1 B2 G

5-UTR @712 &4 93t Al FFH 9
C¥ 7+4¥ wlo]l¥ A~ (Hepatitis C Virus: HCV)

FAAG HF AT

A Study on Hepatitis C Virus (HCV) Genotypes
Occurred in Jeju Residents by Analysis of
5-UTR Base Sequences

PR B KB

R

S I

20024 7H



5-UTR €714 € +49 93t Al FF1 9
C¥ 749 nlol¥ A~ (Hepatitis C Virus: HCV)
FAXF e I AT
mask S MmO
B N il
o] I = ME WL EBA HWoeE BT

2002 4 H

PN dge] B W EBN s RMES

FEERE 2l
% = Al
% = 2l
% = 2l
% B Al

TR B KB B

20024 H

- i1 -



A Study on Hepatitis C Virus (HCV) Genotypes
Occurred in Jeju Residents by Analysis of
5-UTR Base Sequences

Byung-Hae Min
(Supervised by professor Duck-Chul Oh)

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY

DEPARTMENT OF BIOLOGY
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

2002. 7.

- iii -



Abstract

A Study on Hepatitis C Virus (HCV) Genotypes
Occurred in Jeju Residents by Analysis of

5'-UTR Base Sequences

In this study one-tube RT-PCR technique was applied to detection of
HCV RNA, and the data were comparatively analyzed with those obtained
through enzyme-linked immunosorbent assay (ELISA). Analysis of
RT-PCR for a total of 81 samples identified as HCV positives by ELISA
test revealed that only 54 samples (approx. 66.7%) were identified as HCV
positive, suggesting high rate of inconsistency between ELISA and
RT-PCR results. In order to determine HCV genotypes by polymerase
chain reaction - restriction fragment length polymorphism (PCR-RFLP)
technique, 54 cDNA products of HCV 5'-untranslated region obtained
through RT-PCR were digested using 4 different restriction enzymes
(BstUI, Haelll, Ncil, Rsal), revealing that HCV subtypes from Jeju were
1b (50.0 %), 2a (426 %), la (5.6 %), and 2b (1.8 %).

Sequence analyses of 54 HCV RNAs samples used for PCR-RFLP
revealed that HCV genotypes were divided into 9 groups using the
Lasergene MegAlign, each designated as G1, G2, G3, G4, G5, G6, G7, G8,
and G9. G1 and G2 demonstrated significant homology in RNA sequences
with 1b subtypes of HCV; G3, G4, and G5, la subtypes; G6, G7, and GS,
2a subtypes; G9, 2b subtype. Gl and G2 (putative 1b subtypes of HCV)
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were the groups containing most abundant clones, each occupying approx
26% and 24 2 of total clones analyzed, respectively. Each clone of G3, G4,
and G5 (putative la subtypes) occurred in the frequency of 1.8 9,
respectively. G6, G7, and G8 (putative 2a subtypes) occurred in the
frequency of 9.2 %, 185 9, and 14.8 9. And, approx 1.8% clone was
placed into G9 (putative 2b subtype). These results were consistent with
data obtained through RFLP analysis of the PCR products of HCV 5'-UTR
region. However, some clones from Jeju demonstrated high divergence in
the RNA sequences of 5'-UTR region. For G3, G4, and G5 that were
placed into la subtypes, clones JHCV10 (G4) and JHCV48 (G5) shared 100
% 1identity in RNA sequences with H90 and H77 of HCV 1la subtypes,
respectively. However, clone JHCV24 (G3) was found to have the
substituted sequences in some locations of 5'-UTR, even though it shared
extensive homology with the subtype, HCV-1 of HCV 1la. Substitution of
some sequences were also observed in most abundant groups, Gl and G2
that were closest in RNA sequences to FR21 and HCV-]J of 1b subtypes,
suggesting some HCVs from Jeju have unique genotypes with high
reliability and confidence in that all clones consisting Gl or G2 showed
100% identity in their RNA sequences. For G6, G7, and G8 that were
assumed Za subtypes, all the clones in G8 shared 100% similarity with
E-B9 of HCV 2a subtype, whereas substitutions of some bases were
observed in G6 and G7. Besides, clone JHCV19 in G9 that was a putative
HCV 2b subtype was found to have different RNA sequences from known
2b subtype sequences. These results suggested that some HCV subtypes
cannot be distinguished by RFLP, warranting sequence analysis for

identification of a specific subtype of HCV.



In conclusion, sequence analysis of HCV 5'-UTR region in this study
revealed that 9 groups of HCV from Jeju were divided into 4 subtypes (la,
1b, 2a, 2b), of which HCV gentopyes closest to 1b and 2a subtypes were
most abundant. Some clones from each subtype were found to have unique
RNA sequences that have never been found, suggesting the importance of

sequence analysis for detection of a specific HCV.
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1993a). HCV: FEE F3d2 WolE doz 4 i 1o wE FH74 o

)



Structural protein I Nonstructural (NS) proteins
I
I

Jv v v v g 13 g {

5’[| Bl e B 2 3 4B 5A 58 3

Figure 1. HCV genome organization. A schematic represe- ntation of
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theHCV genome indicating the positions of the structural and the
nonstructural proteins within the polyprotein as well as the 5" and 3’-
UTRs (thick lines). The polyprotein cleavage products are marked as
arrows. Cleavage sites for host cell signalases(|), the NS2-3
proteinase({ ), the NS3 proteinase({}) and an unknown cellurar
proteinase (1) are marked. C is core or nucleocapsid protein. El1
and E2 are envelope proteins that are highly glycosylated type 1
transmembrane proteins. E2 was also known to interact with the
interferon(IFN) -induced  double-standed RNA -activated protein
kinase PKR. Protein p7 is a highly hydrophobic polypeptide of
unknown function. Most of the nonstructural (NS) protein 2-5B are
requird for replication of the viral RNA. NS2 and the amino-terminal
domain of NS3 constitute the NS2-3 proteinase, catalyzing celavage
at he NS2/3 site. NS3 is a bifunctional molecule carrying a
serine-type proteinase responsible for cleavage at the NS3/4A,
NS4A/B, NS4B/5A and NS5A/B sities, and In the carboxy-terminal
remainder, NTP/helicase activities essential for translation and
replication of the HCV genome. NS4A is an essential cofactor of the
NS3 proteinase and is required for efficient polyprotein processing.
The function of hydrophobic NS4B is so far unknown. NSHA is a
highly phosphorylated protein, and the level of phosphorylation is
influenced by NS4A via direct interaction with NS5A.NS5B is the
RNA-dependent RNA polymerse(Bartenschlager et al, 2000).
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Primer &/ MWG(Germany)Atell o8 At Abgetaith. 49
primer+= 100 pmol®] &%= diethyl pyrocarbonate (DEPC) A& ¥ Z /S0l

ol Al AFE3F w7l x] -20Ce| RSt



Table 1. Sequence of PCR primers for detection of HCV-RNA
by one-tube RT-PCR

Primer name Sequence (5" — 3') 2%GC TM(TC)

Outer sense CTGTG AGGAA CTACT GTCTT 45.0 50.0
Outer antisense ACTCG CAAGC ACCCT ATCAG G 971 500

Inner sense TTCAC GCAGA AAGCG TCTAG 52.9 56.1
Inner antisense TATCA GGCAG TACCA CAAGG 60.3 54.9

The primers used in this study were designed based on the conserved
sequences 5'- untranslated region (UTR) of HCVs, and synthesized in
MWG(Germany).

- 10 -



3. HCV RNAY F=

HCV RNA+ RNA STAT (Tel-Test Inc., Friendswood, TX, USA)S A&
glo] FE=3AUY. A 150 uLE RNA STAT 750 pLlek = &33 3

I
¢

chloroform 150 uLE Yol A 2ol 5&3F w-SA AT o] AL 4

b 13000 rpmo=  HAEFsta FAN 500 pLE FrRA & F
isopropanol 375 pLE Yal 2 EF3FATE o] & 4ToA 30 3F WAA 7|4
A 4Tl A 1047 13,000rpm e 2 A4 2] sttt dd S Wi JAHE
o] 9l RNAE 75% ol©& 1 mL& A ¢ § DEPCZE *
plel Eod A PCRe AH&-3} 3t

E
it}
o|N
du
BN
w
(@]

4. One-tube RT1x PCR

F%3% HCV RNA 5 uLE 05 mL PCR tubedl i1, o]Ae] 1X RT-PCR
buffer (10 mM Tris-HCI, pH 9.0, 50 mM KCI, 0.1% Triton X-100, 1.5 mM
MgCl;, 0.1 mM DTT), 02 mM dNTP (dATP, dTTP, dGTP, dCTP), 10
pmol® €= primer® 15 unit®¥ RNasin, 3 unit®] AMV reverse
transcriptase, 0.5 unit® 7ag DNA polymerase (Promega, U.S.A)S o] Hb
Soe] F#S 30 uLE FHA At one-tube RT-PCRE ZA L 42T ol A
4537 cDNAE 3HASHAl star 95TolA 583 71438t AMV  reverse
transcriptases B SAI AT o] A& HlE 94T A 183 HAARES 52T
oA 1xF AYRRES, 72TelA 183 TdWES 1GA|E sto] 303] AAs)

gor W uAE @ 72CAA 583 A% ke Fo] DNAZF 23

o

STEZHEE ST o] EE B}AHLS GeneAmp PCR system 9600 thermal

cycler (Perkin Elmer Cetus, U.S.A)olA A&H oz 3313t

- 11 -



5. 22 PCR % #A7|9F

22k PCR< 14} PCRe| 4h= 2 pLE F¥ 22 WS primers AH&-8to] 94T
o Al 1, 56Coll A 13, 72TCelA 1&& 1HAZE st 253 REESISITh 24}
PCRo] #% 4F&= 5 pLol gel loading buffer (0.25% bromophenol blue,
0.25% xylene cyanol FF, 15% Ficoll 400)5 ¥ 3 1 pg/mL ethidium bromide
(EtBr)7} &% 2% agarose gelolA 100 volt® 30% B¢t #A7|9d%3 %
UV transilluminator(UVP, U.S.A)ollA &4 w=E el A7) 9 %9
A3+ UV transilluminator’} H#% 344 7] (Image analyzer; Vilber

Lourmat, France)l Al PCR W=Z% <135t}

6. Enzyme linked immunosorbent assay (ELISA) HH

HCV @A Ak B4 (359) 9] anti-HCV ELISA 3.0 kitE o] &3¢ A
Al Aol wheka askgiet. o] kit HCV core, NS3, NS4, NS5 f-7 AF A 2= 9
FAS o] 8T A 3AY FANG 5L

