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HCV VARIANTS

Background of the Invention

Reference to Government Grant

This invention was made with government support under Public Health Service

Grants CA 57973 and AT 40034. The government has certain rights in this invention.

Background of the Invention

(1)  Field of the Invention

The invention relates to materials and methodologies relating to the production and
use of hepatitis C virus (HCV) variants. More specifically, HCV variants are provided that
are useful for diagnostic, therapeutic, vaccines and other uses.

@) Description of the Related Art

Brief general overview of hepatitis C vitus

After the development of diagnostic tests for hepatitis A virus and hepatitis B virus, an
additional agent, which could be experimentally transmitted to chimpanzees [Alter et al.,
Lancet 1, 459-463 (1978); Hollinger et al., Intervirology 10, 60-68 (1978); Tabor et al.,
Lancet 1, 463-466 (1978)], became recognized as the major cause of transfusion-acquired
hepatitis. cDNA clones corresponding to the causative non-A non-B (NANB) hepatitis agent,
called hepatitis C virus (HCV), were reported in 1989 {Choo e.t al., Science 244,359-362
(1989)]. This breakthrough has led to rapid advances in diagnostics, and in our understanding
of the epidemiology, pathogenesis and molecular virology of HCV (For review, see Houghton
et al., Curr Stud Hematol Blood Transfus 61, 1-11 (1994); Houghton (1996), pp. 1035-1058
in FIELDS VIROLOGY, Fields et al., Eds., Raven Press, Philadelphia; Major et al.,

" Hepatology 25, 1527-1538 (1997); Reed and Riee, pp. 1-37 in HEPATITIS C VIRUS,

Reesink, Ed., Karger, Basel; Hagedorn and Rice (1999), THE HEPATITIS C VIRUSES,
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Springer, Berlin). Evidence of HCV infection is found throughout the world, and the
prevalence of HCV-specific antibodies ranges from 0.4-2% in most countries to more than
14% in Egypt [Hibbs et al,, J. Inf. Dis. 168,789-790 (1993)]. Besides transmission via blood
or blood products, or less frequently by sexual and congenital routes, sporadic cases, not
associated with known risk factors, occur and account for more than 40% of HCV cases
[Alter et al., J. Am. Med. Assoc. 264, 2231-2235 (1990); Mast and Alter, Semin. Virol. 4,
273-283 (1993)]. Infections are usually chronic [Alter et al., N. Eng. J. Med. 327,
1899-1905 (1992)], and clinical outcomes range from an inapparent carrier state to acute
hepatitis, chronic active hepatitis, and cirrhosis which is strongly associated with the
development of hepatocellular carcinoma,

Although interferon (IFN)-o. has been shown to be useful for the treatment of a
minority of patients with chronic HCV infections [Davis ez al., N. Engl. J. Med. 321,
1501-1506 (1989); DiBisceglic et al., New Engl. J. Med. 321,1506-1510 (1989)] and
subunit vaccines show some promise in the chimpanzee model [Choo e al., Proc. Natl. 4cad.
Sci. USA 91, 1294-1298 (1994)], future efforts are needed to develop morce cffective
therapies and vaccines (See, e.g., Tsambiras et al., 1999, Hepatitis C: Hope on the Horizon,
Hepatitis C Symposium of 37" Annual Meeting of the Infectious Discases Society of
America, reviewed at
hitp://www.medscape.com/medscape/cno/1999/IDSA/Story.cfin?story_id=913). The
considerable diversity observed among different HCV isolates [for review, sce Bukh et al.,
Sem. Liver Dis. 15, 41-63 (1995); Fanning et al., 2000, Medscape Gastroenterology
2:mgi6558.fann], the emergence of genetic variants in chronically infected individuals
[Enomoto ef al., J. Hepatol. 17, 415-416 (1993); Hijikata ef al., Biochem. Biophys. Res.
Comm. 175, 220-228 (1991); Kato et al., Biochem. Biophys. Res. Comm. 189, 119-127
(1992); Kato et al., J. Virol. 67,3923-3930 (1993); Kurosaki et al., Hepatology 18,
1293-1299 (1993); Lesniewski et al., J. Med. Virol. 40, 150-156 (1993); Ogata et al., Proc.
Natl. Acad. Sci. USA 88, 3392-3396 (1991); Weiner et al., Virology 180, 842-848 (1991);
‘Weiner et al., Proc. Natl, Acad. Sci. USA 89, 3468-3472 (1992)], and the lack of protective
immunity elicited after HCV infection [Farci et al,, Science 258, 135-140 (1992); Prince ef
al., J. Infect. Dis. 165, 438-443 (1992)] present major challenges towards these goals.

Molecular Biology of HCV
Classification. Based on its genome structure and virion properties, HCV has been
classified as a separate genus in the flavivirus family, which includes two other genera: the

flaviviruses (e.g., yellow fever (YF) virus) and the animal pestiviruses (e.g., bovine viral
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diarrhea virus (BVDV) and classical swine fever virus (CSFV)) [Francki ez al., drch. Virol.
Suppl. 2,223 (1991)]. All members of this family have enveloped virions that contain a
positive-strand RNA genome encoding all known virus-specific proteins via translation of a
single long open reading frame (ORF).

Structure and physical properties of the virion. Studies on the structure and physical
properties of the HCV virion have been hampered by the lack of a cell culture system able to
support efficient virus replication and the typically low titers of infectious virus present in
serum. The size of infectious virus, based on filtration experiments, is between 30-80 nm
[Bradley ef al., Gastroenterology 88, 773-779 (1985); He et al, J. Infect. Dis. 156, 636-640
(1987); Yvasa ei al., J. Gen. Virol. 72,2021-2024 (1991)]. Initial measurements of the
buoyant density of infectious material in sucrose yielded a range of values, with the majority
present in a low density pool of < 1.1 g/ml [Bradley et al., J. Med. Virol. 34,206-208
(1991)]. Subsequent studies have used RT/PCR to detect HCV-specific RNA as an indirect
measure of potentially infectious virns present in sera from chronically infected humans or
experimentally infected chimpanzees. From these studies, it has become increasingly clear
that considerable heterogeneity exists between different clinical samples, and that many
{actors can affect the behavior of particles containing HCV RNA [Hijikata et al, J. Virol. 67,
1953-1958 (1993); Thomssen et al., Med. Microbiol. Immunol, 181, 293-300 (1992)]. Such
factors include association with immunoglobulins [Hijikata ef al., (1993) supra] or low
density lipoprotein [Thomssen ef al., 1992, supra; Thomssen et al., Med. Microbiol.
Iumunol. 182, 329-334 (1993)]. Inhighly infectious acute phase chimpanzee serum, HCV-
specific RNA is usually detected in fractions of low buoyant density (1.03-1.1 g/ml) [Carrick
et al., J. Virol. Meth. 39, 279-289 (1992); Hijikata et al,, (1993) supra]. In other samples, the
presence of HCV antibodies and formation of immune complexes correlate with particles of
higher density and lower infectivity [Hijikata et al., (1993) supra). Treatment of particles
with chloroform, which destroys infectivity [Bradley ef al., J. Infect. Dis. 148, 254-265
(1983); Feinstone ef al., Infect. Immun. 41, 816-821 (1983)], or with nonionic detergents,
produced RNA containing particles of higher density (1.17-1.25 g/ml) believed to represent
HCV nucleocapsids [Hijikata et al., (1993) supra; Kanto et al., Hepatology 19,296-302
(1994); Miyamoto et al., J. Gen Virol. 73,715-718 (1992)].

There have been reports of negative-sense HCV-specilic RNAs in sera and plasma
[see Fong et al., Journal of Clinical Investigation 88:1058-60 (1991)]. However, it scems
unlikely that such RINAs are essential components of infectious particles since some sera with
high infectivity can have low or undetectable levels of negative-strand RNA [Shimizu et al,
Proc. Natl. Acad, Sci. US4 90: 6037-6041 (1993)].
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The virion protein composition has not been rigorously determined, but HCV
structural proteins include a basic C protein and two membrane glycoproteins, E1 and E2.

HCYV replication. Early evenls in HCV replication are poorly understood. A
hepatocyte receptor may be CD81, which binds the E2 envelope glycoprotein (Peleri et al.,
1998, Science 282:938-41). The association of some HCV particles with beta-lipoprotein and
immunoglobulins raises the possibility that these host molecules may modulate virus uptake
and tissue tropism.

Studies examining HCV replication have been largely restricted to human patients or
experimentally inoculated chimpanzees. In the chimpanzee model, HCV RNA is detected in
the serum as early as three days post-inoculation and persists through the peak of serum
alanine aminotransferase (ALT) levels (an indicator of liver damage) [Shimizu et al., Proc.
Nudl. Acad. Sci, USA 87: 6441-6444 (1990)]. The onset of viremia is followed by the
appearance of indirect hallmarks of HCV infection of the liver. These include the appearance
of a cytoplasmic antigen {Shimizu ef al., (1990) supra] and ultrastructural changes in
hepatocytes such as the formation of microtubular aggregates for which HCV previously was
referred to as the chloroform-sensitive "tubule forming agent” or "TFA" [reviewed by
Bradley, Prog. Med. Virol. 37: 101-135 (1990)]. As shown by the appearance of viral
antigens [Blight ez al., Amer. J. Path. 143: 1568-1573 (1993); Hiramatsu e/ al, Hepalology
16: 306-311 (1992); Krawczynski et al., Gastroenterology 103: 622-629 (1992); Yamada ez
al,, Digest. Dis. Sci. 38: 882-887 (1993)] and the detection of positive and.negaﬁve sense
RNAs [Fong ef al., (1991) supra; Gunji et al.,, Arch. Virol. 134: 293-302 (1994); Haruna et
al., J. Hepatol. 18: 96-100 (1993); Lamas et el., J. Hepatol. 16: 219-223 (1992); Nouri Aria
etal, J. Clin. Inves. 91: 2226-34 (1993); Sherker ef al., J. Med. Virol. 39: 91-96 (1993);
Takchara et al., Hepatology 15: 387-390 (1992); Tenaka et al., Liver 13: 203-208 (1993)],
hepatocytes appear to be a major site of HCV replication, particularly during acute infection
[Negro et al., Proc. Natl. Acad. Sci. USA 89: 2247-2251 (1992)]. In later stages of HCV
infection the appearance of HCV-specific antibodies, the persistence or resolution of viremia,
and the severity of liver disease, vary greatly both in the chimpanzee model and in human
patients (Fanning et al., supra). Although some liver damage may occur as a direct
consequence of HCV infection and cytopathogenicity, the emerging consensus is that host
immune responses, in particular virus-specific cytotoxic T lymphocytes, may play a more
dominant role in mediating cellular damage.

It has been speculated that HCV may also replicate in extra-hepatic reservoir(s). In
some cases, RT/PCR or in situ hybridization has shown an association of HCV RNA with

peripheral blood mononuclear cells including T-cells, B-cells, and monocytes [reviewed in
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Blight and Gowans, Viral Hepatitis Rev. 1: 143-155 (1995)]. Such tissue tropism could be
relevant to the establishment of chronic infections and might also play a role in the
association between HCV infection and certain immunological abnormalities such as mixed
cryoglobulinemia [reviewed by Ferri ef al., Eur. J. Clin. Invest. 23: 399-405 (1993)],

5 glomerulonephritis, and rare non-Hodgkin's B-lymphomas [Ferri et al., (1993) supra; Kagawa
etal., Lancet 341: 316-317 (1993)]. However, the detection of circulating negative strand
RNA in serum, the difficulty in obtaining truly strand-specific RT/PCR {Gunji et al., (1994)
supra], and the low numbers of apparently infected cells have made it difficult to obtain
unambiguous evidence for replication in these tissues in vivo.

10 Genome structure. Full-length or nearly full-length genome sequences of numerous
HCV isolates have been reported [see, e.g., Lin et al,, J. Virol. 68: 5063-5073 (1994a);
Okamoto et al., J. Gen. Virol. 75: 629-635 (1994); Sakamoto et al,, J. Gen. Virol 75:
1761-1768 (1994); Trowbridge et al, Arch Virol. 143:501-511 (1998); Chamberlain et al, J.
Gen. Virol. 78:1341-1347 (1997); and citations within Davis, Am. J. Med. 27:215-26S]. HCV

15  genome RNAs are ~9.6 kilobases (kb) in length (Figure 1) and consist of a 5 nontranslated
region (5’ NTR), a polyprotein coding region consisting of a single long open reading frame
(ORF), and a 3° NTR. The 5’ NTR is 341-344 bases long and highly conserved. The length
of the long ORYF varies slightly among isolates, encoding polyproteins of about 3010 to about
3033 amino acids.

20 The 3 NTR can be divided into three domains. The first (most 5') domain shows
considerable diversity both in composition and length (28-42 bases). Recent work by Yanagi
et al. [Proc. Natl. Acad. Sci. USA 96:2291-2295(1999)] demonstrate that this region is not
necessary for virus replication. The second domain is consists of a variable length
polypyrimidine region of poly(A) (in at least HCV-1, type 1a [Han et al., Proc. Natl. Acad.

25 Sci. US4 88:1711-1715 (1991)]) or poly(U-UC) (see Chen et al., Virology 188:102-113
(1992); Okamoto ef al., J. Gen. Virol. 72:2697-2704 (1991); Tokita ez al., J. Gen. Virol.
66:1476-83 (1994)]. The third domain, at the extreme 3' end of the genome, is a highly
conserved, novel RNA element of about 98 nucleotides, which is necessary for efficient
initiation of viral RNA replication [see, e.g., U.S. Patent No. 5,874,565 and U.S. Patent

30  Application No. 08/811,566 (Now U.S. Patent No.___ ); Kolykhalov et al., J. Virol. 70:
3363-3371 (1996); Tanaka et al., Biochem. Biophys. Res. Comm. 215: 744-749 (1996);
Tanaka ef al,, J. Virol. 70:3307-12 (1996); Yamada ef al., Firology 223:255-261 (1996);
Cheng et al. J. Firol. 73:7044-7049]. This domain and the polypyrimidine regions appear to
be critical for infectivity in vivo [Yanagi et al., Proc. Natl. Acad. Sci. US4 96:2291-2295

35 (1999)].
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Translation end proteolytic processing. The highly conserved 5' NTR sequence
contains multiple short AUG-initiated ORFs and shows significant homology with the 5' NTR
region of pestiviruses [Bukh ef al., Proc. Natl. Acad. Sci. USA 89: 4942-4946 (1992); Han e/
al., (1991) supra]. A series of stem-loop structures that interact with host factors are present.
These structures interact with host factors to initiate polyprotein synthesis through an internal
ribosome entry site (IRES) allowing efficient translation initiation at the first AUG of the long
ORF [Honda et al., J. Virol 73:4941-4951 (1999); Tang etal., J. Virol. 73:2359-2364(1999);
Psaridi et al., FEBS Lett. 453:49-53 (1999)). Some of the predicted features of the HCV and
pestivirus IRES elements are similar to one another {Brown et al., (1992) supra). The ability
of this element to function as an IRES suggests that HCV genome RNAs may lack a 5 cap
strueture.,

The organization and processing of the HCV polyprotein (Figurc 1) appcars to be
most similar to that of the pestiviruses. At least 10 polypeptides have been identified and the
order of these cleavage products in the polyprotein is NH2-C-E1-E2-p7-NS2-NS3-NS4A-

" NS4B-NS5A-NS5B-COOH. As shown in Figure 1, proteolytic processing is mediated by
host signal peptidase and two HCV-encoded proteinases, the NS2-3 autoproteinase and the
NBS3-4A serine proteinase [see Rice, In "Fields Virology" (B. N. Ficlds, D. M. Knipe and D.
M. Howley, Eds.), Vol. pp. 931-960. Raven Press, New York (1996); Shimotohno ez al., J.
Hepatol. 22: 87-92 (1995) for reviews]. Cis a basic protein that serves as the viral care or
capsid protein; E1 and E2 are virion envelope glycoproteins; p7 is a hydrophobic protein of
unknown fimction that is inefficiently cleaved from the E2 glycoprotein [Lin ef al., (1994a)
supra; Mizushima ef al., J. Virol. 68: 6215-6222 (1994); Selby et al., Virology 204: 114-122
(1994)]. NS2-NS5B are nonstructural (NS) proteins which function in viral RNA replication
complexes. Their functions have been identified as follows: NS2 is a metalloprotease; NS3 is
a protease/helicase that contains motifs characteristic of RNA helicases and that has been
shown to possess an RNA-stimulated NTPase activity {Suzich et al, J. Virol. 67,6152-6158
(1993)]; NS4A is a co-factor for NS3; NS4B is of unknown function; NS5A interacts with
cellular factors to transcriptionally modulate cellular genes and promote cell growth [Ghosh et
al.,J. Biol. Chem. 275:7184-7188] and provide IFN, resistance; and NS5B is a replicase that
contains the GDD motif characteristic of the RNA-dependent RNA polymerases of other
positive-strand RNA viruses.

Virion assembly and release. This process has not been examined directly, but the
lack of complex glycans, the ER localization of expressed HCV glycoproteins [Dubuisson ef
al., J. Virol. 68: 6147-6160 (1994); Ralston et al., J. Virol. 67: 6753-6761 (1993)] and the
absence of these proteins on the cell surface [Dubuisson ét al., (1994) supra; Spacte et al.,
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Virology 188: 819-830 (1992)] suggest that initial virion morphogenesis may occur by
budding into intracellular vesicles. Thus far, efficient particle formation and release has not
been observed in transient expression assays, suggesting that essential viral or host factors are
absent or blocked. HCV virion formation and release may be inefficient, since a substantial
fraction of the virus remains cell-associated, as found for the pestiviruses. Extracellular HCV
particles partially purified from human plasma contain complex N-linked glycans, although
these carbohydrate moieties were not shown fo be specifically associated with E1 or E2 [Sato
et al., Virology 196: 354-357 (1993)]. Complex glycans associated with glycoproteins on
released virions would suggest transit through the trans-Golgi and movement of virions
through the host secretory pathway. If this is correct, intracellular sequestration of HCV
glycoproteins and virion formation might then play a role in the establishment of chronic
infections by minimizing immune surveillance and preventing lysis of virus-infected cells via
antibody and complement.

Genetic variability. As for all positive-strand RNA viruses, the RNA-dependent
RNA polymerase of HCV (NS5B) is believed to lack a 3'-5' exonuclease proof reading
activity for removal of misincorporated bases. Replication is therefore error-prone, leading to
a "quasi-species" virus population consisting of a large number of variants [Martell ez a‘l., J
Virol. 66: 3225-3229 (1992); Martell ef al., J. Virol. 68: 3425-3436 (1994)]. This variability
is apparent at multiple levels. First, in a chronically infected individual, changes in the virus
population oceur over time [Ogata ef al., (1991) supra; Okamoto et al., Virology 190:
894-899 (1992)]; and these changes may have impartant consequences for discase. A
particularly interesting example is the N-terminal 30 residue segment of the E2 glycoprotein,
which exhibits a much higher .de gree of variability than the rest of the polyprotein [for
examples, see Higashi et al., Virology 197, 659-668. 1993; Hijikata et al., (1991) supra;
Weiner et al., (1991) supra). There is accumulating evidence that this hypervariable region,
called hypervariable region 1 (HIVR1), perhaps analogous to the V3 domain of HIV-1 gp120,
may be under immune selection by circulating HCV-specific antibodies [Kato ef al., (1993)
supra; Taniguchi ef al., Virology 195: 297-301 (1993); Weiner et al., (1992) supra. In this
model, antibodies directed against this portion of E2 may contribute to virus neutralization
and thus drive the selection of variants with substitutions that permit escape from
neutralization. This plasticity suggests that a specific amino acid sequence in the E2
hypervariable region is not essential for other functions of the protein such as virion
attachment, penctration, or assembly. Genetic evolution of HVR1 within the first 4 months of
infection has been correlated with the ability of a particular strain of the virus to cause chronic
infection [Farci et al., Science 288:339-344 (2000)].




10

20

30

35

WO 01/89364 PCT/US01/16822

8

Genetic variability may also contribute to the spectrum of different responses
observed after IFN-a treatment of chronically infected patients. Diminished serum ALT
levels and improved liver histology, which usually correlates with a decrease in the level of
circulating HCV RNA, is seen in ~40% of those treated [Greiser-Wilke ef al,, J. Gen. Firol.
72:2015-2019 (1991)]. After treatment, approximately 70% of the responders relapse. In
some cases, after a transient loss of circulating viral RNA, renewed viremia is observed
during or after the course of treatment. While this might suggest the existence or generation
of TFN-resistant HCV genotypes or variants, further work is needed to determine the relative
contributions of virus genotype and host-specific differences in immune response.

Sequence comparisons of different HCV isolates around the world have also revealed
enormous genetic diversity [reviewed in Bukh ez al., (1995) supra]. Because of the lack of
biologically relevant serological assays such as cross-neutralization tests, HCV types
(designated by numbers), subtypes (designated by letters), and isolates are currently grouped
on the basis of nucleotide or amino acid sequence similarity. Worldwide, HCV has been
classified into six major genotypes and more than 50 subtypes [Purcell, Hepatology 26:118-
148 (1997)]. Those of greatest importance in the U.S. are genotype 1, subtypes 1a and 1b
(see below and Bukh et al,, (1995) supra for a discussion of genotype prevalence and
distribution). Amino acid sequence similarity between the most divergent genotypes can be a
little as ~50%, depending upon the protein being compared. This diversity has important
biological implications, particularly for diagnosis, vaccine design, and therapy.

HCV RNA replication. By analogy with other flaviviruses, replication of the positive-
sense HCV virion RNA is th.ought to occur via a minus-strand intermediate. This strategy can
be described briefly as follows: (i) uncoating of the incoming virus particle releases the
genomic plus-strand, which is translated to produce a single long polyprotein that is probably
processed co- and post-translationally to produce individual structural and nonstructural
proteins; (ii) the nonstructural proteins form a replication complex that utilizes the virion
RINA as template for the synthesis of minus strands; (iti) these minus strands in turn serve as
templates for synthesis of plus strands, which can be used for additional translation of viral
protein, minus strand synthesis, or packaging into progeny virions. Very few details about
HCV replication process are available, due to the lack of a good experimental system for virus
propagation. Detailed analyses of authentic HCV replication and other steps in the viral life
cycle would be greatly facilitated by the development of an efficient system for HCV
replication in cell culture.

Many attempts have been made to infeet cultured cells with serum collected from

HCV-infected individuals, and low levels of replication have been reported in a number of

-10-
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cells types infected by this method, including B-cell [Bertolini e al., Res. Virol. 144:
281-285 (1993); Nakajima et al., J. Virol. 70: 9925-9 (1996); Valli ef al., Res. Virol. 146:285-
288 (1995)]. T-cell (Kato et al.,, Biochem. Biophys. Res. Commun. 206:863-9 (1996);
Mizutani ef al., Biochem. Biophys. Res. Comm. 227:822-826; Mizutani et al., J. Virol. 70:
7219-7223 (1996); Nakajima et al., (1996) supra; Shimizu and Yoshikura, J Virol, 68: 8406-
8408 (1994), Shimizu et al., Proc. Natl. Acad. Sci USA, 89: 5477-5481 (1992); Shimizu et al.,
Proc. Natl. Acad. Sci. US4, 90: 6037-6041 (1993)], and hepatocyte [Kato et al., Jpn. J.
Cancer Res., 8§7: 787-92 (1996); Tagawa, J. Gastoenterol. and Hepatol., 10: 523-527 (1995)]
cell lines, as well as peripheral blood monocular cells (PBMCs) [Cribier et al,, J. Gen. Firol.,
76: 2485-2491 (1995)], and primary cultures of human fetal hepatocytes [Carloni et al., Arch.
Virol. Suppl. 8: 31-39 (1993); Cribier et al., (1995) supra; Tacovacci et al., Res. Virol., 144:
275-279 (1993)] or hepatocytes from adult chimpanzees [Lanford et al., Firology 202: 606-14
(1994)]. HCV replication has also been detected in primary hepatocytes derived from a
human HCV patient that were infected with the virus in vivo prior to cultivation [Tto et al., J.
Gen. Virol. 77: 1043-1054 (1996)] and in the human hepatoma cell line Huh7 following
transfection with RNA transeribed in vitro from an HCV-1 ¢cDNA. clone [Yoo et al., J. Virol,
69: 32-38 (1995)]. The reported observation of replication in cells transfected with RNA
derived from the HCV-1 clone was puzzling, since this clone lacks the required terminal
3'NTR sequence downstream of the homopolymer tract (see below), and because a number of
unusual observations were reported (see the background section of U.S. Patent Application
No. 08/811,566 (Now U.S. Patent No.___)). The most well-characterized cell-culture
systems for HCV replication utilize a B-cell line (Daudi) or T-cell lines persistently infected
with retroviruses (HPB-Ma or MT-2) [Kato et al., (1995) supra; Mizutani et al., Biochem
Biophys Res. Comm., 227: 822-826 (1996a); Mizutani et al., (1996) supra; Na.kajimé etal.,
(1996) supra; Shimizu and Yoshikura, (1994) supra); Shimizu, Proc. Natl. Acad. Sci. USA,
90: 6037-6041 (1993)]. HPBMa is infected with an amphotropic murine leukemia virus
pseudotype of murine sarcoma virus, while MT-2 is infected with human T-cell lymphotropic
virus type I (HTLV-1). Clones (HPBMal0-2 and MT-2C) that support HCV replication more
efficiently than the uncloned population have been isolated for the two T-cell lines HPBMa
and MT-2 [Mizutani et al. J. Virol. (1996) supra; Shimizu et al., (1993) supra]. However, the
maximum levels of RNA replication obtained in these lines or in the Daudi lines after
degradation of the input RNA is still only about 5 x 10" RNA molecules per 10° cells
[Mizutani et al., (1996) supra; Mizutani et al., (1996) supra] or 10 RNA molecules per ml of
culture medium [Nakajima et al., (1996) supra]. Although the level of replication is low,
long-term infections of up to 198 days in one system [Mizutani et al., Biochem. Biophys. Res.
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Comm. 227: 822-826 (1996a)] and more than a year in another system [Nakajima et al.,
(1996) supra] have been documented, and infectious virus production has been demonstrated
by serial cell-free or cell-mediated passage of the virus to naive cells.

However, efficient replication of an HCV clone comprising the essential conserved
terminal 3' NTR sequence had not been observed until the work described in co-pending
application 08/811,566, now U.S. Patent No, also reported in Kolykhalov et al.,
Science 277:570 (1997), which describes an infectious clone of an isolate of the H strain (type

la). HCV clones of other subtypes are now known. See, e.g., Yanagi et al., Virology
262:250-263 (1999) and Yanagi et al., Virology 244:161-172 (1998). While RNA transcripts
of these clones are able to infect chimpanzees, cell cultures with these clones only support
replication of the virus poorly if at all.

As described in U.S. Patent Application No. 08/811,566 (Now U.S. Patent No.___)
(see, e.g., Figure 2 therein) many variations of a functional clone are possible. These include
full length or partial sequences where a foreign gene is inserted. The foreign gene can
mclude, e.g., a reparter gene such as $-galactosidase or luciferase, or a gene encoding a
selectable marker such as reo, DHFR, or tk. In a specific example disclosed therein, the neo
gene is operably linked to an internal ribosome entry site (IRES), in order for infected cells to
be selected by neomycin or G418 resistance. In this way, presence of replicating HCV RNA
in essentially all surviving cells is assured. Additionally, the HCV polyprotein coding region
of these clones can be deficient in some or all of the structural genes C, E1 and E2. Thus,
replicons can be created without the production of virions. By combining the structural gene-
deficient construct with a selectable marker such as reo, an efficiently replicating replicon
system can be created that can be used to study HCV replication and for other purposes.

Examples of the replicons disclosed in U.S. Patent Application No. 08/811,566 (Now
U.S. Patent No.____ ) is provided in Lohmann et al., Science 265:110-113 (1999). In that
work, DNA clones of HCV replicons of genotype 1, subtype 1b wete constructed. Features
of those replicons that are not wild-type HCV features are: a polyprotein coding region
lacking the genes encoding the HCV structural proteins; an EMCV IRES immediately 5' to
the polyprotein region; and a neo gene immediately 3' to the 5' NTR (and the HCV IRES),
where the 5' end of the HCV C protein gene is fused to the 5' end of the neo gene. When
Huh-7 cells were transfected with RINA. transcripts of these clones, 6 to >60 G418-resistant
colonies arose per experiment, Although the number of cells treated was not specified, about
10°- 107 cells are normally treated in cxperiments of this type. Therefore, it is believed that
the transfection efficiency, as measured by G418-resistant colonies/total treated, was less than
01% in those studies.
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Controls in the Lohmann et al. work included in-frame deletions of the active site of
the NS5B polymerase. Although care was taken to remove template DNA. from the control
transeripts, several G418-resistant control colonies arose. Still, the number of G418-resistant
control colonies that arose was much less than the colonies arising from the cells transfected
with the replicons containing the wild-type NS5B.

When the G418-resistant colonies were subpassaged, most could not be maintained.
Out of more than 303 G418-resistant colonies from non-control replicon treatments, 9 (<3%)
could be subpassaged to establish stable cell lines. Replicons established in infected cell lines
were sequenced. Although each replicon had a number of amino acid substitutions, the
substitutions were scattered throughout the polyprotein coding region. Therefore, there were
10 mutations that were consistently in one area of the polyprotein coding region, and it was
concluded that the establishment of the nine cell lines was not due to adaptive mutations in
those replicons. This contention was experimentally tested by transfection/reconstitution
experiments that did not provide evidence for adaptive changes.

Despite the advances described above, more efficient HCV-infected cell systems are
needed for the production of concentrated virus stocks, structural analysis of virion
components, evaluation of putative antiviral therapies including vaccines and antiviral
compounds, and improved analyses of intracellular viral processes, including RNA
replication. Thus, there is a need for various types of HCV clones that can be used for any of
the above purposes. There is also a need to characterize HCV with respect to regions of the
genome that might contribute to more efficient in vitro or in vivo replication and virion
production.

Summary of the Invention

Thus, a primary object of the present invention has been to provide DNA encoding
non-naturally occurring HCV that is capable of replication.

A related object of the invention is to provide genomic RNA from the above DNA.
Still another object of the invention is to provide attenuated HCV DNA or genomic RNA
suitable for vaccine development, which can invade a cell and replicate but cannot propagate
infectious virus.

Another object of the invention is to provide in vitro and in vivo models of HCV
infection and RNA replication for testing anti-HCV (or antiviral) drugs, for evaluating drug

resistance, and for testing attenuated HCV viral vaccines.
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An additional object of the invention is to provide replicating HCV replicons. These }
replicons do not encode structural proteins but may encode a foreign protein such as a
reporter gene or a selectable marker.

Still another object of the invention is to provide adaptive replicons, with increased
ability to establish replication in continuous or primary cell lines.

Briefly, therefore, the inventors have succeeded in discovering methods of creating
replicating HCV variants, including variants with adaptive mutations in HCV that improve
their ability to establish RNA replication in culture to create continuous cell lines. These
HCV variants and the cell lines that harbor them are useful for studying replication and other
HCYV characteristics. The cell lines are also useful for developing vaccines and for testing
compounds for antiviral properties.

Thus, in some embodiments, the present invention is directed to a polynucleotide
comprising a non-naturally occurring HCV sequence that is capable of productive replication
in a host cell, or is capable of being transcribed into a non-naturally occurring HCV sequence
that is capable of productive replication in a host cell. The HCV sequence comprises, from 5’
to 3 on the positive-sense nucleic acid, a functional 5' non-translated region (5' NTR); one or
more protein coding regions, including at least one polyprotein coding region that is capable
of replicating HCV RNA; and a functional HCV 3’ non-translated region (3' NIR). In
preferred embodiments of these polynucleotides, the 5' NTR is an HCV 5' NTR, the
polynucleotide comprises at least one IRES sclected from the group consisting of a viral
IRES, a cellular IRES, and an artificial IRES, and the polyprotein coding region is an HCV
polyprotein coding region.

In certain aspects of these embodiments, the above polynucleotides further comprise
an adaptive mutation. The adaptive mutation can be such that the polynucleotide has a
transfection efficiency into mammalian cells of greater than 0.01%; more preferably greater
than 0.1%; even more preferably, greater than 1%; still more preferably greater than 5%, may
be about 6%. The adaptive mutations can be such that the polynucleotide is capable of
replication in a non-hepatic cell, for example Hela cells. The adaptive mutations can also
cause the polynucleotide to have attenuated virulence, wherein the HCV is impaired in its
ability to cause disease, establish chronic infections, trigger autoimmune responses, and
transform cells.

In some embodiments of the above described adaptive mutants, the polyprotein
region comprises an NS5A gene that is not a wild-type NS5A gene. Preferably, the NS5A
gene comprises a mutation. The mutation is preferably within 50 nucleotides of an ISDR or
includes the ISDR; more preferably the mutati9on is within 20 nt of the ISDR, or includes the
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ISDR. Examples of these adaptive mutations are those that encode an amino acid sequence
change selected from the group consisting of Ser (1179) to Ile, Arg (1164) to Gly, Ala(1174)
to Ser, Ser(1172) to Cys, and Ser(1172) to Pro of SEQ ID NO:3. Other adaptive mutations
include a deletion of at least a portion of the ISDR, and may comprise the entire ISDR. Ina
particular embodiment, the adaptive mutation comprises & deletion of nuclcotides 5345 to
5485 of SEQ ID NO:6.

In some embodiments of the invention polynucleotides, the HCV polyprotein coding
region encodes all HCV structural and nonstructural proteins. In other embodiments, the
polyprotein coding region is incapable of making infectious HCV particles, making the HCV
variant a replicon. Preferably the inability to make HCV particles is due to a deletion in the
structural protein coding region. Some embodiments of these replicons further comprise a
foreign gene operably linked to a first IRES and the HCV polyprotein coding region operably
linked to a second IRES. Preferably, the replicon comprises a genotype 1 HCV sequence,
most preferably subtype 1b. Preferred foreign genes in these replicons are selectable markers
or reporter genes. In other preferred replicon embodiments, the first IRES is an HCV IRES,
the foreign gene is a neo gene, and the second IRES is a EMCV IRES. Examples of the
above replicons include SEQ ID NQ:5, SEQ ID NO:6, SEQ ID NO:22 and SEQ ID NO:25.
The above replicons also preferably comprise an adaptive mutation, including any of the
adaptive phenotypes previously described, including increased transfection efficiency,
replication in a non-hepatic ccll including HelLa cells, and attenuat'cd virulenee, and further
comprising any of the adaptive mutations previously described, such as the various NSSA
mutations and deletions previously described.

The polynucleotides of the present invention can be in the form of RNA or DNA.
Preferred embodiments of the polynucleotides are SEQ ID NOs:5-13 and 22-25, the
complements thereof, and the RNA cquivalents of the sequences or their complements. In
certain embodiments, the polynucleotides ate capable of productive infection in 2 chimpanzee
upon infrahepatic injection.

The present invention is also directed to expression vectors comprising DNA forms of
any of the above polynucleotides, operably associated with a promoter. Additionally, the
invention is directed to cells comprising the above expression vectors as well as host cells
comprising any of the polynucleotides described above. The host cells are preferably
mammalian cells, more preferably human cells. The host cells are preferably hepatocytes, T-
cells, B-cells, or foreskin fibroblasts; most preferably hepatocytes. Certain adaptive mutants

can also replicate in HeLa cells. The host cells can be within a non-human mammal capable
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of supporting transfection and replication of the HCV RNA, and infection when the HCV
RNA encodes a virus particle. A preferred non-human mammal is a chimpanzee.

In additional emboditments, the present invention is directed to methods for
identifying a cell line that is permissive for RNA replication with HCV. The method includes
the steps of contacting a cell in tissue culture with an infectious amount of the above-
described polynucleotides, and detecting replication of HCV variants in cells of the cell line.

The present invention is also directed to 2 method for producing a cell line
comprising replicating HCV. The method includes the steps of (a) transcribing the abave-
described expression vector to synthesize HCV RNA; (b) transfecting a cell with the HCV
RNA; and (c) culturing the cell.

Additionally, the present invention is directed to a vaccine. The vaccine includes any
of the above-described polynuelcotides, in a pharmacentically. acceptable carrier. In related
embodiments, the present invention is directed to a method of inducing immunoprotection to
HCVin a primate. The method includes administering the vaccine to the primate.

In further embodiments, the present invention is directed to a method of testing a
compound for inhibiting HCV replication. The method includes the steps of (a) treating the
above described host cells with the compound; and (b) evaluating the treated host cell for
reduced replication, wherein reduced HCV replication indicates the ability of the compound
to inhibit replication.

In additional embodiments, the present invention is directed to a method of testing a
compound for inhibiting HCV iﬁfection. The method comprises treating a host cell with the
compound before, during or after infecting the host cell with any of the invention
polynucleotides.

In still other embodiments, the present invention is directed to an HCV variant that
has (a) transfection efficiency greater than 0.01%, as determined by replication-dependent
neomycin resistance, or (b) greater ability of initial colonies of cells transfected with the
variant to survive subpassage than wild-type HCV genotype 1, subtype 1b. The HCV variant
also has, from 5’ to 3’ on the positive-sense nucleic acid, a functional HCV 5' non-translated
region (SNTR) comprising an extreme 5'-terminal conserved sequence; an HCV polyprotein
coding region; and a functional HCV 3’ non-translated region (3'NTR) comprising a variable
region, a polypyrimidine region, and an exireme 3'-terminal conserved sequence. In preferred
embodiments, the transfection efficiency is greater than 0.1%; in more preferred
embodiments, greater than 1%; in still more preferred embodiments, greater than 5%. In the

most preferred embodiments, the transfection efficiency is about 6%.
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The variants can have any of the characteristics of the polynucleotides described
above. However, preferred variants comprise the NS5A mutation or deletion described for
the polynucleotides above.

Among the several advantages achieved by the present invention are the provision of
polynucleotides comprising non-naturally occurring HCV sequences; the provision of HCV
variants that have a transfection efficiency and ability to survive subpassage greater than
HCV forms that have wild-type polyprotein coding regions; the provision of expression
vectors comprising the above polynucleotides and HICV variants; the provision of cells and
host cells comprising the above expression vectors, the provision of methods for identifying a
cell line that is permissive for RNA replication with HCV; the provision of vaccines
comprising the above polynucleotides in a pharmaceutically acceptable carrier; the provision
of methods for inducing immunoprotection to HCV in a primate; and the provision of

methods for testing 2 compound for inhibiting HCV replication.

Brief Description of the Drawings

FIGURE 1. HCV genome structure, polyproiein processing, and protein features. At the top
is depicted the viral genome with the structural and nonstructural protein coding regions, and
the S'and 3' NTRs, and the putative 3/ scco;]dary structure. Boxes below the genome indicate
proteins generated by the proteolytic processing cascade. Putative structural proteins are
indicated by shaded boxes and the nonstructural proteins by open boxes. Contiguous
stretches of uncharged amino acids are shown by black bars. Asterisks denote proteins with
N-linked glycans but do not necessarily indicate the position or number of sites utilized.
Cleavage sites shown are for host signalase (¢), the NS2-3 proteinase (curved arrow), an the

NS3-4A serine protease ({)).

FIGURE 2. Strategies for expression of heterologous RNAs and proteins using HCV vectors.
At the top is a diagram of the positive-polarity RNA virus HCV, which expresses mature viral
proteins by translation of a single long ORF and proteolytic processing. The regions of the
polyprotein encoding the structural proteins (STRUCTURAL) and the nonstructural proteins
(REPLICASE) are indicated as lightly-shaded and open boxes, respectively. Below are
shown a number of proposed replication-competent “replicon” expression constructs. The
first four constructs (A-D) lack structural genes and would therefore require a helper system
{o enable packaging into infectious virions. Constructs E-G would not require helper
functions for replication or packaging. Darkly shaded boxes indicate heterologous or foreign

gene sequences (FG). Translation initiation (aug) and termination signals (trm) are indicated
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by open triangles and solid diamonds, respectively. Internal ribosomes entry sites (IRES) are
shown as boxes with vertical stripes. Constructs A and H illustrate the expression of 2
heterologous product as an in-frame fusion with the FICV polyprotein. Such protein fusion
junctions can be engineered such that processing is mediated either by host or viral

proteinases (indicated by the arrow).

FIGURE 3. Structure of HCVreplbBarthMan. Two versions of this infectious replicon were
constructed as described in Example 1. The first, HCVrep1bBartMan/Avall, has a Avall
restriction site in the variable domain of the 3' NTR that is not present in the 3' NTR of wild-
type HCV subtype 1b. The second variant, HCVreplbBartMan/A2U's, has 32, rather than the
wild-type 34, U's in the longest stretch of contiguous U's in the polypyrimidine domain of the
3'NTR. The "GDD—AGG" designation shows the inactivating mutation in the non-

replicating replicons that were used as polymerase-minus controls in Example 1.

FIGURE 4. Generation of G418-resistant cell clones. At the top is a diagram of the
HCVreplbBartMan replicons as described in Figure 3. The middle text summarizes the steps
used to isolate the adaptive mutants, which are further described in Example 1. The bottom
chart summarizes several characteristics of some of the replicons isolated as described in the

Example.

FIGURE 5. Synthesis of HCV-specific RNA and proteins. Figure SA illustrates actinomycin
D-resistant RNA replication of four adaptive replicons as further described in the Example.
Figure 5B illustrates the immunoprecipitation of *S-labeled HCV-specific proteins of three
adaptive replicons as further described in Example 1.

FIGURE 6. Detection of NS3 in G418-resistant cell clones. Monolayers of cclls transfected
with various replicons as indicated were immunostained with an anti-NS3 antibody. Patterns

of staining were similar to cells stained from an infected liver.

FIGURE 7. Nucleotide and amino acid changes in the NS5A coding region of HCV.
Nucleotide and ainino acid changes in a portion of the NS5A coding region of seven adaptive

clones are indicated.

FIGURE 8. G418-resistant colonies generated afier electroporation of replicon RNAs into
Huh7 cells. The ability of an adaptive replicon (Replicon I) to establish colonies after
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transfection into Huh7 cells (middle) is compared to the original replicon
HCVrepBartMan/Avall (leff) and the same adaptive replicon, but with an inactivating
mutation in the polymerase gene (right).

FIGURE 9. Structures of HCV replicons and full-length HCV RN4s. The adaptive replicon
5NTR-EMCV has the 5NTR fused directly to the EMCV IRES upsiream of NS3., Another
adaptive replicon, HCVrep/NS2-5B has the non-structural protein, NS2, upstream of NS3. A
full-length HCV ¢DNA clone, HCV FL, was assembled. Also, a bicistronic derivative, HCV
FL-neo, was assembled where the SNTR is fused to the neomycin phosphotransferase gene
and the EMCV IRES is upstream of the HCV open reading frame. In both full-length clones,
the open reading frame comprises the structural and non-structural regions, from capsid to
NS85B. In addition, all of the replicons and full-length HCV RNAs comprise the mutation
coding for Ser to Ile substitution at position 1179 of SEQ ID NO:3, in NS5A.

FIGURE 10. RNA replication of replicons and full-length HCV RNAs. The HCV replicons .
and full-length HCV RNAs shown in FIGURE 9 are replication competent.

Detailed Description of the Invention

Definitions
Various terms are used herein, which have the following definitions:

As used herein, "HCV polyprotein coding region" means the portion of a hepatitis C
virus that codes for the polyprotein open reading frame (ORF). This ORF may encode
proteins that are the same or different than wild-type HCV proteins. The ORF may also
encode only some of the functional proteins encoded by a wild-type polyprotein coding
region. The proteins encoded therein may also be from different isolates of HCV, and non-
HCV proteins may also be encoded therein.

The phrase "pharmaceutically acceptable" refers to molecular entities and
compositions that are physiclogically tolerable and do not typically produce an allergic or
similar untoward reaction, such as gastric upset, dizziness and the like, when administered to
ahuman. Preferably, as used herein, the term "pharmaceutically acceptable” means approved
by a regulatory agency of the Federal or a state govérnment or listed in the U.S.
Pharmacopoeia or other generally recognized pharmacopoeia for use in animals, and more
particularly in humans. The term "carrier” refers to a diluent, adjuvant, excipient, or vehicle
with which the compound is administered. Such pharmaceutical carriers can be sterile

liquids, such as water and oils, including those of petroleum, animal, vegetable or synthetic
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origin, such as peanut oil, soybean oil, mineral oil, sesame oil and the like. Water or aqueous
solution saline solutions and aqueous dextrose and glycerol solutions are preferably employed
ag carriers, particularly for injectable solutions. Suitable pharmaceutical carriers are
described in "Remington's Pharmacentical Sciences" by E-W. Martin.

The phrase "therapeutically effective amount” is used herein to mean an amount
sufficient to reduce by at least about 15 percent, preferably by at least 50 percent, more
preferably by at least 90 percent, and most preferably prevent, a clinically significant deficit
in the activity, function and response of the host. Altematively, a therapeutically effective
amount is sufficient to cause an improvement in a clinically significant condition in the host.

The term "adjuvant" refers to a compound or mixture that ephances the immune
response to an antigen. An adjuvant can serve as a tissue depot that slowly releases the
antigen and also as a lymphoid system activator that non-specifically enhances the immune
response (Hood et al., Immunology, Second Ed., 1984, Benjamin/Cummings: Menlo Park,
California, p. 384). Often, a primary challenge with an antigen alone, in the absence of an
adjuvant, will fail to elicit a humoral or cellular immune response. Adjuvants include, but are
not limited to, complete Freund's adjuvant, incomplete Freund's adjuvant, saponin, mineral
gels such as aluminum hydroxide, surface active substances such as lysolecithin, pluronic
polyols, polyanions, peptides, oil or hydrocarbon emulsions, keyhole limpet hemocyanins,
dinitrophenol, and potentially useful human adjuvants such as BCG (bacille Calmette-Guerin)
and Corynebacterium parvum. Preferably, the adjuvant is pharmaceutically acceptable.

In a specific embodiment, the term "about" or "approximately" means within 20%,
preferably within 10%, and more preferably within 5% of a given value or range.

The term "virus infection" as used herein, refers to the usual way that wild-type virus
particles become established in host cells. This generally includes binding to the host cell,
uptake, delivery to the cytosol or nucleus, and initiation of replication,

The term "iransfection" as used herein, refers to the infection of a cell with a
polynucleotide. The polynucleotide can be DNA or RNA. A preferred method of
transfecting a cell with an HCV polynucleotide is with replication competent RNA. Delivery
to permissive cells can be facilitated by electroporation, charged liposomes, high salt, DE
dextran, etc. Replication competent RNAs can also be launched in cells after transfection of
DNA such as plasmids or DNA. viruses that have been appropriately engineered to provide
transcription initiation and termination signals. The transfected RNAs can represent full-
length genome RNAs capable of initating a complete replication cycle (including production
of progeny virus), or they may be defective lacking one or more RNA elements or proteins

essential for virion production but not RNA replication. The latter RNAs, which are lacking

-20-




10

15

20

25

30

35

WO 01/89364 PCT/US01/16822

19
in the ability to produce a virion, will be referred o generally herein as "replication competent
RNASs", "RNA replicons” or "replicons"”.

As used herein, the term "subpassage" connotes the transfer of a colony from one
vessel of media to another vessel of media. Examples of vessels of media include dishes,
bottles or test tubes with solid or liquid growth media. Unless otherwise indicated,
"subpassage” means the {ransfer of a colony of HCV-transfected cells from a vessel of media
where the newly transfected cells were plated to a vessel of media where the colony is
isolated.

The term "authentic” is used herein to refer to an HCV polynucleotide, whether a
DNA or RNA, that provides for replication and production of functional HCV proteins, or
components thereof. The authentic HCV polynucleotides of the present invention are capable
of replication and may be infectious, e.g., in a chimpanzee model or in tissue culture, to form
viral particles (i.e., "virions"). An authentic HCV polynucleotide of the present invention
may also be a "replicon", such that it is incapable of producing the full complement of
structural proteins to make a replication competent infectious virion. However, such
replicons are capable of RNA replication. Thus, the authentic HCV polynucleotides
exemplified in the present application contains all of the virus-encoded information, whether
in RNA elements or encoded proteins, necessary for initiation of an HCV RNA replication
cycle. The authentic HCV pelynucleotides of the invention include modifications described
herein, e.g., by site-directed mutagenesis or by culture adaptation, producing a defective or
attenuated derivative, or an adaptive variant. Alternatively, sequences from other genotypes
or isolates can be substituted for the homologous sequence of the specific embodiments
described herein. For example, an authentic HCV nucleic acid of the invention may comprise
the adaptive mutations disclosed herein, e.g., on a recipient plasmid, engineered into the
polyprotein coding region of a functional clone from another isolate or genotype (either a
consensus region or one obtained by very high fidelity cloning). In addition, the HCV
polynucleotide of the present invention can include a foreign gene, such as a gene encoding a

selectable marker or a reporter protein.

General Description

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of cell culture, molecular biology, microbiology, recombinant DNA,
and immunology, which are within the skill of the art. Such techniques are explained fully in '
the literature. See, €.g., Ausubel et al. (ed.) (1993) "Current protocols in molecular biology.
Green Publishing Associates, New York; Ausubel et al. (1995), "Shorl Protocols in Molecular
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Biology", John Wiley and Sons; Joseph Sambrook et al. (1989), "Molecular Cloning, A
Laboratory Manual", second ed., Cold Spring Harbor Laboratory Press; the series,
METHODS IN ENZYMOLOGY (Academic Press, Inc.); Anintal Cell Culture [R.L

Freshney, ed. (1986)]; Lau, ed. (1999), HEPATITIS C PROTOCOLS, Humana Press,
New York; and Immobilized Cells And Enzymes [IRL Press, (1986)]; all of which are
incorporated by reference.

The present invention is directed to variants of hepatitis C virus (HCV) and methods
for producing the variants. As used herein, an HCV variant is a non-naturally occurring HCV
sequence that is capable of productive replication in a host cell. The genetic sequence of
these variants may comprise insertions, deletions, or base mutations from wild type HCV
sequences. As further discussed infra, the variants may be produced by genetic engineering,
by methods known to the skilled artisan (see, e.g., U.S. Patent Application No. 08/811,566
(Now U.S. Patent No.____); Lohmann et al., Science 285:110-113(1999)). Allematively, as
further discussed infra, the variants may also be produced by culture selection methods, or a
combination of culture selection and genetic engineering,

The variants are in the form of DNA or RNA and can be incorporated into any useful
form of those compounds, for example in extrachromosomal DNA that replicates in a
microorganism such as E. coli or yeast. Included among these are plasmids, phage, BACs,
YACsS, etc. RNA and virions comprising the variant are also envisioncd as within the scope
of the invention. The variants of the present invention can also be in the form of cassettes for
insertion into a DNA cloning vector. The HCV RNAs are envisioned to be complementary to
any HCV DNA disclosed herein. An infectious HCV RNA is a positive strand RNA created
from the negative strand template of the HCV DNA clone of the invention.

The variants of the present invention are not narrowly limited to any particular virus
subtype. Thus, any particular component of the variant, or the entire variant, may be from
any HCV subtype. Preferred subtypes are 1a and 1b, due to the widespread occurrence, as
well as the large amount of knowledge available for those two subtypes. However, the use of
any other genotype or subtype, as would be considered within the skill of the art, is
envisioned as within the scope of the invention. These subtypes include, but are not limited
to, any subtypes within genotypes HCV-1, HCV-2, HCV-3, HCV-4, HCV-5, and HCV-6.
Moreover, since HCV lacks proofreading activity, the virns itself readily mutates, forming
mutant "quasi-species” of HCV that are also contemplated as useful for the present invention.
Such mutations are casily identified by sequencing isolates from a subject, as detailed herein
or in U.S. Patent Application No. 08/811,566 (Now U.S. Patent No.___ ). It would be
expected that the methods and compositians disclosed herein are useful for any known
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subtype or quasi-species, or ary subtype or quasi-species not now known but that is
discovered in the future.

The HCV variants of the invention include a 5'-NTR conserved sequence, which
generally comprises the 5'-terminal sequence GCCAGCC, and which may have additional
bases upstream of this conserved sequence without affecting finctional activity of the HCV
nucleic acid. In a preferred embodiment, the 5'-GCCAGCC includes from 0 to ahout 10
additional upstream bases; more preferably it includes from 0 to about 5 upstream bases; more
preferably still it includes 0, one, or two upstream bases. In specific embodimenis, the
extreme 5'-terminal sequence may be GCCAGCC; GGCCAGCC; UGCCAGCC;
AGCCAGCC; AAGCCAGCC; GAGCCAGCC; GUGCCAGCC; or GCGCCAGCC, wherein
the sequence GCCAGCC is the 5'-terminus of SEQ ID NO:1. However, the scope of the
HCYV variants of the invention encompasses any functional HCV 5' NTR, whether now
known or later discovered.

The HCYV variants of the invention also include a 3' NTR that comprises a poly-
pyrimidine region as is known in wild-type HCV. These polypyrimidine regions are known
to camprise, on the positive-strand HCV RNA, a poly(U)/poly(UC) tract or a poly(4) tract.
However, the polypyrimidine region of the present invention may also include other
polypyrimidine tracts that are not now known but are later found to be functional in infectious
HCV. Asisknown in the art, the polypyrimidine tract may be of variable length: both short
(about 75 bases) and long (133 bases) are effective, although an HCV clone containing a long
poly(U/UC) tract is found to be highly infectious. Longer tracts may be found in naturally
occurring HCV isolates. Thus, an authentic HCV nucleic acid of the invention may have a
variable length polypyrimidine tract.

The 3' NTR also comprises, at its extreme 3' end, the highly conscrved RNA clement
of about 98 nucleotides known in the art, and as described in, e.g., U.S. Patent No. 5,874,565,
U.S. Patent Application No. 08/811,566 (Now U.S. Patent No.___), and U.S. Patent No.
5,837,463. In a specific aspect, the 3-NTR extreme terminus is RNA homologous to 2a DNA
having the sequence
5" TGGTGGCTCCATCTTAGCCCTAGTCACGGCTAGCTGTGAAAGGTCCGTGAGCC
GCATGACTGCAGAGAGTGCTGATACTGGCCTCTCTGCTGATCATGT-3' (SEQ ID
NO:2). However, the scope of the invention is meant to encompass HCV variants with any
HCV 3' NTR that allows virus replication, whether the sequence is now known or later
discovered. Included are 3' NTRs that do not comprise a variable region.

The HCV variants of the present invention also include a polyprotein coding region

sufficient to allow replication of the HCV RNA. Thus, the polyprotein coding region may be
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deficient in functional genes encoding the full complement of the HCV structural genes C, E1
and E2. In addition, the polyprotein coding region may comprise deletions, insertions, or
mutations that do not occur in wild-type HCV strains. Further, the polyprotein coding region
may be chimeric, such that some of the genes encoded therein are from analogous regions of
another virus, as discussed infra.

The HCV variants encompassed by the present invention include variants that do not
produce virus particles. These variants, which may be termed "replicons”, lack the ability to
produce a fully functional complement of the structural proteins C, E1 and E2. The inability
to produce the functional siructural protein component of the HCV virus may be conferred by
deletion of the genes encoding one, two, or all three of these proteins. Altematively, a
deletion of a small portion of the coding sequence of one of the structural proteins, or a
mutation in a critical region of the coding sequence, or an insertion into the coding sequence
could lead to an HCV that cannot produce virions. In the latter case, the insertion can be any
sequence that disrupts the ability of the structural protein from becoming part of a virion, and
can include functional sequences, such as those that encode a reporter gene (such as fi-
galactosidase) or those that confers selectability to the cell harboring the replicon (such as
neo). The above manipulations are entirely within the skill of the art. See, e.g., Lohmann et
al., supra and Example 1. As discussed infr-a, such variants are useful for studying replication
of the HCV virus, among other things. ]

The variants of the present invention can also comprise an alteration in the coding
sequence of the polyprotein coding region that does not affect the production of functional
virions or replicons. These alterations can be such that the amino acid sequence of the mature
protein is not changed from the wild-type sequence, due to the degeneracy of the genetic
code. Such alterations can be useful, e.g., when they introduce or remove a restriction site,
such that the size of HCV fragments produced by digestion with a restriction enzyme is
altered. This provides a distinguishing characteristic of that variant, which can be used, e.g.,
to identify a particular infectious isolate in a multiple infection animal model, or to provide
convenient sites for subsequent engineering. Any technique for mutagenesis known in the art
can be used, including but not limited to in vitro site-directed mutagenesis [Hutchinson, C., et
al., 1978, I. Biol. Chem. 253:6551; Zoller and Smith, 1984, DNA 3:479-488; Oliphant ef al.,
1986, Gene 44:177; Hutchinson et al., 1986, Proc. Natl. Acad. Sci. U.S.A. 83:710], use of
TAB® linkers (Pharmacia), etc. PCR techniques are preferred for site dirccted mutagenesis
[see Higuchi, 1989, "Using PCR to Engineer DNA", in PCR Technology: Principles and
Applications for DNA Amplification, H. Erlich, ed., Stockton Press, Chapter 6, pp. 61-70].
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Alterations in the polyprotein coding sequence can also introduce conservative amino
acid substitutions in the HCV-encoded proteins. Conservative amino acid substitutions refer
1o the interchangeability of residues having similar side chains. Conservatively substituted
amino acids can be grouped according to the chemical properties of their side chains. For
example, one grouping of amino acids includes those amino acids have neutral and
‘hydrophobic side chains (A, V, L, I, P, W, F, and M); another grouping is those amino acids
having neutral and polar side chains (G, S, T, Y, C, N, and Q); another grouping is those
amino acids having basic side chains (K, R, and H); another grouping is those amino acids
having acidic side chains (D and E); another grouping is those amino acids having aliphatic
side chains (G, A, V, L, and I); another grouping is those amino acids having aliphatic-
hydroxyl side chains (S and T); another grouping is those amino acids having amine-
containing side chains (N, Q, K, R, and H}; another grouping is those amino acids having
aromatic side chains (F, Y, and W); and another grouping is those amino acids having sulfur-
containing side chains (C and M). Preforred conservative amino acid substitutions are: R-K;
E-D, Y-F, L-M; V-1, and Q-H. Conservative amino acid substitutions, when conferred on the
structural proteins, can alter antigenic epitopes, and thus the immune reactivity of the virus.
Those substitutions could also alter the function of the non-structural proteins, such that the
virus reproduces at a different rate or is altered in its ability to replicate in cell culture or in an
organism. See, €.g., Example 1, where replicon IV is adaptive to cell culture conditions due
to the conservative amino acid substitution Ser — Cys in the NS5A protein.

Alterations in the polyprotein coding region could also introduce nonconservative
amino acid substitutions in one or more of the proteins encoded therein. Nonconservative
substitutions would be expected to alter protein function more drastically than conservative
substitutions, and would thus be more likely than conservative substitutions to alter
phenotypic characteristics of the virus such as replication rate, adaptation to cell culture or in
vivo culture, and displayed antigenic determinants. Examples are several adaptive mutations
in the NS5A coding region described in the , infra.

In some embodiments of the invention, the polyprotein coding region has a consensus
sequence derived from more than one HCYV isolate. For example, an authentic HCV nucleic
acid of the invention may comprisc a 5' and 3' sequence from any onc subtype of the virus and
a polyprotein region from any other subtype. Alternatively, only one of the proteins encoded
in the polyprotein might be from another viral subtype. In this way, the effcct of a particular
protein in conferring characteristics of a particular strain (e.g., reduced virulence, increased

replication rate etc.) can be studied.
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Chimeras with other viruses, such as with bovine viral diarrhea virus, or another
flavivirus, are also envisioned. See, e.g., PCT/US99/08850, incorporated herein by reference.
In these embodiments, components of the functional clones can be used to construct chimeric
viruses for assay of HCV gene functions and inhibitors thereof [Filocamo et al., J. ¥irol. 71:
1417-1427 (1997); Hahm e al., Virology 226: 318-326 (1996); Lu and Wimmer, Proc Nat!
Acad Sci US 4 93: 1412-7 (1996)]. In one such extension of the invention, functional HCV
elements such as the 5’ IRES, proteases, RNA helicase, polymerase, or 3* NTR are used to
create chimeric derivatives of BVDV whose productive replication is dependent on one or
more of these HCV elements. Such BVDV/HCV chimeras can then be used to screen for and
evaluate antiviral strategies against these functional components.

Chimeras where a gene encoding a structural or nonstructural protein from a closcly
related virus such as GB virus B replaces the corresponding HCV gene would also be

expected to be fimctional. See, e.g., Butkiewicz et al., 2000, J. Virol. 74, 4291-4301.

Other alterations in the polyprotein coding region coﬁtemplated by the present
invention include deletions or insertions in the sequence. Such alterations may also alter
replication rate, adaptation to various growth conditions, or antigenic determinants. A
preferred example of a useful deletion includes the 47 amino acid deletion and replacement of
Ser 1182 to Asp 1229 of SEQ ID NO:3 with Tyr, which is an adaptive mutation in the NSSA
that provides greater transfection efficiency than HCVs with wild-type NS5A. See Example
1.

Insertions into the polyprotein coding region can be of any length and into any area of
the region, provided the modified HCV is still able to replicate. Preferably, the insertion is
engineered in frame with the rest of the polyprotein coding region, to allow correct translation
of the polyprotein region downstream from the insertion.

Insertions into the polyprotein coding region could introduce a gene encoding a
heterologous protein. The choice of heterologous protein is not narrowly limited and can
include a protein that is therapeutic to the infected host or cell, or a protein that is harvested
and purified for another purpose. Particularly useful heterologous genes include those used
for detection of the variant (i.e., reporter genes), or for selection of cells having the variant.
Nonlimiting examples of reporter genes useful in the present invention include B-
galactosidase, B-glucuronidase, firefly or bacterial luciferase, green fluorescent protein (GFP)
and humanized derivatives thereof, cell surface markers, and secreted markers. Such products
arc cither assayed directly or may activate the expression or activity of additional reporters.

Nonlimiting examples of selectable markers for mammalian cells include, but are not limited
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to, the genes encoding dihydrofolate reductase (DHFR; methotrexate resistance), thymidine
kinase (tk; methotrexate resistance), puromycin acetyl transferase (pac; puromycin
resistance), neomyein resistance (neo; resistance to neomycin or G418), mycophenolic acid
resistance (gpf), hygromyein resistance, blasticidin resistance, and resistance to zeocin. Other
selectable markers can be used in different hosts such as yeast (ura3, his3, len2, trpl).

The present invention also encompasses HCV variants that have alterations in the
noncoding regions of the virus, For example, the foreign gene discussed above can also be
inserted into a noncoding region of the virus, provided the region with the insert continues to
be sufficiently functional to allow replication. To provide for translation of a foreign gene
inserted into a noncoding region, the foreign gene must be operatively linked to translational
start signals, preferably an internal ribosome entry site (IRES) derived from cellular or viral
mRNAs [Jang et al., Enzyme 44: 292-309 (1991); Macejek and Samow, Nature 353: 90-94
1991); Molla et al., Nature 356: 255-257 (1992)]. In essence, this strategy creates a second
cistron in the variant, separate from the polyprotein coding region cistron. A preferred IRES
is the encephalomyocarditis virus (EMCV) IRES.

The foreign gene can also be inserted into the 3' NTR or the 5' NTR. In the 3' NTR,
the foreign gene/IRES casseitc is preferably inserted into the most 5', variable domain.
However, insertions are also envisioned for other regions of the 3' NTR, such as at the
junction of the variable region and the polypyrimidine region, or within the polypyrimidine
region. In the 5'NTR, the foreign gene is preferably inserted into the area just adjacent (3' to)
the internal HCV IRES. In these variants, the foreign gene is engineered to be operably
linked to the HCV IRES. Where this is the case, it is prefemved that the second IRES (e.g., an
EMCV IRES) is engineered just 5' to the polyprotein coding region, to be operably linked to
that region. See Example and Lohmamn et al., supra.

Some of the above strategies for functional expression of heterologous genes have
been previously described. See Bredenbeck and Rice, (1992) supra for review; see, also
Figure 2, which is also Figure 2 of U.S. Patent Application No. 08/811,566 (Now U.S. Patent
No._ ).

Additionally, noncoding region alterations such as mutations, deletions or insertions
that do not encode a foreign protein are within the scope of the invention. For example,
mutations, deletions of insertions in the variable or polypyrimidine regions of the 3' NTR,
including deletions of the entire variable region, or in the 5' NTR region, that create or destroy
restriction sites or make the variant otherwise ideﬁtiﬂable can be used advantageously to

create a "tagged" variant. See, e.g., Example, where a mufation in the variable region of the 3'
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NTR created an easily identifiable Avall restriction site, and where a deletion in the
polypyrimidine region created another identifiable variant.

The polyprotein coding sequence can comprise mutants with desirable functional
adaptations such as adaptive or attenuated variants. These improved variants can be superior
in any desired characteristic. Nonlimiting examples of characteristics that can be improved
by the present methods include more rapid or more accurate replication in vivo or in culture,
improved transfection efficiency, improved ability to establish subpassaged cell lines, ability
to infect a host or a host cell line, virulence, and attenuation of discase symptoms.

Such HCV variants may be adaptive, e.g., by selection for propagation in animals or
in vilro. See, e.g., Example. Alternatively, the varianis can be engineered by design to
comprise the functional adaptation. See, e.g., Example, where a deletion was designed that
had increased transfection efficiency and ability to be subpassaged to create a stable cell line,
supporting persistent HCV replication.

Non-functional HCV clones, e.g., that are incapable of genuine replication, that fail to
produce HCV proteins, that do not produce HCV RNA as detected by Northern analysis, or
that fail to infect susceptible animals or cell lines in vitro, can be corrected using components
of the variants of the present invention. By comparing a variant of an authentic HCV nucleic
acid sequence of the invention, with the sequence of the non-functional HCV clone, defects in
the non-functional clone can be identified and corrected, and the corrected, replicating variant
could have characteristics like the variant, such as an adaptive mutation, etc. All of the
methods for modifying nucleic acid sequences available to one of skill in the art to effect
modifications in the non-functional HCV genome, including but not limited to site-directed
mutagenesis, substitution of the functional sequence from an authentic HCV variant for the
homologous sequence in the non-functional clone, etc.

Aduptation of HCV for more improved cell culture characteristics. Replication and
transfection efficiency and stability of virions and replicons that bave wild-type polyprotein
replication in cell culture is inefficient. That is, cells transfected with, e.g., RNA transcripts
of clones of these strains replicate slowly in culture and the transfected cells are difficult to
maintain. Additionally, transfection efficiency is poor. That is, very few cells that are
transfected with the RNA replicon are able to support HCV replication. See, e.g., Example 1
and Lohmann et al., supra, where less than 0.01% of Huh-7 cells transfected with RNA.
transcripts of eplicons that have a wild-type (genotype 1, subtype 1b) nonstructural
polyprotein coding region grew into colonies on the petri dish where the transfectants were
plated. Furthermore, a low percentage of colonies that arose from the original plating (<3%)
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could be subpassaged onto another dish of media to form an isolated stable cell line
supporting HCV replication.

"Transfection efficiency” is defined by determining the percent of cells having
replicating HCV RNA that continue to translate proteins encoded by the transfected nucleic
acids. The easiest way to measure this is by determining the percentage of cells that exhibit a
characteristic conferred by the HCV RNA. See, e.g., Example 1, where replicons comprising
a neo gene conferred G418 resistance to the transfected cells, and where the cells were G418
resistant after dividing and forming colonies on the dish where the transfected cells were
plated. In that example, G418 resistance would not persist sufficiently for colonies to form
unless the HCV RNA was able to replicate and partition into the dividing cells while
continuing to replicale and translate the neo gene to confer G418 resistance. Transfection
cfficiency is thus replication dependent, in that the transfected HCV must replicate,
transcribe, and translate the measured characteristic (here, G418 resistance). In the context of
the neo selectable marker, this method of determining transfection efficiency is termed
"replication-dependent neomycin resistance". This is the preferred way of measuring
transfection efficiency because it only measures transcription from HCV that established itself
sufficicntly to replicate and partition into dividing cells to form a colony.

Another disadvantageous cell culture characteristic of HCV nucleic acid that has
wild-type nonstructural polyprotein genes is that only a low percentage of colonies that form
after transfection and selection are able to continue to be maintained upon subpassage as
continuous cell lines harboring replicating RNA. This was <3% in Lohmann et al,, as
discussed supra.

