wsxGrus
2D-NESZ. SEQ 3 GCTA*CA2CA ==GRTARGER ®Tujrapess weTaxC
3A-DK12. SEQ 481 saTussanCA sspsassses qCexxsCaus ACxunnexC AssuCuusus sasCuoaneyx GuCARCRmmn £2AsCAGRe sTuAxzpnsp =xeTaxy
3B-CHAYA, SBQ 481 zaTuemanTe sGAmssapsx TCxCosCasC sxussaussC AAssCoxTaw xssCspimx TECARCARCT xGaupuGus CTamucGuaT waTus]
3C-NED48. SBQ 481 saTmawaeTu sGAssesuan sTaGenConn BACExuTSeC AspARCsuTxa suaTaawnin TeCASTASCA #CGRCAuGR® CTeTHmAR:T mumus(
3D-NE274. SBQ 481 memamzxaTA sspvsuaCse TCaGeaCual sACmaTexruC ARACTwuemn wxaTumpsiew AxARRCARCT waGuCA*Ge# sasGraGueT sxexsT
3E-NE145. SBG 481 wsTomeeaCa spAxzaaCru ATaGresau( sACmawesn( AwpaCuxnsn sssaxsessss GGCASCRuTx wxAsTanGue CTuAmaGusA saTwas
3F-NE125, SBQ 481 =sTeszusTa sGAsmaspss wCaTralanl sxCGaTeas(C AswuCeamun saalaspeas GaOOu(usCs wTTeCesCun wasTonGuaep kewanl
4A-14. SEQ 481 meanpmonCs sassCaksnsn aTeGeesneC saCAGeuesC AAzzCreTes sesCunnxzp AsCOsGaxCs sATA(uxCos wuswunGuss WGRGA
4B-71. SEQ 481 namapanosn sTeeTanTan TCoaneTaTC wxCAGe#2uC AspsTanpea sgnumaakss AsTO:GxaCw 2TTuCeeCrA CanTaisdusT weTwxC
4C-27. SEQ 481 osmeaxmasTA axesTATCR® GGRGEAREC waCaGueusC AAeCTsxxs musCumpmos ARCORGEeCx =eTafraCre swsTuxpsin wrunaT
4D-DK13. SEQ 481 woramenaCA sTeraa]Tee snxowzuenC wxCAGRuruC AASCTRuTan sxoCwumaxf
4E-CAG00. SBQ 481 . . .. .
4F-(22. SEQ 481 .
4G-(Bb49. SEQ 481 .
4H-GB43B. SER 481 ... .. .. . e e i e
5A-SA1. SEQ 48] wswmamennGoe 2eTeeTTT2C sGOCxuARRC waaGrGTCar CO:CCrunan sunTumunup GuoCeGeaTx saTeCrs(is sxx(usGaus waT=GC
HA-HK2. SEQ 481 saTanaxaGA BARBACTARC 2GaTeeCasl waaGGuusmz CTerCrasns xCTA#wAasT euxsaCTaxTe suTaCersus saspunGeal sspexp
7A-YN540. SEQ 481 smumnzoaCs sGTemuaTas GeesTTA®sC BACAGT##ma wuxCTasmre sxxCensnag A=zCiGCASCs xTuaCuaGue CesAxspun( usGean
7B-VN235. SEQ 481 =eumesxaCA #TamCessas soxeCTooas mACAGT#auz xas(CusTae wsuCuspssx wxCTGCASCs #aTxCenGue CauTaxTuaG #8TxeT
8A-VNRO7, SBQ 481 msmapmmaTe ssAcCeGTa@ TGRGTTeury speAGuuaen xOxCAvowun swxaCuseuns TessConsTT wsGuausTes ssa(uapnun sx8uGA
8B-VN405, SPQ 481 eaTssssaTe xsAaCeGTRC aToGCToual mACAGmeers sTeCaumusr swaCagxsss TafxCCxsC] wawaCrsCux sxusunGuaT waTxxC
9A-VNOO4, SEQ 481 sxTessea(Cr seTuaxGauC GOeGCTCuxC sxCAGuasus wusCrzuuns eupmpansan AaCeCGaalx aCTaOxxCun wuxpvARCT ruaTwuC

Fig. 2. Nucleotide sequence data of HCV types identified to date (A) for the 222 bp of NS5B and (B) for the
576 bp of El. They were from GenBank or EMBL. Their accession numbers are in Materials and Methods.
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Detection, Purification, and Cloning of
PCR product

One-tenth volume of the second PCR pro-
duct was loaded on 1.5-2% agarose gel and
stained with ethidium bromide to visualize
PCR bands of the expected size. For cloning,
one-three pl of the second PCR product was
directly mixed with T4 DNA ligase solution
as follows: 2-3 pl of pUC19/Hincll or pBlues-
cript II SK/Smal (10 ng/pl); 1.5 pl of 10x T4
ligase buffer; 1 pl of 10 mM ATP (final 0.5-1
mM); 5-20 U of T4 ligase; and D.W to be a fi-
nal 10-15 pl of ligation solution. The solution
was then incubated at 16-20C for over 12 hr.
and transformation to competent cells of E.coli
JM109 was conducted. Transformed cells were
spread on McConkey agar plates mixed with
ampicilin and incubated for 24 hr. White colo-
nies were picked up and cultured overnight in
2 ml of LB media containing ampicilin.
Plasmids were purified either by the alkaline
lysis or by the boiling method [18] and were
digested with HindIll and BamHI the res-
triction sites of which are not on the PCR pro-
ducts of anytype-NS5B to identify positive
clones. Purification of the second PCR pro-
duct toed the line of the Geneclean method.
Purified products were used in ligation or
direct sequencing.

DNA Sequencing

Double strand DNA sequencing was con-
ducted with T7 sequenase 2.0 (USB)' using
universal primers of pUC19 or pBluescript II
SK, -40 (forward) and -21 (reverse) ones.
Direct sequencing was conducted by using the
second PCR primers as sequencing primers,
JCK 13/15+16 for the NS5B and KHS 1/KHS
3 for the E1 [19].

El and NS5B nucleotide sequence data
for comparison of homology

El and NS5B sequence data were from Gen-
Bank and EMBL (Fig. 2). For the 222 bp of
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NS5B the accession numbers are the fol-
lowings: 1.23435-123475; U14281-U14320;
D10078-D10081, for the E1: U14194-U14223;
M74804-M74815; L16628-L16678; D11443;
D16616; D16612; D16620; D16618; D16614,
and for both E1 and the 222 bp of NS5B:
D14853; D26556; D17763; 1.29574-L29635;
D14204; D14205; D14207-D14209; D14211;
D17470-D17509; D21315-D21328; D30796;
and D30797. Nucleotide sequence homology
analysis was made by DNASIS 7.0 (Hitachi).

