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Partial nucleotide sequences in the tentative NS5 region of the 
hepatitis C viral genome obtained from patients with chronic 
hepatitis in Thailand were analyzed by reverse transcription 
followed by the polymerase chain reaction. Of ten samples studied, 
four showed low homologies to any known type of HCV: the homologies 
of the nucleotide sequences of these clones with HCV-J, -US, -K2a 
and -K2b were 66.5-69.1%, 66.5-68.2%, 61.2-64.1% and 64.4-66.2%, 
respectively, and the homologies of their deduced amino acids 
sequences were 71.7-75.2%, 71.7-75.2%, 69.0-72.6% and 69.9-73.5%, 
respectively. These four clones were classified a new distinct type 
of HCV, named HCV-T. Moreover, the nucleotide and amino acid 
sequence homologies of the four HCV-T clones showed that the HCV-T 
type could be classified into two genotypes, HCV-Ta and HCV-Tb. a 199. 
Academrc Press, Inc. 

Hepatitis C virus(HCV) is a major causative agent of post- 

transfusion non-A non-B hepatitis(l,2). Recently nearly the complete 

genome of HCV was sequenced by three groups(3,4,5). 

* The nucleotide sequences of clones T-l, T-7, T-9 and T-10 will 
appear in the DDBJ, EMBL and GenBank Nucleotide Sequence Databases 
with the accession numbers D10078, D10079, D10080 and D10081, 
respectively. 
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Comparison of the sequence of HCV-J, the major isolate in Japan, 

with that of the US isolate HCV-US showed about 23% difference in 

nucleotide sequences and HCVs about 15% difference in amino acid 

sequences. Therefore, clones were classified into two different 

genotypes(3-6). Sequence diversity within the same type of HCV is 

less than 10%(7-10). Other types of HCV in Japan were demonstrated 

by two groups, who analyzed different regions of the HCV genome, the 

putative non-structural(NS) 5 region and NS3 region(ll-12). These 

types were termed HCV-K2 and HCV-GII. HCV-K2 was further classified 

into two subtypes, HCV-K2a and HCV-K2b. However, a molecular 

epidemiological study suggested that these two HCVs could be the 

same type and that HCV-GII could be further classified into two 

subtypes, HCV-GIIa and HCV-GIIb, which are equivalent to HCV-K2a and 

HCV-K2b, respectively(l3). In fact, recently nucleotide sequence of 

an HCV genome that has high homology to both HCV-K2 and HCV-GII was 

reported(14). 

To obtain information on the distribution of genotypes of HCV 

outside Japan, especially in Southeastern Asia, we analyzed 

nucleotide sequences in the putative NS5 region using the RT-PCR 

with genotype specific primers. In this way, we detected several 

isolates of a distinct type of HCV differing from known genotypes 

such as HCV-J, -US, -K2a and -K2b. Furthermore, two distinct 

genotypes of this new type of HCV could be distinguished. 

MATERIALS AND METHODS 

Samples. Plasma samples were obtained from patients in Thailand 
with chronic non-A, non-B hepatitis. All patients had antibody for 
C-100(2). 

Svnthetic oliaonucleotides. Oligonucleotide primers for the PCR 
were synthesized in an Applied Biosystems, model 380A(CA, U.S.A.). 
The sequences of primers 166 and 167R which were used for the first 
PCR, correspond to positions nt8230 to 8260 and the complementary 
sequence to nt8601 to 8630 of HCV-J, respectively(3). The sequences 
of these primers are well conserved in HCV-J and HCV-US. Primers in 
the second PCRs for detection of HCV-J, -US and -K2 were 192, 194 
and 151 as sense primers, and 193R, 195R and 153R as antisense 
primers. These primers were designed from the data of Enomoto et 
al.(ll), and all their sequences except those of 192 and 193R are 
described elsewhere(l3). The sequences of 192 and 193R were 
5'-TGACATCCGTGTTGAGGAGT -3', and 5'-CAGGCCGCAGAGGCCTTCAA-3', 
respectively. 
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RT-nested PCR. RNA was extracted from 0.2ml of plasma as 

described(6) and was dissolved in 20 pL1 of distilled water. A sample 

of 2 pl of the RNA solution was used for cDNA synthesis followed by 
the nested PCR as described previously(7,15) using the genotype 
specific primers described above. The first PCR was carried out for 
35 cycles of steps for 1 min. at 94 'C, 1 min. at 40 'C and 1 min. 
at 72 "C. Then using one fiftieth of the first PCR product, the 
second PCR was performed for 35 cycles of steps for 1 min. at 94 "C, 
45 sec. at 55 "C and 1 min. at 72 'C. The amplified products were 
separated by electophoresis in 3% agarose gel and were detected by 
ethidium bromide staining. 