Disadvantageous characteristics of HCV having wild-type nonstructural polyprotein
genes can be reduced by utilizing certain adaptive mutations and deletions'in the NS5A
coding region or elsewhere as disclosed herein. Preferred mutations comprise alterations in
the encoded amino acid sequence in a region of the NS5A that is just 5' to the coding region
of the "interferon sensitivity-determining region" (ISDR). Specifically, various mutations
within about 50 nucleotides 5' to the ISDR, more preferably within about 20 nucleotides of
the ISDR, where the encoded amino acid sequence is altered, have the effect of adapting an
HCV to have higher transfection efficiency and increased ability to withstand subpassage to
establish a cell line harboring persistent HCV replication. Specific mutations having this
effect include Ser to Ile at amino acid 1179 of SEQ ID NO:3 (subtype 1b nonstructural
polyprotein region), conferred, for example, by the mutation g to t at position 5336 of SEQ ID
NO:6, embodied in SEQ ID NO:8 (nucleotide[nt]) and SEQ ID NO:16 (amino acid{aa]); Arg
to Gly at amino acid 1164 of SEQ ID NO:3, conferred, for example, by the mutation from a to
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g at position 5289 of SEQ ID NO:6, embodied in SEQ ID NO:9 (nt) and SEQ ID NO:17 (aa);
Ala to Ser at amino acid 1174 of SEQ ID NO:3, conferred, for example, by the mutation from
g to t at position 5320 of SEQ ID NO:6, embodied in SEQ ID NO:10 (nt) and the NS5A
amino acid sequence of SEQ ID NO:19; Ser to Cys at amino acid 1172 of SEQ ID NO:3,
conferred, for example, by the mutation ¢ to g at position 5315 of SEQ ID NO:6, embodied in
the NSSA gene SEQ ID NO:11 and the NS5A amino acid sequence of SEQ ID NO:20; and
Ser to Pro at amino acid 1172 of SEQ ID NO:3, conferred, for example by the mutation t to ¢
at position 5314 of SEQ ID NO:6, embodied in the NS5A gene SEQ ID NO:12 and the NS5A
amino acid SEQ ID NO:21. The adaptive effect of these mutations is surprising since this
region of HCV is normally conserved among HCV isolates. Additionally, delctions within
the ISDR, including deletions of the entire ISDR and various flanking sequences, cause this
adaptive effect. Among these deletions is the substitution of the ISDR and flanking sequence
comprising amino acids 1182 to 1229 of SEQ ID NO:3 with a tyrosine, conferred, for
example, by the deletion of nt 5345-5485 of SEQ ID NO:6, and embodied in SEQ ID NO:7
(nt) and the NSSA amino acid SEQ ID NO:14.

HCV variants comprising mutations adaptive to cell culture may also be attenuvated,
that is impaired in its ability to cause discase, establish chronic infections, trigger autoimmune
responses, and transform cells.

The present invention also discloses methods for selecting for adaptive HCV variants.
These methods comprise the use of an HCV virion or preferably a replicon, which further
comprises a dominant selectable marker such as a neo gene. Cells are transfected with these
variants. The transfectants are plated into selection media, such as G418 when the neo gene is
utilized in the variant. Colonies that arise to exhibit resistance to the selectable marker are
subpassaged into fresh selection media. HCV in colonies that withstand subpassage to
establish a cell line harboring HCV replication can be isolated and used to transfect additional
cells. Any of these colonies that show increased transfection efficiency or other desirable
characteristics, such as the ability to withstand subpassage, are adaptive variants, where the
adaptive nature of the variant is conferred by at least one mutation or deletion, Selected areas
of the HCV in these adaptive variants are sequenced. Preferably, at least the NS5A is
sequenced. More preferably, the entire polyprotein coding region is sequenced. Any
muiations in these variants can be [urther evaluated to determine the adaptive nature of the
mutations. That evaluation preferably involves recreating the mutation in an otherwise wild-
type coding region and determining if the recreated HCV mutant exhibits the adaptive
phenotype of the original mutant.
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Adaptive mutations could also be manifested, but are not restricted to: (i) altering the
tropism of HCV RNA replication; (ii) altering viral products responsible for deleterious
effects on host cells; (iii) increasing or decreasing HCV RNA replication efficiency; (iv)
increasing or decreasing HCV RNA packaging efficiency and/or assembly and release of
HCYV particles; (v) altering ccll tropism at the level of receptor binding and cntry. Thus, the
engineered dominant selectable marker, whose expression is dependent upon productive HCV
RNA replication, can be used to select for adaptive mutations in either the HCV replication

machinery or the transfected host cell, or both. In addition, dominant selectable markers can

" be used to select for mutations in the HCV replication machinery that allow higher levels of

RNA replication or particle formation. In one example, engincered HCV derivatives
expressing a mutant form of DHFR can be used to confer resistance to methotrexate (MTX).
As a dominant selectable marker, mutant DHFR is inefficient since nearly stoichiometric
amounts are required for MTX resistance. By successively increasing concentrations of MTX
in the medium, increased quantities of DHFR will be required for continued survival of cells
harboring the replicating HCV RNA. This selection scheme, or similar ones based on this
concept, can result in the selection of mutations in the HCV RNA replication machinery
allowing higher levels of HCV RNA replication and RNA accumulation. Similar selections
can be applied for mutations allowing production of higher yields of HCV particles in cell
culture or for mutant HCV particles with altered cell tropism. Such selection schemes mvolve
harvesting HCV particles from culture supcrnatants or after cell disruption and selecting for
MTX-resistant transducing particles by reinfection of naive cells.

Methods similar to the above can be used to establish adaptive variants with
variations in characteristics such as the increased or decreased ability to cause infection, the
ability to cause infection in a host that wild-type sirains are unable to infect, or cells of such a
host.

The invention also provides host cell lines transfected with any of the HCV DNA (or
HCV RNA) as set forth above. Examples of host cells include, but are by no means limited
to, the group consisting of a bacterial cell, a yeast cell, an insect cell, and a mammalian cell.
Preferably, the host cell is capable of providing for expression of functional HCV RNA
replicase, virions or virus particle proteins.

In a related aspect, as briefly described above, the invention provides a vector for
gene therapy or a gene vaccine (also termed herein a genetic vaccine), in which a
heterologous protein is inserted into the HCV nucleic acid under conditions that permit
expression of the heterologous protein. These vaccines can be either DNA or RNA. In
particular, the invention provides an infectious hepatitis C virus (HCV) DNA vector
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comprising from 5‘ to 3’ on the positive~sense DNA, a promoter; an HCV 5'-non-translated
region (NTR) containing the extreme 5'-terminal sequence GCCAGCC; an HCV polyprotein
coding region comprising a coding region for a heterologous gene; and a 3’ non-translated
region (NTR). Preferably, the promoter is selected from the group consisting of
bacteriophage T3, T7, and SP6.

In the embodiments of the invention where the functional HCV nucleic acid is DNA,
it may further comprise a promoter operatively associated with the 5 NTR. For example, but
not by way of limitation, the promoter may be selected from the group consisting of
bacteriophage T7, T3, and SP6. However, any suitable promoter for transcription of HCV
genomic RNA corresponding to the HCV DNA can be used, depending on the specific
transcription system employed. For example, for nuclear transcription (e.g., in an animal
transgenic lor HHCV), an endogenous or viral promoter, such as CMV, may be used.
Additionally, these promoter-driven HCV DNAs can be incorporated into an
extrachromosomally replicating DNA such as a plasmid or a phage.

Various uses of the invention variants are envisioned herein. Uses relevant to therapy
and vaccine development include: (i) the generation of defined HCV virus stocks to develop
in vitro and in vivo assays for virus neutralization, attachment, penetration and entry; (i)
structure/function studies on HCV proteins and RNA elements and identification of new
antiviral targets; (iii) a systematic survey of cell culture systems and conditions to identify
those that support wild-type and variant HCV RNA replication and particle releasc; (iv)
production of adaptive HCV variants capable of more efficient replication in cell culture; (v)
production of HCV variants with altered tissue or species tropism; (vi) establishment of
alternative animal models for inhibitor evaluation including those supporting HCV variant
replication; (vii) development of cell-free HCV replication assays; (viii) production of
immunogenic HCV particles for vaccination; (ix) engineering of attenuated HCV derivatives
as possible vaccine candidates; (x) engineering of attenuated or defective HCV derivatives for
expression of heterologous gene products for gene therapy and vaccine applications; (xi)
utilization of the HCV glycoproteins for targeted delivery of therapeutic agents to the liver or
other cell types with appropriate receptors. ) »

The invention further provides a method for infecting an animal with HCV variants,
where the method comprises administering an infectious dose of HCV variant RNA prepared
by transcription of infectious HCV variant DNA. The invention extends to a non-human
animal infected with HCV variants or transfected with HCV variant RNA or DNA. Similarly,
the invention provides a method for propagating infectious IICV variants in vitro comprising

culturing a cell line contacted with an infectious amount of HCV variant RNA prepared by
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transcription of the infectious HCV DNA, as well as an in vitro cell line infected with HCV
variants. In a specific embodiment, the cell line is a hepatocyte cell line transfected or
infected with an HCV variant in which an IRES-antibiotic resistance cassette has been
engineered to provide for selection. The variant may also comprise the adaptive mutations
described above.

In accordance with the gene therapy (genetic vaccine) embodiment of the invention,
also provided is a method for transducing an animal capable of HCV RNA replication with a
heterologous gene, comprising administering an amount of an HCV variant RNA prepared by
transcription of the HCV variant DNA vector.

In another embodiment, the invention provides a method for producing HCV particle
proteins comprising culturing a host expression cell line transfected with an HCV variant of
the invention under conditions that permit expression of HCV particle proteins; and isolating
HCV particle proteins from the cell culture. In a specific embodiment, such an expression
cell line may be a cell selected from the group consisting of a bacterial cell, a yeast cell, an
insect cell, and a mammalian cell.

The invention further provides an HCV virion comprising an HCV variant RNA.
genome. Such virions can be used in an HCV vaccine, preferably after attenuation, e.g., by
heat or chemical treatment, or through selection of attenuated variants by the methods
described above.

The in vivo and in vitro HCV variants of the invention permits controlled screening
for anti-HICV agents (i.e., drugs for treatment of HCV), as well as for evaluation of drug
resistance. An ir vivo method for screening for agents capable of modulating HCV
replication may comprise administering a candidate agent to an animal containing an HCV
variant, and testing for an increase or decrease in a level of HCV variant infection, replication
or activily compared to a level of HCV variant infection, replication or activity in the animal
prior to administration of the candidate agent; wherein a decrease in the level of HCV variant
infection, replication or activity compared to the level of HCV variant infection, replication or
activity in the animal prior to administration of the candidate agent is indicative of the ability
of the agent to inhibit HCV variant infection, replication or activity. Testing for the level of
HCV variant infection or replication can involve measuring the viral titer (e.g., RNA levels)
in a serum or tissue sample from the animal; testing for the level of HCV variant activity can
involve measuring liver enzymes. Alternatively, an in viiro method for screening for agents
capable of modulating HCV replication can comprise contacting a cell line supporting a
replicating HCV variant with a candidate agent; and thereafter testing for an increase.or

decreasc in a level of HCV variant replication or activity compared to a level of HCV variant
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replication or activity in a control cell line or in the cell line prior to administration of the
candidate agent, wherein a decrease in the level of HCV variant replication or activity
compared to the level of HCV variant replication or activity in a control cell linc ot in the cell
line prior to administration of the candidate agent is indicative of the ability of the agent to
inhibit HCV variant replication or activity. In a specific embodiment, testing for the level of
HCV variant replication in vitro may involve measuring the HCV titer, (e.g., RNA levels) in
the cell culture; testing for the level of HCV activity in vitro may involve measuring HCV
replication.

In addition to the specific HCV variant DNA clones and related HCV variant RNAs,
the invention is directed to a method for preparing an HCV variant DNA clone that is capable
of replication in a host or host cell line, comprising joining from 5' to 3" on the positive-sense
DNA a promoter; an HCV 5’ non-translated region (NTR) an HCV polyprotcin coding region;
and a 3' non-translated region (NTR), where at least one of these regions is not a naturally
oceurring region. Preferably, the promoter is selected from the group consisting of
bacteriophage T7, T3, and SP6. In a specific embodiment, the extreme 5'~terminal sequence
is homologous to SEQ ID NO:1, e.g,, the 5'-terminal sequence may be selected from the
group consisting of GCCAGCC; GGCCAGCC; UGCCAGCC; AGCCAGCC;
AAGCCAGCC; GAGCCAGCC; GUGCCAGCC; and GCGCCAGCC, wherein the sequence
GCCAGCC is the 5'-terminus of SEQ ID NO:1.

The 3"-NTR poly-U for use in the method of preparing an HCV variant DNA clone
may include a long poly-U region. Similarly, the 3'-NTR extreme terminus may be RNA
homologous to a DNA having the sequence
5" TGGTGGCTCCATCTTAGCCCTAGTCACGGCTAGCTGTGAAAGGTCCGTGAGCC
GCATGACTGCAGAGAGTGCTGATACTGGCCTCTCTGCTGATCATGT-3' (SEQ ID
NO:2); in a specific embodiment, the 3*-NTR extreme terminus has the foregoing sequence.

Components of functional HCV variani DNA clones. Components of the fnctional
HCYV variant DNA described in this invention can be used to develop cell-free, cell culture,
and animal-based screening assays for known or newly identified HCV antiviral targets as
described infra. For each selected target, it is preferred that the HCV variant used has the
wild-type form of the target. Examples of known or suspected targets and assays include [see
Houghton, Jn "Fields Virology" (B. N. Fields, D. M. Knipe and P. M. Howley, Eds.), Vol.
pp- 1035-1058. Raven Press, New York (1996); Rice, (1996) supra; Rice et al., Antiviral
Therapy 1, Suppl. 4, 11-17 (1997); Shimotohno, Hepaiology 21,:887-8 (1995) for reviews],
but are not limited to, the following:

-34-




WO 01/89364 PCT/US01/16822

33

The highly conserved 5' NTR, which contains elements essential for translation of the
incoming HCV genome RNA, is one target. It is also likely that this sequence, or its
complement, contains RNA elements important for RNA replication and/or packaging.
Potential therapeutic strategies include: antisense oligonucleotides (supra); trans-acting

5 ribozymes (supra); RNA decoys; small molecule compounds interfering with the function of
this element (thesc could act by binding to the RNA element itself or to cognate viral or
cellular factors required for activity).

Another target is the HCV C (capsid or core) protein, which is highly conserved and
is associated with the following functions: RNA binding and specific encapsidation of HCV

10 genome RNA; transcriptional modulation of cellular [Ray et ol., Virus Res. 37:209-220
(1995)] and other viral [Shih ez al, J. Virol. 69:1160-1171 (1 995); Shih et al, J. Virel. 67:
5823-5832 (1993)] genes; binding of cellular helicase [You et al., J. Firol, 73:2841-2853
(1999)}; cellular transformation [Ray et al., J. Virol. 70: 4438-4443 (1996a); Ray et al., J.
Biol. Chem. 272:10983-10986(1997)]; prevention of apoptosis [Ray ef al., Virol. 226:

15 176-182 (1996b)]; modulation of host immune response through binding to members of the
TNF receptor superfamily [Matsumoto ef al., J. Virol. 71: 1301-1309 (1997)].

The E1, E2, and perhaps the E2-p7 glycoproteins that form the components of the
virion envelope are targets for potentially neutralizing antibodies. Key steps where
intervention can be targeted include: signal peptidase mediated cleavage of these precursors

20  from the polyprotein [Lin et al., (19942 ) supra); ER assembly of the E1E2 glycoprotein
complex and association of these proteins with cellular chaperones and folding machinery
[Dubuisson et al., (1994) supra; Dubuisson and Rice, J. Virol. 70: 778-786 (1996)];
assembly of virus particles including interactions between the nucleocapsid and virion
envelope; transport and release of virus particles; the association of virus particles with host

25  components such as VLDL [Hijikata ef al., (1993) supra; Thomssen ef al., (1992) supra;
Thomssen et al., Med. Microbiol. Inmunol. 182: 329-334 (1993)] which may play a role in
evasion of immune surveillance or in binding and entry of cells expressing the LDL receptor;
conserved and variable determinants in the virion which are targets for neutralization by
antibodies or which bind to antibodies and facilitate immune-enhanced infection of cells via

30 interaction with cognate Fc receptors; conserved and variable determinants in the virion
important for receptor binding and entry; virion determinants participating in entry, fusion
with cellular membranes, and uncoating the incoming viral nucleocapsid.

The NS2-3 autoprotease, which is required for cleavage at the 2/3 site is a further
target.
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The NS3 serine protease and NS4A cofactor which form a complex and mediate four
cleavages in the HCV polyprotein [see Rice, (1997) supra for review) is yet another suitable
target. Targets include the serine protease activity itself; the tetrahedral Zn*" coordination site
n the C-terminal domain of the serine protease; the NS3-NS4A cofactor interaction; the
membrane association of NS4A,; stabilization of NS3 by NS4A; transforming potential of the
NS3 protease region [Sakamuro ef al., J Virol 69: 3893-6 (1995)].

The NS3 RNA-stimulated NTPase [Suzich et al., (1993) supra], RNA helicase [Jin
and Peterson, Arch Biochem Biophys 323: 47-53 (1995); Kim et al., Biochem. Biophys. Res.
Commun. 215: 160-6 (1995)], and RNA binding [Kanai ef al., FEBS Leti 376: 221-4 (1995)]
activities; the NS4A protein as a component of the RNA replication complex is another
potential target.

The NSS5A protein, another replication component, represents another target. This
protein is phosphorylated predominantly on serine residues [Tanji et al., J. Virol. 69:
3980-3986 (1995)]. Transcription modulating, cell growth promoting, and apoptesis
inhibiting activities of NSSA [Ghosh et al., J. Biol. Chem. 275:7184-7188 (2000)] can be
targeted. Other characteristics of NS5A that could be targets for therapy include the kinase
responsible for NS5A phosphorylation and its interaction with NSSA; and the interaction with
NS5A and other components of the HCV replication complex.

The NS5B RNA—dependent RNA polymerase, which is the enzyme responsible for
the actual synthesis of HCV positive and negative-strand RNAs, is another target. Specific
aspects of its activity include the polymerase activity itself [Behrens et al, EMBO J. 15:
12-22 (1996)]; interactions of NS5B with other replicase components, including the HCV
RNAs; steps involved in the initiation of negative- and positive-sirand RNA synthesis;
phosphorylation of NS5B [Hwang et al., Virology 227:438 (1997)].

Other targets include structural or nonstructural protein functions important for HCV
RNA replication and/or modulation of host cell function. Possible hydrophobic protein
components capable of forming channels important for viral entry, egress or modulation of
host cell gene expression may be targeted.

The 3' NTR, especially the highly conserved elements (poly (U/UC) tract; 98-base
terminal sequence) can be targeted. Therapeutic approaches parallel those described for the 5*
NTR, except that this portion of the genome is likely to play a key role in the initiation of
negative-strand synthesis. It may also be involved in other aspects of HCV RNA replication,
including translation, RNA stability, or packaging.

The functional HCV variants of the present invention may encode all of the viral
proteins and RNA elements required for RNA packaging. These elements can be targeted for
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development of antiviral compounds. Electrophoretic mobility shift, UV cross-linking, filter
binding, and three-hybrid [SenGupta et al., Proc. Natl. Acad. Sci. USA 93: 8496-8501
(1996)] assays can be used to define the protein and RNA elements impottant for HCV RNA
packaging and to establish assays to screen for inhibitors of this process. Such inhibitors
might include small molecules or RNA decoys produced by selection in vitro [Gold et al.,
(1995) supral.

Complex libraries of the variants of the present invention can be prepared using PCR
shuffling, or by incorporating randomized sequences, such as are generated in “peptide
display” libraries. Using the "phage method" [Scott and Smith, 1990, Scierce 249:386-390
(1990); Cwirla, etal., Proc. Nail. Acad. Sci US4., 87:6378-6382 (1990); Devlin et al.,
Science, 249:404-406 (1990)], very large libraries can be constructed (10°-10° chemical
entities). Clones from such libraries can be used to generate other variants or chimeras, e.g.,
using various IICV subtypes. Such variants can be generated by methods known in the art,
without undue experimentation.

A clone that includes a primer and run-off sequence can be used directly for
production of functional HCV variant RNA. A large number of vector-host systems kmown in
the art may be used. Examples of vectors include, but are not limited to, E. coli,
bacteriophages such as lambda derivatives, or plasmids such as pBR322 derivatives or pUC
plasmid derivatives, e.g., pGEX vectors, pmal-c, pFLAG, pTET, etc. As is well known, the
insertion into a cloning vector can, for example, be accomplished by ligating the DNA
fragment into a cloning vector that has complementary cohesive termini. However, if the
complementary restriction sites used to fragment the DNA are not present in the cloning
vector, the ends of the DNA molecules may be enzymatically modified. Alternatively, any
site desired could be produced by ligating nucleotide sequences (linkers) onto the DNA
termini; these ligated linkers may comprise specific chemically synthesized oligonucleotides
encoding restriction endonuclease recognition sequences. Recombinant molecules can be
introduced into host cells via transformation, transfection, infection, electroporation, etc., so

that many copies of the gene sequence are generated.

Expression of HCV RNA and Polypeptides
The HCV variant DNA, which codes for HCV variant RNA and HCV proteins,

particularly HCV RNA replicase or virion proteins, can be insertcd into an appropriate

expression vector, .., a vector which contains the necessary elements for the transeription
and translation of the inserted protein-coding sequence. Such elements are termed herein a

"promoter." Thus, the HCV variant DNA. of the invention is operationally (or operably)

-37-




WO 01/89364 PCT/US01/16822

10

15

20

25

30

w

5.

36
associated with a promoter in an expression vector of the invention. An expression vector
also preferably includes a replication origin. The necessary transcriptional and translational
signals can be provided on a recombinant expression vector. In a preferred embodiment for in
vitro synthesis of functional RNAs, the T7, T3, or SP6 promoter is used.

Potential host-vector systems include but are not limited to mammalian cell systems
infected with virus recombinant (e.g., vaccinia virus, adenovirus, Sindbis virus, Semliki
Forest virus, etc.); insect cell systems infected with recombinant viruses (e.g., baculovirus);
microorganisms such as yeast containing yeast vectors; plant cells; or bacteria transformed
with bacteriophage, DNA, plasmid DNA, or cosmid DNA. The expression elements of
vectors vary in their strengths and specificities. Depending on the host-vector system utilized,
any one of a number of suitable transcription and translation elements may be used.

The cell into which the recombinant vector comprising the HCV variant DNA clone
has been introduced is cultured in an appropriate cell culture medium under conditions that
provide for expression of HCV RNA or such HCV proteins by the cell. Any of the methods
previously described for the insertion of DNA fragments into a cloning vector may be used to
construct expression vectors containing a gene consisting of appropriate
transeriptional/translational control signals and the protein coding sequences. These methods
may include in vitro recombinant DNA and synthetic techniques and in vivo recombination
(genetic recombination).

Bxpression of HCV variant RNA or protein may be controlled by any
promoter/enhancer element known in the art, but these regulatory elements must be functional
in the host selected for expression. Promoters which may be used to control expression
include, but are not limited to, the SV40 early promoter region (Benoist and Chambon, 1981,
Nature 290:304-310), the promoter contained in the 3’ long terminal repeat of Rous sarcoma
virus (Yamamoto, ef al., 1980, Cell 22:787-797), the herpes thymidine kinase promoter
(Wagner ef al., 1981, Proc. Natl. Acad. Sci. U.S.A. 78:1441-1445), the regulatory sequences
of the metallothionein gene (Brinster ef al., 1982, Nature 296:39-42); prokaryotic expression
vectors such as the B-lactamase promoter (Villa-Kamaroff, et al., 1978, Proc. Natl. Acad. Sci.
U.S.A. 75:3727-3731), or the fac promoter (DeBoer, ef al., 1983, Proc. Natl. Acad. Sei.
U.8.A. 80:21-25); promoter elements from yeast or other fungi such as the Gal 4 promoter,
the ADC (alcohol dehydrogenase) promoter, PGK (phosphoglycerol kinase) promoter,
alkaline phosphatase promoter; and the animal transcriptional control regions, which exhibit
tissue specificity and have been utilized in transgenic animals: elastase I gene control region
which is active in pancreatic acinar cells (Swift e al., 1984, Cell 38:639-646; Omitz ez al.,,
1986, Cold Spring Harbor Symp. Quant. Biol. 50:399-409; MacDonald, 1987, Hepatology

-38-




WO 01/89364 PCT/US01/16822

10

15

20

25

30

35

37
7:425-515); insulin gene control region which is active in pancreatic beta cells (Hanahan,
1985, Nature 315:115-122), immunoglobulin gene control region which is active in lymphoid
cells (Grosschedl et al., 1984, Cell 38:647-658; Adames et al., 1985, Nature 318:533-538;
Alexander et al., 1987, Mol. Cell. Biol. 7:1436-1444), mouse mammary tumor virus control
region which is active in testicular, breast, lymphoid and mast cells (Leder ef al., 1986, Cell
45:485-495), albumin gene control region which is active in liver (Pinkert et al., 1987, Genes
and Devel. 1:268-276), alpha-fetoprotein gene control region which is active in liver
(Krumlauf et al., 1985, Mol. Cell. Biol. 5:1639-1648; Hammer et al., 1987, Science 235:53~
58), alpha 1-antitrypsin gene control region which is active in the liver (Kelsey et al., 1987,
Genes and Devel. 1:161-171), beta-globin gene control region which is active in myeloid cells
(Mogram et al., 1985, Nature 315:338-340; Kollias ef al., 1986, Cell 46:89-94), myelin basic
protein gene conirol region which is active in oligodendrocyte cells in the brain (Readhead et
al., 1987, Ccll 48:703-712), myosin light chain-2 gene control region which is active in
skeletal muscle (Sani, 1985, Nature 314:283-286), and gonadotropic releasing hormone gene
control region which is active in the hypothalamus (Mason ef al., 1986, Science 234:1372-
1378).

A wide variety of host/expression vector combinations may be employed in
expressing the DNA sequences of this invention, Useful expression vectors, for example,
may consist of segments of chromosomal, non-chromosomal and synthetic DNA sequences.
Suitable vectors include derivatives of SV40 and known bacterial plasmids, e.g., E. coli
plasmids col EL, pCR1, pBR322, pMal-C2, pET, pGEX [Smith ef al., 1988, Gene 67:31-40],
pMB9 and their derivatives, plasmids such as RP4; phage DNAS, e.g., the numerous
derivatives of phage A, e.g., NM989, and other phage DNA, e.g., M13 and filamentous single
stranded phage DNA; yeast plasmids such as the 21 plasmid or derivatives thereof; vectors
useful in eukaryotic cells, such as vectors useful in insect or mammalian cells; vectors derived
from combinations of plasmids and phage DNAs, such as plasmids that have been modified to
employ phage DNA or other expression control sequences; and the like known in the art.

In addition to the preferred sequencing analysis, expression vectors containing an
HCYV variant DNA clone of the invention can be identified by four general approaches: (a)
PCR amplification of the desired plasmid DNA or specific mRNA, (b) nucleic acid
hybridization, (c) presence or absence of selection marker gene functions, (d) analysis with
appropriate restriction endonucleases and (e) expression of inserted sequences. In the first
approach, the nucleic acids can be amplified by PCR to provide for detection of the amplified
product. In the second approach, the presence of nucleic acids in an expression vector can be

detected by nucleic acid hybridization using probes comprising sequences that are
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homologous to the HCV variant DNA. In the third approach, the recombinant vector/host
system can be identified and selected based upon the presence or absence of certain "selection
marker" gene functions (e.g., B-galactosidase activity, thymidine kinase activity, resistance to
antibiotics, transformation phenotype, occlusion body formation in baculovirus, etc.) caused
by the insertion of foreign genes in the vector. In the fourth approach, recombinant
expression vectors are identified by digestion with appropriate restriction enzymes. In the
fifth approach, recombinant expression vectors can be identified by assaying for the activity,
biochemical, or immunological characteristics of the gene product expressed by the
recombinant, e.g., HCV RNA, HCV virions, or HCV viral proteins. )

For example, in a baculovirus expression systems, both non-fusion transfer vectors,
such as but not limited to pVL.941 (BamHI cloning site; Summers), pVL1393 (BamHI, Smal,
Xbal, EcoR1, Notl, Xmalll, BglH, and Psil cloning site; Invitrogen), pVL1392 (Bgill, Pstl,
Notl, XmoUll, EcoRI, Xbal, Smol, and BamHI cloning site; Summers and Invitrogen), and
pBlueBaclll (BamHI, Bglll, Pst1, Neol, and Hindlll cloning site, with blue/white recombinant
screening possible; Invitrogen), and fusion transfer vectors, such as but not limited to pAc700
(BamHI and Kpnl cloning site, in which the BamHI recognition site begins with the initiation
codon; Summers), pAc701 and pAc702 (same as pAc700, with different reading frames), .
PAc360 (BamHI cloning site 36 base pairs downstream of a polyhedrin initiation codon;
Invitrogen(195)), and pBlueBacHisA, B, C (three different reading frames, with BamHI,
BglI, Pstl, Neol, and HindIl cloning site, an N-terminal peptide for ProBond purification,
and blue/white recombinant screening of plaques; Invitrogen) can be used.

Examples of mammalian expression vectors contemplated for use in the invention
include vectors with inducible promoters, such as the dihydrofolate reductase (DHFR)
promoter, e.g., any expression vector with a DHFR expression vector, or a
DHFR/methotrexate co-amplification vector, such as pED (Psl, Sall, Shal, Smal, and EcoRI
cloning site, with the vector expressing both the cloned gene and DHFR); [see Kaufman,
Current Protocols in Molecular Biology, 16.12 (1991)]. Alternatively, a glutamine
synthetase/methionine sulfoximine co-amplification vector, such as pEE14 (HindIll, Xbal,
Smal, Shal, EcoRlI, and Bcl cloning site, in which the vector expresses glutamine synthase
and the cloned gene; Celliech). In another embodiment, a vector that directs episomal
expression under control of Epstein Barr Virus (EBV) can be used, such as pREP4 (BamHI,
Sfil, Xhol, Nofl, Nhel, HindHI, Nhel, Pwll, and Kpnl cloning site, constitutive RSV-LTR
promoter, hygromyein selectable marker; Invitrogen), pCEP4 (Baml1L, SAL, Xhol, Nofl, Nhel,
HindIT1, Nhel, Pvull, and Kpul cloning site, constitutive h(CMV immediate early gene,
hygromycin selectable marker; Invitrogen), pMEP4 (Kpnl, Pvul, Nhel, HindIll, Notl, Xfol,
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Sfil, BamHI cloning site, inducible methallothionein Iia gene promoter, hygromyein
selectable marker: Invitrogen), pREP8 (BamHL, Xhol, Notl, Hindlll, Nhel, and Kpn] cloning
site, RSV-LTR promoter, histidinol selectable marker; Invitrogen), pREPY (Kpnl, Nhel,
Hindlll, Nofl, Xkol, Sfil, and BamHI cloning site, RSV-LTR. promoter, G418 selectable
marker; Invitrogen), and pEBVHis (RSV-LTR prometer, hygromycin selectable marker, N-
terminal peptide purifiable via ProBond resin and cleaved by enterokinase; Invitrogen).
Regulatable mammalian expression vectors, can be used, such as Tet and rTet {Gossen and
Bujard, Proc. Nail. Acad. Sci. USA 89:5547-51 (1992); Gossen et al., Science 268:1766-1769
(1995)]. Selectable mammalian expression vectors for use in the invention include pRe/CMV
(Hindll, BstX1, Nod, Sbal, and 4pal cloning site, G418 selection; Invitrogen), pRe/RSV
(HindIlL, Spel, BstX1, Nosl, Xbal cloning site, G418 selection; Invitrogen), and othets.
Vaccinia virus mammalian expression vectors [see, Kaufiman (1991) supra] for use according
to the invention include but are not limited to pSC11 (Smal cloning site, TK- and (3-gal
selection), pMJI601 (Sall, Smal, AflL, Narl, BspMII, BamHL, Apal, Nhel, Sacll, Kpnl, and
HindTl cloning site; TK- and (3-gal selection), and pTKgptF18S (£coRl, Pstl, Sall, Accl,
Hindll, Shal, BamH1, and Hpa cloning site, TK or XPRT selection).

Examples of yeast expression systems include the non-fusion pYES2 vector (Xbal,
SphL, Shol, Notl, Gs¢XJ, EcoRl, BsiXI, Ba;nlﬂ, Sacl, Kpnl, and HindlIl cloning sit;
Invitrogen) or the fusion pYESHisA, B, C (Xbal, Sphl, Shol, Nofl, BsiX1, EcoRl, BamH],
Sacl, Kpnl, and Hindlll cloning site, N-terminal peptide purified with ProBond resin and
cleaved with enterokinase; Invitrogen), to mention just two, can be employed according to the
invention.

In addition, a host cell strain may be chosen that modulates the expression of the
inserted sequences, or modifies and processes the gene product in the specific fashion desired.
Different host cells have characteristic and specific mechanisms for the translational and post-
translational processing and modification (e.g., glycosylation, cleavage [e.g., of signal
sequence]) of proteins. Expression in yeast can produce a glycosylated product. Expression
in eukaryotic cells can increase the likelihood of "native" glycosylation and folding of an
HCV protein. Moreover, expression in mammalian cells can provide a tool for reconstituting,
or constituting, native HCV virions or virus particle proteins.

A variety of transfection methods, useful for other RNA virus studies, can be utilized
herein without undue experimentation. Examples include microinjection, cell fusion,
calcium-phosphate cationic liposomes such as lipofectin [Rice ef al., New Biol. 1:285-296
(1989); see “HCV-based Gene Expression Vectors™, infal, DE-dextran [Rice ef al., J. Virol.
61: 3809-3819 (1987)], and electroporation [Bredenbeek et al., J. Virol. 67: 6439-6446
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(1993); Liljestrdm ef al.,, J. Virol. 65: 4107-4113 (1991)]. Scrape loading [Kumar et al,,
Biochem. Mol. Biol. Int. 32: 1059-1066 (1994)] and ballistic methods [Burkholder ez al., J.
Immunol. Meth. 165: 149-156 (1993)] may also be considered for cell types refractory to
transfection by these other methods. A DNA vector transporter may be considered [see, e.g.,
Wu et al., 1992, J. Biol. Chem. 267:963-967; Wu and Wu, 1988, J. Biol. Chem. 263:14621-
14624; Hartmut ef al,, Canadian Patent Application No. 2,012,311, filed March 15, 1990].

In Vitro Transfection With HCV Variants

Identification of cell lines supporting HCV replication. An important aspect of the
invention is a method it provides for developing new and more effective anti-HCV therapy by
conferring the ability {o evaluate the efficacy of different therapeutic strategies using an
authentic and standardized in vitro HCV variant replication system. Such assays are
invaluable before moving on fo trials using rare and valuable experimental animals, such as
the chimpanzee, or HCV-infected human patients. The adaptive variants of the invention are
particularly useful for this work because their growth in culture and their ability to withstand
subpassage is superior to wild-type strains. Also, the replicons disclosed herein are useful
because replication can be evaluated without the confounding cffects of the structural
proteins. )

The HCV variant infectious clone technology can also be used to establish in vitro
and in vivo systems for anilysis of HCV replication and packaging. These include, but are
not restricted to, (i) identification or selection of permissive cell types (for RNA réplication,
virion assembly and release); (ii) investigation of cell culture parameters (e.g., varying culture
conditions, cell activation, etc.) or selection of adaptive mutations that increase the efficiency
of HCV replication in cell cultures; and (iii) definition of conditions for efficient production
of infectious HCV variant particles (either released into the culture supernatant or obtained
after cell disruption). These and other readily apparent extensions of the invention have broad
utility for HCV therapentic, vaccine, and diagnostic development.

General approaches for identifying permissive cell types are outlined below. Optimal

methods for RNA transfection (see also, supra) vary with cell type and are determined using

_ RNA reporter constructs. These include, for example, the bicistronic replicons disclosed

supra and in the Examples, and bicistronic virus [Wang et al., J. Virol. 67: 3338-44 (1993)]
with the structure 5-CAT-HCV IRES-LUC-3'. These HCV variants are used both to
optimize transfection conditions (using, e.g., by measuring p-galactosidase or CAT
[chloramphenicol acetyltransferase] activity to determine transfection efficiency) and to

determine if the cell type is permissive for HCV TRES-mediated translation (e.g., by
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measuring LUC; luciferase activity). For actual HCV RNA transfection experiments,
cotransfection with a 5° capped luciferase reporter RNA [Wang ef al., (1993) supra] provides
an internal standard for productive transfection and translation. Examples of cell types
potentially permissive for HCV replication include, but are not restricted to, primary human
cells (e.g., hepatocytes, T-cells, B-cells, foreskin fibroblasts) as well as continuous human cell
lines (e.g., HepG2, Huh7, HUT78, HPB-Ma, MT-2, MT-2C, and other HTLV-1 and HTLV-II
infected T-cell lines, Namalawa, Daudi, EBV-transformed L.CLs). In addition, cell lines of
other species, especially those which are readily transfected with RNA and permissive for
replication of flaviviruses or pestiviruses (e.g., SW-13, Vero, BHK-21, COS, PK-15, MBCK,
etc.), can be tested. Cells are transfected using a method as described supra.

For replication assays, RNA transcripts are prepared using the HCV variant and the
corresponding non-functional, e.g., AGDD (see Examples) derivalive as a negative control,
for persistence of HCV RNA and antigen in the absence of productive replication. Template
DNA (which complicates later analyses) is removed by repeated cycles of DNasel treatment
and acid phenol extraction followed by purification by either gel electrophoresis or gel
filtration, to preferably achieve less than one molecule of amplifiable DNA per 10° molecules
of transcript RNA. DNA-free RNA transcripts are mixed with LUC reporter RNA and used
to transfect cell cultures using optimal conditions determined above. After recovery of the
cells, RNaseA is added to the media to digest excess input RNA and the cultures incubated
for various periods of time. An early timepoint (~1 day post-transfection) will be harvested
and analyzed for LUC activity (to verify productive transfection) and positive-strand RNA
levels in the cells and supematant (as a baseline). Samples are collected periodically for 2-3
weeks and assayed for positive-strand RNA levels by QC-RT/PCR [see Kolykhalov et al.,
(1996) supra]. Cell types showing a clear and reproducible difference between the intact
infectious transcript and the non-functional derivative, e.g., AGDD deletion, control can be
subjected to more thorough analyses to verify authentic replication. Such assays include
measurement of negative-sense HCV RNA accumulation by QC-RT/PCR [Gunyi ez al.,
(1994) supra; Lanford ef ai., Virology 202: 606-14 (1994)], Northern-blot hybridization, or
metabolic labeling [Yoo et al,, (1995) supra) and single cell methods, such as in situ
hybridization [ISH; Gowans ef al., In "Nucleic Acid Probes" (R. H. Symons, Eds.), Vol. pp.
139-158. CRC Press, Boca Raton. (1989)], in situ PCR [followed by ISH to detect only HCV-
specific amplification products; Haasc ef al., Proc. Nail. Acad. Sci. USA 87: 4971-4975
(1990)], and immunohistochemistry.

HCY particles for studying virus-receptor interactions. In combination with the

identification of cell lines that are permissive for HCV replication, defined HCV variant
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stocks can be used to evaluate the interaction of the HCV with cellular receptors. Assays can
be set up which measure binding of the virus to susceptible cells or productive infection, and
then used to screen for inhibitors of these processes.

Identification of cell lines for characterization of HCV recepiors. Cell lines
permissive for HCV RNA replication, as assayed by RNA transfection, can be screened for
their ability to be infected by the virus using the HCV variants of the present invention. Cell
lines permissive for RNA replication but which carmot be infected by the homologous virus
may lack one or more host receptors required for HCV binding and entry. Such cells provide
valuable tools for (i) functional identification and molecular cloning of HCV receptors and
co-receptors; (ii) characterization of virus-receptor interactions; and (iii) developing assays to
screen for compounds or biologics (e.g., antibodies, SELEX RNAs [Barte]l and Szostak,
"RNA-protein interactions” (K. Nagai and 1. W. Mattaj, Eds.), Vol. pp. 82-102. IRL Press,
Oxford (1995); Gold et al., Annu. Rev. Biochem. 64: 763-797 (1995)], ctc.) that inhibit these
interactions, Once defined in this manner, these HCV receptors serve not only as therapeutic
targets but may also be expressed in transgenic animals rendering them susceptible to HCV
infection [Koike et al., Dev Biol Stand 78: 101-7 (1993); Ren and Racaniello, J Virol 66:
296-304 (1992)]. Such transgenic animal models supporting HCV replication and spread
have important applications for evaluating anti-HCV drugs.

The ability to manipulate the HCV glycoprotein structure may also be used to create
HCV variants with altered receptor specificity. In one example, HCV glycoproteins can be
modified to express a heterologous binding domain for a known cell surface receptor. The
approach should allow the engineering of HCV derivatives with altered tropism and perhaps
extend infection to non-chimeric small animal models.

Alternative approaches for identifying permissive cell lines. As previously discussed,
and as exemplified in the Examples, functional HCV variants can be engincercd that comprise
selectable markers for HCV replication. For instance, genes encoding dominant selectable
markers can be expressed as part of the HCV polyprotein, or as separate cistrons located in

permissive regions of the HCV RNA genome.

Animal Models for HCV Infection and Replication

In addition to chimpanzees, the present invention permits development of alternative

animal models for studying HCV replication and evaluating novel therapeutics. Using clones
of the authentic HCV variants desctibed in this invention as starting material, multiple
approaches can be envisioned for establishing alternative animal models for HCV replication.

In one manifestation, the variants could be used to inoculate immunodeficient mice harboring
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human tissues capable of supporting HCV replication. An example of this art is the SCID:Hu
mouse, where mice with a severe combined immunodeficiency are engrafted with various
human (or chimpanzee) tissues, which could include, but are not limited to, fetal liver, adult
liver, spleen, or peripheral blood mononuclear cells. Besides SCID mice, normal irtadiated
mice can serve as recipients for engraftment of human or chimpanzee tissues. These chimeric
animals would then be substrates for HCV replication after either ex vivo or in vivo infection
with defined virus-containing inocuta.

In another manifestation, adaptive mutations allowing HCV replication in alternative
species may produce variants that are permissive for replication in these animals. For
instance, adaptation of HCV for replication and spread in either continuous rodent cell lines
or primary tissues (such as hepatocyles) could enable the virus to replicate in small radent
models. Alternatively, complex librarics of HCV variants created by DNA shuffling
[Stemmer, Proc. Natl. Acad. Sci. USA 91:10747 (1994)] or other methods lmown in the art
can be created and used for inoculation of potentially susceptible animals. Such animals
could be either immunocompetent or immunodeficient, as described above.

The functional activity of HCV variants can be evaluated transgenically. In this
respect, a transgenic mouse model can be uscd [see, e.g., Wilmut ef al., Experientia 47:905
(1991)]. The HCV RNA or DNA clone can be used to prepare transgenic vectors, including
viral vectors, plasnmid or cosmid clones (or phage clones). Cosmids may be intreduccd mnto
transgenic mice using published procedures [Jaenisch, Science, 240:1468-1474 (1988)]. In
the preparation of transgenic mice, embryonic stem cells are obtained from blastocyst
embryos [Joyner, In Gene Targeting: A Practical Approach. The Practical Approach Serics,
Rickwood, D., and Hames, B. D., Eds., IRL Press: Oxford (1993)] and transfected with HCV
variant DNA or RNA. Transfected cells are injected into early embryos, e.g., mouse
embryos, as described [Hammer et al., Nature 315:680 (1985); Joyner, supra). Various
techniques for preparation of transgenic animals have been described [U.S. Patent No.
5,530,177, issued June 25, 1996; U.S. Patent No. 5,898,604, issued December 31, 1996]. Of
particular interest are transgenic animal models in which the phenotypic or pathogenic effects
of a transgene are studied. For example, the effects of a rat phosphoenolpyruvate
carboxykinase-bovine growth hormone fusion gene has been studied in pigs [Wieghart et al.,
J. Reprod. Fert., Suppl. 41:89-96 (1996)]. Transgenic mice that ¢xpress of a genc encoding a
human amyloid precursor protein associated with Alzheimer's disease are used to study this
disease and other disorders [International Patent Publication WO 96/06927, published March
7, 1996; Quon et al., Nature 352:239 (1991)]. Transgenic mice have also been created for the
hepatitis delta agent [Polo ef al., J. Virol. 69:5203 (1995)] and for hepatitis B virus [Chisari,
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Curr. Top. Microbiol. Immunol. 206:149 (1996)], and replication occurs in these engineered
animals.

Thus, the functional HCV variants described here, or parts thereof, can be used to
create fransgenic models relevant to HCV replication and pathogenesis. In one example,
transgenic animals harboring the entire genome of an HCV variant can be created.
Appropriate constructs for transgenic expression of the entire HCV variant genome in a
transgenic mouse of the invention could include a nuclear promoter engineered to produce
transcripts with the appropriate 5 terminus, the full-length HCV variant cDNA sequence, a
cis-cleaving delta ribozyme [Ball, J. Virol. 66: 2335-2345 (1992); Pattnaik et al,, Cell 69:
1011-1020 (1992)] to produce an authentic 3' terminus, followed possibly by signals that
promote proper nuclear processing and transport to the cytoplasm (where HCV RNA
replication ocours). Besides the entire HCV variant genome, animals can be engineered to
express individual or various combinations of HCV proteins and RNA elements. For
example, animals engineered to express an HICV gene product or reporter gene under the
control of the HCV IRES can be used to evaluate therapies directed against this specific RNA
target. Similar animal models can be envisioned for most known IICV targets.

Such alternative animal models are useful for (i) studying the effects of different
antiviral agents on replication of HCV variants, including replicons, in a whole animal
system; (i) examining potential direct cytotoxic effects of HCV gene products on hepatocytes
and other cell types, defining the underlying mechanisms involved, and identifying and
testing strategies for therapeutic intervention; and (iii) studying immune-mediated
mechanisms of cell and tissue damage relevant to HCV pathogenesis and identifying and

testing strategies for interfering with these processes.

Selection and Analysis of Drug-Resistant Variants

Cell lines and animal models supporting HCV replication can be used to examine the
emergence of HCV variants with resistance to existing and novel therapeutics. Like all RNA
viruses, the HCV replicase is presumed to lack proofreading activity and RNA replication is
therefore error prone, giving rise to a high level of variation [Bukh e al., (1995) supral. The
variability manifests itself in the infected patient over time and in the considerable diversity
observed between different isolates. The emergence of drug-resistant variants is likely to be
an important consideration in the design and evaluation of HCV mono and combination
therapies. HCV replication systems of the invention can be used to study the emergence of
variants under various therapeutic formulations. These might include monotherapy or various

combination therapies (e.g., IFN-q,, ribavirin, and new antiviral compounds). Resistant
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mutants can then be used to define the molecular and structural basis of resistance and to

evaluate new therapeutic formulations, or in screening assays for effective anti-HCV drugs

(infra).

Screening For Anti-HCV Agents

HCV-permissive ccll lines or animal models (preferably rodent models) comprising

adaptive HCV variants can be used to screen for novel inhibitors or to evaluate candidate anti-
HCV therapies. Such therapies include, but would not be timited to, (i) antisense
oligonucleotides or ribozymes targeted to conserved HCV RNA targets; (ii) injectable
compounds capable of inhibiting HCV replication; and (jii) orally bioavailable compounds
capable of inhibiting HCV replication. Targets for such formulations include, but are not
restricted to, (i) conserved HCV RNA elements important for RNA replication and RNA
packaging; (ii) HCV-encoded enzymes; (iii) protein-protein and protein-RNA interactions
important for HCV RNA replication, virus assembly, virus release, viral receptor binding,
viral entry, and initiation of viral RNA replication; (iv) virus-host interactions modulating the
ability of HCV to establish chronic infections; (v) virus-host interactions modulating the
severity of liver damage, including factors affecting apoptosis and hepatotoxicity; (vi) virus-
host interactions leading to the development of more severe clinical outcomes including
cirthosis and hepatocellular carcinoma; and (vii) virus-host inferactions resulting in other, less
frequent, HCV-associated human diseases.

Evaluation of antisense and ribozyme therapies. The present invention extends to the
preparation of antisense nucleotides and ribozymes that may be tested for the ability to
interfere with HICV replication. This approach utilizes antisense nucleic acid and ribozymes
to block translation of a specific mRNA, either by masking that mRNA with an antisense
nucleic acid or cleaving it with a ribozyme.

Antisense nucleic acids are DNA or RNA molecules that are complementary to at
least a portion of a specific mRNA molecule. Reviews of antisense technology include:
Baertschi, Mol. Cell. Endocrinol. 101:R15-R24 (1994); Crooke et al., Annu. Rev. Pharmacol.
Toxicol. 36:107-129 (1996); Alama et al., Pharmacol. Res. 36:171-178; and Boyer et al., J.
Hepatol. 32(1 Suppl):98-112(2000). The last review discusses antisense technology as it
applies to HCV.

In the cell, they hybridize to that mRNA, forming a double stranded DNA:RNA or
RNA:RNA molecule. The cell does not translate an mRNA in this double-stranded form.
Therefore, antisense nucleic acids interfere with the expression of mRNA into protein.

Oligomers of about fifteen nucleotides and molecules that hybridize to the AUG initiation
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codon will be particularly efficient, since they are easy to synthesize and are likely to pose
fewer problems than larger molecules when introducing them into organ cells. Antisense
methods have been used to inhibit the expression of many genes in vitro. Preferably synthetic
antisense nucleotides contain phosphoester analogs, such as phosphorothiolates, or thioesters,
rather than natural phophocster bonds. Such phosphoester bond analogs are more resistant to
degradation, increasing the stability, and therefore the efficacy, of the antisense nucleic acids.

In the genetic antisense approach, expression of the wild-type allele is suppressed
because of expression of antisense RNA., This technique has been used to inhibit TK
synthesis in tissue culture and to produce phenotypes of the Kruppel mutation in Drosophila,
and the Shiverer mutation in mice [Izant et al.,, Cell, 36:1007-1015 (1984); Green et al., Annu.
Rev. Biochem., 55:569-597 (1986); Katsuki et al., Science, 241:593-595 (1988)]. An
importent advantage of this approach is that only a small portion of the gene necd be
expressed for effective inhibition of expression of the entire cognate mRINA. The antisense
transgene will be placed under control of its own promoter or another promoter expressed in
the correct cell type, and placed upstream of the SV40 polyA site.

Ribozymes are RNA molecules possessing the ability to specifically cleave other
single stranded RNA molecules in a manner somewhat analogous to DNA restriction
endonucleases. Ribozymes were discovered from the observation that certain mRNAs have
the ability to excise their own introns. By modifying the nucleotide sequence of these RNAs,
rescarchers have becn able to engineer molecules that recognize specific nucleotide sequences
in an RNA molecule and cleave it. Recent reviews include Shippy et al., Mol. Biotechnol.
12:117-129 (1999); Schmidt, Mol. Cells 9:459-463 (1999); Phylactou et al., Meth. Enzymol.
313:485-506 (2000); Oketani et al., J. Hepatol. 31:628-634 (1999); Macejak et al.,
Hepatology 31:769-776 (2000). The last two references disclose the use of ribozymes for
inhibiting HCV. Because they arc sequence-specific, only mRNAs with particular sequences
are inactivated.

Investigators have identified two types of ribozymes, Tetrahymena-type and
"hammerhead"-type. Tetrahyinena-type ribozymes recognize four-base sequences, while
“hammerhead"-type recognize eleven- to eighteen-base sequences. The longer the
recognition sequence, the more likely it is to occur exclusively in the target mRNA species.
Therefore, hammerhead-type ribozymes are preferable to Tetrahymena-type ribozymes for
inactivating a specific mRNA species, and eighteen base recognition sequences are preferable
to shorter recognition sequences.

Screening compound libraries for anti-HCV activity. Various natural product or

synthetic libraries can be screened for anti-HCV activity in the in vitro or in vivo models

-48-




WO 01/89364 PCT/US01/16822

10

15

20

25

30

35

47
comprising HCV variants as provided by the invention. One approach to preparation of a
combinatorial library uses primarily chemical methods, of which the Geysen method [Geysen
et al., Molecular Immunology 23:709-715 (1986); Geysen et al.J. Iimmunologic Method
102:259-274 (1987)] and the method of Fodor e al.[Science 251:767-773 (1991)] are
examples. Furka et al.[14th International Congress of Biochemistry, Volume 5, Abstract
FR:013 (1988); Furka, Int. J. Peptide Protein Res. 37:487-493 (1991)], Houghton [U.S.
Patent No. 4,631,211, issued December 1986] and Rutter ez a/.[U.S. Patent No. 5,010,175,
issued April 23, 1991] describe methods to produce a mixture of peptides that can be tested
for anti-HCV activity.

In another aspect, synthetic libraries [Needels et al., Proc. Natl. Acad. Sci. USA
90:10700-4 (1993); Ohlmeyer et al., Proc. Natl. Acad. Sci. USA 90:10922-10926 (1993); Lam
et al., International Patent Publication No. WO 92/00252; Kocis et al,, International Patent
Publication No. WO 9428028], and the like can be used to screen for anti-HCV compounds
according to the present invention. The references describe adaption of the library screening
techniques in biological assays.

Defined/engineered HCV variant virus particles for neutralization assays. The
variants described herein can be used to produce defined stocks of HCV particles for
infectivity and neutralization assays. Homogeneous stocks can be produced in the
chimpanzee model, in cell culture systems, or using various heterologous expression systems
(e.g., baculovirus, yeast, mammalian cells; see supra). These stocks can be used in cell
culture or in vive assays to define molecules or gene therapy approaches capable of
neutralizing HCV particle production or infectivity. Examples of such molecules include, but
are not restricted to, polyclonal antibodies, monoclonal antibodies, artificial antibodies with
engineered/optimized specificity, single-chain antibodies (see the section on antibodies,
infra), nucleic acids or derivatized nucleic acids selected for specific binding and
ncutralization, small orally bioavailable compounds, ctc. Such neutralizing agents, targeted to
conserved viral or cellular targets, can be either genotype or isolate-specific or broadly cross-
reactive. They could be used either prophylactically or for passive immunotherapy to reduce
viral load and perhaps increase the chances of more effective treatment in combination with
other antiviral agents (e.g., IFN-0, ribavirin, etc.). Directed manipulation of HCV infectious
clones can also be used to produce HCV stocks with defined cﬁangcs in the glycoprotein
hypervariable regions or in other epitopes to study mechanisms of antibody neutralization,
CTL recognition, immune escape and immune enhancement. These studies will lead to

identification of other virus-specific functions for anti-viral therapy.
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Dissection of HCV Replication

Other HCV replication assays. This invention allows dirceted molecular genctic
dissection of HCV replication. Such analyses are expected to (i) validate antiviral targets
which are currently being pursued; and (ii) uncover unexpected new aspects of HCV
replication amenable to therapeutic intervention. Targets for immediate validation through
mutagenesis studies include the following: the 5 NTR, the HCV polyprotein and cleavage
products, and the 3' NTR. As described above, analyses using the HCV variants and
permissive cell cultures can be used to compare parental and mutant replication phenotypes
after transfection of cell cultures with infectious RNA. Even though RT-PCR allows
sensitive detection of viral RNA accumulation, mutations which decrease the efficiency of
RNA replication may be difficult to analyze, unless conditional mutations are recovered. Asa
complement to first cycle analyses, #rans-complementation assays can be used to facilitate
analysis of HCV mutant phenotypes and inhibitor screening. Chimeric variants comprising
portions of heterologous systems (vaccinia, Sindbis, or non-viral) can be used to drive
expression of the HCV RNA replicase proteins and/or packaging machinery [see Lemm and
Rice, J. Virol. 67: 1905-1915 (19932); Lemm and Rice, J. Virol. 67: 1916-1926 (1993b);
Lemm et al., EMBO J. 13:2925-2934 (1994); Li et al., J. Firol. 65: 6714-6723 (1991)]. If
these elements are capable of functioning in frans, then co-expression of RNAs with
appropriate cis-elements should result in RNA replication/packaging. Such systems therefore
mimic steps in authentic RNA replication and virion assembly, but uncouple production of
viral components from HCV replication. If HCV replication is somehow self-limiting,
heterologous systems may drive significantly higher levels of RNA replication or particle
production, facilitating analysis of mutant phenotypes and antiviral screening. A third
approach is to devise cell-free systems for HCV template-dependent RNA replication. A
coupled translation/replication and assembly system has been described for poliovirus in
HeLa cells [Barton and Flanegan, J. Firol. 67: 822-831 (1993); Molla et al,, Science 254:
1647-1651 (1991)], and a template-dependent in vitro assay for initiation of negative-strand
synthesis has been established for Sindbis virus. Similar ir vitro systems using HCV variants
are invaluable for studying many aspects of HCV replication as well as for inhibitor screening
and evaluation. An cxample of each of these sirategies follows.

Trans-complementation of HCV RNA replication and/or packaging using viral or
non-viral expression systems. Heterologous systems can be used to drive HCV replication.
For example, the vaceinia/T7 cytoplasmic expression system has been extremely useful for
trans-complementation of RNA virus replicase and packaging functions [see Ball, (1992)
supra; Lemm and Rice, (1993a) supra; Lemm and Rice, (1993b) supra; Lemm et al., (1994)
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supra; Pattnaik et al., (1992) supra; Patinaik et al., Virology 206: 760-4 (1995); Porter ef al.,
J. Virol. 69; 1548-1555 (1995)]. In brief, a vaccinia recombinant (vIF7-3) is used to express
T7 RNA polymerase (T7TRNApol) in the cell type of interest. Target cDNAs, positioned
downstream from the T7 promoter, are delivered either as vaccinia recombinants or by
plasmid transfection. This system leads to high level RNA and protein expression. A
variation of this approach, which obviates the need for vaccinia (which could interfere with
HCV RNA replication or virion formation), is the pT7T7 system where the T7 promoter
drives expression of T7RNApol [Chen e al., Nucleic Acids Res. 22:2114-2120. (1994)].
pT7T7 is mixed with T7RNApol (the protein) and co-transfected with the T7-driven target
plasmid of interest. Added TTRNApol initiates transcription, leading to it own production
and high level expression of the target gene. Using either approach, RNA transcripts of
variants with precise 5 and 3' termini can be produced using the T7 transcription start site (57)
and the cis-cleaving HCV ribozyme (Rz) (3") [Ball, (1992) supra; Pattnaik ez al,, (1992)
supral.

These or similar expression systems can be uscd to cstablish assays for HCV RNA
replication and particle formation using HCV variants, and for evaluation of compounds
which might inhibit these pracesses. T7-driven prolein expression constructs and full-length
HCYV variants incorporating the HCV ribozyme following the 3' NTR can also be used. A
typical experimental plan to validate the assay as described for pT7T7, although essentially
similar assays can be envisioned using vIF7-3 or cell lines expressing the T7 RNA
polymerasc. HCV-permissive cclls arc co-transfected with
pT7TT+TTRNApol+p90/HCVFLlong pU Rz (or a negative control, such as AGDD). At
different times post-transfection, accumulation of BCV proteins and RNAs, driven by the
pI7T7 system, are followed by Western and Northern blotting, respectively. To assay for
HCV-specific replicase function, actinomycin D is added to block DNA-dependent T7
transeription [Lemm and Rice, (1993a), supra] and actinomycin D-resistant RNA synthesis is
monitored by metabolic labeling. Radioactivity will be incorporated into full-length HCV
RNAs for p90/HCVFL long pU/Rz, but not for p90/HCVFLAGDD/Rz. Using HCV variants
of the invention, this assay system, or elaborated derivatives, can be used to screen for
inhibitors and to study their effects on HCV RNA replication.

Cell-free systems for assaying HCV replication and inhibitors thereof. Cell-free
assays for studying HCV RNA replication and inhibitor screening can also be established
using the variants described in this invention. Either virion or transctibed RNAs are used as
substrate RNA. For HCV, full-length HCV variant RNAs transcribed in vitro can be used (o

program such in vitro systems and replication assayed essentially as described for poliovirus
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[see Barton et al., (1995) supra). In case hepatocyte-specific or other factors are required for
HCV variant RNA replication, the system can be supplemented with hepatocyte or other cell
extracts, or alternatively, a comparable system can be established using cell lines which have
been shown to be permissive for replication of the HCV variants.

One concern about this approach is that proper cell-free synthesis and processing of
the HCV polyprotein must ocour. Sufficient quantities of properly processed replicase
components may be difficult to produce. To circumvent this problem, the T7 expression
system can be used to express high levels of HCV replicase components in appropriate cells
[see Lemm et al., (1997) supra]. P15 membrane fractions from these cells (with added
buffer, Mg™, an ATP regenerating system, and NTPs) should be able to initiate and
synthesize full-length negative-strand RNAs upon addition of HCV-specific template RNAs.

Establishment of either or both of the above assays allows rapid and precise anélysis
of the effects of HCV mutations, host factors, involved in replication and inhibitors of the
various steps in HCV RNA replication. These systems will also establish the requirements
for helper systems for preparing replication-deficient HCV vectors.

Vaccination and Protective Immunity

There are still many unknown parameters that impact on development of effective HCV
vaccines. It is clear in both man and the chimpanzee that some individuals can clear the
infection. Also, 10-20% of those treated with IFN or about twice this percentage treated with
TFN and ribavirin show a sustained response as evidenced by lack of circulating HCV RNA.
Other studies have shown a lack of protective immunity, as evidenced by successful
reinfection with both homologous virus as well as with more distantly related HCV types
[Farci et al., (1992) supra; Prince et al., (1992) supra). Nonetheless, chimpanzees immunized
with subunit vaccines consisting of E1E2 oligomers and vaccinia recombinants expressing
these proteins are partially protected against low dose challenges [Choo et al., Proc. Natl.
Acad, Sci. USA 91:1294 (1994)]. The HCV variant technology described in this invention has
utility not only for basic studies aimed at understanding the nature of protective immune
responses against HCV, but also for novel vaccine production methods.

Active immunity against HCV can be induced by immunization (vaccination) with an
immunogenic amount of an attenuated or inactivated HCV variant virion, or HCV virus
particle proteins, preferably with an immunologically effective adjuvant. An
"immunologically effective adjuvant" is a material that enhances the immune response.

Selection of an adjuvant depends on the subject to be vaccinated. Preferably, a

pharmaceutically acceptable adjuvant is used. For example, a vaccine for a human should
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avoid oil or hydrocarbon emulsion adjuvants, including complete and incomplete Freund's
adjuvant. One example of an adjuvant suitable for use with humans is alum (alumina gel). A
vaccine for an animal, however, may contain adjuvants not appropriate for use with humans.

An alternative to a traditional vaccine comprising an antigen and an adjuvant involves
the direct in vivo introduction of DNA or RNA. encoding the antigen into tissues of a subject
for expression of the antigen by the cells of the subject's tissue. Such vaccines are termed
herein genetic vaccines, DNA vaccines, genetic vaccination, or nucleic acid-based vaccines.
Methods of transfection as described above, such as DNA vectors or vector transporters, can
be used for DNA vaccines.

DNA vaccines are described, e.p., in International Patent Publication WO 95/20660
and International Patent Publication WO 93/19183, the disclosures of which are hereby
incorporated by reference in their entireties. The ability of directly injected DNA that
encodes a viral protein or genome to elicit a protective immune response has been
demonstrated in numerous experimental systems [Conry ef al., Cancer Res., 54:1164-1168
(1994); Cox et al., Virol, 67:5664-5667 (1993); Davis ef al., Hum. Mole. Genet., 2:1847-1851
(1993); Sedegah et al., Proc. Natl. Acad. Sci., 91:9866-9870 (1994); Montgomery et al.,, DNA
Cell Bio., 12:777-783 (1993); Ulmer e al., Science, 259:1745-1749 (1993); Wang et af,,
Proc. Natl. Acad. Sci., 90:4156-4160 (1993); Xiang et al., Virology, 199:132-140 (1994)].
Studies to assess this strategy in neutralization of influenza virus have used both envelope and
internal viral proteins to induce the production of antihodies, but in particular have focused on
the viral hemagglutinin protein (HA) [Fynan ef al., DNA Cell. Biol., 12:785-789 (19934);
Fynan et al,, Proc. Natl. Acad. Sci., 905 11478-11482 (1993B); Robinson e? al.,, Vaccine,
11:957, (1993); Webster ef al., Vaccine, 12:1495-1498 (1994)).

Vaccination through directly injecting DNA or RNA that encodes a protein to elicit a
protective immune response produces both cell-mediated and humoral responses. This is
analogous to results obtained with live viruses [Raz et al., Proc. Nail. Acad. Sci., 91:9519-
9523 (1994); Ulmer, 1993, supra; Wang, 1993, supra; Xiang, 1994, supra]. Studies with
ferrets indicate that DNA vaccines against conserved internal viral proteins of influenza,
together with surface glycoproteins, are more effective against antigenic variants of influenza
virus than are either inactivated or subvirion vaccines [Donnelly et al., Nat.Medicine, 6:583-
587 (1995)]. Indeed, reproducible immune responses to DNA encoding nucleoprotein have
been reported in mice that last essentially for the lifetime of the animal [Yankauckas et al.,
DNA Cell Biol., 12: T71-776 (1993)].

A vaccine of the invention can be administered via any parenteral route, including but

not limited to intramuscular, intraperitoneal, intravenous, intraarterial (e.g., Ripatic artery)
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and the like. Preferably, since the desired result of vaccination is to elucidate an immune
response to HCV, administration directly, or by targeting or choice of a viral vector,
indirectly, to lymphoid tissues, e.g., lymph nodes or spleen. Since immune cells are
continually replicating, they are ideal target for retroviral vector-based nucleic acid vaccines,
since retroviruses require replicating cells.

Passive immunity can be conferred to an animal subject suspected of suffering an
infection with HCV by administering antiserum, neutralizing polyclonal antibodies, or a
neutralizing monoclonal antibody against HCV to the patient. Although passive immunity
does not confer long-term protection, it can be a valuable tool for the treatment of an acute
infection of a subject who has not been vaccinated. Preferably, the antibodies administered
for passive immune therapy are autologous antibodies. For example, if the subjectis a
human, preferably the antibodies are of human origin or have been "humanized," in order to
minimize the possibility of an immune response against the antibodies. Tn addition, genes
encoding neutralizing antibodies can be introduced in vectors for expression in vivo, e.g., in
hepatocytes.

Antibodies for passive immune therapy. Preferably, HCV variant virions or virus
particle proteins prepared as described above are used as an immunogen to generate
antibodies that recognize HCV. The variants utilized should have wild-type coat Such
antibodies include but are not limited to polyclonal, monoclonal, chimeric, single chain, Fab
fragments, and an Fab expression library. Various procedures known in the art may be used
for the production of polyclonal antibodies ta HCV. For the production of antibody, various
host animals can be immunized by injection with the HCV virions or polypeptide, e.g., as
describe infra, including but not limited to rabbits, mice, rats, sheep, goats, etc. Various
adjuvants may be used to increase the immunological response, depending on the host
species, including but not limited to Freund's (complete and incomplete), mineral gels such as
aluminum hydroxide, surface active substances such as lysolecithin, pluronic polyols,
polyanions, peptides, oil emulsions, keyhole limpet hemocyanins, dinitrophenol, and
potentially useful human adjuvants such as BCG (bacille Calmeite-Guerin) and
Corynebacterium parvum.

For preparation of monoclonal antibodies directed toward HCV as described above,
any techmique that provides for the production of antibody molecules by continuous cell lines
in culture may be used. These include but are not limited to the hybridoma technique
originally developed by Kohler and Milstein [Nature 256:495-497 (1975)], as well as the
trioma technique, the human B-cell hybridoma technique [Kozbor ef al., Immunology Today
4:72 1983); Cote et al., Proc. Natl. Acad. Sci. U.S.A. 80:2026-2030 (1983)], and the EBV-
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hybridoma technique to produce human monoclonal antibodies [Cole et al., in Monoclonal
Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96 (1985)]. In an additional
embodiment of the invention, monoclonal antibodies can be produced in germ-frec animals
[International Patent Publication No. WO 89/12690, published 28 December 1989]. In fact,
according to the invention, techniques developed for the production of "chimeric antibodies"
{Morrison et al., J. Bacteriol. 159:870 (1984); Neuberger et al., Nature 312:604-608 (1934);
Takeda et al., Nature 314:452-454 (1985)] by splicing the genes from a mouse antibody
molecule specific for HCV together with genes from a human antibody molecule of
appropriate biological activity can be used; such antibodies are within the scope of this
invention. Such human or humanized chimetic antibodies are preferred for use in therapy of
human diseases or disorders (described infra), since the human or humanized antibodies are
much less likely than xenogenic antibodies to induce an immune response, in particular an
allergic response, themselves.

According to the invention, techniques described for the production of single chain
antibodies [U.S. Patent Nos. 5,476,786 and 5,132,405 to Huston; U.S. Patent 4,946,778] can
be adapted to produce HCV-specific single chain antibodies. An additional embodiment of
the invention utilizes the techniques described for the construction of Fab expression libraries
[Huse ef al., Science 246:1275-1281 (1989)] to allow rapid and easy identification of
monoclonal Fab fragments with the desired specificity.

Antibody fragments containing the idiotype of the antibody molecule can be
generated by known techniques. For example, such fragments include but are not limited to:
the F(ab"), fragment which can be produced by pepsin digestion of the antibody molecule; the
Fab’ fragments which can be generated by reducing the disulfide bridges of the F(ab),
fragment, and the Fab fragments which can be generated by treating the antibody molecule
with papain and a reducing agent.

