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Abstract

Genetic variation of hepatitis C virus was assessed. We prepared RNA fractions from 21 pa-
tients’ sera which were positive for hepatitis C virus RNA, synthesized their cDNAs, and amplified
fragments, 406 base pairs, encoding a putative core protein, by polymerase chain reaction. One of
them, N 15, was cloned and sequenced. N 15 showed 92.4% homology at the nucleotide level and
97.0% homology at the amino acid level compared with HC-J 1 which is the first isolated clone in
Japan and similar to that isolated in USA. By restriction fragment length polymorphisms analysis,
14 out of 21 patients (66.7%) showed the same pattern as N 15. No patients showed the pattern
of HC-J 1. We could not find a correlation between the genetic variation and clinical features of
hepatitis C virus infection. These results indicate that the region, which encodes the core protein
and is believed to be relatively conserved in hepatitis C virus genome, has several variations at the
nucleotide level, and the major part of hepatitis C virus in Okayama district is different from HC-J
1 and the USA clone.
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Genetic Variation of Putative Core Gene in Hepatitis C Virus

Kozo Fujio*, Hiroyuki Shimomura and Takao Tsuji

First Department of Internal Medicine, Okayama University Medical School,

Okayama 700, Japan

Genetic variation of hepatitis C virus was assessed. We prepared RNA fractions
from 21 patients’ sera which were positive for hepatitis C virus RN A, synthesized their
cDNAs, and amplified fragments, 406 base pairs, encoding a putative core protein, by
polymerase chain reaction. One of them, N 15, was cloned and sequenced. N 15 showed
92.4 % homology at the nucleotide level and 97.0 % homology at the amino acid level
compared with HC-J 1 which is the first isolated clone in Japan and similar to that
isolated in USA. By restriction fragment length polymorphisms analysis, 14 out of 21
patients (66.7 % ) showed the same pattern as N 15. No patients showed the pattern of
HC-J 1. We could not find a correlation between the genetic variation and clinical
features of hepatitis C virus infection. These results indicate that the region, which
encodes the core protein and is believed to be relatively conserved in hepatitis C virus
genome, has several variations at the nucleotide level, and the major part of hepatitis

C virus in Okayama district is different from HC-J 1 and the USA clone.
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Blood-borne non-A, non-B hepatitis
(NANBH) agents have been unidentified for a
long time (1). Recently cDNA fragments encod-
ing a specific peptide for NANBH were obtained
by immunoscreening of a cDNA library derived
from the NANBH infected plasma (2-4). The
putative virus from which the cDNAs derived
was termed hepatitis C virus (HCV). Its nu-
cleotide sequence was determined to be a positive
strand RNA genome.

Epidemiological studies of antibody to the
HCV recombinant peptide revealed that HCV
was a prime agent responsible for NANBH (5).
It has been pointed out that the present antibody
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assay system has a limitation in its sensitivity and
specificity to detect HCV infection (6). HCV
genome is scarcely detected with conventional
techniques of molecular biology. However, it can
be detected specifically and effectively by reverse
transcription followed by polymerase chain reac-
tion (PCR)(7). The comparison of obtained
nucleotide sequences revealed variation in HCV
(8-11). However, sequence analysis of variants is
cumbersome and time-consuming (12). Restric-
tion fragment length polymorphisms (RFLP)
analysis has been recently developed to determine
genomic change easily and rapidly (13). Using the
combination of PCR and RFLP, we evaluated
variations in the region encoding putative core
protein, which is believed to be relatively conser-
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ved in HCV. We also investigated the correlation
between the variations of HCV RNA and clinical
feature of HCV disease.

Materials and Methods

Materials. All chemicals were reagent-grade and
purchased from Wako Pure Chemical Ind., Litd. (Osaka,
Japan) unless otherwise indicated. All manipulations
were done under RNase-free condition, using equipment
specified for only RNA experitments.

Table 1 shows the clinical data of 21 patients whose
sera were positive for HCV RNA by PCR. Twenty-two
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serum samples were obtained from them. Twenty of
them were positive for antibody to HCV by determination
using the commercial assay kit (Orthe Diagnostic Sys-
tem, Tokyo, Japan). Case 5 lived in Shiga Prefecture,
cases 8 and 19 lived in Hiroshima Prefecture, and the rest
lived in Okayama Prefecture.

