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GCCAGCCCCCTGATGGGGGCGACACTCCACCATGAATCACTCCCCTGTGA
GGAACTACTGTCTTCACGCAGAAAGCGTCTAGCCATGGCGTTAGTATGAG
TGTCGTGCAGCCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGTGGTCTG
CGGAACCGGTGAGTACACCGGAATTGCCAGGACGACCGGGTCCTTTCTTG
GATAAACCCGCTCAATGCCTGGAGATTTGGEGCGTGCCCCCGCARGACTGC
TAGCCGAGTAGTGTTGGGTCGCGARAGGCCTTGTGGTACTGCCTGATAGG
GTGCTTGCGAGTGCCCCGGGAGGTCTCGTAGACCGTGCACCATGAGCACG
AATCCTAAACCTCARAAGAAAAACCAAACGTAACACCAACCGTCGCCCACA
GGACGTCAAGTTCCCGGGTGGCGGTCAGATCGTTGGTGGAGTTTACTTGT
TGCCGCGCAGGGGCCCTAGATTGGGTGTGCGCGCGACGAGGAAGACTTCC
GAGCGGTCGCAACCTCGAGGTAGACGTCAGCCTATCCCCAAGGCACGTCG
GCCCGAGGGCAGGACCTGGGCTCAGCCCGGGTACCCTTGGCCCCTCTATG
GCAATGAGGGTTGCGGGTGGGCGGGATGGCTCCTGTCTCCCCGTGGCTCT
CGGCCTAGCTGGGGCCCCACAGALCCCCGGCGTAGGTCGCGCARTTTGGG
TAAGGTCATCGATACCCTTACGTGCGGCTTCGCCGACCTCATGGGGTACA
TACCGCTCGTCGGCGCCCCTCTTGGAGGCGCTGCCAGGGCCCTGGCGCAT
GGCGTCCGGGTTCTGGAAGACGGCGTGAACTATGCAACAGGGARCCTTCC
TGGTTGCTCTTTICTCTATCTTCCTTCTGGCCCTGCTCTCTTGCCTGACTG
TGCCCGCTTCAGCCTACCAAGTGCGCAATTCCTCGGGGCTTTACCATGTC
ACCAATGATTGCCCTAACTCGAGTATTGTGTACGAGGCGGCCGATGCCAT
CCTGCACACTCCGGGGTGTGTCCCTTGCGTTCGCGAGGGTAACGCCTCGA
GGTGTTGGGTGGCGGTGACCCCCACGGTGGCCACCAGGGACGGCAAACTC
CCCACAACGCAGCTTCGACGTCATATCGATCTGCTTGTCGGGAGCGCCAC
CCTCTGCTCGGCCCTCTACGTGGGGGACCTGTGCGGGTCTGTCTTTCTTG
TTGGTCAACTGTTTACCTTCTCTCCCAGGCGCCACTGGACGACGCAAGAC
TGCAATTGTTCTATCTATCCCGGCCATATAACGGGTCATCGCATGGCATG
GGATATGATGATGAACTGGTCCCCTACGGCAGCGTTGGTGGTAGCTCAGE
TGCTCCGGATCCCACAAGCCATCATGGACATGATCGCTGGTGCTCACTGG
GGAGTCCTGGCGGGCATAGCGTATTTCTCCATGGTGGGGAACTGGGCGAA
GGTCCTGGTAGTGCTGCTGCTATTTGCCGGCGTCGACGCGGARARCCCACG
TCACCGGGGGAAGTGCCGGCCGCACCACGGECTGGGCTTGTTGGTCTCCTT
ACACCAGGCGCCAAGCAGAACATCCAACTGATCAACACCAACGGCAGTTG
GCACATCAATAGCACGGCCTTGAACTGCAATGAAAGCCTTAACACCGGLT
GGTTAGCAGGGCTCTTCTATCAGCACARATTCAACTCTTCAGGCTGTCCT
GAGAGGTTGGCCAGCTGCCGACGCCTTACCGATTTTGCCCAGGGCTGGGG
TCCTATCAGTTATGCCAACGGAAGCGGCCTCGACGAACGCCCCTACTGCT
GGCACTACCCTCCAAGACCTTGTGGCATTGTGCCCGCAAAGAGCGTGTGT
GGCCCGGTATATTGCTTCACTCCCAGCCCCGTGGTGGTGGGAACGACCGA

Figure Ta

(57) Abstract: Disclosed are nucleic acid oligomers for amplifying one
or more selected regions of HCV nucleic acid. Also disclosed are meth-
ods for specific amplification and characterization of HCV nucleic acid
using the disclosed oligomers, as well as corresponding reaction mix-
tures and kits.
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COMPOSITIONS AND METHODS FOR AMPLIFYING AND CHARACTERIZING HCV
NUCLEIC ACID

PRIORITY

[ This application claims priority to U.S. Provisional App. No. 61/655,382 filed June 4,

2012; the entire content of this application being incorporated herein by reference.
BACKGROUND OF THE INVENTION

[2] Hepatitis C Virus (HCV), the major cause of post-transfusion, community-acquired
and cryptogenic non-A, non-B hepatitis (NANBH) (Choo et al, Br. Med. Bull. 46:423-441, 1990), is
apersistent health threat worldwide, with more than one million new cases reported annually (Zein,
Clin. Micro. Rev. 13:223-235, 2000). Over 170 million individuals are infected with HCV worldwide
(see, e.g., Chevaliez et al, PLoS ONE 4:e8209, 2009.), and HCV infection isamost aways chronic
and persistent. The most severe consequences of HCV infection are chronic liver disease and death,
and HCV infection isthe primary impetus for liver transplantation in the United States (Zein, supra).

[3] HCV isapositive strand single-stranded RNA virus approximately 10 kb long
belonging to the Flaviviridae family (Zein, supra). There is considerable heterogeneity among
isolates found in different geographic regions. These differences have been classified into multiple
genotypes and subtypes. Although various different criteria have been used to characterize these
genotypes, two principal modes of classification have been adopted. The more widely used of these
was created by Peter Simmonds and uses Arabic numerals to denote different genotypes and latin
letters for subtypes, e.g., type la, Ib, 2a, etc. (reviewed in Simmonds, Hepatol, 21:570-83, 1995;
Simmonds, Hepatol. 31 Suppl 1:54-60, 1999). According to this system, genotypes 1-3 are the
prevalent types found in North America, Europe, and Japan, and the remaining types are found at
various frequencies in parts of Asia and Africa. Thus in some instances HCV genotype may be of

epidemiological importance, for example in determining the etiology of infection.

[4] Efforts have been undertaken to elucidate the clinical significance of different
genotypes. Some studies suggest that infections of type 1, in particular type Ib, may be associated
with more severe disease and earlier recurrence (Zein et al, Liver Transplant. Surg. 1:354-357, 1995;
Gordon et al, Transplantation 63: 1419-1423, 1997). Certain studies have also indicated that
genotypes other than type 1 may respond more favorably to various treatments, e.g. interferon
(McHutchison et al, N.Engl. J. Med., 339: 1485-1492, 1998). It has been suggested that

determination of HCV genotype in combination with other diagnostic markers, such asviral load,
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may be of value in arriving at disease prognoses (Zein, supra), and determining the course of
treatment (National Institutes of Health Consensus Development Conference Statement; Management

of Hepatitis C: 2002; Jun. 10-1 1, 2002).

[5] Although HCV genotype 1isgenerally considered as a homogeneous group, there are
biological differences between the different subtypes of HCV genotype 1, which are related to
differences in their nucleotide and amino acid sequences. For example, differences between subtype
laand Ib (by far the most frequently encountered genotype 1 subtypes in clinical practice) include
different efficacies of antiviral drugs and different resistance profiles to such drugs. (Chevaliez et ah,
PL0S ONE 4:e8209, 2009.) Several HCV inhibitors appear to have selective activity against different
HCV genotype 1 subtypes, both in vitro and in vivo. (Id.) For example, differences have been
observed in vitrowith NS3/4A protease inhibitors, non-nucleoside inhibitors of HCV RdRp, and
NS5A inhibitors (Erhardt et al.,Antivir. Ther. 14:23-32, 2009; Jiang et ah, J. Hepatol. 50 (suppl.
1):S6, 2009; Liang et ah, Gastroenterology 135:1710-1718, 2008; Nettles et ah, Hepatology 48
(suppl. 1):1025A, 2008; Thompson et ah, J. Hepatol. 50 (suppl. 1):S37, 2009).

(6] Correct identification of HCV subtypes laand Ibiscritical in clinical trials assessing
new HCV drugs in order to correctly stratify and interpret efficacy and resistance data. In addition,
such genotype identification islikely to become increasingly important in clinical practice to select

HCV inhibitor treatment according to HCV genotype 1 subtype. (See Chevaliez et ah, supra.)

[7] Accordingly, there isaneed for compositions and methods for determining genotype
information for HCV type 1so asto correctly identify mutations or single nucleotide polymorphisms
(SNPs) associated with treatment efficacy or resistance, including the correct identification of HCV

subtypes laand Ib. The present invention meets these and other needs.

SUMMARY OF THE INVENTION

(8] In one aspect, the present invention provides amethod for determining at least partia
genotype information for hepatitis C virus type la(HCV-la) or type |b (HCV-Ib) inasample. The
method generally includes the following steps: (1) contacting a sample, which is suspected of
containing HCV-la or HCV-lb viral RNA, with at least two amplification oligomers for amplifying at
least one target region of an HCV-la or HCV-Ib target nucleic acid; (2) performing at least one in
vitro nucleic acid amplification reaction (e.g., one or more of an RT-PCR amplification reaction, a
PCR amplification reaction, and atranscription-mediated amplification (TMA) reaction), wherein any
HCV-la or HCV-lb target nucleic acid present in the sample isused as atemplate for generating at
least one amplification product corresponding to the at least one target region; and (3) detecting the

nucleobase at one or more nucleotide positions within the at least one amplification product, thereby
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determining at least partial genotype information for the HCV-la or HCV-Ib in the sample. In certain
variations, the method further includes contacting the sample with at least one capture probe oligomer
comprising a nucleotide sequence that hybridizes to the HCV-la or HCV-Ib target nucleic acid,

wherein the at |east one capture probe further comprises a nucleotide sequence or moiety that binds to

an immobilized probe.

[9] In some embodiments of amethod for determining HCV-la genotype information,
the a least one target region and corresponding amplification oligomers are selected from the

following:

(a) afirsttarget region corresponding to nucleotide positions 8522 to 9372 of SEQ
ID NO: 155, wherein if the first target region is amplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 65, 43, and 34; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 69, 38, and 41;

(b) asecond target region corresponding to nucleotide positions 7788 to 8838 of SEQ
ID NO:155, wherein if the second target region isamplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 57, 63, and 28; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 40, 35, and 42;

(c) athird target region corresponding to nucleotide positions 6966 to 7970 of SEQ
ID NO: 155, wherein if the third target region isamplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 60, 58, and 36; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 31, 73, and 62;

(d) afourthtarget region corresponding to nucleotide positions 6076 to 7117 of SEQ
ID NO: 155, wherein if the fourth target region is amplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 55, 70, and 29; and (ii) at least one oligomer
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comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 46, 45, and 61;

(e) afifthtarget region corresponding to nucleotide positions 5094 to 6304 of SEQ
ID NO: 155, wherein if the fifth target region is amplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to anucleotide sequence
selected from SEQ ID NOs: 39, 44, and 68; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 47, 51, and 59;

(f)y asixth target region corresponding to nucleotide positions 4258 to 5297 of SEQ
ID NO: 155, wherein if the sixth target region is amplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to anucleotide sequence
selected from SEQ ID NOs: 52, 49, and 72; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs. 37, 75, and 53; and

(9) aseventh target region corresponding to nuclectide positions 3434 to 4482 of
SEQ ID NO: 155, wherein if the seventh target region is amplified, then the at
least two amplification oligomers comprise (i) a least one oligomer comprising a
target-hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 77, 79, and 81; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 78, 80, and 71.

[10] In more particular embodiments of the method for determining HCV-la genotype
information as above, the at least one amplification oligomer of one or more of (3)(i), (a)(ii), (b)(i),
(b)(ii), (©)(i), (O)(ii), (d)(i), (d)(ii), (€)(i), (e)(ii), (B)(P), (F)(ii), (9)(i), and (g)(ii) comprises or consists of

the specified nucleotide sequence.

[11] In certain variations of the method for determining HCV-la genotype information,
each of the first through seventh target regions of (a) through (g) are amplified to produce &t least one
amplification product corresponding to each of the HCV-la target regions, and the detecting step
comprises detecting the nucleobase at one or more positions within each of the seven amplification
products. In some such variations, the contacting step includes contacting the sample with each of the
oligomers of (a)(i); each of the oligomers of (a)(ii); each of the oligomers of (b)(i); each of the

oligomers of (b)(ii); each of the oligomers of (c)(i); each of the oligomers of (c)(ii); each of the
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oligomers of (d)(i); each of the oligomers of (d)(ii); each of the oligomers of (€)(i); each of the

oligomers of (g)(ii);

each of the oligomers of (f)(i); each of the oligomers of (f)(ii); each of the

oligomers of (g)(i); and each of the oligomers of (g)(ii).

[12] In some embodiments of a method for determining HCV-Ib genotype information,

the at least one target region and corresponding amplification oligomers are selected from the

following:

@

(b)

©

(d)

afirst target region corresponding to nucleotide positions 8504 to 9350 of SEQ
ID NO: 156, wherein if the first target region isamplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 21, 86, and 88; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 76, 87, and 89;

a second target region corresponding to nucleotide positions 7771 to 8618 of SEQ
ID NO: 156, wherein if the second target region isamplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 82, 4, and 2; and (ii) at |east one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 90, 92, and 91;

athird target region corresponding to nucleotide positions 6956 to 7966 of SEQ
ID NO: 156, wherein if the third target region isamplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 83, 24, and 94; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 84, 5, and 12;

afourth target region corresponding to nucleotide positions 6057 to 7101 of SEQ
ID NO: 156, wherein if the fourth target region is amplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 95, 85, and 96; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 1, 11, and 18;
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(e) afifthtarget region corresponding to nucleotide positions 5077 to 6290 of SEQ
ID NO: 156, wherein if the fifth target region is amplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 97, 98, and 99; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 19, 3, and 7;

(f) asixth target region corresponding to nuclectide positions 4240 to 5280 of SEQ
ID NO: 156, wherein if the sixth target region is amplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 23, 8, and 26; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 100, 10, and 9; and

(g) aseventh target region corresponding to nucleotide positions 3296 to 4466 of
SEQ ID NO: 156, wherein if the seventh target region is amplified, then the at
least two amplification oligomers comprise (i) at least one oligomer comprising a
target-hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 101, 15, and 6; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 17, 74, and 27.

[13] In more particular embodiments of the method for determining HCV-lb genotype
information as above, the at least one amplification oligomer of one or more of (a)(i), (a)(ii), (b)(i),
(b)(ii), (©)(0), ()i}, (@), (i), (€)(). ()(ii), (F)(i), (F)(ii), (9)(i). and (g)(ii) comprises or consists of

the specified nucleotide sequence.

[14] In certain variations of the method for determining HCV-Ib genotype information,
each of the first through seventh target regions of (a) through (g) are amplified to produce at least one
amplification product corresponding to each of the HCV-Ib target regions, and the detecting step
comprises detecting the nucleobase at one or more positions within each of the seven amplification
products. In some such variations, the contacting step includes contacting the sample with each of the
oligomers of (a)(i); each of the oligomers of (a)(ii); each of the oligomers of (b)(i); each of the
oligomers of (b)(ii); each of the oligomers of (c)(i); each of the oligomers of (c)(ii); each of the
oligomers of (d)(i); each of the oligomers of (d)(ii); each of the oligomers of (€)(i); each of the
oligomers of (e)(ii); each of the oligomers of (f)(i); each of the oligomers of (f)(ii); each of the

oligomers of (g)(i); and each of the oligomers of (g)(ii).

6
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In some embodiments of amethod for determining at least partial genotype
information for HCV-la or HCV-Ib, the detecting step includes sequencing the at least one
amplification product. Suitable sequencing techniques include single molecule rea time (SMRT)
sequencing, chain terminator sequencing (Sanger sequencing), nanopore sequencing, massively
parallel sequencing, pyrosequencing, polony sequencing, sequencing by ligation, ion semiconductor

sequencing and DNA nanoball sequencing.

[15] . In other variations, the detecting step includes detecting, in ahybridization assay,
an ability of the at least one amplification product to hybridize to a SNP-specific prabe oligomer, such
as, e.g., a SNP-specific probe oligomer comprising a detectable label. In yet other variations, the
detecting step includes detecting, in an amplification-based assay, an ability of a SNP-specific

amplification oligomer to amplify aregion of the at least one amplification product.

[16] In another aspect, the present invention provides a combination of at least two
oligomers for amplifying at least one target region of ahepatitis C virus type la (HCV-la) target
nucleic acid present in a sample. The oligomer combination includes at least two amplification
oligomers for amplifying the at least one target region and, optionally, at least one capture probe
oligomer comprising a nucleotide sequence that hybridizes to the HCV-la target nucleic acid,
wherein the at least one capture probe further comprises a nucleotide sequence or moiety that binds
to an immobilized probe. In some embodiments, the at least one target region and corresponding

amplification oligomers are selected from the following:

(a) afirsttarget region corresponding to nucleotide positions 8522 to 9372 of SEQ
ID NO: 155, wherein if the first target region isamplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 65, 43, and 34; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 69, 38, and 41;

(b) asecond target region corresponding to nucleotide positions 7788 to 8838 of SEQ
ID NO:155, wherein if the second target region is amplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 57, 63, and 28; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 40, 35, and 42;

(c) athird target region corresponding to nucleotide positions 6966 to 7970 of SEQ
ID NO: 155, wherein if the third target region isamplified, then the at least two

7
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amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to anucleotide sequence
selected from SEQ ID NOs: 60, 58, and 36; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 31, 73, and 62;

afourth target region corresponding to nucleotide positions 6076 to 7117 of SEQ
ID NO: 155, wherein if the fourth target region is amplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to anucleotide sequence
selected from SEQ ID NOs: 55, 70, and 29; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 46, 45, and 61;

a fifth target region corresponding to nucleotide positions 5094 to 6304 of SEQ
ID NO: 155, wherein if the fifth target region is amplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to anucleotide sequence
selected from SEQ ID NOs: 39, 44, and 68; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 47, 51, and 59;

a sixth target region corresponding to nuclectide positions 4258 to 5297 of SEQ
ID NO: 155, wherein if the sixth target region is amplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to anucleotide sequence
selected from SEQ ID NOs: 52, 49, and 72; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs. 37, 75, and 53; and

a seventh target region corresponding to nuclectide positions 3434 to 4482 of
SEQ ID NO: 155, wherein if the seventh target region is amplified, then the at
least two amplification oligomers comprise (i) a least one oligomer comprising a
target-hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 77, 79, and 81; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 78, 80, and 71.
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[17] In more particular embodiments of the oligomer combination for amplifying at least
one target region of aHCV-la, the at least one amplification oligomer of one or more of (a)(i), (a)(ii),
(b)(@), (b)(ii), (c)(i), ()(ii), (A)(), (d)(ii), (e)(i), (e)(ii), (A)(i), (F)(ii), (9)(i), and (g)(ii) comprises or

consists of the specified nucleotide sequence.