HCYV particles for subunit vaccination. The functional HCV variants of the present
invention can be used to produce HCV-like particles for vaceination. Proper glycosylation,
folding, and assembly of HCV particles may be important for producing appropriately
antigenic and protective subunit vaccines. Several methods can be used for particle
production. They include engineering of stable cell lines for inducible or constitutive
expression of HCV-like particles (using bacterial, yeast or mammalian cells), or the use of
higher level eukaryotic heterologous expression systems such as recombinant baculoviruses,
vaccinia viruses [Moss, Proc. Natl. Acad. Sci. U.S.A. 93: 11341-11348 (1996)], or
alphaviruses [Frolov et al., (1996) supra). HCV particles for immunization may be purified

from either the media or disrupted cells, depending upon their localization. Such purified
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HCYV particles or mixtures of particles representing a spectrum of HCV genotypes, can be
injected with our without various adjuvants to enhance immunogenicity.

Infectious non-replicating HCV particles. In another manifestation, particles of HCV
variants capable of receptor binding, entry, and translation of genome RNA can be produced.
Heterologous expression approaches for production of such particles include, but are not
testricted (o, E. coli, yeast, or mammalian cell lines, appropriate host cells infected or
harboring recombinant baculoviruses, recombinant vaceinia viruses, recombinant
alphaviruses or RNA replicons, or recombinant adenoviruses, engineered to express
appropriate HCV RNAs and proteins. In one example, two recombinant baculoviruses are
engineered. One baculovirus expresses the HCV structural proteins (e.g. C-E1-E2-p7)
required for assembly of HCV particles. A second recombinant expresses the entire HCV
genome RNA, with precise 5 and 3’ ends, except that a deletion, such as AGDD or
GDD—AAG (see example 1), is included to inactivate the HCV NS5B RDRP. Other
mutations abolishing productive HCV replication could also be utilized instead or in
combination. Cotransfection of appropriate host cells (S£9, Sf21, ete.) with both
recombinants will produce high levels of HCV structural proteins and genome RNA for
packaging into HCV-like particles. Such particles can be produced at high levels, purified,
and used for vaceination. Once introduced into the vaccinee, such particles will exhibit
normal receptor binding and infection of HCV-susceptible cells. Entry will occur and the
genome RNA will be translated to produce all of the normal HCV antigens, except that
further replication of the genome will be completely blocked given the inactivated NS5B
polymerase. Such particles are expected to elicit effective CTL responses against structural
and nonstructural HCV protein antigens. This vaccination strategy alone or preferably in
conjunction with the subunit strategy described above can be used to elicit high levels of both
neutralizing antibodies and CTL responses to help clear the virus. A variety of different HCV
genome RNA sequences can be utilized to ensure broadly cross-reactive and protective
immune responses. In addition, modification of the HCV particles, cither through genetic
engineering, or by derivatization in vitro, could be used to target infection to cells most
effective at eliciting protective and long lasting immune responses.

Live-attenuated HCV derivatives. The ability to manipulate the HCV genome RNA
sequence and thereby produce mutants with altered pathogenicity provides a means of
constructing live-attenuated HCV variants appropriate for vaccination. Such vaccine
candidates express protective antigens but would be impaired in their abilily to cause disease,

establish chronic infections, trigger autoimmune responses, and transform cells.
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Additionally, viruses propagated in cell culture frequently acquire mutations in their
RNA genomes that display attenuated phenotypes in vivo, while stiil retaining their
immunogenicity. Attenuated virus strains would be impaired in their ability to cause disease
and establish chronic infections. Production of HCV variants adapted for tissue culture may
represent potential candidates for live-attenuated vaccines. An atiractive possibility is the
production of HCV derivatives containing the deletion in NS5A described in this application

as clone I (see Example 1). Such a variant is less likely to revert to wild type in the host.

HCV Variant-based Gene Expression Vectors

Some of the same properties of HCV leading to chronic liver infection of humans may also be
of great utility for designing vectors for gene expression in cell culturc systems, genetic
vaccination, and gene therapy. The HCV variants described herein can be engineered to
produce chimeric RNAs designed for the expression of heterologous gene products (RNAs
and proteins). Strategies have been described above and elsewhere [Bredenbeek and Rice,
(1992) supra; Frolov et al., (1996) supra) and include, but are not limited to (i) in-frame
fusion of the heterologous coding sequences with the HCV polyprotein; (ii) crcation of
additional cistrons in the HCV genome RNA; and.(iii) inclusion of IRES elements to create
multicistronic self-replicating HCV vector RNAs capable of expressing one or more
heterologous genes (Figurc 2). Functional HCV RNA backbones utilized for such vectors
include, but are not limited to, (i) live-attenuated derivatives capable of replication and
spread; (ii) RNA replication competent "dead end" derivatives lacking one or more viral
components (e.g. the structural proteins) required for viral spread; (iii) mutant derivatives
capable of high and low levels of HHCV-specific RNA synthesis and accumulation; (iv) mutant
derivatives adapted for replication in different human cell types; (v) engineered or selected
mutant derivatives capable of prolonged noncytopathic replication in human cells. Vectors
competent for RNA replication but not packaging or spread can be introduced either as naked
RNA, DNA, or packaged into virus-like particles. Such virus-like particles can be produced
as described above and composed of either unmodified or altered HCV virion components
designed for targeted transfection of the hepatocytes or other human cell types. Alternatively,
HCV RNA vectors can be encapsidated and delivered using heterologous viral packaging
machineries or encapsulated into liposomes modified for efficient gene delivery. These
packaging strategies, and modifications thereof, can be utilized to efficiently target HCV
vector RNAs to specific cell types. Using metheds detailed above, similar HCV-derived

vector systems, competent for replication and expression in other species, can also be derived.
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Various methods, e.g., as set forth supra in connection with transfection of cells and
DNA vaccines, can be used to introduce an HCV vector of the invention. Of primary interest
is direct injection of functional HCV RNA or virions, e.g., in the liver. Targeted gene
delivery is described in International Patent Publication WO 95/28494, published October
1995. Alternatively, the vector can be introduced in vivo by lipofection. For the past decade,
there has been increasing use of liposomes for encapsulation and transfection of nucleic acids
in vitro. Synthetic cationic lipids designed to limit the difficulties and dangers encountered
with liposome mediated transfection can be used to prepare liposomes for in vivo transfection
of a gene encoding a marker [Felgner, et. al., Proc. Natl. Acad. Sci. U.S.4. 84:7413-7417
(1987); see Mackey, et al., Proc. Natl. Acad. Sci. U.S.A. 85:8027-8031 (1988); Ulmer ez al.,
Science 259:1745-1748 (1993)]. The use of cationic lipids may promote encapsulation of
negatively charged nucleic acids, and also promote fusion with negatively charged cell
membranes [Felgner and Ringold, Science 337:387-388 (1989)]. The use of lipofection to
introduce exogenous genes into the specific organs # vivo has certain practical advantages.
Molecular targeting of liposomes to specific cells represents one area of benefit. It is clear
that directing transfection to particular cell types would be particularty advantageous in a
tissue with cellular heterogencity, such as pancreas, liver, kidney, and the brain, Lipids may
be chemically coupled to other molecules for the purpose of targeting [see Mackey, et. al.,
supra]. Targeted peptides, e.g., hormones or neurotransmitters, and proteins such as
antibodies, or non-peptide molecules could be coupled to liposomes chemically. Receptor-
mediated DNA delivery approaches can also be used [Curiel et al., Hum, Gene Ther. 3:147-
154 (1992); Wu and Wu, J. Biol. Chem. 262:4429-4432 (1987)].

Examples of applications for gene therapy include, but are not limited to, (i)
expression of enzymes or other molecules to correct inherited or acquired metabolic defects;
(if) expression of molecules to promote wound healing; (iii) expression of immunomodulatory
molecules to promote immune-mediated regression or elimination of human cancers; (iv)
targeted expression of toxic molecules or enzymes capable of activating cytotoxic drugs in
tumors; (v) targeted expression of anti-viral or anti-microbial agents in pathogen-infected
cells. Various therapeutic heterologous genes can be inserted in a gene therapy vector of the
invention, such as but not limited to adenosine deaminase (ADA) to treat severe combined
immunodeficiency (SCID); marker genes or lymphokine genes into tumor infiltrating (TIL) T
cells [Kasis ez al., Proc. Natl. Acad. Sci. U.S.A. 87:473 (1990); Culver et al., ibid. 88:3155
(1991)]; genes for clotting factors such as Factor VIII and TFactor IX for treating hemophilia
[Dwarki ef al. Proc. Natl, Acad. Sci. US4, 92:1023-1027 (19950); Thompson, Thromb. and
Haemostatis, 66:119-122 (1991)]; and various other well known therapeutic genes such as,
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but not limited to, B-globin, dystrophin, insulin, erythropoietin, growth hormone,
glucocerebrosidase, B-glucuronidase, ci-antitrypsin, phenylalanine hydroxylase, tyrosine
hydroxylase, ornithine transcarbamylase, apolipoproteins, and the like. In general, see U.S.
Patent No. 5,399,346 to Anderson et al.

Examples of applications for genetic vaccination (for protection from pathogens other
than HCV) include, but are not limited to, expression of protective antigens from bacterial
(e.g., uropathogenic E. coli, Streptoccoci, Staphlococci, Nisseria), parasitic (e.g.,
Plasmodium, Leishmania, Toxoplama), fungal (e.g., Candida, Histoplasma) , and viral (e.g.,
HIV, HSV, CMYV, influenza) human pathogens. Immunogenicity of protective antigens
expressed using HCV-derived RNA expression vectors can be enhanced using adjuvants,
including co-expression of immunomodulatory malecules, such as cytokines (e.g., IL-2, GM-
CSF) to facilitate dcvelopmént of desired Thl versus Th2 responses. Such adjuvants can be
either incorporated and co-expressed by HCV vectors themselves or administered in

combination with these vectors using other methods.

Diagnostic Methods for Infections HCV

Diagnostic cell lines. The invention described herein can also be used to derive cell
lines for sensitive diagnosis of infectious HCV in patient samples, In concept, functional
HCV components are used to test and create susceptible cell lines (as identified above) in
which easily assayed reporter systems are selectively activated upon HCV infection.
Examples include, but are not restricted to, (i) defective HCV RNAs lacking replicase
components that are incorporated as transgenes and whose replication is upregulated ot
induced upon HCV infection; and (ii) sensitive heterologous amplifiable reporter systems
activated by HCV infection. In the first manifestation, RNA signals required for HCV RNA
amplification flank a convenient or a selectable marker (see above). Expression of such
chimeric RNAs is driven by an appropriate nuclear promoter and elements required for proper
nuclear processing and transport to the cytoplasm. Upon infection of the engineered cell line
with HCV, cytoplasmic replication and amplification of the transgene is induced, triggering
higher levels of reporter exprcséion, as an indicator of productive HCV infection.

In the second example, cell lines are designed for more tightly iegulated but highly
inducible reporter gene amplification and expression upon HCV infection. Although this
amplfied system is described in the context of specific components, other equivalent
components can be nsed. Tn one such system, an engineered alphavirus replicon transgene is
created which lacks the alphavirus nsP4 polymerase, an enzyme absolutely required for
alphavirus RNA amplification and normally produced by cleavage from the nonstructural
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polyprotein. Additional features of this defective alphavirus replicon include a subgenomic
RNA promoter, driving expression of a luciferase or GFP reporter gene. This promoter
element is quiescent in the absence of productive cytoplasmic alphavirus replication. The cell
line contains a second transgene for expression of gene fusion consisting of the HCV NS4A
protein and the alphavirus nsP4 RDRP. This fused gene is expressed and targeted to the
cytoplasmic membrane compartment, but this form of nsP4 would be inactive as a functional
component of the alphavirus replication complex because a discrete nsP4 protein, with a
precise N terminus is required for nsP4 activity [Lemm et al., EMBO J. 13:2925 (1994)]. An
optional third transgene expresses a defective alphavirus RNA with cis signals for replication,
transcription of subgenomic RNA encoding a ubiquitin-nsP4 fusion, and an alphavirus
packaging signal. Upon infection of such a cell line by HCV, the HCV NS3 proteinase is
produced, mediating trans cleavage of the NS4A-nsP4 fusion protein, activating the nsP4
polymerase. This active polymerasq, which functions in trars and is effective in minute
amounts, then forms a functional alphavirus replication complex leading to amplification of
the defective alphavirus replicon as well as the defective alphavirus RNA encoding ubiquitin-
nsP4. Ubiquitin-nsP4, expressed from its subgenomic RNA, is cleaved efficiently by cellular
ubiquitin carboxyterminal hydrolase to product additional nsP4, in case this enzyme is
limiting. Once activated, this system would produce extremely high levels of the reporter
protein. The time scale of such an HCV infectivity assay is expected to be from hours (for
sufficient reporter genc cxpression).

Antibody diagnostics. In addition to the cell lines described here, HCV variant virus
particles (virions) or components thereof, produced by the transfected or infected cell lines, or
isolated from an inflected animal, may be used as antigens to detect anti-HCV antibodies in
patient blood or blood products. Because the HCV variant virus particles are derived from an
authentic HCV genome, particular components such as the coat proteins are likely to have
immunogenic properties that more closely resemble or are identical to natural HCV virus than
if those components were produced outside of a replicating HCV. Examples of such
immunogenic properties include the display of wild-type HCV immunogenic epitopes, and
modulation of transeription of genes encoding cellular immune-modulating cytokines. These
reagents can be uscd to establish that a patient is infected with HCV by detecting
seroconversion, i.e., generation of 2 population of BCV-specific antibodies.

Alternatively, antibodies generated to the HCV variant products prepared as
described herein can be used to detect the presence of HCV in biological samples from a

subject.
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Preferred embodiments of the invention are described in the following example.
Other embodiments within the scope of the claims herein will be apparent to one skilled in the
art from consideration of the specification or practice of the invention as disclosed herein. It
is intended that the specification, together with the examples, be considered exemplary only,
with the scope and spirit of the invention being indicated by the claims which follow the

examples.

Example 1
This example deseribes the production and evaluation of replicons comprising a neo
selectable marker and a polyprotein coding region encoding subtype 1b nonstructural

proteins.

Materials and Methods

Cell lines. The Huh7 cell lines were generously provided by Robert Lanford
(Southwest Foundation for Biomedical Research, San Antonio, U.S.A.) and Ralf
Bartenschlager (Johannes Gutenberg University Mainz, Mainz, Germany) and maintained in
Dulbecco's modified minimal essential media (DMEM; Gibco-BRL) supplemented with 10%
fetal calf scrum (FCS), and nonessential amino acids.

Assembly of a selectable subtype 1b replicon. An HCV subtype 1b replicon was
constructed which is similar to the replicon described in Lohmann et al., Science 285:110-113
(1999). For that construction, a step-wise PCR-based assay utilizing KlenTagLA DNA
polymerase (Wayne Bames, Washington University) was developed. ¢DNAs spanning 600-
750 bases in length were assembled from 10-12 gel-purified oligonucleotides (60-80
nucleotides in length) with unique complementary overlaps of 16 nucleotides. Four or six
oligonucleotides representing the 5' portion of the region to be assembled were annealed and
extended in a standard PCR. The remaining six oligonucleotides for the synthesis of the 3'
half of the intended cDNA were mixed in a parallel PCR reaction. After 12 cycles of PCR,
the extended double-stranded DNA products were combined and subjected to an additional 12
cycles. The product of this reaction resolved as a smear on agarose gels which was excised
and the DNA isolated from the agarose. One-fifth of the purified double-stranded DNA
product was amplified by PCR using an outer primer pair containing unique restriction
enzyme sites to facilitate directional cloning into the pGEM3Zf(+) plasmid vector (Promega).
PCR products were purified, digested with appropriate restriction enzymes, and ligated into
similarly cleaved pGEM3Zf(+). Multiple recombinant clones were sequenced and the correct
clones identified. The overlapping cDNA. fragments were assembled into the contiguous
replicon sequence. In parallel, a replicon carrying the lethal mutation in the NSSB active site
(Gly-Asp-Asp [GDD] to Ala-Ala-Gly [AGG]; pol-) was constructed.
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RNA transcription and transfection. RNA transcripts were synthesized in a 1001
reaction mixture containing 40mM Tris-HCI (pH 7.9), 10mM NaCl, 12mM MgClp, 2mM
spermidine, 3mM each ATP, CTP, GTP and UTP, 10mM dithiothreitol, 100 U RNasin
(Promega) and 100 U T7 RNA polymerase (Epicentre), and 2pg Sca I-linearized DNA. The
DNA template was rigorously removed by serial digestions with 30 U DNase I (Boehringer).
Ten g of the DNase-digested RNA transcripts wete electroporated into 6x 106 Huh? cells
using a model T820 squareporator (BTX), and plated on 150mm dishes. For selection of
replicon-containing cells, medium was changed to complete medium containing geneticin
(G418; 1mg/ml; Gibco-BRL) at 24 hr post-transfection and thereafter the media was changed
every 3-4 days.

RNA analysis. Approximately 5x 103 cells were preincubated for 1 h in DMEM
lacking phosphate supplemented with 5% dialyzed FCS, 1/20ﬂ-l the normal concentration of
phosphate and actinomycin D (4pg/ml; Sigma). [32PJorthophosphate (200uCi/ml; ICN) was
added and the incubation continued for an additional 12 h. Total cellular RNA was extracted
with TRIZOL, precipitated, and resuspended in H0 (Gibco-BRL). Radiolabeled RNA was
analyzed by denaturing agarose gel clectrophoresis and visualized by autoradiography.

Protein analysis. For immunoprecipitation, cell monolayers were incubated for
either 4, 8 or 12 h in methionine- and cysteine-deficient MEM containing 1/40th the normal
concentration of methionine, 5% dialyzed FCS and Express 353338 protein labeling mix
(100uCi/mi; NEN). Cells were lysed in 100mM NaPO4 pH 7.0 containing 1% sodium
dodecyl sulfate (SDS) and protcase inhibitors, and cellular DNA sheared by repeated passage
through a 27.5 gauge needle. Viral proteins were immunoprecipitated essentially as described
previously (Grakoui efal; 1993), using patient serum, JHF, recognizing NS3, NS4B and
NSS5A or rabbit anti-NS5B and Pansorbin cells (Calbiochem). Immunoprecipitates were
separated on 10% SDS-PAGE and visualized by autoradiography.

Immunostaining. Cells cultured in 8 well chamber slides (Falcon) were fixed in
acetone for 10min at 4°C and allowed to air dry. Rchydrated monolayers were incubated at
379C with an antibody directed against NS3, followed by incubation with a species-specific
fluorescein-conjugated secondary antibody (Pierce), and mounted in 90% glycerol saline
containing 50mM Tris-HCI (pH 8.8).

Reverse transcription (RT)-PCR. RNA was isolated from cells using TRIZOL
(Gibeo-BRL), precipitated and resuspended in Hp0. Levels of HCV RNA were quantitated
using competitive RT-PCR assays designed to amplify the 5' and 3' NTR sequences of HCV
(Kolykhalov et al, 1996). For RT-PCR designed to amplify long cDNA fragments, about
1000 molecules of HCV RNA was mixed with the HCV-specific primer, and the primer
extended at 43.5°C for 1 h using Superscript Il reverse transcriptase (Gibco-BRL). ¢cDNAs
were then amplified with KlenTagqLA DNA polymerase using 35 cycles of 95°C for 30 s, 55-
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60°C for 30 s, and 68°C for 4 min. PCR products were recovered from preparative low
melting-point agarose electrophoresis by phenol extraction, and ~40ng of purified PCR
product directly sequenced.

Establishment of G418-resistant colonies. Replicons similar to that described in
Lohmann et al, supra, but derived from the H77 infectious clone, failed to confer resistance to
(G418 in five different hepatoma cell lines. Sequences of subtype 1b were also used to
assemble the replicon 1377/NS3-3' (EMBL accession number AJ242652). Replicon RNAs
were composed of the HCV internal ribosome entry site (IRES) driving neomycin
phosphotransferase gene (Neo) expression and the IRES from encephalomyocarditis virus
(EMCV), directing translation of HCV proteins N§3 to NSSB, followed by the 3' NTR )
(Figure 3). Two derivatives were constructed which either lacked 2 U nucleotides in the poly
(U/UC) tract or carried an Avall restriction enzyme site in the variable region of the 3' NTR,
designated HCVrep1bBartMan/A2U's and HCVrep]bBartMan/Avall, respectively. Prior to
transfection, translation and correct polyprotein processing was confirmed for each cDNA
sequence using the vaccinia-T7 RNA polymerase expression system (data not shown).

DNase-treated replicon RNAs were electroporated into Huh7 cells and after 2-3
weeks in culture G418-resistant colonies were clearly visible. Both replicon derivatives were
able to confer G418 resistance, and on average, only 1 in 106 cells became G418 resistant. In
contrast, colonies were never observed for Huh7 cells electroporated in parallel with the
replicon RNAs containing an inactive NS5B polymerase.

Verification of autonomonus replication. Twenty two independent colonies were
isolated, 5 colonies coresponded to Huh7 cells transfected with RNA transcribed from
HCVreplbBartMan/A2U's and the remaining 17 colonies were derived from
HCVrepIbBartMan/Avall RNA. A number of assays were performed to verify that G418
resistance was mediated by autonomously replicating HCV. Amplification of sequences
within the §' and 3' NTRs in a quantitative RT-PCR assay revealed copy numbers ranging
from 50 to 5000 HCV RNA molecules per cell (Figure 4). 32P-labeled, actinomycin D-
resistant RNA of the expected size was observed in the four independent G418-resistant cell
clones analyzed (Figure SA). The HCV proteins, NS3, NS4B, NSSA and NSSB, were
immunoprecipitated from radiolabeled cell lysates (Figure 5B). In addition, immunostaining
of cell monolayers revealed a pumctate staining pattern for NS3 within the cytoplasm (Figure
6), similar to HCV protein localization observed in liver sections from HCV-infected patients
(Blight and Gowans, 1996). In G418-resistant cell clones the fluorescent signal tended to
vary between cells, probably reflecting the different levels of replication per cell.

32601.doc
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Identification of mutations in HCV replicons. The low frequency of G418-
resistant colonies may be attributed to either a cell factor(s) requirement for replication or
adaptive changes within the replicon sequence necessary for the establishment of HCV
replication. To address the latter possibility, the entire replicon sequence was amplified from
cDNA reverse transcribed from RNA isolated from five independent G418-resistant cell
clones. Upon direct sequencing of the purified PCR population, multiple mutations were
identified. The striking observation was that each cell clone carried a single nucleotide
change within NS5A resulting in a coding change (Figure 7). In one instance, a deletion of 47
amino acids (; Figure 7), encompassing the interferon sensitivity determining region (ISDR),
was found. Sequence analysis of NS5A from another 8 G418-resistant cell clones revealed
similar point mutations, although 2 clones, which have low levels of HCV replication and
slow growth rates (¢.g., clone E in Figure 4), were found to contain wild type NS5A. In
addition to the identified NS5A mutations, nucleotide substitutions were also noted in NS3
and NS4B; Clone II (SEQ ID NO:9) contains substitutions at nt 3550 (NS3) and nt 4573
(NS4B) (Lys (584) to Glu, and Ser(925) to Gly of SEQ ID NO:3, embodied in SEQ ID
NO:17), whereas nt 2060 (NS3) was mutated in Clone VI (Figure 7, corresponding to Gln
(87) to Arg of SEQ ID NO:3, embodied in SEQ ID NO:15).

Reconstruction of mutant replicons. To determine if the nucleotide changes and
the deletion identified in NS5A were adaptive, each mutation, except mutation I, was
independently engineercd back into the HCVreplbBartMan/Avall backbone. RNA
transcribed from each reconstructed replicon was electroporated into naive Huh7 cells, and
the number of G418-resistant colonies compared to that obtained for the
HCVreplbBartMan/Avall replicon containing wild type NSSA. The 47 amino acid deletion,
as well as the point mutations, were capable of increasing the frequency of G418-resistant
colonies to at least 1% of the initial electroporated cell population (Figure 8), indicating these
mutations targeting NS5A are adaptive allowing efficient IICV replication in Huh7 cclls. In
addition, G418-tesistant colonies were observed after transfection of HeLa cells, a human
epithelial cell line, with replicon RNA of clone I. Therefore, at least one of the mutations that
was adaptive in Huh7 cells also allows the establishment of HCV replication in a non-hepatic
cell line.

Example 2

This example describes the production of cell lines permissive for HCV replication; a
replicon comprising the NS2 coding region; and full-length HCV ¢DNA clones comprising
the Ser to Ile substitution at position 1179 of SEQ ID NO: 3.

Generation of cell lines. As shown in the previous example, G418-resistant cell clones

harboring persistently replicating HCV RNAs were isolated. Two of these G418-resistant cell
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clones were treated extensively with the antiviral, interferon-a, to obtain 2 cell lines void of
HCV RNA. These are refered to as interferon-treated cell lines I and II

HCVreplbBartMan/Avall, HCV adaptive replicon I or HCV adaptive replicon VIL
were transfected into the interferon-treated cell lines, I and II. This resulted in a greater G418
transduction efficiency than that observed for the parental Huh-7 cells (see Table 1). Early
post-transfection HCV RNA amplification was greatest for the IFN-treated cell line. These
results indicate that the cell lines, interferon-treated cell lines I and I, are more permissive for
HCV replication than is the parental Huh-7 cell Line.

Such cell lines are not only valuable for genetic study of HCV, but also for examining
the cellular environments more permissive for HCV replication. For example, microarray
technology will allow us to look globally at differences in gene expression profiles between
the different cell lines.

Construction of replicons. A replicon was constructed wherein the SNTR of HCV was
fused to the IRES of EMCYV upstream of NS3, thus creating a replicon lacking the ncomyein
phosphotransferase gené. This replicon, SNTR-EMCV/HCVrepVII (SEQ ID NO:25),
replicates to high levels in Huh7 cells, as shown in Figure 10. Another replicon,
HCVrep/NS2-5B (SEQ ID NO:22) was made wherein the non-structural protein, NS2, is
upstream of NS3. As shown in Figure 10, this replicon is also replication-competent in Huh7
cells. This latter replicon can be used advantageously, for example, in testing compounds for
inhibiting HCV replication. The addition of the NS2 coding region provides an additional
target for such antiviral compounds, as well as providing an additional protein for genetic
study.

Full-length HCV RNAs. Two full-length HCV ¢DNA clones were assembled. The first,
HCV FL (SEQ ID NO:24), contains the mutation that encodes a Ser to Ile substitution in
NS5A, as shown at position 1179 of SEQ ID NO:3 (sce Figurc 9). 'the second, HCV FL-Neo
(SEQ ID NO:23), also encodes the Ser to Ile mutation, and in addition, comprises the
neomycin phosphotransferase gene immediately 3' of the 5' NTR and the EMCV IRES
immediately 5 to the HCV open reading frame (see Figure 9). Both of these full-length
clones replicate in the interferon-treated cell line I, as shown in Figure 10. Thisresult
indicates that HCV replication is not dependent on the EMCV IRES driving the non-structural
proteins of HCV, because the non-structural proteins of the ICV FL clonc are driven by the
HCV IRES in the full-length clone HCV FL.

In addition, a G418 resistant cell line comprising the HCV FL-Neo clone has been
generated from the interferon-treated cell line I described above. This cell line supports high
levels of persistently replicating HCV FL-Neo RNA.
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All references cited in this specification are hereby incorporated by reference. The
discussion of the references herein is intended merely to summarize the assertions made by
the authors and no admission is made that any reference constitutes prior art. Applicants
reserve the right to challenge the accuracy and pertinence of the cited references.

In view of the above, it will be seen that the several advantages of the invention are
achieved and other advantages attained.

As various changes could be made in the above methods and compositions without
departing from the scope of the invention, it is intended that all matter contained in the above
description and shown in the accompanying drawings and appendix shall be interpreted as
illustrative and not in 2 limiting sense.
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Appendix
SEQID NOs
SEQIDNO:1: 5'portion of an HCV 5' NTR

GGCGACACTC CACCATAGAT C

SEQ ID NO:2: 3'portion of a 3' NTR from a wild-type HCV subtype la

TGGTGGCTCCATCTTAGCCCTAGTCACGGCTAGCTGTGAAAGGTCCGTGAGCCGC
ATGACTGCAGAGAGTGCTGATACTGGCCTCTCTGCTGATCATGT

SEQ ID NO:3: Amino acid sequence of the polyprotein region of HCVreplbBartMan

MAPITAYSQQTRGLLGCHTSLTGRDRNQVEGEVQVVSTATQSFLATCVNGVCWTVY
HGAGSKTLAGPKGPITQMYTNVDQDLVGWQAPPGARSLTPCTCGSSDLYLVTRHAD
VIPVRRRGDSRGSLLSPRPVSYLEGSSGGPLLCPSGHAVGIFRAAVCTRGVAKAVDFV
PVESMETTMRSPVFTDNSSPPAVPQTFQVAHLHAPTGSGKSTKVPAAYAAQGYKVL

- VLNPSVAATLGFGAYMSKAHGIDPNIRTGVRTITTGAPITYSTYGKFLADGGCSGGAY

DHICDECHSTDSTTILGIGTVLDQAETAGARLVVLATATPPGSVTVPHPNIEEVALSST
GEIPFYGKAIPIETIKGGRHLIFCHSKKK CDELAAKLSGLGLNAVAYYRGLDVSVIPTS
GDVIVVATDALMTGFTGDFDSVIDCNTCVTQTVDFSLDPTFTIETTTVPQDAVSRSQR
RGRTGRGRMGIYRFVTPGERPSGMFDSSVLCECYDAGCAWYELTPAETSVRLRAYL
NTPGLPYVCQDHLEFWESVFTGLTHIDAHFLSQTKQAGDNFPYLVAYQATVCARAQA
PPPSWDQMWKCLIRLKPTLHGPTPLLYRLGAVQNEVITTHPITKYIMACMSADLEVV
TSTWVLVGGVLAALAAYCLTTGSVVIVGRIILSGKPAIIPDREVLYREFDEMEECASH
LPYIEQGMQLAEQFKQKAIGLLQTATKQAEAAAPVVESKWRTLEATWAKHMWNFIS
GIQYLAGLSTLPGNPAIASLMAFTASITSPLTTQHTLLFNILGGWVAAQLAPPSAASAF
VGAGIAGAAVGSIGLGKVLYDILAGYGAGVAGALVAFKVMSGEMPSTEDLYNLLPA
ILSPGALVVGVVCAAILRRHVGPGEGAVQWMNRLIAFASRGNHVSPTHY VPESDAA
ARVTQILSSLTITQLLKRLHQWINEDCSTPCSGSWLRDVWDWICTVLTDFKTWLQSK
LLPRLPGVPFFSCQRGYKGVWRGDGIMQTTCPCGAQITGHVKNGSMRIVGPRTCSNT
WHGTFPINAYTTGPCTPSPAPNYSRALWRVAAEEYVEVTRVGDFHYVIGMTTDNVK
CPCQVPAPEFFTEVDGVRLHRYAPACKPLLREEVTFLYGLNQYLVGSQLPCEPEPDV
AVLTSMLTDPSHITAETAKRRLARGSPPSLASSSASQLSAPSLKATCTTRHDSPDADLI

- EANLLWRQEMGGNITRVESENKVVILDSFEPLQAEEDEREVSVPAEILRRSRKFPRAM

PIWARPDYNPPLLESWKDPDYVPPVVHGCPLPPAKAPPIPPPRRKRTVVLSESTVSSAL
AELATKTFGSSESSAVDSGTATASPDQPSDDGDAGSDVESYSSMPPLEGEPGDPDLSD
GSWSTVSEEASEDVVCCSMSYTWTGALITPCAAEETKI PINALSNSLLRHHNLVYAT
TSRSASLRQKKVTFDRLQVLDDHYRDVLKEMKAKASTVKAKLLSVEEACKLTPPHS
ARSKFGYGAKDVRNLSSKAVNHIRSVWKDLLEDTETPIDTTIMAKNEVFCVQPEKGG
RKPARLIVFPDLGVRVCEKMALYDVVSTLPQAVMGSSYGFQYSPGQRVEFLVNAWK
AKKCPMGFAYDTRCFDSTVTENDIR VEESIYQCCDLAPEARQAIRSLTERLYIGGPLT
NSKGQNCGYRRCRASGVLTTSCGNTLTCYLKAAAACRAAKLQDCTMLVCGDDLVV
1CESAGTQEDEASLRAFTEAMTRYSAPPGDPPKPEYDLELITSCSSNVSVAHDASGKR
VYYLTRDPTTPLARAAWETARHTPYNSWLGNIIMY APTLWARMILMTHFFSILLAQE
QLEKALDCQIYGACYSIEPLDLPQIQRLHGLSAFSLHSYSPGEINRVASCLRKLGVPPL
RVWRHRARSVRARLLSQGGRAATCGKYLFNWAVRTKLKLTPIPAASQLDLSSWFVA
GYSGGDIYHSLSRARPRWFMWCLLLLSVGVGIYLLPNR
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SEQ ID NO:4: Amino acid sequence of the NS5A. protein of HCVreplbBartMan

SGSWLRDVWDWICTVLTDFKTWLQSKLLPRLPGVPFFSCQRGYKGVWRGDGIMQTT
CPCGAQITGHVKNGSMRIVGPRTCSNTWHGTFPINAYTTGPCTPSPAPNYSRALWRYV
AAEEYVEVTRVGDFHYVIGMTTDNVKCPCQVPAPEFFTEVDGVRLHRYAPACKPLL
REEVTFLVGLNQYLVGSQLPCEPEPDVAVLTSMLTDPSHITAETAKRRLARGSPPSLA
SSSASQLSAPSLKATCITRHDSPDADLIEANLL WRQEMGGNITRVESENKVVILDSFE
PLQAEEDEREVSVPAEILRRSRKFPRAMPIWARPDYNPPLLESWKDPDYVPPVVHGCP
LPPAKAPPIPPPRRKRTVVLSESTVSSALAELATKTFGSSESSAVDSGTATASPDQPSD
DGDAGSDVESYSSMPPLEGEPGDPDLSDGSWSTVSEEASEDVVCC

SEQ ID NO:5: Nucleotide sequence of DNA clone of HCVreplbBartMan/A2U's

GCCAGCCCCCGATTGGGGGCGACACTCCACCATAGATCACTCCCCTGTGAGGAAC
TACTGTCTTCACGCAGAAAGCGTCTAGCCATGGCGTTAGTATGAGTGTCGTGCAG
CCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTA
CACCGGAATTGCCAGGACGACCGGGTCCTTICTTGGATCAACCCGCTCAATGCCT
GGAGATTTGGGCGTGCCCCCGCGAGACTGCTAGCCGAGTAGTGTTGGGTCGCGA
AAGGCCTTGTGGTACIGCCTGATAGGGTGCTTGCGAGTGCCCCGGGAGGTCTICGT
AGACCGTGCACCATGAGCACGAATCCTAAACCICAAAGAAAAACCAAAGGGCGC
GCCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGA
GGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGT
GTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTITITGTCAAGACCGACCTGTCC
GGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACG
ACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGA AGCGGGAAGGGACT
GGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCC
TGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGAT
CCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGT
ACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAG
GGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGC
GAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAA
ATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTA
TCAGGACATAGCGTTGGCTACCCGTGATATTIGCTGAAGAGCTTGGCGGCGAATGG
GCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGC
CITCTATCGCCTICTTGACGAGTTCTTCTGAGTTTAAACAGACCACAACGGTTTCC
CTCTAGCGGGATCAATTCCGCCCCTCTCCCTCCCCCCCCCCTAACGTTACTIGGCCG
AAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATITTCCACCATAT
TGCCGTCTTITGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAG
CATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTC
GTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCG
ACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAA
AGCCACGTGTATAAGATACACCTGCAAAGGCAGCACAACCCCAGTGCCACGTIG
TGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATICAACAA
GGGGCTGAAGGATGCCCAGAAGGTACCCCATIGTATGGGATCTGATCTGGGGCCT
CGGTGCACATGCTITACATGTGTTTAGTCGAGGTTAAAAAACGTCTAGGCCCCCC
GAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATAATACCATGGCGCCTAT
TACGGCCTACTCCCAACAGACGCGAGGCCTACTTGGCTGCATCATCACTAGCCTC
ACAGGCCGGGACAGGAACCAGGTCGAGGGGGAGGTCCAAGTGGTCTCCACCGCA
ACACAATCTTTCCTGGCGACCTGCGTCAATGGCGTGTGTTGGACTGTCTATCATG
GTGCCGGCTCAAAGACCCTTGCCGGCCCAAAGGGCCCAATCACCCAAATGTACA
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CCAATGTGGACCAGGACCTCGTCGGCTGGCAAGCGCCCCCCGGGGCGCGTTCCTT
GACACCATGCACCTGCGGCAGCTCGGACCTTITACTTGGTCACGAGGCATGCCGAT
GTCATTCCGGTGCGCCGGCGGGGCGACAGCAGGGGGAGCCTACTCTCCCCCAGG
CCCGTCTCCTACTTGAAGGGCTCTTCGGGCGGTCCACTGCTCTGCCCCTCGGGGC
ACGCTGTGGGCATCTTTCGGGCTGCCGTGTGCACCCGAGGGGTTGCGAAGGCGGT
GGACTTTGTACCCGTCGAGTCTATGGAAACCACTATGCGGTCCCCGGTCTTCACG
GACAACTCGTCCCCTCCGGCCGTACCGCAGACATTCCAGGTGGCCCATCTACACG
CCCCTACTGGTAGCGGCAAGAGCACTAAGGTGCCGGCTGCGTATGCAGCCCAAG
GGTATAAGGTGCTTGTCCTGAACCCGTCCGTCGCCGCCACCCTAGGTTTCGGGGC
GTATATGTCTAAGGCACATGGTATCGACCCTAACATCAGAACCGGGGTAAGGAC
CATCACCACGGGTGCCCCCATCACGTACTCCACCTATGGCAAGTTTCTTGCCGAC
GGTGGTTIGCTCTGGGGGCGCCTATGACATCATAATATGTGATGAGTGCCACTCAA
CTGACTCGACCACTATCCTGGGCATCGGCACAGTCCTGGACCAAGCGGAGACGG
CTGGAGCGCGACTCGTCGTGCTCGCCACCGCTACGCCTCCGGGATCGGTCACCGT
GCCACATCCAAACATCGAGGAGGTGGCTCTGTCCAGCACTGGAGAAATCCCCTIT
TATGGCAAAGCCATCCCCATCGAGACCATCAAGGGGGGGAGGCACCTCATTTTCT
GCCATTCCAAGAAGAAATGTGATGAGCTCGCCGCGAAGCTGTCCGGCCTCGGACT
CAATGCTGTAGCATATTACCGGGGCCTTGATGTATCCGTCATACCAACTAGCGGA
GACGTCATTGTCGTAGCAACGGACGCTCTAATGACGGGCTTTACCGGCGATTTCG
ACTCAGTGATCGACTGCAATACATGTGTCACCCAGACAGTCGACTTCAGCCTGGA
CCCGACCTTCACCATTGAGACGACGACCGTGCCACAAGACGCGGTGTCACGCTCG
CAGCGGCGAGGCAGGACTGGTAGGGGCAGGATGGGCATTTACAGGTTTGTGACT
CCAGGAGAACGGCCCTCGGGCATGTTCGATTCCTCGGTTCTGTGCGAGTGCTATG
ACGCGGGCTGTGCTTGGTACGAGCTCACGCCCGCCGAGACCTCAGTTAGGTTGCG
GGCTTACCTAAACACACCAGGGTTGCCCGTCTGCCAGGACCATCTGGAGTTCTGG
GAGAGCGTCTTTACAGGCCTCACCCACATAGACGCCCATTTCTTGTCCCAGACTA
AGCAGGCAGGAGACAACTTCCCCTACCTGGTAGCATACCAGGCTACGGTGTGCG
CCAGGGCTCAGGCTCCACCTCCATCGTGGGACCAAATGTGGAAGTGTCTCATACG
GCTAAAGCCTACGCTGCACGGGCCAACGCCCCTGCTGTATAGGCTGGGAGCCGTT
CAAAACGAGGTTACTACCACACACCCCATAACCAAATACATCATGGCATGCATGT
CGGCTGACCTGGAGGTCGTCACGAGCACCTGGGTGCTGGTAGGCGGAGTCCTAG
CAGCTCTGGCCGCGTATTGCCTGACAACAGGCAGCGTGGTICATTGTGGGCAGGAT
CATCTTGTCCGGAAAGCCGGCCATCATTCCCGACAGGGAAGTCCTTTACCGGGAG
TTCGATGAGATGGAAGAGTGCGCCTCACACCTCCCTTACATCGAACAGGGAATGC

-AGCTCGCCGAACAATTCAAACAGAAGGCAATCGGGTTGCTGCAAACAGCCACCA

AGCAAGCGGAGGCTGCTGCTCCCGTGGTGGAATCCAAGTGGCGGACCCTCGAAG
CCTTCTGGGCGAAGCATATGTGGAATTTCATCAGCGGGATACAATATTTAGCAGG
CTITGTCCACTCTGCCTGGCAACCCCGCGATAGCATCACTGATGGCATTCACAGCC
TCTATCACCAGCCCGCTCACCACCCAACATACCCTCCTGTTTAACATCCTGGGGG
GATGGGTGGCCGCCCAACTTGCTCCTCCCAGCGCTGCTTCTGCTTTCGTAGGCGCC
GGCATCGCTGGAGCGGCTGTTGGCAGCATAGGCCTTGGGAAGGTGCTTGTGGATA
TITTGGCAGGTTATGGAGCAGGGGTGGCAGGCGCGCTCGTGGCCTITAAGGTCAT
GAGCGGCGAGATGCCCTCCACCGAGGACCTGGTTAACCTACTCCCTGCTATCCTC
TCCCCTGGCGCCCTAGTCGTCGGGGTCGTGTGCGCAGCGATACTGCGTCGGCACG
TGGGCCCAGGGGAGGGGGCTGTGCAGTGGATGAACCGGCTGATAGCGTTCGCTT
CGCGGGGTAACCACGTCTCCCCCACGCACTATGTGCCTGAGAGCGACGCTGCAGC
ACGTGTCACTCAGATCCTCTCTAGTCTTACCATCACTCAGCTGCTGAAGAGGCTTC
ACCAGTGGATCAACGAGGACTGCTCCACGCCATGCTCCGGCTCGTGGCTAAGAG
ATGTTTGGGATTGGATATGCACGGTGTTGACTGATTTCAAGACCTGGCTCCAGTC
CAAGCTCCTGCCGCGATTGCCGGGAGTCCCCTICTTCTCATGTCAACGTGGGTAC
AAGGGAGTCTGGCGGGGCGACGGCATCATGCAAACCACCTGCCCATGTGGAGCA
CAGATCACCGGACATGTGAAAAACGGTTCCATGAGGATCGTIGGGGCCTAGGACC
TGTAGTAACACGTGGCATGGAACATTCCCCATTAACGCGTACACCACGGGCCCCT
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GCACGCCCTCCCCGGCGCCAAATTATTCTAGGGCGCTGTGGCGGGTGGCTGCTGA
GGAGTACGTGGAGGTTACGCGGGTGGGGGATTTCCACTACGTGACGGGCATGAC
CACTGACAACGTAAAGTGCCCGTGTCAGGTTCCGGCCCCCGAATTCTTCACAGAA
GTGGATGGGGTGCGGTTGCACAGGTACGCTCCAGCGTGCAAACCCCTCCTACGGG
AGGAGGTCACATTCCTGGTCGGGCTCAATCAATACCTGGTTGGGTCACAGCTCCC
ATGCGAGCCCGAACCGGACGTAGCAGTGCTCACTTCCATGCTCACCGACCCCTCC
CACATTACGGCGGAGACGGCTAAGCGTAGGCTGGCCAGGGGATCTCCCCCCTCCT
TGGCCAGCTCATCAGCTAGCCAGCTGTCTGCGCCTTCCTTGAAGGCAACATGCAC
TACCCGTCATGACTCCCCGGACGCTGACCTCATCGAGGCCAACCTCCTGTGGCGG
CAGGAGATGGGCGGGAACATCACCCGCGTGGAGTCAGAAAATAAGGTAGTAATT
TTGGACTCTTTCGAGCCGCTCCAAGCGGAGGAGGATGAGAGGGAAGTATCCGTTC
CGGCGGAGATCCTGCGGAGGTCCAGGAAATTCCCTCGAGCGATGCCCATATGGG
CACGCCCGGATTACAACCCTCCACTGTTAGAGTCCTGGAAGGACCCGGACTACGT
CCCTCCAGTGGTACACGGGTGTCCATTGCCGCCTGCCAAGGCCCCTCCGATACCA
CCTCCACGGAGGAAGAGGACGGTTGTCCTGTCAGAATCTACCGTGTCTTCTGCCT
TGGCGGAGCTCGCCACAAAGACCTICGGCAGCTCCGAATCGTCGGCCGTCGACA
GCGGCACGGCAACGGCCTCTCCTGACCAGCCCTCCGACGACGGCGACGCGGGAT
CCGACGTTGAGTCGTACTCCTCCATGCCCCCCCTTGAGGGGGAGCCGGGGGATCC
CGATCTCAGCGACGGGTCTTGGTCTACCGTAAGCGAGGAGGCTAGTGAGGACGT
CGTCTGCTGCTCGATGTCCTACACATGGACAGGCGCCCTGATCACGCCATGCGCT
GCGGAGGAAACCAAGCTGCCCATCAATGCACTGAGCAACTCTTTGCTCCGTCACC
ACAACTTGGTCTATGCTACAACATCTCGCAGCGCAAGCCTGCGGCAGAAGAAGG
TCACCTTTGACAGACTGCAGGTCCTGGACGACCACTACCGGGACGTGCTCAAGGA
GATGAAGGCGAAGGCGTCCACAGTTAAGGCTAAACTTCTATCCGTGGAGGAAGC
CTGTAAGCTGACGCCCCCACATTCGGCCAGATCTAAATTTGGCTATGGGGCAAAG
GACGTCCGGAACCTATCCAGCAAGGCCGTTAACCACATCCGCTCCGTGTGGAAGG
ACTTGCTGGAAGACACTGAGACACCAATTGACACCACCATCATGGCAAAAAATG
AGGTTTTCTGCGTCCAACCAGAGAAGGGGGGCCGCAAGCCAGCTCGCCTTATCGT
ATTCCCAGATTTGGGGGTTCGTGTGTGCGAGAAAATGGCCCTTTACGATGTGGTC
TCCACCC1CCCTCAGGCCGTGATGGGCTCTTCATACGGATTCCAATACTCTCCTGG
ACAGCGGGTCGAGTTCCTGGTGAATGCCTGGAAAGCGAAGAAATGCCCTATGGG
CTTCGCATATGACACCCGCTGTTTTGACTCAACGGTCACTGAGAATGACATCCGT
GTTGAGGAGTCAATCTACCAATGTTGTGACTTGGCCCCCGAAGCCAGACAGGCCA
TAAGGTCGCTCACAGAGCGGCTTTACATCGGGGGCCCCCTGACTAATTCTAAAGG
GCAGAACTGCGGCTATCGCCGGTGCCGCGCGAGCGGTGTACTGACGACCAGCTG
CGGTAATACCCTCACATGTTACTTGAAGGCCGCTGCGGCCTGTCGAGCTGCGAAG
CTCCAGGACTGCACGATGCTCGTATGCGGAGACGACCTTGTCGTTATCTGTGAAA
GCGCGGGGACCCAAGAGGACGAGGCGAGCCTACGGGCCTTCACGGAGGCTATGA
CTAGATACTCTGCCCCCCCTGGGGACCCGCCCAAACCAGAATACGACTTGGAGTT
GATAACATCATGCTCCTCCAATGTGTCAGTCGCGCACGATGCATCTGGCAAAAGG
GTGTACTATCTCACCCGTGACCCCACCACCCCCCTTGCGCGGGCTGCGTGGGAGA
CAGCTAGACACACTCCAGTCAATTCCTGGCTAGGCAACATCATCATGTATGCGCC
CACCTTGTGGGCAAGGATGATCCTGATGACTCATTTCTTCTCCATCCTTCTAGCTC
AGGAACAACTTGAAAAAGCCCTAGATTGTCAGATCTACGGGGCCTGTTACTCCAT
TGAGCCACTTGACCTACCTCAGATCATTCAACGACTCCATGGCCTTAGCGCATTTT
CACTCCATAGTTACTCTCCAGGTGAGATCAATAGGGTGGCTTCATGCCTCAGGAA
ACTTGGGGTACCGCCCTTGCGAGTCTGGAGACATCGGGCCAGAAGTGTCCGCGCT
AGGCTACTGTCCCAGGGGGGGAGGGCTGCCACTTGTGGCAAGTACCTCTTCAACT
GGGCAGTAAGGACCAAGCTCAAACTCACTCCAATCCCGGCTGCGTCCCAGTTIGGA
TTTATCCAGCTGGTTCGTIGCTGGTTACAGCGGGGGAGACATATATCACAGCCTG
TCTCGTGCCCGACCCCGCTGGTTCATGTGGTGCCTACTCCTACTTTCTGTAGGGGT
AGGCATCTATCTACICCCCAACCGATGAACGGGGAGCTAAACACTCCAGGCCAAT
AGGCCATCCTGITTTTITCCCTTITTTTITTTICTITTITTITITITITITITITITTTITT
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TTTTTCTCCTTTTTTTITCCTCTITTITTCCT ITICTITCCITIGGTGGCTCCATCTTA
GCCCTAGTCACGGCTAGCTGTGAAAGGTCCGTGAGCCGCTTGACTGCAGAGAGTG
CTGATACTGGCCTCTCTGCAGATCAAGT

SEQ ID NO:6: Nucleotide sequence of DNA clone of HCVreplbBartMan/Avall, where the
nucleotide change creating the Avall site is in lower case and highlighted in bold

GCCAGCCCCCGATTGGGGGCGACACTCCACCATAGATCACTCCCCTGTGAGGAAC
TACTGTCTTCACGCAGAAAGCGTCTAGCCATGGCGTTAGTATGAGTGTCGTGCAG
CCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTA
CACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGATCAACCCGCTCAATGCCT
GGAGATTTGGGCGTGCCCCCGCGAGACTGCTAGCCGAGTAGTGITGGGTCGCGA
AAGGCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGGAGGTCICGT
AGACCGTGCACCATGAGCACGAATCCTAAACCTCAAAGAAAAACCAAAGGGCGC
GCCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGA
GGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGT
GTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTITTTGTCAAGACCGACCTGTCC
GGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACG
ACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACT
GGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCC
TGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGAT
CCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGT
ACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAG
GGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGE
GAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAA
ATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTA
TCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGG

. GCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGC

CTTCTATCGCCTTCTTGACGAGTTCTICTGAGTTTAAACAGACCACAACGGTTTCC
CTCTAGCGGGATCAATTCCGCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCG
AAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATITTCCACCATAT
TGCCGTCTITTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAG
CATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTC
GTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCG
ACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAA
AGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTG
TGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAA
GGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCT
CGGTGCACATGCTTTACATGTGITTAGTCGAGGTTAAAAAACGTCTAGGCCCCCC
GAACCACGGGGACGTGGTTTTCCTITGAAAAACACGATAATACCATGGCGCCTAT
TACGGCCTACTCCCAACAGACGCGAGGCCTACTTGGCTGCATCATCACTAGCCTC
ACAGGCCGGGACAGGAACCAGGTCGAGGGGGAGGTCCAAGTGGTCTCCACCGCA
ACACAATCTTTCCTGGCGACCTGCGTCAATGGCGTGTGTTGGACTGTCTATCATG
GTGCCGGCTCAAAGACCCTTGCCGGCCCAAAGGGCCCAATCACCCAAATGTACA -
CCAATGTGGACCAGGACCTCGTCGGCTGGCAAGCGCCCCCCGGGGCGCGTTCCTT
GACACCATGCACCTGCGGCAGCTCGGACCTTTACTTGGTCACGAGGCATGCCGAT
GTCATTCCGGTGCGCCGGCGGGGCGACAGCAGGGGGAGCCTACTCTCCCCCAGG
CCCGTCTCCTACTTGAAGGGCTCTTCGGGCGGTCCACTGCTCTGCCCCTCGGGGC
ACGCTGTGGGCATCTTTCGGGCTGCCGTGTGCACCCGAGGGGTTGCGAAGGCGGT
GGACITTGTACCCGTCGAGTCTATGGAAACCACTATGCGGTCCCCGGTCTITCACG
GACAACTCGTCCCCTCCGGCCGTACCGCAGACATTCCAGGTGGCCCATCTACACG
CCCCTACIGGTAGCGGCAAGAGCACTAAGGTGCCGGCTGCGTATGCAGCCCAAG
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GGTATAAGGTGCTTGTCCTGAACCCGTCCGTCGCCGCCACCCTAGGTTTCGGGGC
GTATATGTCTAAGGCACATGGTATCGACCCTAACATCAGAACCGGGGTAAGGAC
CATCACCACGGGTGCCCCCATCACGTACTCCACCTATGGCAAGTTTCTTGCCGAC
GGTGGTTGCTCTGGGGGCGCCTATGACATCATAATATGTGATGAGTGCCACTCAA
CTGACTCGACCACTATCCTGGGCATCGGCACAGTCCTGGACCAAGCGGAGACGG
CTGGAGCGCGACTCGTCGTGCTCGCCACCGCTACGCCTCCGGGATCGGTCACCGT
GCCACATCCAAACATCGAGGAGGTGGCTCTGTCCAGCACTGGAGAAATCCCCTTT
TATGGCAAAGCCATCCCCATCGAGACCATCAAGGGGGGGAGGCACCTCATTTTCT
GCCATTCCAAGAAGAAATGTGATGAGCTCGCCGCGAAGCTGTCCGGCCTCGGACT
CAATGCTGTAGCATATTACCGGGGCCTTGATGTATCCGTCATACCAACTAGCGGA
GACGTCATTGTCGTAGCAACGGACGCTCTAATGACGGGCITTACCGGCGATTICG *
ACTCAGTGATCGACTGCAATACATGTGTCACCCAGACAGTCGACTTCAGCCTGGA
CCCGACCTTCACCATTGAGACGACGACCGTGCCACAAGACGCGGTGTCACGCTCG
CAGCGGCGAGGCAGGACTGGTAGGGGCAGGATGGGCATITACAGGTTTGTGACT
CCAGGAGAACGGCCCTCGGGCATGTTCGATTCCTCGGTTCTGTGCGAGTGCTATG
ACGCGGGCTGTGCTTGGTACGAGCTCACGCCCGCCGAGACCTCAGTTAGGTTGCG
GGCTTACCTAAACACACCAGGGTTGCCCGTCTGCCAGGACCATCTGGAGTTCTGG
GAGAGCGTCTTTACAGGCCTCACCCACATAGACGCCCATTTCTTGTCCCAGACTA
AGCAGGCAGGAGACAACTTCCCCTACCTGGTAGCATACCAGGCTACGGTGTGCG
CCAGGGCTCAGGCTCCACCTCCATCGTGGGACCAAATGTGGAAGTGTCTCATACG
GCTAAAGCCTACGCTGCACGGGCCAACGCCCCTGCTGTATAGGCTGGGAGCCGTT
CAAAACGAGGTTACTACCACACACCCCATAACCAAATACATCATGGCATGCATGT
CGGCTGACCTGGAGGTCGTCACGAGCACCTGGGTGCTGGTAGGCGGAGTCCTAG
CAGCTCTGGCCGCGTATTGCCTGACAACAGGCAGCGTGGTCATTGTGGGCAGGAT
CATCTTGTCCGGAAAGCCGGCCATCATTCCCGACAGGGAAGTCCITTACCGGGAG
TTCGATGAGATGGAAGAGTGCGCCTCACACCTCCCTTACATCGAACAGGGAATGC
AGCTCGCCGAACAATTCAAACAGAAGGCAATCGGGTTGCTGCAAACAGCCACCA
AGCAAGCGGAGGCTGCTGCTCCCGTGGTGGAATCCAAGTGGCGGACCCTCGAAG
CCTTCTGGGCGAAGCATATGTGGAATTTCATCAGCGGGATACAATATITAGCAGG
CTTGTCCACTCTGCCTGGCAACCCCGCGATAGCATCACTGATGGCATTCACAGCC
TCTATCACCAGCCCGCTCACCACCCAACATACCCTCCTGTTTAACATCCTGGGGG
GATGGGTGGCCGCCCAACTTGCTCCTCCCAGCGCTGCTICTGCTITCGTAGGCGCC
GGCATCGCTGGAGCGGCTGTTGGCAGCATAGGCCTTGGGAAGGTGCTTGTGGATA
TTTTGGCAGGTTATGGAGCAGGGGTGGCAGGCGCGCICGIGGCCTTTAAGGTCAT
GAGCGGCGAGATGCCCTCCACCGAGGACCTGGTTAACCTACTCCCTGCTATCCTC
TCCCCTGGCGCCCTAGTCGTCGGGGTCGTGTGCGCAGCGATACTGCGTCGGCACG
TGGGCCCAGGGGAGGGGGCTGTGCAGTGGATGAACCGGCTGATAGCGTTCGCTT
CGCGGGGTAACCACGTCTCCCCCACGCACTATGTGCCTGAGAGCGACGCTGCAGC
ACGTGTCACTCAGATCCTCTCTAGTCTTACCATCACTCAGCTGCTGAAGAGGCTTC
ACCAGTGGATCAACGAGGACTGCTCCACGCCATGCTCCGGCTCGTGGCTAAGAG
ATGTTTGGGATTGGATATGCACGGTGTTGACTGATTTCAAGACCTGGCTCCAGTC
CAAGCTCCTGCCGCGATTGCCGGGAGTCCCCTTCTITCTCATGTCAACGTGGGTAC
AAGGGAGTCTGGCGGGGCGACGGCATCATGCAAACCACCTGCCCATGTGGAGCA
CAGATCACCGGACATGTGAAAAACGGTTCCATGAGGATCGTGGGGCCTAGGACC
TGTAGTAACACGTGGCATGGAACATTCCCCATTAACGCGTACACCACGGGCCCCT
GCACGCCCTCCCCGGCGCCAAATTATTCTAGGGCGCTGTGGCGGGTGGCTGCTGA
GGAGTACGTGGAGGTTACGCGGGTGGGGGATTTCCACTACGTGACGGGCATGAC
CACTGACAACGTAAAGTGCCCGTGTCAGGTTCCGGCCCCCGAATTCTTCACAGAA
GTGGATGGGGTGCGGTIGCACAGGTACGCTCCAGCGTGCAAACCCCTCCTACGGG
AGGAGGTCACATTCCTGGTCGGGCTCAATCAATACCTGGTTGGGTCACAGCTCCC
ATGCGAGCCCGAACCGGACGTAGCAGTGCTCACTTCCATGCTCACCGACCCCTCC
CACATTACGGCGGAGACGGCTAAGCGTAGGCTGGCCAGGGGATCTCCCCCCTCCT
TGGCCAGCTCATCAGCTAGCCAGCTGTCTGCGCCTTCCTTGAAGGCAACATGCAC
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TACCCGTCATGACTCCCCGGACGCTGACCTCATCGAGGCCAACCTCCTGTGGCGG
CAGGAGATGGGCGGGAACATCACCCGCGTGGAGTCAGAAAATAAGGTAGTAATT
TTGGACTCTTTCGAGCCGCTCCAAGCGGAGGAGGATGAGAGGGAAGTATCCGTTC
CGGCGGAGATCCTGCGGAGGTCCAGGAAATTCCCTCGAGCGATGCCCATATGGG
CACGCCCGGATTACAACCCTCCACTGTTAGAGTCCTGGAAGGACCCGGACTACGT
CCCTCCAGTGGTACACGGGTGTCCATTGCCGCCTGCCAAGGCCCCTCCGATACCA
CCTCCACGGAGGAAGAGGACGGTTGTCCTGTCAGAATCTACCGTGTCTTCTGCCT
TGGCGGAGCTCGCCACAAAGACCTTCGGCAGCTCCGAATCGTCGGCCGTCGACA
GCGGCACGGCAACGGCCTCTCCTGACCAGCCCTCCGACGACGGCGACGCGGGAT
CCGACGTTGAGTCGTACTCCTCCATGCCCCCCCTTGAGGGGGAGCCGGGGGATCC
CGATCTCAGCGACGGGTCITGGTCTACCGTAAGCGAGGAGGCTAGTGAGGACGT
CGTCTGCTGCTCGATGTCCTACACATGGACAGGCGCCCTGATCACGCCATGCGCT
GCGGAGGAAACCAAGCTGCCCATCAATGCACTGAGCAACTCTTTGCTCCGTCACC
ACAACTTGGTCTATGCTACAACATCTCGCAGCGCAAGCCTGCGGCAGAAGAAGG
TCACCTTTGACAGACTGCAGGTCCTGGACGACCACTACCGGGACGTGCICAAGGA
GATGAAGGCGAAGGCGTCCACAGTTAAGGCTAAACTTCTATCCGTGGAGGAAGC
CTGTAAGCTGACGCCCCCACATTCGGCCAGATCTAAATTTGGCTATGGGGCAAAG
GACGTCCGGAACCTATCCAGCAAGGCCGTTAACCACATCCGCTCCGTGTGGAAGG
ACTTGCTGGAAGACACTGAGACACCAATTGACACCACCATCATGGCAAAAAATG
AGGTTTTCTGCGTCCAACCAGAGAAGGGGGGCCGCAAGCCAGCTCGCCTTATCGT
ATTCCCAGATTTGGGGGTTCGTGTGTGCGAGAAAATGGCCCTTTACGATGTGGIC
TCCACCCICCCTCAGGCCGTGATGGGCTCTTCATACGGATTCCAATACTCTCCTGG
ACAGCGGGTCGAGTTCCTGGTGAATGCCTGGAAAGCGAAGAAATGCCCTATGGG
CTTCGCATATGACACCCGCTGTTTTGACTCAACGGTCACTGAGAATGACATCCGT
GTTGAGGAGTCAATCTACCAATGTTGTGACTTGGCCCCCGAAGCCAGACAGGCCA
TAAGGTCGCTCACAGAGCGGCTTTACATCGGGGGCCCCCIGACTAATTCTAAAGG
GCAGAACTGCGGCTATCGCCGGTGCCGCGUGAGCGGTGTACTGACGACCAGCTG
CGGTAATACCCTCACATGTTACTTGAAGGCCGCTGCGGCCTGTCGAGCTGCGAAG
CTCCAGGACTGCACGATGCTCGTATGCGGAGACGACCTTGTCGTTATCTGTGAAA
GCGCGGGGACCCAAGAGGACGAGGCGAGCCTACGGGCCTTCACGGAGGCTATGA
CTAGATACTCTGCCCCCCCTGGGGACCCGCCCAAACCAGAATACGACTTGGAGTT
GATAACATCATGCTCCTCCAATGTGTCAGTCGCGCACGATGCATCTGGCAAAAGG
GTGTACTATCTCACCCGTGACCCCACCACCCCCCTTGCGCGGGCTGCGTGGGAGA
CAGCTAGACACACTCCAGTCAATTCCTGGCTAGGCAACATCATCATGTATGCGCC
CACCTTGTGGGCAAGGATGATCCTGATGACTCATTTCTTCTCCATCCTTCTAGCTC
AGGAACAACTTGAAAAAGCCCTAGATTGTCAGATCTACGGGGCCTGTTACTCCAT
TGAGCCACTTGACCTACCTCAGATCATTCAACGACTCCATGGCCTTAGCGCATTTT
CACTCCATAGTTACTCTCCAGGTGAGATCAATAGGGTGGCTTCATGCCTCAGGAA
ACTTGGGGTACCGCCCTTGCGAGTCTGGAGACATCGGGCCAGAAGTGTCCGCGCT
AGGCTACTGTCCCAGGGGGGGAGGGCTGCCACTTGTGGCAAGTACCTCTTCAACT
GGGCAGTAAGGACCAAGCTCAAACTCACTCCAATCCCGGCTGCGTCCCAGTTGGA
TTTATCCAGCTGGTTCGTIGCTGGTTACAGCGGGGGAGACATATATCACAGCCTG
TCTCGTGCCCGACCCCGCTGGTTCATGTGGTGCCTACTCCTACTITCTGTAGGGGT
AGGCATCTATCTACTCCCCAACCGATGAACGGGGACCTAAACACTCCAGGCCAAT
AGGCCATCCTGTTTTITTTCCCTITITITITTTICTITITTITITITTTITTTITTTTTTITT
TTTTITICTCCTTTTTITTTICCTCTIITITITCCTITTCTTTCCTITGGTGGCTCCATCT
TAGCCCTAGTCACGGCTAGCTGTGAAAGGTCCGTGAGCCGCTTGACTGCAGAGAG
TGCTGATACTGGCCTCTCTGCAGATCAAGT