Reverse transcription and PCR. RNA was extracted
by an acid guanidinium thiocyanate-phencl-chloroform
method from polyethylen glycol precipitates of sera (14,
15). Briefly, 400 u1 serum was precipitated with 40 ] of
44 9% polyethylen glycol at 4°C for 2 h. After centrifuga-
tion at 14000 X g for 20 min at 4°C, the pellet was
dissolved in 500 1 solution (solution D) containing 4 M
guanidinium thiocyanate, 25 mM sodium citrate (pH 7.0),
05% (w/v) sodium lauroylsarcosine, and 0.1 M 2-

Table 1 Clinical data of the patients and the results of RFLP

Case Age/Sex dg;’:gjs BT/FH C 100 Aﬁgf*gf ?;ff s
1 58/M CH —/— + 72/ 90 K1 M1
2 58/M CH —-/— + 105/125 K1 M1
3 62/F CH —/- + 59/ 70 K1 M1
4 62/F CH -/= - 73/ 56 K1 M1
5 50/F CH +/— + 178/191 K1 M1
6 59/F CH +/+ + 26/ 24 K1 M1
7 49/M CH /= + 35/ 61 K1 M1
8 64/F LC —/— + 44/ 51 K1 M1
9 50/M LC —/+ + 70/ 92 K1 M1
10 52/M LC -/—= + 117/ 74 K1 M1
11 61/M LC +/— + 59/ 69 K1 M1
12 72/M LC —/— + 71/ 37 K1 M1
13 73/F LC® —/= + 78/140 K1 M1
14 71/M LCh +/+ + 76/ 76 K1 M1
15 60/M AH +/— - 67/138 K1 M4
16 54/F CH —/+ + 20/ 19 K1 M 4
172 56/M CH —/+ + 33/ 36 K2 M4
+ 22/ 19 K2 M4

18 31/F CH —/— + 35/ 65 K2 M4
19 59/F LC e + 133/143 K1 M 4
20 56/M LC° +/— + 69/ 46 K1 M4
21 75/M LCP —/= + 93/ 60 K2 M1

BT: Blood transfusion history; Family history of liver disease; C 100: anti-C 100 antibody; AST: Aspartate aminotransferase; ALT:
Alanine aminotransferase 3 AH: Acute hepatitis; CH: Chronic hepatitis; LC: Liver cirrhosis; K 1, K 2, M 1, M4: see legend to Fig. 3.

a: Paired sera at twenty months’ interval.
b: Liver cirrhosis with hepatocollular carcinoma.

http://escholarship.lib.okayamaru.ac.jp/amo/vol 45/iss4/6



Fujio et al.: Genetic variation of putative core gene in hepatitis C virus.

Variation of Hepatitis C Virus

mercaptoethanol. Fifty 1 2 M sodium acetate (pH 4. 0),
500 ] water-saturated phenol, and 1004l chloroform:
isoamyl alcohol (49:1) were mixed sequentially. The
solution was incubated at 4°C for 20 min and centrifuged
at 14000 X g for 10 min at 4°C. The aqueous phase was
removed, re-extracted with phenol-chloroform, and
precipitated with equal volume of isopropanol at — 20°C
overnight. After centrifugation at 14000 X g for 20 min
at 4°C, the pellet was dissolved in 100 1 solution D, and
re-precipitated with ethanol. The ethanol precipitation
was repeated after dissolving in 50 #1 of 10 mM Tris-HCl
(pH 8.0) and 1 mM ethylene diamine tetraacetate
(EDTA). Finally RNA was washed in 70 % ethanol,
air-dried, and dissolved in 5.3 u1 distilled water.