HCV @A7F EAsta Edoled §38 F44 A28 F95 wgsta o
£

- 12 -



7. RFLPE 1% RT-PCR

RFLPE $¢ RT-PCRZ one-tube RT-PCRHS 7129 24 7o gt
A WEAA FPdo 5, RT-1x PCRS #lolA Avd HHI sAdT
o= 3o 05 mL PCR FEAA AAsglon, 23 PCRS AdaiE
A st7] 91skel WA TS 50 L= F7FAA 0.2 mL thin-wall PCR tube®l 4]
AAEAT. & 1X PCR buffer (50 mM KCI, 10 mM Tris-HCl, pH 9.0,
0.1% Triton X-100, 1.5 mM MgCl)ol 1z PCR 4F&=S 3 ul, 2 mM9]
dNTP (dATP, dTTP, dGTP, dCTP)E 4 uL, 10 pmole® W= primerE 4 p
L, 5 unit® 7ag DNA polymeraseZ 0.2 uL= 2o whgolo ZaS 50 uL=
5to] GeneAmp PCR system 9600 thermal cycler (Perkin Elmer Cetus,
US.A)A JHEAI AT ukg 272 95T olA 587 7Fdd & 94TelA 1
i, B5TColA 17, 72CaAA 1+230%E 1 5712 3k 333 & wH&E-3ta 72T

33

o

o

A 1083 @ M AA AR olF FE2E BAFTIEE

ol

ol A st AdE PCR AHE 5 pLE 1 pg/mL ethidium bromide (EtBr)e]

2
SH-¥ 2% agarose gelollA] A7]d-&3 & UV transilluminator (UVP,

- 13 -



A ¥ F 2 BstUI Haelll, Ncil, 2 Rsal 5 (NEB, US.A)S AF&319 o
primer+= one-tube RT-PCRO| A}&3F A FA3 & AL

Astgie] MHes §3te] HCV F#AES DNAsis program (Hitachi,
Japan)o. 2 A &la, WES NI} wbS A2 F H3 20 uLol 10X bufferg 2
nL, Al¢&EAE 10 unit, PCR AHES 7 uLg Wil Alx3|Abe] A3 upat

BstUI2 60T A, Haelll®} Ncil®} Rsal 37Col A 3AZF o] A vk A 7T}

9. Polyacrylamide gel electrophoresis (PAGE)

AerE A "S- AHES polyacrylamide gel electrophoresis (PAGE)E 3}7]
#3Fe] 13% polyacrylamide gel (10X TBE buffer 5 ml, 30% acrylamide 22
mL, 10% ammonium persulfate 0.25 mL, TEMED 0.02 mL, <5 2.73 mL)
&= Axska, 100 voltoll Al 3AZF &<k =28 7Y d7] 457 (MGV-202,
CBS scientific, USA)lA A7]9&& AT HE-g4HE 10 plell gel loading
buffer (0.25% bromophenol blue, 0.25% xylene cyanol FF, 15% Ficoll 400) 2
pLE st HA719sS AAE & 54 bandES UV transilluminator7}

2wl 3pAEA 7] (Image analyzer; Vilber Lourmat, France)olA &<131$d

e
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10. PCR #t=9 @71 € &4

22} PCR #4F=% PCR purification kit (QIAquick PCR purification Kkit;
Qiagen, Germany)Z AAstA . =, PCR AHE 50 puLet PB buffer 250 ul&
2 &3%3k 3 spin columnel] 932 13,000 rpmol 4] 45% F<oF Y425t
Gk thA] o] spin columnel] 750 uLe] PB bufferES F93ske] 13,000 rpmel
A 45x Fot YR st 28l A2 1.5 mL tube] ©] spin column

S A3k, EB buffer (Tris—Cl, pH 85) 50 uLE F9Y3 % 13,000 rpmoll 4]

(@)
(@)
P
offt
<
(o
o>,
e
E
ol
2
-
@
=
>
>,
il
filo
gh
AC
2
2
=0
i)

olgl A AAAZl PCR 4F=< big dye terminator cycle sequencing kit (PE

¢

Biosystems, USA)E ©o]&3to] 05 mL9 PCR tubedl A AZ3|AL2] ]| %o
weEbA] sttt 5, AAlE PCR AHES bHpl, PCRAIA AFggE Ad &Y
3l 4 pmole?] primer= 1 pL, DMSOE 1 pLE Y1l =752 1 uLs YA
AA =S 12 uL= 3t & &3stth oy 7)o 8 uLel big dye sequencing
reagent mixture®} # &3te & PCR 7]7] (GeneAmp PCR system 9600
thermal cycler; Perkin Elmer Cetus, U.S.A)olA 96TColA 5% <t 7143%
o 96TCelA 30%, 50TClA 15%, 60CAA] 473+S 1 712 3o 253] HE
Badoh 97l Mg 42 ABI 310 genetic analyzer (PE Biosystems,
USA)Z Sequencing2 A A|3te] A& AyE o]& HCV 5'-UTR oA e +
A2k FBBAE £4387]1 98ke] phylogenetic treeE ©]-83Fth olu] A&

3l T2 WS DNA STAR version 4.05 (Madision. Wisconsin. U.S.A)E o]

0

O

L3lAt. A7IAE B4 AEAHS 7|sh7] $8] sense primer®} antisense

primers ©]&3dto] A3E Hlusto] AAHS sk
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. 2 S

1. ELISAY] 9] anti-HCV &A1 AE

ELISAA g4 o] w2 FAo #AA7]=* (Cut Off Value) AAFS Al %3]
ALl A Aol mpetA A 2o Hi FFEd 032 ¢ ¢ groE 3
= | 7tk 2]

al
FRE #e 2e AdAs Ao R Ay olelste] FHoR 2eld 81

2. RT-PCRol ¢ & HCV RNAS 7

AFE 9ste] 70Tl E#ZF0 HCV FA7F gl 814 e A& o]
43l RT-PCRE F3d3tal o] & &Qlsl7] 98l 2% agarose geldl H719%&
3 A3} Figure 2 ¢ 7ol 236 bp =719 HCV RNA Hl=7} gelg it} o]
A anti-HCV A 4320 81% FolAl 549 o] HCV RT-PCROIA ¢ o
= Uekstth

3. RT-PCR¥* ELISA¢ ®l X

HCV & ¢kAd<¢l 81 WZFoA RT-PCR %Ao] 54H o2 66.7%2 A&
S e o] EUX8S 333% At (Table 2).
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A by

Figure 2. Amplified 5°-UTR region of HCV RNA by one-tube
RT-PCR. HCV RNAs were amplified by one-tube RT-PCR from
5’'UTR. The PCR products were separated by 2% agarose gel and
visualized by staining with ethidium bromide.

M: ¢X174/Haelll molecular weight marker:

P: positive control: PCR preparation with HCV RNA

N: negative control: PCR preparation without HCV samples

lane 1, 2, and 4: HCV positive samples:

lane 3 and 5: HCV negative samples.
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Table 2. Comparison of HCV RNA by one-tube RT-PCR and
anti-HCV by ELISA

One-tube RT-PCR

Total
Positive Negative
Number 54 27 81
Percent 66.7% 33.3% 100%

A total of 81 samples identified as HCV positives by ELISA test were
used for RT-PCR using the primers based on the conserved sequences of

5'-UTR of HCVs.
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4, HCV 5'-UTR g7|4A €9 &4

71l &A= HCV 5-UTRE7IAE &4l g HCVAdAd 2
HCV lae 570 type, HCV 1b& 87l type, HCV 2a+= 47l type, HCV 2b& 3
N type, HCV 3ai= 47 type, HCV 3b+e= 270 type, HCV 4a+= 270 type,
HCV 5a= 270 type, HCV 6at 371 types & 3370 ¢}F& 9 HCV Fxza7t
Z}7] ©& polymorphic region®] Aol El= Tt (Table 3, Figure 3).
HCV 5 -UTRE9 = 4579 Agtas BstUI, Haelll, Ncil, 2 Rsal 9l
o8 Adds= F97F @2k, HCVAdargol weh A2 t& Agas A=rt
FAES & 4 dh(Figure 4). HCV 5 -UTR¥-$91E FZ3% PCR AAES

At S uf UEtE ASZ 9% DNAS A7]= Table 49
Uebdet o] AS A rd laolAlE BstUI# Rsalel 98] 2o FA44F
el EAst= 3719 & dEi7k yErsk e boll A= Rsalol o8 22
A2 el EAst= 5 Jhel b8 JErt vt =3 2acl4 = Haelll
¢} Rsaloll olal] & 23 dlel EAlsk= 3709 vhe JE7t Ve o,
2boll A= Neloll o3 22 F3d48d el =Ad= F M8 o0& Fu7F o
bttt 28 3acll A= Haellld] ol 22 FAAE Wl Exet= F 7
o o2 Jert vebgon, 6adl e BsdUIE Nelol o8] A& o]z} th
2 ve 22 FAAE el EAd= 271 e T vEy

AR A

2
rod
fol

5. PCR-RFLP®H ] &3 HCV FAAFH 9 &4

HCV #aagel 249 sls] A48 PCR A2 S agarose gelolq &9l
s A% Figure 5914 vhebd A3k o] 236 bpe] WE7F BEEA o] AL

Zvzr o]l AgtE AR AHsta 13% polyacrylamide gelol Al 717]3 &3k 23}
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Table 3. Sources and references of HCV 5'-UTR sequence

used in this study

HCV genotype

HCV

la

1b

2a

2b
3a

3b
4a
5a
6a

HCV-1 (M62321), PT-1 (Nakao et al., 1991), H77 (AF009606),
H90 (M62382), HC-J1 (D10749)

HCV-]J (D90208), HCV-BK (M58335), HCV-]J4/83 (D13558),
HCV-China (L02836), HCV-]J4/91 (D10750),

HCV-JT (D11355), HCV-L2 (U01214), FR21 (U51766)
HC-J6 (D00944), K2A (D12507), Eb-9 (Chan et al., 1992),
FR5 (L38334)

HC-]J8 (D01221), MA (AB030907), K2B-1 (D12509)
HCV-K3a (D28917), NZL1 (D17763), Eb-1 (D10123),

CB (AF046866)

HCV-Tr (D26556), TR-K] (D49374)

GB358 (L29608), ED43 (Y11604)

BE9% (1.29585), EUH1480 (Y13184)

QC26 (U33431), HK2 (M84827), EUHK2 (Y12083)

Sequence sources and references for analysis of 5'-UTR sequences from

Jeju were within brackets. Numbert- of the brackets indicate accession

numbers of the Genbank.
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la HCV-1 ggcgttagta tgagtgtegt gecagcectcca ggaccccecee tceccgggaga gecatagigg

PT-1 ggcgtiagta tgagtgtegt geagectecca ggacccccee tcccgggaga gecatagigg
H77 ggcgltagta tgagtgtegt gecagectcca ggacccceee tcccgggaga gecatagtgg
H90 ggcgttagta tgagtgtegt Ecagcctcca ggaccceeccee tceegggaga gecatagtigg
HC-J1 ggcgttagta tgagtgtegt geagectcca ggacccccce tcccgggaga gecatagtgg
1b HCV-J ggegttagta tgagtgtﬂgt gcagecteca ggaccececee tecegggaga gecatagtgg