SEQ 1D NO:7: Nucleotide sequence of DNA clone of HCV adaptive replicon ], where the
amino scid generated by the deletion is identified in lower case and highlighted in bold
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GCCAGCCCCCGATTGGGGGCGACACTCCACCATAGATCACTCCCCTGTGAGGAAC
TACTGTCTTCACGCAGAAAGCGTCTAGCCATGGCGTTAGTATGAGTGTCGTGCAG
CCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTA
CACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGATCAACCCGCTCAATGCCT
GGAGATTTGGGCGTGCCCCCGCGAGACTGCTAGCCGAGTAGTGTTGGGTCGCGA
AAGGCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGGAGGTCTCGT
AGACCGTGCACCATGAGCACGAATCCTAAACCTCAAAGAAAAACCAAAGGGCGC
GCCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGA
GGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGT
GTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTITITGTCAAGACCGACCTGTCC
GGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACG
ACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACT
GGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCC
TGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGAT
CCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGT
ACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAG
GGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGC
GAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAA
ATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTA
TCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGG
GCTGACCGCITCCTCGTGCTITACGGTATCGCCGCTCCCGATTCGCAGCGCATCGC
CTICTATCGCCTTCTITGACGAGTTCTTCTGAGTTTAAACAGACCACAACGGTTTCC
CTCTAGCGGGATCAATTCCGCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCG
AAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATTITCCACCATAT
TGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTTICTTGACGAG
CATTCCTAGGGGTICITICCCCICTCGCCAAAGGAATGCAAGGTCTGTTGAATGTC
GTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCG
ACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAA
AGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTG
TGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAA
GGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCT
CGGTGCACATGCTTTACATGTGTTITAGTCGAGGTTAAAAAACGTCTAGGCCCCCC
GAACCACGGGGACGTGGTTTTCCTITGAAAAACACGATAATACCATGGCGCCTAT
TACGGCCTACTCCCAACAGACGCGAGGCCTACTTGGCTGCATCATCACTAGCCTC
ACAGGCCGGGACAGGAACCAGGTCGAGGGGGAGGTCCAAGTGGTCTCCACCGCA
ACACAATCTTTCCTGGCGACCTGCGTCAATGGCGTGTGTTGGACTGTCTATCATG
GTGCCGGCTCAAAGACCCTTGCCGGCCCAAAGGGCCCAATCACCCAAATGTACA
CCAATGTGGACCAGGACCTCGTCGGCTGGCAAGCGCCCCCCGGGGCGCGTTCCTT
GACACCATGCACCTGCGGCAGCTCGGACCTITACTTGGTCACGAGGCATGCCGAT
GTCATTCCGGTGCGCCGGCGGGGCGACAGCAGGGGGAGCCTACTCTCCCCCAGG
CCCGTCTCCTACTTGAAGGGCTCTTCGGGCGGTCCACTGCTCTGCCCCTCGGGGC
ACGCTGTGGGCATCTTTCGGGCTGCCGTGTGCACCCGAGGGGTTGCGAAGGCGGT
GGACTTTGTACCCGTCGAGTCTATGGAAACCACTATGCGGTCCCCGGTCTTCACG
GACAACTCGTCCCCTCCGGCCGTACCGCAGACATTCCAGGTGGCCCATCTACACG
CCCCTACTGGTAGCGGCAAGAGCACTAAGGTGCCGGCTGCGTATGCAGCCCAAG
GGTATAAGGTGCTTGTCCTGAACCCGTCCGTCGCCGCCACCCTAGGTTTCGGGGC
GTATATGTCTAAGGCACATGGTATCGACCCTAACATCAGAACCGGGGTAAGGAC
CATCACCACGGGTGCCCCCATCACGTACTCCACCTATGGCAAGTTTCTTGCCGAC
GGTGGTTGCTCTGGGGGCGOCTATGACATCATAATATGTGATGAGTGCCACTCAA
CTGACTCGACCACTATCCTGGGCATCGGCACAGTCCTGGACCAAGCGGAGACGG
CTGGAGCGCGACTCGTCGTGCTCGCCACCGCTACGCCTCCGGGATCGGTCACCGT
GCCACATCCAAACATCGAGGAGGTGGCTCTGTCCAGCACTGGAGAAATCCCCTTT
TATGGCAAAGCCATCCCCATCGAGACCATCAAGGGGGGGAGGCACCTCATTTTCT
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GCCATTCCAAGAAGAAATGTGATGAGCTCGCCGCGAAGCTGTCCGGCCTCGGACT
CAATGCTGTAGCATATTACCGGGGCCTTGATGTATCCGTCATACCAACTAGCGGA
GACGTCATTGTCGTAGCAACGGACGCTCTAATGACGGGCTTTACCGGCGATTTCG
ACTCAGTGATCGACTGCAATACATGTGTCACCCAGACAGTCGACTTCAGCCTGGA
CCCGACCTTCACCATTGAGACGACGACCGTGCCACAAGACGCGGTGTCACGCTCG
CAGCGGCGAGGCAGGACTGGTAGGGGCAGGATGGGCATTTACAGGTITGTGACT
CCAGGAGAACGGCCCTCGGGCATGTTCGATTCCTCGGTTCTGTGCGAGTGCTATG
ACGCGGGCTGTGCTTGGTACGAGCTCACGCCCGCCGAGACCTCAGTTAGGTTGCG
GGCTTACCTAAACACACCAGGGTTGCCCGTCTGCCAGGACCATCTGGAGTTCTGG
GAGAGCGTCTTTACAGGCCTCACCCACATAGACGCCCATTTCTTGTCCCAGACTA
AGCAGGCAGGAGACAACTTCCCCTACCTGGTAGCATACCAGGCTACGGTGTGCG
CCAGGGCTCAGGCTCCACCTCCATCGTGGGACCAAATGTGGAAGTGTCTCATACG
GCTAAAGCCTACGCTGCACGGGCCAACGCCCCTGCTGTATAGGCTGGGAGCCGTT
CAAAACGAGGTTACTACCACACACCCCATAACCAAATACATCATGGCATGCATGT
CGGCTGACCTGGAGGTCGTCACGAGCACCTGGGTGCTGGTAGGCGGAGTCCTAG
CAGCTCTGGCCGCGTATTGCCTGACAACAGGCAGCGTGGTCATTGTGGGCAGGAT
CATCTTGTCCGGAAAGCCGGCCATCATTCCCGACAGGGAAGTCCTTTACCGGGAG
TTCGATGAGATGGAAGAGTGCGCCTCACACCTCCCTTACATCGAACAGGGAATGC
AGCTCGCCGAACAATTCAAACAGAAGGCAATCGGGTTGCTGCAAACAGCCACCA
AGCAAGCGGAGGCTGCTGCTCCCGTGGTGGAATCCAAGTGGCGGACCCTCGAAG
CCTTCTGGGCGAAGCATATGTGGAATTTCATCAGCGGGATACAATATTTAGCAGG
CTTGTCCACTCTGCCTGGCAACCCCGCGATAGCATCACTGATGGCATTCACAGCC
TCTATCACCAGCCCGCTCACCACCCAACATACCCTCCTGTTTAACATCCTGGGGG
GATGGGTGGCCGCCCAACTTGCICCICCCAGCGCTGCTTCTGCTTTCGTAGGCGCC
GGCATCGCTGGAGCGGCTGTTGGCAGCATAGGCCTTGGGAAGGTGCTIGTGGATA
TTTTGGCAGGTTATGGAGCAGGGGTGGCAGGCGCGCTCGTGGCCTITTAAGGTCAT
GAGCGGCGAGATGCCCTCCACCGAGGACCTGGTTAACCTACTCCCIGCTATCCTC
TCCCCTGGCGCCCTAGTCGTCGGGGTCGTGTGCGCAGCGATACTGCGTCGGCACG
TGGGCCCAGGGGAGGGGGCTGTGCAGTGGATGAACCGGCTGATAGCGTTCGCTT
CGCGGGGTAACCACGTCTCCCCCACGCACTATGTGCCTGAGAGCGACGCTGCAGC
ACGTGTCACTCAGATCCTCTCTAGTCTTACCATCACTCAGCTGCTGAAGAGGCTTC
ACCAGTGGATCAACGAGGACTGCTCCACGCCATGCTCCGGCTCGTGGCTAAGAG
ATGTTTGGGATTGGATATGCACGGTGTTGACTGATITCAAGACCTGGCTCCAGTC
CAAGCTCCTGCCGCGATTGCCGGGAGTCCCCTTCTTCTCATGTCAACGTGGGTAC
AAGGGAGTCTGGCGGGGCGACGGCATCATGCAAACCACCTGCCCATGTGGAGCA
CAGATCACCGGACATGTGAAAAACGGTTCCATGAGGATCGTGGGGCCTAGGACC
TGTAGTAACACGTGGCATGGAACATTCCCCATTAACGCGTACACCACGGGCCCCT
GCACGCCCTCCCCGGCGCCAAATTATTCTAGGGCGCTGTGGCGGGTGGCTGCTGA
GGAGTACGTGGAGGITACGCGGGTGGGGGATTTCCACTACGTGACGGGCATGAC
CACTGACAACGTAAAGTGCCCGTGTCAGGTTCCGGCCCCCGAATTCTTCACAGAA
GTGGATGGGGTGCGGTTGCACAGGTACGCTCCAGCGTGCAAACCCCTCCTACGGG
AGGAGGTCACATTCCTGGTCGGGCTCAATCAATACCTGGTTGGGTCACAGCTCCC
ATGCGAGCCCGAACCGGACGTAGCAGTGCTCACTICCATGCTCACCGACCCCTCC
CACATTACGGCGGAGACGGCTAAGCGTAGGCTGGCCAGGGGATCTCCCCCCTCCT
TGGCCAGCTCATCAGCTAGCCAGCTGtacTCTITCGAGCCGCTCCAAGCGGAGGAG
GATGAGAGGGAAGTATCCGTTCCGGCGGAGATCCTGCGGAGGTCCAGGAAATTC
CCTCGAGCGATGCCCATATGGGCACGCCCGGATTACAACCCTCCACTGTTAGAGT
CCTGGAAGGACCCGGACTACGTCCCTCCAGTGGTACACGGGTGTCCATTGCCGCC
TGCCAAGGCCCCTCCGATACCACCTCCACGGAGGAAGAGGACGGTTGTCCTGTCA
GAATCTACCGTGTCTTCTGCCTTGGCGGAGCTCGCCACAAAGACCTTCGGCAGCT
CCGAATCGTCGGCCGTCGACAGCGGCACGGCAACGGCCTCTCCTGACCAGCCCTC
CGACGACGGCGACGCGGGATCCGACGTTGAGTCGTACTCCTCCATGCCCCCCCTT
GAGGGGGAGCCGGGGGATCCCGATCTCAGCGACGGGTCTTGGTCTACCGTAAGC
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GAGGAGGCTAGTGAGGACGTCGTCTGCTGCTCGATGTCCTACACATGGACAGGC
GCCCTGATCACGCCATGCGCTGCGGAGGAAACCAAGCTGCCCATCAATGCACTG
AGCAACTCTTTGCTCCGTCACCACAACTTGGTCTATGCTACAACATCTCGCAGCG
CAAGCCTGCGGCAGAAGAAGGTCACCTTTGACAGACTGCAGGTCCTGGACGACC
ACTACCGGGACGTGCTCAAGGAGATGAAGGCGAAGGCGTCCACAGTTAAGGCTA
AACTTCTATCCGTGGAGGAAGCCTGTAAGCTGACGCCCCCACATTCGGCCAGATC
TAAATITGGCTATGGGGCAAAGGACGTCCGGAACCTATCCAGCAAGGCCGTITAA
CCACATCCGCTCCGTGTGGAAGGACTTGCTGGAAGACACTGAGACACCAATTGAC
ACCACCATCATGGCAAAAAATGAGGTTTTCTGCGTCCAACCAGAGAAGGGGGGC
CGCAAGCCAGCTCGCCTTATCGTATTCCCAGATTTGGGGGTTCGTGTGTGCGAGA
AAATGGCCCTTTACGATGTGGTCTCCACCCTCCCTCAGGCCGTGATGGGCTCTTCA
TACGGATTCCAATACTCTCCTGGACAGCGGGTCGAGTTCCTGGTGAATGCCTGGA
AAGCGAAGAAATGCCCTATGGGCTTCGCATATGACACCCGCTGTTTTGACTCAAC
GGTCACTGAGAATGACATCCGTGTTGAGGAGTCAATCTACCAATGTTGTGACTTG
GCCCCCGAAGCCAGACAGGCCATAAGGTCGCTCACAGAGCGGCTTTACATCGGG
GGCCCCCTGACTAATTCTAAAGGGCAGAACTGCGGCTATCGCCGGTGCCGCGCGA
GCGGTGTACTGACGACCAGCTGCGGTAATACCCTCACATGTTACTTGAAGGCCGC
TGCGGCCTGTCGAGCTGCGAAGCTCCAGGACTGCACGATGCTCGTATGCGGAGAC
GACCTTGTCGTTATCTGTGAAAGCGCGGGGACCCAAGAGGACGAGGCGAGCCTA
CGGGCCTTCACGGAGGCTATGACTAGATACTCTGCCCCCCCTGGGGACCCGCCCA

- AACCAGAATACGACTTGGAGTTGATAACATCATGCTCCTCCAATGTGTCAGTCGC

GCACGATGCATCTGGCAAAAGGGTGTACTATCTCACCCGTGACCCCACCACCCCC
CTTGCGCGGGCTGCGTGGGAGACAGCTAGACACACTCCAGTCAATTCCTGGCTAG
GCAACATCATCATGTATGCGCCCACCTTGTGGGCAAGGATGATCCTGATGACTCA
TTTCTTCTCCATCCTTCTAGCTCAGGAACAACTTGAAAAAGCCCTAGATTGTCAGA
TCTACGGGGCCTGTTACTCCATTGAGCCACTTGACCTACCTCAGATCATTCAACG
ACTCCATGGCCTTAGCGCATTTTCACTCCATAGTTACTCTCCAGGTGAGATCAATA
GGGTGGCTTCATGCCTCAGGAAACTTGGGGTACCGCCCTTGCGAGTCTGGAGACA
TCGGGCCAGAAGTGTCCGCGCTAGGCTACTGTCCCAGGGGGGGAGGGCTGCCAC
TTGTGGCAAGTACCTCTTCAACTGGGCAGTAAGGACCAAGCTCAAACTCACTCCA
ATCCCGGCTGCGTCCCAGTTGGATITATCCAGCTGGTTCGTTIGCTGGTTACAGCGG
GGGAGACATATATCACAGCCTGTCTCGTGCCCGACCCCGCTGGTTCATGTGGTGC
CTACTCCTACTTTCTGTAGGGGTAGGCATCTATCTACTCCCCAACCGATGAACGG
GGACCTAAACACTCCAGGCCAATAGGCCATCCTGTTTTITICCCTITITITITTICT
TITTTTTTTTTITITTITITIT I TITITITTTTICTCCTTTTTITITCCICTIITTTTCCIT
TTCTTTCCTTTGGTGGCTCCATCTTAGCCCTAGTCACGGCTAGCTGTGAAAGGTCC
GTGAGCCGCTTGACTGCAGAGAGTGCTGATACTGGCCTCTCTGCAGATCAAGT

SEQ ID NO:8: Nucleotide sequence of DNA clone of HCV adaptive replicon VI, where
nucleotide changes are in lower case and highlighted in-bold

GCCAGCCCCCGATTGGGGGCGACACTCCACCATAGATCACTCCCCTGTGAGGAAC
TACTGTCTTCACGCAGAAAGCGTCTAGCCATGGCGTTAGTATGAGTGTCGTGCAG
CCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTA
CACCGGAATIGCCAGGACGACCGGGTCCTTTCTIGGATCAACCCGCTCAATGCCT
GGAGATTTGGGCGTGCCCCCGCGAGACTGCTAGCCGAGTAGTGTIGGGTCGCGA
AAGGCCTITGTGGTACTGCCTGATAGGGTGCITGCGAGTGCCCCGGGAGGTCTCGT
AGACCGTGCACCATGAGCACGAATCCTAAACCTCAAAGAAAAACCAAAGGGCGC
GCCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGA
GGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGT
GTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCC
GGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACG
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ACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACT
GGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCC
TGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGAT
CCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGT
ACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAG
GGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGC
GAGGATCICGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAA
ATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTA
TCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGG
GCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGC
CTTCTATCGCCTTCTTGACGAGTTCITCTGAGTTTAAACAGACCACAACGGTTTCC
CTCTAGCGGGATCAATTCCGCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCG
AAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATTTTCCACCATAT
TGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAG
CATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTIGAATGTC
GTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCG
ACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAA
AGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTIG
TGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAA
GGGGCTGAAGGATGCCCAGAAGGTACCCCATIGTATGGGATCTGATCTGGGGCCT
CGGTGCACATGCTTITACATGTGTTTAGTCGAGGTTAAAAAACGTCTAGGCCCCCC
GAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATAATACCATGGCGCCTAT
TACGGCCTACTCCCAACAGACGCGAGGCCTACTIGGCTGCATCATCACTAGCCTC
ACAGGCCGGGACAGGAACCAGGTCGAGGGGGAGGTCCAAGTGGTCTCCACCGCA
ACACAATCTTTCCTGGCGACCTGCGTCAATGGCGTGTGTTGGACTGTCTATCATG
GTGCCGGCTCAAAGACCCTTGCCGGCCCAAAGGGCCCAATCACCCAAATGTACA
CCAATGTGGACCAGGACCTCGTCGGCTGGCgAGCGCCCCCCGGGGCGCGTTCCTT
GACACCATGCACCTGCGGCAGCTCGGACCTTTACTIGGTCACGAGGCATGCCGAT
GTCATTCCGGTGCGCCGGCGGGGCGACAGCAGGGGGAGCCTACTCTCCCCCAGG
CCCGTCTCCTACTTGAAGGGCTCTTCGGGCGGTCCACTGCTCTGCCCCTCGGGGC
ACGCTGTGGGCATCTTTCGGGCTGCCGTGTGCACCCGAGGGGTTGCGAAGGCGGT
GGACTTTGTACCCGTCGAGTCTATGGAAACCACTATGCGGTCCCCGGTCTICACG
GACAACTCGTCCCCTCCGGCCGTACCGCAGACATTCCAGGTGGCCCATCTACACG
CCCCTACTGGTAGCGGCAAGAGCACTAAGGTGCCGGCTGCGTATGCAGCCCAAG
GGTATAAGGTGCTTGTCCTGAACCCGTCCGTCGCCGCCACCCTAGGTTTCGGGGC
GTATATGTCTAAGGCACATGGTATCGACCCTAACATCAGAACCGGGGTAAGGAC
CATCACCACGGGTGCCCCCATCACGTACTCCACCTATGGCAAGTTICTTGCCGAC
GGTGGTTGCTCTGGGGGCGCCTATGACATCATAATATGTGATGAGTGCCACTCAA
CTGACTCGACCACTATCCTGGGCATCGGCACAGTCCTGGACCAAGCGGAGACGG
CTGGAGCGCGACTCGTCGTGCTCGCCACCGCTACGCCTCCGGGATCGGTCACCGT
GCCACATCCAAACATCGAGGAGGTGGCTCTGTCCAGCACTGGAGAAATCCCCTTT
TATGGCAAAGCCATCCCCATCGAGACCATCAAGGGGGGGAGGCACCTCATTTTCT
GCCATTCCAAGAAGAAATGTGATGAGCTCGCCGCGAAGCTGTCCGGCCTCGGACT
CAATGCTGTAGCATATTACCGGGGCCTTGATGTATCCGTCATACCAACTAGCGGA
GACGTCATTGTCGTAGCAACGGACGCTCTAATGACGGGCTTTACCGGCGATTTCG
ACTCAGTGATCGACTGCAATACATGTGTCACCCAGACAGTCGACTTCAGCCTGGA
CCCGACCTTCACCATTGAGACGACGACCGTGCCACAAGACGCGGTGTCACGCTCG
CAGCGGCGAGGCAGGACTGGTAGGGGCAGGATGGGCATTTACAGGTTTGTGACT
CCAGGAGAACGGCCCTCGGGCATGTTCGATTCCTCGGTTCTGTGCGAGTGCTATG
ACGCGGGCTGTGCTTGGTACGAGCTCACGCCCGCCGAGACCTCAGTTAGGTTGCG
GGCTTACCTAAACACACCAGGGTTGCCCGTCTGCCAGGACCATCTGGAGTTCTGG
GAGAGCGTCTTTACAGGCCTCACCCACATAGACGCCCATTTCITGTCCCAGACTA
AGCAGGCAGGAGACAACTTCCCCTACCTGGTAGCATACCAGGCTACGGTGTGCG
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CCAGGGCTCAGGCTCCACCTCCATCGTGGGACCAAATGTGGAAGTGTCTCATACG
GCTAAAGCCTACGCTGCACGGGCCAACGCCCCTGCTGTATAGGCTGGGAGCCGTT
CAAAACGAGGTTACTACCACACACCCCATAACCAAATACATCATGGCATGCATGT
CGGCTGACCTGGAGGTCGTCACGAGCACCTGGGTGCTGGTAGGCGGAGTCCTAG
CAGCTCTGGCCGCGTATTGCCTGACAACAGGCAGCGTGGTCATTGTGGGCAGGAT
CATCTTGTCCGGAAAGCCGGCCATCATTCCCGACAGGGAAGTCCTTITACCGGGAG
TTCGATGAGATGGAAGAGTGCGCCTCACACCTCCCTTACATCGAACAGGGAATGC
AGCTCGCCGAACAATTCAAACAGAAGGCAATCGGGTTGCTGCAAACAGCCACCA
AGCAAGCGGAGGCTGCTGCTCCCGTGGTGGAATCCAAGTGGCGGACCCTCGAAG
CCTTCTGGGCGAAGCATATGTGGAATTTCATCAGCGGGATACAATATTTAGCAGG
CTTGTCCACTCTGCCTGGCAACCCCGCGATAGCATCACTGATGGCATTCACAGCC
TCTATCACCAGCCCGCTCACCACCCAACATACCCTCCTGTTTAACATCCTGGGGG
GATGGGTGGCCGCCCAACTTGCTCCTCCCAGCGCTGCTTCTGCTTTCGTAGGCGCC
GGCATCGCTGGAGCGGCTGTTGGCAGCATAGGCCTTGGGAAGGTGCTTGTGGATA
TTTTGGCAGGTTATGGAGCAGGGGTGGCAGGCGCGCTCGTGGCCITIAAGGTCAT
GAGCGGCGAGATGCCCTCCACCGAGGACCTGGTTAACCTACTCCCTGCTATCCIC
TCCCCTGGCGCCCTAGTCGTCGGGGTCGTGTGCGCAGCGATACTGCGTCGGCACG
TGGGCCCAGGGGAGGGGGCTGTGCAGTGGATGAACCGGCTGATAGCGTTCGCTT
CGCGGGGTAACCACGTCTCCCCCACGCACTATGTGCCTGAGAGCGACGCTGCAGC
ACGTGTCACTCAGATCCTCTCTAGTCTTACCATCACTCAGCTGCTGAAGAGGCTTC
ACCAGTGGATCAACGAGGACTGCTCCACGCCATGCTCCGGCTCGTGGCTAAGAG
ATGTTTGGGATTGGATATGCACGGTGTTGACTGATTTCAAGACCTGGCTCCAGTC
CAAGCTCCTGCCGCGATTGCCGGGAGTCCCCTTCTICTCATGTCAACGTGGGTAC
AAGGGAGTCTGGCGGGGCGACGGCATCATGCAAACCACCTGCCCATGTGGAGCA
CAGATCACCGGACATGTGAAAAACGGTTCCATGAGGATCGTGGGGCCTAGGACC
TGTAGTAACACGTGGCATGGAACATTCCCCATTAACGCGTACACCACGGGCCCCT
GCACGCCCTCCCCGGCGCCAAATTATTCTAGGGCGCTGTGGCGGGTGGCTGCTGA
GGAGTACGTGGAGGTTACGCGGGTGGGGGATTTCCACTACGTGACGGGCATGAC
CACTGACAACGTAAAGTGCCCGTGTCAGGTTCCGGCCCCCGAATTCTTCACAGAA
GTGGATGGGGTGCGGTTGCACAGGTACGCTCCAGCGTGCAAACCCCTCCTACGGG
AGGAGGTCACATTCCTGGTCGGGCTCAATCAATACCTGGTTGGGTCACAGCTCCC
ATGCGAGCCCGAACCGGACGTAGCAGTGCTCACTTCCATGCTCACCGACCCCTCC
CACATTACGGCGGAGACGGCTAAGCGTAGGCTGGCCAGGGGATCTCCCCCCTCCT
TGGCCAGCTCATCAGCTALCCAGCTGTCTGCGCCTTCCTTGAAGGCAACATGCACT
ACCCGTCATGACTCCCCGGACGCTGACCTCATCGAGGCCAACCTCCTGTGGCGGC
AGGAGATGGGCGGGAACATCACCCGCGTGGAGTCAGAAAATAAGGTAGTAATTT
TGGACTCTTTCGAGCCGCTCCAAGCGGAGGAGGATGAGAGGGAAGTATCCGTTC
CGGCGGAGATCCTGCGGAGGTCCAGGAAATTCCCTCGAGCGATGCCCATATGGG
CACGCCCGGATTACAACCCTCCACTGTTAGAGTCCTGGAAGGACCCGGACTACGT
CCCTCCAGTGGTACACGGGTGTCCATTGCCGCCTGCCAAGGCCCCTCCGATACCA
CCTCCACGGAGGAAGAGGACGGTTGTCCTGTCAGAATCTACCGTGTCTTCTGCCT
TGGCGGAGCTCGCCACAAAGACCTTCGGCAGCTCCGAATCGTCGGCCGTCGACA
GCGGCACGGCAACGGCCTCTCCTGACCAGCCCTCCGACGACGGCGACGCGGGAT
CCGACGTTGAGTCGTACTCCTCCATGCCCCCCCTTGAGGGGGAGCCGGGGGATCC
CGATCTCAGCGACGGGTCTTGGTCTACCGTAAGCGAGGAGGCTAGTGAGGACGT
CGTCTGCTGCTCGATGTCCTACACATGGACAGGCGCCCTGATCACGCCATGCGCT
GCGGAGGAAACCAAGCTGCCCATCAATGCACTGAGCAACTCTTTGCTCCGTCACC
ACAACTTGGTCTATGCTACAACATCTCGCAGCGCAAGCCTGCGGCAGAAGAAGG
TCACCTTTGACAGACTGCAGGTCCTGGACGACCACTACCGGGACGTGCTCAAGGA
GATGAAGGCGAAGGCGTCCACAGTTAAGGCTAAACTTCTATCCGTGGAGGAAGC
CTGTAAGCTGACGCCCCCACATTCGGCCAGATCTAAATTTGGCTATGGGGCAAAG
GACGTCCGGAACCTATCCAGCAAGGCCGTTAACCACATCCGCTCCGTGTGGAAGG
ACTTGCTGGAAGACACTGAGACACCAATTGACACCACCATCATGGCAAAAAATG
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AGGTTTTCTGCGTCCAACCAGAGAAGGGGGGCCGCAAGCCAGCTCGCCTTATCGT
ATTCCCAGATTTGGGGGTTCGTGTGTGCGAGAAAATGGCCCTITACGATGTGGTC
TCCACCCTCCCTCAGGCCGTGATGGGCTCTTCATACGGATTCCAATACTCTCCTGG
ACAGCGGGTCGAGTTCCTGGTGAATGCCTGGAAAGCGAAGAAATGCCCTATGGG
CTTCGCATATGACACCCGCTGTTTTGACTCAACGGTCACTGAGAATGACATCCGT
GTTGAGGAGTCAATCTACCAATGTTGTGACTTGGCCCCCGAAGCCAGACAGGCCA
TAAGGTCGCTCACAGAGCGGCTITTACATCGGGGGCCCCCTGACTAATTCTAAAGG
GCAGAACTGCGGCTATCGCCGGTGCCGCGCGAGCGGTGTACTGACGACCAGCTG
CGGTAATACCCTCACATGTTACTTGAAGGCCGCTGCGGCCTGTCGAGCTGCGAAG
CTCCAGGACTGCACGATGCTCGTATGCGGAGACGACCTTGTCGTTATCTGTGAAA
GCGCGGGGACCCAAGAGGACGAGGCGAGCCTACGGGCCTTCACGGAGGCTATGA
CTAGATACTCTGCCCCCCCTGGGGACCCGCCCAAACCAGAATACGACTIGGAGTT
GA'I'AACATCATGCTCCTCCAATGTGTCAGTCGCGCACGATGCATCTGGCAAAAGG
GTGTACTATCTCACCCGTGACCCCACCACCCCCCTIGCGCGGGCTGCGTGGGAGA
CAGCTAGACACACTCCAGTCAATTCCTGGCTAGGCAACATCATCATGTATGCGCC
CACCTTGTGGGCAAGGATGATCCTGATGACTCATITCTTCTCCATCCTICTAGCTC
AGGAACAACTTGAAAAAGCCCTAGATTGTCAGATCTACGGGGCCTGTTACTCCAT
TGAGCCACTTGACCTACCTCAGATCATTCAACGACTCCATGGCCTTAGCGCATTTT
CACTCCATAGTTACTCTCCAGGTGAGATCAATAGGGTGGCTTCATGCCTCAGGAA
ACTTGGGGTACCGCCCTTGCGAGTCTGGAGACATCGGGCCAGAAGTGTCCGCGCT
AGGCTACTGTCCCAGGGGGGGAGGGCTGCCACTTGTGGCAAGTACCTCTTCAACT
GGGCAGTAAGGACCAAGCTCAAACTCACTCCAATCCCGGCTGCGTCCCAGTTGGA
TTTATCCAGCTGGTTCGTTGCTGGTTACAGCGGGGGAGACATATATCACAGCCTG
TCTCGTGCCCGACCCCGCTGGTTCATGTGGTGCCTACTCCTACTTTCTGTAGGGGT
AGGCATCTATCTACTCCCCAACCGATGAACGGGGAGCTAAACACTCCAGGCCAAT
AGGCCATCCTGTTTTITTCCCITTITTITITICTITTITITITITITITTIITITITITITY
TTTTICTCCTTTITTTTTCCTCTTTITTICCTTTTICTITCCTTTGGTGGCTCCATCTTA
GCCCTAGTCACGGCTAGCTGTGAAAGGTCCGTGAGCCGCTTGACTGCAGAGAGTG
CTGATACTGGCCTCICIGCAGATCAAGT

SEQ ID NO:9: Nugleotide sequence of DNA clone of HCV adaptive replicon II, where
nucleotide changes are in lower case and highlighted in bold

GCCAGCCCCCGATTGGGGGCGACACTCCACCATAGATCACTCCCCTGTGAGGAAC
TACTGTCTTCACGCAGAAAGCGTCTAGCCATGGCGTTAGTATGAGTGTCGTGCAG
CCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTA
CACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGATCAACCCGCTCAATGCCT
GGAGATTTGGGCGTGCCCCCGCGAGACTGCTAGCCGAGTAGTGTTGGGTCGCGA
AAGGCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGGAGGTCTCGT
AGACCGTGCACCATGAGCACGAATCCTAAACCTCAAAGAAAAACCAAAGGGCGC
GCCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTIGGGTGGAGA
GGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGT
GTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTITTTGTCAAGACCGACCTGTCC
GGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACG
ACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACT
GGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCICC
TGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTIGAT
CCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGT
ACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAG
GGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGC
GAGGATCTCGTCGTGACCCATGGCGATGCCTGCTIGCCGAATATCATGGTGGAAA
ATGGCCGCTTTICTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTA
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TCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGG
GCTGACCGCTTCCTCGTGCTITACGGTATCGCCGCTCCCGATTCGCAGCGCATCGC
CTTCTATCGCCTTCTTGACGAGTTCTTCTGAGTTTAAACAGACCACAACGGTTTCC
CTCTAGCGGGATCAATTCCGCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCG
AAGCCGCTIGGAATAAGGCCGGTGTGCGTTITGTCTATATGTTATTTTCCACCATAT
TGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAG
CATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTIGAATGTC
GTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCG
ACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAA
AGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTG
TGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAA
GGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCT
CGGTGCACATGCTTITACATGTGTTTAGTCGAGGTTAAAAAACGTCTAGGCCCCCC
GAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATAATACCATGGCGCCTAT
TACGGCCTACTCCCAACAGACGCGAGGCCTACTTGGCTGCATCATCACTAGCCTC
ACAGGCCGGGACAGGAACCAGGTCGAGGGGGAGGTCCAAGTGGTCTCCACCGCA
ACACAATCTTTCCTGGCGACCTGCGTCAATGGCGTGTGTTGGACTGTCTATCATG
GTGCCGGCTCAAAGACCCTTGCCGGCCCAAAGGGCCCAATCACCCAAATGTACA
CCAATGTGGACCAGGACCTCGTCGGCTGGCAAGCGCCCCCCGGGGCGCGTTCCTT
GACACCATGCACCTGCGGCAGCTCGGACCTTTACTTGGTCACGAGGCATGCCGAT
GTCATTCCGGTGCGCCGGCGGGGCGACAGCAGGGGGAGCCTACTCTCCCCCAGG
CCCGTCTCCTACTTGAAGGGCTCTTCGGGCGGTCCACTGCTCTGCCCCTCGGGGT
ACGCTGTGGGCATCTITTCGGGCTGCCGTGTGCACCCGAGGGGTTGCGAAGGCGGT
GGACTTTGTACCCGTCGAGTCTATGGAAACCACTATGCGGTCCCCGGTCTTCACG
GACAACTCGTCCCCTCCGGCCGTACCGCAGACATTCCAGGTGGCCCATCTACACG
CCCCTACTGGTAGCGGCAAGAGCACTAAGGTGCCGGCTGCGTATGCAGCCCAAG
GGTATAAGGTGCTTGTCCTGAACCCGTCCGTCGCCGCCACCCTAGGTTTCGGGGC
GTATATGTCTAAGGCACATGGTATCGACCCTAACATCAGAACCGGGGTAAGGAC
CATCACCACGGGTGCCCCCATCACGTACTCCACCTATGGCAAGTTTCTTGCCGAC
GGTGGTTGCTCTGGGGGCGCCTATGACATCATAATATGTGATGAGTGCCACTCAA
CTGACTCGACCACTATCCTGGGCATCGGCACAGTCCTGGACCAAGCGGAGACGG
CTGGAGCGCGACTCGTCGTGCTCGCCACCGCTACGCCICCGGGATCGGTCACCGT
GCCACATCCAAACATCGAGGAGGTGGCTCTGTCCAGCACTGGAGAAATCCCCTTT
TATGGCAAAGCCATCCCCATCGAGACCATCAAGGGGGGGAGGCACCTCATTITTICT
GCCATTCCAAGAAGAAATGTGATGAGCTCGCCGCGAAGCTGTCCGGCCTCGGACT
CAATGCTGTAGCATATTACCGGGGCCTTGATGTATCCGTCATACCAACTAGCGGA
GACGTCATTGTCGTAGCAACGGACGCTCTAATGACGGGCTTTACCGGCGATTTCG
ACTCAGTGATCGACTGCAATACATGTGTCACCCAGACAGTCGACTTCAGCCTGGA
CCCGACCTTCACCATTGAGACGACGACCGTGCCACAAGACGCGGTGTCACGCTCG
CAGCGGCGAGGCAGGACTGGTAGGGGCAGGATGGGCATTTACAGGTTTGTGACT
CCAGGAGAACGGCCCTCGGGCATGTTCGATTCCTCGGTTCIGTGCGAGTGCTATG
ACGCGGGCTGTGCTTGGTACGAGCTCACGCCCGCCGAGACCTCAGTTAGGTTGCG
GGCTTACCTAAACACACCAGGGTTGCCCGTCTGCCAGGACCATCTGGAGTTICTGG
GAGAGCGTCTTTACAGGCCTCACCCACATAGACGCCCATTTCTTGTCCCAGACTA
AGCAGGCAGGAGACAACTTCCCCTACCTGGTAGCATACCAGGCTACGGTGTGCG
CCAGGGCTCAGGCTCCACCTCCATCGTGGGACCAAATGTGGEAGTGTCTCATACG
GCTAAAGCCTACGCTGCACGGGCCAACGCCCCTGCTGTATAGGCTGGGAGCCGTT
CAAAACGAGGTTACTACCACACACCCCATAACCAAATACATCATGGCATGCATGT
CGGCTGACCTGGAGGTCGTCACGAGCACCTGGGTGCTGGTAGGCGGAGTCCTAG
CAGCTCTGGCCGCGTATTGCCTGACAACAGGCAGCGTGGTCATTGTGGGCAGGAT
CATCTTGTCCGGAAAGCCGGCCATCATTCCCGACAGGGAAGTCCTTTACCGGGAG
TTCGATGAGATGGAAGAGTGCGCCTCACACCTCCCTTACATCGAACAGGGAATGC
AGCTCGCCGAACAATTCAAACAGAAGGCAATCGGGTTGCTGCAAACAGCCACCA
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AGCAAGCGGAGGCTGCTGCTCCCGTGGTGGAATCCAAGTGGCGGACCCTCGAAG
CCTTCTGGGCGAAGCATATGTGGAATTTCATCAGCGGGATACAATATTTAGCAGG
CTTGTCCACTCTGCCTGGCAACCCCGCGATAGCATCACTGATGGCATTCACAGCC
TCTATCACCAGCCCGCTCACCACCCAACATACCCTCCTGTTTAACATCCTGGGGG
GATGGGTGGCCGCCCAACTTGCTCCTCCCAGCGCTGCTTCTGCTTTCGTAGGCGCC
GGCATCGCTGGAGCGGCTGTTGGCAGCATAGGCCTTGGGAAGGTGCTTGTGGATA
TTTTGGCAGGTTATGGAGCAGGGGTGGCAGGCGCGCTCGTGGCCTTTAAGGTCAT
GAGCGGCGAGATGCCCTCCACCGAGGACCTGGTTAACCTACTCCCTGCTATCCTC
TCCCCTGGCGCCCTAGTCGTCGGGGTCGTGTGCGCAGCGATACTGCGTCGGCACG
TGGGCCCAGGGGAGGGGGCTGTGCAGTGGATGAACCGGCTGATAGCGTTCGCTT
CGCGGGGTAACCACGTCTCCCCCACGCACTATGTGCCTGAGAGCGACGCTGCAGC
ACGTGTCACTCAGATCCTCTCTgGTCTTACCATCACTCAGCTGCTGAAGAGGCTTC
ACCAGTGGATCAACGAGGACTGCTCCACGCCATGCTCCGGCTCGTGGCTAAGAG
ATGTTTGGGATTGGATATGCACGGTGTTGACTGATTTCAAGACCTGGCTCCAGTC
CAAGCTCCTGCCGCGATTGCCGGGAGTCCCCTTCTICTCATGTCAACGTGGGTAC
AAGGGAGTCTGGCGGGGCGACGGCATCATGCAAACCACCTGCCCATGTGGAGCA
CAGATCACCGGACATGTGAAAAACGGTTCCATGAGGATCGTGGGGCCTAGGACC
TGTAGTAACACGTGGCATGGAACATTCCCCATTAACGCGTACACCACGGGCCCCT
GCACGCCCTCCCCGGCGCCAAATTATTCTAGGGCGCTGTGGCGGGTGGCTGCTGA
GGAGTACGTGGAGGTTACGCGGGTGGGGGATTICCACTACGTGACGGGCATGAC
CACTGACAACGTAAAGTGCCCGTGTCAGGTTCCGGCCCCCGAATTCTTCACAGAA
GTGGATGGGGTGCGGTTGCACAGGTACGCTCCAGCGTGCAAACCCCTCCTACGGG
AGGAGGTCACATTCCTGGTCGGGCTCAATCAATACCTGGTTGGGTCACAGCTICCC
ATGCGAGCCCGAACCGGACGTAGCAGTGCTCACTTCCATGCTCACCGACCCCTCC
CACATTACGGCGGAGACGGCTAAGCGTgGGCTGGCCAGGGGATCTCCCCCCTCCT
TGGCCAGCTCATCAGCTAGCCAGCTGTCTGCGCCTTCCTTGAAGGCAACATGCAC
TACCCGTCATGACTCCCCGGACGCTGACCTCATCGAGGCCAACCTCCTGTGGCGG
CAGGAGATGGGCGGGAACATCACCCGCGTGGAGTCAGAAAATAAGGTAGTAATT
TIGGACTCTTTICGAGCCGCTCCAAGCGGAGGAGGATGAGAGGGAAGTATCCGTTC
CGGCGGAGATCCTGCGGAGGTCCAGGAAATTCCCTCGAGCGATGCCCATATGGG
CACGCCCGGATTACAACCCTCCACTGTTAGAGTCCTGGAAGGACCCGGACTACGT
CCCTCCAGTGGTACACGGGTGTCCATTGCCGCCTGCCAAGGCCCCTCCGATACCA
CCTCCACGGAGGAAGAGGACGGTTGTCCTGTCAGAATCTACCGTGTCTTCTGCCT
TGGCGGAGCTCGCCACAAAGACCTICGGCAGCTCCGAATCGTCGGCCGTCGACA
GCGGCACGGCAACGGCCTCTCCTGACCAGCCCTCCGACGACGGCGACGCGGGAT
CCGACGTTGAGTCGTACTCCTCCATGCCCCCCCTTGAGGGGGAGCCGGGGGATCC
CGATCTCAGCGACGGGTCTTGGTCTACCGTAAGCGAGGAGGCTAGTGAGGACGT
CGTCTGCTGCTCGATGTCCTACACATGGACAGGCGCCCTGATCACGCCATGCGCT
GCGGAGGAAACCAAGCTGCCCATCAATGCACTGAGCAACTCTTTGCTCCGTCACC
ACAACTTGGTCTATGCTACAACATCTCGCAGCGCAAGCCTGCGGCAGAAGAAGG
TCACCTTTGACAGACTGCAGGTCCTGGACGACCACTACCGGGACGTGCTCAAGGA
GATGAAGGCGAAGGCGTCCACAGTTAAGGCTAAACTTCTATCCGTGGAGGAAGC
CTGTAAGCTGACGCCCCCACATTCGGCCAGATCTAAATTTGGCTATGGGGCAAAG
GACGTCCGGAACCTATCCAGCAAGGCCGTTAACCACATCCGCTCCGTGTGGAAGG
ACTTGCTGGAAGACACTGAGACACCAATTGACACCACCATCATGGCAAAAAATG
AGGTTTTCTGCGTCCAACCAGAGAAGGGGGGCCGCAAGCCAGCTCGCCTTATCGT
ATTCCCAGATTTGGGGGTTCGTGTGTGCGAGAAAATGGCCCTITACGATGTGGTC
TCCACCCTCCCTCAGGCCGTGATGGGCTCTTCATACGGATTCCAATACTCTCCTGG
ACAGCGGGTCGAGTTCCTGGTGAATGCCTGGAAAGCGAAGAAATGCCCTATGGG
CTTCGCATATGACACCCGCTGTTTTGACTCAACGGTCACTGAGAATGACATCCGT
GTTGAGGAGTCAATCTACCAATGTTGTGACTTGGCCCCCGAAGCCAGACAGGCCA
TAAGGTCGCTCACAGAGCGGCTTTACATCGGGGGCCCCCTGACTAATTCTAAAGG
GCAGAACTGCGGCTATCGCCGGTGCCGCGCGAGCGGTGTACTGACGACCAGCTG
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CGGTAATACCCTCACATGITACTTGAAGGCCGCTGCGGCCTGTCGAGCTGCGAAG
CTCCAGGACTGCACGATGCTCGTATGCGGAGACGACCTTGTCGTTATCTGTGAAA
GCGCGGGGACCCAAGAGGACGAGGCGAGCCTACGGGCCTTCACGGAGGCTATGA
CTAGATACTCTGCCCCCCCTGGGGACCCGCCCAAACCAGAATACGACTTGGAGTT
GATAACATCATGCTCCICCAATGTGTCAGTCGCGCACGATGCATCTGGCAAAAGG
GTGTACTATCTCACCCGTGACCCCACCACCCCCCTTGCGCGGGCTGCGTGGGAGA
CAGCTAGACACACTCCAGTCAATTCCTGGCTAGGCAACATCATCATGTATGCGCC
CACCTTGTGGGCAAGGATGATCCTGATGACTCATTTCTTCTCCATCCTTCTAGCTC
AGGAACAACTTGAAAAAGCCCTAGATTGTCAGATCTACGGGGCCTGTTACTCCAT
TGAGCCACTTGACCTACCTCAGATCATTCAACGACTCCATGGCCTTAGCGCATTTT
CACTCCATAGTTACTCTCCAGGTGAGATCAATAGGGTGGCTTCATGCCTCAGGAA
ACTTGGGGTACCGCCCTTGCGAGTCTGGAGACATCGGGCCAGAAGTGTCCGCGCT
AGGCTACTGTCCCAGGGGGGGAGGGCTGCCACTTGTGGCAAGTACCTCTTCAACT
GGGCAGTAAGGACCAAGCTCAAACTCACTCCAATCCCGGCTGCGTCCCAGTTGGA
TTTATCCAGCTGGTTCGTTGCTGGTTACAGCGGGGGAGACATATATCACAGCCTG
TCTCGTGCCCGACCCCGCTGGTTCATGTGGTGCCTACTCCTACTTTCTGTAGGGGT
AGGCATCTATCTACTCCCCAACCGATGAACGGGGACCTAAACACTCCAGGCCAAT
AGGCCATCCTGTITTTITCCCITTTITITTTTCTITITTIITTITITTITITITTITITT
TTTITTTCTCCTTTTITITTCCTCTTITITTCCITTTCTITCCITTIGGTGGCTCCATCT
TAGCCCTAGTCACGGCTAGCTGTGAAAGGTCCGTGAGCCGCTTGACTGCAGAGAG
TGCTGATACIGGCCICICTGCAGATCAAGT

SEQ ID NO:10: Nucleotide sequence of DNA clone of HCV adaptive replicon V, where
nucleotide change is in lower case and highlighted in bold

GCCAGCCCCCGATTGGGGGCGACACTCCACCATAGATCACTCCCCTGTGAGGAAC
TACTGTCTTCACGCAGAAAGCGTCTAGCCATGGCGTTAGTATGAGTGTCGTGCAG
CCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTA
CACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGATCAACCCGCTCAATGCCT
GGAGATTTGGGCGTGCCCCCGCGAGACTGCTAGCCGAGTAGTGTTGGGTCGCGA
AAGGCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGGAGGTCTCGT
AGACCGTGCACCATGAGCACGAATCCTAAACCTCAAAGAAAAACCAAAGGGCGC
GCCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGA
GGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGT
GTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTIGTCAAGACCGACCTGTCC
GGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACG
ACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACT
GGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCC
TGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGAT
CCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGT
ACTCGGATGGAAGCCGGTCTIGTCGATCAGGATGATCTGGACGAAGAGCATCAG
GGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGC
GAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAA
ATGGCCGCTTITCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTA
TCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGG
GCTGACCGCTTCCTCGTGCTITACGGTATCGCCGCTCCCGATTCGCAGCGCATCGC
CTICYATCGCCTTCTTGACGAGTTCITCTGAGTTTAAACAGACCACAACGGTTTICC
CTCTAGCGGGATCAATTCCGCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCG
AAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTITATTITCCACCATAT
TGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTICITGACGAG
CATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTC
GTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCG
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ACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAA
AGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTG
TGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAA
GGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCIGGGGCCT
CGGTGCACATGCTTTACATGIGTTTAGTCGAGGTTAAAAAACGTCTAGGCCCCCC
GAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATAATACCATGGCGCCTAT
TACGGCCTACTCCCAACAGACGCGAGGCCTACTTGGCTGCATCATCACTAGCCTC
ACAGGCCGGGACAGGAACCAGGTCGAGGGGGAGGTCCAAGTGGTCTCCACCGCA
ACACAATCTTTCCTGGCGACCTGCGTCAATGGCGTGTGTTGGACTGTCTATCATG .
GTGCCGGCTCAAAGACCCTTGCCGGCCCAAAGGGCCCAATCACCCAAATGTACA
CCAATGTGGACCAGGACCTCGTCGGCTGGCAAGCGCCCCCCGGGGCGCGTTCCTT
GACACCATGCACCTGCGGCAGCTCGGACCTTTACTTGGTCACGAGGCATGCCGAT
GTCATTCCGGTGCGCCGGCGGGGCGACAGCAGGGGGAGCCTACTCTCCCCCAGG
CCCGTCTCCTACTTGAAGGGCTCTTCGGGCGGTCCACTGCTCTGCCCCICGGGGC
ACGCTGTGGGCATCTTTCGGGCTGCCGTGTGCACCCGAGGGGTTGCGAAGGCGGT
GGACTTTGTACCCGTCGAGTCTATGGAAACCACTATGCGGTCCCCGGTCTTCACG
GACAACTCGTCCCCTCCGGCCGTACCGCAGACATTCCAGGTGGCCCATCTACACG
CCCCTACTGGTAGCGGCAAGAGCACTAAGGTGCCGGCTGCGTATGCAGCCCAAG
GGTATAAGGTGCTTGTCCTGAACCCGTCCGTCGCCGCCACCCTAGGTITCGGGGC
GTATATGTCTAAGGCACATGGTATCGACCCTAACATCAGAACCGGGGTAAGGAC
CATCACCACGGGTGCCCCCATCACGTACTCCACCTATGGCAAGTTITCTTGCCGAC
GGTGGTTGCTCTGGGGGCGCCTATGACATCATAATATGTGATGAGTGCCACTCAA
CTGACTCGACCACTATCCTGGGCATCGGCACAGTCCTGGACCAAGCGGAGACGG
CTGGAGCGCGACTCGTCGTGCTCGCCACCGCTACGCCTCCGGGATCGGTCACCGT
GCCACATCCAAACATCGAGGAGGTGGCTCTGTCCAGCACTGGAGAAATCCCCTTT
TATGGCAAAGCCATCCCCATCGAGACCATCAAGGGGGGGAGGCACCTCATTTITCT
GCCATTCCAAGAAGAAATGTGATGAGCTCGCCGCGAAGCTGTCCGGCCTCGGACT
CAATGCTGTAGCATATTACCGGGGCCTTGATGTATCCGTCATACCAACTAGCGGA
GACGTCATTGTCGTAGCAACGGACGCTCTAATGACGGGCTTITACCGGCGATTTCG
ACTCAGTGATCGACTGCAATACATGTGTCACCCAGACAGTCGACTTCAGCCTGGA
CCCGACCTTCACCATTGAGACGACGACCGTGCCACAAGACGCGGTGTCACGCTCG
CAGCGGCGAGGCAGGACTGGTAGGGGCAGGATGGGCATTTACAGGTTTGTGACT
CCAGGAGAACGGCCCTCGGGCATGTTCGATTCCTCGGTTCTGTGCGAGTGCTATG
ACGCGGGCTGTGCTTGGTACGAGCTCACGCCCGCCGAGACCTCAGTTAGGTTGCG
GGCTTACCTAAACACACCAGGGTTGCCCGTCTGCCAGGACCATCTGGAGTTCTGG
GAGAGCGTCTTTACAGGCCTCACCCACATAGACGCCCATITCTTGTCCCAGACTA
AGCAGGCAGGAGACAACTTCCCCTACCTGGTAGCATACCAGGCTACGGTGTGCG
CCAGGGCTCAGGCTCCACCTCCATCGTGGGACCAAATGTGGAAGTGTCTCATACG
GCTAAAGCCTACGCTGCACGGGCCAACGCCCCTGCTGTATAGGCTGGGAGCCGTT
CAAAACGAGGTTACTACCACACACCCCATAACCAAATACATCATGGCATGCATGT
CGGCTGACCTGGAGGTCGTCACGAGCACCTGGGTGCTGGTAGGCGGAGTCCTAG
CAGCTCTGGCCGCGTATTGCCTGACAACAGGCAGCGTGGTCATTGTGGGCAGGAT
CATCTTGTCCGGAAAGCCGGCCATCATTCCCGACAGGGAAGTCCTTTACCGGGAG
TTCGATGAGATGGAAGAGTGCGCCTCACACCTCCCTTACATCGAACAGGGAATGC
AGCTCGCCGAACAATTCAAACAGAAGGCAATCGGGTTGCTGCAAACAGCCACCA
AGCAAGCGGAGGCTGCTGCTCCCGTGGTGGAATCCAAGTGGCGGACCCTCGAAG
CCTTCTGGGCGAAGCATATGTGGAATTTCATCAGCGGGATACAATATITAGCAGG
CTITGTCCACTCTGCCTGGCAACCCCGCGATAGCATCACTGATGGCATTCACAGCC
TCTATCACCAGCCCGCTCACCACCCAACATACCCTCCTGTTTAACATCCTGGGGG
GATGGGTGGCCGCCCAACTTGCTCCTCCCAGCGCTGCTTCTGCTTTCGTAGGCGCC
GGCATCGCTGGAGCGGCTGTTGGCAGCATAGGCCTTGGGAAGGTGCTTGTGGATA
TTTTGGCAGGTTATGGAGCAGGGGTGGCAGGCGCGCTCGTGGCCTTTAAGGTCAT
GAGCGGCGAGATGCCCTCCACCGAGGACCTGGTTAACCTACTCCCTGCTATCCTC
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TCCCCTGGCGCCCTAGTCGTCGGGGTCGTGTGCGCAGCGATACTGCGTCGGCACG
TGGGCCCAGGGGAGGGGGCTGTGCAGTGGATGAACCGGCTGATAGCGTTCGCTT
CGCGGGGTAACCACGTCTCCCCCACGCACTATGTGCCTGAGAGCGACGCTGCAGC
ACGTGTCACTCAGATCCTCTCTAGTCTTACCATCACTCAGCTGCTGAAGAGGCTTC
ACCAGTGGATCAACGAGGACTGCTCCACGCCATGCTCCGGCTCGTGGCTAAGAG
ATGTTTGGGATTGGATATGCACGGTGTTGACTGATITCAAGACCTGGCTCCAGTC
CAAGCTCCTGCCGCGATTGCCGGGAGTCCCCTTCTTCTCATGTCAACGTGGGTAC
AAGGGAGTCTGGCGGGGCGACGGCATCATGCAAACCACCTGCCCATGTGGAGCA
CAGATCACCGGACATGTGAAAAACGGTTCCATGAGGATCGTGGGGCCTAGGACC
TGTAGTAACACGTGGCATGGAACATTCCCCATTAACGCGTACACCACGGGCCCCT
GCACGCCCTCCCCGGCGCCAAATTATTCTAGGGCGCTGTGGCGGGTGGCTGCTGA
GGAGTACGTGGAGGTTACGCGGGTGGGGGATTTCCACTACGTGACGGGCATGAC
CACTGACAACGTAAAGTGCCCGTGTCAGGTTCCGGCCCCCGAATTCTTCACAGAA
GTGGATGGGGTGCGGTTGCACAGGTACGCTCCAGCGTGCAAACCCCTCCTACGGG
AGGAGGTCACATTCCTGGTCGGGCTCAATCAATACCTGGTTGGGTCACAGCTCCC
ATGCGAGCCCGAACCGGACGTAGCAGTGCTCACTTCCATGCTCACCGACCCCTCC
CACATTACGGCGGAGACGGCTAAGCGTAGGCTGGCCAGGGGATCTCCCCCCTCCT
TGICCAGCTCATCAGCTAGCCAGCTGTCTGCGCCTTCCTTGAAGGCAACATGCACT
ACCCGTCATGACTCCCCGGACGCTGACCTCATCGAGGCCAACCTCCTGTGGCGGC
AGGAGATGGGCGGGAACATCACCCGCGTGGAGTCAGAAAATAAGGTAGTAATTT
TGGACTCTTTCGAGCCGCTCCAAGCGGAGGAGGATGAGAGGGAAGTATCCGTTC
CGGCGGAGATCCTGCGGAGGTCCAGGAAATTCCCTCGAGCGATGCCCATATGGG
CACGCCCGGATTACAACCCTCCACTGTTAGAGTCCTGGAAGGACCCGGACTACGT
CCCTCCAGTGGTACACGGGTGTCCATTGCCGCCTGCCAAGGCCCCTCCGATACCA
CCTCCACGGAGGAAGAGGACGGTTGTCCTGTCAGAATCTACCGTGTCTICTGCCT
TGGCGGAGCTCGCCACAAAGACCTTCGGCAGCTCCGAATCGTCGGCCGTCGACA
GCGGCACGGCAACGGCCTCTCCTGACCAGCCCTCCGACGACGGCGACGCGGGAT
CCGACGTTGAGTCGTACTCCTCCATGCCCCCCCTTGAGGGGGAGCCGGGGGATCC
CGATCTCAGCGACGGGTCTTGGTCTACCGTAAGCGAGGAGGCTAGTGAGGACGT
CGTCTGCTGCTICGATGTCCTACACATGGACAGGCGCCCTGATCACGCCATGCGCT
GCGGAGGAAACCAAGCTGCCCATCAATGCACTGAGCAACTCTTTGCTCCGTCACC
ACAACTTGGTCTATGCTACAACATCTCGCAGCGCAAGCCTGCGGCAGAAGAAGG
TCACCTTTGACAGACTGCAGGTCCTGGACGACCACTACCGGGACGTGCTCAAGGA
GATGAAGGCGAAGGCGTCCACAGTTAAGGCTAAACTTCTATCCGTGGAGGAAGC
CTGTAAGCTGACGCCCCCACATTCGGCCAGATCTAAATTTGGCTATGGGGCAAAG
GACGTCCGGAACCTATCCAGCAAGGCCGTTAACCACATCCGCTCCGTGTGGAAGG
ACTTGCTGGAAGACACTGAGACACCAATTGACACCACCATCATGGCAAAAAATG
AGGTTTTCTGCGTCCAACCAGAGAAGGGGGGCCGCAAGCCAGCTCGCCTTATCGT
ATTCCCAGATTTGGGGGTTCGTGTGTGCGAGAAAATGGCCCTTITACGATGTGGTC
TCCACCCTCCCTCAGGCCGTGATGGGCTCTTCATACGGATTCCAATACTCTCCTGG
ACAGCGGGTCGAGTTCCTGGTGAATGCCTGGAAAGCGAAGAAATGCCCTATGGG
CTTCGCATATGACACCCGCTGTITTGACTCAACGGTCACTGAGAATGACATCCGT
GTTGAGGAGTCAATCTACCAATGTTGTGACTTGGCCCCCGAAGCCAGACAGGCCA
TAAGGTCGCTCACAGAGCGGCTTTACATCGGGGGCCCCCTGACTAATTCTAAAGG
GCAGAACTGCGGCTATCGCCGGTGCCGCGCGAGCGGTGTACTGACGACCAGCTG
CGGTAATACCCTCACATGTTACTTGAAGGCCGCTGCGGCCTGTCGAGCTGCGAAG
CTCCAGGACTGCACGATGCTCGTATGCGGAGACGACCTTGTCGTTATCTGTGAAA
GCGCGGGGACCCAAGAGGACGAGGCGAGCCTACGGGCCTTCACGGAGGCTATGA
CTAGATACTCTGCCCCCCCTGGGGACCCGCCCAAACCAGAATACGACTTGGAGTT
GATAACATCATGCTCCTCCAATGTGTCAGTCGCGCACGATGCATCTGGCAAAAGG
GTGTACTATCTCACCCGTGACCCCACCACCCCCCTTGCGCGGGCTGCGTGGGAGA
CAGCTAGACACACTCCAGTCAATTCCTGGCTAGGCAACATCATCATGTATGCGCC
CACCTTGTGGGCAAGGATGATCCTGATGACTCATTTCTTCTCCATCCTTCTAGCTC
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AGGAACAACTTGAAAAAGCCCTAGATTGTCAGATCTACGGGGCCTGTTACTCCAT
TGAGCCACTTGACCTACCTCAGATCATTCAACGACTCCATGGCCTTAGCGCATTIT
CACTCCATAGTTACTCTCCAGGTGAGATCAATAGGGTGGCTTCATGCCTCAGGAA
ACTTGGGGTACCGCCCTTGCGAGTCTGGAGACATCGGGCCAGAAGTGTCCGCGCT
AGGCTACTGTCCCAGGGGGGGAGGGCTGCCACTTGTGGCAAGTACCTCTTCAACT
GGGCAGTAAGGACCAAGCTCAAACTCACTCCAATCCCGGCTGCGTCCCAGTTGGA
TTTATCCAGCTGGTTCGTTGCTGGTTACAGCGGGGGAGACATATATCACAGCCTG
TCTCGTGCCCGACCCCGCTGGTTCATGTGGTGCCTACTCCTACTTTICTGTAGGGGT
AGGCATCTATCTACTCCCCAACCGATGAACGGGGACCTAAACACTCCAGGCCAAT
AGGCCATCCTGTTTITITTCCCTTITIITIITTIICTTITTTITITTIITITITITITTITTIT
TITTITICTCCTTITTITTITCCTCTITITTICCTTTTCTTITCCTTTGGTGGCTCCATCT
TAGCCCTAGTCACGGCTAGCTGTGAAAGGTCCGTGAGCCGCTTGACTGCAGAGAG
TGCTGATACTGGCCTCTCTGCAGATCAAGT

SEQ ID NO:11: NSSA gene of DNA clone of HCV adaptive replicon TV, where nucleotide
change is in lower case and highlighted in bold

TCCGGCTCGTGGCTAAGAGATGTTTGGGATTGGATATGCACGGTGTTGACTGATT
TCAAGACCTGGCTCCAGTCCAAGCTCCTGCCGCGATTGCCGGGAGTCCCCTTCTT
CTCATGTCAACGTGGGTACAAGGGAGTCTGGCGGGGCGACGGCATCATGCAAAC
CACCTGCCCATGTGGAGCACAGATCACCGGACATGTGAAAAACGGTTCCATGAG
GATCGTGGGGCCTAGGACCTGTAGTAACACGTGGCATGGAACATTCCCCATTAAC
GCGTACACCACGGGCCCCTGCACGCCCTCCCCGGCGCCAAATTATTCTAGGGCGC
TGTGGCGGGTGGCTGCTGAGGAGTACGTGGAGGTTACGCGGGTGGGGGATTTCC
ACTACGTGACGGGCATGACCACTGACAACGTAAAGTGCCCGTGTCAGGTTCCGGC
CCCCGAATTCTTCACAGAAGTGGATGGGGTGCGGTTGCACAGGTACGCTCCAGCG
TGCAAACCCCTCCTACGGGAGGAGGTCACATTCCTGGTCGGGCTCAATCAATACC
TGGTTGGGTCACAGCTCCCATGCGAGCCCGAACCGGACGTAGCAGTGCTCACTTC
CATGCTCACCGACCCCTCCCACATTACGGCGGAGACGGCTAAGCGTAGGCTGGCC
AGGGGATCTCCCCCCTgCTTGGCCAGCTCATCAGCTAGCCAGCTGTCTGCGCCTITC
CTTGAAGGCAACATGCACTACCCGTCATGACTCCCCGGACGCTGACCICATCGAG
GCCAACCTCCTGTGGCGGCAGGAGATGGGCGGGAACATCACCCGCGTGGAGTCA
GAAAATAAGGTAGTAATTTTGGACTCTTTCGAGCCGCTCCAAGCGGAGGAGGAT
GAGAGGGAAGTATCCGTTCCGGCGGAGATCCTGCGGAGGTCCAGGAAATTCCCT
CGAGCGATGCCCATATGGGCACGCCCGGATTACAACCCTCCACTGTTAGAGTCCT
GGAAGGACCCGGACTACGTCCCTCCAGTGGTACACGGGTGTCCATTGCCGCCTGC
CAAGGCCCCTCCGATACCACCTCCACGGAGGAAGAGGACGGTTGTCCTGTCAGA
ATCTACCGTGTCTTCTGCCTTGGCGGAGCTCGCCACAAAGACCTTCGGCAGCTCC
GAATCGTCGGCCGTCGACAGCGGCACGGCAACGGCCTCTCCTGACCAGCCCTCCG
ACGACGGCGACGCGGGATCCGACGTTGAGTCGTACTCCTCCATGCCCCCCCTTGA
GGGGGAGCCGGGGGATCCCGATCTCAGCGACGGGTCTTGGTCTACCGTAAGCGA
GGAGGCTAGTGAGGACGTCGTCTGCTGC

SEQ ID NO:12: NS5A gene of HCV adaptive replicon IIL, where nucleotide change is in
lower case and highlighted in bold

TCCGGCTCGTGGCTAAGAGATGTTTGGGATTGGATATGCACGGTGTTGACTGATT
TCAAGACCIGGCTCCAGTCCAAGCTCCTGCCGCGATTGCCGGGAGTCCCCTTCTT
CTCATGTCAACGTGGGTACAAGGGAGTCTGGCGGGGCGACGGCATCATGCAAAC
CACCTGCCCATGTGGAGCACAGATCACCGGACATGTGAAAAACGGITCCATGAG
GATCGTGGGGCCTAGGACCTGTAGTAACACGTGGCATGGAACATTCCCCATTAAC
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GCGTACACCACGGGCCCCTGCACGCCCTCCCCGGCGCCAAATTATTCTAGGGCGC
TGTGGCGGGTGGCTGCTGAGGAGTACGTGGAGGTTACGCGGGTGGGGGATTTCC
ACTACGTGACGGGCATGACCACTGACAACGTAAAGTGCCCGTGTCAGGTTCCGGC
CCCCGAATTCTTCACAGAAGTGGATGGGGTGCGGTIGCACAGGTACGCTCCAGCG
TGCAAACCCCTCCTACGGGAGGAGGTCACATTCCTGGTCGGGCTCAATCAATACC
TGGTTGGGTCACAGCTCCCATGCGAGCCCGAACCGGACGTAGCAGTGCTCACTTIC
CATGCTCACCGACCCCTCCCACATTACGGCGGAGACGGCTAAGCGTAGGCTGGCC
AGGGGATCTCCCCCCeCCTTGGCCAGCTCATCAGCTAGCCAGCTGTCTGCGCCTTC
CTTGAAGGCAACATGCACTACCCGTCATGACTCCCCGGACGCTGACCTCATCGAG
GCCAACCTCCTGTGGCGGCAGGAGATGGGCGGGAACATCACCCGCGTGGAGTCA
GAAAATAAGGTAGTAATTTTGGACTCTITCGAGCCGCTCCAAGCGGAGGAGGAT
GAGAGGGAAGTATCCGTTCCGGCGGAGATCCTGCGGAGGTCCAGGAAATTCCCT
CGAGCGATGCCCATATGGGCACGCCCGGATTACAACCCTCCACTGTTAGAGTCCT
GGAAGGACCCGGACTACGTCCCTCCAGTGGTACACGGGTGTCCATTGCCGCCTGC
CAAGGCCCCTCCGATACCACCTCCACGGAGGAAGAGGACGGTTGTCCTGTCAGA
ATCTACCGTGTCTTCTGCCTTGGCGGAGCTCGCCACAAAGACCTTCGGCAGCTCC
GAATCGTCGGCCGTCGACAGCGGCACGGCAACGGCCTCTCCTGACCAGCCCTCCG
ACGACGGCGACGCGGGATCCGACGTTGAGTCGTACTCCTCCATGCCCCCCCTIGA
GGGGGAGCCGGGGGATCCCGATCTCAGCGACGGGTCTTGGTCTACCGTAAGCGA
GGAGGCTAGTGAGGACGTCGTCTGCTGC

SEQ ID NO:13: Nucleotide scquence of DNA clone of HCV adaptive replicon VI, where
nucleotide change is in lower case and highlighted in bold

GCCAGCCCCCGATTGGGGGCGACACTCCACCATAGATCACTCCCCTGTGAGGAAC
TACTGTCTTCACGCAGAAAGCGTCTAGCCATGGCGTITAGTATGAGTGTCGTGCAG
CCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTA
CACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGATCAACCCGCTCAATGCCT
GGAGATTTGGGCGTGCCCCCGCGAGACTGCTAGCCGAGTAGTGTTGGGTCGCGA
AAGGCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGGAGGTCTCGT
AGACCGTGCACCATGAGCACGAATCCTAAACCTCAAAGAAAAACCAAAGGGCGC
GCCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGA
GGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGT
GTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTITTITGTCAAGACCGACCTGICC
GGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACG
ACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACT
GGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTIGCTCC
TGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGAT
CCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGT
ACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCIGGACGAAGAGCATCAG
GGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGC
GAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAA.
ATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTA
TCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTITGGCGGCGAATGG
GCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGC
CTTCTATCGCCTTCTTGACGAGTTCTTCTGAGTTTAAACAGACCACAACGGTTTCC
CTCTAGCGGGATCAATTCCGCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCG
AAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATTTTCCACCATAT
TGCCGTCTTTIGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAG
CATTCCTAGGGGTCITTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTC
GTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCG
ACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAA
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AGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTG
TGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAA
GGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCT

. CGGTGCACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAACGTCTAGGCCCCCC

GAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATAATACCATGGCGCCTAT
TACGGCCTACTCCCAACAGACGCGAGGCCTACTTGGCTGCATCATCACTAGCCTC
ACAGGCCGGGACAGGAACCAGGTCGAGGGGGAGGTCCAAGTGGTCICCACCGCA
ACACAATCTTTCCTGGCGACCTGCGTCAATGGCGTGTGTTGGACTGICTATCATG
GTGCCGGCTCAAAGACCCTTGCCGGCCCAAAGGGCCCAATCACCCAAATGTACA
CCAATGTGGACCAGGACCTCGTCGGCTGGCAAGCGCCCCCCGGGGCGCGTTCCTT
GACACCATGCACCTGCGGCAGCTCGGACCTTTACTTGGTCACGAGGCATGCCGAT
GTCATTCCGGTGCGCCGGCGGGGCGACAGCAGGGGGAGCCTACTCTCCCCCAGG
CCCGTCTCCTACTTGAAGGGCTCTTCGGGCGGTCCACTGCTCTGCCCCTCGGGGC
ACGCTGTGGGCATCTTTCGGGCTGCCGTGTGCACCCGAGGGGTIGCGAAGGCGGT
GGACTTTGTACCCGTCGAGTCTATGGAAACCACTATGCGGTCCCCGGTCTICACG
GACAACTCGTCCCCTCCGGCCGTACCGCAGACATTCCAGGTGGCCCATCTACACG
CCCCTACTGGTAGCGGCAAGAGCACTAAGGTGCCGGCTGCGTATGCAGCCCAAG
GGTATAAGGTGCTTGTCCTGAACCCGTCCGTCGCCGCCACCCTAGGTITCGGGGC
GTATATGTCTAAGGCACATGGTATCGACCCTAACATCAGAACCGGGGTAAGGAC
CATCACCACGGGTGCCCCCATCACGTACTCCACCTATGGCAAGTTICTTGCCGAC
GGTGGTTGCTCTGGGGGCGCCTATGACATCATAATATGTGATGAGTGCCACTCAA
CTGACTCGACCACTATCCTGGGCATCGGCACAGTCCTGGACCAAGCGGAGACGG
CTGGAGCGCGACTCGTCGTGCTCGCCACCGCTACGCCTCCGGGATCGGTCACCGT
GCCACATCCAAACATCGAGGAGGTGGCTCTGTCCAGCACTGGAGAAATCCCCTTT
TATGGCAAAGCCATCCCCATCGAGACCATCAAGGGGGGGAGGCACCTCATTTTCT
GCCATTCCAAGAAGAAATGTGATGAGCTCGCCGCGAAGCTGTCCGGCCTCGGACT
CAATGCTGTAGCATATTACCGGGGCCTTGATGTATCCGTCATACCAACTAGCGGA
GACGTCATTGTCGTAGCAACGGACGCTCTAATGACGGGCTITACCGGCGATTTCG
ACTCAGTGATCGACTGCAATACATGTGTCACCCAGACAGTCGACTTCAGCCTGGA
CCCGACCTTCACCATTGAGACGACGACCGTGCCACAAGACGCGGTGTCACGCTCG
CAGCGGCGAGGCAGGACTGGTAGGGGCAGGATGGGCATTTACAGGTITGTGACT
CCAGGAGAACGGCCCTCGGGCATGTTCGATTCCTCGGTTCTGTGCGAGTGCTATG
ACGCGGGCTGTGCTTIGGTACGAGCTCACGCCCGCCGAGACCTCAGTTAGGTIGCG
GGCITACCTAAACACACCAGGGTTGCCCGTCTGCCAGGACCATCTGGAGTTCTGG
GAGAGCGTCTTTACAGGCCTCACCCACATAGACGCCCATTTCTTGTCCCAGACTA
AGCAGGCAGGAGACAACTTCCCCTACCTGGTAGCATACCAGGCTACGGTGTGCG
CCAGGGCTCAGGCTCCACCTCCATCGTGGGACCAAATGTGGAAGTGTCTCATACG
GCTAAAGCCTACGCTGCACGGGCCAACGCCCCTGCTGTATAGGCTGGGAGCCGTT
CAAAACGAGGTTACTACCACACACCCCATAACCAAATACATCATGGCATGCATGT
CGGCTGACCTGGAGGTCGTCACGAGCACCTGGGTGCTGGTAGGCGGAGTCCTAG
CAGCTCTGGCCGCGTATTGCCTGACAACAGGCAGCGTGGTCATTGTGGGCAGGAT
CATCTTGTCCGGAAAGCCGGCCATCATTCCCGACAGGGAAGTCCTTTACCGGGAG
TTCGATGAGATGGAAGAGTGCGCCTCACACCTCCCTTACATCGAACAGGGAATGC