Two microliters of RNA was reverse-transcribed in a
total 10 xl PCR buffer including 1. 04M anti-sense
primer (C3), 4 u RNasin (Promega Biotec, Wisconsin,
USA), and 2.5 u Molony murine leukemia virus reverse
transcriptase (New England Biolabs, Massachusetts,
USA). The PCR was carried out in 201 PCR buffer
(GeneAmp® PCR reagent kit, Perkin-Elmer Cetus,
Connecticut, USA) containing 0.5 M primers, 0. 1 mM
deoxynucleotide triphosphates, and 0. 5 u Taq DNA
polymerase on a DNA Thermal Cycler (Perkin-Elmer
Cetus) for 35 cycles. Thermal conditions were primer
annealing for 1 min at 45°C, extension for 1 min at 72°C,
and denaturation for 1 min at 94°C. To obtain enough
products for analysis, 2ul of PCR products were re-
amplified in 20«1 PCR buffer for additional 20 cycles.
Thermal conditions for annealing, extension, and denatur-
ation were 55°C, 72°C, and 95°C, respectively. The sense
primer was C 1 (5-GAATTCCCCAAACCTCAAAG-
AAA-3) at position 337-353, and the anti-sense primer
was C 3 (5-GAATTCGAGCGGTATGTACCCCAT-
3') at position 724-742. These primers were constructed
according to the sequence of HC-J 1 (8), added Eco Rl
site at their 5termini, and synthesized (Applied Biosys-
tems Japan, Tokyo, Japan) following the manufacture’s
instructions.

Cloning and sequencing of pHSN 15. The ¢cDNA
synthesized from case 7 was treated with T 4 polynu-
cleotide kinase (Takara Biochemicals, Kyoto, Japan),
purified by electroelution from an agarose gel, and insert-
ed by blunt-end ligation into Sma I site of pGEM-7 Zf
(+ )(Promega). Two clones with both directions (pHSN
15) were obtained after transformation of E. coli strain
with XL 1-Blue. Single strand DNAs obtained by using
helper phage, M 13 KO 7 (Takara), were sequenced by
dideoxy chain termination method (16).

RFLP analysis. Five microliters of PCR products
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were digested with restriction enzymes Kpn I (10 u) or
Msp 1 (8 u)(Takara) for 3 h at 37°C. The digests were
electrophoresed through an agarose gel of 3 % NuSieve
and 1% SeaKem® (FMC Bio-Products, Maryland,
USA) in 40 mM Tris acetate, and visualized by staining
with 1uxg/ml ethidum bromide. To make sure the
specificity of the gene amplification and to detect small
amounts of cDNA fragment bands, Southern blot analy-
sis was performed. After denaturation in 1.5 M NaCl and
0.5 M NaOH, the DNA were transferred to Biodyne® A
membranes (Pall BioSupport, New York, USA) with 1
M ammonium acetate and 20 mM NaOH (17, 18). The
membranes were incubated at 60°C in 50 % deionized
formamide, 5 X Denhardt’s solution, 5 X SSPE (150
mM NaCl, 10 mM NaH,PO,, 1 mM EDTA), 1% (w/
v) sodium dodecyl sulfate (SDS), 0.2 mg/ml salmon
sperm DNA, 0.2 mg/ml yeast total RNA, and 1.0 X 107
dpm/ml **P-labeled anti-sense RNA probe. The mem-
branes were washed 4 times at 60°C for 15 min in 1 X
SSPE/0.5 % SDS, once at 60°C for 50 min in 0.1 X
SSPE/0.5 % SDS, incubated at 37°C for 15 min in 1
1g/ml RNase A, washed at 60°C for 15 min in 1X
SSPE/0.1% SDS, and exposed to Kodak X-Omat AR
film for 2 h at room temperature with intensifying screen.
RFLP analysis was performed twice in all samples.

32P_abeled anti-sense RNA probe was produced with
T7 RNA polymerase (Takara) and Hind Il linearized
pHSN 15, and had a specific activity of 8.0 X 10° dpm/
uE.

The correlation between RFLP results and clinical
feature. We divided patients into two groups. The
patients of the same RFLP results with N 15 were in a
group and the others were gathered together. We
compared the two groups in diagnosis, age, sex, native
place, and transaminase levels.