Phylogenetic tree

The phylogenetic tree was constructed by
CLUSTAL W program using the neighbor-
joining method and visualized by TreeTool
program.

RESULTS
1. Characteristics of RT-PCR product

In order to get RT-PCR product for cloning,
RT-PCR was carried for the HCV RNA which
isolated from patients. We designed
universal primers, which would hybridize to
any known HCV types. Fig. 3 shows partial
results of RT-PCR products for the NS5B-222
bp region and the E1-576 bp region. For the
NS5B-222 bp region, all the samples except
SU-39 and SU-41 gave PCR products of ex-
pected 295 bp or unexpected 325 bp (Fig. 4A).
PCR bands of unexpected 325 bp were from
samples such as SU-1, SU-2, SU-3, SU-11,
SU-13, SU-14, SU-17, SU-19, SU-22, SU-46,
CU-2, and CU-4. They were considered to be
HCV-BK-type HCV's according to the
sequencing results {17]. In the HCV-BK-like
HCV's, mismatch in the binding site of 3'-end
of antisense primers, JCK15 and JCK16, was
occurred and this is the reason why primers
could not bind to the expected site and instead
they bound 30 bases downstream from ex-
pected site. These HCV's, therefore, were con-
sidered to be type 1b like HCV-BK, which
was confirmed by sequencing (Fig. 4). SU-39

was
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Fig. 3. Parts of results for RT-nested PCR and Cloning. (A) shows the NS5B-222 bp RT-nested PCR pro-
ducts. Such products as SU-11, SU-13, SU-14, SU-17, SU-19 and SU-22 appeared a bit larger than the others.
They were revealed to have the same origin as HCV-BK (type 1b), a Japanese type (Ref. 17). (B) shows the

E1-576 bp RT-nested PCR products.

did not show PCR products for both the NS
5B and the E1 region. So SU-39 may be anti-
HCV Ab-positive but not HCV RNA-positive.
On the other hand, SU-41 showed the specific
PCR product for the E1 region, but not for the
NS5B region. It might happen because the
HCV of SU-41 sample had a or some mu-
tations in the primer binding site of the NS5B.
Some samples such as SU-13, SU-14, SU-19,
SU-22, SU-31, and SU-40 showed com-
paratively-dim PCR bands. They may have a
low titre of HCV. SU-40 gave too little
amount of PCR product to identify its type.
For the E1-576 bp region, SU-31, SU-32, and
SU-39 did not show PCR bands. SU-26, CU-1,
and CU-7 showed dim PCR bands. The rea-
son why PCR for the E1-576 bp was more fas-
tidious than the NS5B-222 bp may be due to
more variability of nucleotide sequence in E1
than in NSSB. RT-PCR products of some sam-
ples were cloned into Hincll site of pUC19 or
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Smal site of pBluescript II SK plasmid and
their nucleotide sequences were determined.
RT-PCR products of other samples were direct-
ly sequenced.

2. Genotype distribution determined by
sequence analysis

Figure 4 shows nucleotide sequences of
HCV types studied in this paper: (A) for the
222 bp of NS5B (nt: 7975-8196) and (B) for
the 576 bp of El. For the NS5B, samples ex-
cept SU-39, SU-40, and SU-41 gave good se-
quence data to identify HCV types. SU-22#5
and SU-24#3 did not provide the full se-
quence of 222 bp. It did not, however, make
any problem for sequence analysis and type-
identification. In case of SU-44, only 79 bases
were determined and their sequence analysis
showed that SU-44 may belong to a new geno-
type. Further sequence on the upsteam 24
bases from the shown sequence of SU-44 re-
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10
ATTTACCAAT
ATCTACCAAT
ATTTACCAAT
GTCTACCAAT
ATTTACCAAT
ATATACCAGG
ATTTACCAAT
ATATACCAGG
ATCTACCAAT
ATATACCAGG
ATTTACCAAT
ATATACCAAT
ATTTACCAAT
ATTTACCAAT
ATTTACCAAT
ATATACCAGG
ATTTACCAAT
ATATACCTGG
ATCTACCAAT
ATATACCAGG
ATATACCAGG
ATTTACCAAT
ATATACCAGG
ACTGAGAGAC
ATATACCAGG
ATCTACCAAT
ATATACCAGG
GTATACCAGG
ATATATCAGG
ATTTACCAAT
ATATACCAGG
ATATACCAGG
ATATATCOGGG
ATCTACCAAT
ATCTACCAAT
ATATACCAGG
ATATACCAGG
ATATATCGGG
ATCTACCAAT
ATATACAGGG
ATCTACCAAT
ATTTACCAAT
ATTTACCAAT
ATTTACCAAT
ATTTACCCAT
ATATACCAAT
ATATACCAAT
ATCTACCAAT
ATATACCAGG
ATCTACCAAT
ATTTACCAAT
ATATACCAAT
ATATACCAGG
ATATACCAGG

130
TGCCGCGCGA
CGGGCGAGCG
GCOGOGCGAG
TGCCGCGCGA
OCGCGCTAGC
TGOGTGOCAG
GCCGOGCTAG
TGOCGTGCCA
TGCCGCGCCA
TGCCGCGCGC
TGOCGCGCGA
GCOGOGCCAG
TGCCGCGCAA

20
GTTGTGACTT
GITGTGACTT
GTTGTGACTT
GTTGTGACTT
GTTGTGACTC
CCTGCTCCCT
GTTGTGACTT
CCTGCTCCCT
GTTGTGACTT
CCTGCTCCCT
GTTGIGACTT
CCTGCTCOCT
GTTGTGACTT
GTTGTGACTT
GITGTGACTT
CTTGCTCCCT
GTTGTGACTT
CCTGCTCCCT
GTTGIGACTT
CITGCTCOCT
CTTGCTCCCT
GTTGCGACTT
CCTGCTCCCT
TTTACGTGGG
CCTGCTCCCT GCCCGAGGAG
GTTGTGACCT GGACCCOCAA
CCTGCTOCCT GOOCGAGGAG
CCTGCTCCCT GCCCGAGGAG
CCTGTTCCCT GCCTCAAGAG
GTTGTGACTT GGCCCCCGAA
CTTGCTCCCT GCOCGAGGAG
CCTGCTCCCT GCCAGAGGAG
CCTGCTCCCT GCCCAAGGAG
GTTGTGACTT GGCCOCCGAG
GTTGTGACCT GGACCCCCAA
CCTGCTCCCT GCOCGAGGAG
CCIGCTCCCT GOCTGAGGAG
CCTGCTCCCT GOCCAAGGAG
GTTGTGACCT GGACCCCCAA
CCTGCTCCCT GCCTGAGGAG
GTTGTGACAG AGTTCACGGT
GTTGTGACTT GGOCCCOGAG
GTTGTGACCT GGCCOCCGAA
GTTGTGACTT GGCCCCCOGAA
CTTGTGACTT GGOCCCCGAA
COCOCAGTTG GAGCCCGCAG
CCCCCAGTTG GAGCOCGCAG
GTTGTGACTT GGCCOCTGAG
CCTGCTCOCT GCCTGAGGAG
GTTGTGACTT GGOCCCOGAA
GTTGTGACTT GGCCOCCGAG
GTTGTGACTT GGOCCCCGAA
CCTGCTCCCT GCCCGAGGAG
CCTGCTCCCT ACOCGAGGAG