" AGCTCGCCGAACAATTCAAACAGAAGGCAATCGGGTTGCTGCAAACAGCCACCA

AGCAAGCGGAGGCTGCTGCTCCCGTGGTGGAATCCAAGTGGCGGACCCTCGAAG
CCTTCTGGGCGAAGCATATGTGGAATTTCATCAGCGGGATACAATATITAGCAGG
CTTGTCCACTCTGCCTGGCAACCCCGCGATAGCATCACTGATGGCATTCACAGCC
‘ICTATCACCAGCCCGCTCACCACCCAACATACCCTCCTGTITAACATCCTGGGGG
GATGGGTGGCCGCCCAACTTGCTCCTCCCAGCGCTGCTICTGCTTICGTAGGCGCC
GGCATCGCTGGAGCGGCTGTTGGCAGCATAGGCCTTGGGAAGGTGCTTGTGGATA
TTTTGGCAGGTTATGGAGCAGGGGTGGCAGGCGCGCTCGTGGCCTTTAAGGTCAT
GAGCGGCGAGATGCCCTCCACCGAGGACCTGGTTAACCTACTCCCTGCTATCCTC
TCCCCTGGCGCCCTAGTCGTCGGGGTCGTGTGCGCAGCGATACTGCGTCGGCACG
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TGGGCCCAGGGGAGGGGGCTGTGCAGTGGATGAACCGGCTGATAGCGTTCGCTT
CGCGGGGTAACCACGTCTCCCCCACGCACTATGTGCCTGAGAGCGACGCTGCAGC
ACGTGTCACTCAGATCCTCTCTAGTCTTACCATCACTCAGCTGCTGAAGAGGCTTC
ACCAGTGGATCAACGAGGACTGCTCCACGCCATGCTCCGGCTCGTGGCTAAGAG
ATGTTTGGGATTGGATATGCACGGTGTTGACTGATTTCAAGACCTGGCTCCAGTC
CAAGCTCCTGCCGCGATTGCCGGGAGTCCCCTTCTTCTCATGTCAACGTGGGTAC
AAGGGAGTCTGGCGGGGCGACGGCATCATGCAAACCACCTGCCCATGTGGAGCA
CAGATCACCGGACATGTGAAAAACGGTTCCATGAGGATCGTGGGGCCTAGGACC
TCGTAGTAACACGTGGCATGGAACATTCCCCATTAACGCGTACACCACGGGCCCCT
GCACGCCCTCCCCGGCGCCAAATTATTCTAGGGCGCTGTGGCGGGTGGCTGCTGA
GGAGTACGTGGAGGTTACGCGGGTGGGGGATTICCACTACGTGACGGGCATGAC
CACTGACAACGTAAAGTGCCCGTGTCAGGTTCCGGCCCCCGAATTCTTCACAGAA
GTGGATGGGGTGCGGTTGCACAGGTACGCTCCAGCGTGCAAACCCCTCCTACGGG
AGGAGGTCACATTCCTGGTCGGGCTCAATCAATACCTGGTTGGGTCACAGCTCCC
ATGCGAGCCCGAACCGGACGTAGCAGTGCTCACTTCCATGCTCACCGACCCCTCC
CACATTACGGCGGAGACGGCTAAGCGTAGGCTGGCCAGGGGATCTCCCCCCTCCT
TGGCCAGCTCATCAGCTAtCCAGCTGTCTGCGCCTTCCTTGAAGGCAACATGCACT
ACCCGTCATGACTCCCCGGACGCTGACCTCATCGAGGCCAACCTCCTGTGGCGGC
AGGAGATGGGCGGGAACATCACCCGCGTGGAGTCAGAAAATAAGGTAGTAATTT
TGGACICITTCGAGCCGCTCCAAGCGGAGGAGGATGAGAGGGAAGTATCCGTIC
CGGCGGAGATCCTGCGGAGGTCCAGGAAATICCCTCGAGCGATGCCCATATGGG
CACGCCCGGATTACAACCCTCCACTGTTAGAGTCCTGGAAGGACCCGGACTACGT
CCCTCCAGTGGTACACGGGTGTCCATTGCCGCCTGCCAAGGCCCCTCCGATACCA
CCTCCACGGAGGAAGAGGACGGTTGTCCTGTCAGAATCTACCGTGTCTTCTGCCT
TGGCGGAGCTCGCCACAAAGACCTTCGGCAGCTCCGAATCGTCGGCCGTCGACA
GCGGCACGGCAACGGCCTCTCCTGACCAGCCCTCCGACGACGGCGACGCGGGAT
CCGACGTTGAGTCGTACTCCTCCATGCCCCCCCTTGAGGGGGAGCCGGGGGATCC
CGATCTCAGCGACGGGTCTTGGTCTACCGTAAGCGAGGAGGCTAGTGAGGACGT
CGTCTGCTGCTCGATGTCCTACACATGGACAGGCGCCCTGATCACGCCATGCGCT
GCGGAGGAAACCAAGCTGCCCATCAATGCACTGAGCAACTCTTTGCTCCGTCACC
ACAACTTGGTCTATGCTACAACATCTCGCAGCGCAAGCCTGCGGCAGAAGAAGG
TCACCTTTGACAGACTGCAGGTCCTGGACGACCACTACCGGGACGTGCTCAAGGA.
GATGAAGGCGAAGGCGTCCACAGTTAAGGCTAAACTTCTATCCGTGGAGGAAGC
CTGTAAGCTGACGCCCCCACATTCGGCCAGATCTAAATTTGGCTATGGGGCAAAG
GACGTCCGGAACCTATCCAGCAAGGCCGTTAACCACATCCGCTCCGTGTGGAAGG
ACTTGCTGGAAGACACTGAGACACCAATTGACACCACCATCATGGCAAAAAATG
AGGTTITCTGCGTCCAACCAGAGAAGGGGGGCCGCAAGCCAGCTCGCCTTATCGT
ATTCCCAGATTIGGGGGTTCGTGTGTGCGAGAAAATGGCCCTTTACGATGTGGTC
TCCACCCTCCCTCAGGCCGTGATGGGCTCTTCATACGGATTCCAATACTCTCCTGG
ACAGCGGGTCGAGTTCCTGGTGAATGCCTGGAAAGCGAAGAAATGCCCTATGGG
CTTCGCATATGACACCCGCTGTTTTGACTCAACGGTCACTGAGAATGACATCCGT
GTTGAGGAGTCAATCTACCAATGTTGTGACTTGGCCCCCGAAGCCAGACAGGCCA
TAAGGTCGCTCACAGAGCGGCTTTACATCGGGGGCCCCCTGACTAATTCTAAAGG
GCAGAACTGCGGCTATCGCCGGTGCCGCGCGAGCGGTGTACTGACGACCAGCTG
CGGTAATACCCTCACATGTTACTTGAAGGCCGCTGCGGCCTGTCGAGCTGCGAAG
CTCCAGGACTGCACGATGCTCGTATGCGGAGACGACCTITGTCGTTATCTGTGAAA
GCGCGGGGACCCAAGAGGACGAGGCGAGCCTACGGGCCTTCACGGAGGCTATGA
CTAGATACTCTGCCCCCCCTGGGGACCCGCCCAAACCAGAATACGACTTGGAGTT
GATAACATCATGCTCCTCCAATGTGTCAGTCGCGCACGATGCATCTGGCAAAAGG
GTGTACTATCTCACCCGTGACCCCACCACCCCCCTTGCGCGGGCTGCGTGGGAGA
CAGCTAGACACACTCCAGTCAATTCCTGGCTAGGCAACATCATCATGTATGCGCC
CACCTTGTGGGCAAGGATGATCCTGATGACTCATTTCTTCTCCATCCTTCTAGCTC
AGGAACAACTTGAAAAAGCCCTAGATTGTCAGATCTACGGGGCCTGTTACTCCAT
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TGAGCCACTTGACCTACCTCAGATCATTCAACGACTCCATGGCCTTAGCGCATTTT
CACTCCATAGTTACTCTCCAGGTGAGATCAATAGGGTGGCTTCATGCCTCAGGAA
ACTTGGGGTACCGCCCTTGCGAGTCTGGAGACATCGGGCCAGAAGTGTCCGCGCT
AGGCTACTGTCCCAGGGGGGGAGGGCTGCCACTTGTGGCAAGTACCTCTTCAACT
GGGCAGTAAGGACCAAGCTCAAACTCACTCCAATCCCGGCTGCGTCCCAGTTGGA
TTTATCCAGCTGGTTCGTTGCTGGTTACAGCGGGGGAGACATATATCACAGCCTG
TCTCGTGCCCGACCCCGCTGGTTCATGTGGTGCCTACTCCTACTTTCTGTAGGGGT
AGGCATCTATCTACTCCCCAACCGATGAACGGGGAGCTAAACACTCCAGGCCAAT
AGGCCATCCTGTTTTTTTCCCTTTTTTTTTTTCTTTTITTTITTTTTTTTITTTTTTTTT
TTTTTCTCCTTTTTTTTTCCTCTTTTTTTCCTITTCTTTCCTTTGGTGGCTCCATCTTA.
GCCCTAGTCACGGCTAGCTGTGAAAGGTCCGTGAGCCGCTTGACTGCAGAGAGTG
CTGATACTGGCCTCTCTGCAGATCAAGT

SEQ ID NO:14: Amino acid sequence of the NS5A protein of HCV adaptive replicon I,
where amino acid generated is highlighted in bold

SGSWLRDVWDWICTVLTDFKTWLQSKLLPRLPGVPFFSCQRGYKGVWRGDGIMQTT
CPCGAQITGIIVENGSMRIVGPRTCSNTWHGTFPINAYTTGPCTPSPAPNYSRALWRYV
AAEEYVEVTRVGDFHY VIGMTIDNVKCPCQVPAPEFFTEVDGVRLHRYAPACKPLL
REEVTFLVGLNQYLVGSQLPCEPEPDVAVLTSMLTDPSHITAETAKRRLARGSPPSLA
SSSASQLYSFEPLQAEEDEREVSVPAEILRRSRKFPRAMPIWARPDYNPPLLESWKDP
DYVPPVVHGCPLPPAK APPIPPPRRKRTVVLSESTVSSALAELATK TFGSSESSAVDSG
TATASPDQPSDDGDAGSDVESYSSMPPLEGEPGDPDLSDGSWSTVSEEASEDVVCC

SEQ ID NO:15: Amino acid sequence of the polyprotein coding region of HCV adaptive
replicon V1, where amino acid changes are highlighted in bold

MAPITAYSQQTRGLLGCHTSLTGRDRNQVEGEVQVVSTATQSFLATCVNGVCWTVY
HGAGSKTLAGPKGPITQMYTNVDQDLVGWRAPPGARSLTPCTCGSSDLYLVTRHAD
VIPVRRRGDSRGSLLSPRPVSYLKGSSGGPLLCPSGHAVGIFRAAVCTRGVAKAVDFY
PVESMETTMRSPVFIDNSSPPAYPQTFQVAHLHAPTGSGKSTKVPAAYAAQGYKVL
VINPSVAATLGFGAYMSKAHGIDPNIRTGVRTITTGAPITYSTYGKFLADGGCSGGAY
DIICDECHSTDSTTILGIGTVLDQAETAGARLVVLATATPPGSVTVPHPNIEEVALSST
GEIPFYGKAIPIETIKGGRHLIFCHSKKKCDELAAKLSGLGLNAVAYYRGLDVSVIPTS
GDVIVVATDALMTGETGDEDSVIDCNTCVTQTVDFSLDPTFTIETTTVPQDAVSRSQR
RGRTGRGRMGIYRFVIPGERPSGMFDSSVLCECYDAGCAWYELTPAETSVRLRAYL
NTPGLPVCQDHLEFWESVFTGLTHIDAHFLSQTKQAGDNFPYLVAYQATVCARAQA
PPPSWDQMWKCLIRLKPTLHGPTPLLYRLGAVQNEVITTHPITKYIMACMSADLEVY
TSTWVLVGGVLAALAAYCLTTGSVVIVGRIILSGKPAIIPDREVLYREFDEMEECASH
LPYIEQGMQLAEQFKQKAIGLLQTATKQAEA AAPVVESKWRTLEAFWAKHMWNFIS
GIQYLAGLSTLPGNPAIASLMAFTASITSPLTTQHTLLENILGGWVAAQLAPPSAASAF
VGAGIAGAAVGSIGLGKVLVDILAGYGAGVAGALVAFKVMSGEMPSTEDLVNLLPA
ILSPGALVVGVVCAAILRRHVGPGEGAVQWMNRLIAFASRGNHVSPTHYVPESDAA
ARVTQILSSLTITQLLKRLEQWINEDCSTPCSGSWLRDVWDWICTVLTDFKTWLQSK
LLPRLPGVPFFSCQRGYKGYWRGDGIMQTTCPCGAQITGHVENGSMRIVGPRTCSNT
WHGFPINAYTTGPCTPSPAPNYSRALWRVAAEEYVEVTRVGDFHYVIGMTTDNVK
CPCQVPAPEFFTEVDGVRLHRYAPACKPLLREEVTFLYGLNQYLVGSQLPCEPEPDY
AVLTSMLTDPSHITAETAKRRLARGSPPSLASSSATQLSAPSLKATCTTRHDSPDADLI
EANLLWRQEMGGNITRVESENK VVILDSFEPLQAEEDEREVSVPAEILRRSRKFPRAM
PIWARPDYNPPLLESWKDPDYVPPVVHGCPLPPARAPPIPPPRRKRTVVLSESTVSSAL
AFLATKTFGSSESSAVDSGTATASPDQPSDDGDAGSDVESYSSMPPLEGEPGDPDLSD
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GSWSTVSEEASEDVVCCSMSYTWTGALITPCAAEETKLPINALSNSLLRHHNLVYAT
TSRSASLRQKKVTFDRLQVLDDHYRDVLKEMKAKASTVKAKLLSVEEACKLTPPHS
ARSKFGYGAKDVRNLSSKAVNHIRSVWKDLLEDTETPIDTTIMAKNEVFCVQPEKGG
REPARLIVFPDLGVRVCEKMALYDVVSTLPQAVMGSSYGFQYSPGQRVEFLVNAWK
AKKCPMGFAYDTRCFDSTVTENDIRVEESIYQCCDLAPEARQATIRSL.TERLYIGGPLT
NSKGQNCGYRRCRASGVLTTSCGNTLTCYLKAAAACRAAKLQDCTMLVCGDDLVV
ICESAGTQEDEASLRAFTEAMTRYSAPPGDPPKPEYDLELITSCSSNVSVAHDASGKR
VYYLTRDPTTPLARAAWETARHTPVNSWLGNIMYAPTLWARMILMTHFFSILLAQE
QLEKALDCQIYGACYSIEPLDLPQIQRLHGLSAFSLHSYSPGEINRVASCLRKLGVPPL
RVWRHRARSVRARLLSQGGRAATCGKYLFNWAVRTKLKLTPIPAASQLDLSSWFVA
GYSGGDIYHSLSRARPRWFMWCLLLLSVGVGIYLLPNR

SEQ ID NO:16: Amino acid sequence of the NS5A protein of HCV adaptive replicon VIL,
where amino acid change is highlighted in bold

SGSWLRDVWDWICTVLTDFKTWLQSKLLPRLPGVPFFSCQRGYKGVWRGDGIMQTT
CPCGAQITGHVENGSMRIVGPRTCSNTWHGTFPINAYTTGPCTPSPAPNYSRALWRV
AAEEYVEVTRVGDFHYVTGMTTDNVKCPCQVPAPEFFTEVDGVRLHRYAPACKPLL
REEVTFLVGLNQYLVGSQLPCEPEPDVAVLTSMLTDPSHITAETAKRRLARGSPPSLA
SSSAIQLSAPSLKATCTTRHDSPDADLIEANLLWRQEMGGNITRVESENKVVILDSFEP
LQAEEDEREVSVPAEILRRSRKFPRAMPIWARPDYNPPLLESWKDPDYVPPVVHGCP
LPPAKAPPIPPPRRKRTVVLSESTVSSALAELATKTFGSSESSAVDSGTATASPDQPSD
DGDAGSDVESYSSMPPLEGEPGDPDLSDGSWSTVSEEASEDVVCC

SEQ ID NO:17: Amino acid sequence of the polyprotein of HCV adaptive replicon II, where
amino acid changes are highlighted in bold

MAPITAYSQQTRGLLGCHTSLTGRDRNQVEGEVQVVSTATQSFLATCVNGVCWTVY
HGAGSKTLAGPKGPITQMYTNVDQDLV GWQAPPGARSLTPCTCGSSDLYLVTRHAD
VIPVRRRGDSRGSLLSPRPVSYLKGSSGGPLLCPSGHAVGIFRAAVCTRGVAKAVDFV
PVESMETTMRSPVFTDNSSPPAVPQTFQVAHLHAPTGSGKSTKVPAAYAAQGYKVL
VLNPSVAATLGFGAYMSK AHGIDPNIRTGVRTITTGAPITYSTYGKFLADGGCSGGAY
DHICDECHSTDSTTIL.GIGTVLDQAETAGARLVVLATATPPGSVTVPHPNIELVALSST
GEIPFYGKAIPIETIKGGRHILIFCHSK KKCDELAAKLSGLGLNAVAYYRGLDVSVIPTS
GDVIVVATDALMTGFTGDFDSVIDCNTCVTQTVDESLDPTFTIETTTVPQDAVSRSQR
RGRTGRGRMGIYRFVTPGERPSGMFDSSVLCECYDAGCAWYELTPAETSVRLRAYL
NTPGLPVCQDHLEFWESVFTGLTHIDAHFLSQTKQAGDNFPYLVAYQATVCARAQA
PPPSWDQMWECLIRLKPTLHGPTPLLYRLGAVQNEVTTTHPITK YIMACMSADLEVV
TSTWVLVGGVLAALAAYCLTTGSYVIVGRIILSGKPATIPDREVLYREFDEMEECASH
LPYTEQGMQLAEQFKQE AIGLLQTATKQAEAAAPVVESKWRTLEAFWAKHMWNFIS
GIQYLAGLSTLPGNPAIASLMAFTASITSPLTTQHTLLFNILGGWVAAQLAPPSAASAF
VGAGIAGAAVGSIGLGKVLVDILAGYGAGV AGALVAFKVMSGEMPSTEDLVNLLPA
ILSPGALVVGVVCAAILRRHVGPGEGAVQWMNRLIAFASRGNHVSPTHYVPESDAA
ARVTQILSGLTITQLLKRLHQWINEDCSTPCSGSWLRDVWDWICTVLTDFK TWLQSK
LLPRLPGVPFFSCQRGYKGVWRGDGIMQTTCPCGAQITGHVKNGSMRIVGPRTCSNT
WHGTFPINAYTTGPCTPSPAPNYSRALWRVAAEEYVEVIRVGDFHYVIGMTTDNVK
CPCQVPAPEFFTEVDGVRLHRYAPACKPLLREEVIFLVGLNQYLVGSQLPCEPEPDV
AVLTSMLTDPSHITAETAKRGLARGSPPSLASSSASQLSAPSLKATCTTRHDSPDADLI
EANLLWRQEMGGNITRVESENKVVILDSFEPLQAEEDEREVSVPAEILRRSRKFPRAM
PIWARPDYNPPLLESWKDPDYVPPYVHGCPLPPAK APPIPPPRRKRTVVLSESTVSSAL
AELATKTFGSSESSAVDSGTATASPDQPSDDGDAGSDVESYSSMPPLEGEPGDPDLSD
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GSWSTVSEEASEDVVCCSMSYTWTGALITPCAAEETKLPINALSNSLLRHHNLVYAT
TSRSASLRQKKVTFDRLQVLDDHYRDVLKEMKAKASTVKAKLLSVEEACKLTPPHS
ARSKFGYGAKDVRNLSSKAVNHIRSVWKDLLEDTETPIDTTIMAKNEVFCVQPEKGG
RKPARLIVFPDLGVRVCEKMALYDVVSTLPQAVMGSSYGFQYSPGQRVEFLVNAWK
AKKCPMGFAYDTRCFDSTVIENDIRVEESTYQCCDLAPEARQAIRSLTERLYIGGPLT
NSKGQNCGYRRCRASGVLTTSCGNTLTCYLKAAAACRAAKLQDCTMLVCGDDLVV
ICESAGTQEDEASLRAFTEAMTRYSAPPGDPPKPEYDLELITSCSSNVSVAHDASGKR
VYYLTRDPTTPLARAAWETARHTPYNSWLGNIIMYAPTLWARMILMTHFFSILLAQE
QLEKALDCQIYGACYSIEPLDLPQIUQRLHGLSAFSLHSYSPGEINRVASCLRKLGVPPL
RVWRHRARSVRARLLSQGGRAATCGKYLFNWAVRTKLKLTPIPAASQLDLSSWFVA
GYSGGDIYHSLSRARPRWFMWCLLLLSVGVGIYLLPNR

SEQ ID NO:18: Amino acid sequence of the NS5A. protcm of HCV adaptive replicon II,
where amino acid change is highlighted in bold

SGSWLRDVWDWICTVLTDFKTWLQSKLLPRLPGVPFFSCQRGYKGVWRGDGIMQTT
CPCGAQITGHVKNGSMRIVGPRTCSNTWHGTFPINAYTTGPCTPSPAPNYSRALWRYV
AAEEYVEVTRVGDFHYVIGMTTDNVECPCQVPAPEFFTEVDGVRLHRYAPACKPLL
REEVTFLVGLNQYLVGSQLPCEPEPDVAVLTSMLTDPSHITAETAKRGLARGSPPSLA
SSSASQLSAPSLKATCTTRHDSPDADLIEANLLWRQEMGGNITRVESENKVVILDSFE
PLQAEEDEREVSVPAEILRRSRKFPRAMPIWARPDYNPPLLESWKDPDY VPPVVHGCP
LPPAKAPPIPPPRRKRTVVLSESTVSSALAELATKTFGSSESSAVDSGTATASPDQPSD
DGDAGSDVESYSSMPPLEGEPGDPDLSDGSWSTVSEEASEDVVCC

SEQ ID NO:19: Amino acid sequence of the NSSA protein of HCV adaptive replicon V,
where amino acid,change is highlighted in bold

SGSWLRDVWDWICTVLTDFKTWLQSKLLPRLPGVPFFSCQRGYKGVWRGDGIMQTT
CPCGAQITGHVKNGSMRIVGPRTCSNTWHGTFPINAYTTGPCTPSPAPNYSRALWRV
AAEEYVEVIRVGDFHY VIGMTTDNVKCPCQVPAPEFFTEVDGVRLHRYAPACKPLL
REEVTFLVGLNQYLVGSQLPCEPEPDVAVLTSMLTDPSHITAETAKRRLARGSPPSLS
SSSASQLSAPSLKATCTTRHDSPDADLIEANLLWRQEMGGNITRVESENKVVILDSFE
PLQAEEDEREVSVPAEILRRSRKFPRAMPIWARPDYNPPLLESWKDPDYVPPVVHGCP
LPPAKAPPIPPPRRKRTVVLSESTVSSALAELATKTFGSSESSAVDSGTATASPDQPSD
DGDAGSDVESYSSMPPLEGEPGDPDLSDGSWSTVSEEASEDVVCC

SEQ ID NO:20: Amino acid sequence of the NSSA protein of HCV adaptive replicon IV,
where amino acid change is highlighted in bold

SGSWLRDVWDWICTVLTDFKTWLQSKLLPRLPGVPFFSCQRGYKGVWRGDGIMQTT
CPCGAQITGHVENGSMRIVGPRTCSNTWHGTFPINAYTTGPCTPSPAPNYSRALWRY
AAEEYVEVTRVGDFHYVTGMTTDNVKCPCQVPAPEFFTEVDGVRLHRYAPACKPLL
REEVTFLVGLNQYLVGSQLPCEPEPDVAVLTSMLTDPSHITAETAKRRLARGSPPCLA
SSSASQLSAPSLKATCTTRHDSPDADLIEANLLWRQEMGGNITRVESENKVVILDSFE
PLQAEEDEREVSVPAEILRRSRKFPRAMPIWARPDYNPPLLESWKDPDYVPPVVHGCP
LPPAKAPPIPPPRRKRTVVLSESTVSSALAELATKTFGSSESSAVDSGTATASPDQPSD
DGDAGSDVESYSSMPPLEGEPGDPDLSDGSWSTVSEEASEDVVCC
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SEQ ID NO:21: Amino acid sequence of the NS5A protein of HCV adaptwe replicon IIT,
where amino acid change is highlighted in bold

SGSWLRDVWDWICTVLTDFKTWLQSKLLPRLPGVPFFSCQRGYKGVWRGDGIMQTT
CPCGAQITGHVENGSMRIVGPRTCSNTWHGTFPINAYTTGPCTPSPAPNYSRALWRV
AAEEYVEVTRVGDFHYVIGMTTDNVKCPCQVPAPEFFTEVDGVRLHRYAPACKPLL
REEVTFLVGLNQYLVGSQLPCEPEPDVAVLTSMLTDPSHITAETAKRRLARGSPPPLA
SSSASQLSAPSLEATCTTRHDSPDADLIEANLL WRQEMGGNITRVESENKVVILDSFE
PLQAEEDEREVSVPAEILRRSRKFPRAMPIWARPDYNPPLLESWKDPDYVPPVVHGCP
LPPAKAPPIPPPRRKRTVVLSESTVSSALAELATKTFGSSESSAVDSGTATASPDQPSD
DGDAGSDVESYSSMPPLEGEPGDPDLSDGSWSTVSEEASEDVVCC

SEQ ID NO:22: Nucleotide sequence of DNA clone of HCV adaptive replicon HCVrep/NS2-
5B (see Figure 9)

GCCAGCCCCCGATTGGGGGCGACACTCCACCATAGATCACTCCCCTGTGAGGAAC
TACTGTCTTCACGCAGAAAGCGTCTAGCCATGGCGTTAGTATGAGTGTCGTGCAG
CCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTA
CACCGGAATTGCCAGGACGACCGGGTCCTTTCTIGGATCAACCCGCTCAATGCCT
GGAGATTTGGGCGTGCCCCCGCGAGACTGCTAGCCGAGTAGTIGTIGGGTCGCGA
AAGGCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGGAGGTCTCGT
AGACCGTGCACCAGACCACAACGGTTTCCCTCTAGCGGGATCAATTCCGCCCCTC
TCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGT
GCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTITTGGCAATGTGAGGGC
CCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCG
CCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAG
CTTCTTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCC
ACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATACACCTGC
AAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTIGGATAGTTGTGGAAAGAGT
CAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGT
ACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTGCACATGCTTTACATGTGTTT
AGTCGAGGTTAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTITCCTT
TGAAAAACACGATAATACCATGGACCGGGAGATGGCAGCATCGTGCGGAGGCGC
GGTTTTCGTAGGTCTGATACTCTTGACCTTGTCACCGCACTATAAGCTGTTCCICG
CTAGGCTCATATGGTGGTTACAATATTTITATCACCAGGGCCGAGGCACACTTGCA
AGTGTGGATCCCCCCCCTCAACGTTCGGGGGGGCCGCGATGCCGTCATCCTCCTC
ACGTGCGCGATCCACCCAGAGCTAATCTTTACCATCACCAAAATCTTGCTCGCCA
TACTCGGTCCACTCATGGTGCTCCAGGCTGGTATAACCAAAGTGCCGTACTTCGT
GCGCGCACACGGGCTCATTCGTGCATGCATGCTGGTGCGGAAGGTTGCTGGGGGT
CATTATGTCCAAATGGCTCTCATGAAGTTGGCCGCACTGACAGGTACGTACGTTT
ATGACCATCTCACCCCACTGCGGGACTGGGCCCACGCGGGCCTACGAGACCTTGC
GGTGGCAGTTGAGCCCGTCGTCTTCTCTGATATGGAGACCAAGGTTATCACCTGG
GGGGCAGACACCGCGGCGTGTGGGGACATCATCTTGGGCCTGCCCGTCTCCGCCC
GCAGGGGGAGGGAGATACATCTGGGACCGGCAGACAGCCTTGAAGGGCAGGGG
TGGCGACTCCTCGCGCCTATTACGGCCTACTCCCAACAGACGCGAGGCCTACTTG
GCTGCATCATCACTAGCCTCACAGGCCGGGACAGGAACCAGGTCGAGGGGGAGG
TCCAAGTGGTCTCCACCGCAACACAATCTTTCCTGGCGACCTGCGTCAATGGCGT
GTGTTGGACTGTCTATCATGGTGCCGGCTCAAAGACCCTTGCCGGCCCAAAGGGC
CCAATCACCCAAATGTACACCAATGTGGACCAGGACCTCGTCGGCTGGCAAGCG
CCCCCCGGGGCGCGTTCCTTGACACCATGCACCTGCGGCAGCTCGGACCTTTACT
TGGTCACGAGGCATGCCGATGTCATTCCGGTGCGCCGGCGGGGCGACAGCAGGG
GGAGCCTACTCTCCCCCAGGCCCGTCTCCTACTTGAAGGGCTCTTCGGGCGGTCC
ACTGCTCTGCCCCTCGGGGCACGCTGTGGGCATCTITCGGGCTGCCGTGTGCACC
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CGAGGGGTTGCGAAGGCGGTGGACTTTGTACCCGTCGAGTCTATGGAAACCACTA
TGCGGTCCCCGGTCTTCACGGACAACTCGTCCCCTCCGGCCGTACCGCAGACATT
CCAGGTGGCCCATCTACACGCCCCTACTGGTAGCGGCAAGAGCACTAAGGTGCC
GGCTGCGTATGCAGCCCAAGGGTATAAGGTGCTTGTCCTGAACCCGTCCGTCGCC
GCCACCCTAGGTTTCGGGGCGTATATGTCTAAGGCACATGGTATCGACCCTAACA
TCAGAACCGGGGTAAGGACCATCACCACGGGTGCCCCCATCACGTACTCCACCTA
TGGCAAGTTTCTTGCCGACGGTGGTTGCTCTGGGGGCGCCTATGACATCATAATA
TGTGATGAGTGCCACTCAACTGACTCGACCACTATCCTGGGCATCGGCACAGTCC
TGGACCAAGCGGAGACGGCTGGAGCGCGACTCGTCGTGCTCGCCACCGCTACGC
CTCCGGGATCGGTCACCGTGCCACATCCAAACATCGAGGAGGTGGCTCTGTCCAG
CACTGGAGAAATCCCCITTTATGGCAAAGCCATCCCCATCGAGACCATCAAGGGG
GGGAGGCACCTCATTITCTGCCATTCCAAGAAGAAATGTGATGAGCTCGCCGCGA
AGCTGTCCGGCCTCGGACTCAATGCTGTAGCATATTACCGGGGCCTTGATGTATC
CGTCATACCAACTAGCGGAGACGTCATTGTCGTAGCAACGGACGCTCTAATGACG
GGCTTTACCGGCGATTTCGACTCAGTGATCGACTGCAATACATGTGTCACCCAGA
CAGTCGACTTCAGCCTGGACCCGACCTITCACCATTGAGACGACGACCGTGCCAC
AAGACGCGGTGTCACGCTCGCAGCGGCGAGGCAGGACTGGTAGGGGCAGGATGG
GCATTTACAGGTTTGTGACTCCAGGAGAACGGCCCTCGGGCATGTITCGATTCCTC
GGTTCTGTGCGAGTGCTATGACGCGGGCTGTGCTTGGTACGAGCTCACGCCCGCC
GAGACCTCAGTTAGGTTGCGGGCTTACCTAAACACACCAGGGTTGCCCGTCTGCC
AGGACCATCTGGAGTTCTGGGAGAGCGTCTTTACAGGCCTCACCCACATAGACGC
CCATTTCTTGTCCCAGACTAAGCAGGCAGGAGACAACTTCCCCTACCTGGTAGCA
TACCAGGCTACGGTGTGCGCCAGGGCTCAGGCTCCACCTCCATCGTGGGACCAAA
TGTGGAAGTGTCTCATACGGCTAAAGCCTACGCTGCACGGGCCAACGCCCCTGCT
GTATAGGCTGGGAGCCGTTCAAAACGAGGTTACTACCACACACCCCATAACCAA
ATACATCATGGCATGCATGTCGGCTGACCTGGAGGTCGTCACGAGCACCTGGGTG
CTGGTAGGCGGAGTCCTAGCAGCTCTGGCCGCGTATTGCCTGACAACAGGCAGCG
TGGTCATTGTGGGCAGGATCATCTTGTCCGGAAAGCCGGCCATCATTCCCGACAG
GGAAGTCCTTTACCGGGAGTTCGATGAGATGGAAGAGTGCGCCTCACACCTCCCT
TACATCGAACAGGGAATGCAGCTCGCCGAACAATTCAAACAGAAGGCAATCGGG
TTGCTGCAAACAGCCACCAAGCAAGCGGAGGCTGCTGCTCCCGTGGTGGAATCC
AAGTGGCGGACCCTCGAAGCCTTCTGGGCGAAGCATATGTGGAATTTCATCAGCG
GGATACAATATTTAGCAGGCTTGTCCACTCTGCCTGGCAACCCCGCGATAGCATC
ACTGATGGCATTCACAGCCTCTATCACCAGCCCGCTCACCACCCAACATACCCTC
CTGTITAACATCCTGGGGGGATGGGTGGCCGCCCAACTTGCTCCTCCCAGCGCT
GCTTCIGCTTTCGTAGGCGCCGGCATCGCTGGAGCGGCTGTTGGCAGCATAGGCC
TTGGGAAGGTGCTTGTGGATATTTTGGCAGGTTATGGAGCAGGGGTGGCAGGCGC
GCTCGTGGCCTITAAGGTCATGAGCGGCGAGATGCCCTCCACCGAGGACCTGGTT
AACCTACTCCCTGCTATCCTCTCCCCTGGCGCCCTAGTCGTCGGGGTCGTGTGCGC
AGCGATACTGCGTCGGCACGTGGGCCCAGGGGAGGGGGCTGTGCAGTGGATGAA
CCGGCTGATAGCGTTCGCTTCGCGGGGTAACCACGTCTCCCCCACGCACTATGTG
CCTGAGAGCGACGCTGCAGCACGTGTCACTCAGATCCTCTCTAGTCTTACCATCA
CTCAGCTGCTGAAGAGGCTTCACCAGTGGATCAACGAGGACTGCTCCACGCCATG.
CTCCGGCTCGTGGCTAAGAGATGTTTGGGATTGGATATGCACGGTGTTGACTGAT
TTCAAGACCTGGCTCCAGTCCAAGCTCCTGCCGCGATTGCCGGGAGTCCCCTTCTT
CTCATGTCAACGTGGGTACAAGGGAGTCTGGCGGGGCGACGGCATCATGCAAAC
CACCTGCCCATGTGGAGCACAGATCACCGGACATGTGAAAAACGGTTCCATGAG
GATCGTGGGGCCTAGGACCTGTAGTAACACGTGGCATGGAACATTCCCCATTAAC
GCGTACACCACGGGCCCCTGCACGCCCTCCCCGGCGCCAAATTATTCTAGGGCGC
TGTGGCGGGTGGCTGCTGAGGAGTACGTGGAGGTTACGCGGGTGGGGGATTTCC
ACTACGTGACGGGCATGACCACTGACAACGTAAAGTGCCCGTGTCAGGTTCC
GGCCCCCGAATTCTTCACAGAAGTGGATGGGGTGCGGTTGCACAGGTACGCTCCA
GCGTGCAAACCCCTCCTACGGGAGGAGGTCACATTCCTGGTCGGGCTCAATCAAT
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ACCTGGTTGGGTCACAGCTCCCATGCGAGCCCGAACCGGACGTAGCAGTGCTCAC
TTCCATGCTCACCGACCCCTCCCACATTACGGCGGAGACGGCTAAGCGTAGGCTG
GCCAGGGGATCTCCCCCCTCCTTGGCCAGCTCATCAGCTATCCAGCTGTCTGCGC
CTITCCTTGAAGGCAACATGCACTACCCGTCATGACTCCCCGGACGCTGACCTCAT
CGAGGCCAACCTCCTGTGGCGGCAGGAGATGGGCGGGAACATCACCCGCGTGGA
GTCAGAAAATAAGGTAGTAATTTTGGACTCTTTCGAGCCGCTCCAAGCGGAGGAG
GATGAGAGGGAAGTATCCGTTCCGGCGGAGATCCTGCGGAGGTCCAGGAAATTC
CCTCGAGCGATGCCCATATGGGCACGCCCGGATTACAACCCTCCACTGTTAGAGT
CCTGGAAGGACCCGGACTACGTCCCTCCAGTGGTACACGGGTGTCCATTGCCGCC
TGCCAAGGCCCCTCCGATACCACCTCCACGGAGGAAGAGGACGGTTGTCCTGTCA
GAATCTACCGTGTCTTCTGCCTTGGCGGAGCTCGCCACAAAGACCTTCGGCAGCT
CCGAATCGTCGGCCGTCGACAGCGGCACGGCAACGGCCTCTCCTGACCAGCCCTC
CGACGACGGCGACGCGGGATCCGACGTTGAGTCGTACTCCTCCATGCCCCCCCTT
GAGGGGGAGCCGGGGGATCCCGATCTCAGCGACGGGTCTTGGTCTACCGTAAGC
GAGGAGGCTAGTGAGGACGTCGTCTGCTGCTCGATGTCCTACACATGGACAGGC
GCCCTGATCACGCCATGCGCTGCGGAGGAAACCAAGCTGCCCATCAATGCACTG
AGCAACTCTTTGCTCCGTCACCACAACTTGGTCTATGCTACAACATCTCGCAGCG
CAAGCCTGCGGCAGAAGAAGGTCACCTTTGACAGACTGCAGGTCCTGGACGACC
ACTACCGGGACGTGCTCAAGGAGATGAAGGCGAAGGCGTCCACAGTTAAGGCTA
AACTTCTATCCGTGGAGGAAGCCTGTAAGCTGACGCCCCCACATTCGGCCAGATC
TAAATTTGGCTATGGGGCAAAGGACGTCCGGAACCTATCCAGCAAGGCCGTTAA
CCACATCCGCTCCGTGTGGAAGGACTTGCTGGAAGACACTGAGACACCAATTGAC
ACCACCATCATGGCAAAAAATGAGGTTTTCTGCGTCCAACCAGAGAAGGGGGGC
CGCAAGCCAGCTCGCCTTATCGTATTCCCAGATTTGGGGGTTCGTGTGTGCGAGA
AAATGGCCCTTITACGATGTGGTCTCCACCCTCCCTCAGGCCGTGATGGGCTCTTCA
TACGGATTCCAATACTCTCCTGGACAGCGGGTCGAGTTCCTGGTGAATGCCTGGA
AAGCGAAGAAATGCCCTATGGGCTTCGCATATGACACCCOGCTGTTTITGACTCAAC
GGTCACTGAGAATGACATCCGTGTTGAGGAGTCAATCTACCAATGTTGTGACTTG
GCCCCCGAAGCCAGACAGGCCATAAGGTCGCTCACAGAGCGGCTTITACATCGGG
GGCCCCCTGACTAATTCTAAAGGGCAGAACTGCGGCTATCGCCGGTGCCGCGCGA
GCGGTGTACTGACGACCAGCTGCGGTAATACCCTCACATGTTACTTGAAGGCCGC
TGCGGCCTGTCGAGCTGCGAAGCTCCAGGACTGCACGATGCTCGTATGCGGAGAC
GACCTTGTCGTTATCTGTGAAAGCGCGGGGACCCAAGAGGACGAGGCGAGCCTA
CGGGCCTTCACGGAGGCTATGACTAGATACTCTGCCCCCCCTGGGGACCCGCCCA
AACCAGAATACGACTTGGAGTTGATAACATCATGCTCCTCCAATGTGTCAGTCGC
GCACGATGCATCTGGCAAAAGGGTGTACTATCTCACCCGTGACCCCACCACCCCC
CTTGCGCGGGCTGCGTGGGAGACAGCTAGACACACTCCAGTCAATTCCTGGCTAG
GCAACATCATCATGTATGCGCCCACCTTGTGGGCAAGGATGATCCTGATGACTCA
TTTCTICTCCATCCTTCTAGCTCAGGAACAACTTGAAAAAGCCCTAGATTGTCAGA
TCTACGGGGCCTGTTACTCCATTGAGCCACTTGACCTACCTCAGATCATTCAACG
ACTCCATGGCCTTAGCGCATTTTCACTCCATAGTTACTCTCCAGGTGAGATCAATA
GGGTGGCTTCATGCCTCAGGAAACTTGGGGTACCGCCCTTGCGAGTCTGGAGACA
TCGGGCCAGAAGTGTCCGCGCTAGGCTACTGTCCCAGGGGGGGAGGGCTGCCAC
TTGTGGCAAGTACCTCTTCAACTGGGCAGTAAGGACCAAGCTCAAACTCACTCCA
ATCCCGGCTGCGTCCCAGTTGGATITATCCAGCTGGTTCGTIGCTGGTTACAGCGG
GGGAGACATATATCACAGCCTGTCTCGTGCCCGACCCCGCTGGTTCATGTGGTGC
CTACTCCTACTTTCTGTAGGGGTAGGCATCTATCTACTCCCCAACCGATGAACGG
GGACCTAAACACTCCAGGCCAATAGGCCATCCTGTITTTITCCCTTITTTITITITCT
TTTITITITITTITITTITITITITTYTTTITTICTCCTI TITITITCCTCTTITITICCTT
TTCTTTCCTTTGGTGGCTCCATCTTAGCCCTAGTCACGGCTAGCTGTGAAAGGTCC
GTGAGCCGCTTGACTGCAGAGAGTGCTGATACTGGCCTCTCTGCAGATCAAGT
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SEQ ID NO:23: Nucleotide sequence of full-length HCV ¢DNA clone containing the
mutation that results in Scr to Ilc at position 1179 of SEQ ID NO:3, and where the 5' NTR is
fused to the neomycin phosphotransferase gene and the EMCV IRES is inserted upstream of
the HCV open reading frame (see Figure 9)

GCCAGCCCCCGATTGGGGGCGACACTCCACCATAGATCACTCCCCTGTGAGGAAC
TACTGTCTTCACGCAGAAAGCGTCTAGCCATGGCGTTAGTATGAGTGTCGTGCAG
CCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTA
CACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGATCAACCCGCTICAATGCCT
GGAGATTTGGGCGTGCCCCCGCGAGACTGCTAGCCGAGTAGTGTTGGGTCGCGA
AAGGCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGGAGGTCTCGT
AGACCGTGCACCATGAGCACGAATCCTAAACCTCAAAGAAAAACCAAAGGGCGC
GCCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGA
GGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGT
GTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCC
GGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTIGGCCACG
ACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACT
GGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCC
TGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGAT
CCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGT
ACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAG
GGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGC
GAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAA
ATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTA
TCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTIGGCGGCGAATGG
GCTGACCGCTTCCTCGTGCTITACGGTATCGCCGCTCCCGATTCGCAGCGCATCGC
CTTCTATCGCCTICTTGACGAGTTCTTCTGAGTTTAAACAGACCACAACGGTTICC
CTCTAGCGGGATCAATTCCGCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCG
AAGCCGCTTGGAATAAGGCCGGTGTIGCGTITGTCTATATGITATTITCCACCATAT
TGCCGTCTTITTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTTCTITGACGAG
CATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTC
GTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCG -
ACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAA
AGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTG
TGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAA
GGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCT
CGGTGCACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAACGTCTAGGCCCCCC
GAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATAATAATGAGCACGAAT
CCTAAACCTCAAAGAAAAACCAAACGTAACACCAACCGCCGCCCACAGGACGTC
AAGTTCCCGGGCGGTGGTCAGATCGTCGGTGGAGTTTACCTGTTGCCGCGCAGGG
GCCCCAGGTTGGGTGTGCGCGCGACTAGGAAGACTTCCGAGCGGTCGCAACCTC
GTGGAAGGCGACAACCTATCCCCAAGGCTCGCCAGCCCGAGGGTAGGGCCTGGG
CTCAGCCCGGGTACCCCTGGCCCCTCTATGGCAATGAGGGCTTGGGGTGGGCAGG
ATGGCTCCTGTCACCCCGTGGCTCTCGGCCTAGTTGGGGCCCCACGGACCCCCGG
CGTAGGTCGCGCAATTTGGGTAAGGTCATCGATACCCTCACGTGCGGCTTCGCCG
ATCTCATGGGGTACATTCCGCTCGTCGGCGCCCCCCTAGGGGGCGCTGCCAGGGC
CCTGGCGCATGGCGTCCGGGTTCTGGAGGACGGCGTGAACTATGCAACAGGGAA
TCTGCCCGGTTGCTCCTTTICTATCTICCTITTGGCTITGCTGTCCTGTTTGACCAT
CCCAGCTTCCGCTTATGAAGTGCGCAACGTATCCGGAGTGTACCATGTCACGAAC
GACIGCTCCAACGCAAGCATTGTGTATGAGGCAGCGGACATGATCATGCATACCC
CCGGGTGCGTGCCCTGCGTTCGGGAGAACAACTCCTCCCGCTGCTGGGTAGCGCT
CACTCCCACGCTCGCGGCCAGGAACGCTAGCGTCCCCACTACGACGATACGACGC
CATGTCGATTIGCTCGTTGGGGCGGCTGCTCTCTGCTCCGCTATGTACGTGGGAG
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ATCTCTGCGGATCTGTTTTCCTCGTCGCCCAGCTGTTCACCTTCTCGCCTCGCCGG
CACGAGACAGTACAGGACTGCAATTGCTCAATATATCCCGGCCACGTGACAGGTC
ACCGTATGGCTTGGGATATGATGATGAACTGGTCACCTACAGCAGCCCTAGTGGT
ATCGCAGTTACTCCGGATCCCACAAGCTGTCGTGGATATGGTGGCGGGGGCCCAT
TGGGGAGTCCTAGCGGGCCTTGCCTACTATTCCATGGTGGGGAACTGGGCTAAGG
TTCTGATTGTGATGCTACTCTITTGCCGGCGTTGACGGGGGAACCTATGTGACAGG
GGGGACGATGGCCAAAAACACCCTCGGGATTACGTCCCTCTTTTCACCCGGGTCA
TCCCAGAAAATCCAGCTTGTAAACACCAACGGCAGCTGGCACATCAACAGGACT
GCCCTGAACTGCAATGACTCCCTCAACACTGGGTTCCTTGCTGCGCIGTTCTACGT
GCACAAGTTCAACTCATCTGGATGCCCAGAGCGCATGGCCAGCTGCAGCCCCATC
GACGCGTTCGCTCAGGGGTGGGGGCCCATCACTTACAATGAGTCACACAGCTCGG
ACCAGAGGCCTTATTGTTGGCACTACGCACCCCGGCCGTGCGGTATCGTACCCGC
GGCGCAGGTGTGTGGTCCAGTGTACTGCTTCACCCCAAGCCCTGTCGTGGTGGGG
ACGACCGACCGGTTCGGCGTCCCTACGTACAGTTGGGGGGAGAATGAGACGGAC
GTGCTGCTTCTTAACAACACGCGGCCGCCGCAAGGCAACTGGTTTGGCTGTACAT
GGATGAATAGCACTGGGTTCACCAAGACGTGCGGGGGCCCCCCGTGTAACATCG
GGGGGATCGGCAATAAAACCTTGACCTGCCCCACGGACTGCTTCCGGAAGCACC
CCGAGGCCACTTACACCAAGTGTGGTTCGGGGCCTTGGTTGACACCCAGATGCTT
GGTCCACTACCCATACAGGCTTTGGCACTACCCCTGCACTGTCAACTTTACCATCT
TCAAGGTTAGGATGTACGTGGGGGGAGTGGAGCACAGGCTCGAAGCCGCATGCA
ATTGGACTCGAGGAGAGCGTTGTAACCTGGAGGACAGGGACAGATCAGAGCTTA
GCCCGCTGCTGCTGTCTACAACGGAGTGGCAGGTATIGCCCIGTTCCITCACCAC
CCTACCGGCTCIGTCCACTGGITTGATCCATCTCCATCAGAACGTCGTGGACGTAC
AATACCTGTACGGTATAGGGTCGGCGGTTGTCTCCTTTGCAATCAAATGGGAGTA
TGTCCTGTTGCTCTTCCTTCTTCTGGCGGACGCGCGCGTCTGTGCCTGCTTGTGGA
TGATGCTGCTGATAGCTCAAGCTGAGGCCGCCCTAGAGAACCTGGTGGTCCTCAA
CGCGGCATCCGTGGCCGGGGCGCATGGCATTCTCTCCTTCCTCGTGTTICTTCTGTG
CTGCCTGGTACATCAAGGGCAGGCTGGTCCCTGGGGCGGCATATGCCCTCTACGG
CGTATGGCCGCTACTCCTGCTCCTGCTGGCGTTACCACCACGAGCATACGCCATG
GACCGGGAGATGGCAGCATCGTGCGGAGGCGCGGTTTTCGTAGGTCTGATACTCT
TGACCTTGTCACCGCACTATAAGCTGTTCCTCGCTAGGCTCATATGGTGGTTACAA
TATTTTATCACCAGGGCCGAGGCACACTTGCAAGTGTGGATCCCCCCCCTCAACG
TTCGGGGGGGCCGCGATGCCGTCATCCTCCTCACGTGCGCGATCCACCCAGAGCT
AATCTTTACCATCACCAAAATCTTGCTCGCCATACTCGGTCCACTCATGGTGCTCC
AGGCTGGTATAACCAAAGTGCCGTACTTCGTGCGCGCACACGGGCTCATTCGTGC
ATGCATGCTGGTGCGGAAGGTTGCTGGGGGTCATTATGTCCAAATGGCTCTCATG
AAGTTGGCCGCACTGACAGGTACGTACGTTTATGACCATCTCACCCCACTGCGGG
ACTGGGCCCACGCGGGCCTACGAGACCTTGCGGTGGCAGTTGAGCCCGTCGTICIT
CTCTGATATGGAGACCAAGGTTATCACCTGGGGGGCAGACACCGCGGCGTGTGG
GGACATCATCTTGGGCCTGCCCGTCTCCGCCCGCAGGGGGAGGGAGATACATCTG
GGACCGGCAGACAGCCTTGAAGGGCAGGGGTGGCGACTCCTCGCGCCTATTACG
GCCTACTCCCAACAGACGCGAGGCCTACTTGGCTGCATCATCACTAGCCTCACAG
GCCGGGACAGGAACCAGGTCGAGGGGGAGGTCCAAGTGGTCTCCACCGCAACAC
AATCTTTCCTGGCGACCTGCGTCAATGGCGTGTGTTGGACTGTCTATCATGGTGCC
GGCTCAAAGACCCTTGCCGGCCCAAAGGGCCCAATCACCCAAATGTACACCAAT
GTGGACCAGGACCTCGTCGGCTGGCAAGCGCCCCCCGGGGCGCGTTCCTITGACAC
CATGCACCTGCGGCAGCTCGGACCTTTACTTGGTCACGAGGCATGCCGATGTCAT
TCCGGTGCGCCGGCGGGGCGACAGCAGGGGGAGCCTACTCTCCCCCAGGCCCGT
CTCCTACTTGAAGGGCTCTTCGGGCGGTCCACTGCTCTGCCCCTCGGGGCACGCT
GTGGGCATCTTTCGGGCTGCCGTGTGCACCCGAGGGGTIGCGAAGGCGGTGGACT
TTGTACCCGTCGAGTCTATGGAAACCACTATGCGGTCCCCGGTCTTCACGGACAA
CTCGTCCCCTCCGGCCGTACCGCAGACATTCCAGGTGGCCCATCTACACGCCCCT
ACTGGTAGCGGCAAGAGCACTAAGGTGCCGGCTGCGTATGCAGCCCAAGGGTAT
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AAGGTGCTTGTCCTGAACCCGTCCGTCGCCGCCACCCTAGGTTTCGGGGCGTATA
TGTCTAAGGCACATGGTATCGACCCTAACATCAGAACCGGGGTAAGGACCATCA
CCACGGGTGCCCCCATCACGTACTCCACCTATGGCAAGTTTCTTGCCGACGGTGG
TIGCTCTGGGGGCGCCTATGACATCATAATATGTGATGAGTGCCACTCAACTGAC
TCGACCACTATCCTGGGCATCGGCACAGTCCTGGACCAAGCGGAGACGGCTGGA
GCGCGACTCGTCGTGCTCGCCACCGCTACGCCTCCGGGATCGGTCACCGTGCCAC
ATCCAAACATCGAGGAGGTGGCTCTGTCCAGCACTGGAGAAATCCCCTTTTATGG
CAAAGCCATCCCCATCGAGACCATCAAGGGGGGGAGGCACCTCATTTTCTGCCAT
TCCAAGAAGAAATGTGATGAGCTCGCCGCGAAGCTGTCCGGCCTCGGACTCAAT
GCTGTAGCATATTACCGGGGCCTTGATGTATCCGTCATACCAACTAGCGGAGACG
TCATTGTCGTAGCAACGGACGCTCTAATGACGGGCTTTACCGGCGATITCGACTC
AGTGATCGACTGCAATACATGTGTCACCCAGACAGTCGACTTICAGCCTGGACCCG
ACCTTCACCATTGAGACGACGACCGTGCCACAAGACGCGGTGTCACGCTCGCAGC
GGCGAGGCAGGACTGGTAGGGGCAGGATGGGCATTTACAGGTTTGTGACTCCAG
GAGAACGGCCCTCGGGCATGTTCGATTCCTCGGTTCTGTGCGAGTGCTATGACGC
GGGCTGTGCTTGGTACGAGCTCACGCCCGCCGAGACCICAGT TAGGTIGCGGGCT
TACCTAAACACACCAGGGTTGCCCGTCTGCCAGGACCATCTGGAGTTCTGGGAGA
GCGTCTTTACAGGCCTCACCCACATAGACGCCCATTTCTTGTCCCAGACTAAGCA
GGCAGGAGACAACTTCCCCTACCTGGTAGCATACCAGGCTACGGTGTGCGCCAG
GGCTCAGGCTCCACCTCCATCGTGGGACCAAATGTGGAAGTGTCTCATACGGCTA
AAGCCTACGCTGCACGGGCCAACGCCCCTGCTGTATAGGCTGGGAGCCGTTCAAA
ACGAGGTTACTACCACACACCCCATAACCAAATACATCATGGCATGCATGTCGGC
TGACCTGGAGGTCGTCACGAGCACCTGGGTGCTGGTAGGCGGAGTCCTAGCAGCT
CTGGCCGCGTATTGCCTGACAACAGGCAGCGTGGTCATTGTGGGCAGGATCATCT
TGTCCGGAAAGCCGGCCATCATTCCCGACAGGGAAGTCCTTTACCGGGAGTTCGA.
TGAGATGGAAGAGTGCGCCTCACACCTCCCTTACATCGAACAGGGAATGCAGCTC
GCCGAACAATTCAAACAGAAGGCAATCGGGTTGCTGCAAACAGCCACCAAGCAA
GCGGAGGCTGCTGCTCCCGTGGTGGAATCCAAGTGGCGGACCCTCGAAGCCTTCT
GGGCGAAGCATATGTGGAATTTCATCAGCGGGATACAATATITAGCAGGCITGTC
CACTCTGCCTGGCAACCCCGCGATAGCATCACTGATGGCATTICACAGCCTCTATC
ACCAGCCCGCTCACCACCCAACATACCCTCCTGTTTAACATCCTGGGGGGATGGG
TGGCCGCCCAACTTGCICCTCCCAGCGCTGCTTCTGCTITCGTAGGCGCCGGCATC
GCTGGAGCGGCTGTTGGCAGCATAGGCCTTGGGAAGGTGCTTGTGGATATTTITIGG
CAGGTTATGGAGCAGGGGTGGCAGGCGCGCTCGTGGCCTTTAAGGTCATGAGCG
GCGAGATGCCCTCCACCGAGGACCTGGTTAACCTACTCCCTGCTATCCTCTCCCCT
GGCGCCCTAGTCGTCGGGGTCGTGTGCGCAGCGATACTGCGTCGGCACGTGGGCC
CAGGGGAGGGGGCTGTGCAGTGGATGAACCGGCTGATAGCGTTCGCTTCGCGGG
GTAACCACGTCTCCCCCACGCACTATGTGCCTGAGAGCGACGCTGCAGCACGTGT
CACTCAGATCCTCTCTAGTCTTACCATCACTCAGCTGCTGAAGAGGCTTCACCAGT
GGATCAACGAGGACTGCTCCACGCCATGCTCCGGCTCGTGGCTAAGAGATGTTTG
GGATTGGATATGCACGGTGTTGACTGATITCAAGACCTGGCTCCAGTCCAAGCTC
CTGCCGCGATTGCCGGGAGTCCCCTICTTCTCATGTCAACGTGGGTACAAGGGAG
TCTGGCGGGGCGACGGCATCATGCAAACCACCTGCCCATGTGGAGCACAGATCA
CCGGACATGTGAAAAACGGTTCCATGAGGATCGTGGGGCCTAGGACCTGTAGTA
ACACGTGGCATGGAACATTCCCCATTAACGCGTACACCACGGGCCCCTGCACGCC
CTCCCCGGCGCCAAATTATTCTAGGGCGCTGTGGCGGGTGGCTGCTGAGGAGTAC
GTGGAGGTTACGCGGGTGGGGGATTTCCACTACGTGACGGGCATGACCACTGAC
AACGTAAAGTGCCCGTGTCAGGTTCCGGCCCCCGAATTCTTCACAGAAGTGGATG
GGGTGCGGTTGCACAGGTACGCTCCAGCGTGCAAACCCCTCCTACGGGAGGAGG
TCACATTCCTGGTCGGGCTCAATCAATACCTGGTTGGGTCACAGCTCCCATGCGA
GCCCGAACCGGACGTAGCAGTGCTCACTTCCATGCTCACCGACCCCTCCCACATT
ACGGCGGAGACGGCTAAGCGTAGGCTGGCCAGGGGATCTCCCCCCTCCTTGGCC
AGCTCATCAGCTATCCAGCTGTCTGCGCCTTCCTTGAAGGCAACATGCACTACCC
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GTCATGACTCCCCGGACGCTGACCTCATCGAGGCCAACCTCCTGTGGCGGCAGGA
GATGGGCGGGAACATCACCCGCGTGGAGTCAGAAAATAAGGTAGTAATTTTIGGA
CTCTTTCGAGCCGCTCCAAGCGGAGGAGGATGAGAGGGAAGTATCCGTTICCGGC
GGAGATCCTGCGGAGGTCCAGGAAATTCCCTCGAGCGATGCCCATATGGGCACG
CCCGGATTACAACCCTCCACTGTTAGAGTCCTGGAAGGACCCGGACTACGTCCCT
CCAGTGGTACACGGGTGTCCATTGCCGCCTGCCAAGGCCCCTCCGATACCACCTC
CACGGAGGAAGAGGACGGTTGTCCTGTCAGAATCTACCGTGTCTTCTGCCTITGGC
GGAGCTCGCCACAAAGACCTTCGGCAGCTCCGAATCGTCGGCCGTCGACAGCGG
CACGGCAACGGCCTCTCCTGACCAGCCCTCCGACGACGGCGACGCGGGATCCGA.
CGTTGAGTCGTACTCCTCCATGCCCCCCCTTGAGGGGGAGCCGGGGGATCCCGAT
CTCAGCGACGGGTCTTGGTCTACCGTAAGCGAGGAGGCTAGTGAGGACGTCGTCT
GCTGCTCGATGTCCTACACATGGACAGGCGCCCTGATCACGCCATGCGCTGCGGA
GGAAACCAAGCTGCCCATCAATGCACTGAGCAACTCTTTGCTCCGTCACCACAAC
TTGGTCTATGCTACAACATCTCGCAGCGCAAGCCTGCGGCAGAAGAAGGTCACCT
TTGACAGACTGCAGGTCCTGGACGACCACTACCGGGACGTGCTCAAGGAGATGA
AGGCGAAGGCGTCCACAGTTAAGGCTAAACTTCTATCCGTGGAGGAAGCCTGTA
AGCTGACGCCCCCACATTCGGCCAGATCTAAATTTGGCTATGGGGCAAAGGACGT
CCGGAACCTATCCAGCAAGGCCGTTAACCACATCCGCTCCGTGTGGAAGGACTITG
CTGGAAGACACTGAGACACCAATTGACACCACCATCATGGCAAAAAATGAGGTT
TTCIGCGTCCAACCAGAGAAGGGGGGCCGCAAGCCAGCICGCCITATCGTATTICC
CAGATTTGGGGGTTCGTGTGTGCGAGAAAATGGCCCTTTACGATGTGGTCTCCAC
CCTCCCTCAGGCCGTGATGGGCTCTTCATACGGATTCCAATACTCTCCTGGACAG
CGGGTCGAGTTCCTGGTGAATGCCTGGAAAGCGAAGAAATGCCCTATGGGCTTCG
CATATGACACCCGCTGTITTGACTCAACGGTCACTGAGAATGACATCCGTGTTGA
GGAGTCAATCTACCAATGTTGTGACTTGGCCCCCGAAGCCAGACAGGCCATAAG
GTCGCTCACAGAGCGGCTTTACATCGGGGGCCCCCTGACTAATTCTAAAGGGCAG
AACTGCGGCTATCGCCGGTGCCGCGCGAGCGGTGTACTGACGACCAGCTGCGGT
AATACCCTCACATGTTACTTGAAGGCCGCTGCGGCCTGTCGAGCTGCGAAGCTCC
AGGACTGCACGATGCTCGTATGCGGAGACGACCTTGTCGTTATCTGTGAAAGCGC
GGGGACCCAAGAGGACGAGGCGAGCCTACGGGCCTTCACGGAGGCTATGACTAG
ATACTCTGCCCCCCCTGGGGACCCGCCCAAACCAGAATACGACTTGGAGTTGATA
ACATCATGCTCCTCCAATGTGTCAGTCGCGCACGATGCATCTGGCAAAAGGGTGT
ACTATCTCACCCGTGACCCCACCACCCCCCTTGCGCGGGCTGCGTGGGAGACAGC
TAGACACACTCCAGTCAATTCCTGGCTAGGCAACATCATCATGTATGCGCCCACC
TTGTGGGCAAGGATGATCCTGATGACTCATTTCTTCTCCATCCTTCTAGCTCAGGA
ACAACTTGAAAAAGCCCTAGATTGTCAGATCTACGGGGCCTGTTACTCCATTGAG
CCACTTGACCTACCTCAGATCATTCAACGACTCCATGGCCTTAGCGCATTTTCACT
CCATAGTTACTCTCCAGGTGAGATCAATAGGGTGGCTTCATGCCTCAGGAAACTT
GGGGTACCGCCCTTGCGAGTCTGGAGACATCGGGCCAGAAGTGTCCGCGCTAGG
CTACTGTCCCAGGGGGGGAGGGCTGCCACTTGTGGCAAGTACCTCTTCAACTGGG
CAGTAAGGACCAAGCTCAAACTCACTCCAATCCCGGCTGCGTCCCAGTTGGATTT
ATCCAGCTGGTTCGTTGCTGGTTACAGCGGGGGAGACATATATCACAGCCTGTCT
CGTGCCCGACCCCGCTGGTTCATGTGGTGCCTACTCCTACTTTCTGTAGGGGTAGG
CATCTATCTACTCCCCAACCGATGAACGGGGACCTAAACACTCCAGGCCAATAGG
CCATCCTGTTTTTITCCCTTTTTTTTTITTCTTITTITTTTTITITITITITITITTITTT
TTTTCTCCTITTTITTICCTCTITITITCCTTTTCTITCCTTIGGTGGCTCCATCTTAG
CCCTAGTCACGGCTAGCTGTGAAAGGTCCGTGAGCCGCTTGACTGCAGAGAGTGC
TGATACTGGCCTCTCTGCAGATCAAGT