Cloninq and seauencina of PCR oroducts. Products that were 
amplified by the PCR with the specific primer for HCV-US were cloned 
into the pTZ18U or pTZ19R plasmid vector as described(6,7). To 
reduce the possibility of misreading by Thermus aquaticus 
polymerase, we isolated three clones and determined their nucleotide 
sequences by the dideoxy-nucleotide chain-termination method(DNA 
sequencing kit, USB Corp., OH.) 

RESULTS 

To determine the distribution of HCV genotypes in Thailand, we 

carried out the RT-nested PCR with the genotype specific primers for 

HCV-J, -US or -K2 using RNA samples from the sera of patients with 

hepatitis who were positive for anti-C-100 antibody. We found that 5 

of 10 RNA samples were amplified by the PCR only with genotype 

specific primers for HCV-US. However, three of these were 

infrequently amplified. The efficiency of amplification of these 

three samples was increased when a second PCR was performed by 

shifting the annealing temperature from 55 'C to 40 'C. These 

results suggested that the HCV genomes in these three specimens have 

somewhat different sequences from those of the US genotype specific 

primers. Five amplified DNA fragments were subcloned into plasmid 

vector and their nucleotide sequences were determined. These 

sequence data revealed that one clone had the US genotype, whereas 

the other four clones seemed to belong to a distinct type differing 

from HCV-J, -US or -K2. 

The region of the amplification by the second PCR was further 

extended by using the same primers as in the first PCR. The 

amplified products(40lbp) were then subcloned and their nucleotide 

sequences were determined. The nucleotide sequences of the internal 

340bp of the 401 bp and the deduced amino acid sequences of these 
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TABLE I. Homologies of nucleotide sequences in the NS5 region of HCV 

T-7 T-9 T-10 J us K2a K2b 

T-l 94.4 78.8 79.7 66.5 66.5 61.5 64.4 

T-7 79.4 80.3 67.4 66.5 61.2 64.4 

T-9 98.5 69.1 68.2 64.1 65.6 

T-10 69.1 67.9 64.1 66.2 

J 80.9 65.6 67.1 

us 67.4 66.8 

K2b 82.4 

The 340 base pairs of nucleotide sequences in the NS5 region that 
were utilized for comparison are shown in Fig. 1. 
Percentage homology is shown. 

four new clones, designated as T-l, -7,-g and -10, are shown in Fig. 

1A and lB, respectively. Sequence analyses revealed that the 

nucleotide sequence homologies between these clones and HCV-J, -US, 

-K2a and -K2b were 66.5-69.1%, 66.5-68.28, 61.2-64.1% and 64.4- 

66.2%, respectively (Table I), and that the deduced amino acid 

sequence homologies between these clones and HCV-J, -US, -K2a and 

-K2b were 71.7-75.2%, 71.7-75.2%, 69.0-72.6% and 69.9-73.5%, 

respectively(Table II). Comparison of the amino acid sequences of 

TABLE II.Homologies of deduced amino acid sequences in the 
NS5 region of HCV 

T-7 T-9 T-10 J us K2a K2b 

T-l 95.6 85.0 85.8 71.7 71.7 69.9 69.9 

T-7 86.7 87.6 71.7 71.7 69.0 69.9 

T-9 99.1 75.2 75.2 72.6 73.5 

T-10 75.2 75.2 72.6 73.5 

J 87.6 73.5 75.2 

us 70.8 74.3 

K2a 88.5 

The sequences of 113 amino acids in the NS5 region that are utilized 
for comparison were shown in Fig. 1. 
Percentage homology is shown. 
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these clones with those of HCV-J, -US, -K2a and -K2b, showed that 9 

of 113 amino acids were specific to these clones (T-l, -7, -9, -10) 

(Fig. 1B). Analysis of nucleotide sequence diversity indicates that 

the sequence diversity of NS5 represents that of the whole genome 

(10, 14). The nucleotide sequence homology between the HCV-J and 

HCV-US genomes is about 80%, and these genomes are considered to be 

different genotypes(lO). Therefore, these four clones of HCV were 

classified as a new type of HCV, designated as HCV-T. Furthermore, 

HCV-T could be classified into at least two genotypes (HCV-Ta for 

the T-l and T-l clones, and HCV-Tb for the T-9 and T-10 clones), 

because HCV-Ta and -Tb showed about 20% difference in nucleotide 

sequences, which is about the same as the difference between the 

sequences of HCV-J and HCV-US. Genotype specific amino acid 

sequences were found in HCV-Ta and -Tb(Fig. 1B). 

DISCUSSION 

In this study we have detected a new type of HCV(HCV-T) in 

patients with hepatitis in Thailand. Furthermore, we found that this 

HCV-T could be distinguished into two genotypes, HCV-Ta and HCV-Tb. 