HCV-BK ggcgttagta tgagtgtegt geagecteca ggaccceccee tcccgggaga gecatagtgg
HC-J4/83 ggcgttagta tgagtgtcgt geagectcca ggacceccee tccegggaga gecatagtgg
HCV-China ggcgttagta tgagtgtcgt gcagectcca ggacccecce tccegggaga gecatagigs
HCV-J4/91 ggcgttagta tgagtgtcgt gecagcctcca ggacccecee tcccgggaga gecatagtgg
HCV-JT ggcgttagta tgagtgtegt geagecteca ggaccceccee tcccgggaga gecatagtgg

HCV-L2 ggcgltagta tgagtgtegt gecaacctcca ggacccccce tcccgggaga gecatagtgg
FR21 ggcgttagta tgagtgtegt Beagecteca ggacceecce tcccgggaga gecatagtgg
2a HC-J6 ggcgttagta tgagtgtegt Beagecteca gelcccccce teccgggaga gecatagtgg
K2A ggcgttagta tgagtgtc@t gcagcctceca ggﬂccccocc tccegggaga gecatagtigg
E-B9 ggcgttagta tgagtgtegt Beagecteca gglcccceee teccgggaga gecatagtge
FR5 ggcgltagta tgagtgtegt Ecagcctcca ggﬂccccocc tceegggaga gecatagtgg
2b HC-J8 ggcgttagta tgagtgtegt Beagecteca gelcccecce teccgggaga gecatagtgg
MA ggcgttagta tgagtgtegt Beagecteca gdfcccecce teccgggaga gecatagtgg
K2B-1 ggcgttagta tgagtgtcat geagectceca gg@cccccco tceecgggaga gecatagtgg
3a K34 ggegttagta Egagtgtcgt gcagcctceca ggacﬂccccc tccegggaga gecatagtgg
NZL1 ggcgttagta Bgagtgtegt geagecteca ggaccceece tcccgggaga gecatagtgg
E-B1 ggcgttagta Bgagtgtegt geagecteca ggacceecce tcccgggaga gecatagtgg
CB ggegttagta !gagtgtcgt gcagcctcca gg@cccoccc tccegggaga gecatagtgg
3b TR ggcgttagta Bgagtgtegt geagecteca gglccccece tlecgggaga gecatagtgg
TR-KJ ggegttagta Egagtgtcgt gcagecteca gg@cccccco tﬂccgggaga gccatagtgg
4a GB358 ggcgttagta tgagtgtliet Beagecteca ggacceecee teccgggaga gecatagtgg
ED43 ggcgttagta tgagtgtlgt Beagecteca ggacceceee teecgggaga gecatagtgg
5a BE96 ggcgttagta tgagtgtcg@ Ecagcctcca ggacccecee teceegggaga gecatagtgg

EUH1480 ggcgttagta tgagtgteg Beagecteca ggacceccce tecegggaga gecatagtgg

6a QC26 ggcgttagta tgagtgtegt Beagecteca gglcccecee tcecgggaga gecatagtgg
HK2 ggcgttagta tgagtgtegt Ecagcctcca ggﬂccccocc tccegggaga gecatagtigg
EUHK2 ggcgttagta tgagtgtegt Ecagcctcca ggﬂcccccco tcccgagaga gccatagtgg

Figure 3. Polymorphic region of HCV 5'-UTR for HCV
genotyping. The position is from -265 to -62 in the 5'-UTR of

HCV. The polymorphic region were indicated by black box.
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la

1b

2a

2b

3a

3b

4a

5a

6a

HCV-1
PT-1
H77
H90
HC-J1

HCV-J
HCV-BK
HC-J4/83
HCV-China
HCV-J4/91
HCV-JT
HCV-L2
FR21

HC-J6
K2A
E-B9
FRS

HC-J8
MA
K2B-1

K3A
NZL1
E-Bl
CB

TR
TR-KJ

GB358
ED43

BE96
EUH1480

QC26
HK2
EUHK2

tctgcggaac
tctgeggaac
tctgeggaac
tctgeggaac
tctgeggaac

tctgcggaac
tctgeggaac
tctgeggaac
tctgeggaac
tctgeggaac
tctgeggaac
tctgeggaac
tctgeggaac

tctgcggaac
tctgeggaac
tctgeggaac
tctgeggaac

tctgcggaac
tctgeggaac
tctgeggaac

tctgeggaac
tctgeggaac
tctgeggaac
tctgeggaac

tctgeggaac
tctgeggaac

tctgcggaac
tctﬂcggaac

tctgeggaac
tctgcggaac

tctgeggaac
tctgeggaac
tctgeggaac

(Figure 3. Continued)

cggtgagtac
cggtgagtac
cggtgagtac
cggtgagtac
cggtlgagtac

cggtgagtac
cggtgagtac
cggtgagtac
cggtgagtac
cggtgagtac
cggtgagtac
cggtgagtac
cggtgagtac

cggtgagtac
cggtgagtac
cggtgagtac
cggtgagtac

cggtgagtac
cggtgagtac
cggtlgagtac

cggtgagtac
cggtgagtac
cggtgagtac
cggtgagtac

cggtgagtac
cggtlgagtac

cggtgagtac
cggtgagtac

cggtgagtac
cggtgagtac

cggtgagtac
cggtgagtac
cggtlgagtac

accggaattg ccaggacgac
accggaattg ccaggacgac
accggaattg ccaggacgac
accggaattg ccaggacgac
accggaattg ccaggacgac

accggaattg ccaggacgac
accggaattg ccaggacgac
accggaattg ccaggacgac
accggaattg ccaggacgac
accggaattg ccaggacgac
accggaattg ccaggacgac
accgaaattg ccaggacgac
accggaattg ccaggacgac

cgggtecttt
cgggtecttt
cgggtecttt
cgggtecttt
cgggteecttt

cgggtecttt
cgggtecttt
cgggtecttt
cgggtecttt
cgggtecttt
cgggtecttt
cgggtecttt
cgggtecttt

accggaattg
accggaattg
accggaattg
accggaattg

cclfiggaBeac Mgggtecttt
ccEgga@gac ﬂgggtccttt
cc@gga@gac ﬂgggtccttt
ccEgga@gac ﬂgggtccttt

accggaatt@ ccﬁgaaagac
accggaattg ccligBaBeac
accggaatta ccEgga@gac

accggaatle cihzMigac
accggaatlle c[MBesMsac
accggaatlle c[MBeesac
accggaatle chzeMizac

accggaatle ccliggaligac

accggaatle cclggallgac

accggaatle ccllgzalgac

accggaatle ccliggaligac

Beggtecttt
Beggtecttt
Baggtecttt

cgggteecttt
cgggtecttt
cgggtecttt
cgggtecttt

cgggtecttt
cgggteecttt

cgggtecttt
cgggtecttt

accggaattg
accggaattg

accggaattg

accggaattg
accggaattg
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ccEggacgac cgggtecttt
ccﬁggaﬂgac cgggtecttt

ccaggaflgac cgggtecttt
ccaggaﬂgac cgggtecttt
ccaggaﬂgac cgggteecttt

cttggatcaa
cttggat@aa
cttggatBha
cttggatcaa
cttggat@aa

cttggatcaa
cttggatcaa
cttggatcaa
cttggatcaa
cttggatcaa
cttggatcaa
cttggatcaa
cttggatcaa

cttggatBaa
cttggat@aa
cttggat@aa
cttggat@aa

cttggatBhaa
cttggatBaa
cttggat@aa

cttggalicaa
cttggaEcaa
cttgga@caa
cttggalkaa

cttgga@caa
cttggaBcaa

cttggatBhaa
cttggatﬂaa

cttggat@aa
cttggat@aa

ct tggatcaa
Bttggatcas
ct tggatcaa@



la

1b

2a

2b

3a

3b

4a

5a

6a

HCV-1
PT-1
H77
H90
HC-J1

HCV-J
HCV-BK
HC-J4/83
HCV-China
HCV-J4/91
HCV-JT
HCV-L2
FR21

HC-J6
K2A
E-B9
FRS

HC-J8
MA
K2B-1

K3A
NZL1
E-Bl
CB

TR
TR-KJ

GB358
ED43

BE96
EUH1480

QC26
HK2
EUHK2

cccgctcaat
cccgetcaat
cccgctcaat
cccgctcaat
cccgetcaat

cccgctcaat
ccecgetecaat
cccgcetcaat
cccgctcaat
cccgctcaat
ccecgetecaat
ccecgetecaat
cccgetcaat

ccc@ctcﬂat
cccletcflat
cccactcﬂat
cccletcflat

ccc@ctcﬂat

ccc@ctcﬂat

cccﬂctcﬂat

ccecgetcaat
cccgetcaat
cccgetcaat
cccgcetcaat

cccgetcaat
cccgetcaat

cccgctcaat
cccgetcaat

ccecgetecaat
cccgctcaat

ccecgetecaat
cccgctcaat
cccgetcaat

(Figure 3. Continued)

gcetggagat
gcetggagat
geetggagat
geetggagat
gcetggagat

gcetggagat
gecetggagat
geetggagat
geetggagat
geetggagat
gecetggagat
gecetggagat
gcetggagat

gcclBge@at
gocBzeflat
gocBezgMBat
gocBzeBat

o Bzefllat
Bz flat
glicBea¥at

acc@gaaat
B BBgallat
BecBeallat
acc@gaaat

gcc@gga@at
gccﬂgga@at

gcclBggalat

geclBzgalat

goclBggagat
geclzggagat

gcectggagat
gcetggagat
gcetggagat

ttgggegtge
ttgggegtge
ttgggegtge
ttgggegtge
ttgggcglec

ttgggegtge
ttgggegtgc
ttgggegtge
ttgggegtge
ttgggegtge
ttgggegtgc
ttgggegtgc
ttgggegtge

ttgggegtge
ttgggegtge
ttgggegtge
ttgggegtge

ttgggcMge
ttgggegtge
ttgggegtge

ttgggcgtece
ttgggcgtec
ttgggcgtec
ttgggcgtge

ttgggegtge
ttgggegtge

ttgggegtge
ttgggegtgc

ttgggcgtge
ttgggcgtgce

ttgggcgtge

ttgggegtge
ttgggegtge
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cccegeaaga
ccecgeaaga
ccecgeaaga
ccecgeaaga
cceecgeaaga

ceecgeBaga
ccecgcllaga
ccecgcBaga
cceegcllaga
ceccgBaga
ceecgcaga
ceecgcaga
ccecgcffaga

cccegeaaga
ccecgeaaga
ccecgeaaga
ccecgeaaga

cccegeaaga
cceegeaaga
cceecgeaaga

ceecgcBaga
ccecgcflaga
ccecgcffaga
ceccgcBaga

ceecgcBaga
ceecglBaga

cccegeaaga
ccecgeaaga

ceecgcaga
ceecgeBaga

ccecgeaaga
ccecgeaaga
cceecgeaaga

ctgctageeg
ctgctageceg
ctgctageeg
ctgctageeg
ctgctageceg

ctgctageeg
ctgctagecg
ctgctageceg
ctgctageeg
ctgctageeg
ctgctagecg
ctgctagecg
ctgctageceg