SEQ ID NO:24: Nucleotide sequence of full-length HCV ¢DNA clone containing the
mutation that results in Ser to Ite at position 1179 of SEQ ID NO:3 (see Figure 9)
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GCCAGCCCCCGATTGGGGGCGACACTCCACCATAGATCACTCCCCTGTGAGGAAC
TACTGTCTTCACGCAGAAAGCGTCTAGCCATGGCGTTAGTATGAGTGTCGTGCAG
CCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTA.
CACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGATCAACCCGCTCAATGCCT
GGAGATTTGGGCGTGCCCCCGCGAGACTGCTAGCCGAGTAGTGTTGGGTCGCGA
AAGGCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGGAGGTCTCGT
AGACCGIGCACCATGAGCACGAATCCTAAACCTCAAAGAAAAACCAAACGTAAC
ACCAACCGCCGCCCACAGGACGTCAAGITCCCGGGCGGTGGTCAGATCGTCGGT
GGAGTTTACCTGTTGCCGCGCAGGGGCCCCAGGTTGGGTGTGCGCGCGACTAGGA
AGACTTCCGAGCGGTCGCAACCTCGTGGAAGGCGACAACCTATCCCCAAGGCTC
GCCAGCCCGAGGGTAGGGCCTGGGCTCAGCCCGGGTACCCCTGGCCCCTCTATGG
CAATGAGGGCTIGGGGTGGGCAGGATGGCTCCTGTCACCCCGTGGCTCTCGGCCT
AGTTGGGGCCCCACGGACCCCCGGCGTAGGTCGCGCAATTTGGGTAAGGTCATCG
ATACCCTCACGTGCGGCTTCGCCGATCTCATGGGGTACATTCCGCTCGTCGGCGC
CCCCCTAGGGGGCGCTGCCAGGGCCCTGGCGCATGGCGTCCGGGTICTGGAGGA
CGGCGTGAACTATGCAACAGGGAATCTGCCCGGTTGCTCCTTITCTATCTTCCTTT
TGGCTTTGCTIGTCCTGTTTGACCATCCCAGCTTCCGCTTATGAAGTGCGCAACGTA
TCCGGAGTGTACCATGTCACGAACGACTGCTCCAACGCAAGCATTGTGTATGAGG
CAGCGGACATGATCATGCATACCCCCGGGTGCGTGCCCTGCGTTCGGGAGAACA
ACTCCTCCCGCTGCTGGGTAGCGCTCACTCCCACGCTCGCGGCCAGGAACGCTAG
CGTCCCCACTACGACGATACGACGCCATGTCGATTTGCTCGTTGGGGCGGCTGCT
CTCTGCTCCGCTATGTACGTGGGAGATCTCTGCGGATCTGTTTTCCTCGTCGCCCA
GCTGTTCACCTTCTCGCCTCGCCGGCACGAGACAGTACAGGACTGCAATTGCTCA
ATATATCCCGGCCACGTGACAGGTCACCGTATGGCTTGGGATATGATGATGAACT
GGTCACCTACAGCAGCCCTAGTGGTATCGCAGTTACTCCGGATCCCACAAGCTGT
CGTGGATATGGTGGCGGGGGCCCATTGGGGAGTCCTAGCGGGCCTTGCCTACTAT
TCCATGGTGGGGAACTGGGCTAAGGTTCTGATTIGTGATGCTACTCTTTGCCGGCG
TTGACGGGGGAACCTATGTGACAGGGGGGACGATGGCCAAAAACACCCTCGGGA
TTACGTCCCTCTTTTCACCCGGGTCATCCCAGAAAATCCAGCTTGTAAACACCAA
CGGCAGCTGGCACATCAACAGGACTGCCCTGAACTGCAATGACTCCCTCAACACT
GGGTTCCTTGCTGCGCTGTTCTACGTGCACAAGTTCAACTCATCTGGATGCCCAG
AGCGCATGGCCAGCTGCAGCCCCATCGACGCGTTCGCTCAGGGGTGGGGGCCCA
TCACTTACAATGAGTCACACAGCTCGGACCAGAGGCCTTATTGTTGGCACTACGC
ACCCCGGCCGTGCGGTATCGTACCCGCGGCGCAGGTGTGTGGTCCAGTGTACTGC
TTCACCCCAAGCCCTGTCGTGGTGGGGACGACCGACCGGTTCGGCGTCCCTACGT
ACAGTTGGGGGGAGAATGAGACGGACGTGCTGCTTCTTAACAACACGCGGCCGC
CGCAAGGCAACTGGTTTGGCIGTACATGGATGAATAGCACTGGGITCACCAAGAC
GTGCGGGGGCCCCCCGTGTAACATCGGGGGGATCGGCAATAAAACCTTGACCTG
CCCCACGGACTGCTTCCGGAAGCACCCCGAGGCCACTTACACCAAGTGTGGTTCG
GGGCCTTGGTTGACACCCAGATGCTTGGTCCACTACCCATACAGGCTTITGGCACT
ACCCCTGCACTGTCAACTTTACCATCTTCAAGGTTAGGATGTACGTGGGGGGAGT
GGAGCACAGGCTCGAAGCCGCATGCAATTGGACTCGAGGAGAGCGTTGTAACCT
GGAGGACAGGGACAGATCAGAGCTTAGCCCGCTGCTGCTGTCTACAACGGAGTG
GCAGGTATTGCCCTGTTCCTTCACCACCCTACCGGCTCTGTCCACTGGTITGATCC
ATCTCCATCAGAACGTCGTGGACGTACAATACCTGTACGGTATAGGGTCGGCGGT
TGTCTCCTTTGCAATCAAATGGGAGTATGTCCTGTTGCTCTTCCTTCTICTGGCGG
ACGCGCGCGTCTGTGCCTGCTTGTGGATGATGCTGCTGATAGCTCAAGCTGAGGC
CGCCCTAGAGAACCTGGTGGTCCTCAACGCGGCATCCGTGGCCGGGGCGCATGG
CATTCTCTCCTTCCTCGTGTTCTTCTGTGCTGCCTGGTACATCAAGGGCAGGCTGG
TCCCTGGGGCGGCATATGCCCTCTACGGCGTATGGCCGCTACTCCTGCTCCTGCTG
GCGTTACCACCACGAGCATACGCCATGGACCGGGAGATGGCAGCATCGTGCGGA
GGCGCGGTTTTCGTAGGTCTGATACTCTTGACCTTGTCACCGCACTATAAGCTGTT
CCTCGCTAGGCTCATATGGTGGTTACAATATTITATCACCAGGGCCGAGGCACAC
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TTGCAAGTGTGGATCCCCCCCCTCAACGTTCGGGGGGGCCGCGATGCCGTCATCC
TCCTCACGTGCGCGATCCACCCAGAGCTAATCTTTACCATCACCAAAATCTTGCTC
GCCATACTCGGTCCACTCATGGTGCTCCAGGCTGGTATAACCAAAGTGCCGTACT
‘TCGTGCGCGCACACGGGCTCATTCGTGCATGCATGCTGGTGCGGAAGGTTGCTGG
GGGTCATTATGTCCAAATGGCTCTCATGAAGTTGGCCGCACTGACAGGTACGTAC
GTTTATGACCATCTCACCCCACTGCGGGACTGGGCCCACGCGGGCCTACGAGACC
TTGCGGTGGCAGTTGAGCCCGTCGTCTTCTCTGATATGGAGACCAAGGTTATCAC
CTGGGGGGCAGACACCGCGGCGTGTGGGGACATCATCTTIGGGCCTGCCCGTCTCC
GCCCGCAGGGGGAGGGAGATACATCTGGGACCGGCAGACAGCCTTGAAGGGCAG
GGGTGGCGACTCCTCGCGCCTATTACGGCCTACTCCCAACAGACGCGAGGCCTAC
TTGGCTGCATCATCACTAGCCTCACAGGCCGGGACAGGAACCAGGTCGAGGGGG
AGGTCCAAGTGGTCTCCACCGCAACACAATCTTTCCTGGCGACCTGCGTCAATGG
CGTGTGTITGGACTGTCTATCATGGTGCCGGCTCAAAGACCCTTGCCGGCCCAAAG
GGCCCAATCACCCAAATGTACACCAATGTGGACCAGGACCTICGTCGGCTGGCAA
GCGCCCCCCGGGGCGCGTICCTTGACACCATGCACCTGCGGCAGCTCGGACCTTT
ACTTGGTCACGAGGCATGCCGATGTCATTCCGGTGCGCCGGCGGGGCGACAGCA
GGGGGAGCCTACTCTCCCCCAGGCCCGTCTCCTACTTGAAGGGCTCTTCGGGCGG
TCCACIGCTCTGCCCCTCGGGGCACGCTGTGGGCATCTTTCGGGCTGCCGTGTGC
ACCCGAGGGGTTGCGAAGGCGGTGGACTTITGTACCCGTCGAGTCTATGGAAACC
ACTATGCGGTCCCCGGTCTTCACGGACAACTCGTCCCCTCCGGCCGTACCGCAGA
CATTCCAGGTGGCCCATCTACACGCCCCTACTGGTAGCGGCAAGAGCACTAAGGT
GCCGGCTGCGTATGCAGCCCAAGGGTATAAGGTGCTTGTCCTGAACCCGTCCGTC
GCCGCCACCCTAGGTTTCGGGGCGTATATGTCTAAGGCACATGGTATCGACCCTA
ACATCAGAACCGGGGTAAGGACCATCACCACGGGTGCCCCCATCACGTACTCCA
CCTATGGCAAGTITCTTGCCGACGGTGGTTGCTCTGGGGGCGCCTATGACATCAT
AATATGTGATGAGTGCCACTCAACTGACTCGACCACTATCCTGGGCATCGGCACA
GTCCTGGACCAAGCGGAGACGGCTGGAGCGCGACTCGTCGTGCTCGCCACCGCT
ACGCCTCCGGGATCGGTCACCGTGCCACATCCAAACATCGAGGAGGTGGCTCTGT
CCAGCACTGGAGAAATCCCCTTTTATGGCAAAGCCATCCCCATCGAGACCATCAA
GGGGGGGAGGCACCTCATTTTICTGCCATTCCAAGAAGAAATGTGATGAGCTCGCC
GCGAAGCTGTCCGGCCTCGGACTCAATGCTGTAGCATATTACCGGGGCCTTGATG
TATCCGTCATACCAACTAGCGGAGACGTCATTGTCGTAGCAACGGACGCTCTAAT
GACGGGCITTACCGGCGATTTCGACTCAGTGATCGACTGCAATACATGTGTCACC
CAGACAGTCGACTTCAGCCTGGACCCGACCTTCACCATTGAGACGACGACCGTGC
CACAAGACGCGGTGTCACGCTCGCAGCGGCGAGGCAGGACTGGTAGGGGCAGGA
TGGGCATTTACAGGTTTGTGACTCCAGGAGAACGGCCCTCGGGCATGTTCGATIC
CTCGGTTCTGTGCGAGTGCTATGACGCGGGCTGTGCTTGGTACGAGCTCACGCCC
GCCGAGACCTCAGTTAGGTTGCGGGCTTACCTAAACACACCAGGGTIGCCCGTCT
GCCAGGACCATCTGGAGTTCTGGGAGAGCGTCTTTACAGGCCTCACCCACATAGA
CGCCCATTTCTTGTCCCAGACTAAGCAGGCAGGAGACAACTTCCCCTACCTGGTA
GCATACCAGGCTACGGTGTGCGCCAGGGCTCAGGCTCCACCTCCATCGTGGGACC
AAATGTGGAAGTGTCTCATACGGCTAAAGCCTACGCTGCACGGGCCAACGCCCCT
GCTGTATAGGCTGGGAGCCGTTCAAAACGAGGTTACTACCACACACCCCATAACC
AAATACATCATGGCATGCATGTCGGCTGACCTGGAGGTCGTCACGAGCACCTGGG
TGCTGGTAGGCGGAGTCCTAGCAGCTCTGGCCGCGTATTGCCTGACAACAGGCAG
CGTGGTCATTGTGGGCAGGATCATCTTGTCCGGAAAGCCGGCCATCATTCCCGAC
AGGGAAGTCCTTTACCGGGAGTTCGATGAGATGGAAGAGTGCGCCTCACACCTCC
CTTACATCGAACAGGGAATGCAGCTCGCCGAACAATTCAAACAGAAGGCAATCG
GGTTGCTGCAAACAGCCACCAAGCAAGCGGAGGCTGCTGCTCCCGTGGTGGAAT
CCAAGTGGCGGACCCTCGAAGCCTTCTGGGCGAAGCATATGTGGAATTTCATCAG
CGGGATACAATATTTAGCAGGCTTGTCCACTCTGCCTGGCAACCCCGCGATAGCA
TCACTGATGGCATTCACAGCCTCTATCACCAGCCCGCTCACCACCCAACATACCC
TCCTGTITAACATCCTGGGGGGATGGGTGGCCGCCCAACTTGCTCCTCCCAGCGC
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TGCTTCTGCTTTCGTAGGCGCCGGCATCGCTGGAGCGGCTGTTGGCAGCATAGGC
CTTGGGAAGGTGCTTGTGGATATTTTGGCAGGTTATGGAGCAGGGGTGGCAGGCG
CGCTCGTGGCCTTTAAGGTCATGAGCGGCGAGATGCCCTCCACCGAGGACCTGGT
TAACCTACTCCCTGCTATCCTCTCCCCTGGCGCCCTAGTCGTCGGGGTCGTGTGCG
CAGCGATACTGCGTCGGCACGTGGGCCCAGGGGAGGGGGCTGTGCAGTGGATGA
ACCGGCTGATAGCGTTCGCTTCGCGGGGTAACCACGTCTCCCCCACGCACTATGT
GCCTGAGAGCGACGCTGCAGCACGTGTCACTCAGATCCTCTCTAGTCTTACCATC
ACTCAGCTGCTGAAGAGGCTTCACCAGTGGATCAACGAGGACTGCTCCACGCCAT
GCTCCGGCTCGTGGCTAAGAGATGTTTGGGATTGGATATGCACGGTGTTGACTGA
TTTCAAGACCTGGCTCCAGTCCAAGCTCCTGCCGCGATTGCCGGGAGTCCCCTTCT
TCTCATGTCAACGTGGGTACAAGGGAGTCTGGCGGGGCGACGGCATCATGCAAA
CCACCTGCCCATGTGGAGCACAGATCACCGGACATGTGAAAAACGGTTCCATGA
GGATCGTGGGGCCTAGGACCTGTAGTAACACGTGGCATGGAACATTCCCCATTAA
CGCGTACACCACGGGCCCCTGCACGCCCTCCCCGGCGCCAAATTATTCTAGGGCG
CTGTGGCGGGTGGCTGCTGAGGAGTACGTGGAGGTTACGCGGGTGGGGGATTIC
CACTACGTGACGGGCATGACCACTGACAACGTAAAGTGCCCGTGTCAGGTTCCGG
CCCCCGAATTCTTCACAGAAGTGGATGGGGTGCGGTTGCACAGGTACGCTCCAGC
GTGCAAACCCCTCCTACGGGAGGAGGTCACATTCCTGGTCGGGCTCAATCAATAC
CTIGGTTGGGTCACAGCTCCCATGCGAGCCCGAACCGGACGTAGCAGTGCTCACTT
CCATGCTCACCGACCCCTCCCACATTACGGCGGAGACGGCTAAGCGTAGGCTGGC
CAGGGGATCTCCCCCCTCCTTGGCCAGCTCATCAGCTATCCAGCTGTCTGCGCCTT
CCTTGAAGGCAACATGCACTACCCGTCATGACTCCCCGGACGCTGACCTCATCGA
GGCCAACCTCCTGTGGCGGCAGGAGATGGGCGGGAACATCACCCGCGTGGAGTC
AGAAAATAAGGTAGTAATTTTGGACTCTTTCGAGCCGCTCCAAGCGGAGGAGGA
TGAGAGGGAAGTATCCGTTCCGGCGGAGATCCTGCGGAGGTCCAGGAAATTCCC
TCGAGCGATGCCCATATGGGCACGCCCGGATTACAACCCTCCACTGTTAGAGTCC
TGGAAGGACCCGGACTACGTCCCTCCAGTGGTACACGGGTGTCCATTGCCGCCTG
CCAAGGCCCCTCCGATACCACCTCCACGGAGGAAGAGGACGGTTGTCCTGTCAG
AATCTACCGTGTCTTCTGCCTTGGCGGAGCTCGCCACAAAGACCTTCGGCAGCTC
CGAATCGTCGGCCGTCGACAGCGGCACGGCAACGGCCTCTCCTGACCAGCCCTCC
GACGACGGCGACGCGGGATCCGACGTTGAGTCGTACTCCTCCATGCCCCCCCTTG
AGGGGGAGCCGGGGGATCCCGATCTCAGCGACGGGTCTTGGTCTACCGTAAGCG
AGGAGGCTAGTGAGGACGTCGTCTGCTGCTCGATGTCCTACACATGGACAGGCGC
CCTGATCACGCCATGCGCTGCGGAGGAAACCAAGCTGCCCATCAATGCACTGAG
CAACTCTTTGCTCCGTCACCACAACTTGGTCTATGCTACAACATCTCGCAGCGCA
AGCCTGCGGCAGAAGAAGGTCACCTTTGACAGACTGCAGGTCCTGGACGACCAC
TACCGGGACGTGCTCAAGGAGATGAAGGCGAAGGCGTCCACAGTTAAGGCTAAA
CTTCTATCCGTGGAGGAAGCCTGTAAGCTGACGCCCCCACATTCGGCCAGATCTA
AATTTGGCTATGGGGCAAAGGACGTCCGGAACCTATCCAGCAAGGCCGTTAACC
ACATCCGCTCCGTGTGGAAGGACTTGCTGGAAGACACTGAGACACCAATTGACA
CCACCATCATGGCAAAAAATGAGGTTTTCTGCGTCCAACCAGAGAAGGGGGGCC
GCAAGCCAGCTCGCCTTATCGTATTCCCAGATTTGGGGGTTCGTGTGTGCGAGAA
AATGGCCCTTTACGATGTGGTCTCCACCCTCCCTCAGGCCGTGATGGGCTCTTCAT
ACGGATTCCAATACTCTCCTGGACAGCGGGTCGAGTTCCTGGTGAATGCCTGGAA
AGCGAAGAAATGCCCTATGGGCTTCGCATATGACACCCGCTGTTTTGACTCAACG
GTCACTGAGAATGACATCCGTGTTGAGGAGTCAATCTACCAATGTTGTGACTIGG
CCCCCGAAGCCAGACAGGCCATAAGGTCGCTCACAGAGCGGCTTTACATCGGGG
GCCCCCTGACTAATTCTAAAGGGCAGAACTGCGGCTATCGCCGGTGCCGCGCGAG
CGGTGTACTGACGACCAGCTGCGGTAATACCCTCACATGTTACTTGAAGGCCGCT
GCGGCCTGTCGAGCTGCGAAGCTCCAGGACTGCACGATGCTCGTATGCGGAGAC
GACCTTGTCGTTATCTGTGAAAGCGCGGGGACCCAAGAGGACGAGGCGAGCCTA
CGGGCCTTCACGGAGGCTATGACTAGATACTCTGCCCCCCCTGGGGACCCGCCCA
AACCAGAATACGACTTGGAGTTGATAACATCATGCTCCTCCAATGTGTCAGTCGC
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GCACGATGCATCTGGCAAAAGGGTGTACTATCTCACCCGTGACCCCACCACCCCC
CTTGCGCGGGCTGCGTGGGAGACAGCTAGACACACTCCAGTCAATTCCTGGCTAG
GCAACATCATCATGTATGCGCCCACCTTGTGGGCAAGGATGATCCTGATGACTCA
TTTCTTCTCCATCCTTCTAGCTCAGGAACAACTTGAAAAAGCCCTAGATTGTCAGA
TCTACGGGGCCTGTTACTCCATTGAGCCACTTGACCTACCTCAGATCATTCAACG
ACTCCATGGCCTTAGCGCATTTTCACTCCATAGTTACTCTCCAGGTGAGATCAATA
GGGTGGCTTCATGCCTCAGGAAACTTGGGGTACCGCCCTTGCGAGTCTGGAGACA
TCGGGCCAGAAGTGTCCGCGCTAGGCTACTGTCCCAGGGGGGGAGGGCTGCCAC
TIGTGGCAAGTACCTCTTCAACTGGGCAGTAAGGACCAAGCTCAAACTCACTCCA
ATCCCGGCTGCGTCCCAGTTGGATTTATCCAGCTGGTTCGTTGCTGGTTACAGCGG
GGGAGACATATATCACAGCCTGTCTCGTGCCCGACCCCGCTGGTTCATGTGGTGC
CTACTCCTACTTTCTGTAGGGGTAGGCATCTATCTACTCCCCAACCGATGAACGG
GGACCTAAACACTCCAGGCCAATAGGCCATCCTGTTTTTTICCCTTITITTTITITCT
TTITTTTTTTTITITITTITITTITITTITTTTCTCCTTTITTITICCTCTITTTITTTICCTT
TTCTTTCCTTTIGGTGGCTCCATCTTAGCCCTAGTCACGGCTAGCTGTGAAAGGTCC
GTGAGCCGCTTGACTGCAGAGAGTGCTGATACTGGCCTCTCTGCAGATCAAGT

SEQ ID NO:25: Nucleotide sequence of DNA clone of HCV adaptive replicon SNTR-
EMCV/HCVrepVIL

GCCAGCCCCCGATTGGGGGCGACACTCCACCATAGATCACTCCCCTGTGAGGAAC
TACTGTCTTCACGCAGAAAGCGTCTAGCCATGGCGTTAGTATGAGTGICGTGCAG
CCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTA
CACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGATCAACCCGCTCAATGCCT
GGAGATTTGGGCGTGCCCCCGCGAGACTGCTAGCCGAGTAGTGTTGGGTCGCGA
AAGGCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGGAGGTCTCGT
AGACCGTGCACCAGACCACAACGGTTTCCCTCTAGCGGGATCAATTCCGCCCCTC
TCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGT
GCGTTTGTCTATATGTTATTITCCACCATATTGCCGTCTTTTGGCAATGTGAGGGC
CCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCICTCG
CCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAG
CTTCTTGAAGACAAACAACGTCTGTAGCGACCCTITGCAGGCAGCGGAACCCCCC
ACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATACACCTGC
AAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGT
CAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGT
ACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTGCACATGCTTTACATGTGTTT
AGICGAGGTTAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTITCCIT
TGAAAAACACGATAATACCATGGCGCCTATTACGGCCTACTCCCAACAGACGCG
AGGCCTACTTGGCTGCATCATCACTAGCCTCACAGGCCGGGACAGGAACCAGGTC
GAGGGGGAGGTCCAAGTGGTCTCCACCGCAACACAATCTTTCCTGGCGACCTGCG
TCAATGGCGTGTGTTGGACTGTCTATCATGGTGCCGGCTCAAAGACCCTTGCCGG
CCCAAAGGGCCCAATCACCCAAATGTACACCAATGTGGACCAGGACCTCGTCGG
CTGGCAAGCGCCCCCCGGGGCGCGTTCCTTGACACCATGCACCTGCGGCAGCTCG
GACCTTTACTTGGTCACGAGGCATGCCGATGTCATTCCGGTGCGCCGGCGGGGCG
ACAGCAGGGGGAGCCTACTCTCCCCCAGGCCCGTCTCCTACTTGAAGGGCTCTTC
GGGCGGTCCACTGCTCTGCCCCTCGGGGCACGCTGTGGGCATCTTTCGGGCTGCC
GTGTGCACCCGAGGGGTTGCGAAGGCGGTGGACTTTGTACCCGTCGAGTCTATGG
AAACCACTATGCGGTCCCCGGTCTTCACGGACAACTCGTCCCCTCCGGCCGTACC
GCAGACATTCCAGGTGGCCCATCTACACGCCCCTACTGGTAGCGGCAAGAGCACT
AAGGTGCCGGCTGCGTATGCAGCCCAAGGGTATAAGGTGCTTGTCCTGAACCCGT
CCGTCGCCGCCACCCTAGGTITCGGGGCGTATATGTCTAAGGCACATGGTATCGA
CCCTAACATCAGAACCGGGGTAAGGACCATCACCACGGGTGCCCCCATCACGTA
CTCCACCTATGGCAAGTTTCTTGCCGACGGTGGTTGCTCTGGGGGCGCCTATGAC
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ATCATAATATGTGATGAGTGCCACTCAACTGACTCGACCACTATCCTGGGCATCG
GCACAGTCCTGGACCAAGCGGAGACGGCTGGAGCGCGACTCGTCGTGCTCGCCA
CCGCTACGCCTCCGGGATCGGTCACCGTGCCACATCCAAACATCGAGGAGGTGGC
TCTGTCCAGCACTGGAGAAATCCCCTTTTATGGCAAAGCCATCCCCATCGAGACC
ATCAAGGGGGGGAGGCACCTCATTTTCTGCCATTCCAAGAAGAAATGTGATGAG
CTCGCCGCGAAGCTGTCCGGCCTCGGACTCAATGCTGTAGCATATTACCGGGGCC
TTGATGTATCCGTCATACCAACTAGCGGAGACGTCATTGTCGTAGCAACGGACGC
TCTAATGACGGGCTTTACCGGCGATTTCGACTCAGTGATCGACTGCAATACATGT
GTCACCCAGACAGTCGACTTCAGCCTGGACCCGACCTTCACCATTGAGACGACGA
CCGTGCCACAAGACGCGGTGTCACGCTCGCAGCGGCGAGGCAGGACTGGTAGGG
GCAGGATGGGCATTTACAGGTTTGTGACTCCAGGAGAACGGCCCTCGGGCATGTT
CGATTCCTCGGTTCTGTGCGAGTGCTATGACGCGGGCTGTGCTTGGTACGAGCTC
ACGCCCGCCGAGACCTCAGTTAGGTTGCGGGCTTACCTAAACACACCAGGGTTGC
CCGTCTGCCAGGACCATCTGGAGTTCTGGGAGAGCGTCTTTACAGGCCTCACCCA
CATAGACGCCCATTTCTTGTCCCAGACTAAGCAGGCAGGAGACAACTTCCCCTAC
CTGGTAGCATACCAGGCTACGGTGTGCGCCAGGGCTCAGGCTCCACCTCCATCGT
GGGACCAAATGTGGAAGTGTCTCATACGGCTAAAGCCTACGCTGCACGGGCCAA
CGCCCCTGCTGTATAGGCTGGGAGCCGTTCAAAACGAGGTTACTACCACACACCC
CATAACCAAATACATCATGGCATGCATGTCGGCTGACCTGGAGGTCGTCACGAGC
ACCTGGGTGCTGGTAGGCGGAGTCCTAGCAGCTCTGGCCGCGTATTGCCTGACAA
CAGGCAGCGTGGTCATTGTGGGCAGGATCATCTTGTCCGGAAAGCCGGCCATCAT
TCCCGACAGGGAAGTCCTTTACCGGGAGTTCGATGAGATGGAAGAGTGCGCCTC
ACACCTCCCTTACATCGAACAGGGAATGCAGCTCGCCGAACAATTCAAACAGAA
GGCAATCGGGTTGCTGCAAACAGCCACCAAGCAAGCGGAGGCTGCTGCTCCCGT
GGTGGAATCCAAGTGGCGGACCCTCGAAGCCTTCTGGGCGAAGCATATGTGGAA
TTTCATCAGCGGGATACAATATTTAGCAGGCTTGTCCACTCTGCCTGGCAACCCC
GCGATAGCATCACTGATGGCATTCACAGCCTCTATCACCAGCCCGCTCACCACCC
AACATACCCTCCTGTTTAACATCCTGGGGGGATGGGTGGCCGCCCAACTTGCTCC
TCCCAGCGCTGCTTCTGCTTTCGTAGGCGCCGGCATCGCTGGAGCGGCIGTTGGC
AGCATAGGCCTTGGGAAGGTGCTIGTGGATATTITTGGCAGGTTATGGAGCAGGGG
TGGCAGGCGCGCTCGTGGCCTTTAAGGTCATGAGCGGCGAGATGCCCTCCACCGA
GGACCTGGTTAACCTACTCCCTGCTATCCTCTCCCCTGGCGCCCTAGTCGTCGGGG
TCGTGTGCGCAGCGATACTGCGTCGGCACGTGGGCCCAGGGGAGGGGGCTGTGC
AGTGGATGAACCGGCTGATAGCGTTCGCTTICGCGGGGTAACCACGTCTCCCCCAC
GCACTATGTGCCTGAGAGCGACGCTGCAGCACGTGTCACTCAGATCCTCTCTAGT
CTTACCATCACTCAGCTGCTGAAGAGGCTTCACCAGTGGATCAACGAGGACTGCT
CCACGCCATGCTCCGGCTCGTGGCTAAGAGATGTTITGGGATIGGATATGCACGGT
GTTGACTGATTTCAAGACCTGGCTCCAGTCCAAGCTCCTGCCGCGATTGCCGGGA
GTCCCCTTCTTCTCATGTCAACGTGGGTACAAGGGAGTCTGGCGGGGCGACGGCA
TCATGCAAACCACCTGCCCATGTGGAGCACAGATCACCGGACATGTGAAAAACG
GTTCCATGAGGATCGTGGGGCCTAGGACCTGTAGTAACACGTGGCATGGAACATT
CCCCATTAACGCGTACACCACGGGCCCCTGCACGCCCTCCCCGGCGCCAAATTAT
TCTAGGGCGCTGTGGCGGGTGGCTGCTGAGGAGTACGTGGAGGTTACGCGGGTG
GGGGATTTCCACTACGTGACGGGCATGACCACTGACAACGTAAAGTGCCCGTGTC
AGGTTCCGGCCCCCGAATTCTTCACAGAAGTGGATGGGGTGCGGTTGCACAGGTA
CGCTCCAGCGTGCAAACCCCTCCTACGGGAGGAGGTCACATTCCTGGTCGGGCTC
AATCAATACCTGGTTGGGTCACAGCTCCCATGCGAGCCCGAACCGGACGTAGCA
GTGCTCACTTCCATGCTCACCGACCCCTCCCACATTACGGCGGAGACGGCTAAGC
GTAGGCTGGCCAGGGGATCTCCCCCCTCCTTGGCCAGCTCATCAGCTATCCAGCT
GTCTGCGCCTTCCTTGAAGGCAACATGCACTACCCGTCATGACTCCCCGGACGCT
GACCTCATCGAGGCCAACCTCCTGTGGCGGCAGGAGATGGGCGGGAACATCACC
CGCGTGGAGTCAGAAAATAAGGTAGTAATTTTGGACTCTTTCGAGCCGCTCCAAG
CGGAGGAGGATGAGAGGGAAGTATCCGTTCCGGCGGAGATCCTGCGGAGGTCCA
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GGAAATTCCCTCGAGCGATGCCCATATGGGCACGCCCGGATTACAACCCTCCACT
GTTAGAGTCCTGGAAGGACCCGGACTACGTCCCTCCAGTGGTACACGGGTGTCCA
TTGCCGCCTGCCAAGGCCCCTCCGATACCACCTCCACGGAGGAAGAGGACGGTTG
TCCTGTCAGAATCTACCGTGTCTTCTGCCTTGGCGGAGCTCGCCACAAAGACCTTC
GGCAGCTCCGAATCGTCGGCCGTCGACAGCGGCACGGCAACGGCCTCTCCTGACC
AGCCCTCCGACGACGGCGACGCGGGATCCGACGTTGAGTCGTACTCCTCCATGCC
CCCCCTTGAGGGGGAGCCGGGGGATCCCGATCTCAGCGACGGGTCTTGGTCTACC
GTAAGCGAGGAGGCTAGTGAGGACGTCGTCTGCTGCTCGATGTCCTACACATGGA
CAGGCGCCCTGATCACGCCATGCGCTGCGGAGGAAACCAAGCIGCCCATCAATG
CACTGAGCAACTCTTTGCTCCGTCACCACAACTTGGTCTATGCTACAACATCTCGC
AGCGCAAGCCTGCGGCAGAAGAAGGTCACCTTTGACAGACTGCAGGTCCTGGAC
GACCACTACCGGGACGTGCTCAAGGAGATGAAGGCGAAGGCGTCCACAGTTAAG
GCTAAACTTCTATCCGTGGAGGAAGCCTGTAAGCTGACGCCCCCACATTCGGCCA
GATCTAAATTTGGCTATGGGGCAAAGGACGTCCGGAACCTATCCAGCAAGGCCG
TTAACCACATCCGCTCCGTGTGGAAGGACTTGCTGGAAGACACTGAGACACCAAT
TGACACCACCATCATGGCAAAAAATGAGGTTTTCTGCGTCCAACCAGAGAAGGG
GGGCCGCAAGCCAGCTCGCCTTATCGTATTCCCAGATTIGGGGGTTCGTGTGTGC
GAGAAAATGGCCCTTTACGATGTGGTCTCCACCCTCCCTCAGGCCGTGATGGGCT
CTTCATACGGATTCCAATACTCTCCTGGACAGCGGGTCGAGTTCCTGGTGAATGC
CTGGAAAGCGAAGAAATGCCCTATGGGCTTCGCATATGACACCCGCTGTTTTGAC
TCAACGGTCACTGAGAATGACATCCGTGTTGAGGAGTCAATCTACCAATGTTGTG
ACTTGGCCCCCGAAGCCAGACAGGCCATAAGGTCGCTCACAGAGCGGCTTTACAT
CGGGGGCCCCCTGACTAATTCTAAAGGGCAGAACTGCGGCTATCGCCGGTGCCGC
GCGAGCGGTGTACTGACGACCAGCTGCGGTAATACCCTCACATGTTACTTGAAGG
CCGCTGCGGCCTGTCGAGCTGCGAAGCTCCAGGACTGCACGATGCTICGTATGCGG
AGACGACCTTGTCGTTATCTGTGAAAGCGCGGGGACCCAAGAGGACGAGGCGAG
CCTACGGGCCTTCACGGAGGCTATGACTAGATACTCTGCCCCCCCTGGGGACCCG
CCCAAACCAGAATACGACTTGGAGTTGATAACATCATGCTCCTCCAATGTGTCAG
TCGCGCACGATGCATCTGGCAAAAGGGTGTACTATCTCACCCGTGACCCCACCAC
CCCCCTTGCGCGGGCTGCGTGGGAGACAGCTAGACACACTCCAGTCAATTCCTGG
CTAGGCAACATCATCATGTATGCGCCCACCTTGTGGGCAAGGATGATCCTGATGA
CTCATTTCTICTCCATCCTTCTAGCTCAGGAACAACTTGAAAAAGCCCTAGATTGT
CAGATCTACGGGGCCTGTTACTCCATTGAGCCACTTGACCTACCTCAGATCATTC
AACGACTCCATGGCCTTAGCGCATTTTCACTCCATAGTTACTCTCCAGGTGAGATC
AATAGGGTGGCTTCATGCCTCAGGAAACTTGGGGTACCGCCCTTGCGAGTCTGGA
GACATCGGGCCAGAAGTGTCCGCGCTAGGCTACTGTCCCAGGGGGGGAGGGCTG
CCACTTGTGGCAAGTACCTCTTCAACTGGGCAGTAAGGACCAAGCTCAAACTCAC
TCCAATCCCGGCTGCGTICCCAGTTGGATTTATCCAGCTGGTTCGTTGCTGGTTACA
GCGGGGGAGACATATATCACAGCCTGTCTCGTGCCCGACCCCGCTGGTTCATGTG
GTGCCTACTCCTACTTTCTGTAGGGGTAGGCATCTATCTACTCCCCAACCGATGAA
CGGGGACCTAAACACTCCAGGCCAATAGGCCATCCTGTITTITITCCCITTITITITY
TTCTTTTTTITTIITTITITTIITIITIITITTTITICTCCTTTTTTITTCCTICTTTTTTT
CCTTTTCTTTCCTTTGGTGGCTCCATCTTAGCCCTAGTCACGGCTAGCTGTGAAAG
GTCCGTGAGCCGCTTGACTGCAGAGAGTGCTGATACTGGCCTCTCTGCAGATCAA
GT
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A polynucleotide comprising a non-naturally occurring HCV sequence that is
capable of productive replication in a host cell, or is capable of being transcribed into a
non-naturally occurring HCV sequence that is capable of productive replication in a host
cell, wherein the HCV sequence comprises, from 5'to 3' on the positive-sense nucleic acid,
a functional §' non-translated region (SNTRY); one or more protein coding regions,
including at least one polyprotein coding region that is capable of replicating HCV RNA;
and a functional HCV 3' non-translated region (3'NTR), wherein said polynucleotide
comprises an adaptive mutation in a NS3, NS4B, or NS5A gene encoded by said
polynucleotide.

2. The polynucleotide of claim 1, having a transfection efficiency into mammalian

cells of greater than 0.01%.

3. The polynucleotide of claim 2, wherein the transfection efficiency into

mammalian cells is greater than 0.1%.

4. The polynucleotide of claim 2, wherein the transfection efficiency into

mammalian cells is greater than 1%.

5. The polynucleotide of claim 2, wherein the transfection efficiency into

mammalian cells is greater than 5%.

6. The polynucleotide of claim 3, wherein the transfection efficiency into

mammalian cells is greater than about 6%.

7. The polynucleotide of any one of claims 1 to 6 1, wherein the polynucleotide is

capable of replication in a non-hepatic cell.

8. The polynucleotide of claim 7, wherein the non-hepatic cell is a HeLa cell.
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9. The polynucleotide of any one of claims 1 to 8, wherein the HCV is impaired in
its ability to cause disease, establish chronic infections, trigger autoimmune responses, and

transform cells.

10. The polynucleotide of any one of claims 1 to 9, wherein said adaptive mutation
in the NS5A gene comprises a mutation that encodes an alteration in a corresponding
amino acid sequence located between amino acid residues 1163 and 1229 of SEQ ID

NO: 3.

11. The polynucleotide of any one of claim 1 to 10, wherein the mutation is within
50 nucleotides of an ISDR or includes an ISDR.

12. The polynucleotide of claim 11, wherein the mutation is within 20 nucleotides

of the ISDR, or includes an ISDR.

13. The polynucleotide of any one of claims 1 to 9, wherein the mutation encodes
an amino acid sequence change selected from the group consisting of Ser (1179) to lle, Arg
(1164) to Gly, Ala (1174) to Ser, Ser (1172) to Cys, and Ser (1172) to Pro of SEQ ID
NO: 3.

14. The polynucleotide of any one of claims 1 to 10, wherein the mutation

comprises a deletion of at least a portion of an ISDR.

15. The polynucleotide of claim 14, wherein the mutation comprises a deletion of

the entire ISDR.

16. The polynucleotide of claim 16, wherein the mutation comprises a deletion of
nucleotides corresponding to nucleotides 5345 to 5485 of SEQ ID NO:6.

17. The polynucleotide of any one of claims 10 to 16, further comprising a

mutation in an NS3 or NS4B coding region.
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18. The polynucleotide of claim 17, wherein said mutation in said NS3 coding
region results in a mutation corresponding to a change in the NS3 amino acid sequence of

Gln (87) to Arg or Lys (584) to Glu of SEQ ID NQO:3.

19. The polynucleotide of claim 17, wherein said mutation in said NS4B coding
region results in a Ser(925) to Gly change in the NS4B amino acid sequence of SEQ ID
NO:3.

20. The polynucleotide of any one of claims 10 to 16, further comprising both a
mutation in the coding region of NS3 that results in a Lys (584) to Glu change in the NS3
amino acid sequence of SEQ ID NO:3 and a mutation in the coding region of NS4B that
results in a Ser(926) to Gly change in the NS4B amino acid sequence of SEQ ID NO:3.

21. The polynucleotide of any one of claims 1 to 9, wherein said adaptive mutation
is selected from the group consisting of mutations that encode a Lys (584) to Glu change in
the NS3 amino acid sequence of SEQ ID NO:3, a Gln (87) to Arg change in the NS3
amino acid sequence of SEQ ID NO:3, and a Ser(925) to Gly change in the NS4B amino
acid sequence of SEQ ID NO:3.

22. The polynucleotide of any one of claims 1 to 21, wherein the polynucleotide
comprises at least one IRES selected from the group consisting of a viral IRES, a cellular

IRES, and an artificial IRES.

23. The polynucleotide of claim 22, wherein the HCV polyprotein coding region
encodes all HCV structural and nonstructural proteins.

24. The polynucleotide of claim 22, wherein the polyprotein coding region is
incapable of making infectious HCV particles.

25. The polynucleotide of claim 24, wherein the polyprotein coding region

comprises a mutation and/or a deletion in the structural protein coding region.
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26. The polynucleotide of any one of claims 22 to 25, further comprising a foreign
gene operably linked to a first IRES and the HCV polyprotein coding region operably
linked to a second IRES.

27. The polynucleotide of claim 26, wherein the foreign gene is a gene encoding a

selectable marker or a reporter gene.

28. The polynucleotide of any one of claims 1 to 27, wherein the polynucleotide is
double-stranded DNA.

29. A vector comprising the polynucleotide of claim 28 operably associated with a

promoter.

30. A cell comprising the vector of claim 29.

31. A host cell comprising the polynucleotide of any one of claims 1 to 27, wherein

the host cell is a mammalian cell.

32. The host cell of claim 31 wherein the host cell is a human cell.

33. The host cell of claim 31 wherein the host cell is a liver cell.

34. The host cell of claim 31 wherein the host cell is a T-cell or a B-cell.

35. The host cell of claim 31 wherein the host cell is a HeLa cell.

36. A method for identifying a cell line that is permissive for infection with HCV,
comprising contacting a cell in tissue culture with an infectious amount of the
polynucleotide of any one of claims 1 to 27, and detecting replication of HCV in cells of
the cell line.

37. A method for producing a cell line comprising replicating HCV, the method

comprising

(a) transcribing the vector of claim 29 to synthesize HCV RNA;
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(b) transfecting a cell with the HCV RNA of step (a); and
(c) culturing the cell.

38. A vaccine comprising the polynucleotide of any one of claims 1 to 27 ina

pharmaceutically acceptable carrier.

39. A method of inducing immunoprotection to HCV in a primate, comprising

administering to the primate the vaccine of claim 38.

40. A method of testing a compound for inhibiting HCV replication, comprising
(a) treating the host cell of any one of claims 31 to 35 with the compound;
(b) evaluating the treated host cell for reduced HCV replication, wherein reduced

HCYV replication indicates the ability of the compound to inhibit HCV replication.

41. A method of testing a compound for inhibiting HCV infection comprising
treating a host cell with the compound before, during or after infecting or transfecting the

host cell with the polynucleotide of any one of claims 1 to 27.

DATED THIS EIGHTEENTH DAY OF AUGUST, 2006.
WASHINGTON UNIVERSITY

BY

PIZZEYS PATENT AND TRADE MARK ATTORNEYS
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Table 1. Relative G418 transduction efficiencies of HCY
replicons after transfection into interferon-treated cell clones

Transfected replicon

Cell Line BartVan , 1 Vi1
parental Huh-7 0.0005% 0.15% 9%
IFN-treated I 0.005% 5% 30%
IFN-treated IL 0.001% 1.3% 11%
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e G418-resistant colonies were generated at low frequency

= 28 colonies were picked & 90% of these could be passaged

= No colonies observed for the replicon RNA containing an inactive RDRP

Clone Copy number/cell | Cytoplasmic NS3 | Growth Rate
I >1000 Yes Fast

o ~1000-5000 Yes Fast

v ND Yes Fast

v 500 ND Moderate
VI ~1000 Yes Fast

Vil >800 Yes Fast
Clone E <400 Neo Very slow
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HCV Variants

6029-7868

048/576,989
2000-05-23

05/034,756
1998~-03-04

24
PatentIn Ver. 2.0

1

21

DNA

Hepatitis C virus

1
cactc caccatagat ¢

2

L]

DNA

Hepatitis C virus

2
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gctee atcttagecc tagtcacgge tagetgtgaa aggtccgtga gocgeatgac 60
tgcagagagt gctgatacty gcctctectge tgatcatgt a9

g~
1985
PRY
Hepatitis C virus

3

Met Ala Pro Ile Thr Ala Tyr Ser Gln Gln Thr Arg

i

Cys I

Glu V.

5 10

le Ile Thr Ser Leu Thr Gly Arg Asp Arg Asn
20 25

al Gln Val Val Ser Thr Ala Thr Gln Ser Phe
35 40

Val Asn Gly Val Cys Trp Thr Val Tyr His Gly Ala

50 55 60

TLeu Ala Gly Pro Lys Gly Pro Ile Thr Gla Met Tyr

65

Gln A

Pro C

70 75

sp Leu Val Gly Trp Gln Ala Pro Pro Gly Ala
85 20

ys Thr Cys Gly Ser Ser Asp Leu Tyr Leu Val
100 105

32662.doc

-121-

Gly
Gln
Leu

45
Gly
Thr
arg

Thr

Leu

Val

30

Ala

Ser

Asn

Ser

Arg
110

Leu

15

Glu
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Thr
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Asp

Leu
145

Thy

Ala
Ser
Lys
225

Ala

Val

Ile

Gly

305

Ile

Lys

Cys

Leu

385

Ile

Thr

Thr

val

Pro

130

Cys

Arg

Thr

val

Gly

210

val

Tyr

Arg

Phe

Cys

290

Ala

Glu

Ala

His

370

Gly

Pro

Gly

Thr

Thr
450

Ile
115
Arg
Pro
Gly
Thr
Pro
195
Lys
Tieu
Met
Thr
Leu
275
Asp
val
Thr
Glu
Ile
355
Ser
Leu
Thr
Phe
Gln
435

Thr
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Pro

Pro

Ser

Val

Met

180

Gln

Sexr

Ser
Ile
260

Ala

Glu

Ala

val

340

Lys

Asn

Ser

Thr

420

Thr

val

Val
val
Gly
Ala
165
Arg
Thr
Thy
Leu
Lys
245
Asp
Cys
Asp
Thr
325
Ala
Ile
Lys
Ala
Gly
405
Gly

val

Pre

BArg

Ser

His

150

Lys

Ser

Phe

Lys

Asu

230

Ala

Thr

Gly

His

Gln

310

Leu

Glu

Lys

Val

390

Asp

Asp

Gln

Arg

Tyx

135

Ala

Ala

Pro

Gln

Val

215

His

Gly

Sexr

295

Rla

Pro

Ser

Thr

Cys

3175

Ala

Val

Phe

Phe

Asp
455

Arg

120

Leu

val

val

Val

val

200

Pro

Ser

Gly

Ala

Cys

280

Thr

Glu

Gly

Ser

Ile

360

Asp

Tyr

Ile

asp

Ser

440

Ala

Asp

Fhe

185

Rla

Ala

Val

Ile

Pro

265

Ser

Asp

Thr

Thr
345

Lys

Glu

Tyr

val

Ser

425

Leu

Val
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Asp

Gly

Ile

Phe

170

Thr

His

BAla

Ala

Asp

250

Ile

Gly

Ala
val
330

Gly

Leu
Arg
Val

410

val

Ser

Phe
155

Val

Asp

Leu

Ala
235

Pro

Thr

Gly
Thr
Gly
315

Thr

Glu

y Gly

Ala

Gly

395

Ala

Ile

Pro

Arg

Arg

Ser

140

Pro

Asn

His

Ala

220

Thr

Asn

Tyr

Ala

Thxr

300

Val

Ile

Arg

Ala

3380

Leu

Thr

Thr

Ser
460

Gly
125
Gly
Ala
val
Ser
Ala
205

aAla

Leu

Ser

Tyr
285

Ile L

Arg

Pro

Pro

His

365

Asp

Asp

Cys

Phe

445

Gln

Gly

Ala

Glu

Ser

180

Pro

Gln

Gly

Arg

Thr

270

Asp

Leu

Hdis

Fhe

350

Leun

Leun

Val

Ala

Asn
430

Leu

Pro

Val

Ser

175

Thr

Gly

Phe

Thr

255

Tyr

Gly

Val

Ero

335

ille

Ser

Ser

Leu

415

7hr

Lie

Arg
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Leu

Leu

Cys

160

Met

Pxo

Gly

Tyr

Gly

240

Gly

Gly

Ile

ile

val

320

Gly

Phe

Gly

val

400

Met

Cys

Glu

Gly
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Arg
465
Glu

Asp

Arg

Leu

Glu

Ser

62.5

val

Arg

His

Gln

705

Ala

Ala

Leu

Thr

Asn

785

Ala

Thx

Arg

Ala

Leu

Zeu
530

L Val

Ser

His

Val

610

Ala

Leu

Val

Glu

Leu

630

Ala

Lys

Sexr

Ala

770

Ile

Ser

Gly

Pro

Gly

Arg

515

Phe

Ala

Trp

Gly

595

Thr

Asp

Ala

Gly

Val

675

Pro

Ala

Pro

His

Thr

755

Ser

Leu

Ala

32662.doc

Arg

Ser

cys

500

Ala

Phe

Leu

Tyr

Asp

580

Thr

Leu

Ala

Arg

660

Leu

Tyr

Ilc

Val

Met

740

Leu

Ile

Gly

Phe

Gly

Gly

485

Ala

Tyr

Trp

Ser

Gln

565

Thx

Thr

Glu

Leu

45

Ile

Ile

Gly

Val

725

Trp

Pro

Thr

Gly

Val
B80S

Arg

470

Met

Trp

Leu

Glu

Gln

550

Ala

Pro

His

val

630

Ala

Ile

Axg

Glu

Leu

710

Asn

Gly

Ser

Trp

790

Gly

Met

Fhe

Tyr

Asn

Ser

5835

Thr

Thr

Trp

Leu

Pro

615

Val

Ala

Leu

Glu

Gln

695

Ser

Phe

Asn

Pro

775

Ala

Gly

Asp

Glu

Thr

520

Val

Lys

Vval

Lys

Leu

600

Thr

Tyr

Ser

The

€80

Gly

Gln

Lys

lle

Pro

160

Leu

Ala

Gly

Ser

Len

505

Phe

Gln

Cys

Cys

585

Tyx

Thr

Ser

Gly

€65

Asp

Met

Thr

Trp

Ser

745

Ala

Thr

Ala

Ile
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Tyr

Ser

490

Thr

Gly

Thr

Ala

Ala

570

Arg

Lys

Thr

Leu

650

Lys

Glu

Gln

Ala

Arg

730

Gly

Ile

Thr

Gln

Ala
810

Arg

475

Val

Pro

Leu

Gly

6
i
P

5

Arg

Ile

Leun

Tyr

Trp

635

Thr

Pro

Met

Leu

Thr

715

Thr

ile

Ala

Gln

Leu

795

Gly

Phe

Leu

Ala

Pro

Leu

540

Asp

Ala

Arg

Gly

Ile

620

Thr

Ala

Glu

Ala

700

Lys

Leu

Gln

Sex

His

780

Ala

Ala

val

Cys

Glu

val

525

Thr

Asn

Gln

Len

Ala

605

Met

Leu

Gly

Ile

Glu

685

Glu

Gln

Glu

Tyr

Leu

165

Thr

Pro

Ala

Glu
Thr
510
Cys
His
?he
Ala
Lys
590
Val

Ala

Val

Cys
Gln
Ala
Ala
Leu
750
Met
Leu

Pro

Val

Pro

Cys

495

Gln

Ile

Pro

Pro

575

Pro

Gln

Cys

Gly

Val

655

Pro

Ala

Phe

Glu

Phe

735

Ala

Ala

Leu

Ser

Gly
815
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Gly

4€0

Tyxr

val

Rsp

Asp

Tyr

Pro

Thr

Asn

Met

Gly

640

val

Asp

Ser

Lys

Ala
120

Trp

Gly

Phe

Phe

Ala
800
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Ile Gly Leu Gly Lys
820

Gly Val Ala Gly Ala
835

Pro Ser Thr Glu Asp
850

Gly Ala Zeu Val Val
865

Val Gly Pro Gly Glu
885

Phe Ala Ser Arg Gly
900

Ser Asp Ala Ala Ala
915

Thr Gln Leu Leu Lys
930

Thr Pro Cys Ser Gly
945

Thr Val Leu Thr Asp
965

Arg Leu Pro Gly Val
980

Val Trp Arg Gly Asp
995

Gln Ile Thr Gly His
1010

Arg Thr Cys Ser Asn
1025

Thr Thr Gly Pro Cys
1045

Leu Trp Ary Val Ala
1060

Asp Phe His Tyr val
1075

Cys Gln Val Prec Ala
1090

Leu His Arg Tyr Ala
1105

Thr Phe Leu Val Gly
1125

Cys Glu Pro Glu Pra
1140

Pro Ser His Ile Thr
1155
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Val Leu Val Asp Ile Leu Ala Gly Tyr Gly Ala
825 830

Lzu Val Ala Phe Lys Val Met Ser Gly Glu Met
340 845

Leu Val Asn Leu Leu Pro Ala Ile Leu Ser Pro
855 860

Gly Val val Cys BAla Ala Ile Leu Arg Arg His
870 875 880

Gly Ala Val Gln Trp Met Asn Arg Leu Ile Ala
890 895

Asn His Val Ser Pro Thr His Tyr Val Pro Glu
905 910

Arg Val Thr Gln Ile Leu Ser Ser Leu Thr Ile
920 925

Arg Leu His Gln Trp Ile Asn Glu Asp Cys Ser
935 940

Ser Trp Leu Arg Asp Val Trp Asp Trp Ile Cys
950 955 960

Phe Lys Thr Trp Leu Gln Ser Lys Leu Leu Pro
970 975

Pro Phe Phe Ser Cys Gln Arg Gly Tyr Lys Gly
985 9%0

Gly Ile Met Gln Thr Thr Cys Pro Cys Gly Ala
1000 1005

Val Lys Asn Gly Ser Met Arg Ile Val Gly Pro
1015 1020

Thr Trp His Gly Thr Phe Pro Ile Asn Ala Tyr
1030 1035 1040

Thr Pro Ser Pro Ala Pro Asn Tyr Ser Arg Ala
1050 1055

Ala Glu Glu Tyr Val Glu Val Thr Arg Val Gly
1065 1070

Thr Gly Met Thr Thr Asp Asn Val Lys Cys Pro
1080 1085

Pro Glu Phe The Thr Glu Val Asp Gly Val Arg
1095 1100

Pro Ala Cys Lys Pro Leu Leu Arg Glu Glu Val
1110 1115 1120

Leu Asn Gln Tyr Leu Val Gly Ser Gln Leu Pro
1130 1135

Asp Val Ala Val Leu Thr Ser Met Leu Thr Asp
1145

Ala Glu Thr Ala Lys Arg Arg Leu Ala Arg Gly
160 1165
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Ser Pro
1170

Pro Ser Leu Ala Ser
1175

Ser Leu
1185

Lys Ala Thr Cys Thr
1190
Leu Ile Glu Ala Asn Leu Leu
1205
Thr Arg Val Glu Ser Glu Asn
1220

Pro Leu Gln Ala Glu Glu Asp
1235

Ile Leu Arg Arg Ser Arg Lys
1250 1255

Arg Pro Asp Tyr Asn Pro Pro
1265 1270

Tyr Val Pro Pro Val Val His
1285

Pro Pro Ile Pro Pro Pro Arg
1300

Ser Thr Val Ser Ser Ala Leu
1315

Sex Ser
1330

Glu Ser Ser Nla Val
1335

Asp Gln
1345

Pro Ser Asp Asp Gly
1350

Met Pro Pro Len Glu
1365

Ser Ser

Asp Gly Ser Trp Ser Thr Val

1380

Cys Cys Ser Met Ser Tyr Thr
1395

Ala Ala Glu Glu Thr Lys Leu
1410 1415

Leu Arg His His Asn Leu Val
1425 1430

Leuw Arg Gln Lys Lys Val Thr
1445

His Tyr Arg Asp Val Leu Lys
1460

Lys Ala Lyé Leu Leu Ser Val
1475

His Ser Ala Arg Ser Lys Pl

he
1480 1495

Leu Ser Ser Lys Ala Val Asn
1505 151¢C
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5

Ser Ser Ala Ser Gln Leu Ser Ala Pro
1180

Thr Arg His Asp Ser Pro Asp Rla Asp
1195 1200

Trp Arg Gln Glu Met Gly Gly Asn Ile
1210 1215

Lys Val Val Ile Leu Asp Ser Phe Glu
1225 1230

Glu Arg Giu Val Sexr Val Pro Ala Glu
1240 1245

Phe Pro Arg Ala M=t Pro Ile Trp Ala
1260

Lew Leu Glu Ser Trp Lys Asp Pro Asp
1275 1280

Gly Cys Pro Ieu Pro Pro Ala Lys BRla
1290 1295

Arg Lys Arg Thr Val Val Leu Sex Glu
1305 1310

Ala
1320

Glu Leu Ala Thr Lys Thr Phe Gly
1325
Asp Ser Gly Thr Ala Thr Ala Ser Pro
1340
Asp Ala Gly Ser Asp Val Glu Ser Tyr
1355 1360
Gly Glu Pro Gly Asp Pro Asp Leu Ser
1370 1375

Ser Glu Glu Ala Ser Glu Asp
1385 1320

Val Val

Trp
1400

Thr Gly B8la Ien Ile Thr
1405

Pro Cys

Ile Asn Ala Leu Ser Asn
1420

Pro Ser Leu

Tyr Ala Thr Thr Ser Arg Ser

1435

2la Ser
1440

Phe Asp Arg Leu Gln Val Leu Asp Asp
1450 1455

Glu Met Lys Ala Lys Ala Ser Thr Val
1465

Glu Glu Ala Cys Lys Leu Thr Pro Pro
1480 1485

s Asp Val Arg Asn

Gly Tyr Gly Ale Ly
1500

His Ile Arg Ser Val Trp Lys Asp Leu
1515 1520
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Leu Glu Asp Thr Glu Thr Pro
1525

Glu Val Phe Cys Val Gln Pro
1540

Leu Ile Val Phe Pro Asp Leu
1555

Leu Tyr Asp Val val Ser Thr
1570 1575

Tyr Gly Phe Gln Tyr Ser 2ro

1585 1590

Ala Trp Lys Ala Lys Lys
1605

cys

Cys Phe Asp Ser Thr Val Thr

1620
Leu

Ile Tyr Gln Cys Cys Asp
1

635

Ser Leu Thr Glu
1650

Arg Leu Tyr
1655

Gly G1n Asn Cys
1665

Gly Tyr Arg
2670
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Tle Asp Thr Thr Ile Met Ala Lys
1530 1535

Asn

Glu Lys Gly Gly Arg Lys Pro
1545 1550

Ala Arg

Gly val Arg val Cys Glu Lys Met Ala

1560 1565

Leu Pro Gln Ala val Met Gly
1580

Gly Gln Arg Val Glu Phe Leu
1595

Val Asn
1600

Ero Met Gly Phe Ala Tyr Asp Thr Arg
1610 1615

Glu Asn
1625

Asp Ile Arg Val Glu Glu Ser
1630

2la Pro

Glu Ala Arg Gln Ala Ile Arg
1640

1645

Ile.Gly Gly Pro Leu Thr Asn Ser Lys
1660

Arg Cys Arg Rla Ser Gly Val Leu Thr

1€75 1680

Thr Ser Cys Gly Asn Thr Leu Thr Cys Tyr Leu Lys Ala Ala Ala Bla
1685 1690 1595

Cys Arg Ala Ala Lys Leu Gln Asp Cys Thr Met Leu Val Cys Gly Asp
1700 10

Asp Leu Vai Val Ile Cys Glu Ser Ala Gly Thr Gln Glu Asp Glu Ala

1715

Ser Leu Arg Ala Phe Thr Glu
1730 735

Gly Bsp Pro 2re Lys Pro Glu
1745 1750

Sexr Ser Asn Val Ser Val Ala
1765

Tyr Leu Thr Arg Asp Pro Thr
1780

Thr Ala Arg His Thr Pro Val
1795

Tyr Ala Pro Thr Leu Trp Ala
1810 1815

Ser Ile Leu Leu Ala Gln Glu

1825 1830

Ile Tyr Gly Ala Cys Tyr Ser
1

845

Ile Gln Arg Leu His Gly Leu

1860

32662.doc

1720 1725

Ala Met Thr Arg Tyr Sex Ala Pro Przo
1740

Tyr Asp Leu Glu Leu Ile Thr Ser Cys
1755 1760

His Asp Ala Ser Gly Lys Arg Val Tyx
' 1770 1775

Thr Pro Leu Ala Arg Ala Rla Trp Glu
1785 1790

Asn Ser Trp Leu Gly Asn Ile Ile Met
1800 1805

Arg Met Ile Leu Met Thr His Phe Phe
1820

Gln Leu Glu Lys Ala Leu Asp Cys Gln
1835 1840

Ile Glu Pro Leu Asp Leu Pro Gln Ile
1850 1855

Ser Ala Phe Ser Leu His Ser Tyr Ser
1865 1870
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Pro Gly

Pro Pro
1890

Leu Leu
1805

Asn Trp

Glu

1875

Leu

Ser

Ala
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Ile Bsn Arg Val Ala Ser Cys Leu Arg Lys Leu Gly Val

1880

1885

Arg Val Trp Arg His Arg BAla Arg Ser Val Arg Ala Arg

Gln Gly Gly

1910

Val Arg Thr
1925

Ser Gln Leu Asp

1940

Asp Ile Tyr His

1955

Cys Lou Leu Leu

1970

Arg
1985

<210> 4

<211> 447
<212> PRT
<213> Hepatitis

<400> 4
Ser Gly
1

Thr Asp
Gly Val

Gly Asp
50

Gly His
65

Ser Asn
Pro Cys
Val Ala
Tyr Val

13C

Pro Ala
145

Tyr Ala

Val Gly

Ser

rhe

Pro

35

Gly

Val

Thr

Thr

Ala

115

Pro

Pro

Leun
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Trp
Lys

20
Ile
Lys
Trp
Pro
100
Glu
Gly
Glu

Ala

Asn
180

Leu

Ser

Ser

Leu

1898

1900

Arg Ala Ala Thr Cys Gly Lys Tyr Leu Fhe

1915

1920

Lys Leu Lys Leu Thr Pro Ile Pro Ala Ala
1935

1930

Ser Trp Phe Val Ala Gly Tyr Ser

1945

Ser Arg Ala

1960

Leu Ser Val Gly Val

C virus

Leu

Thr

Phe

Met

Asn

His

85

Glu

Met

Phe

Cys

165

Gln

Arg

Trp

Ser

Gln

Gly

70

Gly

Pro

Tyr

Thr

Phe

150

Lys

Tyr

1975

Asp

Leu

Thr

55

Ser

Thr

Ala

Val

Thr

135

Thr

Pro

Leu

Val

Gln

Gln

4G

Thr

Met

Phe

Pro

Glu

120

Asp

Clu

Leu

Val

Trp

Ser

25

Arg

Cys

Arg

Pro

Asn

105

Val

Asn

val

Leu

Gly
185
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1950

Arg Pro BArg Trp Phe

1965

Gly Ile Tyr Leu Leu

Asp

10

Gly

Pro

Ile
90
Tyr

Thr

Val

Arc
10

Trp

Leu

Tyr

Cys

val

5

Asn

Ser

Arg

Lys

Gly

155

Glu

Gln

1980

Ile

Len

Lys

Gly

60

Gly

Ala

Arg

val

Cys

140

Val

Leu

Cys

Pro

Gly

45

Pro

Tyr

Ala

Gly

125

Ero

Arg

val

Pro

Gln
Arg
‘Thr
Leu
110
Cys
Leu
Thr

Cys
190

Gly

Met

Pro

vVal
15

1 Trp

Ile
Thr
Thr

95
Trp
Phe
Gln
His
Phe

175

Glu

Gly

Trp

Asn

Pro

Arg

Thr

Cys

80

Gly

Arg

His

Val

Arg

160

Leu

Pro
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Glu

Ile

Sexr

225

Ala

Ala

Glu

Ala

Arg

305

Tyr

' Pro

Pro

Ser

Ser

385

Ser

Trp

Pro

Thr
210

Leu

Thy C

Asn

Ser

Glu

290

Ser

Asn

val

Pro

Ser

370

Ser

Asp

Pro

Sex

<210> 5
<211> 7987
<212> DNA
<213> Hepatitis

<400> 5
gccagececcce
tcttcacgea
ccccectece
gacgaccggy
gcgagactgce
gtgcttgega
ctcaaagaaa
cggecgetty
ctgatgeege
acctgtecgy

Asp
185
Ala

Ala

Leu

Glu

275

Glu

Arg

Pro

val

Pro

355

Ala

Ala

Asp

Leu

Thr
435

32662.doc

Val

Glu

Thr

Leu

260

Asn

Asp

Lys

Pro

His

340

Arg

Leu

Val

Gly

Glu

420

val

gattggggge
gaaagcgtet
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cgacgggegt tectigegea gotgtgetocyg acgitgtcac tgaageggga agggactgge 660
tgctattyggg cgaagtgcceg gggcaggatc tcctgtcatc tcaccttget cctgecgaga 720
aagtatccat catggctgat gcaatgegge ggetgeatac gettgatceg getacctgee 780
cattcgacca ccaagcgaaa catcgecatcg agcgagcacyg tactcggatg gaagecggtc 840
ttgtegatca ggatgatctg gacgaagage atcagggget cgegecagec gaactgtteg 900
ccaggctcaa ggogegcaty cccgacyggcy aggatctegt cgtgacccat ggegatgect 960
gcttgccgaa tatcatggtg gazaatggec gettttctgg attcatcgac tgtggecgge 1020
tgggtgtggc ggaccgctat caggacatag cgttggetac ccgtgatatt gotgasgage 1080
ttggcggega atgggetgac cgcttecteg tgetttacgg tategeeget ceegattoge 1140
agegcatcge cttctatege cttettgacy agtteticty agtttaaaca gaccacaacg 1200
gttteectet agegggatcea attecgecce tetoecteee ccececctaa cgttactgge 1260
cgeaagccget tggaataagg ccggtgtgeg tttgtctata tgttatttte caccatattg 1320
cegtetttty goaatgtgag ggeccggaaa cetggecctg tettcttgac gageattect 1380
aggggtettt cccetctege caaaggaatg caaggtctgt tgaatgtcgt gaaggaagca 1440
gttcctetgg aagetitcttg aagacaaaca acgtctgtag cgaccetttyg caggcagegg 150C
aaccccecac ctggegacag gtgcctetge ggccamaage cacgtgtate agatacacct 1560
gcaaaggcgg cacaacccca gtgccacgtt gtgagttgga tagttgtgga aagagtcaaa 1620
tggcteteet caagegtatt caacaagggg ctgaaggatg ccczgaaggt accccattgt 168C
atgggatctg atctggggec tcggtgcaca tgctttacat gtgtttagtc gaggttaaaa 1740
aacgtctagyg ceccccgaac cacggggacg tggttttect ttgzaaaaca cgataatacc 1800
atggegecta ttacggecta ctcccaacag acgegaggee tacttggetyg catcatcact 1860
agcctcacag geogggacag gaaccaggtc gagggggagyg tccaaghtggt ctecaccgea 1920
acacaatctt tectggegac ctgeogtcaat ggegtgtgtt ggactgteta tcatggtgec 1980
ggctcaaaga cecttgecgg cccaaaggge ccaatcacce aaatgtacac caatgtggac 2040
caggaccteg teggetggea agegeccece ggggegegtt ccttgacace atgeacctge 2100
ggeagctegg acctttactt ggtcacgagg catgecgatg teattceggt gegeeggegy 2160
ggegacagea gggggagect actctcucce aggeccgtel cctacttgaa ggyctcttey 2220
ggcggtecac tgetetgece cteggggeac getgtgggea tctticggge tgecgtgtge 2280
acccgagggg ttgcgaagge ggtggacttt gtaccegtey agtctatgga aaccactatyg 2340
cggtecceccgg totteacgga caactcgtee cotecggeeg taccgcagac attccaggtg 2400
gcccatctac acycccctac tggtagegge aagageacta aggtgccgge tgegtatgea 2460
gceccaagogt ataaggtgcet tgtectgaac ccgtecegtey cogecaccet aggttteggg 2520
gcgtatatgt ctaaggcaca tggtatcgac cctaacatca gaaccggggt aaggaccate 2580
accacgggtyg cccecatcac gtactccace tatggeaagt ttettgccga cggtggttge 2640
Lctgggggcy cctatgacat cataatatgt gatgagtgcc actcaactga ctcgaccact 2700
atcctgggea tcggcacagt cctggaccaa geggagacgg ctggagegeg actcgtegty 2760
ctegecacey ctacgcctce gggatcggto accgtgccac atccaaacat cgaggaggtg 2820
getetgteca gecactggaga aatcccecttt tatggcaaag ccatcecccat cgagaccatce 2880
aaggggagga ggcacctcat tttctgecat tccaagaaga aatgtgatga getcgecgeg 2940
" aagctgtceg gectcggact caatgetgta geoatattace ggggecttga tgtatcegte 3000
ataccaacta gcggagacgt cattgtegta gcaacggacg ctetaatgac gggetttace 3060
ggcgattteg actcagtgat cgactgcaat acatgtgtca cccagacagt cgacttcage 3120
ctggaccega ccttcaccat tgagacgacg accgtgccac aagacgcggt gtcacgetcg 3180
cageggcgag gecaggactgg taggggcagg atgggcattt acaggtttgt gactccagga 3240
gaacggcecet cgggecatgtt cgattecteg gttetgtgey agtgetatga cgegggetgt 3300
gettggtacg agctcacgec cgccgagacce tcagttaggt tgeggyclia cctaaacaca 3360
ccagggttge ccgtetgeca ggaccatctg gagttctggg agagegtett tacaggecte 3420
acccacatag acgeccatilt ctitgteccag actaagcagy caggagacaa cticcecctac 3480
ctggtagcat accaggctac ggtgtgegec agggetcagg ctecacctee atcgtgggac 3540
caaatglgya agtgbtcteat acggctaaag cctacgetge acgggccaac goccctgetyg 3600
tataggctgg gagcegttca aaacgaggtt actaccacac accccataac caaatacatc 3660
atggcatgca tgtcggctga cctggaggtc gtcacgagca cetgggtget ggtaggegga 3720
gtcctagcag ctetggecge gtattgectg acaacaggca gegtggtcat tgtgggeagg 3780
atcatcttgt ccggaaagee ggccatcatt cccgacaggy aagtccttta cegggagtte 3840
gatgagatgg aagagtgege cteacacctc cettacatcg aacagggaat gcagetegec 3900
gaecaattca aacagaaggc aatcgggttg ctgcaaacag ccaccaagca agcggaggcet 3960
gotgeoteeceg tggtggaatc caagtggegg accctcgaag ccttctggge gaagecatatg 4020
tggaatttca tcagcgggat acaatattta gecaggettgt ccactctgec tggcaaccce 4080
gcgatagcat cactgalgge attcacagec tetatcacca geccgctcac cacccaacat 4140
accctectgt ttaacatect ggggggatgy gtggeegece aacttgetoe teccageget 4200
gcttotgott tegtaggege cggeatcgel gyageggety ttggeageat aggecttggg 4260
aaggtgctty tggatatttt ggeaggttat ggageagggg tggcaggege getegtggee 4320
tttaaggtca tgagcggcga gatgccctec accgaggecc tggttaacct actccctget 4380
atcctetece ctggegeect agtegteggy gtogtgtgeg cagegatact gegteggeac 4440
gtgggecray 99gagggggc tgtgcagtgyg atgaaccgge tgatagegtt cgcttcgegg 4500
gotaaccacg tctccccecac geactatgty cctgagageg acgetgcage acgtgtcact 4560
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cagatcctet ctagtcttac catcactcag ctgetgaaga ggcttcacca gtggatcaac 4620
gaggactgct ccacgecaty cteecggeteg tggctaagay atgtttoggga ttggatatge 4680
acggtattga ctgatttcaz gacctggote cagtccaage tcctgcegeg attgecggga 4740
gteceectict tetcatgtea acgtgggtac aagggagtct ggcggggege cggeatcatg 4800
caaaccacct gcccatgtgg agcacagatc accggacatyg tgaaaaacgg ttccatgagy 4860
atcgtgggyc ctaggacctg tagtaacacg tggcatggaa cattccceat taacgegtac 4920
accacgggce cctgcacgee ctecceggey ccaaattatt ctagggeget gtggegggtg 4980
gctgctgagy agtacgtgga gottacgegg gtgggggatt teccactacgt gacgggeatg 5040
accactgaca acgtaaagtg ccegtgiceg gttecggece ccgaattett cacagaagtg 5100
gatggogtge ggttgcacag gtacgetcca gegtccaaac ccctectacg ggaggaggte 5160
acattcectgy tegggeteaa tcaatacctg gttgggtcac agctccecatg cgageccgaa 5220
ccogacgtag cagtgcteac ttccatgete accgacccet cccacattac ggeoggagacg 5280
gctaagegta ggctygecag gggatcteoec ccetcettgg ccagctcate agetagecag 5340
ctetetgege cttecttgaa ggcaacatge actacccgte atgactcecec ggacgetgac 5400
cteatcgagg ccaacctect gtggeggeag gagatgggeg ggaacalceac ccgegtggag 5460
tcagaaaata aggtagtaat tttggactet ttegagcege tccaagegga ggaggatgag 5520
agggaagtat ccygtteccgge ggagatccly cygagglceca ggaaattcece tcgagegatg 5580
cccatatggg cacgcecegga ttacaaccct ccactgttag agtcctggaa ggacceggac 56490
Lacgtcecte cagtggtaca cgggtgtcca ttgccgeety ccaaggecee tecgatacca 5700
ccteccacgga ggaagaggac ggittgtcctyg tcagaatcta ccgtgtette tgecttggeg 5760
gagctcgeca caaagacctt cggecagetec gaatcgtegy cocgtcgacag cggeacggea 582Q
acggcctcte ctgaccagec ctecgacgac ggegacgegy gatcecgacet tgagtegtac 5880
tecctecatge cccececttga gggggageeg ggggatcceg atctcagega cgggtettgg 5940
tctaccgtaa gegaggagge tagtgaggac gtegtetget getegatgte ctacacatgg 6000
acaggcgecce tgatcacgee atgecgetgeg gaggaaacca agetgcccat caatgcactg 6060
agcaactctt tgctccgtca ccacaacttg gtctatgeta caacatcteg cagegcaage 6120
ctgcggcaga agaaggtcac ctttgacaga ctgcaggtce tggacgacca ctaccgggac 6180
gtgctcaagg agatgaaggc caaggcgtce acagttaagyg ctaaacttet atccgtggag 6240
gaagcctgta agetgacgee cccacatteg gecagatcta aatttggcta tggggcaaag 6300
gacgtccgga acctatccag caaggecgtt aaccacatce goteocogtgtg gaaggacttg 6360
ctggaageca ctgagacacc aattgacacc accatcatgg caaaaaatga ggttftctqc 6420
gtccaaccag agaagggggg ccgecaageca getegectta tegtattece agatttgggg 6480
gttcgtotyt gcgagaaaat ggccottiac gatgtggtct ccaccctoce tcaggoogty 6540
atgggctett catacggatt ccaatactet cctggacage gggtcgagtt cctggtgaat 6600
gcctggaaag cgaagaaatg ccctatggge ttcgeatatg acacccgetg ttttgactea 6660
acggtcacty agaatgacat cegtgttgag gagtcaatcet accaatgitg tgacttggee 6720
ccecgaageca gacaggcecat aaggtcgetc acagagegge tttacatcgyg gggccccctg 6780
actaattcta aagggcagaa ctgeggetat cgccggtgec gegegagegg tgtactgacg 6840
accagetgeg gtaataccct cacatgttac ttgaaggeeg ctgeggecty tegagetgeg 6900
aagctccagg actgcacgat getcgtatge ggagacgace ttgtcgttat ctgtgaaage 6960
gcggggacee aagaggacga ggcgagecta cgggecttca cggaggctat gactagatac 7020
tctgecceee ctggggacee goccaaacca gaatacgact tggagttgat aacatcatge 7080
tcctecaatyg tgtcagtcege gcacgatgea tetggcazaa gggtgtacta tctcaccegt 7140
gacccecacca ccccecttge gegggctgeg tgggagacag ctagacacac tccagtcaat 7200
tcctggetag gecaacatcat catgtatgeg cccacctigt gggoaaggat gatcctgatg 7260
actcatttct tctecatccol totagelcay gaacaacklg aaazagccct agattgtcag 7320
atctacgggg cctgttactc cattgagcca cttgacctac ctcagatcat tcaacgacte 7380
calggcctta gegcatiite actccatagt tactctecag gtgagatcaa tagggtgget 7440
tcatgcectca ggaaacttgg ggtaccgeoce ttgegagtet ggagacatcg ggccagaagt 7500
gtcegegeta gyctactgte ccagggggyg agggctgoca cttgtggeaa gtacctette 7560
aactgggcag taaggaccaa gctcaaactc actccaatce cggetgegtc ccagtitggat 7620
ttatccaget ggttegttge tggttacage gggguegaca tatatcacag cotgtctegt 7680
gcocgaccee getggttcat gtggtgecta ctectacttt ctgtaggggt aggeatctat 7740
ctactcceca accgatgaac ggggagctaa acactccagg ccaataggee atcctgtitt 7800
tttecetttt tttttttett tttttttttt tttttttttt tttttttttt ctecetttitt 7860
tttectettt ttitectttt ctttcctttg gtggectccat cttagececta gteacggeta 7920
gctgtgaaag gtccegtgage cgettgactg cagagagtge tgatactgge ctetctgeoag 7980
atcaagt 7987