[18] In some variations, the oligomer combination includes amplification oligomers for
amplifying more than one HCV-la target region. In some such variations, the oligomer combination
comprises the at least one oligomer of (g)(i); the at least one oligomer of (a)(ii); the at least one
oligomer of (b)(i); the at least one oligomer of (b)(ii); the at least one oligomer of (c)(i); the at least
one oligomer of (c)(ii); the at least one oligomer of (d)(i); the at least one oligomer of (d)(ii); the at
least one oligomer of (e)(i); the at least one oligomer of (e)(ii); the at least one oligomer of (f)(i); the
at least one oligomer of (f)(ii); the at least one oligomer of (g)(i); and the at least one oligomer of
(9)(ii). In other such variations, the oligomer combination comprises each of the oligomers of (a)(i);
each of the oligomers of (a)(ii); each of the oligomers of (b)(i); each of the oligomers of (b)(ii); each
of the oligomers of (c)(i); each of the oligomers of (c)(ii); each of the oligomers of (d)(i); each of the
oligomers of (d)(ii); each of the oligomers of (€)(i); each of the oligomers of (e)(ii); each of the
oligomers of (f)(i); each of the oligomers of (f)(ii); each of the oligomers of (g)(i); and each of the

oligomers of (g)(ii).

[19] In yet another aspect, the present invention provides a combination of at least two
oligomers for amplifying at least one target region of a hepatitis C virus type Ib (HCV-lb) target
nucleic acid present in a sample. The oligomer combination includes at least two amplification
oligomers for amplifying the at least one target region and, optionally, at least one capture probe
oligomer comprising a nucleotide sequence that hybridizes to the HCV-lb target nucleic acid,
wherein the at least one capture probe further comprises a nucleotide sequence or moiety that binds to
an immobilized probe. In some embodiments, the at least one target region and corresponding

amplification oligomers are selected from the following:

(a) afirsttarget region corresponding to nucleotide positions 8504 to 9350 of SEQ
ID NO: 156, wherein if the first target region isamplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 21, 86, and 88; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 76, 87, and 89;

(b) asecond target region corresponding to nucleotide positions 7771 to 861 8 of SEQ
ID NO: 156, wherein if the second target region isamplified, then the at least two

amplification oligomers comprise (i) at least one oligomer comprising atarget-
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hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 82, 4, and 2; and (ii) at |east one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 90, 92, and 91,

athird target region corresponding to nucleotide positions 6956 to 7966 of SEQ
ID NO: 156, wherein if the third target region isamplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 83, 24, and 94; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 84, 5, and 12;

afourth target region corresponding to nuclectide positions 6057 to 7101 of SEQ
ID NO: 156, wherein if the fourth target region is amplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 95, 85, and 96; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 1, 11, and 18;

afifth target region corresponding to nucleotide positions 5077 to 6290 of SEQ
ID NO: 156, wherein if the fifth target region is amplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 97, 98, and 99; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 19, 3, and 7;

a sixth target region corresponding to nucleotide positions 4240 to 5280 of SEQ
ID NO: 156, wherein if the sixth target region is amplified, then the at least two
amplification oligomers comprise (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 23, 8, and 26; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 100, 10, and 9; and

a seventh target region corresponding to nucleotide positions 3296 to 4466 of
SEQ ID NO: 156, wherein if the seventh target region is amplified, then the at
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least two amplification oligomers comprise (i) a least one oligomer comprising a
target-hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 101, 15, and 6; and (ii) at |east one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs:. 17, 74, and 27.

[20] In more particular embodiments of the oligomer combination for amplifying at least
one target region of aHCV-lb, the at least one amplification oligomer of one or more of (a)(i), (a)(ii),
(B)(@), ()(ii), (c)(i), ()(ii), (d)(i), (d)(ii), ()(D). (e)(ii), (F)(i), (F)(ii), (9)(i), and (g)(ii) comprises or

consists of the specified nucleotide sequence.

[21] In some variations, the oligomer combination includes amplification oligomers for
amplifying more than one HCV-Ib target region. In some such variations, the oligomer combination
comprises the at least one oligomer of (a)(i); the at least one oligomer of (a)(ii); the at least one
oligomer of (b)(i); the at least one oligomer of (b)(ii); the at least one oligomer of (c)(i); the at least
one oligomer of (c)(ii); the at least one oligomer of (d)(i); the at least one oligomer of (d)(ii); the at
least one oligomer of (e)(i); the at least one oligomer of (e)(ii); the at least one oligomer of (f)(i); the
at least one oligomer of (f)(ii); the at least one oligomer of (g)(i); and the at least one oligomer of
(9)(ii). In other such variations, the oligomer combination comprises each of the oligomers of (a)(i);
each of the oligomers of (a)(ii); each of the oligomers of (b)(i); each of the oligomers of (b)(ii); each
of the oligomers of (c)(i); each of the oligomers of (c)(ii); each of the oligomers of (d)(i); each of the
oligomers of (d)(ii); each of the oligomers of (€)(i); each of the oligomers of (g)(ii); each of the
oligomers of (f)(i); each of the oligomers of (f)(ii); each of the oligomers of (g)(i); and each of the

oligomers of (g)(ii).

[22]  These and other aspects of the invention will become evident upon reference to the

following detailed description of the invention and the attached drawings.

DEFINITIONS

[23] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art pertinent to the methods and
compositions described. Asused herein, the following terms and phrases have the meanings ascribed

to them unless specified otherwise.

[24] Theterms "a" "an," and "the" include plural referents, unless the context clearly
indicates otherwise. For example, "anucleic acid" asused herein is understood to represent one or
more nucleic acids. Assuch, theterms "a" (or "an"), "one or more," and "at least one" can be used

interchangeably herein.
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[25] "Sample" includes any specimen that may contain hepatitis C virus type la (HCV-1a)
and/or type |b (HCV-Ib) or components thereof, such asnucleic acids or fragments of nucleic acids.
Samples include "biological samples' which include any tissue or material derived from aliving or
dead human that may contain HCV-la and/or HCV-Ib or target nucleic acid derived therefrom,
including, e.g., peripheral blood, plasma, serum, lymph node, gastrointestinal tissue (e.g., liver), or
other body fluids or materials. The biological sample may betreated to physically or mechanically
disrupt tissue or cell structure, thus releasing intracellular components into a solution which may
further contain enzymes, buffers, sdts, detergents and the like, which are used to prepare, using
standard methods, abiological sample for analysis. Also, samples may include processed samples,
such as those obtained from passing samples over or through a filtering device, or following

centrifugation, or by adherence to a medium, matrix, or support.

[26] "Nucleic acid" refers to amultimeric compound comprising two or more covalently
bonded nucleosides or nucleoside analogs having nitrogenous heterocyclic bases, or base analogs,
where the nucleosides are linked together by phosphodiester bonds or other linkages to form a
polynucleotide. Nucleic acids include RNA, DNA, or chimeric DNA-RNA polymers or
oligonuclectides, and analogs thereof. A nucleic acid "backbone" may be made up of avariety of
linkages, including one or more of sugar-phosphodiester linkages, peptide-nucleic acid bonds (in
"peptide nucleic acids' or PNAS, see, eg., International Patent Application Pub. No. WO 95/32305),
phosphorothioate linkages, methylphosphonate linkages, or combinations thereof. Sugar moieties of
the nucleic acid may be either ribose or deoxyribose, or similar compounds having known
substitutions such as, for example, 2'-methoxy substitutions and 2'-halide substitutions (e.g., 2'-F).
Nitrogenous bases may be conventional bases (A, G, C, T, U), anaogs thereof (e.g., inosine, 5-
methylisocytosine, isoguanine; see, e.g., The Biochemistry d theNucleic Acids 5-36, Adams et ah,
ed., 11th ed., 1992; Abraham et ah, 2007, BioTechniques 43: 617-24), which include derivatives of
purine or pyrimidine bases (e.g., N4-methyl deoxygaunosine, deaza- or aza-purines, deaza- or aza-
pyrimidines, pyrimidine bases having substituent groups at the 5 or 6 position, purine bases having an
altered or replacement substituent at the 2, 6 and/or 8 position, such as 2-amino-6-methylaminopurine,
0 %-methylguanine, 4-thio-pyrimidines, 4-amino-pyrimidines, 4-dimethylhydrazine-pyrimidines, and
04-alkyl-pyrimidines, and pyrazolo-compounds, such asunsubstituted or 3-substituted pyrazolo[3,4-
d]pyrimidine; U SPatent Nos. 5,378,825, 6,949,367 and International Patent Application Pub. No.
WO 93/13121, each incorporated by reference herein). Nucleic acids may include "abasic" residues
in which the backbone does not include a nitrogenous base for one or more residues (see, e.g., US
Patent No. 5,585,481, incorporated by reference herein). A nucleic acid may comprise only
conventional sugars, bases, and linkages as found in RNA and DNA, or may include conventional
components and substitutions (e.g., conventional bases linked by a 2'-methoxy backbone, or anucleic

acid including a mixture of conventional bases and one or more base analogs). Nucleic acids may
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include "locked nucleic acids' (LNA), in which one or more nucleotide monomers have abicyclic
furanose unit locked in an RNA mimicking sugar conformation, which enhances hybridization affinity
toward complementary sequences in single-stranded RNA (ssRNA), single-stranded DNA (ssDNA),
or double-stranded DNA (dsDNA) (Vester et ah, Biochemistry 43:13233-41, 2004, incorporated by
reference herein). Nucleic acids may include modified bases to ater the function or behavior of the
nucleic acid, e.g., addition of a 3'-terminal dideoxynucleotide to block additional nucleotides from
being added to the nucleic acid. Synthetic methods for making nucleic acids in vitro are well known

in the art although nucleic acids may be purified from natural sources using routine techniques.

[271  Theterm "polynuclectide" as used herein denotes anucleic acid chain. Throughout
this application, nucleic acids are designated by the 5'-terminus to the 3'-terminus. Standard nucleic
acids, e.g., DNA and RNA, aretypicaly synthesized "3-to-5'," i.e., by the addition of nucleotides to

the 5'-terminus of a growing nucleic acid.

[28] A "nucleotide" asused herein is asubunit of anucleic acid consisting of a phosphate
group, a 5-carbon sugar, and a nitrogenous base. The 5-carbon sugar found in RNA isribose. In
DNA, the 5-carbon sugar is 2'-deoxyribose. The term also includes analogs of such subunits, such as
amethoxy group at the 2' position of the ribose (2'-0-Me€). Asused herein, methoxy
oligonucleotides containing "T" residues have a methoxy group at the 2' position of the ribose

moiety, and a uracil at the base position of the nucleotide.

[29] A "non-nucleotide" unit asused herein (e.g., anon-nucleotide linker) isaunit that
does not significantly participate in hybridization of apolymer. Such units must not, for example,
participate in any significant hydrogen bonding with anucleotide, and would exclude units having as

a component one of the five nucleotide bases or anal ogs thereof.

[30] A "target nucleic acid" asused herein isanucleic acid comprising atarget sequence
to beamplified. Target nucleic acids may be DNA or RNA as described herein, and may be either
single-stranded or double-stranded. The target nucleic acid may include other sequences besides the

target sequence, which may not be amplified.

[31] By "isolated" it is meant that abiological constituent (e.g., a sample containing a
target nucleic acid) istaken from its natural milieu, but the term does not connote any degree of

purification.

[32] Theterm "target region" asused herein refersto the particular region of the target
nucleic acid that isto beamplified. The "target region" includes the complexing sequences to which
oligonucleotides (e.g., priming oligonucleotides and/or promoter oligonucleotides) complex during an
amplification processes (e.g., PCR, TMA). Where the target nucleic acid is originally single-stranded,

the term "target region” will aso refer to the sequence complementary to the "target region” as
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present in the target nucleic acid. Where the target nucleic acid isoriginally double-stranded, the term

"target sequence" refers to both the sense (+) and antisense (-) strands.

[33] "Target-hybridizing sequence" isused herein to refer to the portion of an oligomer
that is configured to hybridize with atarget nucleic acid sequence. Preferably, the target-hybridizing
sequences are configured to specifically hybridize with atarget nucleic acid sequence. Target-
hybridizing sequences may be 100% complementary to the portion of the target sequence to which
they are configured to hybridize, but not necessarily. Target-hybridizing sequences may also include
inserted, deleted and/or substituted nucleotide residues relative to atarget sequence. Less than 100%o
complementarity of atarget-hybridizing sequence to atarget sequence may arise, for example, when
the target nucleic acid isaplurality strains within a species, such aswould bethe case for an oligomer
configured to hybridize to the various subtypes of HCV laor Ib. Itisunderstood that other reasons
exist for configuring a target-hybridizing sequence to have less than 100% complementarity to atarget

nucleic acid.

[34] Oligomer target-hybridizing sequences defined herein by reference to a specific
segquence (e.g., by reference to a sequence substantially corresponding to or substantially
complementary to aregion within SEQ ID NO: 155 or 156) are also understood to include functional
complements thereof, unless the context clearly dictates otherwise. Thus, for example, where target-
hybridizing regions of first and second amplification oligomers are defined by reference to specific
sequences corresponding, respectively, to sense and antisense strands of atarget nucleic acid, itis
understood that the amplification oligomer combination may include afunctional combination of first
and second amplification oligomers having target-hybridizing sequences that are the respective

complements of the specific reference sequences.

[35] The term "targets a sequence” asused herein in reference to aregion of HCV-la or
HCV- b nucleic acid refers to a process whereby an oligonucleotide hybridizes to the target sequence
in amanner that alows for amplification of HCV target nucleic acid and/or detection of at least partia
genotype information asdescribed herein. In one preferred embodiment, the oligonucleotide is
complementary with the targeted HCV nucleic acid sequence and contains no mismatches. In another
preferred embodiment, the oligonucleotide iscomplementary but contains 1, 2, 3, 4, or 5 mismatches
with the targeted HCV nucleic acid sequence. Preferably, the oligonucleotide that hybridizes to the
HCV nucleic acid sequence includes at least 10 to asmany as 50 nucleotides complementary to the
target sequence. It isunderstood that at least 10 and as many as 50 isan inclusive range such that 10,
50 and each whole number there between are included. Preferably, the oligomer specifically

hybridizes to the target sequence.

[36] The term "configured to" denotes an actual arrangement of the polynucleotide

sequence configuration of areferenced oligonucleotide target-hybridizing sequence. For example,
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amplification oligomers that are configured to generate a specified amplicon from atarget sequence
have polynuclectide sequences that hybridize to the target sequence and can be used in an
amplification reaction to generate the amplicon. Also as an example, oligonucleotides that are
configured to specifically hybridize to atarget sequence have a polynucleotide sequence that
specifically hybridizes to the referenced sequence under stringent hybridization conditions.

[37]  Theterm "configured to specificaly hybridize to" asused herein means that the
target-hybridizing region of an amplification oligonucleotide, detection probe, or other
oligonucleotide is designed to have a polynuclectide sequence that could target a sequence of the
referenced HCV-la or HCV-Ib target region. Such an oligonucleotide is not limited to targeting that
sequence only, but israther useful as a composition, in akit, or in amethod for targeting an HCV
target nucleic acid. The oligonucleotide is designed to function as a component of an assay for
amplification and detection of HCV from a sample, and therefore is designed to target HCV in the
presence of other nucleic acids commonly found in testing samples. "Specifically hybridize to" does
not mean exclusively hybridize to, as some small level of hybridization to non-target nucleic acids
may occur, asisunderstood in the art. Rather, "specifically hybridize to" means that the
oligonucleotide is configured to function in an assay to primarily hybridize the target so that
amplification and/or accurate detection of target nucleic acid in a sample, including accurate detection
of at least partial genotype information as described herein, can be determined. The term "configured
to" denotes an actual arrangement of the polynucleotide sequence configuration of the amplification

oligonucleotide target-hybridizing sequence.

[38] Theterm "fragment,” asused herein in reference to the HCV-la or HCV-Ib targeted
nucleic acid, refersto apiece of contiguous nucleic acid. In certain embodiments, the fragment
includes contiguous nucleotides from an HCV-la or HCV-Ib RNA, wherein the number of contiguous

nucleotides in the fragment are less than that for the entire HCV RNA.

[39] Theterm "region," as used herein, refers to aportion of anucleic acid wherein said
portion is smaller than the entire nucleic acid. For example, when the nucleic acid in reference isan
oligonucleotide promoter primer, the term "region" may be used refer to the smaller promoter portion
of the entire oligonucleotide. Similarly, and aso as example only, when the nucleic acid isaHCV-la
or HCV-Ib nucleic acid, the term "region" may be used to refer to a smaller area of the nucleic acid,
wherein the smaller areaistargeted by one or more oligonucleotides of the invention. Asanother
non-limiting example, when the nucleic acid in reference is an amplicon, the term region may be used
to refer to the smaller nucleotide sequence identified for hybridization by the target-hybridizing

sequence of a probe.