Results

The ¢cDNA products by the PCR method had
417 base pairs (bp)(Figs. 1, 2). It was exactly the
same size as predicted from the originally report-
ed sequence. The ¢cDNA synthesized from case
7 was cloned as N 15 and sequenced. Fig. 1
showed N 15 and other published sequences
corresponding to N 15 (9, 10). N 15 had 29 base
substitutions which lead to only four deduced
amino acid differences from HC-J 1. All muta-
tions among N 15, HC-J 1, HC-J 4, and Take-
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CAACCTATCCCCAAG CGCCGACCCGAGGGCAGG T66GCTCAGCLCOGGTACCCT
IO SRIPPPPRIY xE RREREREE X apewes o
TGGCCCCTCTATGGCAATGAGGGTGGGTGGGCAGGATGGCTCCTGTCACCCCGTGGC
....................... CTGCH v v vrre e T
P e IO Cove
e e c ............................. ¢
TC&,Q,G,G,CCTAGTTGGGGCCCCACCGACCCMCGTAGGTCGCGTAATCTGGGTAAGGTC
............................. WCT
SR T PIPIPNPIS TR RN LSRRI

4

ATCGATACCCTCACATGCGGCTTCGCCGACCTCATGGGGTACATACCGCTCGAATTQ
........... TR EETEEERTETTRTES PRRRRRRRERES FE) KRR
........... R R LR A R RRETEERS ERREREE

Fig. 1 Sequences of HCVeDNA, encoding a putative core protein, synthesized from RNA extracted from HCV infected serum.

(1): N 15 which is isolated from human serum by PCR in our study; (2) and (3):HC-J 1 and HC-J 4 which reported by Okamoto
et al., respectively (9); (4] : clone which reported by Takeuchi et al. (10). Arrow corresponds to nucleotide 337 in HC-J 1. Double
underlines indicate PCR primers. Wavy underlines indicate Msp I sites, and single underline indicates Kpn 1 site. Boxed codons indicate
the difference from N 15 at amino acid level.

uchi’s clone were base substitutions, and no inser-

tion, duplication, and deletion were found. Table Table2  Homology of nucleotide and amino acid sequences.

2 shows homology of the nucleotide and deduced Nucletide (amino acid) homology percentage

amino acid sequences among them. Although the HCJ 1 Hed 4 Takeuchi's dlone

primers were derived from HC-J 1, N 15 had the .

highest homology with HC-J4. N 15, HC-J4and 3oy, 77 Ghem 2 78)
HC-J 4 - — 95.6 (97.0)

Takeuchi’s clone were similar each other compar-
ed with HC-J1. But amino acid sequences were

http://escholarship.lib.okayama-u.ac.jp/amo/vol 45/is4/6

See legend to Fig. 1.
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Fig. 2 RFLP analysis of HCVcDNA amplified by PCR. RNA extracted from serum was reverse-transcribed and the cDNA was
amplified by PCR for 35 cycles. After additional 20 cycles of PCR, ¢DNA was digested with Kpn I or Msp I and electrophoresed
through an agarose gel of 3% NuSieve and 1% SeaKem. After ethidium bromide staining, the DNA bands were photographed and
transferred to filters, hybridized with **P-labeled anti-sense RNA probe, and autoradiographed for 2 h. The left panels is ethidum bromide
staining and the right panel is autoradiogram. M: Hae IIl digested pBR322 as molecular weight marker, their length are shown on the
left; P: PCR amplified cDNA; K 1 and K 2: Kpn T -digested cDNA from case 7 and case 17, respectively; M 1 and M 4: Msp 1 -digested

¢DNA from case 7 and case 17, respectively.

K1

K2

| — Ha17

Fragment size(bp)

417

237

180

M1|M2 M3|M4
1

163 = ——

137 =

100-

73

138
125

- 87

Fig. 3 Predicted schema of restriction fragment length polymorphisms on 4 % agarose gel. N 15 and HC-J 4 show K 1 and M 1.
HC.J 1 shows K 1 and M 2. Takeuchi’s clone shows K 2 and M 3. Case 17 shows K 2 and M 4. P:PCR product from serum of
HCV infected patients; K : Kpn I -digested PCR product; M: Msp I -digested PCR product.
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conserved in these four clones.