<210> 6

<211> 7989

<212> DNA

<213> Hepatitis C virus

<400> 6

gccagecece gattggggge gacactccac catagatcac toccectgtga ggaactactg 60
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tcttcacgeca gaaagegtct agccatggeg ttagtatgag tgtcegtgecag cctccaggac 120

cececectece gggagageca tagtggtctg cggaaccggt gagtacaceg gaattgecag 180

gacgaccggg tcctttettg gatcaacceg cteaatgect ggagattigy gegtgeccee 240

gcgagactgc tagccgagta gtgttgagtc gcgaaaggec ttgtggtact gectgatagg 300

glgcttgega gtgcceceggy aggtcotegta gaccgtgcac catgagecacy aatcctaaac 360

ctcaaagaaa aaccaaaggg cgcgccatga ttgaacaaga tggattgeac geaggttcto 420

cggecgetty gotggagagg ctattcgget atgactggge acaacagaca atcggetget 480

ctgatgecge cgtgttecgy ctgtcagege aggggegece ggttettitt gtcaagaceg 540

acctgteegg taccctgaat gaactgecagg acgaggeage geggetateg tggetggeca 600

cgacgggegt tecttgegea getgtgeteg acgttgteac tgaageggga agggactgge 660

tgctattygg cgaagtgccyg gggcaggatc tcetgtcate tcaccttget cetgecgaga 720

aagtatccat catggetgat gcaatgegge ggctgeatac gettgatceg getacctgec 780

cattcgacca ccaagcgaaa catcgcatcg agegagcacg tactcggaty gaagecggte 840

ttgtcgatea ggatgatctyg gacgaagagc atcagggget cgcgccagec gaactgttcg 900

ccaggctraa ggcgegcatyg cccgacggey aggatctegt cgtgacccat ggegatgect 960

gcttgecgaa tatcatggty gaaaatggec gettttetgg attcatcgac tgtggecgge 1020
tggotgtggce ggaccgetat caggacatag cgttggetac cegtgatatt getgaagage 1080
ttggceggega atgggectgac egcttceteg-tgetttacgyg tatcgeeget ccegattege 1140
agegeatege cttctatcge cttettgacyg agticttetg agtttaaaca gaccacaacg 1200
gtttecctet agegggatca attccgecce tctcoctcce cececcctaa cgttactgge 1260
cgaagceget tggaataagg ccggtgtgeg tttgtectata tgttatttte caccatattg 1320
cegtettttg geaatgtgag ggoccggaaa cctggecctg tettcttgac gagcattcoet 1380
aggggtcttt ccectctege caaaggaatg caaggtctgt tgaatgtegt gaaggaagea 1440
gttectetgg aagettcttg aagacasaca acgtctgtag cgaccctttg caggcagegg 1500
aacccececac ctggegacag gtgcctetge ggccaaaage cacgtgtata agatacacct 1560
gcaaaggcgg cacaacccca gtgecacgti glgagtigga lagltgtgga aagagtcaaa 1620
tggctctect caagegtatt caacazgggg ctgaaggatg cccagaaggt accccattgt 1680
atgggatctg atctggggcoe tegglgeaca tgctitacat gtgttlagtc gaggtlaaaa 1740
aacgtctagg ccccccgaac cacggggacg tggttttcet ttgaaaaaca cgataatace 1800
atggcegecta ttacggccta cteccaacag acgcgaggcee tacttggetg catcatcact 1860
agcctcacag gecgggacag gaaccaggtc gaggoggagg tccaagtggt ctccaccgea 1920
acacaatclt tectggegac ctgegteaat ggegtatgtt ggactgtcta tcatggtgec 1980
ggctcaaaga cccttgecgg cccazagggc ccaatcacce aaatgtacac caatgtggac 2040
caggacctcg tcggetggea agcgecccce ggggegcgtt ccttgacace atgeacctge 2100
ggeagcetcgy “acctttactt ggtcacgagg catgcegatyg tcattceggt gegecggegy 2160
ggcgacagca gggggagect actctcccee aggccegtet cctacttgaa gggotctteog 2220
ggeggtecac tgctetgece cteggggcac getgtgggea tettteggge tgecgtgtge 2280
acccgagggy ttgegaagge ggtggacttt gtaccegteg agtctatgga aaccactatg 2340
cggtcecegyg tottcacgga caactcgtee cctocggecg taccgcagac attccaggtg 2400
gceccatctac acgeccctac tggtagegoe aagagcacta aggtgccgge tgcgtatgea 2460
goecaaggot ataaggtget tgtcctgaac cegtccgteg ccgecaccct aggttteggg 2520
gcgtatatgt ctaaggcaca tggtatcgec cctaacatca gaaccggggt aaggaccatc 2580
accacgggtyg cccccatcac gtactccace tatggeaagt ttcttgecga cggtggtige 2640
tetgggggeg cctatgacet cataatatgt gatgagtgce actcaactga ctegaccact 2700
atcctgggea teggoacagt cctggaccaa geggagacgg ctggagegeg actogtogtg 2760
ctegecacey ctacgectee gggateggte acegtgecac atccaaacat cgaggaggtg 2820
gctctgtecca groactggaga aatccccttt tatggcaaag ccatccccat cgagaccatc 2880
aaggggggga ggcacctecat tttetgecat tecaagaaga aatgtgatga gotcgecgeg 2940
aagctgtceg goctcggact caatgetgta geatattacc ggggecttga tgtatccgtc 3000
ataccaacta gcggagacgt cattgtegta gecaacggacg ctetaatgac gggetttace 3060
ggcgatticyg actcagtgat cgactgcaat acatgtgtca cccagacagt cgacttcage 3120
ctggacccga’ ccttcaccat tgagacgacg accgtgeccac asgacgcggt gtcacgeteg 3180
cagcggcgag gcaggactgg taggggecagg atgggcattt acaggtttgt gactccagga 3240
gaacggceet cgggeatgtt cgattccteg gtictgtgeg agtgctatga cgegggetgt 3300
gcttggtacg agctcacgec cgocgagace tcagttaggt tgcgggctta cctaaacaca 3360
ccagggttge cegtetgeca ggaccatetg gagtictggg agagegtett tacaggccte 3420
acccacatag acgcccattt cttgtcccag actaagcagg caggagacaa ctitccoctac 3480
ctggtagecat accaggetac ggtgtgegec agggctcagg ctecacctec ategtgggac 3540
caaatgtgga agtgtctcat acggctaaag cctacgctge acgggeccaac gecectgectg 3600
tataggetgg gagcegttcea aaacgaggit actaccacac accccataac caaatacatc 3660
atggcatgca tgtcggctga cotggaggic gtcacgageca cetgggtgct ggtaggcgge 3720
gtcctagecag ctctggeege gtattgeetg acaacaggca gegtggtcat tgtgggeagg 3780
atcatcttgt ccggaaagce ggccatcatt ccegacaggg aagtecttta cegggagtte 3840
gatgagalygy aagaglgcge ctcacacctc ccttacatcy zacagggaat goagctegee 3900
gaacaattca aacagaaggc aatcgggttyg ctgcazacag ccaccaagca ageggagget 3960
gctgeteecg tggtggaate caagtggegg accctegaag ccttctggge gaagecatatg 4020
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tggaatttca Zcagcgggat acaatatita gcaggcttgt ccactctgce tggcaaccce 4080
gcgatageat cactgatgge attcacagec tcetatcacca geccgetcac cacccaacat 4140
accctectgt ttaacatcect ggggggatgg gtggecegece aacttgetece tcccageoget 4200
gettctgetl tegtaggege cggoatcecot ggageggctyg ttgogcageat aggecttggyg 4260
aaggtgettyg tggatattti ggeaggttat ggageagggg tggcaggege gotegtggee 4320
tttaaggtca tgagcggcga gatgccctce accgaggace tggttaacct actocctget 4380
atccteotece ctggegecet agtegteggg gtegtgtgey cagegatact gegtoggeac 4440
gtgggcccag gggacggggc tgtgcagtgy atgaaccgge tgatagegtt cgcttegegg 4500
ggtaaccacg tctcecceccac gecactatgty cctgagageg acgctgeage acgtgtcact 4560
cagatcctet ctagtcttac catcactcag ctgctgaaga ggcttcacca gtggatcaac 4620
gaggactygct ccacgecatg ctceggoteg tggetaagag atgtttggga ttggatatge 4680
acggtgtiga ctgatttcaa gacctggctc cagtccaage tectgecgeg attgecggga 4740
gtececttet tetcatgtea acgtgggtac aagggagtet ggecggggega cggeatcatg 4800
caaaccacct gcccatgtgy agcacagatc accggacatg tgasaaacgg ttccatgagg 4860
atcgtgggge ctaggacctg tagtaacacg tggeatggaa cattccccat taacgegtac 4920
accacgggce cctgcacger ctccecqggeyg ccaaattatt ctagggeget gtggegggtg 4980
getgetgagg agtacgtgga ggttacgegg gtgggggatt tccactacgt gacgggeatg 5040
accactgaca acgtaaagtg cecgtgtcag gtitceggecee cegaattctt cacagaagtg 5100
gatcgggtge ggttgeacag gtacgctcea gegtgeaaac cectectacy ggaggaggtc 5160
acattcctgg tcgggetcaa tcaatacctyg gtitgggtcac agecteccatg cgageccgaa 5220
ccggacgtag cagtgctcac ttcecatgete accgacccct ceccacattac ggeggagacg 5280
gctaagegta ggctggecag gggatctece cectcettgg ccagetcate agcetagecag 5340
ctgtetgege cttcettgaa ggcaacatge actaccegtce atgactecce ggacgectgac 5400
ctcatcgagg ccaacctcet gtggeggeag gagatgggeg ggaacatcac ccgegtggag 5460
tcagaaaata aggtagtaat tttggactct ttecgagcege tccaagegga ggaggatgag 5520
agggaagtat ccgttecgge ggagatcctg cggaggtcca ggaaaticec tcgagegatg 5580
cccatatggg cacgcecgga ttacaaccct ccactgitag agtectggaa ggacccggac 5640
tacgtccectc cagtggtaca cgggtgtcca ttgecgectg ccaaggecce tecgatacca 5700
cctecacgga ggaagaggac ggttgtcctg tcagaatcta ccgtgtctte tgecttggeg 5760
gagctcgoca caaagacctt cggcagctece gaatcgtcgg ccgtegacag cggecacggea 5820
acggcoctete ctgaccagoc ctecgacgac ggegacgogg gatccgacgt tgagtogtac 5880
tecteecatge cceccecttga gggggagecy ggggatcceg atctcagega cgggtettgg 5940
tctaccgtaa gcgaggagge tagtgaggac gtegtctget gcoctcgatgte ctacacatgg 6000
acaggcgcce tgatcacgcce atgegetgeg gaggaaacca agctgcccat caatgcactg 6060
agcaactctt tgotccghca ccacaactig ghclatgeta caacatctcg cagegeaage 6120
ctgeggcaga agaaggtcac ctttgacaga ctgcaggtee tggacgacca ctaccgggac 6180
gtgctcaayg agalyaaggce geaggcgtce acagttaagyg ctaaactict atcecgtggag 6240
gazgectgta agetgacgee cocacatteg gccagatcta aatitggeta tggggeaaag 6300
gacgtccgga acctatccag csaggcegtt aaccacatce gotccgtgtg gaaggacttg 6360
ctggaagaca ctgagacacce azttgzcacc accatcatgg caaaaaatga ggttttetge 6420
gtcecaaccag agaagogggg cocgeaageca getegectta tegtattoce agatttgogg 6480
gttegtgtgt gegagaaaat ggecctttac gatgtggtct ceacectcec tcaggecgtg 6540
atgggctctt catacggatt ccaatactct cctggacage gggtcgagtt cctggtgaat 6600
gcectggaaay cgaagaaatg cectatggge ttegecatatyg acaccegetg ttttgactca 6660
acggtcactg agaatgacat ccgtgttgeg gagtcaatct accaatgttg tgacttggee 6720
ccecgaageca gacaggecat aaggtcgete acagagegge tttacategg gggcccectyg 6780
actaattcta aagggcagaa ctgcgyctat cgceggtgee gegegagegy tgtactgacg 6840
accagetgeg gtaataccet cacatgttac Lblgaaggecg ctgeggectg togagetgog 6900
aagctcgagg actgcacgat getegtatge ggagacgace ttgtcogttat ctgtgaaage 6960
gcggggacee aagaggacga ggegagecta cgggccltca cggaggeotat gactagatac 7020
‘tetgeecccec ctggggacec geccaaacca gaatacgact tggagttgat aacateatge 7080
tectecaatyg tgtcagtege gecacgatgca tctggcaaaa gggtgtacta tctcaccegt 7140
gaccccacca ccccceettge gegggetgeg tgggagacag ctagacacac tccagtcaat 7200
tcectggctag geaacatcat catgtatgeg cccacctigt gggcaaggat gatcctgatyg 7260
actcatttet tcteecatcet tetagetcag gaacaacttyg aaaaagecct agattgtcag 7320
atctacgggg cctgttactc cattgagcca cttgacctac ctcagatcat tcaacgactc 7380
catggectta gegoatttte actccatagt tactctecag gtgagatcaa tagggtgget 7440
tecatgectea ggaaacttgg ggtaccgece ttgegagtct ggagacatcg ggccagaagt 7500
gtecgegeta ggetactgte ccaggggggy agogotgeca cttgtggcaa gtacctcttc 7560
aactgggcag taaggaccaa gctcaaactc actccaatce cggetgegte ccagttggat 7620
ttatccaget ggttegttge tggttacagc gggygagaca tatatcacag cctgtctegt 7680
gecegacece getggtteat gtggtgecta ctectacttt ctgtaggggt aggcatctat 7740
ctactcceca accgatgaac ggggacctaa acactecagg ccaataggec atcctgtttt 7800
tttecctttt tttttttett tttttttttt ttttbttttt ttttbttitt ttctectttt 7860
tttttectet ttttttcett ticttteott tggtggetcc alcttagecc tagtcacgge 73920
tagctgtgaa aggtccgtga gocgettgac tgcagagagt getgatactg gectetctge 7980
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gceoageeeoce gattggggge gacactccac catagatcac tecoccetgtga ggaactactg 60
tcttcacgca gasagcgtct agecatggeg ttagtatgayg tgtegtgecag cctccaggac 120
ccececcteee gggagageca tagtggtetg cggaaccggt gagtacaccg gazttgecag 180
gacgaccyggg tectitctig gatcaacceg cteaatgect ggagatttgy gegtgoccce 240
gegagactge tagocgagta gtgttgggte gegazaggece ttgtggtact gectgatagg 300
gtgcttgega gtgccoegyg aggtctcegta gaccgtgcac catgagcacg aatcctaaac 360
ctcaaagaaa aaccaaaggg cgcgecatga ttgaacaaga tggattgeac geaggttcte 420
cggccgettg ggtggagagy ctattcgget atyactggge acazcagaca ateggctget 480
ctgatgcege cgtgttecgg ctogtcagege aggggegece ggttettitt gtecaagaccg 540
acctgtecgg tgccctgaat gaactgcagg acgaggcage geggctatcee tggetggeeca 600
cgacgggegt tecttgegea gotgtgeteg acgttgtcac tgaageggga agggactgge 660
tgctattggy cgaagtgccg gggcaggatce tectgteoatc tcacctiget cctgecgaga 720
aagtatccat catggctgat gcaatgegge ggctgcatac gcttgatceg getacctgee 780
cattcgacca ccaagcgaaa catcgcatcg agcgagcacyg tactcggatg gaagccggtc 840
ttgtcgatca ggatgatctg gacgaagage atcagggget cgegecagee gaactgtteg 900
ccaggctcaa ggcgcgeatg ccegacggey aggatetegt cgtgacceat ggegatgeet 960
gcttgecgaa tatcatggtg gasaatggec gettttctgg attcategac tgtggecgge 1020
tgggtgtoge ggaccgctat caggacatag cgttggctac cegtgatatt getgaagage 1080
ttggeggega atgggctgac cgecttecteg tgctttacgg tatcgecget ccegattege 1140
agcgcatege cttetatege cttottgacg agttettetyg agtttaaaca goccacaacg 1200
gtttcectet agegggatca attcecgecee tetcectece cecccectaa cogttactgge 1260
cgaagccget tggaataagy ceggtgtgeg tttgtctata tgttatttte caccatattg 1320
ccgtetttty geaatgtgag ggcccggaaa cctggeectg tettettgae gageattect 1380
aggggtcottt ccectectcge caaaggaatg caaggtctgt tgaatgtcegt gaaggaagea 1440
gttectetgg aagettcetitg aagacaaaca acgtctgtag cgaccctttg caggeagegg 1500
aaccecccac ctggegacag gtgectotge ggccaaaage cacgtgtata agatacacct 1560
gcaaaggcgg cacaacccca glgccacytt gtgagtigga tagitglgga aagagtcaaa 1620
tggctetect caagegtatt caacaagggg ctgaaggatg cccagaaggt accccattgt 1680
atgggalictg atctggggce tcggtgcaca tgctttacat gtyttitagtc gaggttaaaa 1740
aacgtctagg cccccegaac cacggggacyg tggttttect ttgaaaaaca cgataatacc 1800
atygcgcecta ttacggecta ctcccaacag acgcgaggee tacttggetg catcatcact 1860
agcctcacag gecgggacag gaaccaggte gagggggagy tecaagtggt ctecaccgea 1920
acacaatctt tcctggcgac ctgcgtcaat ggcgtgtgtt ggactgtcta tcatggtgec 1980
ggctcaaaga cccttgecgg cccaaaggyc ccaatcacce aaatgtacac caatgtggac 2040
caggacctcg tcggetggea agegecccee ggagegcegtt cettgacace atgeacctge 2100
ggcagetegg acctttactt ggtcacgagg catgecgatyg tcattceggt gegeeggegg 2160
ggcgacagea gggggagect actctcccer aggecegtct cetacttcaa gggetctteg 2220
ggcggtecac tgetetgece cteggggeac gotgtgggea tetrtegege tgeegtgtge 2280
acccgagyggg ttgcgaaggc ggtggacttt gtacccgteg agtctatgga aaccactatg 2340
cggbcceegg tettcacgga caacltegteo cetecggoeg taccgcagac attcecaggtg 2400
gcccatctac acgecccctac tggtagegygc aagageacta aggtgecgge tgcgtatgea 2460
geccaagyygt ataagghget tgtectgaac ccgtcegltcyg cegecaccel aggtittecgge 2520
gcegtatatgt ctaaggeaca tggtatcgac cctaacatca gaaccggggt aaggaccatc 2580
accacgggty cceccatcac gtactccacc tatggeaagt ttcttgecga cggtggttge 2640
tctgggggeg cctatgacat cataatatgt gatgagtgec actcaactga ctcgaccact 2700
atcctgggea tcoggeacagt cotggaccad geggagacgyg ctggagegeg actegtegtg 2760
ctegecaccy ctacgectec gggatcggte accgtgccac atccaaacat cgaggaggtg 2820
gctctgteca gecactggaga aatccecttt tatggcaaag ccatccccat cgagaccatc 2880
aaggggggga ggcaccteat tttetgecat tecaagaaga aatgtgatga getegeegeg 2940
aagctgteocg gecteggact caatgetgta gecatattace ggggecttga tgtatccgte 3000
ataccaacta geggagacgt cattgtcgta gcaacggacg ctctaatgac gggetttace 3060
ggcgatttcg actcagtgat cgactgcaat acatgtgteca cccagacagt cgacttcage 3120
ctggacccga ccttcaccat tgagacgacyg accygtgecac aagacgegygt gtcacgeteg 3180
cageggegay geaggactgy taggggeagy atgggeattt acaggtttgt gactecagga 3240
gaacgyccct cgggeatgtt cgattccteg gttctgtgeg agtgetatga cgegggetgt 3300
gcttggtacy agetcacgee cgeecgagace tcagttaggt tgcgggetta cctaaacaca 3360
ccagggtige ccgtcetgoca ggaccatcty gagtictggy agagcglctt tacaggecte 3420
acccacatag acgcccattt cttgtecccag actaagcagg caggagacaa ctteccctac 3480
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ctggtagcat accaggctac ggtgtgegce agggctcagg ctecacctee atcgtgggac 3540
caaatgtgga agtgtcteat acggctaaag cctacgetge acgggecaac geccctgetg 3600
tataggeigyg gageccegttca aaacgaggtt actaccacac accccataac caaatacatc 3660
atggcatgca tgtcggctga cctggagghc gtcacgagea cctgggtget ggtaggegga 3720
gtectageayg ctctggecge gtattgectg acaacaggea gegtggteat tgtgggeagg 3780
ateatcttgt cecggaaagec ggccatcatt ccegacaggg aagtecttta cegggagttc 3840
gatgagatgg aagagtgcge ctcacacctc ccttacateg zacagggaat gecagetcgee 3500
gaacaattca aacagaaggc aatcgggitg ctgcaaacag ccaccaagca ageggagget 3960
gctgctececcg tggtggaatc caagtggegg accctcgaag ccttctggge gaageatatg 4020
tggaatttca tcagegggat acaatattta gcaggettgt ccacictgec tggeaacece 4080
gcgatageat cactgatgge attcacagce tctatcacca goccgctcac cacccaacat 4140
accctectgt ttaacatcct ggggggatgg gtggeccgece aacttgetec tcccageget 4200
gettetgett tegtaggege cggeatceget ggageggetg ttggeageat aggccttggg 4260
aaggtgettyg tggatatttt ggcaggttat ggagcagegg tggcaggege getegtggee 4320
tttaaggtca tgageggega gatgecctec accgaggace tggttaacct acteecctget 4380
atcectetecee ctggegeeet agtegtcggg gtegtgtgeg cagegatact gegteggeac 4440
gtgggeccag gggagggggc tgtgcagtag atgaaccgge tgatagegtt cgettegegg 4500
ggtaaccacg tctccccecac gcactatglg ccbgagageg acgetgeage acgtgtcact 4560
cagatcctet ctagtcttac catcactcag ctgctgaaga ggcttcacca gtggatcaac 4620
gaggactgct ccacgecaty clecggebecg tygctaasgag atgttiggga ttggatatge 4680
acggtgttga ctgatttcaa gacctggetce cagtccaage tecectgecgeg attgecggga 4740
gtecocttct tetcatgtca acgtgggtac aagggagtcot ggcagggoga cggcatcatg 4800
caaaccacct gececatgtgg agcacagate accggacatg tgaaaaacyg ttccatgagg 4860
atcgtggggce ctaggacclg Laglaacacg tggcatggaa cattccecat taacgegtac 4920
accacgggec cctgeacgcc ctceccggeg ccasattatt ctagggeget gtggegggatg 4980
gcetgetgagg agtacgtgga ggttacgcyg glggygguatt tccactacgt gacgggeatg 5040
accactgaca acgtaaagt¢ cccgtotcag gtteceggece ccgaattett cacagaagtg 5100
gatgyggtge ggttgcacag gtacgetcca gegtygcaaac ceclectacy ggaggaggte 5160
acattcctgyg tcgggetcaz tcaatacctg gttgggtcac agctcoccatg cgagececgaa 5220
ccggacgtag cagtgctcac ttccatgcte accgaccect ceccacattac ggcggagacg 5280
gctaagegta ggctggecag gggatctece cectecttgg ceagotcate agetagecag 5340
ctgtactctt tcgagceget ccaagecggag gaggatgaga gggaagtate cgttcocggeg 5400
gagatcctygce ggaggtccag gasatteccet cgagecgatge ccatatggge acgcceggat 5460
tacaaccctc cactgttaga gtcctggaag gacccggact acgtccetcce agtggtacac 5520
gggtgtccat tgecgeetge caaggcccet cecgataccac ctecacggag gaagaggacg 5580
gttgtcctgt cagaatctac cgtgtcttet gecttggegyg agetogeocac aaagacctte 5640
ggceagetecg aatcgtcoggo cgtcgacage ggcacggeaa cggectetee tgaccagece 5700
tccgacgacy gegacgeggg atccgacgtt gagtcgtact cctcecatgee ceocecttgag 5760
ggggagecgg gggatceega tetcagegac gggtcettqgt ctaccgtaag cgaggagget 5820
agtgaggacg tcgtctgetyg ctegatgtee tacacatgga ceggegecet gatcacgcca 5860
tgegetgegg aggaaaccaa getgceccatc aatgeoactga goaactottt getcegtcac 5940
caceacttgg tctatgetac aacatctege agecgcaagee tgeggeagaa gaaggtcacc 6000
tttgacagac tgcaggtcet ggacgaccac taccgggacg tgctcaagga gatgaaggeg 6060
aaggegtcca cagttaagge taaacttcta tcegtggagg aagectgtaa getgacgecc 6120
ccacattcgg ccagatctaa atttggctat ggggcaaagg acgtccggaa cctatccage 6180
aaggceegtta accacatecg ctecgtgtyyg aaggacttge tggaagacac tgagacacca 6240
attgacacca ccatcatggc azazaatgag gtttictgeg tccaaccaga gaagggggge 6300
cgcaagecag ctegecttat cgtattceca gatttggggyg ttegtgtgtg cgagaaaaty 6360
gccctttacg atgtggtcte caccctecct caggocgtga tgggetette atacggattc 6420
caatactcte ctggacageg cgtcgagtte ctggtgaatyg cctggaaage gaagaaatge 6480
cctatgggct tcgcetatga cacccgetgt tttgactcaa cggtcactga gaatgacatc 6540
cgtgttgagg agtcaatcta ccaatgtigt gactitggcece cegaagecag acaggocata 6600
aggtcegetca cagagecggct ttacatcggg ggccccctga ctaattctaa agggcagaac 6660
tgeoggetate geeggtgecg cgegageggt gtactgacga ccagetgegg taatacecte 6720
acatgttact tgaaggccge tgcggectgt cgagetgeoga agetccagga ctgcacgatg 6780
ctegtatgeqg gagacgacct tgtcgttatc tgtgaaageg cggggaccca agaggacgag 6840
gcgagectac gggecttcac ggaggctatg actagatact ctgccccccc tggggacccg 6900
cccaaaccag zatacgactt ggagttgatz acateatget cetecaatgt gtcagtegeg 6960
cacgatgcat ctggcaaaag ggtgtactat ctcaccegtg accccaccac cccecttgeg 7020
cgggetgegt gggagacage tagacacact ccagtcaatt cctggetagg caacatcate 7080
atgtatgcge ccaccttgty ggcaaggatg atcctgatga ctestttett cteeatcctt 7140
ctagctcagy aacaacttga aaaagcccta gattgtcaga tctacgggge ctgttactce 7200
attgagccac ttgacctace tcagatcatt caacgactcc atggecttag cgeattttca 7260
cltecatagtt actclecagy tgagatcaat agggtggett catgectcag gaaacltiggg 7320
gtaccgeoct tgegagtety gagacategg gocagaagtg tcegegetag getactgtcee 7380
cagggyggga gggctgccac ttgtggcaag tacctettca actgggcagt aaggaccaag 7440
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ctcaaactca ctccaatcec ggetgegtce cagttggatt tatccagetg gttegttget 7500
ggttacageg ggggagacat atatecacage ctgtetegtg ccegaceceg ctggttcatyg 7560
tggtgcctac tectactttce tgtaggggta ggcatctatc tactccccaa ccgatgaacg 7620
gggacctaaa cactccagge caataggcea tectgttitt ttcecttttt tttittettt 7680
ttbtbbittt tttttttttt ttbttttttt tetectiutt ttttectett tblhttoctbt 7740
tctttecttt ggtggeteca tcttagecet agteacgget agetgtgaaa ggtcegtgag 7800
cegecttgact gcagagagtg ctgatactgg cctctetgea gatcaagt 7848
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gecageeece gattggggge gacactccac catagatcac tcecectgtga ggaactactqg 60
tcttcacgea gaaagegtct ageccatggeg ttagtatgag tgtegtgcag cctecaggac 120
cceccectece gggagageca tagtggtcetg cogaaceggt gagtacaccy gaattgecag 180
gacgaccggg tcetttetty gatcaacccg cteaatgeet ggagattigy gegtgeccee 249
gegagactge tageegagta gtgttgggte gegaaaggee ttgtggtact gectgatagg 300
gtgcttgega gtgccecggy aggtctegta gaccgtgcac catgagecacy aatcctaaac 360
ctcaaagaaa aaccaaaggg cgcgccatga ttgaacaaga tggattgeac geaggttete 420
cggcegettg ggtggagagy ctattcgget atgactggge acaacagaca ateggetget 480
ctgatgcege cgtgttecegyg ctgtcagege aggggcgece ggttetttit gtcaagaccg 540
acctgtecqg tgecctgaat gaactgcagg acgaggeagc goggetateg tggotggeca 600
cgacgggegt tecttgegea getgtgetcg acgttgtcac tgaageggga agggactgge 660
tgctattggg cgaagtgecg gggcaggatc toctgtcate tcaccttget cctgcegaga 720
aagtatccat catggctgat gcaatgegge ggetgcatac gettgatccg getacctgee 780
cattcgacca ccaagcgaaa catcgcalcg agcgagcacyg tactcggatg gaagocggtc B840
ttgtegateca ggatgatetyg gacgaagage atcagggget cgcgecagee gaactgtteg 900
ccaggctcaa ggcgegeatg cccgacggey aggatctegt cgtgacccat ggecgatgect 960
gettgecgaa tatcatggtyg gaaaatggec gettttctgg actteategac tgtggecgge 1020
tgggtgltygge ggaccgctat caggacatag cgttggetac ccgtgatatt getgaagage 1080
ttggcggega atgggctgac cgcticcteg tgetitacyg tatcgecget cecgattcge 1140
agcgcatcge cttctatcge cttcttgacg agttcttctg agtttaaaca gaccacaacg 1200
gtttcectet agcgggatea atteccgocee tctcectcce cecceocctaa cgttactgge 1260
cgaagcoget tggaataagg ccggtgtgeg tttgtctata tgttatttte caccatattg 1320
ccgtctttty geaatgtgag gycccggaaa cctggeectg tcottcettgac gageattceet 138¢
aggggtcttt ccectctege caaaggaatg caaggtctgt tgaatgtcgt geaggaageca 1440
gttecteotgy aagettottg aagacaaaca acgtctgtag cgaccetttg caggcagegg 1500
aaccccccac ctggegacayg gtgcctctyge ggccaaaage cacgtgtata agatacacct 1560
gcaaaggogy cacaacccea gtgccacgtt gtgagttgga tagtigtgga aagagtcaaa 1620
tggctctcect caagegtatt ceacaagggg ctgaaggatg cccagaaggt accccattgt 1680
atgggatctyg atctggggec tcggtgoaca tgetttacat gtghttagtce gaggttaaaa 1740
aacgtctagyg cccecocgaac cacggggacg tggttttect ttgazaaaca cgataatace 1800
atggegecta ttacggecta cteccaacay acgcgaggec tacttggetg catcatcact 1860
agocteacag geccgggacag gaaccaggtc gagggggagg tccaagtget ctecacegea 1920
acacaatctt tcctggegac ctgcgtcaat ggegtgtgtt ggactgtcta tcatggtgec 1980
ggctcaaaga cccttgeegy ccecaaaggge ccaatcacce aaatgtacec caatgtggac 2040
caggaccteg tcggotggcg agegecccee ggggegegtt ccttgacacc atgcacctge 2100
ggcagetegy acetttactt ggtecacgagy catgocgatg teattecgght gegecggegg 2160
ggcgacegca gggggagcect actcteccee aggecegtet cotacttgaa gggetctteg 2220
ggcggtcecac tgctectgece cteggggcac getgtgggea tettteggge tgccgtgtge 2280
acccgagggg ttgcgaagge ggtggacttt gtacccgteg agtctatgga aaccactatg 2340
cggteccegg tettracgga caactegtee ceteeggecy tacegeagac attccaggtg 2400
geceatetac acgeccctac tggtagegge aagageacta aggtgcocgge tgcgtatgea 2460
gcccaagygt ataaggtget tgtcctgaac ecgtcegteg ccgecaceet aggttteggy 2520
gcgtatatgt ctaaggcaca tggtatcgac cctaacatca gaaccggegt aaggaccatc 2580
accacgggtg cccccatcac gtactccace tatggeaagt ttettgecga cggtggttge 2640
tctggogggeg cectatgacat cataatatgt gatgagtgcc actcaactga ctegaccact 2700
atcctgggea tcggeacagt cetggaccaa geggagacgg ctggagegeg actegtegtg 2760
ctegecaceg ctacgectee gggatcggte acegtgecac atccaaacat cgaggaggtg 2820
gctctgtceca gocactyggaga aatccccttt tatggcaaag ccatcceccat cgagaccatc 2880
aaggggggga ggcacctcat tttetgceat tccaagaaga satgtgatga getegecgeg 2940
aagctgtcceg goctcggact caatgctgta geatattacc ggggectiga tgtatcegte 3000
ataccaacta gcggagacgt cattgtcgta gecaacggacg cteotaatgac gggetttace 3060
ggcgatttcg actcagtgat cgactgcaat acatgtgtca cccagacagt cgacttcage 3120
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ctggaccega ccticaccat tgagacgacg accgtgccac aagacgoggt gtcacgeteg 3180
cageggegag geaggactgg taggggeagg atgggeattt acaggtttgt gactccagga 3240
gaacggcect cgggcatgtt cgattectey gttetgigeg agtgetatga cgegggetgt 3300
gcttggtacg agetcacgec cgcocgagace tcagttaggt tgegggetta cctaaacaca 3360
ccagggtige cegtetgeca ggaccatcty gagtictggy agagegtett tacaggectc 3420
acccacatag acgcccattt cttgtcccag actaagcagg caggagacaa ctteccctac 3480
ctggtagcat accaggctac ggtgtgegee agggetcagy ctecacctee atcgtgggac 3540
caaatgtgga agtgtctcat acggctaazg cctacgctge acgggecaac goecctgetg 3600
tataggctgyg gagcegttca aaacgaggtt actaccacac accccataac caasatacatc 3660
atggcatgea tgtcggetga cctggaggte gteacgagea cctgggtget ggtaggegga 3720
gtectagcag ctetggeege gtattgectg acaacaggea gegtggtcat tgtgggeagg 3780
atcatcttgt céggaaagee ggecatcatt cecgacaggg aagtecttta ccgggagttc 3840
gatgagatgg aagagtgege ctcacacctce ccttacateg aacagggaat gcagctegec 3900
gaacaattca aacagaaggc aatcgggttg ctgcaaacag ccaccaagca ageggagget 3960
gctgeteeoeyg tggtggaate caagtggegg accctegaag cettetggge gaageatatg 4020
tggaatttca tcagcgggat acaatattta gcaggcttgt ccactctgoe tggcaaccce 4080
gcgatagecat cactgatgge attcacagecc tectatcacca gececgctcac cacccaacat 4140
accctectgt ttaacatcct ggygggalgg glggecgecc aacttgotce tcccagoget 4200
gettetgett tegtaggege cggcatceget ggageggetg ttggcageat aggecttggg 4260
aaggtgcllig tgyatatttt ggcagglttat ggagcagggyg tugeaggege getegtggee 4320
tttaaggtca tgageggega gatgecctce accgaggace tggttaacet actccetget 4380
atcctctecce ctggegecct agtegtcggg gtegtglygcg cagegatact gogtocggeac 4440
gtgggcccay gggaggggge tgtgeagtgg atgaaccgge tgatagegtt cgettegegg 4500
ggtaaccacyg tctcccccac gractatglty cectgagagey acyctgcage acgtgtcact 4560
cagatcctet ctagtcttac catcactcag ctgctgaaga ggettcacca gtggatcaac 4620
gaggactgcl ccacgccatg ctecggcteg tggetaagag atgtttggga ttggatatge 4680
acggtgttga ctgatttcaa gacctggetc cagteccaage toctgecgeg attgecggga 4740
gtececttet tctcatgtca acgtgggtac aagggagtct ggcggggega cggcatcatg 4800
caaaccacct gcccatgtgy agcacagatc accggacatg tgasaaacgg ttccatgagg 4860
atcgtgggge ctaggacctyg tagtaacacg tggeatggaa caticccecat taacgcgtac 4920
accacgggee cectgecacgee ctccceggeg ccaaattatt ctagggeget gtggegggtg 4980
gctgectgagg agtacgtgga ggttacgegg gtgggggatt tccactacgt gacgggeatg 5040
accactgaca acgtazagtyg cccgtgtcag gttceggece cecgaattett cacagaagtg 5100
gatggagtge ggttgcacag gtacgectceca gegtgcaaac ccctectacg ggaggacgtc 5160
acattecctgy teogggetcaa tecaatacctg gttgggteac agetcccatg cgageccgaa 5220
ceggacgtag cagtgetcac ttecatgetc accgaccoct cccacattac ggeggagacy 5280
gctaagegta ggetggecag gggatctecc cectecttgg ccagetcate agetatcceag 5340
ctgtetgege cttecttgaa ggcaacatge actaccegte atgactccec ¢gacgetgac 5400
ctoategagg ccaacctect gtggoggeag gagatyggeg ggaacatcac ccocgegtggag 5460
tcagaaaata aggtagtaat tttggactct ttecgagecge tccaagegga ggaggatgag 5520
agggaagtal ccgttccgge ggagatccty cggaggtcca ggaaattcec tecgagegatg 5580
cccatatggg cacgeccgga ttacaaccct ccactgttag agtectggaa ggacceggac 5640
tacgtcecte cagtggtaca cgggtatcca ttgccgectg ccaaggccce tecgatacca 5700
cctceacgga ggaagaggac ggttgtectg tcagaatcta ccegtgtette tgecttggeg 5760
gagctcgeca caaagacctt cggeagetce gaatcgtegg cegtcgacag cggceacggea 5820
acggectete ctgaccagec ctecgacgac ggegacgegg gatccgacgt tgagtcegtac 5880
tcctecatge cecceccttga gggggageey ggggatcecy atctcagega cgggtettgg 5840
tctacegtaa gegaggagge tagtgaggac gtegtetget getcgatgte ctacacatgg 6000
acaggcgcce tgatcacgec atgcgetgeg gaggaaacca agctgeccat caatgcactg 6060
agcaactctt tgctcegtca ccacaactig gtctatgcta caacatctey cagcgeaage 6120
ctgcggcaga agaaggtcac ctttgacaga ctgcaggtce tggacgacca ctaccgggac 6180
gtgctcaagy agatgaaggc gaaggegtce acagttaagy ctaaacttet atcegtggag 6240
gaagcctgta agctgacdcc cccacattcg gocagatcta aatttggeta tggggcaaag 6300
gacgtcegga acctatccag caaggeegtt aaccacatce geotcegtgtg gaaggacttq 6360
ctggaagaca ctgagacacc aattgacacc accatcatygg caanaaatga ggttttctge 6420
gtccaaccag agaaggggyyg ccgcaageca getcgectta tcgbtattece agatttggeg 6480
gttcgtgtgt gegagaaaat ggecoctttac gatgtggtet ccacccteec tcaggeegty 6540
atgggetctt catacggatt ccaatactct cctggacage gggtcgagtt cctggtgazt 6600
gectggaaag cgaagaaatyg ccctatggge ttcgeatatg acacccgety ttttgactca 6660
acggtcactg agaatgacat ccgtgttgag gagtcaatct accaatgttg tgacttggec 6720
cccgaageca gacaggecat aaggtcegetc acagagegge tttacatege gggccccctg 6780
actaattcta zagggcagaa ctgcggctat cgccggitgec gegcgagceygy totactgacy 6840
accagetgeg gtaataccct cacatgttac ttgaaggecyg ctgcggecty tegagetgeg 6900
aagcteccagg actgcacgat getcgtatge ggagacgace ttgtegttat ctgtgasage 6960
gcggggacce aagaggacga ggcgagocta cgggeettca cggaggetat gactagatac 7020
tctgecececce ctggggacee geccaaacca gaatacgact tggagttgat aacatcatge 7080
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tcectocaatg tgtcagtege gcacgatgeca tctggcaaaa gggtgtacta tcetcacccgt 7140
gaccccacca ccccecttge gegggetgeg tgggagacag ctacacacac tccagtcaat 7200
tcctggetag gecaacatcat catgtatgeg cccaccttgt g9gcaaggat gatcctgatg 7260
actcatttet tctccatecct tctagetcag gaacaacttg aaazagecct agattgtcag 7320
atctacgggg cctgttactc cattgageca cttgacctac ctcagatcat tcaacgactc 7380
catggcetta gegeattttc actccatagt tactctccag gtgagatcaa tagggtgget 744C
tcatgcctca ggaaacttgg ggtacegece ttgecgagtet ggagacatcg ggecagaagt 7500
gtecgegeta ggetactgtce ccaggggggg agggctgcca cttgtggeaa gtacctette 7560
aactgggcag taaggaccaa gctcaaactc actccaatcc cggetgegte ccagttggat 7620
ttatccaget ggttcgttge tggttacage gggggagaca tatatcacag cctgtctegt 7680
gcecgaccee getggtteat gtggtgecta ctectacttt ctgtaggggt aggcatctat 7740
ctactcecca accgatgaac ggggagotaa acactccagg ccaataggce atcctgttts 7800
ttteecetttt tttttttett tttbttbttt ttttittettt ttttttteott ctectttttt 7860
tttectettt ttttocctitt ctttectttg gtgecteocat cttageccta gtcacggeta 7920
gctgtgaaag gtecegtgage cgcttgacty cagagagtge tgatactgge ctectetgeag 7980
atcaagt 7987

<210> 9

<211> 7989

<212> DNA

<213> Hepatitis C virus

<400> 9

gecragccece gattyggggge gacactccac catagatcac tecectgtga ggaactacty 60
tcttcacgea gaaagegtet agecatggeg ttagtatgag tgtcatgeag cetccaggac 120
cececcetece gggagageca tagtggtctg cggaaccggt gagtacaccg gaattgccag 180
gacgaccggg tectttcttyg gatcaacceyg ctcaatgect geoagatttgg gegtgeccce 240
gcgagactge tagccgagta gtgttgggtc gcgaaaggecc ttgtggtact gectgatagg 300
gtgcttgega gtgcceeggy aggtetegta gacegtgeac catgageacqg aatcctaaac 360
ctcasagaaa aaccaaaggg cgcgccatga ttoaacaaga togattgcac geaggttcte 420
cyggcegetty ggtggagagy ctattogget atgactggge acaacagaca atcggetget 480
ctgatgcege cgtgtteegg ctotcagege aggggegece ggttottttt gtcaagaccy 540
acctgtcegg tgecctgaat gaactgeagg acgaggcage geggctateg tggctggeca 600
cgacgggegt tocttgcgea getgtgetcg acgttgtcac tgaageggga agggactgge 660
tgctattggg cgaagtgecyg gggeaggatce tectgtcatc tcaccttget cotgecgaga 720
aagtatccat catggctgat gcaatgegge ggctgcatac gettgatcceg getacctgee 780
cattcgacca ccaagcgaaa caltcgcatcyg aycyagecacy tactceggatg gaagccgghc 840
ttgtcgateca ggatgatety gacgaagage atcagggget cgegocagec gaactgtteg 900
ccagyctcaa ggcgegcalyg cccgacggeyg aggatctegt cglgaccecat ggegatgecl 960
gecttgeccgaa tatcatggty gaaaatggcoe gettttctgg attcatcgac tgtggecgge 1020
tyggtglygge ggaccgctat caggacatag cgttggctac cogtgatati gotgaagage 108D
ttggeggega atgggetgac cgettcecteg tgetttacgg tatcegecget cecegaticege 1140
agegeatege cttetatcge cttcettgacg agttcttctyg agtttaaaca gaccacaacg 1200
gtttcectcet agegggatca attccgecce tetcectece cecccectaa cgttactgge 1260
cgaagccget tggaataagg ccggtgtgeg tttgtctata tgttattttc caccatattg 1320
cegtettttg gcaatgtgag ggcccggaaa cetggecctg tettettgac gageattcect 1380
aggggtcttt cccetetege caaaggaatyg caaggtctgt tgaatgtcgt gaaggaagea 1440
gttectetgg aagettctty aagacaaaca acgtctgtag cgaccctttg caggcagegg 1500
aaccccecac ctggegacag gtgoctctge ggecaamage cacgtgtata agatacacct 1560
gcaaaggcegg caczacceca gtgecacgtt gtgagttgga tagttgtgga aagagtcaaa 1620
tggetctect caagegtatt ceacaagggg ctgaaggatyg cccagaaggt accccattgt 1680
atgggatctg atctggggee tcggtgeaca tgctttacat gtgtttagitc gaggttaaaa 1740
aacgtctagg ccccecgaac cacggggacg tggttttecet ttgaaaaaca cgataatacc 1800
atggcgecta ttacggecta ctececcaacag acgegaggec tacttggetg catcatcact 1860
agcctcacag gccgggacag gaaccaggtc gagggggagy tccaagtggt ctecaccgea 1920
acacaatctt tectggegac ctgegtcaat ggegtgtgtt ggactgtceta tcatggtgec 1980
ggctcaaaga cccttgecgg cccasaggge ccaatcacce aaatgtacac caatgtggac 2040
caggacctceg teggetggea agegccccece ggggegegtt ccttgacacce atgcacctge 2100
ggcagctcgg acctitactt ggtcacgagyg catgecgaty tcattcocggt gegeeggegg 2160
ggcgacagca gggggagect actctccecce aggeccgtet cctacttgaa gggetcttcg 2220
ggcggtecac tgctctgece cteggggeac getgtyggea tettteggge tgcegtgtge 2280
accecgaggqyg ttgecgaagge ggtggacttt gtacccgtcg agtctatgga aaccactatyg 2340
cggteccegyg tettcacgga caactcegtee coteeggecg taccgeagac attccaggty 2400
geccatctac acgccectac tggtagegge aagagcacta aggtgecgge tgegtatgea 2460
gcecaagggt ataaggtgel tgtcctgaac cegtcegteg cogccaccct aggttteggg 2520
gcgtatatgt ctaaggcaca tggtatcgac cctaacatca gaaccggggt aaggaccate 2580
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accacgggtyg cccccatcac gtactccace tatggcaagt ttcttgccga cggtggttge 2640
tctgggggeg cctatgacat cataatatgt gatgagtgec actcaactga ctcegaccact 2700
atectgggeca teggcacagt cctggaccaa gecggagacgg ctggagcgeg actcegtegtyg 2760
ctegeocaceg ctacgectee gggateggte acegtgecac atccaaacat cgaggaggty 2820
gctetgtceca gecactggaga aatccccttt tatggcaaag ccatccccat cgagaccatc 2880
aaggyggggga ggcacctcat tttctgeoeat tceaagaaga aatgtgatga getegecgey 2940
aagctgteeyg gecteggact caatgotgta gecatattacc ggggecttga tgtatecgte 3000
ataccaacta gcggagacgt cattgtcgta gcaacggacg ctctaatgac gggetttacc 3060
ggcgatttcg actcagtgat cgactgcaat acatgtgtca cccagacagt cgacttcage 312C
ctggaccega ccttcaccat tgagacgacg accgtgccac aagacgeggt gtcacgeteg 3180
cagcggcgag geaggactgy taggagcagg atgggeattt acaggttigt gactccagga 3240
gaacggecet cgggeatgtt cgattecteg gttctgtgeg agtgctatga cgegggetgt 3300
gettggtacyg agetcacgee cgcegagace tcagttaggt tgcgggetta cctaaacaca 3360
ccagggttge ccgtctgeca ggaccatetyg gagttctggg agagegtett tacaggecte 3420
acccacatag acgcccattt cttgtcccag actzagcagg caggagacaa cttccectac 3480
ctggtagcat accaggctac ggtgtgcgee agggctcagg cteccacctce atcgtgggac 3540
caaatgtggy agtgtctcat acggctaaag cctacgetge acgggccazc,gecectgetg 3600
tataggctgg gagccgttca zaacgaggtt actaccacac accccataac caaatacatc 3660
atggeatgea tgteggetga cctggaggte gtcacgagea cetgggtgct ggtaggegga 3720
gtecctageag ctetggecge gtattyccig acaacaggea gogtggtcat tgtgggeagg 3780
atcatcttgt ccggaaagec ggccatcatt cccgacaggg aagtcecttta ccgggagtte 3840
gatgagatgy aagagtgcge ctcoacaccic ccttacatcg aacagggaat gcagetcgec 3900
gaacaattca aacagaaggec aategggttyg ctgcaaacag ccaccaagca ageggagget 39€0
gctgotceeg tggtggaatc caagtygycgg accctcgaag ccticlggge gaagcatatg 4020
tggaatttea tcagecgggat acaatattta gcaggettgt ccactctgec tggcaaccce 4080
gcgatagcat caclgatggc attcacagce tctabtcacca gcocccgebcac cacccazcat 4140
accctectgt ttaacatcet ggggggatgy gtggccgecece aacttgctce teccageget 4200
gettetgett tegtaggege cggecatcget ggageggety ttggecageat aggcctigag 4260
aaggtgcttyg tggatatttt ggcaggttat ggagcagggg tggcaggege gctegtggec 4320
tttaaggtca tgagcggega gatgecctec accgaggace tggttaacct actccctget 4380
atcectctece ctggegecct agtegtcggg gtegtgtgeg cagegatact gegtceggeac 4440
gtgcgcccag gggagggyogc tgtgeagtgg atcgaaccgge tgatagegtt cgettcgegg 4500
ggtaaccacg tctcccccac geactatgtg cctgagageg acgcotgrage acgtgtcact 4560
cagatcctet ctggtcttac catcactcag ctgetgaaga ggcettcacca gtggatcaac 4620
gaggactgct ccacgecatyg ctecggeteg tggetaagag atgtttggga ttggatatge 4680
acggtgttga ctgatttcaa gacctggcte cagtccaage tcctgecgeg attgeccggga 4740
gtceccttcet tetcatgtea acgtgggtac aagggagtet ggcggggega cggeatcatg 4800
caaaccacct gcccatgtgy agcacagatce accggacatg tgaaaaacgyg ttccatgagg 4860
ategtgggge ctaggacctg tagtaacacg tggcatggaa cattccccat taacgcgtac 4920
accacgggee cctgecacgee ctccceggeg ccaaattatt ctagggeget gtggegggtg 4980
gctgctgagy agtacgtyga ggttacgegy gtgggggatt tecactacgt gacgggecatg 5040
accactgaca acgtaaagtg cccgtgtcag gtteccggece cegaattett cacagaagtg 5100
gatggggtgc ggttgcacag gtacgctcca gegtgcasac cectectacg ggaggaggte 5160
acattecectgg tegggcteaa tcaatacctg gttgggtcac agectceccatg cgagcecegaa 5220
ccogacgtag cagtgetcac ttccatgete accgacccct cccacattac ggcoggagacyg 5280
gctaagegty ggetggecag gggatctece cectecttgg ccageteate agetagecag 5340
ctgtctgcge cttecttgaa ggeaacatge actacccgtc atgactccoe ggacgetgac 5400
ctcatcgagg ccaacctect gtggeggcag gagatgggeg ggaacatcac cegegtggag 5460
tcagaaaata aggtagtaat tttggactct ttcgagccge tccaagecgga ggaggatgeg 5520
agggaagtat ccgttccgge ggagatcctg cggaggteca ggaaattccc tcegagegatyg 5580
cccatatggg cacgccegga ttacaaccct ccactgttag agtcctggaa ggacccggac 5640
tacgtcccte cagtggtaca cgggtgtcca ttgecgectg ccaaggecce tecgatacca 5700
cctccacgga ggaagaggac ggttgtcctg tcagaatcta ccgtgtette tgecttggeg 5760
gagctcgeca caaagacctt cggeagetee gaategtcegg ccgtegacag cggcacggea 5820
acggcctcete ctgaccagece ctecgacgac ggcgacgcgy gatcecgacgt tgagtegtac 5880
tecteccatge ccccccttga gggggageeg ggggatceeg atctcagega cgggtettgg 5940
tctaccgtaa gcgaggagge tagtgaggac gtegtetget getegatgte ctacacatgg 6000
acaggcgcee tgatcacygce atgegetgeg gaggaaacca agctgcccat caatgeactg 6060
agcaactctt tgctcegteca ccacaacttg gtctatgcta caacatcteg cagegeaage 6120
ctgcggcaga agaaggtcac ctttygacaga ctgcaggtce tggacgacca ctaccgggac 6180
gtgctcaagg agatgaagge gaaggegtcc acagttaagyg ctaaacttet atcegtggag 6240
gaagcetgta agetgacgee cccacatteg gecagatcta aatttggeta tggggcaaag 6300
gacgtccgga acetatccag caaggccgtt aaccacatce gotcegtgtg gaaggactty 6360
ctggaagaca ctgagacacc aattgacacc accatcatgg caaaaaatga ggttitctgc 6420
gtccaaccag agaagggggg ccgcaageca getegeoctta tegtattceee agatttgggg 6480
gttcgtgtgt gcgagaaaat ggccctttac gatgtggtet ccaccctece tcaggecgtyg 6540
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atgggctctt catacggatt ccaatactct cctggacage gggtcgagtt cctggtgaat 6600
gcctggazag cgaagaaatg cectatggge ttegeatatg acaccegetg ttttgactca 6660
acggtcactg agaatgacat ccgtgttgag gagtcaatct accaatgttg tgacttggec 6720
cccgaageca gacaggocat aaggtcgetc acagagegge tttacatcgg gggeccectg 6780
actaattcta aagggcagaa ctgcggetat cgccggtgce gegcgagegg tgtactgacg 6840
accagetgeg gtaataccet cacatgttac ttgaaggecg ctgeggeetg tegagetgeg 6900
aagctccagg actgcacgat gctcgtatge ggagacgacc ttgtcgttat ctgtgaaage 6960
geggggacee aagaggacga ggegagecta cgggecttea cggaggotat gactagatac 7020
tctgeccece ctggggacee geccaaacca gaatacgact tggagttgat aacatcatge 7080
tectecaatyg tgtcagtcge geacgatgea tctggcaaaa gggtgtacta tctcaccegt 7140
gaccccacca cecececttge gegggetgeg tgggagacag ctagacacac tcecagtcaat 7200
tectggetag gecaacatcat catgtatgeg cccaccttgt gggozaggat gatcctgatg 7260
actcatttet tetccatect teotagetcag gaacaacttg aaaaagcect agattgteag 7320
atctacgggg cctgttactc cattgagcca cttgacctac ctcagatcat tcaacgactc 7380
catggecetta gegeatttte actccatagt tactctccag gtgagatcaa tagggtgget 7440
tcatgectea ggaaacttgg ggtaccgece ttgecgagtct ggagacatcg ggecagaagt 7500
gtecgegeta ggctactgte ccaggggggg agggctgoca cttgtggecaa gtacctette 7560
aactgggeag taaggaccaa gotcaaactc actccaatcc cggetgegtc ccagttggat 7620
ttatccaget ggttegttge tggttacage gggggagaca tatatcacag cctgtctegt 7680
gceegaceoe getggttecat gtggtgecta ctectacttt ctgtaggggt aggcatctat 7740
ctactcccca accgatgaac ggggacctaa acactccagy ccaataggee atcctgtttt 7800
tttéectttt ttrttttett ttttttttht tttotttttt tttttttttt ttctcetttt 7860
tttttcetet ttttttcett ttetttectt tggtggetec atcttagecc tagtcacgge 7920
tagetgtgaa aggtccgtga gocgctigac Lgcagagagt getgatacty goectetclge 7980
agatcaagt 7989

<210> 10

<211> 7989

<212> DNA

<213> Hepatitis C virus

<400> 10

gccageccce gattggggge gacactccac catagatcac toccetgtga ggaactacty 60
tcttcacgca gaaagcgtct agccatggeg ttagtatgag tgtcgtgeag cctccaggac 120
ccecectece gggagageca tagtggtctg cggaaccggt gagtacaccg gaattgccag 180
gacgaccggg tectttcttg gatcaacceg cteoaatgect ggagatttgy gegtgeccee 240
gegagactge tagocgagta ghtgttgggtc gogzaaggec trgtggtact gectgatagg 300
gtgcttgoga gtgccceggy aggtctegta gacegtgeac catgageacg aatcctaaac 360
ctcaaagaaa aaccaaaggg cgcgccatga tlgaacaaga Lggalltgcec geaggtictc 420
cggeegetty ggtggagagg ctattcgget atgactggge acaacagaca atcggetge:z 480
ctgatgceyc cgtgltcecgg clgtecagege aggggcgece ggttctttit gtcaagaccyg 540
acctgtcegg tgecctgaat gaactgcagg acgaggceage geggctatey tggetggeca 600
cgacgggegt tecttgegea getgtgecteg acgttgtecac tgaagecggga agggactgge 66C
tgctattggg cgaagtgceeg ¢ggeaggate tectgtcate tcaccttget cetgecgaga 72¢
aagtatccat catggetgat gcaatgegge ggctgcatac gettgatceg getacctgec 780
cattcgacca ccaagcgaaa catcgcatcg agcgageacyg tacteggatg gaageeggte 840
ttgtcgatca ggatgatcty gacgaagagc atcaggggct cgcgeccagee gaactgticg 900
ccaggcetcaa ggegegeatg cccgacggeg aggatctegt cgtgacccat ggegatgeet 960
gcttgccgaa tatcatggtg gaamaatggec gottttctgg attcatcgac tgtggecegge 1020
tgggtgtgge ggaccgctat caggacetag cgttggctac cegtgatatt getgaagage 1080
ttggcggcega atgggetgac cgetteocteg tgctttacgg tatcgecget cecgattcege 1140
agcgeatege cttctatege cttettgacyg agttcttetg agtttaaaca gaccacaacg 1200
gttteccctet agegggatca attccgecce tctecctece ceeccectaa cgttactgge 1260
cgaagceget tggaataagg ccggtgtgeg tttgtctata tgtrtatttte caccatattg 1320
ccgtetttty gcaatgtgag ggcccggaaa cctggoectg tettcttgac gageaticct 1380
aggggtcttt cecectetege caaaggaatg caaggtctgt tgaatgtegt gaaggaagea 1440
gttectetgg aagecttctty aagacaaaca acgtctgtag cgaccectttg caggcagegg 1500
aaccccccac ctggegacag gtgectetge ggecaaaage cacgtgtata agatacacct 1560
gcaaaggcdg Cacaacccca gtgccacgtt gtgagttgga tagttgtgga aagagtcaaa 1620
tggctctect caaccgtatt caacaagggg ctgaaggatg cccagaaggt accccattgt 1680
atgggatctg atctggggce tcggtgeaca tgotttacat gtgtttagtc gaggttaaaa 1740
aacgtctagg ccccecgaac cacggggacyg tggttttcet ttgaaaaaca cgataatace 1800
atggegeeta ttacggecta cteccaacag acgegaggcce tacttggetg catcatcact 1860
agcctcacag goccgggacag gaaccagghbe gagyggggagg tccaagtggt ctccaccgea 1920
acacaatctt tcctggegac ctgegteaat ggegtgtgtt ggactgtcta tcatggtgec 1980
ggctcaaaga cccttgecgy cccaaaggge ccaatcacce aaatgtacac caatgtggac 2040
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caggacctcg tcggetggea agegeccece ggggcgegtt cettgacace atgcacctge 2100
ggcagetegy acetttactt ggtcacgagg catgccgatg tcattccggt gogecggegg 2160
ggcgacagca gggggagect actctecece aggecegtet cotacttgaa gggetetteg 2220
ggeggtecac tgetetgcee cteggggeac gotgtgggea tetttcggge tgecgtgige 2280
acccgagyggg ttgogaagge ggtggacttt gtacccgtcg agtctatgga aaccactatg 2340
cggteccegg tettcacgga caactegtee ccteecggecg taccgeagac attccaggtg 2400
gcccatetac acgoecctac tggtagecgge aagagcacta aggtgecgge tgegtatgca 2460
geccaagggt ataaggtget tgtecctgaac cegtecgteg cogecaccet aggttteggg 2520
gcgtatatgt ctaaggcaca tggtatcgac cctaacatca gaaccggggt aaggaccate 2580
accacgggtg cocccatcac gtactccacc tatggcaagt ttettgcega cggtggttge 2640
tctgggggcy cctatgacat cataatatgt gatgagtgec actcaactga ctcgaccact 2700
atcctgggea tcggeacagt cctggaccaa gcggagacgg ctggagcgcyg actcgtcgtg 2760
ctegecaceq ctacgectcoe gggatcggte accgtgecac atccaaacat cgaggaggtg 2820
gctetgteca geactggaga aatccccttt tatggcaaag ccatccccat cgagaccatc 2880
aaggggggga ggcacctcat titcetgecat tccaagaaga satgtgatga getegeegeg 2940
aagctgtccg gectoggact caatgctgta gcatattacc ggggecttga tgtatccgtc 3000
ataccaacta gcggagacgt cattgtcgta gcaacggacg ctctaatgac gggetttace 3060
ggcgatttcyg actcagtgat cgactgcaat acatgtgtca cccagacagt cgacttcage 3120
ctggaccega ccttcaccat tgagacgacyg accgtgccac aagacgceggt gtcacgeteg 3180
cagcggegayg geaggactgy taggggcagy atgggcattt acaggtttygt gactccagge 3240
gaacggecect cgggcatgtt cgatteccteg gttetgtgeg agtgetatga cgegggetgt 3300
gcttggtacy agctcacgce cgccgagace tcagttaggt tgocgggetta cctaaacaca 3360
ceagggttgc ccgtctgeca ggaccatctg gagttcetggy agagegtett tacaggectc 3420
acccacatag acgeccattt cttgtcccag actaagcagy caggagacas cttcecctac 3480
ctggtagcat accaggetac ggtgtgegee agggetcagg ctccacctee atcgtgggac 3540
caaatgtgga agtgtctcat acggctaaag cctacgctge acgggccaac geccctgetg 3600
tataggctyyg gagccgttca asacgaggtt actaccacac accccataac caaatacatc 3660
atggcatgca tgteggectga cctggagglc gtcacgagea cctgggtget ggtaggegga 3720
gtcectageag ctetggecge gtattgecetg acaacaggca gogtggtcat tgtgggeagg 3780
atcatcttgt ccggaaagcc ggecatcatt cecgacaggy aagtecttta cegggagtte 3840
gatgagatgg aagagtgcgce ctcacacctc ccttacatcyg aacagggaat geagetcegee 3900
gaacaattca aacagaaggc aatcgggtig ctgramacag ccaccaagca agcggagget 3960
gotgeteeeg tggtggaate caagtggcgg acectegaag cettetggge gaagecatatg 4020
tggaatttca tcagcgggat acaatattta gcaggcttgt ccactctgec tggraaccce 4080
gogatageat cactgatgge attcacagee tctatcacca gocogetcac cacccaacat 4140
accctectgt ttaacatcet ggggggatgg gtgoccgece aacttgctcee tecccageget 4200
gottctgeott tegtaggoyge cggeatcget gyageggetg tigygcagoat aggocttggg 4260
aaggtgcttg tggatattit ggcaggttat ggagecagggyg tggcaggege getegtggee 4320
tttaaygtca tgagcggcga gatgeccctee accyaggace tggttaacct aclcecctget 4380
atcctctece ctggegoect agtegteggg gtegtgtgeg cagegatact gegteggecac 4440
gtgggeccay gggaggggge tgtgeagtgy atgaacegge tgatagegtt cgetlegegy 4500
ggtaaccacy tctcccccac geactatgtg cctgagageyg acgctgcage acgtgtcact 4560
cagatcctct ctagtcttac catcactcag ctgctgaaga ggcttcacca gtggatcaac 4620
gaggactgct ccacgccatg cteecggeteg tggetaagag atgtttggga ttggatatge 4680
acggtgttga ctgatttcaa gacctggctc cagtccaage tcctgeegeg attgccggga 4740
gtcececettet teotecatgtea acgtgggtac aagggagtet ggeggggcga cggcatcaty 4800
caaaccacct gcccatgtyg agcacagatc accggacatg tgaamaacgg titccatgagg 48€0
atecgtgggge ctaggacctg tagtaacacyg tggcatggaa cattccccat taacgegtac 4920
accacgggcc cctgcacgee ctecccggeyg ccaaattatt ctagggeacet ¢togcgggty 4980
getgetgagg agtacgtgga ggttacgegg gtgggggatt tccactacgt gacgggeatg 5040
accactgaca acgtaaagtg ccogtgtcag gttccggece cegaattett cacagaagtg 5100
gatggggtge ggttgcacag gtacgctcea gegtgcaaac cectectacy ggaggaggte 5160
acattectgg tecgggctcaa tcaatacctg gttgggtcac agetceccatg cgageccgaa 5220
ccggacgtag caghgctcan ttccatgete accgaccoct cccacattac ggocggagacg 5280
gctaagegta ggctggecag gggatctcece cectecttgt ceagetcate agctagecag 5340
ctgtctgege cttecttgaa ggcaacatge actaccegte atgactcccee ggacgetgac 5400
ctcatcgagg ccaacctect gtggeggeag gagatgggeg ggaacatcac cegegtggag 5460
tcagaaaata aggtagtaat tttggactct ttcgacccge tccaagegga ggaggatgag 5520
agggaagtat ccgttcegge ggagatcctyg cggaggtcca ggaaattcce tegagegatg 5580
cccatatggg cacgcccgga titacaaccet ccactgttag agtcctggaa ggacccggac 5640
tacgtcocte cagiggtaca cgggtgtcca ttgccgectg ccaaggocee tecgatacez 5700
ccteccacgga ggaagaggac ggttgtcetg tcagaatcta cegtgtette tgecttggeg 5760
gagctcgcoca caaagacctt cggeagetce gaatcgtcegg cegtcgacag cggcacggea 5820
acggecteote ctgaccagee ctocgacgac ggegacgegg gatccgacgt tgagtcgtac 5880
tcectecatge ceocccltga gggggageeg ggggatcceg atctcagega cgggtettgg 5940
tctaccgtaa gegaggagge tagtgaggac gtegtcetgct getcgatgte ctacacatgg 6000
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acaggcgeee tgatcacgec atgegetgceg gaggaaacca agetgeccat caatgeactg 6060
agcaactctt tgctccgtca ccacaacttg gtctatgeta caacatctcg cagegeaage 6120
ctgcggecaga agaaggteac ctttgacaga ctgeaggtce tggacgacca ctaccgggac 6180
gtgctcaagg agatgaagge gaaggegtec acagttaagy ctaaacttct atccgtggag 6240
gaagcetgta agcetgacgec cccacatteg gecagatcta aatttggecta tggggcaaag 6300
gacgtcegga acctatccag caaggeegtt aaccacatcc gotcegtgty gaaggacttg 6360
ctggaagaca ctgagacacc aattgacacc accatcatgg caaaaaatga ggttttctge 6420
gteccaaccag agaagggggg ccgeaagceca gcetcgectta tegtattcec agatttgggg 6480
gttegtgtot gecgagaaaat ggccctitac gatgtggtet ccaccctecec tcaggcegtg 6540
atgggctett catacggatt ccaatactct cctggacage gggtcgagtt cctggtgaat 6600
gectggaaayg cgaagaaaty cectatggge ttcgeatatg acaccegetyg ttttgactca 6660
acggtcactg agaatgacat ccgtgttgag gagtcaatct accaatgttg tgacttggec 5720
ceccgaageca gacaggecat aaggtegetc acagagegge tttacatcgg gggcccccetg 6780
actaattcta aagggcagaa ctgcggetat cgccggtygcc gegegagegy tgtactgacg 6840
accagctgeg gtaataccet cacatgttac tigaaggoey ctgeggectyg tegagetgeg 6900
aagctccagg actgcacgat gctegtatge ggagacgace ttgtcgttat ctgtgaaage 6960
gcggggacce aagaggacga ggcgagecta cgggecttca cggaggctat gactagatac 7020
tctgcececce ctggggacce geucaaacca gaatacgact tggagtlgat aacatcaltge 7080
tecetecaatyg tgtcagtege geacgatgca tctggcaaaa gggtgtacta tctcaccegt 7140
gacccecacca ccececttge gogggetgecg tgggagacag ctacacacac teccagtcaat 7200
tcectggetag geaacatcat catgtatgcg cccaccttgt gggcaaggat gatcctgatg 7260
actcatttct tctccatect tctagectcag gaacaacttyg aaaasagccct agattgtcag 7320
atctacgggg cctgttacte cattgagecea cttgacctac cteagatcat tcaacgacte 7380
catggectta gegeatttte actccatagt tactctccag gtgagatcaa tagggtgget 7440
tcatgectca ggaaacttgg ggtaccgece ttgcgagtet ggagacatcg ggecagaagt 7500
gtcegegeta ggctactgte ccaggggagg agggetgeca cttgtggeaa gtacctettc 7560
aactgggecag taaggaccaa gctcaaactc actccaatce cggetgegte ccagttggat 7620
ttatecaget ggttegttge tggttacage gggggagaca tatatcacag cctgtctegt 7680
gecegaccee getggtteat gtggtgecta ctectacttt ctgtaggggt aggecatctat 7740
ctactcecca accgatgaac ggggacctaa acactccagg ccaataggec atcctgtttt 7800
tttecetttt tttttttett tttttttttt tttttttttt tttttttttt ttckteetttt 7860
tttttectet ttttttectt ttettteett tggtggetec atcttagece tagtcacgge 7920
tagctgtgaa aggtccgtge gocgettgac tgragagagt getgatactg goctctetge 7980
agatcaagt 7989