ctgctageeg
ctgctageeg
ctgctageceg
ctgctageeg

ctgctageceg
ctgctageceg
ctgctageceg

B tageeg
B tageeg
B tageeg

BB tageeg

B tageeg
B tageeg

ctgctageceg
ctgctageceg

ctgctagecg
ctgctageeg

ctgctagecg
ctgctageeg
ctgctageeg

agtagtgttg
agtagtgttg
agtagtgttig
agtagtgttig
agtagtgttg

agtagtgttg
agtagtgttg
agtagtgttg
agtagtgttig
agtagtgttig
agtagtgttg
agtagtgttg
agtagtgttg

agtaglgttg
agtag@gttg
agtagﬂgttg
agtag@gttg

agtagflgttg
agtagcgttg
agtag®gttg

agtagtgttg
agtagtgttg
agtagtgttg
agtagtgttg

agtagtgttg
agtagtgttg

agtagtgttg
agtagtgttg

agtagtgttg
agtagtgttg

agtagBegttg
agtaglettg
agtag®gttg



la HCV-1 ggtcgegaaa ggec
PT-1 ggtcgegaaa ggec
H77 ggtcgegaaa ggee
H90 ggtegegaaa ggee
HC-J1 ggtcgegaaa ggece
1b HCV-J ggtegegaaa ggee
HCV-BK ggtcgegaaa ggee
HC-J4/83 ggtcgegaaa ggec
HCV-China ggtcgegaaa ggece
HCV-J4/91 ggtcgegaaa ggee
HCV-JT ggtcgegaaa ggee
HCV-L2 ggtcgegaaa ggece
FR21 ggtcgegaaa ggee
2a HC-J6 ggtlzcgaaa gecc
K2A ggtlgcgaaa ggec
E-B9 getlecgaaa ggec
FR5 ggtlzcgaaa ggec
2b HC-J8 ggtlzcgaaa gecc
MA ggtﬂgcgaaa ggce
K2B-1 getlzcgasa ggec
3a K34 ggtcgegaaa ggec
NZL1 ggtcgegaaa ggec
E-B1 ggtcgegaaa ggec
CB ggtecgegaaa ggec
3b TR ggtcgegaaa ggee
TR-KJ ggtcgegaaa ggeo
4a GB358 ggtegegaaca ggee
ED43 ggtcgegaaa  ggee
5a BE96 ggtcgegaaa ggece
EUH1480 ggtcgegaaa ggee
6a QC26 ggtlgcgaaa ggec
HK2 ggtlzcgaaa ggec
EUHK2 ggtﬂgogaaa ggce

(Figure 3. Continued)

Reference

(Choo et al, 1991)
(Nakao et al.,1991)
(Kolykalov et al., 1997)
(Ogata et al., 1991)
(D10740)

(Kato et al., 1990)
(Takamizawa et al., 1991)
(D13558)

(LO236)

(D10750)

(D11355)

(Cho et al., 1993)
(U51766)

(Okamoto et al., 1991)
(Enomoto et al, 1990)
(Chan et al., 1992)
(L38334)

(Okamoto et al., 1992)
(AB030907)
(D12509)

(Yamada et al., 1994)
(Sakamoto et al., 1994)
(Chan et al., 1992)
(AF046866)

(D26556)
(Chayama et al., 1994)

(L29608)
(Chamberlain et al., 1997a)

(1L29585)
(Chamberlain et al., 1997b)

(Bernier et al., 1996)
(Bukh et al., 1992)

(Y12083)
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Size 1 25 50 75 100 125 150 175 200 225

(bp)

Type

HCV-1 + ¥ —* | T—
la HO F—t —F —t | 1—
HC-J1 ¥ F—F 11—
I HCV-J F—t l V1=
FR2I ~— ——— F—t —F —+ b—11—
HC-J6 —— 11 ¥ -t t T—
2a K2A,  ——— -1~ ¥ -t t T—
E-B9 — 11 ¥ -1 1 T—
HC-J8 P —F T —
ke Pt P—
5 K3a —— A ¥oo—F l | 1 —
! CB —F —F —% ! V1=
3b TR i SN et — | — | T —
4a GB35 —— F—F —F -+ t | T—
5a Be96 t P —F — | — | 1=
: e R — FOot ——F T —
3 EUHK2 ———— F1-)—% —+ T—

Figure 4. Restriction maps predicted from 5 -UTR for HCV genotyping
.The size from position -280 to -44 in the 5’UTR of HCV is 236 bp.
Type la and 1b have specific band with BstUI; type 2a with Haelll
and Ncil: type 3a with Haelll and Rsal:

types and subtypes can make distinction between type and type, or

type 2b with no BstUI:
type 3b with Ncil and Rsal. These

subtype and subtype. Restriction site | : BstUI; 1: Haelll;
Ncil: # : Rsal.
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Table 4. DNA fragment

restriction enzymes

sizes for HCV genotyping by

Type | Subtype BstUl Haelll Neil Rsal
l CG/CG GG/CC CC/C(G)GG GT/AC
1
HCV-1 @O 209, 27 216, 20 111, 68, 57 134, 102
Type 1la H30 209, 27 216, 20, 111, 68, 57 134, 58,44
l HC-J1 171, 38, 27 216, 20, 111, 68, 57 134, 102
1
| Hev-J @ 179, 30, 27 216, 20, 111, 68, 57 134, 102
Type 1b |
l FR21 179, 30, 27 216, 20, 111, 68, 57 134, 58, 44
1
HC-J6 236 160, 56, 20 79, 68, 48, 41 134, 58, 44
K2A 236 160, 56, 20 79, 68, 48, 41 134, 102
Type 2a
| E-B9 @ 236 104, 56, 56, 20 79, 68, 48, 41 134, 58, 44
1
HC-J8 @ 236 160, 56, 20 168, 68 134, 58, 44
Type 2b
| K2B-1 236 160, 56, 20 120, 68, 48 134, 102
1
| K34 ® 179, 30, 27 216, 20, 111, 68, 57 134, 69, 33
Type 3a |
l CB 179, 30, 27 160, 56, 20 111, 68, 57 134, 69, 33
1
Type 3b TR ® 179, 30, 27 160, 56, 20 79, 68, 48, 32, 134, 69, 33
Type 4a GB358 @ 209, 27 216, 20 79, 68, 48, 32, 134, 58, 44
Type 5a BE96 179, 30, 27 216, 20 79, 68, 48, 32, 134, 102
| ac26 @ 236 160, 56, 20 111, 68, 57 134, 58, 44
Type 6a |
| EUHK2 167, 69 160, 56, 20 125, 111 134, 58, 44

The head subtypes represent the others.

OO0V ©O

HCV-1; HCV-1, PT-1, H77

HCV-J; HCV-], HCV-BK, HC-J4/83, HCV-China, HCV-J4/91,
HCV-JT, HCV-L2

E-B9; E-BY, FR5

HC-J8; JC-J8, MA

K3A; K3A, NZL1, E-B1
TR; TR, TR-K]
GB358; GB358, ED43

BE96; BE96, EUH1480
QC26; QC26, HK2
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- =35 bp

Figure 5. Amplified 5-UTR region of HCV RNAs forHCV genotyping.
Analysis in this study 5 -UTR region of HCV RNAs were amplified
by RT-PCR from HCV 5'UTR for genotyping. The PCR products
were separated by 2% agarose gel and visualized by staining with
ethidium bromide.

M: ¢X174/Haelll molecular weight marker:

P: positive control: PCR preparation with HCV RNA

N: negative control: PCR preparation without HCV samples

lane 1 to 8: HCV positive samples for genotyping.
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Figure 6°lA Figure 97}A12] RFLP patternge X.o]F3%t}. Figure 62
HCV la¥d® 714 77k 289 A dds HoFe 2SR BstUI A
209 2 27 bpel So] wi=s} NeilolA 111, 68, & 57 bpel So] W=7} 1}e}
Urz bgg FAax9% e 7hsstdlen, H90¥ H77 §2HCV-1 d 2
= A A

Figure 7> HCV 1b3 3 7} 717k S8 A dds HoFs Aoz
BstUIo A 179, 30, % 27 bpe] 5o] M=k NalollA 111, 68, % 57 bpel &
o] Wl=¢} Rsalol A 134 3 102 bpe] Ho] W=7} #ZHo] & FHdx3 3
TEo] 7hEstd e, HCV-] g2 =l

Figure 82 HCV 2a3 ¥ 71 717b 289 A s HoF= Aoz
BstUIo A 239 bpe] Eo] wi=9} Neidol A 79, 68, 48, 2 41 bpel So] W=
7F AES & fFHAg Y FEe] shsetsien, Haelllo €3] HC-J6 3
7 E-B9 oz o] Hol 3wy AT

Figure 9% HCV 2b3 ¥ 7} 717k 89 A A0S HolFe o=,
BstUIol A 236 bpe] o] wl=9} NeildlA 168, 68 bpel Eo] W=7} #2y]
of & FHAAFH} Fiol Fhestdow, HC-J8ot3 3 Alsd4 #A7E 7}
ke Aew FYE
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A B

Figure 6. RFLP patterns of HCVs found in Jeju, which were assumed
subtype la. 5’-UTR region of HCV RNA was amplified and digested
with four restriction enzymes. The HCV subtype la producev two
restriction fragments by Rsal, and two fragments of 209 bp and 27
bp by BstUI, and specific pattern of 111 bp, 68 bp and 57 bp by
Ncil. The digested products of JHCV 10(A) and JHCV 48(B) were
separated by 13% polyacrylamide gel and visualized by staining with
ethidium bromide, M: ¢X174/Haelll molecular weight marker; B:
BstUI digested: H: Haelll digested; N: Ncil digested: R: Rsal
digested.

A : A representative of G4(JHCV10)

B . A representative of G5(JHCV48)
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Figure 7. RFLP patterns of the HCVs found in Jeju, which was
assumed subtype 1b (JHCV 7). 5-UTR region of HCV RNA was
amplified and digested with four restriction enzymes. The HCV
subtype 1b produces 111 bp, 68 bp and 57 bp when digested by Ncil,
and specific pattern of 134 bp and 102 bp by Rsal. The digested
products of JHCV 7 were separated by 13% polyacrylamide gel and
visualized by staining with ethidium bromide.

M: ¢X174/Haelll molecular weight marker;

B: BstUI digested: H: Haelll digested: N: Ncil digested: R: Rsal

digested.
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A B

,

Figure 8. RFLP patterns of HCVs found in Jeju, which were assumed
subtype 2a. 5'- UTR region HCV RNA was amplified and digested
with four restriction enzymes. HCV 2a produces two restriction

fragments when digested by Haelll, and four fragments of 79, 68, 48,
and 41 bp by Ncil. The digested products of JHCV 1(A) and JHCV
2(B) were separated by 13% polyacrylamide gel and visualized by
staining with ethidium bromide.