30
GGCCCCOGAA
GGLOCCCGAG
GGCCCCCGAA
GGCCCCOGAA
GGCCCCCGAG
GCOCGAGGAG
GGCCCCCGAG
GCCTGAGGAG
GGCTCCOGAG
GCCCGAGGAG
GGCCCCCGAA
GCCAGAGGAG
GGCCCCOGAA
GGCCCCOGAA
GGCCOCCGAA
GCCCGAGGAG
GGCCCOCGAA
ACCCGAGGAG
GGCCCCOGAA
GOCCGAGGAG
GCOCGAGGAG
GGOCCCCGAA
GCCCGAGGAG
AGGGCCCATG

140 150
GOGGCGTGCT GACGACCAGC
GOGTGCTGAC GACTAGCTGC
CGGOGTGCTG ACGACCAGCT
GCGGCGTGCT GACGACCAGC
GGCGTGCTGA CGACCAGCTG
CGGGGTGCTT ACCACTAGCA
CGGCGTGCTG ACGACCAGCT
GCGGGTGCTT ACCACTAGCA
GCGGCGTACT GACGACTAGC
CAGOGGGGTG CTCACCACCA
GOGGCGTGCT GACGACTAGC
CGGGGTGCTC ACCACTAGCA
GCGGCGTGCT AACGACTAGC

40
GCCAGACAGG
GCAGACAAGC
GCCAGACAGG
GCCAGACGGG
GGCCACAGGT
GCCCGCACTG
GCAGACAGGC
GCCCGCACTG
GOCAGAAAGG
GCCCGCACTG
GCCAGACGGG
GCTOGCACTG
GCCAGACAGG
GCAAGACAGA
GOCAGGCAGG
GCTCGCACTG
GCCAGACAGG
GOCCGCACTG
GCCAGACAGG
GOCOGCAGGC
GCTCGCACTG
GCCAGACAGG
GCCCGCACTG
TACAACAGCA
GCCOGCACTG
GCCCGCGTGE
GGCGCACTGC
GCTCGCACTG
GOCAGAACTG
GCCAGACGGG
GCTOGCACTG
GCCCGCATTG
GCTCACACTG
GCCAGACAGG
GCCCGTGTGG
GCCCGCACTG
GCTCATACTG
GCTCACACTG
GOCCGCGTGG
GCCCATACTG
CACGGAGGCT
GCAGACAGGC
GCCAGACAGG
GTCAGACAGG
GOCAGACAGG
CACGCACAGC
CACGGACAGC
GCCAGACAGG
GCTOGCACTG
GCCAGACAGG
GCAGACAGGT
CCAACAGGCC
CACACACTGC
GCCCGCACTG

160
TGCGGTAATA
GGCAACACCC
GCGGTAATAC
TGCGGTAATA
CGGTAACACC
TGGGGAATAC
GCGGTAACAC
TGGGGAACAC
TGCGGCAATA
GCATGGGTAA
TGCGGTAACA
TGGGGAATAC
TGCGGTAATA

50
CCATAAAGTC
CATAAGGTCG
CCATAAAGTC
CCATAAAGTC
CATAAGGTCG
CCATACACTC
GATAGGGTOG
CCATACACTC
TCATAAGGTC
CCATACGCTC
CTATAAAGGC
CCATACACTC
CCATAAGGTC
TTATAAGGTC
CCATAAGGTG
CCATACACTC
CCATAAGGTC
CCATACACTC
CCATAAGGTC
CATACACTCG
CCATACACTC
OCATAAAGTC

60 70
GCTCACCGAG CGGCTCTATA
CTCACAGAGC GCTCTCTATA
GCTCACAGAG CGCTCTATGT
GCTCACAGAG CGGCTCTATA
CTCACAGAAC GGCTTTATAT
GCTGACTGAG AGACTCTACG
CTCACAGAGC GCCTTTATAC
GCTGACTGAG AGACTTTACG
GCTCACAGAG CGGCTTTATA
GCTGACTGAG AGGCTCTACG
GCTCACAGAG CGGCTTTATA
GCTGACTGAG AGACTTTACU
GCTCACAGAG CGGCTCTATA
GCTCACAGAG GCTTTATATC
GCTCACAGAG AGCTTTACAT
CCTGACTAGA GACTTTACGT
GCTCACAGAG CGGCTCTATA
GCTGACTGAG AGACTTTACG
GCTCACAGAG OGGCTTTATA
CTGACTGAGA GACTCTACGT
GCTGACTGAG AGACTCTACG
GCTCACAGAG CGGCTCTATG
CCATACACTC GCTGACTGAG AGACTCTACG
AGGGCCAGAC CTGOGGGTAC AGGCGTTGCC
CCATACACTC GCTGACTGAG AGACTTTACG
CCATCAAGTC CCTCACTGAG AGGCTTTATG
CATACACTCG CTGACTGAGA GACTTTACGT
CCATACACTC GCTGACTGAG AGACTTTACG
CCATACACTC GCTCACTGAG AGACTTTACG
CCATAAGGTC GCTCACAGAG CGGCTTTATA
CCATACACTC GCTGACTGAG AGACTCTACG
COCATACACTC GCTGACTGAG AGACTCTACG
OCATACACTC GCTGACTGAG AGACTTTACG
CATAAGGTCG CTCACAGAGC GGCTATACAT
CCATCAAGTC CCTCACCGAG AGGCTTTACG
CCATACACTC GCTGACTGAG AGACTTTACG
CCATACACTC TCCGACTGAG AGACCCTACG
CCATACACTC GCTGACTGAG AGACTTTACG
CCATCAAGTC CCTCAOCGAG AGGCTTTATG
CCATACACTC GCTGACTGAG AGACTCTACG
ATGACCAGAT ATGGGGTCTC GTATGACGCG
ATAAGGTCGC TCACAGAGCG GCTTTATATT
COCATAAGGTC GCCCACCGAG CGGCTCTATA
CCATAAGGTC GCTCACAGAG TGGCTTTATA
CCATAGAGTC GCTCACAGAG CGGCTCTATG
CATTACATCG CTCACTGACC GATTGTACTG
CATTAGATCG TCACTGACCG ATTGTACTGC
CCATAAGGTC GCTCACAGAG OGCTTTATAT
CCATACACTC ACTGACTGAG AGACTTTACG
CCATAAAGTC GCTCACAGAG OGGCTTTACA
CATAAGGTCG CTCACAGAGC GGCTTTATAT
ATAAGGATCT CACAGAGOGG CTTTTACATC
CATACACTCG CTGACTGAGA GACTCTACGT
CCATACACTC GCTGACTGAG AGACTTTACG