<210> 11

<211> 1341

<212> DNA

<213> Hepatitis C virus

<400> 11

tccggetegt ggctaagaga tgtttgggat tggatatgca cggtgttgac tgatttcaag 60
acctggctee agtccaaget cectgecgega ttaccgggag tccecttett cteatgtcaa 120
cgtgggtaca agggagtctg geggggcgac ggcatcatge aaaccacctg cccatgtgga 180
gcacagatca ccggacatgt geaaaacggt tecatgagga togtggggce taggacctgt 240
agtaacacgt ggcatggaac attccecatt aacgcegtaca ccacgggece ctgecacgecc 300
tcecceggege caaattatte tagggegety tggegggtgg ctgctgagga gtacgtggag 360
gttacgeggg tgggggattt ccactacgtg acgggeatga ccactgacsa cgiaaagtge 420
cegtgtcagyg ttecggecce cgaattette acagaagtgy atgggytgeg gttgeacagg 480
Ltacgctceag cgtgeaaace cclectacgy gaggaggica cattcetggt cgggetcaat 540
caatacctgy ttgggtcaca gctccecatge gageccgaac eggacgtage agtgctcact 600
tcecatgetca ccgaccccte ccacattacg geggagacgg ctaagcegtag getggecagg 660
ggatctcece cotgettgge cagetcatea gctagecage tgtctgegee ttecttgaag 720
gcaacatgca ctaccegteca tgactccccg gacgctgace tcatcgagge caacctectg 780
tggecggcagy agatgggegyg gaacatcacce cgegtggagt cagaaaataa ggtagtaatt 840
ttggactett tegagecget ccaagcggag gaggatgaga gggaagtatce cgttccggeg 900
gagatcctyge ggaggtccag gaaattcect cgagegatge ceatatggge acgcccggat 960
tacaacccte cactettaga gtcctggaag gacceggact acgtccctee egtggtacac 1020
gggtgtcecat tgecgectge caaggoccct ccgataccac ctocacggag gaagaggacy 1080
gttgtecctygt cagaatctac cgtgtettet gecttggogg agetegecac aaagacctte 1140
ggcagcteog aatcgtegge cgtcgacage ygcacggoaa cggeoctcetce tgaccagecoe 1200
tccgacgacy gegacgegyy atccgacgtt gagtegtact cctecatgee ceccettgag 1260
ggggagcegy gggatcccga totcagecgac gggtcttygt ctaccgtaag cgaggagget 1320
agtgaggacyg tcgtetgety ¢ 1341

<210> 12
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<211> 1341
<212> DNA
<213> Hepatitis C virus

<400> 12

tceggotegt ggetaagaga tgtttgggat tggatatgea cggtgttgec tgatttcaag 60
acctggctec agtccaaget cctgecgega ttgeegggag tceecttett cteatgtcaa 120
cgtgggtaca agggagtctg gcggggcgac ggecatcatge azaccacctg cccatgtgga 180
gcacagatca ceggacatgt gaaaaacggt tcecatgagga tegtggggcc taggacctgt 240
agtaacacgt ggcatggaac attccccatt aacgegtaca ccacgggece ctgeacgece 300
tceccggege caaattattc tagggegetg tggeggatgg ctgetgagga gtacgtggag 360
gttacgcggy tgggggattt ccactacqgtyg acgggcatga ccactgacaa cgtaaagtge 420
ccgtgtecagy ttecggecec cgaattette acagaagtgg atggggtgcy gttgcacagg 480
tacgctccag cgtgcaaace cctcctacgg gaggaggtca cattcctggt cgggetcaat 540
caatacctgg ttgggtcaca getcecatge gageccgaac cggacgtage agtgetcact 600
tccatgeteca ccgaccectc ccacattacg gecggagacgg ctaagegtag getggecagg 660
ggatctececce ceccettgge cagetcatca getagecage tgtetgegec ttcettgaag 720
gcaacatgea ctaccegtca tgactcocccg gacgetgacc tcatcgagge caacctectg 780
tgceggeagy agatgggegy gaacatcace cgegtggagt cagazaataa ggtagtaatt 840
ttggactctt tcgagceget ccaageggag gaggatgaga gggasgtatc cgttcecggeg 900
gagatcetge ggaggtccag gaaattccct cgagegatge ccatatggge acgeccggat 960
tacaaccctc cactgttaga gtcctggaag gacccggact acgteccctec agtggtacac 1020
gggtgtccat tgeegeetge caaggccect cegataccac ctecacggag gaagaggacy 1080
gttgtcctgt cagaatctac cgtgtcttct gecttggegg agoctegocac aaagacctte 1140
ggcagcteoeg aatcgibcgge cgtegacage ggcacggeaa cggectctee tgaccageee 1200
tccgacgacy gegacgeggg atcegacgtt gagtegtact cctccatgec cceccttgag 1260
gyggagecgy gggatccega tctcagegac gggtcttggt ctaccgtaag cgaggagget 1320
agtgaggacg tcgtctgetg ¢ 1341

<210> 13

<211> 7887

<212> DNA

<213> Hepatitis C virus

<400> 13

gccageccee gattggggge gacactcoccac catagatcac tecceetgtga ggaactactg 60
tcttcacgea gaaagegtct agccatggeg ttagtatgag tgtcgtgeag cctccaggac 120
cceceectece gggagageca tagtggtetg cggaaccggt gagtacaceg gaattgecag 180
gacgaccggyg tcctttettg gatcaacecy ctecaatgect ggagatttgg gegtgeccee 240
gcgagactge tagecgagta gtgttgggte gogaaaggec ttgtggtact gectgatagg 300
gtgcttgega gtgcceeqggg aggtctegta gacegtgecac catgagcacg astectaaac 360
ctcaaagaaa aaccaaaggg cgcgcecatga ttgaacaaga tggattgeac gcaggttete 420
cggeegetty ggtggagagyg ctattcgget atgactggge acaacagaca atcggetget 480
ctgatgceege cgtgttcegyg ctgtcagege aggggegecce ggttctittt gtcaagacceyg 540
acctgtcegg tgccctgaat gaactgcagg acgaggcage geggctatcy tggctggeca 600
cgacgggcegt tacttgegea geiglgcteg acgttgtcac tgaagcggga agggactgge 660
tygctattyggg cgaagtgeccy goggeaggatc toctgtcate tcaccttget cetgecgaga 720
aagtatccat catggctgat gcaatgcgge ggetgecatac gettgatceg getacctgec 780
cattcgacca ccaagcgaaa catcgcatcg agcgagcacg tactcggatg gaagccggtc 840
ttygtegatca ggatgatctyg gacgaagage atcagggget cgcgeccagec gaactgttcg 900
ccaggctcaa ggegegeaty cccgacggeg aggatctegt cgtgacccat ggegatgect 960
gcttgcegaa tatcatggtg gaaaatggec gottitctgg attcatcgac tgtggecgge 1020
tgggtgtgge ggaccgctat caggacatag cgttggctac ccgtgatatt getgaagage 1080
ttggcggcga atggectgac cgcttecteg tgetttacgg tatcgecget cccgattcge 1140
agcgeatcge cttctatege cttettgacg agttcttctg agtttaaaca gaccacaacg 1200
gtttecctet agegggatca attecgecce tecteccteee ceocccectaa cgttactgge 1260
cgaagceget tggaataagg cegglgtgeg tttgtetata tgttatttte caccatattg 1320
cegtettttg gecaatgtgag ggecceggaaa cctggecctyg tcttettgac gagcattcet 1380
aggggtettt cccctctege caaaggaatyg caaggtcetgt tgaatgtcgt yaaggaagca 1440
gttectctag aagettettg aagacaaaca acgtetgtag cgacccttty caggcagegg 1500
aaccccccac ctggegacag gtgectcetge ggecaaaage cacgtytata agatacacct 1560
gcaaaggcegg cacaacccca gtgecacgtt gtgagttgga tagttgtgga aagagtcaaa 1620
tggctetect caagegtatt caacaaggay ctgaaggatg cccagaagght accccattgt 1680
atgggatctg atctggggec tcggtgeaca tgetttacat gtgtttagtc gaggttaaaa 1740
aacgtctagg ccccccgaac cacggggacg tggttticet ttgaaaaaca cgataatacc 1800
atggcgecta ttacggeeta cteccaacag acgegaggece tacttggetg catcatcact 1860
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agcctcacag gocgggacag gaaccaggtc gagggggagg tccaagtggt ctecaccgea 1920
acacaatctt tcctggegac ctgegtcaat ggegtgtgtt ggactgtcta tcatggtgec 1980
ggctcaaaga cccttgeegyg ceccaaaggge ccaatcacce aaatgtacac caatgtggac 2040
caggaccteg tcggetggea agogccccce ggggegegbl ccltgacace atgcacctge 2100
ggcagetegy acctttactt ggtcacgagg catgecgatg tcattccggt gegecggegy 2160
ggcgacagea gggggagoct actctcccec aggecegict cotacttgaa gggetctteg 2220
ggeggtecac tgctetgece cteggggeac getgtgggea tottteggge tgcegtgtge 2280
acccgagggg ttgegaagge ggtggacttt gtaccegtcg agtctatgga aaccactatg 2340
cggtecceyy tettecacgga caactegtee coteeggecg taccgecagac attccaggtg 2400
gcccatetac acgeccctac tgghtagecgge aagagcacta aggtgecgge tgcgtatgea 2460
gcccaagggt ataaggtget tgtectgaac cecgtecgteg cegecaccet aggtttcggg 2520
gcgtatatgt ctaaggcaca tggtatcgac cctaacatca gaaccggggt aaggaccatc 2580
accacgggtg cccccatcac gtactcecace tatggeaagt ttettgecga cgotggttge 2640
tctgggggeg cctatgacat cataatatgt gatgagtgec actcezactga ctcgaccact 2700
atcctgggea teggecacaght cctggaccaa gcggagacgg ctggagegeg actegtegtyg 2760
ctegeocaceg ctacgectee gggatcggte accgtgccac atccaaacat cgeggagotg 2820
gctetgteca geactggaga aatcccecttt tatggcaaag ccatccccat cgagaccatc 2880
aaggggggga gycacctcal ttictgecat tecaagaaga aatgtgatga getcgeegey 2940
aagcetgtecg gecteggact caatgetgta gecatattace ggggecttga tgtatcegte 3000
ataccaacta gcggagacght cattgtegta gecaacggacg ctctaatgac gggctttace 3060
ggcgatttcg actcagtgat cgactgcaat acatgtgtca cccagacagt cgacttcage 3120
clggacccga cetteaccat tgagacgacg accgtgccac aagacgeggt gtcacgctcg 3180
cagcggegag geaggactgg taggggeagg atgggeattt acaggtttgt gactccagga 3240
gaacggccct cgggeatgtt cgattecteg gttctgtccg agtgetatga cgcgggetgt 3300
gettggtacg agetecacgec cgccgagace tcagttaggt tgegggetta cctaaacaca 3360
ccagggttge cegtctgcca ggaccatctg gagttctggg agaccgtcett tacaggectc 3420
acccacatag acgeeeattt cttgtecccag actaagecagg caggagacas ctteccctac 3480
ctggtagcat accaggctac ggtgtgcgec agggctcagg ctccacctee atcgtgggac 3540
caaatgtgga agtgtctcat acggctaaag cctacgetge acgggecaac geccectgetg 3600
tataggcetgg gagccgttca aaacgaggtt actaccacac accccataac caaatacatc 3660
atggcatgea tgteggetga cctggaggte gtcacgagea cotgggtgot ggtaggegga 3720
gtcctageag, ctetggecege gtattgectyg acaacaggea gegtggteat tgtgggeagg 3780
atcatettgt ccggaaagoce ggecatcatt coccgacaggg aagtccttta ccgggagttc 3840
gatgagatgg aagagtgcge ctcacacctec ccttacatcyg aacagggaat gcagctcgec 3900
gaacaattca aacagaaggc aatcgygglly ctgcaaacag ccaccaagca agcggaggeh 3960
gctgetceeg tggtggaate caagtggegg accctcogaag ccttetggge gaageatatg 4020
tggaattica tcagcgggat acaatattta gcaggcttgt ccactetgee tggcaaccee 4080
gegatagcat cactgatgge attcacagec tctatcacca gcccgetcac cacccazcat 4140
accctectgt ttaacatcct ggggggatgy gtggccgeoe aacttgctce teecageget 4200
gcttetgett tegtaggege cggecateget ggagegeetg ttggecageat aggecttggg 4260
aaggtgcttg tggatatttt ggcaggttat ggagcacggg tggcaggege gotegtggec 4320
tttaaggtca tgagcggega gatgecctec accgaggace tggttaacct actcectget 4380
atcctcteee ctggegecet agtcgtegqy gtegtgtgceg cagegatact gegtcoggeac 4440
gtgggecccag gggagggggce tgtgcagtgg atgaaccgge tgatagegtt cgcttegegg 4500
ggtaaccacy tctccoccecac gcactatgtg cctgagageg acgctgecage acgtgtcact 4560
cagatcctct ctagtcttac catcactcag ctgctgaaga ggettcacca gtggatcaac 4620
gaggactygct ccacgccatg ctecggcteg tggotaagag atgtttggga ttggatatge 4680
acggtgttga ctgatttcaa gacctggete cagtecaage tectgecgey attgecggga 4740
gtcececttet tetcatgtca acgtgggtac aagggagict ggcggggcga cggcatcatg 4800
caaaccacct gcccalglgg agcacagatc accygacatg tgaaaaacgy ttoecatgagg 4860
atcgtgggge ctaggacctg tagtaacacy tggecatggaa caticcecat taacgegtac 4920
accacgggce ccetgecacgec ctocceggeg cecaaattatt ctagggeget ghtggeggotg 4980
gctgctgagg agtacgtgga ggttacgegg gtgggggatt tccactacgt gacgggeatg 5040
accactgaca acgtaaagtyg cccgtgtcag gttccggcce cegaattctt cacagaagtg 5100
gatggggtgc ggttgcacag gtacgcteca gegtgcaaac cectectacy ggaggaggte 5160
acattcectgy tcgggetcaa tcaatacctg gttgggtcac agetcccaty cgageccgaa 5220
ccggacgtag cagtgetcac ttecatgete accgacccoet cccacattac ggcggagacg 5280
gctaagcgta ggctggecag gggatctoce cectecttgg ccagetcate agetatccag 5340
ctgtctgege ctteettgaa ggoaacatge actaccegtc atgactcceC ggacgetgac 5400
ctcatcgagg ccaaccteet gtggeggeag gagatgggcy ggaacatcac ccgegtggag 5460
tcagamaata aggtagtaat tttygactet ttegagecge tccaagogga ggaggatgag 5520
agggaagtat ccgttecggce ggagatectg cggaggtcca ggamatteccc tcgagegatg 5580
cccatalygg cacgecccgga ttacaaccct ccactgttag zgtcctggaa ggacccggac 5640
tacgtccctc cagtggtaca cgggteteca ttgecgectg ecaaggecce tcegatacca 5700
ccteccacgga ggaagaggac ggttgtecty tcagaatcta ccgtgtettc tgecttggey 5760
gagctcgeca caaagacctt cggeagetee gaatcgtcgg ccgtcgacag cggcacggea 5820
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acggcctete ctgaccagee ctceecgacgac ggcgacgegg gatccgacgt tgagtcgtac 5880
tcctecatge ceccecttga gggggagecy ggggatcecg atctcagega cgggtcettgg 5940
tctaccgtaa gcgaggaggc tactgaggac gtcgtctgct gotcgatgte ctacacatgg 6000
acaggecgece tgatcacgece atgegetgeg gaggaaacca agctgceccat caatgcactg 6060
ageaactctt tgctcegtea ccacaacttyg gtctatgcta caacatctcyg cagegcaage 6120
ctgeggeaga agaaggtcac ctttgacaga ctgcaggtce tggacgacca ctaccgggac 6180
gtoctcaagg agatgaaggc gaaggcgtce acagttaagg ctaaacttct atccgtggag 6240
gaagectgta agetgacgee cccacatteg gocagatcta zatttggeta tggggcaaag 6300
gacgtecgga acctatccag caaggecgtt aaccacatcc getccgtgty gaaggactty 6360
ctggaagaca ctgagacacc aattgacacc accatcatgg caaaaaatga ggtttictge 6420
gtccaaccag agaaggggdg ccgcaageca getegectta tegtattecce agatttgggg 6480
gttegtgtgt gegagaaaat gyccctttac gatgtggtet ccaccectece tcaggecegtg 6540
atgggetett catacggatt ccaatactet cctggacage gggtcegagtt cctggtgaat 6600
gcctggaaag cgaagaaatg ccctatggge ttegeatatg acaccegety ttttgactca 6660
acggtcactg egaatgacat ccgtgttgeg gagtcaatct accaatgttg tgacttggec 6720
cccgaageca gacaggccat aaggtcgctc acagagegge tttacategg gggccccctg 6780
actaattcta aagggeagaa ctygcggctat cgccggtgec gegegagegg tgtactgacg 6840
accagetgeg gtaataccct cacatgttac ttgaaggccg ctgcggoctg tcgagetgeg 6900
aagctccagyg actgcacgat gctegtatge ggagacgace ttgtegttat ctgtgaaage 6960
gcggggaccce aagaggacge ggcgagecta cgygcclica cggaggctat gactagatac 7020
tectgececee ctggggacce gcccaaacca gaatacgact tggagttgat aacatcatge 7080
tectecaaly tgtcagtege gcacgatgea tetggcaaaa gggtgtacta tctcaccegt 7140
gacceceacca ccceecttge gegggetgeg tyggagacag ctagacacac tccagtcaat 7200
teclggetay geaacatcat catgtatgey cccaccttgt gggcaaggat gatcctgatg 7260
actcatttet tctecatect tetagetcag gaacaacttyg aaaaagecct agattgtcag 7320
atctacgggg cctgttactc cattgagcca cttgacctac ctcagatcat tcaacgacte 7380
catggectta gegeatttte actccatagt tactcetccag gtgagatcaa tagggtgget 7440
tcatgectca ggaaacttgy ggtaccgcce ttgegagtct ggagacatcg ggccagaagt 7500
gtccgegeta ggetactgte ccaggggggg agggetgeca cttgtggeaa gtacctctte 7560
aactgggcag taaggaccaa gctcaaactc actccaatcc cggetgegte ccagttggat 7620
ttatceaget ggttegttge tggttacage gggggagaca tatatcacag cctgtctegt 7680
gceccgaccee gotggtteat gtggtgecta ctectacttt ctgtaggggt aggeatctat 7740
ctactecccea accgatgaac ggggagetaa acaccccagg ccaataggee atcctgtttt 7800
tttcecetttt ttttbtttett tttttttttt ttttttttbt tttttttttt cteetttttt 7860
tticetettt tttteetttt ctttecttty gtggctecat cttageccta gteacggeta 79320
gctgtgaaag gtccgtgage cgcttgacty cagagagtge tgatactgge ctctctgeag 7980
atcaagt 7987
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cteggggeac getgtgggea totttcggge tgccgtgtge accecgagggg ttgcgaagge 2100
ggtggacttt gtacccgteg agtctatgga aaccactatg cggtecccegy tettcacgga 2160
caactegtee cetecggecy taccgeagac attccaggtyg geccatctac acgccocctac 2220
tggtagegge sagagcacta aggtgecgge tgcgtatgea goeocaagggt ataaggtget 2280
tgtectgaac ccgtcecgtcy cegecacect aggttteggyg gegtatatgl ctaaggeaca 2340
tggtatcgac cctaacatca gaaccggggt aaggaccatc accacgggtg cccceateac 2400
gtactccacc tatggcaagt ttcttgecga cggtggttge tetecggggeg cctatgacat 2460
cataatatgt gatgagtgec actcaactga ctegaccact atectgggea teggeacagt 2520
cctggaccaa gcggagacgg ciggagcegedg actegtegtg ctogeccaccg ctacgectee 2580
gggatcggtc accogtgeccac atccaaacat cgaggaggtg getctgteca goactggaga 2640
aatcceccttt tatggcaaag ccatccecat cgagaccatc aaggggggga ggcacctcat 2700
tttetgecat tccaagaaga aatgtgatga getcgecogeg aagetgtecg gocteggact 2760
caatgctgta geatattacc ggecgecttga tgtatccgte ataccaacta geggagacgt 2820
cattgtcgta geaacggacq ctctaatgac gggctttacc ggeogattteg actcagtgat 2880
cgactgcaat acatgtgtca cccagacagt cgacttcage ctggacccga ecttcaccat 2940
tgagacgacg accgtgccac aagacgcggt gtcacgeteg cageggegag greaggactgg 3000
taggggcagy atgggecattt acaggtitgt gactccagga gaacggccet cgggeatgtt 3060
cgattccteg gttetgtgeg agtgctatga cgegggetgt gettggtacyg agetcacgee 3120
cgcegagacc tcagttaggt tgecgggcetta cctaaacaca ccagggttge ccgtctgeca 3180
ggaccatctg gagttctggg agagegtctt tacaggocte acccacatag acgeccattt 3240
cttgtceccag actaageagg caggagacaa cttccectac ctggtageat accaggetac 3300
ggtgtgegec agggotecagg ctccaccice atcgtgggac casatgtgga agtgteteoat 3360
acggctazag cctacgetge acgggccaac gecectgetyg tataggetgg gagecgttea 3420
aaacgaggtt actaccacac accccalaac caaatacatc atggeatgca tgtcggetga 3480
cctggaggte gtcacgagea cctgggtgct ggtaggegga gtcctageag ctetggecge 3540
gtattgcoty acaacaggca geglggtcat tglgyggeagy atcatcttgt ccggaaagec 3600
ggccatcatt cccgacaggg aagtcettta ccgggagtte gatgagatgg aagagtgege 3660
cteacacctc ccltacatcg aacagggaat gcagctcgec gaacaallca aacagaagge 3720
aatcgggttg ctgcaaacag ccaccaagra agcggagget getgotoeeg tggtggaate 3780
caagtggcygy accctegaag cettctggge gaagcatatg tggaatttca tcagecgggat 3840
acaatattta gcaggcttgt ccactctgcc tggcaaccce gecgatageat cactgatgge 3900
attcacagce tctatcacca gocccgetcac cacccaacat acccteetgt ttaacatcct 3960
ggggggatgy gtggeegece aacttgetee teccageget getteotgett tegtaggege 4020
cggcatcget ggageggcty ttggcagecat aggccttagg aaggtgcttg tggatatttt 4080
ggcaggttat ggagcagggy tggcaggcge getegtggee tttaaggtca tgageggega 4140
gatgccctee accgaggace tggttaacct actcectget atecteteee ctggegece: 4200
agtcgtoggg gtegigtgeog cagegatact gegteoggeac gtgggcccag gggaggggge 4260
tgtgcagtgy atgaaccggce tgatagegtt cgottegegg ggtaaccacg tcotcccccac 4320
gecactatgtg cctgagagcg acgectgcage acgtgtcact cagatcctet ctaghettac 4380
catcactcag ctgctgaaga ggcttcacca gtygatcaac gaggactget ccacgccatg 4440
ctccggetey tgyctaagay atgtttggga ttggatatge acyggtgitga ctgatttcaa 4500
gacctggecte cagtccaage tcectgecgeyg attgecggga gtcccetict tetcatgtea 4560
acgtgggtac aagggagtct ggecggggcga cggecatcatg caaaccacct gcccatgtgg 4620
agcacagatc accggacatg tgaaaaacgg ttccatgagg atcgtgggge ctaggaccty 4680
tagtaacacg tggcatggaa cattccccat tascgegtac accacgggee cctgcacgee 4740
ctececeggeg ccaaattatt ctagggeget gtogeoggtyg getgetgagg egtacgtgga 4800
ggttacgcgg gtgggggatt tccactacgt gacgggcatg accactgaca acgtaasgtg 4860
cccgtgteag gttcecggece cegaattett cacagaagtg gatggggtge ggttgcacag 41920
gtacgcteca gegtgcazac ccctcectacy ggaggaggtce acattcctgyg tcgggctcaa 4980
tecaataccty gttgggteac agetececcaty cgageccgaa ccggacgtag cagtgetceac 5040
ttcecatgete accgaccect cecacattac ggcggagacy gotaagegta ggctggecag 5100
gggatctece cecteettgg ccagetcatc agetatccag ctgtetgege cttecttgaa 5160
ggcaacatgc actaccecgtc atgacteccee ggacgetgac cteatcgagy cecaacctect 5220
gtggeggeag gagatgggeg ggaacatcac cegegtggag tcagaaaata aggtagtaat 5280
tttggactcet ttegagecyge tccaagegga ggaggatgag agggaagtat ccgtteegge 5340
ggagatcctg cggaggtcca ggaaattece tcgagegatg cccatatggg cacgccegga 5400
ttacaaccct ccactgttag agtcctggaa ggacccygac tacgtcccte cagtggtaca 5460
cgggtgtcea ttgeecgeety ceaaggecee tccgatacca cetccacgga ggaagaggac 5520
ggttgtectg tcagaatcta cegtgtettc tgecttggeg gagetcgeca caaagacctt 53580
cggcagetce gaategtegg ccgtegacag cggoacggea acggectetc ctgaccagee 5640
ctecegacgac ggegacgegg gatccgacgt tgagtcgtac tectecatge cceccettga 5700
gggggagccg ggggatceeg atctcagega cgggtctigg tetaccgtaa gogaggagge 5760
tagtgaggac gtcgtetget gotegatgte ctacacatgg acaggegecc tgatcacgee 5820
atgcgetgeg gaggaaacca agclgcccat caatgcaclyg agcaacteti tgctcegtca 5880
ccacaacttg gtctatgeta caacatcteg cagegcaage ctgeggcaga agaaggtcac 5940
ctttgacaga ctgcaggtce tggacgacca ctacegggac gtgctcaagg agatgaagoc 6000
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gaaggegtce acagttaagg ctaaacttct atccgtggag gaageckgta agctgacgee 6060
cccacattcg gecagatcta aatttggeta tggggcasag gacgtcegga acctateccag 6120
caaggcegtt aaccacatce getcegtgtg gaaggacttg ctggaagaca ctgagacacc 6180
aattgacacc accatcatgg caasaastga ggtttictge gtoceaccay agaagggggg 6240
ccgeoaagcca getcgectta tegtattece agatttgggy gttegtgtgt gegagaaaat 6300
ggccctttac gatgtggtct ccaccctece tcaggecgty atgggetctt catacggatt 6360
ccaatactet cctggacage gggtcgagtt cctgetgaat gectggaaag cgaagaaatg 6420
ccetatggge ttcgecatatg acacccgetg ttttgactea acggtcacty agaatgacat 6480
ccgtgttgag gagtcaatct accaatgttg tgacttggec cccgaageca gacaggecat 6540
aaggtcgctc acagagegge tttacatcgg gggcccectg actaattcta aagggcagaa 6600
ctgcggetat cgecggtgee gegegagegg tgtactgacg accagetgeg gtaataccet 6660
cacatgtitac ttgaaggecy ctigecggecty tcgagetceyg aagetcecagy actgcacgat 6720
gcteogtatge ggagacgacc ttgtegttat ctgtgaaage gocggggacece aagaggacga 6780
ggcgagccta cgggecttca cggaggctat gactagatac tctgccccee ctggggacce 6840
gcccaaacca gaatacgact tggagttgat aacatcatgce tectccaatg tgtcagtcge 6900
gcacgatgca tctggcaaaa gggtgtacta teotcaccegt gaccccacca ceccectige 6960
gegggetgeg tgggagacag ctagacacac tccagtczat tectggetag gcaacatcat 7020
catgtatgceg cccaccttgt gggcaaggat gatcctgatg actcatttet tetecatcct 7080
tctagetcag gaacaacttg aaaaagcect agattgtcag atctacgggg cctgttacte 7140
cattgagcca cttgacctac ctcagatcat tcaacgactc catggoctta gogeatttte 7200
actccatagt tactctccag gtgagatcaa tagggtgget teatgectca ggaaacttgg 7260
ggtaccgeee ttgcgagtet ggagacatcg ggccagaagt gtccgogeta ggctactgte 7320
ccaggggygyyg agggctgcea ctigtggcaa gtacctectte aactgggeag taaggaccaa 7380
gctcaaacte actccaatce cggctgegtec ccagttggat ttatccagect ggttcogttge 7440
tggttacage gggggagaca tatatcacag cctgtctegt gocegacece getggtteat 7500
gtggtgeocta ctectacttt ctgtaggggt aggcatctat ctactccecce accgatgaac 7560
ggggacctaa acactccagg ccaataggec atcctgtttt tttecctttt tttttttctt 7620
tttttttttt tttttttttt tbtttbtttt ttcteceotttt tttticetet ttttttectt 7680
ttetttectt tggtggectec atcttageoee tagtcacgge tagetgtgaa aggtccegtga 7740
gcegettgac tgcagagagt gctgatactg gectctctge agatcaagt 7789
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gccagecece gattggggge gacactccac catagatcac tccectgtga ggaactactg 60
tcttcacgeca gaaagcgtct agccatggeyg ttagtatgag tetcegtgcag cctccaggac 120
cceceectecee gggagageca tagtggtctg cggaaccggt gagtacaceg gaattgecag 180
gacgaccggy tectttcttg gatcaacceg ctcaatgect ggagattteg gegtgeccce 240
gcgagactge tagecgagta gtgttgggte gegaaaggee ttgtggtact gectgatagg 300
gtgcttgecga gtgececggy aggtctegta gaccgtgcac catgagcacg aatcctaaac 360
ctczaagaaa aaccaaaggg cgcgccatga ttgaacaaga tggattgecac gecaggttcte 420
cggeegettg ggtggagagg ctattcgget atgactggge acaacagaca atcggetget 480
ctgatgccge egtgtteegg ctgtcagege aggggegeac ggttettttt gtcaagaceg 540
acctgteegg tgcectgaat gaactgecagg acgaggcage geggctateg tggetggeca 600
cgacgggcgt teccttgegea getgrhgetcg acgttgtcac tgaageggga agggactgge 660
tgotattgyg cgaagtgecy gggcaggatc tectgtcate tcaccttget cctgecgaga 720
aagtatccat catggctgat gecaatgoggc gyclgcatac gecltgatceg gctacclgee 780
cattcgacca ccaagcgaaa catcgcateg agegageacg tacteggatg gaagecggte 840
ttgtegatca ggatgatctg gacgaagagc atcaggggct cgegccagece gaactgtteg 900
ccaggcotcaa ggegegeatyg ccegacggeyg aggatctcgt cgtgacccat ggcgatgect 960
gettgeccgaa tatcatggtg gaaaatggece gottttetgg attcategac tgtggccgge 1020
tgggtgtgge ggaccgctat caggacatag cgttggetac cegtgatatt geotgaagage 1080
ttggcggega atgggetgac cgcttecteg tgetttacgg tatcgeeget ccocgattege 1140
agcgeatcge cttctatege cttettgacg agttcttctg agtttaaaca gaccacaacg 1200
gtttceetet agegegatea attccgcece totecctece coccccctaa cgttactgge 1260
cgaagecget tggaataagg ceggtgtgeg tttgtctata tgttattttc caccatattg 1320
ccgtettitg geaatgtgag ggecccggaaa cctggecetyg tcettettgac gageattect 1380
aggggtcttt cooctetege caaaggaatg caaggtetgt tgaatgtegt gaaggaagca 1440
gttcctetgg aagettetty aagacazaca acgtctgtag cgaccctttg caggecagegg 1500
aacccececac ctgycgacay gtgectotgce ggecaaaagc cacgtgtata agatacacct 1560
gcaaaggcgg cacaacccca gtgecacgtt gtgagttgga tagttgtgga aagagtcaaa 1620
tggctctoct caagegtatt caacaaggag ctyaaggatyg cccagaaggt accccattgt 1680
atgggatctg atctgggoce teggtgeaca tgctttacat gtgtttagte gaggttaaaa 1740
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aacgtctagg ccccecgaac cacggggacy tggttttceet ttgaaaaaca cgataataat 1800
gagcacgaat cctaaacctc aaagaaaaac caaacgtaac accaaccgec gcccacagga 1860
cgtcaagtte ccgggeggty gtcagatcgt cggtggagtt tacctgttge cgegeagggy 1920
ccccaggtty gutgtgcgeg cgactaggaa gacttccgag cggteogeaac ctegtggaag 1980
gcgacaacct atccccaagg ctegecagec ecgagggtagy goctgggcete ageccgggta 2040
cccectggece ctetatggea atgagggctt ggggtgggea ggatggetce tgtcaccceg 2100
tggctectegyg cctagttggy gecccacgga cccceggegt aggtegegea atttgggtaa 2160
ggtcategat accctcacgt geggcttcge cgatctcatg gggtacattc cgetegtegg 2220
cgecececta gggggegetg cecagggecet ggegeatgge gteegggtte tggaggacgg 2280
cgtgaactat gcaacaggga atctgccegg ttgetcettt teotatcttee ttitggetti 2340
getgtectgt ttgaccatee cagettcege ttatgaagty cgcaacgtat ceggagtgta 2400
ccatgtcacg aacgactgct ccaacgcaag cattgtgtat gaggcagegg acatgatcat 2460
geataceceee gggtgegtge coctgegtteg ggagaacaac tccteceget getgggtage 2520
gctcacteee acgetegegy ccaggaacge tagegtccece actacgacga tacgacgcca 2580
tgtegatttg ctegttggeg cggctgetcet ctgotecget atgtacgtgy gagatctetg 2640
cggatctgtt ttectecgteg cceagetgtt cacctteteg cetegecgge acgagacagt 2700
acaggactge aattgctcaa tatatcccgg ccacgtgaca ggtcaccegta tggettggga 2760
tatgatgatg aactggtcac ctacagcage cctagtggta tcgcagttac tecggatcee 2820
acaagetgtc gtggatatgg tggeggogge ccattgggga gtectagegy gecttgecta 2880
ctattccatg gtggggaact gggctaaggt tctgattgty atgectactct ttgcoccggegt 2940
tgacggggga acctatgtga caggggggac gatggccaaa aacacccteq ggattacgtc 3000
cctcttttca cccgggteat cccagazaat ccagettgta sacaccaacg geagctggeca 3060
catcaacagg actgccctga actgcaatga ctccctcaac actgggttec ttgetgeget 3120
gttctacgtg cacaagttca actcatctgg atgcccagag cgcatggecca getgeagece 3180
catcgacgeg ttcgetcagg cgtgggggee catcacttac aatgagtcac acagcetegga 3240
ccagaggeet tattgttgge actacgeace ccggccgtge ggtatcegtac cegeggegea 3300
ggtgtgtggl ccagtglact gctteaccce aagecctgtc gtggtgggga cgacegaccg 3360
gtteggegte cctacgtaca gttgggggga gaatgagacy gacgtgetge ttcttaacaa 3420
cacgcggocyg ccgcaaggea actggtitgy ctgtacatgy atgaatagea ctgggticac 3480
caagacgtge gggggeccce cgtgtaacat cggggggate ggeaataaaa ccttgacetg 3540
cccecacggac tgcttecgga agracceege ggecacttac accaagtgbyg gttegggygce 3600
ttggttgaca cccagatgct tggtccacta cccatacagyg cttiggcact accectgcac 3660
tgtcaacttt accatecttca aggttaggat gtacgtaggy ggagtggage acaggctcega 3720
agcegeatge aattggacte gaggagageg ttgtaacctg gaggacaggg acagatcaga 3780
gcttageecy ctgctgeotgt ctacaacgga gtggcaggta ttgccctgtt cettcaccac 3840
cctaccggect ctgtccactg gtttgatcca tctecatcag aacgtegtgg acgtacaata 3900
cctgtacggt atagggtcgg cggttgtcte ctttgcaate aaatgggagt atgtectgtt 3960
gctetteett cttectggegg acgegegegt ctgtgectge ttgtggatga tgotgetgat 4020
agcteaaget gaggecgccec tagagaacct ggtggtectc aacgecggeat cegtggeegg 4080
ggcgeatgge attctetect tectegtgtt ctictgtget geetggtaca tcaagggeag 4140
gctggteect ggggcggcat atgeccteota cggcgtatgg ccgeotactee tgetectget 4200
ggcgttacca ccacgagcat acgccatgga ccgggagatg gcagcatcgt geggaggege 4260
ggttttegta ggtctgatac tettgacectt gtcaccgecac tataagetgt tectegetag 4320
geleataltgy tggttacaat attitatcac cagggcecgag gcacacttge aagtgtggat 4380
cccecececte aacgtteggg ggggcegega tgeegteate ctectcacgt geogegatecca 4440
cceagageta atetttacca tcaccaaaal citgectegee atactcggtco cactcatggt 4500
gctccagget ggtataacca aagtgecgta cttegtgege gcacacggge tcattegtge 4560
atgcatgctyg gtgcggaagg ttgctggggg tcattatglc caaatyggcte tcatgaagtt 4620
ggccgecactg acaggtacgt acgtttatga ccatctcace ccactgeggy actgggecca 4680
cgcgggecta cgagaccttyg cagtugeagt tgageccgte gtcttetctg atatggagec 4740
caaggttatc acctggygygy cagacaccge ggegtgtggg gacatcatet tgggectgee 4800
cgtcteegee cgeaggggga gggagataca tetgggaccy geagacagece ttgaagggea 4860
ggggtggega ctectegege ctattacgge ctactcecaa cagacgegag gectacttgg 4920
ctgcatcatc actagcctca caggceggga caggaaccag gtcgagggqy aggtccaagt 4980
ggtctecace geaacacaat cttteoetgge gacctgegte aatggegtgt gttggactgt 5040
ctatcatggt gceggeteaa agaccettge cggcccaaag ggoccaatca cccaaatgta 5100
caccaatgtg gaccaggacc Lcgtcggctg geaagegcee cceggggege gttocttgac 5160
accatgcacc tgeggeaget cggaccttta cttggtcacy aggcatgecy atgteattec 5220
ggtgcgoecgy cggggcgaca gcagggggag cetactctee ceocaggeccg tatcetactt 5280
gaagggetet tegggeggte cactgetetg cecoctegygg cacgetgtyg geatcttteg 5340
ggctgecgty tgcacccgag gogttgcgaa gycggiggac ttlgtacccg tegagteta: 5400
ggaaaccact atgcggtcce cggtetteac ggacaacteg teccctecgg ceogtaccgea 5460
gacattccag gtggcccate tacacgccee tactggtage ggecaagagca ctaaggtgeo 5320
ggctgegtat gecageccaag ggtataaggt gettgtectg aaccegtecyg tegeegecac 5580
cctaggtttc ggggegtata tgtctaagge acatggtatc gaccctaaca tcagaaccyy 5640
ggtaaggacc atcaccacgg gtgcecccat cacgtactec acctatggea agtttctige 5700
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cgacggtggt tgctetgggg gegectatga catcataata tgtgatgagt gecactcaac 5760
tgactcgacc actatcctgg gcatcggcac agtcctggac caagcggaga cggctggage 5820
gcgactegte gtgetegeca ccgetacgece teegggateyg gtcaccgtge cacatccaaa 5880
catcgaggag gtggctctgt ccagcactgyg agasatccce ttttatggea aagccatcce 5940
catcgagacc atcaaggggy ggaggcacct cattttctge cattccaaga agaaatgtga 6000
tgagetegee gegaagetgt ceggectegy actcaatget gtageatatt accggggoct 6060
tgatgtatcc gtcataccaa ctagcggaga cgtcattgtc gtagecaacgg acgetctaat 6120
gacgggcttt accggegatt tcgactcagt gatcgactge aatacatgtg tcacccagac 6180
agtcgacttc agectggacc cgaccttcac cattgagacg acgaccgtge cacaagacge 6240
agtgtcacge tcgcageggc caggcaggac tggtaggggc aggatgggea tttacaggtt 6300
tgtgactcca ggagaacggce cctegggeat gttcgattee tcggttetgt gegagtgeta 6360
tgacgeggge tgtgcttggt acgagetcac gcccgecgag acctcagtta ggttgeggge 6420
ttacctaaac acaccagggt tgccegtetg ccaggaccat ctggagttet gggagagegt 6480
ctttacaggc ctcacccaca tagacgccca tttcttgtce cagactaage aggcaggaga 6540
caacttecec tacctggtag cataccagge tacggtgtge gocagggetce aggetccace 6600
tceategtgg gaccaaatgt ggaagtgtct catacggeta aagcctacge tgcacgggec 6660
aacgecccctg ctgtataggce tgggagcogt tcaaaacgag gttactacca cacaccccat 6720
aaccaaatac atcatggcat gcatgtcggc tgacctggag gtcgtcacga ccacetgggt 6780
gctggtagge ggagtcctag cagetelgge cgegtattge ctgacaacag geagegtggt 6840
cattgtggge aggatcatct tgtccggaaa gecggecate attccegaca gggaagtcet 6900
ttaccgggag ttcgatgaga tggaagagty cgcctcacac ctcecttaca tegaacaggg 6960
aatgcagctc gccgaacaat tcaaacagaa ggcaatcggg ttgetgcaaa cagccaccaa 7020
gcaagcggag gctgetgetc cegtggtgga atccaagtgg cggaccctag aagecttetg 7080
ggcgaagcat atgtggaatt teatcagegg gatacaatat ttageagget tgtecactet 7140
gcetggeaac cccgegatag catcactgat ggeattcaca gectctatca ccageceget 7200
caccacccaa cataccctee tgtttaacat cctyggggga tgggtggecg cecaacttge 7260
teeteccage getgettetg ctttcgtagy cgccggeatc getggagegg ctgttggeag 7320
cataggcctt gggaaggtgc ttgtggatat tttggcaggt tatggagecag gggtggcagg 7380
cgcgetegtg gectttaagg tcatgagegy cgegatgcce tccaccgagyg acctggttaa 7440
cctactecect getatectet cecetggege cctagtegtc ggggtegtgt gegcagegat 7500
actgcgtcgg cacgtgggec caggggaggg ggctgtgcag tggatgaacc ggotgatage 7560
gttcgetteg cggggtaace acgteteece cacgecactat gtgectgaga gegacgetge 7620
agcacgtgtc actcagatcc totctagtet taccatcact cagctgctga agaggettca 7680
ccagtggate aacgaggact gctccacgoe atgetecgge tegtggetaa gagatgttte 7740
ggattggata tgcacggtgt tgactgattt caagacctigg ctccagtcca agetcctgee 7800
gegattgeceg ggagtcccect tettctecatg teaanghggg tacazgggag tetggeggag 7860
cgacggcatc atgcaaacca cctgeccatg tggagcacag atcaccggac atgtgaaaaz 7920
cggttccatg aggatcgtgg ggcctaggac ctgtagtaac acgtggeatg gaacattcce 7980
cattaacgcg tacaccacgg gocecctgcoac gocctceceg gegocaaatt attctaggge 8040
gctgtggegyg gtggetgetg aggagtacgt ggaggttacy caggtggggg atttccacta 8100
cgtgacgggc atgaccactyg acaacgtaaa gtgccegtgt caggtteegyg cccecgaatt 8160
cttcacagaa gtggatgggg tgcggttgeca caggtacget ccagegtgea aacccctect 8220
acgggaggag gtcacattcc tggteggget caatcaatac ctggttgggt cacagetcec 8280
atgcgagece gaaccggacyg tagcagtgct cacttccatyg ctcaccgacc ceoctcccacat 8340
tacggcggag acggctaage gtaggctgge caggggatct ccccectecet tggecagete 8400
atcageotate cagctgtcetyg cgecttectt gaayycaaca tygcactaccc gtcatgactc 8460
ccecggacget gaccteateg aggccaacct cctgtggegg caggagatgg gogggaacat 8520
caccegegtyg gagtcagaaa ataaggtagt aattttggac tcttlecgage cgetccaage 8580
ggaggaggat gagagggaag tatccgttece ggcggagatc ctgeggaggt ccaggaaatt 8640
ccctegageg atgeccatat gggecacgcce ggattacaac cotcoccactgt tagagtcctg 8700
gaaggacccg gactacgtee ctccagtggt acacgggtgt ccattgecge ctgccaagge 8760
ccctecgata ccacctecac ggaggaagag gacggttgtc ctgtcagaal claccgtgtc 8820
ttctgecttg gcggagetcg ccacaaagac cttcoggeage tecgaategt cggecgtcega 8880
cagcggcacyg gcaacggect ctectgacca gocctecgac gacggcgacy cgggatccga 8940
cgttgagtcg tactccteca tgeccecect tgagggggag ceyggggate ccgatcteoag 000
cgacgggtet tggtctaceq taagegagga ggctagtgag gacgtcgtct getgetegat 9060
gtcctacaca tggacaggcg ccctgatcac gecatgeget geggaggaaa ccaagetgec 9120
catcaatgca ctgagcaact ctttgetceg tcaccacaac ttggtctatg ctacaacatc 9180
tcgeagegca agectgcegge agaagaaggt cacctttgac agactgeagg tcectggacga 9240
ccactacegg gacgtgctcea aggagatgaa ggegaaggeg tecacagtta aggetaaact 930C
tctatcegty gaggaagect gtaasgetgac geccccacal tcggccagat ctaaatttgg 9360
ctatggggca aaggacgtcce ggaacctatc cagcaaggec gttaaccaca tecgetccgt 9420
gtggaaggac ttgctggaag acactgagac accaattgac accaccatca tggceazaaaa 9480
tgaggttttc tgcgtccaac cagagaaggg gggecgcaag ccagetcegec ttatcgtatt 9540
cccagatttyg ggggttegty tgtgegagaa aatggecctt tacgatgigyg tctccaccct 9600
ccecteaggee gtgatggget cttcatacgy attccaatac tctcctggac agegggtega 9660
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gttectggty aatgectgga asgecgaagaa atgccctatg ggettcogeat atgacacceg 9720

ctgttttgac tcaacggtca ctgagaatga catcecgtett gaggagtcaa tctaccaatg 9780

ttgtgacttg gecccegaag ccagacagge cataaggteg ctcacagage ggetttacat 9840

cgggggcece ctgactaatt ctaaagggea gaactgcgge tatcgeeggt gecgegegag 9900

cggtgtacty acgaccaget geggtaatac cctcacatgt Lacttgaagg ccgetgegge 9960

ctgtcgaget gcgaagctee aggactgeac gatgetegta tgeggagacg accttgtegt 10020
tatctgtgaa agcgegggga cccaagagga cgaggcgage ctacgggect tcacggagge 10080
tatgactaga tactctgece ccectgggga ceegeccaaa ccagaatacg acttggagtt 10140
gataacatca tgctcctcca atgtgteagt cgegeacgat geatcltggea aaagggtgta 10200
ctatctcacc cgtgacccca ccaccecect tgcgeggget gogtgggaga cagetagaca 10260
cactccagtc aattcctgge taggcaacat catcatgtat gegeccacct tgtgggraag 10320
gatgatcetg atgacteatt tottctecat ccttctaget caggaacaac ttgaaaaage 10380
cctagattgt cagatctacg gggectgtta ctccattgag ccacttgace tacctcagat 10440
cattcaacga ctcecatggee ttagegeatt ttcactccat agttactctc caggtgagat 10500
caatagggtyg gcttcatgce tcaggaaact tggggtaccy cecttgcgag tcotggagaca 10560
tegggeeaga agtgtcegeg ctaggetact gtecccagggg gggagggcty ceacttgtgg 10620
caagtacctc ttcaactggy cagtaaggac caagetcaaa ctcactccaa tcccggetge 10680
gteccagttg gatttatcea getggttegt tgctggttac agcgggggag acatatatca 10740
cagectgtet cgtgeccegac cecegetggtt catgtagtge ctactectac tttctgtagg 10800
ggtaggcatc tatctactcc ccaaccgatg aacggggacc taaacactcc aggccaatag 10860
gcecatcctgt ttttttecect tttttttttt cttttttttt tttttttbtt thtbtttttt 10920
tttttetect ttttttttee tetttittte cttttcttte ctttggtgge tccatcttag 10980
ccctagtcac ggctagetgt gaaaggtceg tgageccgett gactgcagag agtgetgata 11040
ctggcctctc tgcagatcaa gt 110862

<210> 24

<211> 9605

<212> DNA

<213> Hepatitis C virus

<400> 24

gceagecece gattoggggge gacactccac catagatcac tccectgtga ggaactactg 60
tctteacgea gaaagegtet agocatggeg ttagtatgag tgtegtgeag cctecaggac 120
ccceccteoe gggagageca tagtggtctg cggaaccggt gagtacaccy gaattgecag 180
gacgaccggg tectttetty gatcaaccey ctcaatgect ggagatttgy gegtgcccec 240
gcgagactgc tagccgagta gtgttgggte gegaaagqec ttgtggtact gectgatagg 300
gtgcttgega gtgeocceggg aggtotcgta gaccgtgeac catgageacy aatcctaaac 360
ctcaaagaaa aaccaaacgt aacaccaace gocgeccaca ggacgtcaag ttocegggey 420
gtggtcagat cgtcggtgga gtttacctgt tgccgogeag gggocccagy ttgggtgtge 480
gcgcgactag gaagacttec gageggtege aacctegtgg aaggcgacaa cctateccea 540
aggelegeca gecegagggt agggectggg ctcageeegg gtacceetgg cecctetatg 600
gcaatgaggg cttggggtgg gcaggatgge tcctgtcace cegtggetet cggectagtt 660
ggggeeceac ggaccececgg cgtaggtege gecaattiggg taaggtcate gataccctea 720
cgtgeggett cgecgatete atggggtaca ttceegetegt cggcgeccee ctagggogeg 780
ctgccaggge cetggegeat ggcgtocggy ttctggagga cggogtgaac tatgeaacag 840
ggaatctgee cggttgetec ttttotatet tecttttgge tttgetgtee tgttigacca 900
tcccagette cgettatgaa gtgegezacy tatccggagt gtaccatgte acgaacgact 960
gctecaacge aageattgty tatgaggcag cggacatgat catgeatace cecegggtgeg 1020
tgccetgegt tegggagaac aactectcee gotgotgggt agegetcact cecacgeteg 1080
cggccaggaa cgctagegte cccactacga cgatacgacy ccatgtegat ttgctegttg 1140
gggeggctge tetectgetec getatgtacyg tgggagatct ctgcggatet gtttteeteg 1200
tcgeccaget gttcacctte tegectegee ggcacgagac agtacaggac tgeaattget 1260
caatatatce cggccacgtg acaggtcace gtatggetty ggatatgatg atgaactggt 1320
cacctacage agecctagtg grtategcagt tactceggat cecacaaget gtegtggata 1380
tggtggcggg ggeccattgg ggagtcetag cgggccttge ctactattcc atgglgggge 1440
actgggctaa ggttctgatt gtgatgctac totttgeegg cgttgacggg ggaacctatg 1500
tgacaggggy gacgatggec aaaaacacec tegggattac gtecctettt tcaccegggt 1560
catcccagaa aatccagett gtaaacacca acggcagetg geacatcaac aggactgece 1620
tgaactgcaa tgactccctec aacactgggt tocctigetge getgttctac gtgcacaagt 1680
tcaactcatc tggetgeeca gagegeatgg ccagctgcag ceccatcgac gegttegete 1740
aggggtgggyg geccatcact tacaatgagt cacacagete ggaccagagg ccttattgtt 1800
ggcactacge acceceggeey tgcggtateg taccedegge geaggtgtgt ggtcecagtgt 1860
actgcettcac cecaagecct gtcgtggtgg ggacgaccga ceggttegge gtecctacgt 1920
acagttgggg ggagaatgay acggacgtgc tgcttctiaa caacacgcgg ccgecgeaag 1980
geaactggtl tggetgtaca tggatgaatza geactgggtt caccaagacg tgegggggee 2040
ccceghgtaa categgyggg atcggoaata agaccttgac cigccccace gactgettee 2100
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ggaagcaccc cgaggecact tacaccaagt gtggticggg gecttggttg acacccagat 2160
gcttggteea ctacccatac aggetttgge actaceecty cactgtcaac tttaccatet 2220
tcaaggttag gatgtacgty gogggagtgg agcacagget cgaagccgcea tgcaattgga 2280
ctcgaggaga gegttgtaac ctggaggaca gggacagatc agagettage ccgetgotge 2340
tgtctacaac ggagtggeag gtattgecet gttecttcac caccctaceg gctetgteca 2400
ctggtttgat ccatctccat cagaacgtcg tggacgtaca atacctgtac gotatagggt 2460
cggeggttgt ctectttgea atcaaatggy agtatgtect gttgctcttc cttcttctgg 2520
cggacgegeg cgtetgtgoe tgettgtgga tgatgetget gatagetcaa getgaggecg 2580
cecctagagaa cctggtggte ctcaacgeqy catccgtgge cggggegeat ggcattctet 2640
ccttectegt gttettetgt getgeetggt acatcaaggg caggctggte cctggggegg 2700
catatgececct ctacggegta tggeegetac tcctgetect getggegtta ccaccacgag 2760
catacgccat ggaccgggag atggcageat cgtgoggagg cgeggttttc gtaggtcotga 2820
tactcttgac cttgtcaceg cactataage tgttectege taggctcata tggtggttac 2880
aatattttat caccagggec gaggcacact tgcaagtgtg gatcoeccce ctcaacgtte 2940
gggggggecg cgatgeegte atectectea cgtgegegat ccacccagag ctaatcttta 3000
ccatcaccaa aatcttgetc gecatacteg gtecactcat ggtgrotccag getggtataa 3060
ccaaagtgec gtacttegty cgegeacacy ggctcatteg tgcatgeatg ctggtgcgga 3120
aggttgctygy ggglcattat gtecaaalgy ctotcatgaa gttggcegea ctgacaggta 3180
cgtacgttta tgaccatcte accccactge gggactggge ccacgeggge ctacgagace 3240
ttgcggtygge agttgageee gtegtetict ctgatatgga gaccaaggtt atcacctggg 3300
gggcagacac cgeggegtgt ggggacatca tcttgggect gecegtetee geeegeaggy 3360
ggagggagat acatctggga ccggcagaca gectlgaagg graggggtyg cgactccteg 3420
cgectattac ggectactee caacagacge gaggcctact. tggetgeate atcactagec 3480
tcacaggceg ggacaggaac caggtcgagg gggaggicoa agtggtetec accgcaacac 3540
aatctttect ggegacctge gteaatggeg tgtgttggac tgtetatcat ggtgecgget 3600
caaagaccct tgecggecca aagggcccaa tcacccaaat gtacaccast gtggaccagg 3660
acctegtegy ctggeaageg cccceegggg cgegttectt gacaccatge acctgeggea 3720
gcteggacet ttacttggte acgaggcaty ccgatgteat teeggtgege cggcygggey 3780
acagcagggy gagcctacte tcccccagge cegtctecta cttgaaggge tettogggeg 3840
gtecactget ctgececcteg gggcacgcty tgggcatctt tegggetgee gtgtgeacce 3900
gaggggattge gaaggeggtg gactttgtac cegtegagtc tatggaaace actatgeggt 3960
cceceggtett cacggacaac tegteccete cggecgtace gecagacattc caggtggecs 4020
atctacacge ccctactggt ageggeaaga geactaaggt geecggetgeg tatgeagece 4080
aagggtataa ggtgcttgtc ctgaaccegt cecgtegeege caccctaggt ttcggggegt 4140
atatgtctaa ggeacatggt atcgacccta acatcagaac cggggtaagg accatcacca 4200
cgggtgccee catcacgtac tccacctatg geaagtttet tgecgacqgt ggttgctety 4260
gyggcgecta tgacalcata atatgtgatg agtgecactc aactgacteg accactatec 4320
tgggcategg cacagtecty gaccaagcyy agacggctgg agegecgacte gtegtgetey 4380
ccacegetac gecteeggyga teygteaccg tgeocacatoe aaacategag gaggtggete 4440
tgtcecagcac tggagaaatc cocttttatg geaaagecat coccatcgag accatcaagg 4500
gggggaggca ccteatttic tgccattcca agaagaaaly tgatgagctc geogegaage 4560
tgtceggect cggactcaat getgtageat attaccgggg ccttgatgta teegtcatac 4620
caactagegg agacgtcatt gtegtagcaa cggacgetcet aatgacgggce tttaccggeg 4680
atttcgactc agtgatcgac tgcaatacat gtgtcaccca gacagtcgac ttcagectgg 4740
acccgacctt caccattgag acgacgaccy tgccacaaga cgcggtgtca cgoctcgeage 4800
ggcgaggeag gactggtagg ogcaggatgg gecatttacag gtttgtgact ccaggagaac 4860
ggcceteggg catgttegat tecteggtic tgtgegagtyg ctatgacgeg ggotgtgett 4920
ggtacgagct cacgeccgec gagaccteag ttaggttgcy ggcttaccta aacacaccag 4980
ggttgceegt ctgccaggac catctggagt tctgggagag cgtctttaca ggectoacce 5040
acatagacge ccatttettg tcccagacta agcaggeagg agacaactte cectacctgg 5100
tagcatacca ggctacggtg tgcgccaggy cteaggctce acctecatcyg tgggaccaaa 5160
tgtggaagtyg tctecatacdgg ctaaagecta cgetgeacgg gecaacgece ctgctgtate 5220
ggctgggage cgttcaaaac gaggttacta ccacacacce cataaccaaa tacatcatgg 5280
catgcatgte ggctgacctg gaggtegtca cgagcacctg ggtgetggta ggoggagtee 5340
tageagetct ggeccgegtat tgectgacaa caggcagegt ggtcattgty ggcaggatca 5400
tcttotecgg aaagecggee atcattcceg acagggaagt cctttaccgy gagttogatg 5460
agatggaaga gtgcgectca cacctccett acatcgaaca gggaatgcag ctegecgaac 5520
aattcaaaca gaaggcaatc gggttgctge aaacagecac caagcaagcg gaggetgetg 5580
ctccegtggt ggaatccaag tggcggacee tcgaagectt ctgggegaag catatgtgga 5640
atttcatcag cgggatacaa tatttageag gettgtecac tetgectgge aaccecgega 5700
tagcalcact gatggeattc acagectcta tcaccagece getcaccace caacatacce 5760
tecotgtttaa catcctgggy ggatgggtgg ccgcccaact tgctectcec agegetgett 5820
ctgctticgt aggegeogge atcgetggag cggetgttgg cageatagge cttgggaagg 5880
tgcttgtgga tattttggea ggttatggag caggegtgge aggegegete gtggectltta 5940
aggtcatgag cggcgagaty ccctccaceg agyacctggt taacctactc ceotgctatce 6000
tcteecetgg cgecctagte gteggggteg tgtgegeage gatactgegt cggcacgtgg 6060
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gcecagggga gggggctyty cagtggatga aceggetgat agegtteget tegeggggta 6120
accacgtete cceeacgeac tatgtgecty agagegacge tgeagcacgl gtcactcaga 6180
tcotetctag tottaccatc actcagetge tgaagagget tcaccagtgg atcaacgagyg 6240
actgetecac gecatgetee ggetcgtgge taagagatgt ttgguattogy atatgeargy 6300
tgttgactga tttcaagacc tggctccagt ccaagetect gecegegattyg cegggagtee 6360
ccttettete atgtcaacgt gggtacaagg gagtctygeg gggegacygge atcatgcaaa 6420
ccacctgeee atgtggagea cagatcaccy gacatgtgaa aaacggttec atgaggatcyg 6480
tggggectag gacctgtagt aacacgtgge atggaacatt ccccattaac gegtacacca 6540
cgggccccty cacgeccctee ceggegecaa altattctag ggegetgtgy cgggtggety 6600
ctgaggagta cgtggagytt acgegggtoy gggattteca ctacgtgacg ggcatgacca 6660
ctgacaacgt asagtgcccg tgtcaggttc cggeccecya attcttecaca gaagtggatg 6720
gggtgcggtt gracaggtac getccagegt gcaaacccet cctacgggag gaggtcacat 6780
tectggtegy getcaatcaa tacctggttyg ggtcacaget cecatgegag cccgaacegy 6840
acgtageagt getcacttec atgctcaceg acccctecea cattacggey gagacggcta 6900
agegtagget ggecagggga tetcccecct ccttggocag cteatcaget atccagetgt 6960
ctgcgecttc cttgaaggea acatgcacta ceegteatga ctececggac getgacctea 7020
tecgaggecaa cctectgtgg cggcaggaga tgggcgggaa catcaccege gtggagtcag 7080
aaaataaggt agtaattttg gactctttecg agcegcteea ageggaggag gatgagaggg 7140
aagtatcegt tceggeggag atectgegeca ggtccaggaa attcectega gecgatgecca 7200
tatgggeacg cccggattac aaccctecac tgttagagte ctggaaggac ccggactacg 7260
teectecagt ggtacacggg tgtccattge cgectgecaa ggecectecg ataccacete 7320
cacgygaggas gaggacggtt gtcctgtcag aatctaccyt gtottctgee ttggeggage 7380
tegecacaaa gaccttegge agetccgaat cgteggecgt cgacagegge acggcaacqg 7440
cctetectga ccagecctcee gacgacggcyg acgcgggatc cgacglitgag togtactcect 7500
ccatgeecee ccttgagggg gageeggaag atcccgatet cagegacggg tottggtcta 7560
cegtaagega ggaggetagt gaggacgtcg tctectgete gatgtectac acatggacag 7620
gegeectgat cacgecatge getgeggagg aaaccaaget goccatcaat geactgagea 7680
actctttgct ccgtcaceac azcttggtet atgetacaac atctcgeage gcaagectge 7740
ggcagaagaa ggtcaccttt gacagactge aggtectgga cgaccactac cgggacgtge 7800
tcaaggagat gaaggegaag gogtccacag ttacggetaa acttetatoe gtggaggaayg 7860
cectgtaaget gacgcceeca catteggeca gatctaaatt tggetatggg gcaaaggacg 7920
tecggaacct atccagcaag gecgttaace acatccgete cgtgtggaag gacttgetgg 7980
aagacactga gacaccaatt gecaccacca tcatggcaaa asatgaggtt ttetgegtec 8040
aaccagagaa ggggggcege asgecagete gecttatcgt attcccagat ttgggggttc 8100
gtgtgtgcga gaaaatggec ctttacgaty tggtctccac cctoectcag gcegtgatgy 8160
getcttcata cggattecaa tactetectg gacageogggt cgagttectg gtgaatgect 8220
ggaaagcegaa gaaatgeect atgggcttcyg catatgacac cegetgttbt gactczacgg 8280
tcactgagaa tgacatccgt gttgaggagt caatctacca atgttgtgac ttggeccceg 8340
aagccagaca ggccataagg tcgctcacag ageggettta catcggggge ccectgacta 8400
attctaaagy gcagaactgc ggctategee ggtgecgege gageggtgta ctgacgacca 8460
gctgeggtaa tacccteaca tgttacttga aggecgetge ggectgtega getgegaage 8520
tccaggactyg cacgatgete gtatgoggag acgacctigt cgttatctgt gaaagcgegg 8580
ggacccaaga ggacgaggcy agectacggg ccttcacgga ggetatgact agatactctg 8640
ccececeectygg ggacccgece aaaccagaat acgacligya gttgataaca tcatgctect 8700
ccaatgtgtc agtegegeac gatgcatctg goaaaagggt gtactatcte accegtgace 8760
ccaccaccee ccttgegegg getgegtggg agacagetag acacactcca gtcaattcet 8820
ggctaggeaa catcateatg tatgogocca ccttgtggyc aaggatgate ctgatgactc 8880
atttettcte catecttcta getcaggaac aacttgaaaa agecctagat tgtcagatct 8940
acggggecly tlactccatt gagecaclty acctaccteca gatcattcaa cgactccatg 9000
gcecttagege attttecactc catagttact ctccaggtga gatcaatagg gtggettcat 9060
gccteaggaa acliggggta ccgeccettge gagictggag acatogggee agaagzgtec 9120
gegetagget actgtecocag ggggagaggg ctgccactty tggeaagtac ctctteaact 9180
gggcagtaag gaccaagctc aaactcactc caatcccgge tgegtcccag ttggatttat 9240
ccagetggtt cgttgetggt tacagegggg gagacatata tcacagectyg tetcgtgecc 9300
gaceccgetg gttcatgtgg tgcctactee tactttetgt aggggtagge atctatctac 9360
tceccaaceyg atgaacgggg acctaaacac tccaggecaa taggecatce tgttttttte 9420
cctttttttt tttetttttt tttttttttt ttbttttttt ttttbtttet cetttttttr 9480
Etectettltl ttectrttet ttcclitgyt ggetecatet tegecctagt cacggctage 9540
tgtgaaaggt cegtgageeg cttgactgca gagagtgetg atactggect ctctgcagat 9600
caagt 9605
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