[40] In the context of HCV nucleic acid sequences, "correspondence” to another sequence

(e.g., regions, fragments, nucleotide positions, or the like) is based on the convention of numbering
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according to nucleotide position number and then aligning the sequences in amanner that maximizes
the percentage of sequence identity. Because not all positions within a given "corresponding region"
need be identical, non-matching positions within a corresponding region may beregarded as
"corresponding positions." Accordingly, asused herein, referral to a "target region corresponding to
nucleotide positions [X] to [Y]" of a specified HCV nucleotide sequence represents referral to a
collection of equivalent positions in other recognized HCV nucleic acids. In addition, reference
herein to "amplifying" a"target region corresponding to nucleotide positions [X] to [Y]" of a
specified HCV nucleotide sequence includes reference to an amplified target region faling within
about 50 to about 100 nucleotides of either of the specified [X] and/or [Y] endpoints.

[41]  Asused herein, the term "single nucleotide polymorphism" or "SNP," refers to any
position along anucleotide sequence that has one or more variant nucleotides. In the context of HCV
nucleic acids and methods of genotyping as described herein, a"SNP" is generally defined as a
difference from abaseline reference nucleotide sequence or as a difference found between a subset of

HCV nucleic acids of particular type (e.g., type 1) or subtype (eg., laor Ib).

[42]  Theinterchangeable terms "oligomer," "oligo," and "oligonucleotide" refer to a
polynucleotide having generally lessthan 1,000 nucleotide (nt) residues, including polymersin a
range having alower limit of about 5 nt residues and an upper limit of about 500 to 900 nt residues.

In some embodiments, oligonucleotides are in a size range having alower limit of about 12 to 15nt
and an upper limit of about 50 to 600 nt, and other embodiments are in arange having alower limit of
about 15to 20 nt and an upper limit of about 22 to 100 nt. Oligonucleotides may be purified from
naturally occurring sources or may be synthesized using any of avariety of well-known enzymatic or
chemical methods. The term oligonucleotide does not denote any particular function to the reagent;
rather, it is used generically to cover all such reagents described herein. An oligonucleotide may serve
various different functions. For example, it may function asaprimer if it is specific for and capable
of hybridizing to a complementary strand and can further be extended in the presence of anucleic acid
polymerase; it may function asaprimer and provide a promoter if it contains a sequence recognized
by an RNA polymerase and allows for transcription (e.g., aT7 Primer); and it may function to detect a
target nucleic acid if it is capable of hybridizing to the target nucleic acid, or an amplicon thereof, and

further provides a detectible moiety (e.g., an acridinium-ester compound).

[43] Asused herein, an oligonucleotide "substantially corresponding to" a specified
reference nucleic acid sequence means that the oligonucleotide is sufficiently similar to the reference
nucleic acid sequence such that the oligonucleotide has similar hybridization properties to the
reference nucleic acid sequence in that it would hybridize with the same target nucleic acid sequence
under stringent hybridization conditions. One skilled in the art will understand that "substantially

corresponding oligonucleotides' can vary from areference sequence and still hybridize to the same
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target nucleic acid sequence. It isaso understood that a first nucleic acid corresponding to a second
nucleic acid includes the RNA and DNA thereof and includes the complements thereof, unless the
context clearly dictates otherwise. This variation from the nucleic acid may be stated in terms of a
percentage of identical bases within the sequence or the percentage of perfectly complementary bases
between the probe or primer and itstarget sequence. Thus, in certain embodiments, an
oligonucleotide "substantially corresponds® to areference nucleic acid sequence if these percentages
of base identity or complementarity are from 100% to about 80%. In preferred embodiments, the
percentage is from 100% to about 85%. In more preferred embodiments, this percentage is from 100%
to about 90%>; in other preferred embodiments, this percentage is from 100%o to about 95%-. It is
understood that when referring to ranges for percentages between substantially corresponding nucleic
acids, that the range isinclusive of al whole and partial numbers (e.g., 98%o, 97.64%, etc.). Similarly,
aregion of anucleic acid or amplified nucleic acid can bereferred to herein as corresponding to a
reference nucleic acid sequence. One skilled in the art will understand the various modifications to
the hybridization conditions that might berequired at various percentages of complementarity to
allow hybridization to a specific target sequence without causing an unacceptable level of non-

specific hybridization.

[44]  An"amplification oligomer" isan oligomer, at least the 3'-end of which is
complementary to atarget nucleic acid, and which hybridizes to atarget nucleic acid, or its
complement, and participates in anucleic acid amplification reaction. An example of an
amplification oligomer isa"primer" that hybridizes to atarget nucleic acid and contains a 3' OH end
that is extended by a polymerase in an amplification process. Another example of an amplification
oligomer isan oligomer that isnot extended by apolymerase (e.g., because it has a 3' blocked end)
but participates in or facilitates amplification. For example, the 5' region of an amplification
oligonuclectide may include a promoter sequence that isnon-complementary to the target nucleic acid
(which may bereferred to asa "promoter primer" or "promoter provider." Those skilled in the art
will understand that an amplification oligomer that functions as a primer may be modified to include a
5' promoter segquence, and thus function as a promoter primer. Incorporating a 3' blocked end further
modifies the promoter primer, which isnow capable of hybridizing to atarget nucleic acid and
providing an upstream promoter sequence that serves to initiate transcription, but does not provide a
primer for oligo extension. Such amodified oligo isreferred to herein as a "promoter provider"
oligomer. Sizeranges for amplification oligonucleotides include those that are about 10 to about 70
nt long (not including any promoter sequence or poly-A tails) and contain at least about 10 contiguous
bases, or even at least 12 contiguous bases that are complementary to aregion of the target nucleic
acid sequence (or a complementary strand thereof). The contiguous bases are at least 80%, or at least
90%, or completely complementary to the target sequence to which the amplification oligomer binds.

It isunderstood that ranges for percent complementarity are inclusive of al whole and partial numbers
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(e.g., a least 90% includes 90, 94, 96. 114 and etc.). An amplification oligomer may optionally
include modified nucleotides or analogs, or additional nucleotides that participate in an amplification
reaction but are not complementary to or contained in the target nucleic acid, or template sequence. It
isunderstood that when referring to ranges for the length of an oligonucleotide, amplicon, or other
nucleic acid, that the range isinclusive of all whole numbers (e.g., 19-25 contiguous nuclectides in
length includes 19, 20, 21, 22, 23, 24 & 25).

[45] "Amplification" refers to any known procedure for obtaining multiple copies of a
target nucleic acid sequence or its complement or fragments thereof. The multiple copies may be
referred to asamplicons or amplification products. Amplification of "fragments’ refers to production
of an amplified nucleic acid that contains less than the complete target nucleic acid or its complement,
e.g., produced by using an amplification oligonucleotide that hybridizes to, and initiates
polymerization from, an internal position of the target nucleic acid. Known amplification methods
include, for example, replicase-mediated amplification, polymerase chain reaction (PCR), reverse
transcription polymerase chain reaction (RT-PCR), ligase chain reaction (LCR), strand-displacement
amplification (SDA), and transcription-mediated or transcription-associated amplification. Replicase-
mediated amplification uses self-replicating RNA molecules, and areplicase such as QB-replicase
(see, eg., USPatent No. 4,786,600, incorporated by reference herein). LCR amplification uses four
or more different oligonuclectides to amplify atarget and its complementary strand by using multiple
cycles of hybridization, ligation, and denaturation (see, e.g., USPatent Nos. 5,427,930 and 5,516,663,
each incorporated by reference herein). SDA uses aprimer that contains arecognition site for a
restriction endonuclease and an endonuclease that nicks one strand of a hemimodified DNA duplex
that includes the target sequence, whereby amplification occurs in a series of primer extension and
strand displacement steps (see, e.g., US Patent Nos. 5,422,252; 5,547,861; and 5,648,211; each

incorporated by reference herein).

[46] "Polymerase chain reaction" (PCR) uses a DNA polymerase, pairs of primers, and
thermal cycling to synthesize multiple copies of two complementary strands of dsDNA or from a
cDNA (see, eg., USPatent Nos. 4,683,195; 4,683,202; and 4,800,159; each incorporated by reference
herein). Generally, this process for amplifying atarget region includes introducing an excess of at
least two oligonucleotide primers (forward and reverse) to amixture containing the desired target
nucleic acid, followed by aprecise sequence of thermal cycling in the presence of a DNA polymerase.
To effect amplification, the mixture is denatured and the primers then annealed to their respective
target sequences within complementary strands of the target nucleic acid. Following annealing, the
primers are extended with apolymerase so asto form anew pair of complementary strands. The steps
of denaturation, primer annealing, and polymerase extension can be repeated many times (i.e.,
denaturation, annealing and extension constitute one "cycle"; there can be numerous "cycles') to

obtain ahigh concentration of an amplified segment of the desired target sequence. The amplified
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segments created by the PCR process itself are, themselves, efficient templates for subsequent PCR
amplifications. "Reverse transcription polymerase chain reaction” (RT-PCR) isavariant of PCR in
which an RNA strand is reverse transcribed into its DNA complement (cDNA) using areverse

transcriptase, and the resulting cDNA isamplified using PCR.

[47] "Transcription-associated amplification" or "transcription-mediated amplification”
(TMA) refer to nucleic acid amplification that uses an RNA polymerase to produce multiple RNA
transcripts from anucleic acid template. These methods generally employ an RNA polymerase, a
DNA polymerase, deoxyribonucleoside triphosphates, ribonucleoside triphosphates, and atemplate
complementary oligonucleotide that includes a promoter sequence, and optionally may include one or
more other oligonucleotides. Variations of transcription-associated amplification are well-known in
the art as previously disclosed in detail (see, e.g., USPatent Nos. 4,868,105; 5,124,246; 5,130,238;
5,399,491; 5,437,990; 5,554,516; and 7,374,885; and International Patent Application Pub. Nos. WO
88/01302; WO 88/10315; and WO 95/03430; each incorporated by reference herein).

[48] Theterm "amplicon" or the term "amplification product" as used herein refers to the
nucleic acid molecule generated during an amplification procedure that is complementary or
homologous to a sequence contained within the target sequence. The complementary or homologous
sequence of an amplicon is sometimes referred to herein as a "target-specific sequence.” Some
amplicons generated according to this disclosure will comprise 5' and 3' ends that are at least 80%
(inclusive of al whole and partial numbers from 80-100%) identical to an amplification oligomer
presented in the Sequence Listing or a complement thereof. Amplicons generated using the
amplification oligomers of the current invention may comprise non-target specific sequences.
Amplicons can be double stranded or single stranded and can include DNA, RNA or both. For
example, DNA-dependent RNA polymerase transcribes single stranded amplicons from double-
stranded DNA during transcription-mediated amplification procedures. These single-stranded
amplicons are RNA amplicons and can be either strand of a double-stranded complex, depending on
how the amplification oligomers are configured. Thus, amplicons can be single-stranded RNA.
RNA-dependent DNA polymerases synthesize a DNA strand that is complementary to an RNA
template. Thus, amplicons can be double-stranded DNA and RNA hybrids. RNA-dependent DNA
polymerases often include RNase activity, or are used in conjunction with an RNase, which degrades
the RNA strand. Thus, amplicons can be single stranded DNA. RNA-dependent DNA polymerases
and DNA-dependent DNA polymerases synthesize complementary DNA strands from DNA
templates. Thus, amplicons can be double-stranded DNA. RNA-dependent RNA polymerases
synthesize RNA from an RNA template. Thus, amplicons can be double-stranded RNA. DNA-
dependent RNA polymerases synthesize RNA from double-stranded DNA templates, also referred to
astranscription. Thus, amplicons can be single stranded RNA. Amplicons and methods for

generating amplicons are known to those skilled in the art. For convenience herein, a single strand of
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RNA or asingle strand of DNA may represent an amplicon generated by an amplification oligomer
combination of the current invention. Such representation is not meant to limit the amplicon to the
representation shown. Skilled artisans in possession of the instant disclosure will use amplification
oligomers and polymerase enzymes to generate any of the numerous types of amplicons, all within the

spirit and scope of the current invention.

[49] A "non-target-specific sequence," asisused herein refers to aregion of an oligomer
sequence, wherein said region does not stably hybridize with atarget sequence under standard
hybridization conditions. Oligomers with non-target-specific sequences include, but are not limited
to, promoter primers and molecular beacons. An amplification oligomer may contain a sequence that
isnot complementary to the target or template sequence; for example, the 5' region of aprimer may
include a promoter sequence that is non-complementary to the target nucleic acid (referred to as a
"promoter primer"). Those skilled in the art will understand that an amplification oligomer that
functions as aprimer may be modified to include a’5' promoter sequence, and thus function as a
promoter primer. Similarly, apromoter primer may be modified by removal of, or synthesis without,
apromoter sequence and still function asaprimer. A 3' blocked amplification oligomer may provide
apromoter sequence and serve as atemplate for polymerization (referred to asa "promoter
provider"). Thus, an amplicon that isgenerated by an amplification oligomer member such asa

promoter primer will comprise atarget-specific sequence and a non-target-specific sequence.

[50] "Detection probe," "detection oligonucleotide," and "detection probe oligomer" are
used interchangeably to refer to anucleic acid oligomer that hybridizes specifically to atarget
sequence in anucleic acid, or in an amplified nucleic acid, under conditions that promote
hybridization to allow detection of the target sequence or amplified nucleic acid. Detection may
either bedirect (e.g., aprobe hybridized directly to its target sequence) or indirect (e.g., aprobe linked
to itstarget via an intermediate molecular structure). Detection probes may be DNA, RNA, analogs
thereof or combinations thereof and they may be labeled or unlabeled. Detection probes may further
include alternative backbone linkages such as, e.g., 2'-0-methyl linkages. A detection probe's "target
sequence” generally refers to a smaller nucleic acid sequence region within alarger nucleic acid
sequence that hybridizes specifically to at least a portion of a probe oligomer by standard base pairing.
A detection probe may comprise target-specific sequences and other sequences that contribute to the
three-dimensional conformation of the probe (see, e.g., USPatent Nos. 5,1 18,801 ; 5,312,728;
6,849,412; 6,835,542; 6,534,274; and 6,361,945; and U S Patent Application Pub. No. 20060068417,

each incorporated by reference herein).

[51] By "stable" or "stable for detection” is meant that the temperature of areaction

mixture is at least 2°C below the melting temperature of anucleic acid duplex.
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[52] Asused herein, a"label" refersto amoiety or compound joined directly or indirectly
to aprobe that is detected or leads to a detectable signal. Direct labeling can occur through bonds or
interactions that link the label to the probe, including covalent bonds or non-covalent interactions,
e.g., hydrogen bonds, hydrophobic and ionic interactions, or formation of chelates or coordination
complexes. Indirect labeling can occur through use of abridging moiety or "linker" such as abinding
pair member, an antibody or additional oligomer, which is either directly or indirectly labeled, and
which may amplify the detectable signal. Labels include any detectable moiety, such asa
radionuclide, ligand (e.g., biotin, avidin), enzyme or enzyme substrate, reactive group, or
chromophore (e.g., dye, particle, or bead that imparts detectable color), luminescent compound (e.g.,
bioluminescent, phosphorescent, or chemiluminescent labels), or fluorophore. Labels may be
detectable in ahomogeneous assay in which bound labeled probe in a mixture exhibits a detectable
change different from that of an unbound labeled probe, e.g., instability or differential degradation
properties. A "homogeneous detectable label" can be detected without physically removing bound
from unbound forms of the label or labeled probe (see, e.g., USPatent Nos. 5,283,174; 5,656,207; and
5,658,737; each incorporated by reference herein). Labels include chemiluminescent compounds,
e.g., acridinium ester ("AE") compounds that include standard AE and derivatives (see, e.g., US
Patent Nos. 5,656,207; 5,658,737; and 5,639,604; each incorporated by reference herein). Synthesis
and methods of attaching labels to nucleic acids and detecting labels are well known. (See, eg.,
Sambrook et ah, Molecular Cloning, A Laboratory Manual, 2nd ed. (Cold Spring Harbor Laboratory
Press, Cold Spring Habor, NY, 1989), Chapter 10, incorporated by reference herein. See also US
Patent Nos. 5,658,737; 5,656,207; 5,547,842; 5,283,174; and 4,581,333; each incorporated by
reference herein). More than one label, and more than one type of label, may be present on a
particular probe, or detection may use a mixture of probes in which each probe is labeled with a
compound that produces a detectable signal (see, e.g., US Patent Nos. 6,180,340 and 6,350,579, each

incorporated by reference herein).

[53] "Capture probe," "capture oligonucleotide," and "capture probe oligomer" are used
interchangeably to refer to anucleic acid oligomer that specifically hybridizes to atarget sequence in
atarget nucleic acid by standard base pairing andjoins to abinding partner on an immobilized probe
to capture the target nucleic acid to a support. One example of a capture oligomer includes two
binding regions. a sequence-binding region (e.g., target-specific portion) and an immobilized probe-
binding region, usually on the same oligomer, although the two regions may be present on two
different oligomersjoined together by one or more linkers. Another embodiment of a capture
oligomer uses atarget-sequence binding region that includes random or non-random poly-GU, poly-
GT, or poly U sequences to bind non-specifically to atarget nucleic acid and link it to an immobilized

probe on a support.
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[54] Asused herein, an "immobilized oligonucleotide,” "immobilized probe" or
"immobilized nucleic acid" refers to anucleic acid binding partner that joins a capture oligomer to a
support, directly or indirectly. An immobilized probe joined to a support facilitates separation of a
capture probe bound target from unbound material in a sample. One embodiment of an immobilized
probe isan oligomer joined to a support that facilitates separation of bound target sequence from
unbound material in a sample. Supports may include known materials, such as matrices and particles
free in solution, which may be made of nitrocellulose, nylon, glass, polyacrylate, mixed polymers,
polystyrene, silane, polypropylene, metal, or other compositions, of which one embodiment is
magneticaly attractable particles. Supports may be monodisperse magnetic spheres (€.g., uniform
size + 5%), to which an immobilized probe isjoined directly (via covalent linkage, chelation, or ionic
interaction), or indirectly (via one or more linkers), where the linkage or interaction between the probe

and support isstable during hybridization conditions.