According to the nucleotide sequence diversities in the NS5 region 

of HCV, the phylogenic relationship between the various types of HCV 

could be shown in Fig. 2. Probably, a common ancestor evolved into 

the ancestors of HCV-J/-US, HCV-K2 and HCV-T, and these then evolved 

into the present HCVs. 

Recently, Houghton et al. proposed the classification of known 

genotypes of HCV into three basic groups; group I as HCV-US, group 

II as HCV-J and group III as HCV-K2(16). But this classification 

seems inappropriate, because group III includes two genotypes, HCV- 

Figure 1. The Nucleotide sequences of cDNAs(A) and deduced amino 
acid sequences(B) of amplified regions of the respective types of 
HCV. The sequences of HCV-J, HCV-US and HCV-K2 are cited from Kato 
et al. (3), Choo et al.(4) and Enomoto et al.(ll), respectively. 
The first nucleotide of HCV-J corresponds to nucleotide position 
8273 in the sequence of Kato et al.(3), that of HCV-US corresponds 
to nucleotide position 7935 in the sequence of Choo et al.(4), and 
that of HCV-K2 corresponds to nucleotide position 1 in the sequence 
of Enomoto et al.(ll). Amino acid sequences are indicated by the 
single letter code. +, specific amino acid for both HCV-Ta and -Tb; 
A, specific amino acid for HCV-Ta only; v, specific amino acid for 
HCV-Tb only. 
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A 
T-l 
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T-10 
J 
us 
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K2b 

T-l 
T-7 
T-9 
T-10 
J 
us 
K2a 
K2b 

T-l 
T-7 
T-9 
T-10 
J 
US 
K2a 
K2b 

T-l 
T-7 
T-9 
T-10 
J 
US 
K2a 
K2b 

T-l 
T-7 
T-9 
T-10 
J 
US 
K2a 
K2b 

B 10 20 30 40 50 60 
T-l STVTEQDIRVEEEIYQCCNLEPEARRVlSSLTERLYCGGPMFNSKGAQCGYRRCRASGVL 
T-7 -------------------------K---------------Y----V------------- 

T-9 -----H---T--------D------KA--A--A------~----y----L------------- 

T-10 ---------T--------D------KA--A--A------~----~----L------------- 

J -----N---T--S-----D-A----QA-R----------LT----QN------------ 

us -----S---T--A-----D-D-Q--VA-K--VA-K-------V---LT--R-~N------------ 

K&l -----R---T--S--RA-S-p~-------V--------V---------QT------------ 

K2b -----R---T--S---A-S-PQ---TA-H---TA-~-------V----T----*S-----------F 

. . . ..* . l v . . . 

. . 

70 80 90 100 110 
PTSFGNTITCYIKATAAAKGLRNPDFLVCGDDLWVAESDGVDED~LRA 
------------------R-----------------------------T---- 
-----------------SR----KD-S-----------S--C--~-------- 
----------------- SR----KD-S-----------S--C--E-------- 
T--C---L---L-----CR--K-QDCT~--N------~C--A-TQ--A----- 

T--C---L------R--CR----QDCT~-------IC--A--Q--A-S--- 

T--M-------V--L--CQ---IVA-SM-----------~S--Q-Ts--~RN--- 
T--M---M------L--CQ---IVD-IM-----------~S--~-N~--ERN--- 
l . . *r( . . l . . . l 

r . . 

T-l 
T-7 
T-9 
T-10 

US 
K2a 
K2b 

10 20 30 40 50 60 70 
CTCAACTGTCACTGAACAGGACATCAGGGTGGAAGAGGAGATATACCAATGCTGTAACCTTGAACCGGAG 
---------------------------------------------------T-----T-----G------ 
---T--------------T---------AC---G---------------------G-------G--A--- 
---T------------------------ACA--G---------------------G-------G--A--- 
------G--------GA-T------C-TACT--G--ATCA--T--------T---G--T-G-CC--C--A 
---C--A--------GAGC------C-TAC---G----CA--C--------T---G----C--C--CC-A 
------C--------GAGA--------AACT--G---TCC-----G-GC--G-GC---CTC---GCCTGA---- 
------C--------GAG------A--AACA-----ATCC---T--T--GGCT---TC---GCCT-A---- 

80 90 100 110 120 130 140 
GCCAGGAGAGTGATCTCCTCCCTCACGGAGCGGCTTTACTGCGGGGGCCCTATGTTCAACAGCAAGGGGG 
-------A------------------------------------A----------A-------------- 
--TC---AG-C----AG-G-T-----A--------G---AT---A--T--C----A------T------C 
--TC---AG-C----AG-G-T-----A--------G---AT---A--T--C----A------T------C 
------CAG-CC--AAGG--G---A--A-----------TGT------T--CC--ACT--TTCG------C 
---C-CGTG-CC---AAG--------C---A-------TGTT---------C-TAC---TTCA-G----- 
--TCAC-TT-CC--ACA---G--G--T---A----C---GTG--A--G--C-----------------CC 
--T--A-CT-CT--ACA---G---T--T---A-A--C---GTA--A--G--C---ACA-----------AC 