To examine the reproducibility of PCR and
RFLP analysis, serum from case 8 was divided
into two parts and analyzed separately. The
identical results were obtained. Duplicate RFT.P
analyses brought identical results in all samples
(data not shown). Table 1 shows RFLP results
of all sera and Fig. 2 represents typical RFLP
results. Paired sera at different periods of time
from case 17 showed the same results. The
DNA bands analyzed by RFLP of most cases
could be visualized with ethidium bromide stain-
ing, but six cases required Southern blot hybridi-
zation analysis. The ¢cDNA fragments less than
60 bp were too small to be detected, as they were
interfered by primer dimer on the gel. Fig. 3
shows the predicted RFLP results by Kpn 1 or
Msp 1 digestion: N 15 and HC-J 4 are corre-
sponding to K 1 and M 1; HC-J 1, K 1 and M2;
Takeuchi’s clone, K 2 and M 3. While the
c¢DNAs from 18 out of 21 patients were digested
with Kpn I into two fragments, 237 and 180 bp
as K 1, the rest were not cleaved and categorized
as K 2. Those from 15 patients (71.4 % ) were
digested with Msp I into four fragments, 163, 87,
73, and 67 bp long as M 1. There must be,
theoretically, another 27 bp band but too small to
be observed on this gel. The rest were digested
into four fragments as M 4. Samples showing M
2 and M 3 patterns were not observed. Clones
belonging to K 1 and M 1 were dominant and
recognized in 14 out of 21 patients (66.7 % ).

RFLP results had no correlations with clinical
data including diagnosis, age, sex, native place,
and transaminase levels.

Discussion

The PCR amplified structural region encoding
a putative core protein contained 44 point muta-
tions, but there were only six amino acid altera-
tions among N 15, HC-J 1, HCJ 4, and Takeuch?’
s clone. These results could not be explained by
nucleotide misincorporations of Taqg DNA

http://escholarship.lib.okayama-u.ac.jp/amo/vol 45/is4/6
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polymerase, because most of mutations conserved
amino acid sequence. The same phenomenon, i.e.,
a higher rate of the point mutation without amino
acid change, was previously reported in the
non-structural region of HCV by Kubo et al.
(8). As amino acids were substituted with those
physicochemically unrelated among their clones,
the observed changes may induce the biological
behavior of HCV.

Several clones of HCV with different nu-
cleotide sequence may exist in the same patients
at the same time. In such cases, sequence
analysis could not reflect a dominant HCV clone.
REFLP analysis of PCR products will reveal
genetic variations of a dominant population of
HCYV clones in a sample, if mutations occur at the
recognition sequence of restriction enzymes.
Although RFLP analysis can not decide the
whole sequence of HCV, we can theoretically
recognize 20 point mutations in N 15 with restric-
tion enzymes Kpn I and Msp I, and recognize
other 36 point mutations occurring in the primers.
Altogether 14 % of N 15 can be covered with our
analysis. We can thus use RFLP analysis to
evaluate a certain genetic variation, and the sim-
plicity of RFLP allows us to analyze many
samples as was previously done with dengue type
2 virus (20).

In RFLP analysis, we observed an M 4
pattern which has not been previously reported.
One possible explanation for this pattern is that
Takeuchi’s clone loses a Msp I site at 201 nt and
gains a Msp 1 site at 205 nt with an alteration
from cytidine to guanosine at 207 nt. These
mutations are without amino acid replacement.
HCV showing M 4 pattern may be thus similar to
Takeuchi’s clone. The clone genetically similar to
HC-J 1, which has M 2 pattern in RFLP analy-
sis, was not found in our study. It was unlikely
that HCV like HC-J 1 was eliminated by mismat-
ching during PCR, because the primers used in
the present study were derived from HC-J 1.
Furthermore, even in the presence of small
mismatching of the primers, efficient amplification

will be obtained (21).
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If HCV sequences of HC-J 1 and Takeuchi’s
clone reflected the dominant clones in certain
areas, those and our results altogether suggest
that there are distinct differences in the HCV
genome. Namely, HCV with the nucleotide
sequence like N 15 or HC-J 4 is more common
in Okayama district, where most of the patients
examined in this study were born, grew up, and
suspected to have been infected with HCV.
Homology data indicated that HC-J 1 was differ-
ent from other Japanese clones and rather similar
to the original clone isolated by the Chiron group
(8). Other researchers suggested that HCV was
divided into two subtypes at least, and most HCV
isolates in Japan differed from that in USA (8,
11). Our RFLP results also suggested that HCV
genetically similar to HC-J1 was rare in
Okayama.