[55] By "complementary” ismeant that the nucleotide sequences of similar regions of two
single-stranded nucleic acids, or to different regions of the same single-stranded nucleic acid have a
nucleotide base composition that allow the single-stranded regions to hybridize together in a stable
double-stranded hydrogen -bonded region under stringent hybridization or amplification conditions.
Sequences that hybridize to each other may be completely complementary or partially complementary
to the intended target sequence by standard nucleic acid base pairing (e.g., G:C, A:T or A:U pairing).
By "sufficiently complementary” ismeant a contiguous sequence that is capable of hybridizing to
another sequence by hydrogen bonding between a series of complementary bases, which may be
complementary at each position in the sequence by standard base pairing or may contain one or more
residues, including abasic residues, that are not complementary. Sufficiently complementary
contiguous sequences typically are at least 80%, or at least 90%>, complementary to a sequence to
which an oligomer isintended to specifically hybridize. Sequences that are "sufficiently
complementary” allow stable hybridization of anucleic acid oligomer with its target sequence under
appropriate hybridization conditions, even if the sequences are not completely complementary. When
a contiguous sequence of nucleotides of one single-stranded region isable to form a series of
"canonical" hydrogen-bonded base pairs with an analogous sequence of nucleotides of the other
single-stranded region, such that A ispaired with U or T and C ispaired with G, the nucleotides
sequences are "completely” complementary (see, e.g., Sambrook et ah, Molecular Cloning, A
Laboratory Manual, 2nd ed. (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989) at
88 1.90-1.91, 7.37-7.57, 9.47-951 and 11.47-11.57, particularly 88 9.50-9.51, 11.12-11.13, 11.45-
11.47 and 11.55-11.57, incorporated by reference herein). It isunderstood that ranges for percent
identity are inclusive of al whole and partiad numbers (e.g., at least 90%o includes 90, 91, 93.5, 97.687
and etc.).
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[56] By "preferentialy hybridize" or "specifically hybridize" ismeant that under stringent
hybridization assay conditions, probes hybridizeto their target sequences, or replicates thereof, to form
stable probe:target hybrids, while at the same time formation of stable probe:non-target hybridsis
minimized. Thus, aprobe hybridizesto atarget sequence or replicate thereof to a sufficiently greater
extent than to anon-target sequence, to enable one having ordinary skill in the art to accurately quantitate
the RNA replicates or complementary DNA (cDNA) of the target sequence formed during the
amplification. Appropriate hybridization conditions are well-known in the art, may be predicted based
on sequence composition, or can be determined by using routine testing methods (see, e.g., Sambrook
et al, Molecular Cloning, A Laboratory Manual, 2™ ed. (Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY, 1989) at §§ 1.90-1.91, 7.37-7.57, 9.47-9.51 and 11.47-11.57, particularly 8§
9.50-9.51, 11.12-11.13, 11.45-11.47 and 11.55-11.57, incorporated by reference herein).

[57] By "nucleic acid hybrid," "hybrid," or "duplex" ismeant anucleic acid structure
containing a double-stranded, hydrogen-bonded region wherein each strand is complementary to the
other, and wherein the region is sufficiently stable under stringent hybridization conditions to be
detected by means including, but not limited to, chemiluminescent or fluorescent light detection,
autoradiography, or gel electrophoresis. Such hybrids may comprise RNA:RNA, RNA:DNA, or
DNA:DNA duplex molecules.

[58] "Sample preparation” refers to any steps or method that treats a sample for
subsequent amplification and/or detection of HCV nucleic acids present in the sample. Samples may
be complex mixtures of components of which the target nucleic acid isaminority component.
Sample preparation may include any known method of concentrating components, such as microbes
or nucleic acids, from alarger sample volume, such as by filtration of airborne or waterborne particles
from alarger volume sample or by isolation of microbes from a sample by using standard
microbiology methods. Sample preparation may include physical disruption and/or chemical lysis of
cellular components to release intracellular components into a substantially aqueous or organic phase
and removal of debris, such asby using filtration, centrifugation or adsorption. Sample preparation
may include use of anucleic acid oligonucleotide that selectively or non-specifically capture atarget
nucleic acid and separate it from other sample components (e.g., as described in U S Patent No.
6,110,678 and International Patent Application Pub. No. WO 2008/016988, each incorporated by

reference herein).

[59] "Separating” or "purifying" means that one or more components of a sample are
removed or separated from other sample components. Sample components include target nucleic
acids usually in agenerally agueous solution phase, which may aso include cellular fragments,
proteins, carbohydrates, lipids, and other nucleic acids. Separating or purifying removes at least 70%,

or at least 80%, or at least 95% of the target nucleic acid from other sample components.
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[60] Asused herein, a"DNA-dependent DNA polymerase” isan enzyme that synthesizes
a complementary DNA copy from a DNA template. Examples are DNA polymerase | from E. cali,
bacteriophage T7 DNA polymerase, or DNA polymerases from bacteriophages T4, Phi-29, M2, or
T5. DNA-dependent DNA polymerases may bethe naturally occurring enzymes isolated from
bacteria or bacteriophages or expressed recombinantly, or may be modified or "evolved" forms which
have been engineered to possess certain desirable characteristics, e.g., thermostability, or the ability to
recognize or synthesize aDNA strand from various modified templates. All known DNA-dependent
DNA polymerases require a complementary primer to initiate synthesis. It isknown that under
suitable conditions a DNA-dependent DNA polymerase may synthesize a complementary DNA copy
from an RNA template. RNA-dependent DNA polymerases typically also have DNA-dependent DNA

polymerase activity.

[61]  Asused herein, a"DNA-dependent RNA polymerase" or "transcriptase” isan
enzyme that synthesizes multiple RNA copies from a double-stranded or partially double-stranded
DNA molecule having a promoter sequence that isusually double-stranded. The RNA molecules
("transcripts") are synthesized in the 5'-to-3' direction beginning at a specific position just
downstream of the promoter. Examples of transcriptases are the DNA-dependent RNA polymerase

from E. coli and bacteriophages T7, T3, and SP6.

[62] Asused herein, an "RNA-dependent DNA polymerase" or "reverse transcriptase’
("RT") isan enzyme that synthesizes a complementary DNA copy from an RNA template. All
known reverse transcriptases also have the ability to make a complementary DNA copy from a DNA
template; thus, they are both RNA- and DNA-dependent DNA polymerases. RTs may aso have an
RNAse H activity. A primer isrequired to initiate synthesis with both RNA and DNA templates.

BRIEF DESCRIPTION OF THE DRAWINGS

[63] Figures 1A-1E illustrate areference sequence for hepatitis C virus subtype | a
polyprotein gene, complete cds (SEQ ID NO: 155), found at GenBank under accession humber
AF009606.1 and GI:23 16097.

[64] Figures 2A-2E illustrate areference sequence for hepatitis C virus complete genome
sequence (SEQ 1D NO: 156), found at GenBank under accession number AJ000009.1 and
Gl:2764397.

DETAILED DESCRIPTION OF THE INVENTION
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[65]  The present invention provides compositions, kits, and methods for amplifying one or
more selected regions of an HCV type 1nucleic acid from a sample, particularly HCV type la (HCV-
[a) or type Ib (HCV-Ib). The amplicon(s) produced by the amplification method may be used, for
example, for subsequent characterization of the HCV nucleic acid, such as obtaining at least partial
genotype information by detecting the nucleobase a one or more nucleotide positions in the amplicon.
The compositions, kits, and methods disclosed herein are useful, e.g., for determining the subtype of
an HCV type 1nucleic acid as either subtype laor subtype Ib and/or detecting the presence of
particular nucleotide variations in an HCV-la or -Ib nucleic acid. Such determinations may in turn
be useful for, e.g., stratifying and interpreting efficacy and resistance data during clinical testing of an
HCV drug or for tailoring treatment schedules with one or more HCV drugs according to the

particular HCV genotype.

[66]  Accordingly, in one aspect, the present invention provides a method for determining
at least partial genotype information for hepatitis C virus type la (HCV-la) ortype Ib (HCV-Ib) ina
sample, wherein the method generally includes the following steps: (1) contacting a sample, which is
suspected of containing HCV-la or HCV-Ib, with at least two amplification oligomers for amplifying
at least one target region of an HCV-la or HCV-Ib target nucleic acid; (2) performing at least onein
vitro nucleic acid amplification reaction , wherein any HCV-la or HCV-Ib target nucleic acid present
in the sample isused as atemplate for generating at least one amplification product corresponding to
the at least one target region; and (3) detecting the nucleobase a one or more nucleotide positions
within the at least one amplification product, thereby determining at least partial genotype information
for the HCV-la or HCV-Ib in the sample.

[67] In particular embodiments of the present invention, the at least two amplification
oligomers are (i) at least one amplification oligomer comprising an HCV-la or -1 b target-hybridizing
region substantially corresponding to at least one sense oligomer sequence depicted in Table 1 (see
Example 2, infra), and (ii) at least one amplification oligomer comprising an HCV-la or -Ib target
hybridizing region substantially corresponding to a least one antisense oligomer sequence depicted in
Table 1, where the target-hybridizing sequences are selected such that, for any oligomer pair, the
antisense sequence is situated downstream of the sense sequence (i.e., the at least two amplification
oligomers are situated such that they flank atarget region to be amplified). In particular variations,
the sense and/or antisense target-hybridizing sequence comprises or consists of the sense and/or

antisense sequence selected from Table 1.

[68] In more specific variations of amethod for determining HCV-la genotype
information, the one or more target regions and corresponding amplification oligomers are selected

from the following:
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afirst target region corresponding to nucleotide positions 8522 to 9372 of SEQ
ID NO:155, where if the first target region isamplified, then the at least two
amplification oligomers include (i) a least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 65, 43, and 34; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 69, 38, and 41;

a second target region corresponding to nucleotide positions 7788 to 8838 of SEQ
ID NO:155, where if the second target region is amplified, then the at |east two
amplification oligomers include (i) a least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 57, 63, and 28; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 40, 35, and 42;

athird target region corresponding to nucleotide positions 6966 to 7970 of SEQ
ID NO: 155, where if the third target region is amplified, then the a least two
amplification oligomers include (i) a least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 60, 58, and 36; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 31, 73, and 62;

afourth target region corresponding to nucleotide positions 6076 to 7117 of SEQ
ID NO: 155, where if the fourth target region is amplified, then the at least two
amplification oligomers include (i) a least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 55, 70, and 29; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 46, 45, and 61;

a fifth target region corresponding to nucleotide positions 5094 to 6304 of SEQ
ID NO:155, where if the fifth target region isamplified, then the at least two
amplification oligomers include (i) a least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 39, 44, and 68; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 47, 51, and 59;
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(f) asixthtarget region corresponding to nucleotide positions 4258 to 5297 of SEQ
ID NO: 155, where if the sixth target region is amplified, then the at least two
amplification oligomers include (i) a least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 52, 49, and 72; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 37, 75, and 53; and

(9) aseventh target region corresponding to nuclectide positions 3434 to 4482 of
SEQ ID NO: 155, where if the seventh target region isamplified, then the at least
two amplification oligomers include (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 77, 79, and 81; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 78, 80, and 71.

[69] In certain embodiments of the method for determining HCV-la genotype
information, one, two, three, four, five, six, or seven of the target regions of (a) through (g) are
amplified. In preferred variations, each of the first through seventh target regions of (a) through (g)
are amplified to produce at least one amplification product corresponding to each of the HCV-la
target regions. In such variations, the detecting step typically includes detecting the nucleobase a one
or more positions within each of the seven amplification products. Further, the method can include
the use of more than one sense/antisense oligomer pair for any one or more target region to be
amplified. In some such embodiments, the contacting step includes contacting the sample with each

of the oligomers of (a)(i) through (g)(ii) as specified above for HCV-la.

[70] In more specific variations of amethod for determining HCV-Ib genotype
information, the one or more target regions and corresponding amplification oligomers are selected

from the following:

(a) afirsttarget region corresponding to nucleotide positions 8504 to 9350 of SEQ
ID NO: 156, where if the first target region is amplified, then the at least two
amplification oligomers include (i) a least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 21, 86, and 88; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs:. 76, 87, and 89;
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a second target region corresponding to nuclectide positions 7771 to 8618 of SEQ
ID NO:156, where if the second target region is amplified, then the at least two
amplification oligomers include (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 82, 4, and 2; and (ii) at |east one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 90, 92, and 91;

athird target region corresponding to nucleotide positions 6956 to 7966 of SEQ
ID NO: 156, where if the third target region isamplified, then the at least two
amplification oligomers include (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 83, 24, and 94; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 84, 5, and 12;

afourth target region corresponding to nucleotide positions 6057 to 7101 of SEQ
ID NO: 156, where if the fourth target region is amplified, then the at least two
amplification oligomers include (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 95, 85, and 96; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 1, 11, and 18;

afifth target region corresponding to nucleotide positions 5077 to 6290 of SEQ
ID NO:156, where if the fifth target region isamplified, then the at least two
amplification oligomers include (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 97, 98, and 99; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 19, 3, and 7;

a sixth target region corresponding to nucleotide positions 4240 to 5280 of SEQ
ID NO: 156, where if the sixth target region is amplified, then the at least two
amplification oligomers include (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 23, 8, and 26; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 100, 10, and 9; and
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(9) aseventhtarget region corresponding to nucleotide positions 3296 to 4466 of
SEQ ID NO: 156, where if the seventh target region isamplified, then the at least
two amplification oligomers include (i) at least one oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 101, 15, and 6; and (ii) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 17, 74, and 27.

[71]  In certain embodiments of the method for determining HCV- b genotype
information, one, two, three, four, five, six, or seven of the target regions of (a) through (g) are
amplified. In preferred variations, each of the first through seventh target regions of (a) through (g)
are amplified to produce a least one amplification product corresponding to each of the HCV-1b
target regions. In such variations, the detecting step typically includes detecting the nucleobase a one
or more positions within each of the seven amplification products. Further, the method can include
the use of more than one sense/antisense oligomer pair for any one or more target region to be
amplified. In some such embodiments, the contacting step includes contacting the sample with each

of the oligomers of (a)(i) through (g)(ii) as specified above for HCV-Ib.

[72] In certain embodiments, the method further includes purifying the HCV target nucleic
acid from other components in the sample before the contacting step. Such purification may include
methods of separating and/or concentrating HCV contained in a sample from other sample
components. In particular embodiments, purifying the target nucleic acid includes capturing the target
nucleic acid to specifically or non-specifically separate the target nucleic acid from other sample
components. Non-specific target capture methods may involve selective precipitation of nucleic acids
from a substantially agueous mixture, adherence of nucleic acids to a support that is washed to
remove other sample components, or other means of physically separating nucleic acids from a

mixture that contains HCV nucleic acid and other sample components.

[73] In some embodiments, an HCV target nucleic is selectively separated from other
sample components by hybridizing the HCV target nucleic acid to a capture probe oligomer. In some
variations, the capture probe oligomer comprises atarget-hybridizing sequence configured to
specifically hybridize to an HCV nucleic acid target sequence so asto form atarget-sequencexapture-
probe complex that is separated from sample components. In other variations, the capture probe
oligomer uses atarget-hybridizing sequence that includes randomized or non-randomized poly-GU,
poly-GT, or poly U sequences to bind non-specifically to an HCV target nucleic acid so asto form a
target-sequence:capture-probe complex that is separated from sample components. In specific
variations, the capture probe oligomer comprises atarget-hybridizing sequence that includes a

randomized poly-(k) sequence comprising G and T nuclectides or G and U nucleotides (e.g., a(k);s
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sequence), such as described, for example, in WIPO Publication No. 2008/016988, incorporated by

reference herein.

[74] In apreferred variation, the target capture binds the HCV target:capture-probe
complex to an immobilized probe to form atarget:capture-probe:immobilized-probe complex that is
separated from the sample and, optionally, washed to remove non-target sample components (see,
e.g., USPatent Nos. 6,1 10,678; 6,280,952; and 6,534,273; each incorporated by reference herein). In
such variations, the capture probe oligomer further comprises a sequence or moiety that binds the
capture probe, with its bound target sequence, to an immobilized probe attached to a solid support,
thereby permitting the hybridized target nucleic acid to be separated from other sample components.

[75] In more specific embodiments, the capture probe oligomer includes atail portion
(e.g., a3 tail) that isnot complementary to the HCV target sequence but that specifically hybridizes
to a sequence on the immobilized probe, thereby serving asthe moiety alowing the target nucleic acid
to be separated from other sample components, such as previously described in, e.g., U.S. Patent No.
6,110,678, incorporated herein by reference. Any sequence may be used in atail region, which is
generaly about 5to 50 nt long, and preferred embodiments include a substantially homopolymeric
tail of about 10to 40 nt (e.g., A, tO A, 0r T 3a1040), More preferably about 14 to 33 nt (e.g., A4 to
A30 Or T3A14 t0 T3A30), that bind to a complementary immobilized sequence (e.g., poly-T) attached to

a solid support, e.g., amatrix or particle.

[76] In particular variations, the capture probe oligomer comprising a randomized poly-(k)
nucleotide sequence (e.g., (k)ig) and a 3' tail portion, preferably a substantially homopolymeric tail of

about 10to 40 nt (e.g., T 1-3A10-40).

[77]  Target capture typically occurs in a solution phase mixture that contains one or more
capture probe oligomers that hybridize to the HCV target nucleic acid under hybridizing conditions,
usually at atemperature higher than the T, of the tail-sequence :immobilized-probe-sequence duplex.
For embodiments comprising a capture probe tail, the HCV-target:capture-probe complex is captured
by adjusting the hybridization conditions so that the capture probe tail hybridizes to the immobilized
probe, and the entire complex on the solid support isthen separated from other sample components.
The support with the attached immobilized-probe: capture-probe:HCV-target may be washed one or
more times to further remove other sample components. Preferred embodiments use a particulate
solid support, such as paramagnetic beads, so that particles with the attached HCV -target:capture-
probe:immobilized-probe complex may be suspended in awashing solution and retrieved from the
washing solution, preferably by using magnetic attraction. To limit the number of handling steps, the
HCV target nucleic acid may be amplified by simply mixing the HCV target nucleic acid in the

complex on the support with amplification oligomers and proceeding with amplification steps.
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[78] Amplifying an HCV target region utilizes an in vitro amplification reaction using at
least two amplification oligomers that flank atarget region to be amplified. Aspreviously indicated,
particularly suitable amplification oligomers for amplification of selected HCV-la and HCV-lb target
regions include atarget-hybridizing region substantially corresponding to, comprising, or consisting
of anucleotide sequence as shown in Table 1, infra. Suitable amplification methods include, for
example, replicase-mediated amplification; polymerase chain reaction (PCR), including reverse
transcription polymerase chain reaction (RT-PCR); ligase chain reaction (LCR); strand-displacement
amplification (SDA); and transcription-mediated or transcription-associated amplification (TMA).
Such amplification methods are well-known in the art (see, e.g., paragraphs [44]-[46], supra) and are

readily used in accordance with the methods of the present invention.