M : ¢X174/Haelll molecular weight marker:

B : BstUI digested: H: Haelll digested; N: Ncil digested: R : Rsal
digested.

A ; A representative of G7 (JHCV 1)

B ; A representative of G8 (JHCV 2)
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Figure 9. RFLP patterns of the HCVs found in Jeju, which was
assumed subtype 2b (JHCV19). 5°-UTR region of HCV RNA was
amplified and digested with four restriction enzymes. The HCV
subtype 2b produces specific pattern of 236 bp by BstUI, and two
fragments of 168 and 68 bp by Ncil. The digested products of
JHCV19 was separated by 13% polyacrylamide gel and visualized by
staining with ethidium bromide.

M : $X174/Haelll molecular weight marker:

B : BstUI digested:; H: Haelll digested: N: Ncil digested: R : Rsal
digested.
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6. AlFX 9 HCV la, 1b, 2a, 2b G714 <49 &<l

AF2 e HCVel 7+ gato]l FHAAE S eI = 547] sample
of Axg 9714 d E£4& 3dle], PCR-RFLPHel 9% HCV FHx3d& &

2
i,

sttt AE FAA ®47] ABI 31022 direct-sequencing= 3t 7]

T 54l YA FAA FAE d7IM<Ees DNA STAR Version
4.05(Madision. Wisconsin. USA)& A}&3sle] EA3k A3 Figure 109 22
phylogenetic treeE <& 7} ATt 54709 F7IALES BA8] 2 Az of
S HEdE Aol 99 grouplE FEREEHAHMIL ZF groups Gl, G2,
G3, G4, G5, G6, G7, G8, 18]a. G9o. = WH3IALE Gloal= 14, G2 = 13,
G7o & 10, G894l = 8, Gboll= 5717F EgH o] ATt 283 G4, G9, G3 %
G5 7zt /he] WS YERATE of& FolA Gl, G2, G3, G4 2 Gbe
HCV 139 &3l AS=2 yYerwter, G6, G7, G8, ¥ G9< HCV 284 %

= Ao R UERT

rr

7. AF A9 HCV #HAE &%

HCVel #4¥ 549e] HCV #FHAdES 43 A b7t 2719o=
50.0%2 AFAsta 2a7} 23 o ® 42.6%S A Gl FH| do] 926%E F
¥ HCV oz gomgitt w3 la’l 3HO® 56%S A Uon,
2b7F 1 o2 1.8%5 eI T 18} 3a, 3b, 4a, ba % 6atc WA &
%ttt

=4 AEgste] FAste] BW 1be HCV-] o] 7P B2 o=z 279
(50%)< 2AA| 8k YR om, S o= 239 E-BYo = 159 (27.8%)3 HC-J6
doz 89 (14.8%) LEFHATH
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Figure 10. Divergence of the HCV clone originated from Jeju based
on RNA sequence of 5°-UTR region of HCV genes. Fifty four
sequences each originated from 54 HCV positive samples were used
for phylogenetic analysis, and the phylogenetic tree was drawn
(using the Lasergene MegAlign program) based on 198-bp sequences
of the RT-PCR products. The bold letters indicate the representive
of each HCV group used for RFLP.
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V. 1 Z

HCVE F= 8 g doo] Faa Aol A Qe ofs) s = nfol
g2 (Alter &, 1982) °F 950071 H@7]= o]Folx Ut} (Cho &, 1993;
Choo &, 1989). o] HCV fxxte] dF-& FHEFTAoE LHAAA 4
polypeptide C100-3¢l th3st 2x}o] o] EAst= A HEo] 7hssh
Al ¥ A3 non-A, non-B (NANB) 7tde] oF 80%7F C100-3 Aol Ao
2 Yebgt (Choo &, 1990; Miyamura &, 1990). 28y C100-3 &4 &4
1l Afel= HCVe ol gRli dom, #385 & A9 Tzt g9
o7 HE HCV zdo] #AAEIL Aok (Alter &, 1989; Wang &, 1994
Zanetti 5, 1990).

HCV= @efoll A mlole]s g7l v B
A= 71 gl =5 AEd AdEJS drds W AAE wAurt

2

(Taniguchi &, 1993). 2x}2]

shd W o 7= HCV FJd<&

N
et
i)

G4 AAE 1A Ao Jens) gol

)
rlo

v
Ay, EAAESHA 719 el RT-PCRES ©]&3 HCV RNAY #HEw
HCV #Zdel AH¥A FHo] #Hrd (Choi &, 1994; Garson ‘5, 1990a;
Weiner %, 1990). 124}, o]

L
rlo
A
o,
k1
o
=

FE7h wrhe 2ol 91X

-

g AR Al Qlo] axe] Y|se] dQasta

>
s

o wEEol ol Sy

ol Ui ArIE=rE Hoju Q3le el o3 AYAHS dErdin, 29

B By qre] ool Ane AT Ao (Kwok 5, 1989). &3

¢

S 28H proteinase K-phenolE AM&3FAY  guanidinium  thiocyanate-

i
ol

phenol-chloroform (Chomczynski &, 1987)& AF-&3te] HCV RNAE 3
I olAe AFRES ALE3te] RT-PCRS AAstt). o= A st A
cDNAE ©]-&3to 1% PCRe Al & tha 2% PCR& Aldst=t B A7t

WAl vle B msHol aqEn

)
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2 AT Be 719 RT-PCRHS 7/M4dste] %3 HCV RNAS
RTSF PCR WH&-& dprhe] FHOAM AH4 o2 A #s= one-tube RT-PCR
WS ol8 HCV #Y o4dxE o= 3o Enzyme linked immunosorbent
assay (ELISA) W% (Bresters %, 1992)3} v]n3dle] ® gkt ELISAW S 9]
&3t A HAFSE one- tube RT- PCRel €3 HCV RNA HAFe] H| Lo A

A 27} 333%9) e eAEe dehln AN ol BE T 1Y ol

HCVE wWol7F As Fol wal 30% o]Ae Z2IXZ yella o
5'UTRE - HEo] Zy REoR BE Fo]A 85-95%2 RNA @744
o] AEAE Holal glo] RT-PCRel & WA F=2 o|F-9& ol& st
t} (Karachristos %, 1995; Okamoto %, 1990a).

%2

HCV +3d#¢] 442 5'-UTR, core, envelope, nonstructure, 2 3'-UTR

FRog FAEo 9t} (Okamoto 5, 1991). ol go] w$- ol thegF 1
ol (1.44-1.92) x 10° bp A=< 97 A3ro] WA= (Ogata 5, 1991;
Okamoto &, 1992a), HCV A=} oA 5'UTR¥ capsid’} 7Hg HEo] &
Ho] i E13 E2¢4 ®ol7k 7Hd @el veuval vt (Kuma 5, 1993;
Hada 5, 1993; Stuyver &, 1994). o]#l =& Ho]&= 92l3dte] HCVE #4
2 S el dsd dA7EA A 6 e dew EFE Shal 1
So] Eab= obdE 50014 o4 wAHT 9Urh(Choo 5, 1991 Cha %,
1992; Simmonds 5, 1993a; Weiner 5, 1991b). o}4747] o5 && EHale
. EFste o] flo] dA4Avid Mz uE HHyS ARgsar oy
(Table 5), @A+ Simmonds & (1993a)e] At FFHel 7 AWz o g

AREE AL It o] ERMS g A (1, 2, 3 F)

i
mz
o
=
<
ofl
2
M
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Table 5. Comparative analysis

types identified over the world

of Hepatitis

C virus

(HCV)

Simmonds®? Okamoto® Enomoto® Prototype Iljgirtlicoigi)
la I K-PT HCV-1 Europe, USA
1b I KI HCV-] Global
2a III K-2a HC-]J6 Korea, Japan
2b v K-2b HC-]8 Japan
3a \Y - E-bl Thailand
3b VI T Tr Thailand
4a VI - GB358 Egypt, Zaire
ba - - BE9% South Africa
6a - - QC26 Hong Kong

(D, Simmonds et al., 1993a
@), Okamoto et al., 1992b
@, Enomoto et al., 1990
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i
M
e

A (a, b, ¢ )8 Eolv ot o Ho| 2™ HCVE FdA33
ol = 31-35%¢] Atol7k Ui ofF el A= 20-23%9] AtelE dEhl glom,
2& old el E 1-10%¢] ztelE Holil glth (Bukh &, 1994; Simmonds
S, 1993b).

HCVE v¥e #d4 B@d4de UetlaL 3lo] o5 F3AE Y &£X= A
A} WS wk g2 BXE Hola 9t} (Kato &, 1989; Mellor &, 1996;
Wu &, 1997; Zein &, 1996). &=rolx el HCV A& 1b&d o] 51.2%, 2a
ol 418%% 1b%t 2a7t HA 9] 93%E HEtlE AR HiE3 (Park
T, 1998), dE A= 1bF o] 82.3%E (Okamoto &, 1991) A8k 9lal, Ef
T A= lag o]l 20%, 3ad°] 39,1%% (Kanistannon %, 1997) Y4ElHH, &
FollA= 1b o 2a7F FF5 ol F Ao (Reid &, 1999; Widell 5, 2000).
v o= 1lagd ¥ 1b¥F o] 74.1% (Vargas 5, 1997)E AA|st= Ao =2 E
S, fFHellME FE 3a del A ygmeitk 20%°ldS YERAS
(Castelian %5, 1997; Davidson %, 1995; Viazov %, 1997). &4 # o2 ‘Jo}x
gtol e gE yetolAs B7] =8 5a do] 587%% YERTE (Davidson
S, 1995). Fotxzggt A oA F2 A= davt "= frEelA YERY
© A2 o3 F7bel opxglgt wiSo] Fo] Aa Y] wiEd Aelvh 2y

FAE B AqolHe] HCV FaA4Fo] 450 A 2 7] g

FoEE W A7t Bod Aol ofd met 1 W g} otFe] YERE
Aoz F5HEY (Table 6). 3 @7 LolA =3 HCVE d#d HCV

—

b= 59% A =7 vrEr, n5y HCVebE 23%9] 7tk Apol& vebiar 3l
2 08 a7t Zd® HCVY fd4dRe = st 3=
Y 3 9 FERi oldAS vEhdie, =l e HCV ®Eg
o] 2l A7 ES YEh L 5ol #1H ATt (Cho &, 1993).
HCV x4 e] 242 HCV el &<, #d 4=, 2 IFN-af A=

Z3E dSste s ol8%a Jdvt (Ballardini 5, 1997; Hino &, 1994;