The transmission route of HCV infection is
chiefly associated with blood (22). And RNA
genome, such as HCV, shows millionfold higher
mutation frequency than the DNA genome (23).
Therefore, HCV may have many geographical
variants. Sera obtained from one patient at
different periods of time had the same RFLP
results in the present study. HCV genome in this
patient might be stable or dominant, even if many
variants evolved as suggested in AIDS virus (24,
25). If a certain genomic variant has a tendency
to dominate in patients, the analysis on HCV
nucleotide sequence and assessment of their
homology may be useful for the estimation of
transmission route (12).

It is unclear whether mutations influence the
biological behavior of HCV. It is possible that
mutations in the virus genome influence clinical
features. Once hepatitis B virus genome has a
point mutation in pre C region, it ceases to
produce HBe antigen, but continues to replicate
virus particles in patients who have anti-HBe
antibody (26, 27). In this study, we could not find
the correlation between the clinical features and
the genomic variations in the putative core region
of HCV. Mutations with amino acid change may
influence the clinical course of HCV infection.
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Further investigation should reveal such correla-
tions.

Acknowledgment. We would like to thank Drs. T. Nohno, S.
Noji, and Y. Okada for their supports and valuable discussions.
And to thank Drs. Y. Iwasaki, K. Morii, and Y. Nakagawa for

their assistance.

Reference

1. Prince AM, Brotman B, Grady GF, Kuhns WJ, Hazzi C,
Levine RW and Millian SJ:Long-incubation post-
transfusion hepatitis without serological evidence of exposure
to hepatitis-B virus. Lancet (1974) 2, 241-246.

2. Arima T, Shimomura H, Tsuji T, Mori C, Takamizawa A,
Yoshida I, Takaku K and Fukai K: Serum RNA associated
with blood-transmitted non-A, non-B hepatitis. Hepatology
(1988) 8, 1275.

2. Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley DW
and Houghton M: Isolation of a cDNA clone derived from
a blood-borne non-A, non-B viral hepatitis genome. Science
(1989) 244, 359-362.

4, Arima T, Mori C, Takamizawa A, Shimomura H and Tsujj
T:A ¢cDNA clone encoding a peptide highly specific for
hepatitis C infection. Gastroenterol Jpn (1990) 25, 218-
222.

5. Alter HJ, Purcell RH, Shih JW, Melpolder JC, Houghton
M, Choo QL and Kuo G: Detection of antibody to hepatitis
C virus in prospectively followed transfusion recipients with
acute and chronic non-A, non-B, hepatitis. N Engl J Med
(1989) 321, 1494-1500.

6. McFarlane G, Smith HM, Johnson PJ, Bray GP, Vergani
D and Williams R: Hepatitis C virus antibodies in chronic
active hepatitis: Pathogenetic factor or false-positive result?
Lancet (1990) 335, 754-757.

7. Weiner AJ, Kuo G, Bradley DW, Bonino F, Saracco G,
Lee C, Rosenblatt J, Choo QL and Houghton M: Detection
of hepatitis C viral sequences in non-A, non-B hepatitis.
Lancet (1990) 335, 1-3.

8. Kubo Y, Takeuchi K, Boonmar S, Katayama T, Choo QL
Kuo G, Weiner AJ, Bradley DW, Houghton M, Saito [ and
Miyamura T: A ¢DNA fragment of hepatitis C virus isolated
from an implicated donor of post-transfusion non-A, non-B
hepatitis in Japan. Nucleic Acids Res (1989) 17, 10367~
10372.

9. Okamoto H, Okada S, Sugiyama Y, Yotsumoto S, Tanaka
T, Yoshizawa H, Tsuda F, Miyakawa Y and Mayumi M:
The 5'-terminal sequence of the hepatitis C virus genome.
Jpn J Exp Med (1990) 60, 167-177.

10. Takeuchi K, Kubo Y, Boonmar S, Watanabe Y, Katayama
T, Choo QL, Kuo G, Houghton M, Saito I and Miyamura
T: Nucleotide sequence of core and envelope genes of the
hepatitis C virus genome derived directly from human
healthy carriers. Nucleic Acids Res (1990) 18, 4626.

11. Enomoto N, Takada A, Nakao T and Date T': There are two



248

12.

13.

14,

15.

16.

17.

18.

19.

20.

http://escholarship.lib.okayamaru.ac.jp/amo/vol 45/iss4/6

Acta Medica Okayama, Vol. 45 [1991], Iss. 4, Art. 6

Fujio et al

major types of hepatitis C virus in Japan. Biochem Biophys
Res Commun (1990) 170, 1021-1025.