[79]  Once one or more HCV target regions are amplified to produce one or more
corresponding amplification products, the amplification product(s) may be used in subsequent
procedures for detecting the nucleobase a one or more nucleotide positions, thereby generating a

least partial genotype information for the HCV target nucleic acid in the sample.

[80] In some embodiments of a method for determining at least partial genotype
information for HCV-la target nucleic acid, the nucleobase a one or more nucleotide positions is
detected for amplification product(s) representing aregion of the HCV-la target nucleic acid
corresponding to positions 3434 to 9372 of SEQ ID NO: 155, or one or more subregions within this
region. In certain embodiments, where one, two, three, four, five, six, or seven of the target regions of
(a) through (g) as set forth above for HCV-la above (see, e.g., paragraph [67]) are amplified, the
nucleobase at one or more positions is detected for each amplicon produced. In some preferred
variations, where each of the first through seventh target regions of (a) through (g) are amplified to
produce at least one amplification product corresponding to each of these HCV-la target regions, the
detecting step includes detecting the nucleobase at one or more positions within each of the HCV-la

seven amplification products.

[81] In some embodiments of a method for determining at least partial genotype
information for HCV-Ib target nucleic acid, the nucleobase at one or more nucleotide positions is
detected for amplification product(s) representing aregion of the HCV-Ib target nucleic acid
corresponding to positions 3296 to 9350 of SEQ ID NO: 156, or one or more subregions within this
region. In certain embodiments, where one, two, three, four, five, six, or seven of the target regions of
(a) through (g) as set forth above for HCV-Ib above (see, e.g., paragraph [69]) are amplified, the
nucleobase at one or more positions is detected for each amplicon produced. In some preferred
variations, where each of the first through seventh target regions of (a) through (g) are amplified to

produce at least one amplification product corresponding to each of these HCV-lb target regions, the
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detecting step includes detecting the nucleobase at one or more positions within each of the seven

HCV-Ib amplification products.

In certain variations, detecting the nucleobase at one or more nucleotide positions
includes sequencing the amplification product(s) corresponding to the one or more amplified target
regions. Various suitable sequencing techniques are known in the art and are readily used for
sequencing an HCV-la or HCV-Ib amplification product in accordance with the methods of the
present invention. For example, in some embodiments, the sequencing of an amplification product
comprises single molecule real time (SMRT) sequencing (see, e.g., Eid et al, Science 323:133-138,
2008; U.S. Patent No. 8,153,375, each incorporated by reference herein). Reagents and instruments
for performing SMRT sequencing are commercially available from Pacific Biosciences (Menlo Park,
CA). In other embodiments, the sequencing of an amplification product comprises conventional chain
terminator sequencing (also known asthe Sanger sequencing method), which may be performed
manually (e.g., using radioactive marker nucleotides) or in an automated format (e.g., using
differentially dye-labeled nucleotides). In still other embodiments, the sequencing of an amplification
product comprises The method of claim 4, wherein said sequencing comprises nanopore sequencing,
massively parallel sequencing, pyrosequencing, polony sequencing, sequencing by ligation, ion
semiconductor sequencing and DNA nanoball sequencing (See e.g., Brenner et al., Nature
Biotechnology, (2000) 18 (6): 630-634; Mardis, Annual Review of Genomics and Human Genetics
(2008) 9: 387-402; Margulies, et al., Nature 437 (September 2005) 7057: 376-80; Rusk, Nat Meth
(201 1) 8(1): 44-44; Drmanac, R. et. a., Science, (2010) 327 (5961): 78-81; Porreca, Nature
Biotechnology, (2010) 28:43-44; Clarke et a., (2009) Nature Nanotechnology 4 (4): 265-270).

[82] In other embodiments, genotyping is performed using atechnique other than direct
sequencing of an amplification product to detecting one or more single nucleotide polymorphisms
(SNPs). Various non-sequencing-based techniques for detecting genetic variations are known in the
art and arereadily used for detecting a SNP within an HCV-la or HCV-Ib amplification product in

accordance with the methods of the present invention.

[83] For example, in some embodiments, avariant sequence (i.e., a sequence containing
one or more SNPsrelative to areference sequence) is detected using an amplification-based assay
(e.g., PCR or TMA). In certain variations, the assay comprises the use of amplification oligomers that
hybridize only to avariant or reference sequence (e.g., to the region of polymorphism or mutation).
Both sets of amplification oligomers are used to amplify an HCV-la or HCV-lb amplification
product ("HCV-la or HCV-Ib amplification product template"). If only the amplification oligomers
specific for the variant sequence ("SNP-specific amplification oligomers®) result in an amplification
product, then the nucleobase(s) associated with the one or more SNPs are detected within the
corresponding positions of the HCV-la or HCV-lb amplification product template. If only the
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amplification oligomers specific for the reference sequence result in an amplification product, then the
HCV-la or HCV-lb amplification product template has the reference sequence at the corresponding

nucleotide positions.

[84] In other embodiments utilizing a non-sequencing-based technique, variant sequences
are detected using a hybridization assay. In ahybridization assay, the presence of absence of agiven
SNP or mutation is determined based on the ability of an HCV-la or HCV-Ib amplification product
to hybridize to a probe oligomer specific for only avariant or reference sequence. Hybridization of a
probe oligomer specific for the variant sequence ("SNP-specific probe oligomer" or "SNP-specific
detection probe oligomer") indicates the presence of the nucleobase(s) associated with the one or
more SNPs within the corresponding positions of the HCV-la or HCV-lIb amplification product. A
variety of hybridization assays using a variety of technologies for hybridization and detection are
known in the art and may bereadily used for detection of variant sequences in accordance with the

present invention.

[85] Preferred embodiments of SNP-specific detection probe oligomers may be DNA or
RNA oligomers, or oligomers that contain a combination of DNA and RNA nucleotides, or oligomers
synthesized with amodified backbone, e.g., an oligomer that includes one or more 2'-methoxy
substituted ribonucleotides. Probes used for detection of the amplified HCV-la or HCV-lb sequences
may be unlabeled and detected indirectly (e.g., by binding of another binding partner to a moiety on
the probe) or may be labeled with avariety of detectable labels. Particularly suitable labels include
compounds that emit a detectable light signal, e.g., fluorophores or luminescent (e.g.,
chemiluminescent) compounds that can be detected in ahomogeneous mixture. More than one label,
and more than one type of label, may be present on a particular probe, or detection may rely on using
amixture of probes in which each probe is labeled with a compound that produces a detectable signal
(see, eg., USPat. Nos. 6,180,340 and 6,350,579, each incorporated by reference herein). Labels may
be attached to a probe by various means including covalent linkages, chelation, and ionic interactions,
but preferably the label is covalently attached. For example, in some embodiments, a detection probe
has an attached chemiluminescent label such as, e.g., an acridinium ester (AE) compound (see, eg.,
U SPatent Nos. 5,185,439; 5,639,604; 5,585,481; and 5,656,744; each incorporated by reference
herein), which intypical variations is attached to the probe by anon-nuclectide linker (see, e.g., US
Patent Nos. 5,585,481; 5,656,744; and 5,639,604, particularly at column 10, line 6 to column 11, line
3, and Example 8; each incorporated by reference herein). In other embodiments , a detection probe
comprises both a fluorescent label and a quencher, a combination that is particularly useful in
fluorescence resonance energy transfer (FRET) assays. Specific variations of such detection probes
include, e.g., a TagMan detection probe (Roche Molecular Diagnostics) and a "molecular beacon”
(see, eg., Tyagi et al, Nature Biotechnol. 16:49-53, 1998; U S Patent Nos. 5,1 18,801 and 5,312,728;

each incorporated by reference herein).
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[86] A detection probe oligomer in accordance with the present invention may further
include a non-target-hybridizing sequence. Specific embodiments of such detection probes include,
for example, probes that form conformations held by intramolecular hybridization, such as
conformations generally referred to ashairpins.  Particularly suitable hairpin probes include a
"molecular torch" (see, e.g., US Patent Nos. 6,849,412; 6,835,542; 6,534,274; and 6,361,945, each
incorporated by reference herein) and a "molecular beacon" (see, e.g., Tyagi et ah, supra; US
5,118,801 and US 5,312,728, supra). Methods for using such hairpin probes are well known in the

art.

[87] In yet other embodiments, a detection probe isalinear oligomer that does not
substantially form conformations held by intramolecular bonds. In specific variations, alinear
detection probe oligomer includes a chemiluminescent compound asthe label, preferably an

acridinium ester (AE) compound.

[88] In other embodiments of the present invention, variant sequences are detected using a
DNA chip hybridization assay. In this assay, a series of SNP-specific probe oligomers are affixed to a
solid support. The DNA sample of interest is contacted with the DNA "chip" and hybridization to
any one or more of the SNP-specific probe oligomers is detected. In some variations, the DNA chip
assay isa GeneChip assay (Affymetrix, Santa Clara, Calif; see e.g., U.S. Pat. Nos. 6,045,996;
5,925,525; and 5,858,659; each incorporated by reference herein). In other variations, aDNA
microchip containing electronically captured probes (Nanogen, San Diego, Calif.) isutilized (see e.g.,
U.S. Pat. Nos. 6,017,696; 6,068,818; and 6,051,380; each incorporated by reference herein). In still
further variations, an array technology based upon the segregation of fluids on aflat surface (chip) by
differences in surface tension (ProtoGene, Palo Alto, Calif.) isutilized (see e.g., U.S. Pat. Nos.
6,001,311; 5,985,551; and 5,474,796; each incorporated by reference herein).

[89]  Additional detection assays that are suitable for use for detecting variant HCV
sequences in accordance with the present invention include, for example, enzyme mismatch cleavage
methods (e.g., Variagenics, U.S. Pat. Nos. 6,110,684; 5,958,692; 5,851,770; each incorporated by
reference herein); polymerase chain reaction; branched hybridization methods (e.g., Chiron, U.S. Pat.
Nos. 5,849,481; 5,710,264; 5,124,246; and 5,624,802; each incorporated by reference herein); rolling
circle replication (e.g., U.S. Pat. Nos. 6,210,884 and 6,183,960, each incorporated by reference
herein); NASBA (e.g., U.S. Pat. No. 5,409,818, each incorporated by reference herein); molecular
beacon technology (e.g., U.S. Pat. No. 6,150,097, each incorporated by reference herein); E-sensor
technology (Motorola, U.S. Pat. Nos. 6,248,229; 6,221,583; 6,013,170; and 6,063,573; each
incorporated by reference herein); INVADER assay (Third Wave Technologies; see e.g., U.S. Pat.
Nos. 5,846,717; 6,090,543; 6,001,567; 5,985,557; and 5,994,069; each incorporated by reference
herein); cycling probe technology (e.g., U.S. Pat. Nos. 5,403,711; 5,011,769; and 5,660,988; each
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incorporated by reference herein); Dade Behring signal amplification methods (e.g., U.S. Pat. Nos.
6,121,001; 6,110,677; 5,914,230; 5,882,867; and 5,792,614, each incorporated by reference herein);
ligase chain reaction (Bamay, Proc. Natl. Acad. Sci. USA 88:189-93, 1991; incorporated by reference
herein); and sandwich hybridization methods (e.g., U.S. Pat. No. 5,288,609, incorporated by reference

herein).

[90] In another aspect, the present invention provides a combination of at least two
oligomers for amplifying at least one target region of an HCV-la or HCV-lb target nucleic acid
present in asample. The oligomer combination generally includes at least two amplification
oligomers as described herein for amplifying one or more selected target regions of HCV-la or HCV-
I b target nucleic acid. In some embodiments, the oligomer combination further includes at least one
capture probe oligomer comprising a nucleotide sequence that hybridizes tothe HCV-la or HCV-lb
target nucleic acid, wherein the at least one capture probe further comprises a nucleotide sequence or

moiety that binds to an immobilized probe.

[91]  Also provided by the subject invention isareaction mixture for amplifying one or
more selected target regions of an HCV-la or HCV-Ib target nucleic acid. A reaction mixture in
accordance with the present invention at least comprises an oligomer combination as described herein
for amplification of an HCV-la or HCV-Ib target nucleic acid. For an amplification reaction mixture,
the reaction mixture will typically include other reagents suitable for performing in vitro amplification
such as, e.g., buffers, salt solutions, appropriate nuclectide triphosphates (e.g., dATP, dCTP, dGTP,
dTTP, ATP, CTP, GTP and UTP), and/or enzymes (e.g., an RNA and/or DNA polymerase, such as,
for example, areverse transcriptase), and will typically include test sample components, in which a

HCV target nucleic acid may or may not be present.

[92]  Also provided by the subject invention are kits for practicing the methods as
described herein. A kit in accordance with the present invention at least comprises an oligomer
combination as described herein for amplification of an HCV-la or HCV-Ib target nucleic acid.
Other reagents that may be present in the kits include reagents suitable for performing in vitro
amplification such as, e.g., buffers, salt solutions, appropriate nucleotide triphosphates (e.g., dATP,
dCTP, dGTP, dTTP, ATP, CTP, GTP and UTP), and/or enzymes (e.g., an RNA and/or DNA
polymerase, such as, for example, areverse transcriptase). Oligomers as described herein may be
packaged in avariety of different embodiments, and those skilled in the art will appreciate that the
invention embraces many different kit configurations. For example, akit may include amplification
oligomers for only one target region of an HCV-la or HCV-lb target nucleic acid, or it may include
amplification oligomers for multiple HCV-la or HCV-Ib target regions. In certain embodiments, the

kit further includes a set of instructions for practicing methods in accordance with the present
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invention, where the instructions may be associated with a package insert and/or the packaging of the

kit or the components thereof.

[93] Theinvention isfurther illustrated by the following non-limiting examples.

EXAMPLE 1
RT-PCR Amplification of Selected HCV Regions

[94]  This example describes the reverse transcription of a selected viral RNA region and
subsequent PCR amplification of the generated 1st cDNA strand.

Materials

[95] Reverse transcription of viral RNA was performed using the Superscript® |11 First-
Strand Synthesis System kit from Life Technologies (Carlsbad, CA, Catalog Number 18080-051).

[96] First-Strand cDNA was amplified using the Titanium® Tagq PCR kit from Clontech
(Mountain View, CA, Catalog Number 639210).

[971  Amplicons were purified using a MinElute PCR Purification Kit from Qiagen
(Valencia, CA, Catalog Number 28004).

[98]  Amplicons were quantitated on a Qubit® Fluorometer using Qubit® reagents from
Life Technologies (Carlsbad, CA, Catalog Numbers Q32866 and Q32851).

[99] Amplicons were visualized on E-Gel® EX agarose gels from Life Technologies
(Carlsbad, CA, Catalog Number G 402002).

[100] Viral RNA from clinical samples, in-vitro transcribed RNA from cloned clinical

samples or cloned plasmid DNA, were used in the reverse-transcription amplification reactions.

[101] Reverse transcription and PCR amplification reactions were run on either Rotor Gene
Q instruments from Qiagen (Vaencia, CA, Catalog Number 901560) or Veriti® Thermal Cyclers
from Life Technologies (Carlsbad, CA, Catalog Numbers 4375786).

Methods
Reverse transcription d viral or transcript RNA

[102]  First strand cDNA synthesis was performed using the Superscript® 111 First-Strand
Synthesis System kit. The manufacturer's recommendations and protocol were followed with the

exception of additional modifications as described below.
[103] Eight uL of RNA was combined with 1L of random hexamer primers (50 ng™L)
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and 1L of dNTPs (10 mM). The mixture was heated to 65°C for five minutes in athermal cycler
and cooled down oneice for 1minute. Ten pL of aprepared mastermix containing 2 pL of 10x
Reverse Transcriptase buffer, 4 ui. of magnesium chloride (25 mM), 2 pi_ of DTT (0. 1mM), 1 pi. of
RNAse OUT (40 u/pL) and 1 pi. of Superscript |11 enzyme was added to the cooled reaction mixture
from above and mixed by up and down pipetting. The entire reaction mixture was incubated at 25°C

for 10 minutes, followed by 50°C for 50 minutes, 85°C for five minutes and then cooled on ice.

[104] One pi. of RNAse H enzyme (2 U/uL) was added and the reaction mix was incubated
at 37°C for 20 minutes followed by either short-term storage at 4°C or long-term storage at -20°C.

PCR amplification

[105] A volume of 2.5 pi. of the first cDNA strand reaction mix was combined with 47.5
ui, of amastermix consisting of 2.5 i, of PCR sense primer (10 uM), 2.5 pi, of PCR anti-sense
primer (10 uM), 5 pi_ of 10x Titanium Taqg buffer, 1 pi_ of 50x ANTP mix, 35.5 pi_ of water and 1 pi.
of 50x Titanium Tag polymerase. The reaction mix was incubated at 95°C for 1 minute followed by
35 cycles of 95°C for 30 seconds, 55°C for 15 seconds and 68°C for 1 minute. A fina and single
incubation step at 68°C for 10 minutes ended the thermal cycling program. Reaction vials containing
the reaction mixture were either placed at 4°C for short-term storage or a -20°C for long-term

storage.
Ampliconpurification

[106] Amplicons were purified using Qiagen's MinElute PCR Purification Kit according to

the manufacturer's instructions and eluted into 20 pi. of elution buffer provided by Qiagen.
Amplicon guantitation

[107] Amplicons were quantitated using a Qubit Fluorometer and Qubit reagents from Life

Technologies according to manufacturer's instructions.
Amplicon visualization

[108] Amplicons were visualized using E-Gel® EX agarose gels from Life Technologies

according to manufacturer's instructions.
Results

[109] Vira RNA was isolated from four clinical samples A, B, C, and D. After reverse
transcription and amplification of a selected region of the viral genome using primers (HCV | a 8068
2rd S(SEQ ID NO:63) and HCV 1a 8874 20d A S(SEQ ID NO:35), 5 pi. of the PCR mixture were
combined with 15 pL of water and the entire volume of 20 pL was loaded onto a 2% E-Gel EX and

analyzed. The observed amplicon sizes of al four samples were in good agreement with the expected
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length of the targeted region.
Conclusion

[110] Thetargeted region in al four clinical sampleswas successfully amplified.