Am
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Table 6. Distribution

of HCV genotypes in 16 countries

No. of

Percent of HCV genotype

Continent Country samile 13 15 %a % 32 3 4n 5o Ga offer References
. K
Asia O 54 56500426 18 - - - - - - This study
(Jeju)
Park
Korea 256 2.0 51.2 41.8 2.0 - - - - - 30
et al. (1998)
Lee
Korea 138 22 71.0 239 14 - - - - - 14
et al. (1996a)
Okamoto
Japan 159 3.8 8.3 101 38 - - - - - -
et al. (1992b)
Chi Wang
a3 Sm486 - - - - - - 190
(Beijing) et al. (1994)
China Yao
41 - 84 173 - - - - - - 73
(Yangtze) et al. (1994)
Wu
Taiwan 505 04 60.1 155 11.9 20 - - - - 101
et al. (1997)
Kanistanon
Thailand 220 9.1 20.0 - - 39.1 - - - 182 138
et al. (1997)
Soviet Viazov
Europe . 121 46,817 - 3.8 = 99 = i -
Union et al. (1997)
Pohjanpelto
Finland 264 14.1 239 - 20.1 40.9 - - - - 10
et al. (1996)
Davidson
Scotland 144 389 7.6 11.1 35 389 - - - - -
et al. (1995)
Berg
Germany 379 14.0 559 4.0 - 261 - - - - -
et al. (1997)
Castelain
France 134 164 463 75 - 209 - 45 07 - 37
et al. (1997)
Abacioglu
Turkey 89 191 753 34 - - - 22 - - -
et al. (1995)
Widell
Sweden 25 24.0 52.0 - 160 80 - - - - -
et al. (2000)
Benani
Africa Morocco 105 2.8 476 37.1 - - - - - - 125
et al. (1997)
South Davidson
. 63 48 254 16 - 32 - 63587 - -
Africa et al. (1995)
Vargas
America US.A. 18 460 281 11 76 27 - 70 - - 75
et al. (1997)
Silva
Brazil 83 24.1 386 36 21.7 12.0

et al. (2000)
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Nolte &, 2001; Zein &, 1996). T3t A9z} WIS we} b FXE Holal
7] W&ol (Greene 5, 1995; McOmish %5, 1994; Takada %, 1993), ¥+ ¥ %
ZAE B A Aol = o] ¥ ar vk Wi A& AEe] 50% ool Rbge X
o|7]= SFAIRt 25% AFIwto] ke Ago] FFHom Fole AW HCV
7F Ao gk oju [FN-a X% @3¢ HCVE ¥ # o] Hiaxal
A, FAAF 1a, 2, 3, @ 5Pl = A5 97 HAUA T, 1bd 7 47
o= &37F Wolztta 3t} (Takada %, 1992; Yoshioka %, 1992 ). m3F
1bE 3 482 W d oz dgko] wEd wate] la¥d ¥ 2ad 2 T &
o] &4l F=vtxu%x YeY 9t (Lopez-Labrador, 1997). Enomoto & (1995)2
HCV 1b®d & IFN-a°l ®1ZsHA wkgahs o3 whgahA] = ot o]
AAg HlaLste] BWek=wl, IFN-a R34 F32d e NSSA F9lol Sl
codon 2154-2383° E<AWol7} WAoo o]& IFN Izt F9leka sttt

o

=

HCV HFHAAEol Eo]l4d S A primers AFE3}+= sequence specific primer
(SSP) PCR WX olth (Dusheiko, 1994). o] W2 core F-lolA ofe] Fx}
g 5ol primergs %3 RT-PCRS AA|st= dlo] w2 235 &
Aot primer 14 F-9o EAWol7t WASAY AEE Pl detod=

A4S ke wdol vk EAE 5 -UTR 95 RT-PCRZ FZ3te] &
AAE ] Eo]3F oligonucleotide probe® ZAEA|7]+= AQld], probed F7F9l
uel Ak Aas A& Aoy A w=sEo] Wol AgdT AAE
5-UTR #¢l& RT-PCRZ <& Adass AbEshs RFLPHILHE
(McOmish &, 1993; Park &, 1998; Thiers, 1997), 7twt3atar fA A3k 2

HE AS F 9o} A 8EE Atairt Wol BRS A A EshH A
A BEat= o] itk 1ev RFLPHE &44 AdAo A o] &3 47}
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slol o frrizte] wolg Fobdl = Y FAA A Y BRI Abe
o] Be oA AlgE I A (Lee 5, 1997; Oh 5, 1997). WA= AlA
W7 §ALSE o2 PCRIAA Fo] 5994 “PE AMEsla Aaisz

A28 T sequencing &3 2L 2 gelS o] &38te] X-ray filmel AAetE A

O

oIt (McOmish 5, 1993). BAA= ol HCV FAAES E4s=
5-UTR< PCRZ THsta Fo mel e veids 94718 S48

HE AFE3ta l=d (Halfon 5, 2001; Simmonds &, 1993b). °]+= 5'-UTR
el 7] Wstrt 54 -9l =3t o] glo] primer Aol &olsti EAW
oluf =L ol Y= RT-PCRS A3 = Ae Aol gon
(Germer %5, 1999; Okamoto 5, 1990a), T3k o] oA el A7} core, NS3,
2 NS59] Axpel #7] wjFo]t} (Karachristos 5, 1995; Stuyver %, 1994).

P AFdAdE HCV #4498 S i hdstA 24387 flste] S3aEA
ArS-As g dHZAo] thokA  (polymerase chain reaction-restriction
fragment length polymorphism; PCR-RFLP) ¥ A}&3to] AFF7¢ HCV
A 548 S HFeR FAAHS EAEAT F, one-tube RT-PCR W
o2 HCV 5'-UTR¥919] RNAE FFsta, ol AHd 4709 Adas
(Table 7)& A #lste]l HCV FdAd S A8t 28-S o] &3to] A+
T F7e HCV RT-PCR 474 549 9] FAAHS ZAgE A3} Table 8%
Zol HCV la, 1b, 2a, 2 2b 5 4709 o] Hetw=d olF 1b7t 50.0% %}
2a7b 42.6% % WF-Ee AA sk Atk o] A2 Park 5 (1998)°] 3 1b
(51.2%)¢F 2a (41.8%)¢k= ml-%- A o™, Lee & (1996)°] #3Egk 1b
(71.0%)¢F 2a (23.9%)¢k= th& 2pol7F QAo o5 TS FAteto] wd
9N0% oldoz FASE FES Holal AU

Ao A= PCR-RFLPH o2 A FFHoA Yelis HCV 4438 S
BAsta 247 AFREE 21812}t direct-sequencing WS A3

A7 gdS BEA39t DNA STAR Version 4.05 (Madision. Wisconsin.
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Table 7. Four Restriction enzymes for HCV genotyping

Incubation
Name Recognition sequence Source
temperature

v

CGCG o
BstUI GCGC 60C NEB, U.S.A.

GGCC .
Haelll CCCG 37C NEB, U.S.A.

v

. CC(C/QGG o
Ncil GG(G/O)CC 37C NEB, US.A.

A

GTAC o
Rsal CATG 37C NEB, US.A.

The sites for four restriction enzymes used in this study have been often
found in 5'-UTR of Hepatitis C virus gene, and different restriction

fragment can be produced according to the virus types.
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Table 8. Distribution of HCV genotypes from Jeju residents
based on PCR-RFLP

Genotype la 1b 2a 2b Total
Cases 3 27 23 1 54
Percent (%) 5.6 50.0 426 1.8 100

The RT-PCR products were cut and analyzed restriction endoncleases

(BusU I Haelll Ncil Rsal) for genotyping of HCVs obtained in this study.
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USA) program & AF&3ste] 54719 A7 ES S48 & 23 dads o
Bl Ao] 97 groupl® TEHSA T ZF groupe Gl, G2, G3, G4, G5, G6,
G7, G8, Goo= wWHstth 9/lel W4 dHEhl S 7S Ead
HCV &3 ¥]aste] phylogenetic tree® XEAISH A3 HCV la Pol| &3t
Aow FAHE G3, G4, Gbx A7 oFd HCV-1, H90, 183 H773% 71
e Aew stk HCV 1b el %at GI¥ G2 FR2I %t
HCV-J= F4drh. HCV 2a gol Fsh= G69 G7= HC-J6°l, G82 E-B9
of 7} 77k Ao yehgon, HCV 2b ol &3t Aoz F4HE
G992 HC-J8ll 7Hd 717k Ao =2 yetwtth(Figure 11, Figure 12).

2 Aol Ao AFFT HCVEQ G49F G5& G3ol H|ste] 7]&9]
HCV la®g ¥ o 77k f7IMds dedS & 57 A (Figure 13). 7L
elu} PCR-RFLP W o2E HCV-13 H77S 78 F71 9 ey
A AR E&HIL U oS UEHE 7IE7HA 9 9l lad &

s AT U AT Gl G2E shbe] A7 EAlA Zol7F YA gk
F7F HCV 1b9] o}&g<l HCV-Jeh= txAd d3 AFsty A7 713
7hE Ao 2 YERYtH(Figure 14). o5 o] F 212 AFx9 o4l
AdS AT F7F I HCV 2a o2 FAHH= G722 oFd HC-J6¢F ¢
AP on, G8 E-B9¥ A&ttt 1y G6+= HC-J69t= g 7o 7]
Mol Zpol7b AL, E-B9= F M A7IMDe] Aol7t Ues HolF
At (Figure 15). HCV 2b 822 FAH+= G9 HC-J8HET} MAY 717k
g oz vely=d(Figure 16), PCR-RFLP o2+ HC-J83¥ MAE
T7F At ofekteo] Aol M dojxl AsE Fste] Ewl PCR-RFLP
MO PCR-direct sequencing Wi ol Hlwdte] zhekslar A #@HshA Ldur A&
Aol A o7l AT = e FHol Aoy ofFRTE AFF Q] FhA
A e sk Aol FlE ek PCR-RFLP W& AR&3te] 43 o] &
Al A&l AREsHAl 2 Aoz, ofd AHH

AT JH a3

oft
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1b (HCV-J)
1b (FR21)

G1 (14 clones, 25.9%)
G2 (13 clones, 24%)

G3 (1 clone, 1.8%)
1a (HCV-1)
G4 (1 clone, 1.8%)
1a (H90)

G5 (1 clone, 1.8%)
1a (HC-J1)
1a (H77)

3a (K3A)
3a(CB)
LR
4a (GB358)
— 4a (ED43)
5a (EUH1480)

— L (BE96)

6a (QC26)
4“— 6a (EUHK2)

6a (HK2).SEQ

G9 (1 clone, 1.8%)
2b (HC-J8)

2b (MA)

2b (K2B-1)

2a (K2A)

G6 (5 clones, 9.2%)
G7 (10 clones, 18.5%)
2a (HC-J6)

2a (E-B9)

G8 (8 clones, 14.8%)

10 8

105

6 4 2

Figure 11. Dendrogram showing the phylogenetic relationship of
HCVs from Jeju based on RNA sequences of 5'-UTR region.
Numbers on the scale bar indicate the number of base substitutions.
Similarity searches were performed with the BLAST program and

the NCBI databases.
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2 CCCCCCCTCCCGGGAGAGCCATAGT GGTCTGCGGAACCGGT GAGT ACE]
GGCGTTAGTATGAGTGTCGTACAGCCTCCAGHRICCCCCCCTCCCGGGAGAGCCATAGT GGTCTGCGGAACCGGT GAGT ACEENE::Y)
GGCGTTAGTATGAGTGTCGT[eCAGCCTCCAGHRICCCCCCCTCCCGGGAGAGCCATAGT GGT CTGCGGAACCGGT GAGT ACEEN( &Nk
GGCGTTAGTATGAGTGTCGTIECAGCCTCCAGHLICCCCCCCTCCCGGGAGAGCCATAGT GGTCTGCGGAACCGGT GAGTA(Q la HOA L,
GGCGTTAGTATGAGTGTCGTACAGCCT CCAGEICCCCCCCT CCCGGGAGAGCCATAGTGGT CTGCGGAACCGGT GAGT ACKIY EFQJ.)