Simmonds P, Zhang 1.Q, Watson HG, Rebus S, Ferguson
ED, Balfe P, Leadbetter GH, Yap PL, Peutherer JF and
Ludlam CA: Hepatitis C quanitification and sequencing in
blood products, haemophiliacs, and drug users. Lancet
(1990) 336,1469-1472.

Saiki RK, Scharf S, Faloona F, Mullis KB, Horm GT,
Erlich HA and Arnheim N:Enzymatic amplification of
B-globin genomic sequences and restriction site analysis for
diagnosis of sickle cell anemia. Science (1985) 230, 1350~
1354.

Chomezynski P and Sacchi N: Single-step method of RNA
isolation by acid guanidinium thiocyanate-phenol-chloroform
extraction. Anal Biochem (1987) 162, 156-159.
Shimomura H, Fujio K, Arima T and Tsuji T: Detection of
serum RNA specific for blood-borne non-A, non-B hepatitis.
Gastroenterol Jpn (1990) 25, 510.

Sanger F, Nicklen S and Coulson AR: DNA sequencing
with chain-terminating inhibitors. Proc Natl Acad Sci USA
(1977) 74, 5463-5467.

Southern EM: Detection of specific sequences among DNA
fragments separated by gel electrophoresis. J Mol Biol
(1975) 98, 503-517.

Smith GE and Summers MD: The bidirectional transfer of
DNA and RNA to nitrocellulose or diazobenzyloxymethyl-
paper. Anal Biochem (1980) 109, 123-129.

Saiki RK, Gelfand DH, Stoffel S, Scharf SJ, Higuchi R,
Horn GT, Mullis KB and Erlich HA : Primer-directed en-
zymatic amplification of DNA with a thermostable DNA
polymerase. Science (1988) 239, 487-491.

Walker PJ, Henchal EA, Blok J, Repik PM, Henchal LS,
Burke DS, Robbins SJ and Gorman BM: Varation in
dengue type 2 viruses isolated in Bangkok during 1980. J
Gen Virol (1988) 69, 591-602.

21.

22.

23.

24.

25.

26.

217.

Newton CR, Graham A, Heptinstall LE, Powell SJ, Sum-
mers C, Kalsheker N, Smith JC and Markham AF': Analy-
sis of any point mutation in DNA. The amplification
refractory mutation system (ARMS). Nucleic Acids Res
(1989) 17, 2503-2516.

Alter MJ, Gerety RJ, Smallwood LLA, Sampliner RE, Tabor
E, Deinhardt F, Frosner G and Matanoski GM: Sporadic
non-A, non-B hepatitis: Frequency and epidemiology in an
urban U. S. population. J Infect Dis (1982) 145, 886-893.
Holland J, Spindler K, Horodyski F, Grabau E, Nichol S
and VandePol S:Rapid evolution of RNA genomes.
Science (1982) 215, 1577-1585.

Hahn BH, Shaw GM, Taylor ME, Redfreld RR, Markham
PD, Salahuddin SZ, Wong-Staal F, Gallo RC, Parks ES
and Parks WP: Genetic variation in HTLV-III/LAV over
time in patients with AIDS or at risk for AIDS. Science
(1986) 232, 1548-1553.

Meyerhans A, Cheynier R, Albert J, Seth M, Kwok S,
Sninsky J, Morfeldt-Manson L, Asjp B and Wain-Hobson
S: Temporal fluctuations in HIV quasispecies in vivo are not
reflected by sequential HIV isolations. Cell (1989) 58, 901
-910.

Carman WF, Jacyna MR, Hadziyannis S, Karayiannis P,
McGarvey MJ, Makris A and Thomas HC: Mutation
preventing formation of hepatitis B e antigen in patients with
chronic hepatitis B infection. Lancet (1989) 2, 588-591.
Takeda K, Akahane Y, Suzuki H, Okamoto H, Tsuda F,
Miyakawa Y and Mayumi M: Defects in the precore region
of the HBV genome in patients with chronic hepatitis B after
sustained seroconversion from HBeAg to anti-HBe induced
spontaneously or with interferon therapy. Hepatology (1990)
12, 1284-1289.

Received February 22, 1991; accepted March 19, 1991.