EXAMPLE 2
PCR Amplification of Selected HCV Regions

[111] This example describes PCR amplification of either plasmid DNA used in primer
screening experiments or amplification of previously generated amplicons (nested PCR). The
heterogeneity of the HCV viral genome and/or low titer concentrations require in most cases a

subsequent 2nd or sometimes a 3rd PCR.
Materials

[112] DNA was amplified using the Titanium® Tagq PCR kit from Clontech (Mountain
View, CA, Catalog Number 639210).

[113] Amplicons were purified using a MinElute PCR Purification Kit from Qiagen
(Valencia, CA, Catalog Number 28004).

[114] Amplicons were quantitated on a Qubit® Fluorometer using Qubit® reagents from
Life Technologies (Carlsbad, CA, Catalog Numbers Q32866 and Q32851).

[115] Amplicons were visualized on E-Gel® EX agarose gels from Life Technologies
(Carlsbad, CA, Catalog Number G 402002).

[116] Cloned plasmid DNA or amplicons from previous PCR amplification reactions were
used.

[117] PCR amplification reactions were run on either Rotor Gene Q instruments from
Qiagen (Vaencia, CA, Catalog Number 901560) or Veriti® Therma Cyclers from Life
Technologies (Carlsbad, CA, Catalog Numbers 4375786).

[118] Sense and antisense primer pairs used in PCR amplification reactions are shown in
Table 1, below ("la" and "Ib" indicated either HCV-la or HCV-Ib astarget nucleic acid; "A[#]"
indicating one of seven target regions by number; and "1st," "2nd," or "3rd" indicating one of three
primer sets used to amplify the indicated target region). Primer sequences that include a nucleotide
base code other than A, C, T and G were synthesized to randomly couple a mixture of nucleobases at
that non-ACTG nucleotide base code. For example, 5'-GCTCCRGGACTGCACC AT (SEQ ID
NO:65) was synthesized so that at the R position, the oligonucleotide synthesizer randomly coupled a
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G or an A residue into the SEQ ID NO:65 primers. Primers were synthesized using an Expedite
Synthesizer (Applied Biosystems, Carlsbad, CA), For nucleobases represented by anon-ACTG
nucleotide base code, the Expedite system was programmed to draw equally from the containers of A,
C, T or G, as represented by the nucleotide base code. The mixture of nucleobases were then added to
the column and allowed to couple to the growing primer sequences. Using SEQ ID NO:65 asan
example, to synthesize the R residue, the Expedite system drew equally from the G container and the
A container to deposit amixture of G and A in the column. Randomly, aG residue or an A residue
would couple to the terminal G residue (primers were synthesized from 3' to 5") on each partialy
synthesized primer sequence in the column. In the next cycle, the C residue was coupled to either aG
residue or an A residue, depending randomly on whether R was a G or an A for any given partia
primer sequence in the column. The end result was a heterogeneous collection of primer sequences
used as SEQ ID NO:65 primers.

Table 1: Sense and Antisense Primer Pairs for Amplification of
Selected Regions of HCV-la and HCV-Ib

Primer Set Sense Primer —5° 2> 3’ Antisense Primer —5° 2 3’
(SEQ ID NO) (SEQ ID NO)

1a A1 1st GCTCCRGGACTGCACCAT GGTTGGGRARGAGGTAGATG
(65) (69)

1a A1 2nd TGCTCGTGTGYGGCGACGAC TACCCCTGCAGCRAGCAGGA
(43) (38)

1a A13rd CTTRGTCGTTATCTGTGARAG TAGGCARAACCAGAACCAGC
(34) (41)

1a A2 1st CAYTACCAGGACGTGCTYAAG TACCTGGTCATAGCCTCCGTGAA
(57) (40)

1a A2 2nd GCGGCGTCRAAAGTGAAGG GAAGGCTCTCAGGYTCGC
(63) (35)

1a A2 3rd AAGGCYAACYTGCTATCCGA TCGCYGCRTCCTCCTGGA
(28) (42)

1a A3 1st CCATCYCTCAARGCAACTTG CCACACGGAGTTGATGTGG
(60) (31)

1a A3 2nd CCAACCAYGACTCCCCTGA TACGGCCTTTCTGGCRTGGC
(58) (73)

1a A3 3rd GCYGAGCTCATAGARGCYAA GCARCGGACGTCYTTTGCC
(36) (62)

1a A4 1st CAGTGCARTGGATGAACCG AGCGGATCRAARGAGTCCA
(55) (46)

1a A4 2nd GGYTRATAGCCTTCGCCTC ACCACTTTRTTCTCYGACTC
(70) (45)
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Primer Set Sense Primer - 5' > 3 Antisense Primer - 5' > 3'
iSEO 1D NO) iSEO 1D NO)

laA43rd CACTAYGT GCCRGAGAGCGA CTGGTRATRTTRCCGCCCAT
(29) (61)

laAb 1st TACCTGGTAGCGTACCAAG ARCACCTCGCATATCCAGTC
(39) (47)

laA52nd TGTGCGCTAGRGCYCAAGC CAGGARCCGGAGCAYGGAGT
(44) (51)

laA53rd GGACCAGATGTGGAAGTGYT CCACTGRTGYAGTCGCCTCA
(68) (59)

laAb6 1st CAGGRGGYGCTTATGACATAAT GTCRGCCGACATRCATGTCATRAT
(52) (37)

laA62nd ATAAYTTGTGAYGAGTGCCAC TTCATTCTGRACAGCRCCCA
(49) (75)

laA63rd GTYCTTGACCARGCAGAGA CAGTCTGTATAGYAGRGGTGT
(72) (53)

laA7 1st GTAYGCCCAGCAGACRAG GGGATAGCCTTGCCGTAAA
(77) (78)

laA72nd GGGACAAAAACCARGT GGAG GATCTCTCCGGTRGTGGAC
(79) (80)

laA73rd TGAGGTYCAGATYGTGTCAA GITAGGRTGGGRCACRGTGA
(81) (71)

Ib Al 1t TCCRGGACTGCACRATGCT TTGGGGAGCARGTAGATGCC
(21) (76)

Ib Al 2nd TGCTCGT GTRCGGRGACGA TACCCCTACRGARAGTAGGA
(86) (87)

IbAl 3rd CCTYGTCGTTATCTGTGARAG TAGGCACVACATGAACCAGC
(88) (89)

IbA21st TACCRGGACGT GCTYAAGGAGA TACCTAGT CATAGCCTCCGTGAA
(82) (90)

IbA22nd AGGCGTCCACAGT YAAGGC GAAGACTCGTAGGYTCGC
(4) (92)

IbA23rd AAGGCTARACTYCTATCYGTAGA TCGCCGCRTCCTCYTG
(2) (91)

IbA3 1t TGAAGGCRACATGCACYACC CTTCCARCARGTCCTYCCAC
(83) (84)

IbA32nd TGCACYACCCRTCAYGACTC GGTTRACGGCCYTGCTGGATA
(24) (5)

IbA33rd GCYGACCTCATYGAGGCCAA GAYAGGYTCCGGACGTICCTT
(94) (12)

IbA4 1t GGCTGTGCARTGGATGAA AAGCGGRTCRAAAGAGTCYA
(95) (1)
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Primer Set Sense Primer - 5' > 3 Antisense Primer - 5' > 3'
iSEO 1D NO) iSEO 1D NO)
Ib Ad42nd ACCGGECTGATAGCGTTCGC CYACCTTRTTYTCTGACTCCAC
(85) (11)
Ib A4 3rd CACTAYGT GCCTGARAGCGA GGGTGATGT TRCCGCCCAT
(96) (18)
Ib A5 1st TACCTGGYAGCRTACCARGC GTCARCACCGI GCATATCCA
(97) (19)
Ib A52nd TGTIGCGCCAGGGCYCARGC ACGARCCGGAGCAYGGECGT
(98) (3)
Ib A53rd GTGGGAYCARATGTGGAAGT G ATCCACTGGTGRAGCCTCTT
(99) (7
|b A6 1st TCYGGGEEGECGCCTAYGACAT GTCRGCCGACATGCATGCCATGAT
(23) (100)
Ib A62nd CATCATAATATGYGATGAGT GCCA CCTCRTTTTGRACGGCTCC
(8) (10)
Ib A6 3rd TGGAYCAAGCGGAGACGG CCTATACAGYAGGGEGYGITG
(26) (9)
b A7 1st CGCCRTGYGGGGACATCAT GGGATGGECYTTGCCATARAA
(101) (17)
Ib A7 2nd GGCCTACKCCCARCAGAC TGGACAGRGCYACCTCCT
(15) (74)
Ib A7 3rd ATCATCACYAGCCTCACAGG TTRGGERTGTGGCACGGTRA
(6) (27)
Methods

PCR amplification

[119] A volume of 2.5 i, of either plasmid DNA (1 ng/pL) or previously amplified DNA
was combined with 47.5 X, of amastermix consisting of 2.5 I of PCR sense primer (10 uM), 2.5
wi. of PCR anti-sense primer (10 uM), 5 i, of 10x Titanium Taq buffer, 1pi. of 50x dNTP mix, 35.5
wi. of water and 17, of 50x Titanium Tag polymerase. The reaction mix was incubated at 95°C for 1
minute followed by 35 cycles of 95°C for 30 seconds, 55°C for 15 seconds and 68°C for 1minute. A
final and single incubation step a 68°C for 10 minutes ended the thermal cycling program. Reaction
vias containing the reaction mixture were either placed at 4°C for short-term storage or at -20°C for

long-term storage.
Ampliconpurification

[120] Amplicons were purified using Qiagen's MinElute PCR Purification Kit according to
the manufacturer's instructions and eluted into 20 i, of elution buffer provided by Qiagen.
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Amplicon guantitation

[121] Amplicons were quantitated using a Qubit Fluorometer and Qubit reagents from Life

Technologies according to manufacturer's instructions.
Amplicon visualization

[122] Amplicons were visualized using E-Gel® EX agarose gels from Life Technologies

according to manufacturer's instructions.
Results

[123] Selected regions of cloned regions of the HCV viral genome were amplified using
primer pairs as shown in Table 1. For each target region (indicated as one of "Al " through "A7" in
the Table), three different primer combinations were evaluated (indicated by "1st," "2nd," and "3rd").
Amplicons were purified and quantitated as described above. Purified amplicons were combined with
water to atotal volume of 20 uL, which was loaded onto a 2% E-Gel EX and analyzed. The observed
amplicon sizes of the tested primer combinations were in good agreement with the expected length of

the targeted region.
Conclusion

[124] Thetargeted regions were successfully amplified using al three primer combinations
for each of the HCV-laand -1 b target regions.

EXAMPLE 3
SMRT Sequencing of Selected HCV Regions

[125] This example describes SMRT sequencing results with respect to the entire NS3,
NS4a, NS4b, NS5a, and NS5b regions of the HCV genome using a set of seven primer pairs and a

HCV | areference sample.
Materials

[126] DNA was amplified using the Titanium® Tag PCR kit from Clontech (Mountain
View, CA, Catalog Number 639210).

[127] Amplicons were purified using a MinElute PCR Purification Kit from Qiagen
(Valencia, CA, Catalog Number 28004).

[128] Amplicons were quantitated on a Qubit® Fluorometer using Qubit® reagents from
Life Technologies (Carlsbad, CA, Catalog Numbers Q32866 and Q32851).
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[129] Amplicons were visualized on E-Gel® EX agarose gels from Life Technologies
(Carlsbad, CA, Catalog Number G 402002).

[130] PCR amplification reactions were run on either Rotor Gene Q instruments from
Qiagen (Valencia, CA, Catalog Number 901560) or Veriti® Therma Cyclers from Life Technologies
(Carlsbad, CA, Catalog Numbers 4375786).

[131]] SMRTbell templates were prepared using DNA Template Prep Kit 2.0 kits from
Pacific Biosciences (Menlo Park, CA Catalog number 001-322-716).

[132] DNA Sequencing was performed on a Pachio RS instrument using DNA Polymerase
Binding Kits (Catalog number 001-359-802), SMRT Cell 8 Pacs (Catalog number 001-264-427) and
DNA Sequencing Kits (Catalog Number 001-379-044) from Pacific Biosciences.

[133] Sense and antisense primer pairs used in PCR amplification reactions are shown in
Table 2, below. Primer sequences that include a nucleotide base code other than A, C, T and G were

synthesized using a mixture of nucleobases, as described above.

Table2: Sense and Primer Pairsfor Amplification of Overlapping Amplicons from

HCV-la.
. Sense Primer Antisense Primer
Primer Set - -
(SEQ ID NO) (SEQ ID NO)
Amplicon 1 (65) (69)
Ampli 5 (57) TACCTVGTCATAGCCTCCGTGAA
mplicon (184)
Amplicon 3 (36) (31)
Amplicon 4 (55) (61)
GGGAGGCGAARGCTATYA
Amplicon 5 (68)
(147)
Amplicon 6 (72) (37)
Ambli - CAGCAGACRAGRGGYCT TGGACAGRGCRACCTCCT
mplicon (120) (25)
Methods

[134] Seven overlapping and approximately 1kb long amplicons were generated from a
HCV lareference sample using an amplification reaction as generally described in Example 2 and the
primer pairs shown in Table 2. All individual amplicons were purified and quantitated as described
earlier. The seven amplicons were mixed in equal amounts and atotal amount of 1 g of DNA was

converted into SMRTbells according to the manufacturer's instructions with the exception that
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SMRTbell templates were purified three times instead of only two times in the last step. SMRTbell
templates were then sequenced on the Pachio RSinstrument following the manufacturer's protocol.
Datawere analyzed using the manufacturer's primary and secondary analysis software package.

Sequencing reads were mapped to the original reference sequence.

Results

[135] Seven selected and amplified regions of a cloned HCV reference were mixed and
sequenced in one run on the Pachio RS instrument using the sequencing primer provided in the

Pacific Biosciences segquencing kit.
[136]

[137] The depth of coverage - i.e., how many times an individual position was segquenced
using SMRT sequencing - was determined for the seven amplicon regions including the six

overlapping regions. The mean depth of coverage was 14,493-fold.
Conclusion

[138] The obtained high depth of coverage demonstrates successful amplification of the
individual seven targeted regions and complete sequencing of the targeted 6 kb long HCV region
without any gaps.

[139] From the foregoing, it will be appreciated that, although specific embodiments of the
invention have been described herein for purposes of illustration, various modifications may be made
without deviating from the spirit and scope of the invention. Accordingly, the invention isnot limited
except as by the appended claims. All publications, patents, and patent applications cited herein are

hereby incorporated by reference in their entireties for al purposes.
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CLAIMS

A method for determining at least partial genotype information for hepatitis C

virus type la (HCV-1a) in a sample, the method comprising:

(1) contacting a sample, said sample suspected of containing HCV- la, with at least

two amplification oligomers for amplifying at least one target region of an HCV-| atarget nucleic

acid, wherein said at least one HCV- | atarget region is selected from the group consisting of

@

(b)

(©)

afirst target region corresponding to nucleotide positions 8522 to 9372 of
SEQ ID NO: 155, wherein if the first target region is amplified, then the at
least two amplification oligomers comprise (i) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 65, 43, and 34; and (ii) at
least one oligomer comprising atarget-hybridizing sequence substantially
corresponding to anucleotide sequence selected from SEQ ID NOs: 69, 38,
and 41;

a second target region corresponding to nucleotide positions 7788 to 8838 of
SEQ 1D NO:155, wherein if the second target region isamplified, then the at
least two amplification oligomers comprise (i) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 57, 63, and 28; and (ii) at
least one oligomer comprising atarget-hybridizing sequence substantially
corresponding to anucleotide sequence selected from SEQ ID NOs: 40, 35,
and 42

athird target region corresponding to nucleotide positions 6966 to 7970 of
SEQ ID NO: 155, wherein if the third target region is amplified, then the at
least two amplification oligomers comprise (i) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 60, 58, and 36; and (ii) at
least one oligomer comprising atarget-hybridizing sequence substantially
corresponding to anucleotide sequence selected from SEQ ID NOs: 31, 73,
and 62;
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(d) afourth target region corresponding to nucleotide positions 6076 to 7117 of
SEQ ID NO: 155, wherein if the fourth target region is amplified, then the at
least two amplification oligomers comprise (i) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 55, 70, and 29; and (ii) at
least one oligomer comprising atarget-hybridizing sequence substantially
corresponding to anucleotide sequence selected from SEQ ID NOs: 46, 45,
and 61;

(e) afifthtarget region corresponding to nucleotide positions 5094 to 6304 of
SEQ ID NO: 155, wherein if the fifth target region isamplified, then the at
least two amplification oligomers comprise (i) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 39, 44, and 68; and (ii) at
least one oligomer comprising atarget-hybridizing sequence substantially
corresponding to anucleotide sequence selected from SEQ ID NOs: 47, 51,
and 59;

(f) asixthtarget region corresponding to nucleotide positions 4258 to 5297 of
SEQ ID NO: 155, wherein if the sixth target region is amplified, then the at
least two amplification oligomers comprise (i) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 52, 49, and 72; and (ii) at
least one oligomer comprising atarget-hybridizing sequence substantially
corresponding to anucleotide sequence selected from SEQ ID NOs: 37, 75,
and 53; and

(g) aseventh target region corresponding to nucleotide positions 3434 to 4482 of
SEQ 1D NO:155, wherein if the seventh target region isamplified, then the at
least two amplification oligomers comprise (i) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 77, 79, and 81; and (ii) at
least one oligomer comprising atarget-hybridizing sequence substantially
corresponding to anucleotide sequence selected from SEQ ID NOs: 78, 80,
and 71;

(2) performing at least onein vitro nucleic acid amplification reaction, wherein any
HCV-la target nucleic acid present in said sample is used as atemplate for generating at least one

amplification product corresponding to at least one of the first through seventh target regions; and
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(3) detecting the nucleobase a one or more nucleotide positions within the at least
one amplification product, thereby determining at least partia genotype information for the HCV-la

in said sample.

2. The method of claim 1, wherein

the a least one amplification oligomer of (a)(i) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 65, 43, and 34;

the a least one amplification oligomer of (a)(ii) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 69, 38, and 41;

the a least one amplification oligomer of (b)(i) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 57, 63, and 28;

the a least one amplification oligomer of (b)(ii) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 40, 35, and 42;

the a least one amplification oligomer of (c)(i) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 60, 58, and 36;

the a least one amplification oligomer of (c)(ii) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 31, 73, and 62;

the a least one amplification oligomer of (d)(i) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 55, 70, and 29;

the a least one amplification oligomer of (d)(ii) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 46, 45, and 61;

the a least one amplification oligomer of (e)(i) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 39, 44, and 68;

the a least one amplification oligomer of (€)(ii) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 47, 51, and 59;

the a least one amplification oligomer of (f)(i) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 52, 49, and 72;

the a least one amplification oligomer of (f)(ii) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 37, 75, and 53;

the a least one amplification oligomer of (g)(i) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 77, 79, and 81; and/or
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the a least one amplification oligomer of (g)(ii) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 78, 80, and 71.