170
CCCTCACATG
TCACATGTTA

180 190
TTACCTGAAG GCCTCTGCAG
CTTGAAGGCC AGGCCTCTGC
CCTCACATGT TACTCGAAGA CCTCTGCGGC
CCCTCACATG TTACTTGAAG GCCTCTGCAG
CTTACATGCT ACCTGAAGGC CTCTGCAGCC
CATCACATGC TACGTGAAAG OCCTAGOGGC
CCTCACATGT TACCTGAAGG CCACTCGAGC
CATCACATGC TATGTAAAAG OCCTAGCGGC
CCCTTACATG CTACTTGAAG CTTCTGCAGC
CACCATCACG TGCTACATAA AAGCCCTAGC
CCCTCACATG TTACTTGAAG GCCTCTGCAG
CATCACATGC TACGTAAAAG OCCTAGCGGC
CCCTTACATG TTACTTGAAA GCCACTGCCG

80
TCGGGGGTCC
TOGGGGGTCC
CGGAGGTCCC
TCGOGGGTCC
CGGGGGCCCe
TGGGGGGGCT
CGGGGGCCCe
TGGGAGGGCC
TTGGGGGCCC
TGGGGGGRGCC
TCGGGGGCCC
TGGGAGGGCC
TTGGGGGTCC
GGGGGTCCCT
CGGGGGTGCC
GGGAGGGOCC
TCGGGGGTCC
AGGGAGGGCC
TTGGGGGTCC
GGGAGGGCLC
TGGGAGGGCC
TCGGGGGTCC
TGGGGGGGCC
GCGOCAGCGG
TGGGAGGGCC
TTGGGGGCCC
GGGAGGGLCT
TGGGAGGGCT
AGGGAGGGCC
TOGGGGGTCC
TGGGAGGGCC
TGGGAGGGCC
TGGGAGGGCC
CGGGGGCCCT
TCGGGEGCCT
TGGGAGGGCC
TGGGAGGGCC
TGGGAGGGCC
TTGGGGGCCC
TGGGAGGGCC
AATGATGCG.
GGGGGCCCCe
GCGGGGGTCC
TCGGGGGCCC
TOGGGGGTCC
CGGTGGTCCC
GGTGGTCCAT
GGOGGGGGEC
GGGGAGGGCC
AAGGGGGGGC
CGGGGGCCCT
GGGGGTECCC
AGGAGTCCAT
TAGGAGGGCC

200
CCTGTCGAGC
GGCCTGTCGA
CTGTCGAGCT
CCTGTCGAGC
TGTCGAGCTG
CTGTAAGGCT
CTGTCGAGCT
CTGTAAGGCT
CATTCGAGCT
GGCTGCAAGG
CCTGTCGAGC
CTGCAAGGCT
CCTGTCGAAC

100
TCAAAAGGGC
CAAAAGGGCA
CAAAAGGGCA
TCAAAAGGGC
CAAAAGGGCA
AGCAAGGGCC
CAAAAGGGCA
AGCAGGGGCC
TCAAAGGGGC
AGCAAGGGCC
TCAAAAGGGC
AGCAAGGGCC
TCAARAGGGC
ABRAGGGCAGA
CAAAAGGGTA
GCAAGGGCCA
TCAAAAGGGC
AGCAAGGGCC
TCAAAAGGGC
GLAAGGGECA
AGCAAGGGCC
TCAAAAGGGC
AGCAAGGGCC
ACTAGCATGG
AGCAAGGGCC
TOCAAGGGGG
GCAAGGGCCA
AGCAAGGGCC
AGCAAAGGAC
TCAAAAGGGC AGAACTGCGG
AGCAAGGGCC AGATCTGCGG
AGCAAGGGCC AGACCTGTGG
AGCAAGGGCC AGTCCTGCGG
CAAAGGGGCA GAACTGCAGT
TCTTACCAAT TCAAGGGGGG AGAACTGCGG
CATGCTCAAT AGCAAGGGCC AGACCTGCGG
CATGCTCAAC AGCAAGGGTC AGACCTGCGG
CATGCTCAAC AGCAAGGGCC AGTCCTGCGG
TCTTACCAAT TCAAGGGGGG AGAACTGCGG
CATGCTCAAC AGCAAGGGTC AGACCTGCGG
TGACTAATTC GAAGGGCCAG AACTGCGGCT
CCTGACTAAC TCAAAGGGTA GAACTGOGGT
CCTGACTAAT TCAAAAGGGC AGAACTGOGG
TCAAAAGGGC AGAACTGCGG CTATCGCOGG
ATGITCAACT CTAAAGGTCA AGCATGOGGA
GTTCAACTCT AAAGGTCAAG CGTGTGGATA
CTGACTAATT CAAAAGGGCA GAACTGCGGT
CATGTTCAAT AGCAAGGGCC AGACCTGCGG
CCTGACTAAT TCAAAAGGGC AGAACTGCGG
CTGACTAACT CAAAAGGGCA GAACTGCGGC
TGACTAATTC AAAAGGGCAG AACTCGGTTA
GCTCAACAGT AAGGGCCAGA CTGCGGGTAC
CATGTTCAAT AGCAAGGGCC AGTCCTGCGG

90
CCTGACTAAC
CTGACTAATT
CTGACTAATT
CCTGACCAAT
CTGACTAATT
CATGTTTAAC
CTGACTAATT
CATGTTCAAC
CCTGATTAAT
CATGCTCAAT
TCTGACTAAT
CATGTTCAAC
TCTGACTAAT
GACTAACTCA
CTGGCTAATT
AAGCTTAACA
CCTGACTAAC
CATGTTCAAC
CCTGACTAAT
ATGCTCAACA
CAAGTTCAAC
CCTGACCAAT
CATGCTCAAC
GGTGCTCACT
CATGCTCAAC
TCTTACTATA
ATGCTCAACA
CATGCTCAAC
CATGACAAAC
CCTGACTAAT
CATGTTTAAC
CATGTTCAAC
CATGCTCAAC
CTGACTAATT