GGCGTTAGTATGAGT GTCGTIECAGCCT CCAGAACCCCCCCT CCCGGGAGAGCCATAGT GGT CT GCGGAACCGGT GAGT ARG )
GGCGTTAGTATGAGT GTCGTACAGCCT CCAGGCCCCCCCCT CCCGGGAGAGCCATAGT GGTCTGCGGAACCGGT GAGT ACKE)
GGCGTTAGTATGAGTGTCGTIECAGCCT CCAGAMICCCCCCT CCCGGGAGAGCCATAGT GGTCTGCGGAACCGGT GAGTACKE] .
2a (B
ZaEI-GJG)
2a (128
ZbEI-GJS)
2b (I2B-1)
2 (MY
ECAGCCTCCAG Q@
ECAGCCT CCAG &
&
a
e
el
@

BAACCCGCT CAAT GCCT GGAGATTTGGGCGT GCCCCCGCAAGA
AACCCGCT CAAT GCCT GGAGAT T TGGGCGT GCCCCCGEAGA
ACCGGAAT T GCCAGGACGACCGGGT CCTTTCTTGGATRIAACCCGCT CAAT GCCT GGAGAT T TGGGCGT GCCccccode
NGAIIGGGTCCTTTCTTGGATAAACCAACT Cli dscdels
GACCGGGTCCTTTCTTGGATCAACCCGCTCAATGCCTGGAGATTTGGGCGTGCCCCCGCAAG
AGAQQJGGGTCCTTTCTTGGATAAACCHACT AT GCHeG
GGGTCCTTTCTTGGATAAACC ‘CT
ACCGGAATTGC GGGTCCTTTCTTGGATAAACCAACT
AcceeAATmc GGGTCCTTTCTTGGATAAACCHACT
ACCGGAATTIAC GGGTCCTTTCTTGGATAAACCAACT
ACCGGAATTGCAe R ANGAMGGGT CCTTTCTTGGATAAACC

m
°8

EERChE
e @

ACCGGAATTGCAEGGARGAJIGGGT CCTTTCTTGGATAAACCARCT AT GCAEGAMSAT T T GGGCGT GCCCCCGCAAGA
ACCGGAATTGCCAGGACGACCGGGT CCTTTCTTGGATHAACCCGCT CAATGCCTGGAGATTTGGGCGT GCCCCCGHEAGA

k31 CTGCTAGCCGAGTAASGT TGGGTRIGCGAAAGGC(
[ CTGCTAGCCGAGTAGT.GT T GGGT CGCGAAAGGC(
[T CTGCTAGCCGAGTAASGT TGGGTRIGCGAAAGGC(
[l CTGCTAGCCGAGTAGT GT T GGGT CGCGAAAGGC(
[l CTGCTAGCCGAGTAGT GT T GGGT CGCGAAAGGC(
[l CTGCTAGCCGAGTAGT GT T GGGT CGCGAAAGGC(
[ CTGCTAGCCGAGTAGT GT T GGGT CGCGAAAGGC(
[ I8 GCTAGCCGAGTAGT GT T GGGT CGCGAAAGGC(
[ I8 GCTAGCCGAGTAGT.GT T GGGT CGCGAAAGGCA
[T CTGCTAGCCGAGTAJSGT TGGGTRIGCGAAAGGC(
[ CTGCTAGCCGAGTAGT. GT T GGGT CGCGAAAGGC(
161 CTGCTAGCCGAGTA%GTTGGGT GCGAAAGGC(

R

[
=

m
8

[ CTGCTAGCCGAGTAJEGT T GGGTY| GCGAAAGGCG
[ CTGCTAGCCGAGT AJEGT T GGGTY| GCGAAAGGCA
[ CTGCTAGCCGAGTAGT GT T GGGTlj GCGAAAGGCQ
[ CTGCTAGCCGAGTAJS GT T GGGTY| GCGAAAGGCG
[ CTGCTAGCCGAGT AJSGT T GGGTHI GCGAAAGGCA
[ CTGCTAGCCGAGTAGT GT T GGGT CGCGAAAGGCQ
HﬂCTGCTAGCCGAGTAGTGTTGGGTCGCGAAAGGCO
1 CTGCTAGCCGAGTAJGTTGGG

uﬂEﬁGCﬁAGEEGAaﬁﬁﬁﬁﬂﬁﬁﬂﬂﬁﬁﬁﬂbﬁﬁﬁﬂiiﬂi

>

2858
e 9@

ROAREBEPEPAREEEEEEERQ QAARBYENPYAREEEEEE

Figure 12. Comparative analysis of 5'-UTR region of HCV genes
from Jeju and other areas. Nucleotide sequence alignments were
done by using Clustal method of the Lasergene program MegAlign
(DNA star version 4.05). One representative of each HCV group
found in Jeju residents was compared with 5'-UTR sequences of
HCV 1 or 2 types.
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| G5 1a (HC-J1)

a | 1a (H77)
| 1a (Ho0)
| G4
1a (HCV-1)
5 G3

GGCGTTAGTATGAGTGTCGTGCAGCCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGT GGENEzevub]
GGCGTTAGTATGAGTGTCGTGCAGCCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGT GGEN @)}
GGCGTTAGTATGAGTGTCGTIACAGCCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGT GCRENEE:)]
GGCGTTAGTATGAGTGTCGTGCAGCCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGT GGRENEL &Nk
GGCGTTAGTATGAGTGTCGTIACAGCCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGT GGl
GGCGTTAGTATGAGTGTCGTGCAGCCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGT GGYes
GGCGTTAGTATGAGTGTCGTGCAGCCTCCAGGANICCCCCCTCCCGGGAGAGCCATAGT GGYes

TCTGCGGAACCGGTGAGTACACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGAT CAAREN( OV EN]

TCTGCGGAACCGGTGAGTACACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGATRAARENEG )]

TCTGCGGAACCGGTGAGTACACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGAT CAARENE V)]

TCTGCGGAACCGGTGAGTACACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGATRAARENE Nk
[eZ

Gb
G

CCCGCTCAATGCCTGGAGATTTGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGT GT T GRENEZ OV NN
CCCGCTCAATGCCTGGAGATTTGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGTGT T GkNEz4))
CCCGCTCAATGCCTGGAGATTTGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGTGT T GE:l@zslv)}
CCCGCTCAATGCCTGGAGATTTGGGCHEGCCCCCGCAAGACTGCTAGCCGAGTAGT GT T GREN{Z &Nk
CCCGCTCAATGCCTGGAGATTTGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGTGTT Ge
CCCGCTCAATGCCTGGAGATTTGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGTGTT (el
CCCGCTCAATGCCTGGAGATTTGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGT GT T Ges

GGTCGCGAAAGGC( la (HOV-1)
GGTCGCGAAAGGC( 1a (H77)
GGTCGCGAAAGGCC

la (HOO)
18 la (HG-J1)
IEE GGT CGCGAAAGGCC &
18 fe3
IEE GG T CGCGAAAGGC( G

Figure 13. Phylogenetic tree(A) and multialignment(B) of hepatitis C
viruses from Jeju which are close to la subtypes based on RNA
sequences of 5°-UTR conserved region. Numbers on the scale bar
indicate the number of base substitutions.
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| 1b (FR21)

a | 1b (How-y)
G1

1.6

GGCGTTAGTATGAGTGTCGTIICAGCCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGT GGlLN{zs748
GGCGTTAGTATGAGTGTCGTGCAGCCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGT GGl ({z oV N)]
GGCGTTAGTATGAGTGTCGTGCAGCCTCCAGAEJCCCCCCCTCCCGGGAGAGCCATAGT GGJe
GGCGTTAGTATGAGTGTCGTGCAGCCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGT GGlel

TCTGCGGAACCGGTGAGTACACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGAT TAARLKEEEZN]
TCTGCGGAACCGGTGAGTACACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGAT TAARLN{ES oVZR)]
TCTGCGGAACCGGTGAGTACACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGAT[EAAKeS
TCTGCGGAACCGGTGAGTACACCGGAATT GCCAGGACGACCGGGTCCTTTCTTGGAT T AAKEN

CCCGCTCAATGCCTGGAGATTTGGGCGT GCCCCCGCGAGAJe GCTAGCCGAGTAGT GT T GRINRz27A)
CCCGCTCAATGCCTGGAGATTTGGGCGT GCCCCCGCGAGACI8GCTAGCCGAGTAGT GT T GRIRE o)
CCCGCTCAATGCCTGGAGATTTGGGCGT GCCCCCGCGAGACTGCTAGCCGAGTAGT GT T el
CCCGCTCAATGCCTGGAGATTTGGGCGT GCCCCCGCGAGACT GCTAGCCGAGTAGT GT T ofel
GGTCGCGAAAGGCQ 1b (FRR1)
GGTCGCGAAAGGCQ 1b (HOV-J)
GGTCGCGAAAGGCQ @

GGT CGCGAAAGGCQ a

Figure 14. Phylogenetic tree(A) and multialignment(B) of hepatitis
C viruses from Jeju which are close to 1b subtypes based on RNA
sequences of 5'-UTR conserved region. Numbers on the scale bar
indicate the number of base substitutions.
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| 22 (E-B9)
Gs
a 2a (HC-J6)
. G7
2a(K2A)

11

GGCGTTAGTATGAGTGTCGTACAGCCTCCAGGCCCCCCCCTCCCGGGAGAGCCATAGT GCJey
GGCGTTAGTATGAGTGTCGTACAGCCTCCAGGCCCCCCCCT CCCGGGAGAGCCATAGT GQJe:]
GGCGTTAGTATGAGT JECGTACAGCCT CCAGGCCCCCCCCT CCCGGGAGAGCCATAGT GAJed]
GGCGTTAGTATGAGTGTCGTACAGCCTCCAGGCCCCCCCCT CCCGGGAGAGCCATAGT GOpcN{=2:Y)]
GGCGTTAGTATGAGTGTCGTACAGCCTCCAGGCCCCCCCCT CCCGGGAGAGCCATAGT GOz el
GGCGTTAGTATGAGTGTJAT[€ECAGCCTCCAGGCCCCCCCCT CCCGGGAGAGCCATAGT GO/