3. The method of claim 1, wherein

the a least one amplification oligomer of (a)(i) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 65, 43, and 34;

the a least one amplification oligomer of (a)(ii) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 69, 38, and 41;

the a least one amplification oligomer of (b)(i) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 57, 63, and 28;

the a least one amplification oligomer of (b)(ii) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 40, 35, and 42;

the a least one amplification oligomer of (c)(i) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 60, 58, and 36;

the a least one amplification oligomer of (c)(ii) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 31, 73, and 62;

the a least one amplification oligomer of (d)(i) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 55, 70, and 29;

the a least one amplification oligomer of (d)(ii) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 46, 45, and 61;

the a least one amplification oligomer of (€)(i) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 39, 44, and 68;

the a least one amplification oligomer of (€)(ii) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 47, 51, and 59;

the a least one amplification oligomer of (f)(i) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 52, 49, and 72;

the a least one amplification oligomer of (f)(ii) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 37, 75, and 53;

the a least one amplification oligomer of (g)(i) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 77, 79, and 81; and/or
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the a least one amplification oligomer of (g)(ii) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 78, 80, and 71.

4, The method of any one of claims 1to 3, where the detecting step comprises

seguencing the at least one amplification product.

5. The method of claim 4, wherein said sequencing comprises single molecule

real time (SMRT) sequencing.

6. The method of claim 4, wherein said sequencing comprises chain terminator
seguencing (Sanger sequencing).

7. The method of claim 4, wherein said sequencing comprises nanopore
sequencing.

8. The method of claim 4, wherein said sequencing comprises massively

parallel sequencing.

9. The method of claim 4, wherein said sequencing comprises pyroseguencing.

10. The method of claim 4, wherein said sequencing comprises polony
sequencing.

11. The method of claim 4, wherein said sequencing comprises sequencing by
ligation.

12, The method of claim 4, wherein said sequencing comprises ion

semiconductor sequencing.
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13. The method of claim 4, wherein said sequencing comprises DNA nanoball

sequencing.

14. The method of any one of claims 1to 3, wherein the detecting step comprises
detecting, in ahybridization assay, an ability of the at |east one amplification product to hybridize to a
SNP-specific probe oligomer.

15. The method of claim 14, wherein the SNP-specific detection probe oligomer
comprises a detectable label.

16. The method of any one of claims 1to 3, wherein the detecting step comprises
detecting, in an amplification-based assay, an ability of a SNP-specific amplification oligomer to
amplify aregion of the a least one amplification product.

17. The method of any one of claims 1to 16, wherein the at least one in vitro
amplification reaction comprises at least one of an RT-PCR amplification reaction and a PCR

amplification reaction.

18. The method of any one of claims 1to 17, wherein the method further
comprises contacting the sample with at least one capture probe oligomer comprising a nucleotide
sequence that hybridizes to the HCV-la target nucleic acid, wherein the at least one capture probe

further comprises a nucleotide sequence or moiety that binds to an immobilized probe.

19. The method of any one of claims 1to 18, wherein each of said first through
seventh target regions are amplified to produce at least one amplification product corresponding to
each of said target regions, and wherein the detecting step comprises detecting the nucleobase at one

or more positions within each of said amplification products.

20. The method of claim 19, wherein the contacting step comprises contacting
the sample with each of the oligomers of (a)(i); each of the oligomers of (a)(ii); each of the oligomers
of (b)(i); each of the oligomers of (b)(ii); each of the oligomers of (c)(i); each of the oligomers of
(c)(ii); each of the oligomers of (d)(i); each of the oligomers of (d)(ii); each of the oligomers of (e)(i);

each of the oligomers of (g)(ii); each of the oligomers of (f)(i); each of the oligomers of (f)(ii); each of
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the oligomers of (g)(i); and each of the oligomers of (g)(ii).

21. A method for determining at least partial genotype information for hepatitis C
virus type Ib (HCV-Ib) in a sample, the method comprising:

(1) contacting a sample, said sample suspected of containing HCV-Ib, with at least
two amplification oligomers for amplifying at least one target region of an HCV-Ib target nucleic

acid, wherein said at least one HCV-Ib target region is selected from the group consisting of

(a) afirsttarget region corresponding to nucleotide positions 8504 to 9350 of
SEQ 1D NO: 156, wherein if the first target region is amplified, then the at
least two amplification oligomers comprise (i) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 21, 86, and 88; and (ii) at
least one oligomer comprising atarget-hybridizing sequence substantially
corresponding to anucleotide sequence selected from SEQ ID NOs: 76, 87,
and 89;

(b) asecond target region corresponding to nucleotide positions 7771 to 861 8 of
SEQ 1D NO: 156, wherein if the second target region isamplified, then the at
least two amplification oligomers comprise (i) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 82, 4, and 2; and (ii) at least
one oligomer comprising atarget-hybridizing sequence substantially
corresponding to anucleotide sequence selected from SEQ ID NOs: 90, 92,
and 91;

(c) athird target region corresponding to nucleotide positions 6956 to 7966 of
SEQ ID NO: 156, wherein if the third target region is amplified, then the at
least two amplification oligomers comprise (i) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 83, 24, and 94; and (ii) at
least one oligomer comprising atarget-hybridizing sequence substantially
corresponding to anucleotide sequence selected from SEQ ID NOs: 84, 5,
and 12;

(d) afourth target region corresponding to nucleotide positions 6057 to 7101 of
SEQ ID NO: 156, wherein if the fourth target region is amplified, then the at

least two amplification oligomers comprise (i) at least one oligomer
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comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 95, 85, and 96; and (ii) at
least one oligomer comprising atarget-hybridizing sequence substantially

corresponding to anucleotide sequence selected from SEQ ID NOs: 1, 11,
and 18;

afifth target region corresponding to nucleotide positions 5077 to 6290 of
SEQ ID NO: 156, wherein if the fifth target region isamplified, then the at
least two amplification oligomers comprise (i) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 97, 98, and 99; and (ii) at
least one oligomer comprising atarget-hybridizing sequence substantially
corresponding to anucleotide sequence selected from SEQ ID NOs: 19, 3,
and 7;

a sixth target region corresponding to nucleotide positions 4240 to 5280 of
SEQ ID NO: 156, wherein if the sixth target region is amplified, then the at
least two amplification oligomers comprise (i) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 23, 8, and 26; and (ii) at
least one oligomer comprising atarget-hybridizing sequence substantially
corresponding to anucleotide sequence selected from SEQ ID NOs: 100, 10,

and 9; and

a seventh target region corresponding to nucleotide positions 3296 to 4466 of
SEQ 1D NO:156, wherein if the seventh target region isamplified, then the at
least two amplification oligomers comprise (i) at least one oligomer
comprising atarget-hybridizing sequence substantially corresponding to a
nucleotide sequence selected from SEQ ID NOs: 101, 15, and 6; and (ii) at
least one oligomer comprising atarget-hybridizing sequence substantially
corresponding to anucleotide sequence selected from SEQ ID NOs: 17, 74,
and 27,

(2) performing at least onein vitro nucleic acid amplification reaction, wherein any

HCV-Ib target nucleic acid present in said sample isused as atemplate for generating at least one

amplification product corresponding to at least one of the first through seventh target regions; and

(3) detecting the nucleobase at one or more nucleotide positions within the at least

one amplification product, thereby determining at least partial genotype information for the HCV-Ib

in said sample.
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22. The method of claim 21, wherein

the at least one amplification oligomer of (a)(i) comprises the target-hybridizing
seguence selected from SEQ ID NOs: 21, 86, and 88;

the at least one amplification oligomer of (a)(ii) comprises the target-hybridizing
seguence selected from SEQ ID NOs: 76, 87, and 89;

the at least one amplification oligomer of (b)(i) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 82, 4, and 2;

the at least one amplification oligomer of (b)(ii) comprises the target-hybridizing
seguence selected from SEQ ID NOs: 90, 92, and 91;

the at least one amplification oligomer of (c)(i) comprises the target-hybridizing
seguence selected from SEQ ID NOs: 83, 24, and 94;

the at least one amplification oligomer of (c)(ii) comprises the target-hybridizing
seguence selected from SEQ ID NOs: 84, 5, and 12;

the at least one amplification oligomer of (d)(i) comprises the target-hybridizing
seguence selected from SEQ ID NOs: 95, 85, and 96;

the at least one amplification oligomer of (d)(ii) comprises the target-hybridizing
seguence selected from SEQ ID NOs: 1, 11, and 18;

the at least one amplification oligomer of (€)(i) comprises the target-hybridizing
seguence selected from SEQ ID NOs: 97, 98, and 99;

the at least one amplification oligomer of (€)(ii) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 19, 3, and 7;

the at least one amplification oligomer of (f)(i) comprises the target-hybridizing
seguence selected from SEQ ID NOs: 23, 8, and 26;

the at least one amplification oligomer of (f)(ii) comprises the target-hybridizing
seguence selected from SEQ ID NOs: 100, 10, and 9;

the at least one amplification oligomer of (g)(i) comprises the target-hybridizing
seguence selected from SEQ ID NOs: 101, 15, and 6; and/or

the at least one amplification oligomer of (g)(ii) comprises the target-hybridizing
seguence selected from SEQ ID NOs: 17, 74, and 27.
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23. The method of claim 21, wherein

the at least one amplification oligomer of (a)(i) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 21, 86, and 88;

the at least one amplification oligomer of (a)(ii) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 76, 87, and 89;

the at least one amplification oligomer of (b)(i) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 82, 4, and 2;

the at least one amplification oligomer of (b)(ii) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 90, 92, and 91;

the at least one amplification oligomer of (c)(i) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 83, 24, and 94;

the at least one amplification oligomer of (c)(ii) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 84, 5, and 12;

the at least one amplification oligomer of (d)(i) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 95, 85, and 96;

the at least one amplification oligomer of (d)(ii) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 1, 11, and 18;

the at least one amplification oligomer of (€)(i) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 97, 98, and 99;

the at least one amplification oligomer of (€)(ii) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 19, 3, and 7;

the at least one amplification oligomer of (f)(i) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 23, 8, and 26;

the at least one amplification oligomer of (f)(ii) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 100, 10, and 9;

the at least one amplification oligomer of (g)(i) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 101, 15, and 6; and/or

the at least one amplification oligomer of (g)(ii) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 17, 74, and 27.
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24, The method of any one of claims 21 to 23, where the detecting step

comprises sequencing the a least one amplification product.

25. The method of claim 24, wherein said sequencing comprises single molecule

real time (SMRT) sequencing.

26. The method of claim 24, wherein said sequencing comprises chain terminator
seguencing (Sanger sequencing).

27. The method of claim 24, wherein said sequencing comprises nanopore
sequencing.

28. The method of claim 24, wherein said sequencing comprises massively

parallel sequencing.

29. The method of claim 24, wherein said sequencing comprises pyrosequencing.

30. The method of claim 24, wherein said sequencing comprises polony
sequencing.

31 The method of claim 24, wherein said sequencing comprises sequencing by
ligation.

32. The method of claim 24, wherein said sequencing comprisesion

semiconductor sequencing.

33. The method of claim 24, wherein said sequencing comprises DNA nanoball

seguencing.
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34. The method of any one of claims 21to 23, wherein the detecting step
comprises detecting, in ahybridization assay, an ability of the at |east one amplification product to
hybridize to a SNP-specific probe oligomer.

35. The method of claim 34, wherein the SNP-specific detection probe oligomer
comprises a detectable label.

36. The method of any one of claims 21to 23, wherein the detecting step
comprises detecting, in an amplification-based assay, an ability of a SNP-specific amplification

oligomer to amplify aregion of the at |east one amplification product.

37. The method of any one of claims 21to 36, wherein the at least one in vitro
amplification reaction comprises at least one of an RT-PCR amplification reaction and a PCR

amplification reaction.

38. The method of any one of claims 21to 37, wherein the method further
comprises contacting the sample with at least one capture probe oligomer comprising a nucleotide
sequence that hybridizes to the HCV-la target nucleic acid, wherein the at least one capture probe

further comprises a nucleotide sequence or moiety that binds to an immobilized probe.

39. The method of any one of claims 21to 38, wherein each of said first through
seventh target regions are amplified to produce at least one amplification product corresponding to
each of said target regions, and wherein the detecting step comprises detecting the nucleobase at one

or more positions within each of said amplification products.

40. The method of claim 39, wherein the contacting step comprises contacting
the sample with each of the oligomers of (a)(i); each of the oligomers of (a)(ii); each of the oligomers
of (b)(i); each of the oligomers of (b)(ii); each of the oligomers of (c)(i); each of the oligomers of
(c)(ii); each of the oligomers of (d)(i); each of the oligomers of (d)(ii); each of the oligomers of (e)(i);
each of the oligomers of (g)(ii); each of the oligomers of (f)(i); each of the oligomers of (f)(ii); each of

the oligomers of (g)(i); and each of the oligomers of (g)(ii).
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A combination of at least two oligomers for amplifying a least one target

region of ahepatitis C virus type | a (HCV-la) target nucleic acid present in a sample, wherein said at

least one HCV-la target region is selected from the group consisting of

@

(b)

©

(d)

(€

afirst target region corresponding to nucleotide positions 8522 to 9372 of SEQ
ID NO: 155, wherein the at least two oligomers for amplifying the first target
region comprise (i) at least one amplification oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 65, 43, and 34; and (ii) at |east one amplification
oligomer comprising atarget-hybridizing sequence substantially corresponding to
anucleotide sequence selected from SEQ ID NOs: 69, 38, and 41;

a second target region corresponding to nucleotide positions 7788 to 8838 of SEQ
ID NO:155, wherein the at least two oligomers for amplifying the second target
region comprise (i) at least one amplification oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 57, 63, and 28; and (ii) at |east one amplification
oligomer comprising atarget-hybridizing sequence substantially corresponding to

anucleotide sequence selected from SEQ ID NOs: 40, 35, and 42;

athird target region corresponding to nucleotide positions 6966 to 7970 of SEQ
ID NO: 155, wherein the at least two oligomers for amplifying the third target
region comprise (i) at least one amplification oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 60, 58, and 36; and (ii) at |east one amplification
oligomer comprising atarget-hybridizing sequence substantially corresponding to

anucleotide sequence selected from SEQ ID NOs: 31, 73, and 62;

afourth target region corresponding to nucleotide positions 6076 to 7117 of SEQ
ID NO: 155, wherein the at least two oligomers for amplifying the fourth target
region comprise (i) at least one amplification oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 55, 70, and 29; and (ii) at |east one amplification
oligomer comprising atarget-hybridizing sequence substantially corresponding to
anucleotide sequence selected from SEQ ID NOs: 46, 45, and 61;

a fifth target region corresponding to nucleotide positions 5094 to 6304 of SEQ
ID NO: 155, wherein the at |east two oligomers for amplifying the fifth target
region comprise (i) at least one amplification oligomer comprising atarget-

hybridizing sequence substantially corresponding to a nucleotide sequence
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selected from SEQ ID NOs: 39, 44, and 68; and (ii) at least one amplification
oligomer comprising atarget-hybridizing sequence substantially corresponding to
anucleotide sequence selected from SEQ ID NOs: 47, 51, and 59;

(f) asixthtarget region corresponding to nucleotide positions 4258 to 5297 of SEQ
ID NO: 155, wherein the at least two oligomers for amplifying the sixth target
region comprise (i) at least one amplification oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 52, 49, and 72; and (ii) at least one amplification
oligomer comprising atarget-hybridizing sequence substantially corresponding to

anucleotide sequence selected from SEQ ID NOs: 37, 75, and 53; and

(9) aseventh target region corresponding to nuclectide positions 3434 to 4482 of
SEQ ID NO: 155, wherein the at least two oligomers for amplifying the seventh
target region comprise (i) at least one amplification oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 77, 79, and 81; and (ii) at least one amplification
oligomer comprising atarget-hybridizing sequence substantially corresponding to

anucleotide sequence selected from SEQ ID NOs: 78, 80, and 71.

42. The combination of at least two oligomers of claim 41, wherein

the a least one amplification oligomer of (a)(i) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 65, 43, and 34;

the a least one amplification oligomer of (a)(ii) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 69, 38, and 41;

the a least one amplification oligomer of (b)(i) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 57, 63, and 28;

the a least one amplification oligomer of (b)(ii) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 40, 35, and 42;

the a least one amplification oligomer of (c)(i) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 60, 58, and 36;

the a least one amplification oligomer of (c)(ii) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 31, 73, and 62;

the a least one amplification oligomer of (d)(i) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 55, 70, and 29;
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the a least one amplification oligomer of (d)(ii) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 46, 45, and 61;

the a least one amplification oligomer of (€)(i) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 39, 44, and 68;

the a least one amplification oligomer of (e)(ii) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 47, 51, and 59;

the a least one amplification oligomer of (f)(i) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 52, 49, and 72;

the a least one amplification oligomer of (f)(ii) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 37, 75, and 53;

the a least one amplification oligomer of (g)(i) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 77, 79, and 81; and/or

the a least one amplification oligomer of (g)(ii) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 78, 80, and 71.

43. The combination of at least two oligomers of claim 41, wherein

the a least one amplification oligomer of (a)(i) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 65, 43, and 34;

the a least one amplification oligomer of (a)(ii) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 69, 38, and 41;

the a least one amplification oligomer of (b)(i) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 57, 63, and 28;

the a least one amplification oligomer of (b)(ii) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 40, 35, and 42;

the a least one amplification oligomer of (c)(i) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 60, 58, and 36;

the a least one amplification oligomer of (c)(ii) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 31, 73, and 62;

the a least one amplification oligomer of (d)(i) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 55, 70, and 29;
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the a least one amplification oligomer of (d)(ii) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 46, 45, and 61;

the a least one amplification oligomer of (€)(i) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 39, 44, and 68;

the a least one amplification oligomer of (€)(ii) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 47, 51, and 59;

the a least one amplification oligomer of (f)(i) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 52, 49, and 72;

the a least one amplification oligomer of (f)(ii) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 37, 75, and 53;

the a least one amplification oligomer of (g)(i) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 77, 79, and 81; and/or

the a least one amplification oligomer of (g)(ii) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 78, 80, and 71.