110
AGAACTGCGG
GAACTGCGGT
GAACTGOGGT
AGAACTGCGG
GAACTGOGGC
AGACCTGCGG
GAACTGCGGC
AGGCCTGCGG
AGAACTGCGG
AGACCTGCGG
AGAACTGCGG
AGGCTGCGGG
AGAACTGCGG
ACTGCGGTTA
GAACTGCGGT
GACTGCGGGT
AGAACTGCGG
AGACCTGCGG
AGAACTGCGG
GTCCTGOGGA
AGTCCTGCGG
AGAACTGCGG
AGACCTGCGG
GAAACACCAT
AGGCCTGCGG
GAAAACTGOG
GACCTGLGGG
AGACCTGCGG
AATCCTGCGG

210
TGCGAAGCTC
GCTGCAAAGC
GCAAAGCCAG
TGOGAAGCTC
CAAAGTCCAG
GCAGGGATAG
GCCAAGCTCC
GCAGGGATAG
GCGAAGOCCC
CTGCGAGGGA
TGCAAAGCTC
GCAGGGATAA
TGOGAAGCCG

220
CAGGACTGCA
TCCAGGACTA
GACTGCACGA
CGGGACTGCA
GACTGCACAA
TTGOGCCCAC GA
AGGACTGCAC 6.
TTGOGCCCAC A
AGGACTGCAC G.
TAGTTGCGCC CA
CAGGACTGTA
TTGCGCCCAC
GGACTGCACG ..

> 8

COGTGCGAGCG GCGTGCTGAC GACTAGCTGC
GCOGOGCAAG CGGOGTGCTG ACGACTAGCT
CCGCGCCAGC GGGGTCTCAC TACTAGCATG
TGCCGCGCGA GOGGCGTGCT GACGACTAGC
TGCCGCGCCA GCGGGGTGCT CACTACTAGC
TGOCGCGCGA GOGGCGTACT GACGAGCTAG
GCOGCGCCAG CGGAGTGCTT ACCACTAGCA
TGCCGCGOCA GCGGGGTGCT CACCACTAGC
TGOCGCGCGA GTGGCGTGET GACGACTAGC
TGOCGCGCCA GOGGGGTGCT CACCACTAGC
GTAAAGGCCC TAGCGGCTTG TAAGGCTGCA
TGOCGCGCCA GOGGAGTGCT CACTACTAGC
GTGCOGOGOG AGCGGOGTAC TGACAACTAG
GCCGCGCCAG CGGGGTGCTC ACTACCAGCA
TGCCGCGCCA GOGGGGTGCT CACTACTAGC
TGCCGCGCAA GOGGTGTTTT CACTACAAGC
TGOCGCGCGA GOGGTGTGCT GACGACCAGC
TGCCGTGCCA GOGGGGTGCT TACCACTAGC
TGCGOGCCAG CGGGGTGCTT ACCACGAGCA
TGOGCGOCAG CGGGGTGCTC ACCACTAGCA
GCOGCGOCAG CGGCGTGCTG ACGACTAGCT
TGCCGCGCGA GOGGCGTACT GACAACTAGC

GGTAATACCC
GCGGTAATAC
GGAAACACCA
TGCGGTAATA
ATGGGGAACA
CTGOGGTAAT
TGGGGAATAC
ATGGGGAATA

TCACATGTTA CTTGAAGGCC
CCTCACATGC TACTTGAAAG
TCACATGCTA CGTCAAAGCC
CCCTCACATG CTACTTGAAG
CCATCACATG CTACGTAAAA
ACCCTCACAT GTTACTTGAA
CATTACATGC TACGTGAAGG
CCATCACATG CTACGTGAAG
TGCGGTAATA CCCTTACATG CTACTTGAAG
ATGGGGAACA CCATCACATG CTACATAAAA
GGGATAGTTG CACCTACA. .
ATGGGGAACA CCATTACATG
CTGTGGTAAC ACCCTTACTT
TGGGTAACAC CATCACGTGC
ATGGGGAACA CCATCACTTG
ATGGGGAATA CCATAACATG
TGCGGTAATA CCCTCACATG
ATGGGGAATA CCATCACATG
TGGGAAACAC CATCACATGC
TGGGGAACAC CATCACATGC
GCGGTAATAC CCTTACATGT TACTTGAAGG
TGTGGTAACA CCCTCACATG CTACATCAAG

Fig. 4.
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CTACGTAAAA
GCTACATCAA
TACATAAAAG
CTATGTAAAA
CTACATCAAA
TTACTTGAAA
CTACGTGAAA
TACGTAAAAG
TATGTGAAGG

TCTGOGGCCT
OCTGTGCGGC
TGGCGGCTTG
GCCTCTGCGG
GCTCTACGGC
GGCCTCTGLG

GTCGAGCTGC
CTGTCGAGCT
CAAGGCCGCA

TTGTAAGGCT
GCCTGTOGAG
CCTAGCGGCT TGTAAGGCTG
GCOCTAGCAG CTTGTAAGGC

GCCCTAGCAG
GGCTCGAGCA

CTTGTAAGGC
GCCTGTCGTG
CCCTAGCGGC CTGCAAGGCT

GCCCTAGCGG
GCCCTTGCAG
GCCTCTGCGG
GECCTAGCGG
CCTAGCGGCT
OCTAGCGGCT
CCTTCTGCGG
GCCCGLGCAG

CTTGTARGGC
CATGCAAAGC
CCTGTOGAGC
CCTGTARGGE
TGCAAGGCTG
TGCAAGGCTG
CCTGTCGAGC
CCTGTCGAGC

GAAGCTCCAG
GCGAAGCTCC
GGGATAGTTG

CCTGTCGAGC TGCGAAGCTC CAGGACTGCA

GCAGGGATAG
CTGCGAAGCT
CAGGGATAGT
TGCAGGGATA

CGCAGGGAAG
CCGCAGGGCG
GCAGGGATAG
TGCAGGGATA
TGCAGGGATC
TGCGAAGCTC
GGCAGGGTAG
CAGGGATAGT
CAGGGATAGT
TGCGAAGCTC
CGCAGGGCTC

GACTGCACG. ..
AGGACGCACG .,
CTCCCACA. .