150 160 170 180 190 200 210 
CCCAATGTGGTTATCGCCGGTGCCGTGCCAGTGGAGTCCTGCCTACCAGCTTCGGCAACACAATCACTTG 
T---G--------------C-----------------------------------------G-------- 
T---G--C--C--------C-----C---C--C--C---T-------------------T-----A--C-- 
T---G--C--C--------C-----c---C--C--c---T-------------------T-----A--C-- 
AGA-C--C-----------------C--A--G---C--G---A-G--T----G---------CC----A-- 
AGA-C--C--C------A-------C--G--C--C--A---A-A--T----GT--T-----CC------- 
AGACC--C--G--CA-G--T-----C---C--C--G--G--CA-C--T---A-G--G-----C-----A-- 
AATCC--C-----CA-G--T-----C---C--C--G---T-CA-C------A-G--G--T--C--G--A-- 

220 230 240 250 260 270 280 
TTACATCAAGGCCACAGCGGCTGCGAAGGCCGCAGGCCTCCGG~CCCGGACTTTCTTGTCTGCGGAGAT 
------------------------A-G------------------------------------------C 
---------------T--A--CAGC-G---T--G--T----G----ATCT--C--------------C 
---------------T-----CAGC-G---T--G--T----G----ATC---C--------------C 
----T-G--------T-----CTGTCGA--T---~G----A-G--TGCACGA-G--C--G~------C 
C------------CGG--A--CTGTCGA--------G----A-G--TGCAC-A-G--C--G--T--C--C 
C--TG-A--A---CT-------TGCC----T-----GA-AGTTGCA--CTCAA-G--G--A-----C--C 
C--------A---CTT--A--GTGCC-A--T-----GA--GT-G----TAT-A-G--G--G--T-----C 

290 300 310 320 330 340 

GATCTGGTCGTAGTGGCTGAGAGCGATGGCGTCGATGAGGATAGAGCAGCCCTGAGAGCC 
-----------G-----------T---------C--C--------GA-G------------ 
---T----G--T--AT----A---TGC--------G-----C--------T---C----- 
---T----G--T---T----A---TGC--------G-----C--------T---C----- 
--C--T-----TA-CTG------T-CG--------- 
--CT-A-----TA-CTG---A--CG--CG-------------- 
--CT-A--T--CA-CT-A--A---C-G--GACT--G-----CGAGCGG~---------T 
--C--------CA-CT-G--------A--TAA---G-----CGAGCG-AA---------T 
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modified 
classification 

description of each isolate 

us HCV-I (HCV-II, HCV-IH. HCV-IJI) 

85.88% 

f 

1 

J HCV-II (HCV-IIJ, HCV-IIBK, HCV-IIJT) 

72-75% 70-75% 

\ 
K2a HCV-III (HCV-IIIK~~, HCV-111~11, HCV-111~6) 

1-1 

3 
80.90% 

K2b HCV-IV (HCV-IVKzb) 

69-74% 

I 

Ta HCV-V ( HCV-VT~) 
85-88% 

Tb HCV-VI (t-icv-Vhb) 

Fiqure 2. Proposed phylogenic tree and classification of HCV. 
Values indicate percentage homologies between each type and each 
genotype. Roman numerals on the right of each genotype are those in 
a modified classification of HCV. 

K2a and K2b. Therefore, we propose the following modified 

classification of HCV that is more adequate: HCV-I as HCV-US, HCV-II 

as HCV-J, HCV-III as HCV-K2a, HCV-IV as K2b, HCV-V as HCV-Ta and 

HCV-VI as HCV-Tb(Fig. 2). Furthermore we consider that different 

types of isolates should be indicated by a suffix; e.g.) HCV-IIJ for 

the previous HCV-J and HCV-11 for the previous HCV-1. 

With regard to the distribution of HCV in Japan, we have reported 

that the prevalence of HCV-I, -11 and [-III + -IV] are 3%, 84% and 

29%, respectively(l3), and Nakao et al. reported that those of -1, 

-11, -111 and -IV are 2%, 74%, 16% and 8%, respectively(l7). From 

these data, HCV-II is considered to be the dominant genotype in 

Japan(71, On the other hand, HCV-I may be the representative 

genotype in the US(8). A German group reported that European 

isolates of HCV were closely related to the prototype HCV(HCV-I) 

(18). In France, a genotype closely related HCV-I was found as a 

major, or even predominant genotype(l9). In Italy, Pozzato et al. 

found at least two HCV types(HCV-II and an other unknown type) (20). 

HCV-V, and -VI has been detected only in Thailand, but its worldwide 

distribution should be examined. 
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