TCTGCGGAACCGGTGAGTACACCGGAATTGCCGGGAAGACTGGGTCCTTTCTTGGATAAAKey
TCTGCGGAACCGGT GAGTACACCGGAATTGCCGGGAAGACTGGGTCCTTTCTTGGATAAAKE:]
TCTGCGGAACCGGTGAGTACACCGGAATTGCCGGGAAGACTGGGTCCTTTCTT GGATAAAKEY
TCTGCGGAACCGGTGAGTACACCGGAATTGCCGGGAAGACTGGGTCCTTTCTTGGATAAARENE=E:Y)]
TCTGCGGAACCGGT GAGTACACCGGAATTGCCGGGAAGACTGGGTCCTTTCTTGGATAAAp:N{z el
TCTGCGGAACCGGT GAGTACACCGGAATTGCCGGGAAGACT GGGTCCTTTCTTGGATAAApENEN]

CCCACTCTATGCCCGGTCATTTGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGCGTT ey
CCCACTCTATGCCCGHECATTTGGGCGT GCCCCCGCAAGACT GCTAGCCGAGTAGCGT T Jes]
CCCACTCTATGCCCGGTCATTTGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGCGTT el
CCCACTCTATGCCCGHECATTTGGGCGT GCCCCCGCAAGACTGCTAGCCGAGTAGCGT T GEN(=1:2)
CCCACTCTATGCCCGGTCATTTGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGCGT T (N &Nls)
CCCACTCTATGCCCGGTCATTTGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGCGT T el

GGTTGCGAAAGGC( G

BN GGT TGCGAAAGGC(Q e:)

18 &

BN GGT TGCGAAAGGC(Q 2a (EB9)
BN GGT TGCGAAAGGC(Q 2a (HG J6)
BN GGT TGCGAAAGGC( 2a (K2A)

Figure 15. Phylogenetic tree(A) and multialignment(B) of hepatitis
C viruses from Jeju which are close to 2a subtypes based on RNA
sequences of 5'-UTR conserved region. Numbers on the scale bar
indicate the number of base substitutions.
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DEB1)

a 2B

DHGH)
19

Il GCOGT TAGTATGAGIGT CGT ACAGCCT CCAGE0C00COOCT COCEEGAGAGCCATAGT ¢

il GOOGT TAGTATGAGT GTOGT ACAGCCT CCAGECO0COCOCT CCOCEGEAGAGCCATAGT G I (R EX S
sl GCCOGT TAGTATGAGT GTOGI€ CAGCCT CCAGGRO000000CT COCGECAGAGOCATAGT Gl (%2 30
N GOOGT TAGTATGAGTGT CGTACAGOCT CCAGE0COO0CCOCT COCEECAGAGCCATAGT G ()]

1] TCTGOGGAACCGGET GAGT ACACOGGAAT TACCGGAAAGACT GEGT CCT TTCT TGGATAAAe
18 TCTGOGGAACOGGT GAGTACACCCGAAT TACOCGAAAGACT GEGT CCT TTCT TGGATAA/R I (R BN S
[ TCTGOGGAACCGGT GAGT ACACOGGAAT TACCGE AAGACTGEGTCCTTTCTTGGATAA AR (.25

Figure 16. Phylogenetic tree(A) and multialignment(B) of hepatitis C
viruses from Jeju which are close to 2b subtypes based on RNA
sequences of 5°-UTR conserved region. Numbers on the scale bar

indicate the number of base substitutions.
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AF FRelA Uehbs HOV 186 Sebs FEES 471494 og A

91 E BAe Ay, G3, G4, GoE la¥el, 183 G17 G2E 1bFel &%
& & 4 AT (Figure 17). G49 Go& MEoE Adas F99&5 2ta 9
FAATE 7]Ee] HCV 1la®d ] o} HI0 % H77 Al F91¢F 247 558 &
F Ak whd, G3= Ghek 22 AF ¥-9Es zan dFel= B st 947
Mol HaHA A& dgs & AT HCV 28 &Hop= Ao=
FAEE G6, G7, G8, 123 2bPel Fabe Gool ujF AFEE AP
A3}, G6st GT2 & el A7IALelA Aot vegot Adaga Aryd

M= E-B9oZ UEvron G8E Haelll #97 EAgto 24 HC-J62
FE ATt (Figure 18). 71&9] HCV fFHAE I} £ =&oA #48 A5+
ANA detd 9788 HCV #42 #¢ d7IMES vl £4ste] B HCVE
- kg AVIMEY AolE uUEhES EAE #rF AT ol=A AA
R-

At o2 Abgst=  PCR-RFLP  WHeolu} PC

=

.

PCR-direct sequencing ol d&3alA 48 & 771 AS ASZ A,

ARHoRE - ATE T3t 3A, HCV 5'-UTR
Fa AFFHeA YEeEly= 971 groupe] HCV7ZE 47
2bd o2 YroldS vy

EA4, b} 2a o}F % 7H¢ 7H7bE HCV fxaP o] AFFRINA 7+ &
Al VERES Eeld 7 AT

AA, AFFaNA Yelds 22 HCV F22 dA47A A8 284 9A
NA AdE& 7HAAL & rHste] 54 HCVE &4 & 9
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1a G4{JHCV10) psa [k

GG TAGTATGAGT GT CGTACAGOCTOCAGGACCCOCCCT CCCGEGAGAGOCATAGT GET CTCC CEAACCEST GAGTACACCCBAATTGOCAGBACGAC

Bt

CGGGTCCT TTCTT GRATCAACCOGCT CAATGOCT GEAGA T TTGEECGT GECOCCACAAGACT GCT AGCCBAGTAGT GTTGEGTCGCGAAMGBECE 194

100

il
1a G3(JHCV24) ﬁﬁ'ci.
GACGITAGTATGAGT GT CGT GCAGOCT CCAGGAT CCCCCCTCCCGBGAGAGCCATAGT GGTCT GCGGAACCGEGET GAGTACACCGGAATTGCCAGGATGAC

pes pota  poa

COGGTCCT TTCTT GGATCAACCCGCT CAATGOCT GEAGATTTGEACGT GCCOCCACAAGACT GCT AGCCGAGTAGT GTTGGGT CGCGAAMMGBECC 94

100

1a GS5(JHCV48) [l
GGECGITAGTAT GAGT GT CGT GCAGOCT CCAGGACCCCCCCT CCCGEGAGAGCCATAGT GGTCT GCGGAACCEGT GAGTACACCGGAATTGCCAGGACGAC

pat pota il

CGGGTCCT TTCTT GRATAAACCCGCT CAATGOCT GEAGAT TTGEECGT GECOCCACAAGACT GCT AGCOBAGTAGT GTTGEGT CECEGAMGEC 194

1b G2(JHCV4) rvcvl
rl\ll:il

GGCGTTAGTAT GAGTGT CGT GCAGCCTCCAGGT COCCCCCTCOCGRGAGAGCCATAGT GGTCT GCGRAACCGGT GAGTACACCGGAATTGCCAGGACGAC

P pourfon

CGGGTCCT TTCTT GGAT CAACCCGCT CAATGCCT GGAGA T TTGGGCGT GCCOCCGCGAGACT GCT AGCCGAGTAGT GT TGGGT CGCGAAAGECC 14

100

100

1b G1(JHCVT) rﬁl"
GECGITAGTATGAGI GT CGT GCAGOCT CCAGGACCCCCCCTCCC GBGAGAGCCATAGT GGTCT GCGGAACCEGT GAGTACACCGGAATTGCCAGGACGAC

pai pou psur pit

CGGGTCCT TTCTT GGATT AACCCGCT CAAT GOCT GGAGA T TTGGE0GT GCCOCCGCGAGACT GCT AGCCGAGTAGT GTTGGGET CGOGAAA GECC 194

Figure 17. Comparative analysis of restriction enzyme maps of
hepatitis C viruses obtained from Jeju resident which are assumed
la or 1b subtypes.

The restriction sites for four enzymes, Bstul, Haelll, Ncil, and

Rsa 1, used for PCR-RFLP analyses were indicatded in the maps.
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2a GT(JHCV1) |A|’?"I’"

Rsal Haell fsal e
GOCGTTAGTATGAGT GT CGTACAGOCTOCAGEOC O000CCTOOCEERAGAGOCATAGT GETCTGOGRAACORGTGAGTACACOGBAATTGOOGEBAAGAC 1
e Haell
TGGGTCCT TTCTT GRATAAACOCACTCTATGOOCEST CAT T TGBE0GT GOOCOCECAAGACT GCT AGDCGAGTAGOGT TGAGTTGOGAMBEC 410,
2a GB(JHCV2) I&a ll-belll mhl le INa'I
GECGTTAGTATGAGT GT CGTACAGOCTCCAGE0CC000CCTO0CGBAGAGUCATAGT GGTCTADGGAACOTGT GAGTACACOGGARTTGOOBIGAAGAS
|NdI|I-be|II IHadII
TGBGTCCT TTCTT GGATAAACCCACT CTATGOCCGROCAT T TAGG0GT GOCOOCGCAAGACTGCT AGCOGAGTAGOGT TGGGT TGOGAMAGELC o,
2a G6(JHCVD) . rb J
e e
GaCGTTAGTATGAGT GOCGT ACAGOCTOCAGI0CO00CCCT00CGAGAGAGOCATAGT GGTCTACGRAOOTSTGAGTACACOBBAATTGO0BBBAGAC 1
,le Il-bdll
TGGGTCCT TTCTT GGATAAACCCACTCTATGO0CGIT CATTTGRA0GT GOOOOCGCAAGACT GLT AGOOGAGTAGOGT TGRGTTGOGMAGAC o,
2b GY(JHCV19 il
& ) Rsdl Haell Wm
GECGTTAGTATGAGT GT CGTACAGOCT CCAGROCO0COCCT! TAGTGGTCTACCEAMCOOGTGAGTACACOEBANTTACOGBAMEAS 4

|I-hdll

TGGGTCCT TTCTT GEATAAACCCACT CTATGTCCEGTCATTTASEOGT GOCOOCGCAAGACT ACT AGCOGAGTAGCGTTGEGTTGOGAMGIC 4104

Figure 18. Comparative analysis of restriction enzyme maps of
hepatitis C viruses obtained from Jeju residents which are assumed
2a or 2b subtypes.

The restriction sites for four enzymes, Bstul, Haelll, Ncil, and

Rsal, used for PCR-RFLP analyses were indicated in the maps.
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2 ¢

£ A= HCV RNAE S438he= o o] 71&9 RT-PCRES /A g
one-tube RT-PCRY S 9o]&33, °]&= enzyme linked immunosorbent
assay (ELISA)¥H ¥} Hlausle] Bkt F 81%o] ELISA HolA &4 o2
Ebwt ot one-tube RT-PCRYOIAE 547 (66.7%)°] 48 e,
33.3%¢] & 2dAES Bt

Polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP) ¥ o2 HCVY #FxdAdS ZAAst7] #sto, RT-PCR& &3l
Adojzl 5471 HCVe 5'UTR 9 cDNA 4F=S 4719 Algtas (BstU,
Haelll, Ncil, RsaD)E ©|&3sto] Awg A3 HCV ladeo] 56%, 1b3F o]
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