TTGCGCCTAC A
CCAGGACTGC
TGCACCTACA
GTTGCGCCCA

TIGCTCCCTC A

TTGCGCCCAC A
CCAGGACTGC ACC
TTGCGCCCAC A
GTTGCACCCG CA
GTGGACCCCG TT
CAGGACTGCC G.
TTGTGCCCAC A
TGCGCCCACA ..
TGCGCCTACA ..
TAGGACTGCA CG
CAGGACTGCA CC

120
TTATCGTCGG
TACCGOGGGC
TATCGCCGGT
TTATCGCCGG
TATCGCGGTG
GTACTGGCGT
TATOGCCGGT
GTACAGGOGT
TTATCGCCGG
GTACAGGCGT
TTATCGCOGG
TACAGGCGTT
TTATCGCCGG
TCGOCGGTGC
TATCGOCGGT
ACAGGCGTTG
CTACCGCCGG
GTACAGGOGT
TTATCGCCGG
TACAGGCGTT
GTACAGGCGT
CTATCGCCGG
GTACAGGOGT
CACGTGCTAT
ATACAGGCGT
GCTACCGCAG
TACAGGCGTT
GTACAGGOGT
TTACAGGCGT
TTATCGCCGG
GTACAGGCGT
GTACAGGOGT
GTACAGGCGT
TATCGOCGGT
CTATCGCAGG
GTACAGGOGT
GTACAGGOGT
GTACAGGCGC
CTATCGCAGG
GTACAGGCGT
ATCGCCGGTG
TATCGTCGGT
TTACCGCCGG
TGCOGOGCGA
TACCGTAGGT
CCGTAGGTGC
CACCGCCGGT
GTACAGGCGT
TTATCGCCGG
TATCGCGGTG
CCGCCGGTGC
ATGTTGCGTG
GTACAGGCGT



$U-36 121 TGCCGCGCCA GOGGGGTGCT TACCACTAGC ATGGGGAACA CCATCACATG CTATGTGAAA GCCCTAGCOGG CCTGCAAGGC TGCAGGGATA ATTGCGCCCA CA
SU-37 121 TGOCGCGCCA GCGGGGTGCT CACCACCAGC ATGGGGAACA CCATCACATG CTATGTGAAG GCCTAGCGGC TTGCAAGGCT GCAGGGATAG TTGCGOCTAC A.
SU-38 121 TGCCGCGCCA GCGGGGTGTT CACCACTAGC ATGGGGAATA CCATCACATG CTATGTAAAA GCCCTAGCGG CTTGCAAGGT TGCAGGGATA GTTGCGCCCA CG
SU-42 121 TGOCGOGOGA GOGGCGTACT AACAACTAGC TGTGGTAACA CCCTCACTTG CTACATCAAG GCCCGGGCAG CCTGTCGAGC CGCAGGGCTC CAGGACTGCA CC
SU-43 121 TGCCGCGCCA GOGGGGTGCT CACCACTAGC ATGGGGAATA CCATCACATG CTATGTAAAA GCCCTAGCGG CTTGCAAGGC TGCAGGGATA GTTGCGCCCA OG
SU-44 B2l e e e e e
SU-45 121 OCGCGCGAGC GGCGTGCTGA CGACTAGCTG CGGTAATACC CTCACATGTT ACTTGAAGGC TTCTGCGGOC TGTCGAGCTG CGAAGCTCCA GGACTGCACG ..
SU~-46 121 GCOGOGOGAG CGGCGTGCTT ACGACTAGCT GCGGTAATAC CCTCACATGT TACTTGAAAG CCTCTGOGGC CTGTCGAGCC GCAGGGCTCC AGGACTGCAC C.
CU-142 121 TGCCGCGCGA GCGGCGCTGA CGGCCAGCTG CGGTAATACC CTCACATGCT ACTTGAAGGC CTCTGCAGOC TGTOGAGCTG CAAAGCGCCA GGACTGACC. ..
CU-244 121 GTGGCOGTGCT GACGACCAGC TGCGGCAATA CCCTTACATG TTACTTGAAG CTTGACTAAT GCCTCTGCGG CCTGTOGAGC TGOGAAGCTC CAGGACTGCA CC
Cl-31 121 GCAGGCCAGT GGCGTCTTGA CCACCAGCCT GGGCAATACT CTGACTTGCT ACTTGAAGGC TCAAGCGGCA TGCAGGGCTG CTGGGCTGAA GGACTTTACA TG
CU-343 121 AGGGCCAGTG GOGTCTTGAC CACCAGCCTG GGCAATACTC TGACTTGCTA CTTGAAGGCT CAAGCGGCAC GCAGGGCTGC TGGGCTGAAG GACTTTACAT G.
CU-4#3 121 GCOGCGCGAG ©GGTGTGCTG ACGACCAGCT GCGGTAATAC CCTCACATGT CACTTGAAGG CCTCIGOGGC COGTCGAGC. .......... ....oeoe.. ..
Cu-542 121 TGCCGCGCCA GCGGGGTGCE CACCACTAGC ATAGGGAACA CCATCACATG CTACATGAAA GTCCTAGCGG CCTGCAAGGC TGCAGGGATA ATTGCGCCCA CA
Cu-6¥2 121 TGCCGCGCGA GUGGCGTGCT GACGACCAGC TGCGGTAATA CCCTCACGTA CTTGAAGGUC TCTGCGGCCT GTCGAGCTGC GAAGCTCCGG ACTGCACG. . .. .
CU-741 121 CCGCGCCAGC GGCGTGCTGG CACTAGCTGC GGTAACACCC TCACATGTTA CTTGAAGGCC ACTGCAGCCT GTCGAGCTGC GAAGCCAGGA CTGCACG... ..
Cu-842 121 GCCAAGCGGT GTACTGACGA CCAGCTGCAG TAATACCCTC ACATGCTACT TGAAGGCCAC TGCAGCCTGT CGAGCTGOGA AGCTCCAGGA CTGCCGA... ..
Cu-9#1 121 CCAGCGGGGT GCTTACCACT AGCATGGGGA ATACCATCAC ATGCTATGTA AAAGCCCTAG CAGCTTGCAA GGCTGCAGGG ATAGTCTCAC CCACA..... ..
CU-10410 121 TGCCGCGCCA GCGGGGTGCT CACCACTGAC ATGGGAAATA CCATCACATG CTATGTGAAA .. ........ _...coiit ooiiiiies e .
10 20 30 40 50 60 70 80 90 100 110 120
SU-35 1 TACCAAGTGC GTAACTCCAC GGGGCTTTAC CACGCCACCA ATGATTGCCC TAACTCGAGT ATTGTGTACG AGGCGGCCGA TGCCATCCTG CACACTCCGG GGTGOGTCCC TTGOGTTCGT
SU-41 1 GCACAAGTGA GGAACACCAC TAGCAGCTAC ACTGTGACTA ACGACTCTTC CAATGACAGC ATCACCTGGC AGCTCCAGGC OGCTGTCTTC CACGTCCOCG GGTGCGTCOC GTGOGAGAAA
SU-29 1 GTGGAAGTCA GGAACATCAG TTCCAGCTAC TACGCCACTA ATGATTGCTC AAACAACAGC ATCACCTGGT AGCTCACTGA CGCAGITCTIC CACCTTCCTG GATGOGTCCC ATGTGAGAAT
130 140 150 160 170 180 190 200 210 220 230 240
SU-35 121 GAGGGCACGC CTCGAGGTGT TGGGTGGCGA TGACCCCTAC GGTGGCCACC AGGGATGGCA AACTCCCCGC GACGCAGCTT CGACGTCACA TCGATCTGCT TGTCGGGAGC GOCACCCTCT
SU-41 121 AGGGGAAATA CATCTOGGTG CTGGATACCG GTTTCACCAA ACGT...... ......i.ie ciiiiiiis it e e e e
SU-29 121 GATAATGGCA CCTTGCGCTG TTGGATACAA GTAACACCCA ATGTGGCTGT GAAACACCGC GGTGOGCTCA CTCACAACCT GCGAACACAC GTCGACATGA TCGTAATGGC AGCTACGGTC
250 260 270 280 290 300 310 320 330 340 350 360
SU-35 241 GTTCGGOOCT CTACGTGGGG GACCTGTGOG GGTCTGTCTT TCTTGTOGGT CAACTGTTCA TCTTCTCTCC CAAGCGCCAC TGGACGATGC AAGACTGCAA GACTGCAATT GCTCTATCTA
SU-41 T Y
SU-29 241 TGITCGGCCT TGTACGTGGG AGATGTGTGC GGGGCOGTGC TGATTCTATC GCAGGCTTTC ATGA
370 380 390 400 410 420
SU-35 361 TCOCGGCCAT ATAACGGGTC ACOGTATGGC ATGGGATATG ATGATGAGCT GGTCCOCTAC G.
SU-41
SU-28

Fig. 4. Nucleotide sequence data revealed here (A) for the 222 bp of NS5B and (B) for the 576 bp of El1. In
(A), SU-22, SU-24 and SU-44 did not provide the full 222 bp. SU-22 and SU-24, however, did not make any
problem in sequence analysis. In case of SU-44, sequence data were not enough for sequence analysis. In (B),
though the full 576 bp was not obtained for each sequenced sample, there was no any ambiguous overlapping
during analysis. RT-PCR product of SU-41 was not available for NS5B but available for E1 and its El-se-

quence data were given.

vealed SU-44 has a high homology to type 1.
But the rest of the 222 bp should be revealed
to identity what is the real type of SU-44. For
the El, sequencing was conducted by direct
sequencing for SU-41 whose PCR product
was obtainable only in the E1 region. Direct
sequencing of SU-35 was also conducted and
SU-35 was identified as type 1a, which is the
first report in Korea. Direct sequencing was
also conducted for SU-29 and CU-3 which are
a rare type 2b and an unexpected type 7a,
respectively. Type 7a was only reported in
Vietnam[10]. Sequence analysis of SU-29 and
SU-35 for the E1 is well consistent with those
for the NS5B and SU-41 was belonged to
type 2a by the E1 analysis.
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3. Construction of phylogenetic tree

Figure 5 is the phylogenetic trees construc-
ted based on the NS5B-222 bp sequences. The
tree clearly shows nine major genotypes, a to-
tal of 28 genotypes, and grouping of all the
samples identified here. From these data, it
was revealed that of a total of 56 anti-HCV po-
sitive sera fifty-three were typeable, three were
untypeable. Of the typeable 53 sera, three sam-
ples belong to type 1a, twenty-four type 1b,
twenty-four type 2a, one type 2b, and one
type 7a. Because thirty-three samples from SU-
1 to SU-35 had already been classified by
PCR typing based on the NS5B (nt: 7890-
8261), even though some sera like SU-7, SU-9,
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Fig. 5. Phylogenetic tree based on the 222 bp of NS5B. The number 0.1 and the line just below represent the
unit of nucleotide substitutions per site, the evolutionary distance. It shows clear separation of each genotype
and unequivocal groupings of samples sequenced in this study. In particular, CU-3 #1 and #3 are shown to be
a member of type 7a. The bold typed are genotype-representatives (Fig. 2.).
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and SU-34 were not consistent with results by
sequencing, we could not count them for the
distribution of HCV types in Korea. So when,
of the rest 21 samples never typed before,
typeable 18 were analyzed, the distribution is
as the following: 1a-1; 1b-8; 2a-8; 7a-1. In par-
ticular, it is very interesting that type la and
type 7a have been identified in Korea for the
first time.

DISCUSSION

It is very important to investigate the dis-
tribution of HCV types in Korea for therapy
as well as research. Despite a total of twenty-
eight HCV genotypes were revealed to date,
their differences in a clinical meaning as well
as in a sense of molecular and biochemical fea-
tures, if any, were little studied, even though
type 1b showed relatedness with chronic hepa-
titis and stronger resistance to interferon [11-
13]. Recently, there was a very interesting re-
port that 5-half of cDNA for NS3 (having a
serine proteinase function) transformed NIH
3T3 cells [20]. If that was true, HCV would
be an oncogenic virus and molecular mechan-
ism of hepatocellular carcinoma by HCV
might be revealed. Development of vaccines
or antiviral therapeutic agents without weigh-
ing differences among different types is lim-
ited and of little importance. And why any
type which exists few in a certain area can not
be neglected is because it can be a major type
in other areas, as shown in Table 1. Infection
routes should be further studied, though paren-
tal routes as in transfusion or drug abuse
were believed to be the major one. Also there
were reports that saliva, seminal fluid, urine,
and ascites of HCV patients contained HCV
RNA [21, 22].

There were several reports for determining
HCV types in Korea. Kwag et al. [23] in-
vestigated nucleotide and amino acid se-
quences of the E1 (576 bp) from 22 anti-HCV
sera and suggested a possible existence of a
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unique Korean HCV type existing. But ac-
cording to the analysis of Tokita et al. [8], the
presumed unique Korean HCV type is re-
vealed to be a member of type 1b. Yoon et al.
[24] reported from the experiment using PCR
typing based on NSS5B (nt: 7900-8290) that
among 70 anti-HCV positive sera 43 could be
PCR-typeable, and of the 43 samples type 1b
was 75% and type 2a 25%, and in the analysis
of liver biopsy from hepatitis patients 1b was
63%, 2a 3.7%, and coinfection of 1b and 2a
18.5%. However, since only three type-spec-
ific primers (la, 1b, and 2a) were used, ex-
istence of other types could not be revealed in
that experiment.

Some problems for PCR typing were sug-
gested [17]. As shown in Table 2, for SU-7,
SU-9, and SU-34 results of PCR typing were
different from those of sequencing. So
sequencing is suggested for precise typing. In
this study, sequencing method was used for
typing and it was concurrently expected that
other genotypes which had not been found by
PCR typing or new genotypes which had not
been identified as yet might be found.

For sequence analysis, the 222 bp of NS5B
the target size for
sequencing was relatively short, many se-
quence data for that region had been amassed,
and there was unequivocal separation among
types by sequence analysis [5, 14]. Later, this
region was not always appropriate for se-
quence analysis because of overlapping
between subtypes and types and Tokita et al
[13] suggested that much larger region (1093
bp: nt 7939-9031) would be more appropriate

was selected because

for nonoverlapping sequence analysis.
Nonetheless, the 222 bp of NS5B is still of
use for quick sequence analysis, which is con-
firmed in this study, that is, there were no un-
clear overlapping samples. To design universal
primers which can bind any HCV type, as
many sequence data revealed to date as pos-
sible were analyzed and their efficiency prov-
ed good in that, for the NS5B, fifty-four



Table 1. HCV genotypes and their worldwide distribution

HCV genotype

Region | Country 2 3 4 516 7 8 |9

cld|a|b|c|d|e|f|albjc|d|e|f|g|h]ajajalb|a]|b

Asia Japan M

*Korea

Hong Kong

=
| || o
i

Taiwan M

China

Macau M

Thailand

Philippines

Singapore

Lin|Z |||

Malaysia

Indonesia

Vietnam

m| =2

India

ZRIZ|IZ(gIRigIg I E|ZE|= |~

Nepal F

SaudiArabia M

=

Turkey

Lebanon M

Bahrain M

Australia | Australia M F|F M [T TTTTT T IF

Yemen M
F

Europe | Italia

Spain

Portugal

France SM

Germany

Denmark M

Sweden M

Scotland M M

Finland M

sl E I RS

| EmE|E
Z

Netherlands M M

Belgium F

Hungary M

==
2]
<
%)
=<

UnitedKingdom

Africa | Egypt M

Zaire F|F{M

Cameroon MM

Gabon M M SM (M

South Africa SM F F F M

America |US.A ™ F|F F F

Dominican Rep. [M|SM

2=+

Canada M F|F

Peru M

Argentina M M

*Data for Korea are from the present study plus ref. (Greene et al., 1995)
M: major; SM: sub-major; F: few
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Table 2. Comparison of each typing method and HCV Distribution

Serum PCR Sequencing $ Reverse Serum PCR Sequencing $ Reverse
typing | #NSSB El dot blot typing | NS5B #E1 dot blot

SU-1 1b | 1b (95) SU-29 2b | 2b (95) | 2b (89) X

SU-2 1 | 1b (92) SU-30 1 | 1b (97)

SU-3 b | 1b (95) 1b SU-31 2a (93)

SU-4 1b | 1b (95) 1b SU-32 2a (93)

SU-5 1b | 1b (91) SU-33 2a (94) 2a

SU-6 2a | sl (93) 2a SU-34 2a | 1b (93) la+1b

SU-7 2a | 1b (92) 1b SU-35 1a la (96) | 1a (93) la+lb

SU-8 2a | 2a (94) SU-36 2a (97) 2a

SU-9 2a | 1b (90) 1b SU-37 2a (94) X

SU-10 2a | 2a (92) SU-38 2a (93)

SU-11 1b | 1b (96) SU-39

SU-12 2a | 2a (95) 2a SU-40

SU-13 1b | 1b (94) SU-41 2a (92) 2a

SU-14 b | 1b (95) SU-42 1a (98) X

SU-15 1b | 1b (94) 1b SU-43 2a (94) 2a

SU-16 2a | 2a (92) 2a SU-44 ? X

SU-17 1b | 1b (97) SU-45 1b (94) 1b

SU-18 2a | 2a (92) 2a SU-46 1b (94) x

SU-19 b | 1b (98) CU-1 1b (90) X

SU-20 2a | 2a (92) 2a CU-2 1b (94)

SU-21 2a | 2a (95) CU-3 7a (95) X

SU-22 1b | 1b (95) CU-4 1b (92)

SU-23 2a | 2a (95) CU-s 2a (94)

SU-24 2a | 2a (91) CU-6 1b (94)

SU-25 2a | 2a (92) CU-7 1b (92) 1b

SU-26 1b | 1b (96) x CU-8 1b (90)

SU-27 2a | 2a (94) CU-9 2a (89) 2a

SU-28 2a | 2a (95) CU-10 2a (89)

*** HCV Distribution in Korea revealed by sequencing and reverse dot blot
except PCR typing***

A. Of a totla of 56 anti-HCV sera
la: 3, 1b: 24, 2a: 24, 2b: 1, 7a: 1, untypeable: 3
(among them, two were 1a+1b-coinfected)

B. Of 18 sera except untypeable three ones from SU-36 to CU-10
la: 1, 1b: 8, 2a: 8, 7a: 1

#. Parentheses means percentages of nucleotide sequence homology.

$. x means the reverse dot blot was not successful.

among a total of fifty-six sera were PCR-po-
sitive, even though SU-40 was too weakly
PCR-positive to be cloned and sequenced.
Moreover, of eleven samples (from SU-36 to
SU-46) untypeable by PCR typing, eight sam-
ples were RT-nested PCR-positive in this
study. There are very intriguing cases after the
NS5B-222 bp sequence analysis. One of them
is an occumrence of type la (SU-26, SU-35,
and SU-42). Their nucleotide sequences were

presented in Fig. 4B. SU-26 was obtained
from a patient with a past medical history of a
major abdominal surgery and multiple blood
transfusion in the United States 15 years ago,
therefore, type 1a of SU-26 was considered to
be originated from the United States. In com-
parison, SU-35 and SU-42 were obtained from
patients without any past medical history of
blood transfusion and travelling abroad; thus
we do not know the origin of HCV type in
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those patients. In Far East Asia countries
where type la exists sparse and is strongly
considered as an imported one, the presumed
Korea-native type la is enough to arouse our
interests. It still remains to be studied,
however, whether the type 1a is a real Korea-
native or not.

It was surprising that type 7a was found
among 10 sera from CBUSM. How the patient
who already died of hepatitis gained the type
7a was unknown. It is probably possible to inf-
er that the patient may be a Vietnam war vet-
eran or may have contacted any Vietnamese
hepatitis patient. In the Phylogenetic tree of
Fig. 5A, type 6a, 7a, 7b, 8a, 8b, and 9a are
shown more related to each other than to other
genotypes and have been found only in Far
East (Hong Kong, Macau, Korea) and South

East Asia (Vietnam) (Table 1). Disease sev- -

erity or other profound clinical meanings for
type 6a, 7a, 7b, 8a, 8b, and 9a have not been
revealed. Since the interrelationship between
Korea and Vietnam grows up, such Viet-
namese type of HCVs are anticipated to
spread more in the future in Korea. Further stu-
dies are required for these types including
broader screening of anti-HCV positive sera.

In this study, HCV distribution in Korea is
as the following: type 1b and 2a are major
types and others in order of 1a, 2b/7a occupy
the next (Table 2). Knowing that type 2a in
most Far East Asia countries are sub-major or
few, it is very interesting that type 2a is a ma-
jor type in Korea. Type 3 may exist in Korea
because it is found in our neighbours like
Japan, Hong Kong, and Macau and it is pre-
vailing in South East and Central Asia (Table
1). Existence of a unique Korean HCV can
not also be excluded.
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