44, The combination of at least two oligomers of any of claims 41to 43, further
comprising at least one capture probe oligomer comprising a nucleotide sequence that hybridizes to
the HCV-la target nucleic acid, wherein the at |east one capture probe further comprises a nucleotide

sequence or moiety that binds to an immobilized probe.

45, The combination of at least two oligomers of any of claims 41to 44, wherein
said oligomer combination comprises the at least one oligomer of (a)(i); the at least one oligomer of
(a)(ii); the at least one oligomer of (b)(i); the at |east one oligomer of (b)(ii); the at least one oligomer
of (c)(i); the a least one oligomer of (c)(ii); the at least one oligomer of (d)(i); the at least one
oligomer of (d)(ii); the at least one oligomer of (e)(i); the at least one oligomer of (g)(ii); the at least
one oligomer of (f)(i); the at least one oligomer of (f)(ii); the at least one oligomer of (g)(i); and the at
least one oligomer of (g)(ii).

46. The combination of at least two oligomers of any of claims 41to 44, wherein
said oligomer combination comprises each of the oligomers of (a)(i); each of the oligomers of (a)(ii);
each of the oligomers of (b)(i); each of the oligomers of (b)(ii); each of the oligomers of (c)(i); each of
the oligomers of (c)(ii); each of the oligomers of (d)(i); each of the oligomers of (d)(ii); each of the

oligomers of (e)(i); each of the oligomers of (e)(ii); each of the oligomers of (f)(i); each of the
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oligomers of (f)(ii); each of the oligomers of (g)(i); and each of the oligomers of (g)(ii).

47.

A combination of at least two oligomers for amplifying at least one target

region of a hepatitis C virus type |b (HCV-Ib) target nucleic acid present in a sample, wherein said at

least one HCV-Ib target region is selected from the group consisting of

@

(b)

©

(d)

afirst target region corresponding to nucleotide positions 8504 to 9350 of SEQ
ID NO: 156, wherein the at least two oligomers for amplifying the first target
region comprise (i) at least one amplification oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 21, 86, and 88; and (ii) at least one amplification
oligomer comprising atarget-hybridizing sequence substantially corresponding to
anucleotide sequence selected from SEQ ID NOs:. 76, 87, and 89;

a second target region corresponding to nucleotide positions 7771 to 8618 of SEQ
ID NO:156, wherein the at least two oligomers for amplifying the second target
region comprise (i) at least one amplification oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 82, 4, and 2; and (ii) at least one amplification
oligomer comprising atarget-hybridizing sequence substantially corresponding to
anucleotide sequence selected from SEQ ID NOs. 90, 92, and 91;

athird target region corresponding to nucleotide positions 6956 to 7966 of SEQ
ID NO: 156, wherein the at least two oligomers for amplifying the third target
region comprise (i) at least one amplification oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 83, 24, and 94; and (ii) at least one amplification
oligomer comprising atarget-hybridizing sequence substantially corresponding to

anucleotide sequence selected from SEQ ID NOs:. 84, 5, and 12;

afourth target region corresponding to nuclectide positions 6057 to 7101 of SEQ
ID NO: 156, wherein the at least two oligomers for amplifying the fourth target
region comprise (i) at least one amplification oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 95, 85, and 96; and (ii) at least one amplification
oligomer comprising atarget-hybridizing sequence substantially corresponding to

anucleotide sequence selected from SEQ ID NOs: 1, 11, and 18;
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a fifth target region corresponding to nucleotide positions 5077 to 6290 of SEQ
ID NO: 156, wherein the at least two oligomers for amplifying the fifth target
region comprise (i) at least one amplification oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 97, 98, and 99; and (ii) at least one amplification
oligomer comprising atarget-hybridizing sequence substantially corresponding to

anucleotide sequence selected from SEQ ID NOs: 19, 3, and 7;

a sixth target region corresponding to nuclectide positions 4240 to 5280 of SEQ
ID NO: 156, wherein the at least two oligomers for amplifying the sixth target
region comprise (i) at least one amplification oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 23, 8, and 26; and (ii) at least one amplification
oligomer comprising atarget-hybridizing sequence substantially corresponding to

anucleotide sequence selected from SEQ ID NOs: 100, 10, and 9; and

a seventh target region corresponding to nuclectide positions 3296 to 4466 of
SEQ ID NO: 156, wherein the at least two oligomers for amplifying the seventh
target region comprise (i) at least one amplification oligomer comprising atarget-
hybridizing sequence substantially corresponding to a nucleotide sequence
selected from SEQ ID NOs: 101, 15, and 6; and (ii) at least one amplification
oligomer comprising atarget-hybridizing sequence substantially corresponding to
anucleotide sequence selected from SEQ ID NOs: 17, 74, and 27.

The combination of at least two oligomers of claim 47, wherein

the a least one amplification oligomer of (a)(i) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 21, 86, and 88;

the a least one amplification oligomer of (a)(ii) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 76, 87, and 89;

the a least one amplification oligomer of (b)(i) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 82, 4, and 2;

the a least one amplification oligomer of (b)(ii) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 90, 92, and 91;

the a least one amplification oligomer of (c)(i) comprises the target-hybridizing
sequence selected from SEQ ID NOs: 83, 24, and 94;
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the at least one amplification oligomer of (c)(ii) comprises the target-hybridizing
seguence selected from SEQ ID NOs: 84, 5, and 12;

the at least one amplification oligomer of (d)(i) comprises the target-hybridizing
seguence selected from SEQ ID NOs: 95, 85, and 96;

the at least one amplification oligomer of (d)(ii) comprises the target -hybridizing
seguence selected from SEQ ID NOs: 1, 11, and 18;

the at least one amplification oligomer of (€)(i) comprises the target-hybridizing
seguence selected from SEQ ID NOs: 97, 98, and 99;

the at least one amplification oligomer of (€)(ii) comprises the target-hybridizing
seguence selected from SEQ ID NOs: 19, 3, and 7;

the at least one amplification oligomer of (f)(i) comprises the target-hybridizing
seguence selected from SEQ ID NOs: 23, 8, and 26;

the at least one amplification oligomer of (f)(ii) comprises the target-hybridizing
seguence selected from SEQ ID NOs: 100, 10, and 9;

the at least one amplification oligomer of (g)(i) comprises the target-hybridizing
seguence selected from SEQ ID NOs: 101, 15, and 6; and/or

the at least one amplification oligomer of (g)(ii) comprises the target-hybridizing
seguence selected from SEQ ID NOs: 17, 74, and 27.

49. The combination of at least two oligomers of claim 47, wherein

the at least one amplification oligomer of (a)(i) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 21, 86, and 88;

the at least one amplification oligomer of (a)(ii) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 76, 87, and 89;

the at least one amplification oligomer of (b)(i) consists of the target-hybridizing
sequence selected from SEQ ID NOs: 82, 4, and 2;

the at least one amplification oligomer of (b)(ii) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 90, 92, and 91;

the at least one amplification oligomer of (c)(i) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 83, 24, and 94;
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the at least one amplification oligomer of (c)(ii) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 84, 5, and 12;

the at least one amplification oligomer of (d)(i) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 95, 85, and 96;

the at least one amplification oligomer of (d)(ii) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 1, 11, and 18;

the at least one amplification oligomer of (€)(i) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 97, 98, and 99;

the at least one amplification oligomer of (€)(ii) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 19, 3, and 7;

the at least one amplification oligomer of (f)(i) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 23, 8, and 26;

the at least one amplification oligomer of (f)(ii) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 100, 10, and 9;

the at least one amplification oligomer of (g)(i) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 101, 15, and 6; and/or

the at least one amplification oligomer of (g)(ii) consists of the target-hybridizing
seguence selected from SEQ ID NOs: 17, 74, and 27.

50. The combination of at least two oligomers of any of claims 47 to 49, further
comprising at least one capture probe oligomer comprising a nucleotide sequence that hybridizes to
the HCV-Ib target nucleic acid, wherein the at least one capture probe further comprises a nucleotide

seguence or moiety that binds to an immobilized praobe.

51 The combination of at least two oligomers of any of claims 47 to 50, wherein
said oligomer combination comprises the at least one oligomer of (3)(i); the at least one oligomer of
(a)(ii); the at least one oligomer of (b)(i); the at least one oligomer of (b)(ii); the at least one oligomer
of (c)(i) and the at least one oligomer of (c)(ii); the at least one oligomer of (d)(i); the at least one
oligomer of (d)(ii); the at least one oligomer of (€)(i); the at least one oligomer of (e)(ii); the at least
one oligomer of (f)(i); the at least one oligomer of (f)(ii); the at least one oligomer of (g)(i); and the at
least one oligomer of (g)(ii).
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52. The combination of &t least two oligomers of any of claims 47 to 51, wherein
said oligomer combination comprises each of the oligomers of (a)(i); each of the oligomers of (a)(ii);
each of the oligomers of (b)(i); each of the oligomers of (b)(ii); each of the oligomers of (c)(i); each of
the oligomers of (c)(ii); each of the oligomers of (d)(i); each of the oligomers of (d)(ii); each of the
oligomers of (€)(i); each of the oligomers of (e)(ii); each of the oligomers of (f)(i); each of the

oligomers of (f)(ii); each of the oligomers of (g)(i); and each of the oligomers of (g)(ii).
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GCCAGCCCCCTGATGGGGGCGACACTCCACCATGAATCACTCCCCTGTGA
GGAACTACTGTCTTCACGCAGAAAGCGTCTAGCCATGGCGTTAGTATGAG
TGTCGTGCAGCCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGTGGTCTG
CGGAACCGGTGAGTACACCGGAATTGCCAGGACGACCGGGTCCTTTCTTG
GATAAACCCGCTCAATGCCTGGAGATTTGGGCGTGCCCCCGCAAGACTGC
TAGCCGAGTAGTGTTGGGTCGCGAAAGGCCTTGTGGTACTGCCTGATAGG
GTGCTTGCGAGTGCCCCGGGAGGTCTCGTAGACCGTGCACCATGAGCACG
AATCCTAAACCTCAAAGAAAAACCAAACGTAACACCAACCGTCGCCCACA
GGACGTCAAGTTCCCGGGTGGCGGTCAGATCGTTGGTGGAGTTTACTTGT
TGCCGCGCAGGGGCCCTAGATTGGGTGTGCGCGCGACGAGGAAGACTTCC
GAGCGGTCGCAACCTCGAGGTAGACGTCAGCCTATCCCCAAGGCACGTCG
GCCCGAGGGCAGGACCTGGGCTCAGCCCGGGTACCCTTGGCCCCTCTATG
GCAATGAGGGTTGCGGGTGGGCGGGATGGCTCCTGTCTCCCCGTGGCTCT
CGGCCTAGCTGGGGCCCCACAGACCCCCGGCGTAGGTCGCGCAATTTGGG
TAAGGTCATCGATACCCTTACGTGCGGCTTCGCCGACCTCATGGGGTACA
TACCGCTCGTCGGCGCCCCTCTTGGAGGCGCTGCCAGGGCCCTGGCGCAT
GGCGTCCGGGTTCTGGAAGACGGCGTGAACTATGCAACAGGGAACCTTCC
TGGTTGCTCTTTCTCTATCTTCCTTCTGGCCCTGCTCTCTTGCCTGACTG
TGCCCGCTTCAGCCTACCAAGTGCGCAATTCCTCGGGGCTTTACCATGTC
ACCAATGATTGCCCTAACTCGAGTATTGTGTACGAGGCGGCCGATGCCAT
CCTGCACACTCCGGGGTGTGTCCCTTGCGTTCGCGAGGGTAACGCCTCGA
GGTGTTGGGTGGCGGTGACCCCCACGGTGGCCACCAGGGACGGCAAACTC
CCCACAACGCAGCTTCGACGTCATATCGATCTGCTTGTCGGGAGCGCCAC
CCTCTGCTCGGCCCTCTACGTGGGGGACCTGTGCGGGTCTGTCTTTCTTG
TTGGTCAACTGTTTACCTTCTCTCCCAGGCGCCACTGGACGACGCAAGAC
TGCAATTGTTCTATCTATCCCGGCCATATAACGGGTCATCGCATGGCATG
GGATATGATGATGAACTGGTCCCCTACGGCAGCGTTGGTGGTAGCTCAGC
TGCTCCGGATCCCACAAGCCATCATGGACATGATCGCTGGTGCTCACTGG
GGAGTCCTGGCGGGCATAGCGTATTTCTCCATGGTGGGGAACTGGGCGAA
GGTCCTGGTAGTGCTGCTGCTATTTGCCGGCGTCGACGCGGAAACCCACG
TCACCGGGGGAAGTGCCGGCCGCACCACGGCTGGGCTTGTTGGTCTCCTT
ACACCAGGCGCCAAGCAGAACATCCAACTGATCAACACCAACGGCAGTTG
GCACATCAATAGCACGGCCTTGAACTGCAATGAAAGCCTTAACACCGGCT
GGTTAGCAGGGCTCTTCTATCAGCACAAATTCAACTCTTCAGGCTGTCCT
GAGAGGTTGGCCAGCTGCCGACGCCTTACCGATTTTGCCCAGGGCTGGGG
TCCTATCAGTTATGCCAACGGAAGCGGCCTCGACGAACGCCCCTACTGCT
GGCACTACCCTCCAAGACCTTGTGGCATTGTGCCCGCAAAGAGCGTGTGT
GGCCCGGTATATTGCTTCACTCCCAGCCCCGTGGTGGTGGGAACGACCGA
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CAGGTCGGGCGCGCCTACCTACAGCTGGGGTGCAAATGATACGGATGTCT
TCGTCCTTAACAACACCAGGCCACCGCTGGGCAATTGGTTCGGTTGTACC
TGGATGAACTCAACTGGATTCACCAAAGTGTGCGGAGCGCCCCCTTGTGT
CATCGGAGGGGTGGGCAACAACACCTTGCTCTGCCCCACTGATTGTTTCC
GCAAGCATCCGGAAGCCACATACTCTCGGTGCGGCTCCGGTCCCTGGATT
ACACCCAGGTGCATGGTCGACTACCCGTATAGGCTTTGGCACTATCCTTG
TACCATCAATTACACCATATTCAAAGTCAGGATGTACGTGGGAGGGGTCG
AGCACAGGCTGGAAGCGGCCTGCAACTGGACGCGGGGCGAACGCTGTGAT
CTGGAAGACAGGGACAGGTCCGAGCTCAGCCCATTGCTGCTGTCCACCAC
ACAGTGGCAGGTCCTTCCGTGTTCTTTCACGACCCTGCCAGCCTTGTCCA
CCGGCCTCATCCACCTCCACCAGAACATTGTGGACGTGCAGTACTTGTAC
GGGGTAGGGTCAAGCATCGCGTCCTGGGCCATTAAGTGGGAGTACGTCGT
TCTCCTGTTCCTCCTGCTTGCAGACGCGCGCGTCTGCTCCTGCTTGTGGA
TGATGTTACTCATATCCCAAGCGGAGGCGGCTTTGGAGAACCTCGTAATA
CTCAATGCAGCATCCCTGGCCGGGACGCACGGTCTTGTGTCCTTCCTCGT
GTTCTTCTGCTTTGCGTGGTATCTGAAGGGTAGGTGGGTGCCCGGAGCGG
TCTACGCCTTCTACGGGATGTGGCCTCTCCTCCTGCTCCTGCTGGCGTTG
CCTCAGCGGGCATACGCACTGGACACGGAGGTGGCCGCGTCGTGTGGCGG
CGTTGTTCTTGTCGGGTTAATGGCGCTGACTCTGTCGCCATATTACAAGC
GCTACATCAGCTGGTGCATGTGGTGGCTTCAGTATTTTCTGACCAGAGTA
GAAGCGCAACTGCACGTGTGGGTTCCCCCCCTCAACGTCCGGGGGGGGLG
CGATGCCGTCATCTTACTCATGTGTGTTGTACACCCGACTCTGGTATTTG
ACATCACCAAACTACTCCTGGCCATCTTCGGACCCCTTTGGATTCTTCAA
GCCAGTTTGCTTAAAGTCCCCTACTTCGTGCGCGTTCAAGGCCTTCTCCG
GATCTGCGCGCTAGCGCGGAAGATAGCCGGAGGTCATTACGTGCAAATGG
CCATCATCAAGTTAGGGGCGCTTACTGGCACCTATGTGTATAACCATCTC
ACCCCTCTTCGAGACTGGGCGCACAACGGCCTGCGAGATCTGGCCGTGGC
TGTGGAACCAGTCGTCTTCTCCCGAATGGAGACCAAGCTCATCACGTGGG
GGGCAGATACCGCCGCGTGCGGTGACATCATCAACGGCTTGCCCGTCTCT
GCCCGTAGGGGCCAGGAGATACTGCTTGGGCCAGCCGACGGAATGGTCTC
CAAGGGGTGGAGGTTGCTGGCGCCCATCACGGCGTACGCCCAGCAGACGA
GAGGCCTCCTAGGGTGTATAATCACCAGCCTGACTGGCCGGGACAAAAAC
CAAGTGGAGGGTGAGGTCCAGATCGTGTCAACTGCTACCCAAACCTTCCT
GGCAACGTGCATCAATGGGGTATGCTGGACTGTCTACCACGGGGCCGGAA
CGAGGACCATCGCATCACCCAAGGGTCCTGTCATCCAGATGTATACCAAT
GTGGACCAAGACCTTGTGGGCTGGCCCGCTCCTCAAGGTTCCCGCTCATT
GACACCCTGCACCTGCGGCTCCTCGGACCTTTACCTGGTCACGAGGCACG
CCGATGTCATTCCCGTGCGCCGGCGAGGTGATAGCAGGGGTAGCCTGCTT
TCGCCCCGGCCCATTTCCTACTTGAAAGGCTCCTCGGGGGGTCCGCTGTT
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GTGCCCCGCGGGACACGCCGTGGGCCTATTCAGGGCCGCGGTGTGCACCC
GTGGAGTGGCTAAGGCGGTGGACTTTATCCCTGTGGAGAACCTAGAGACA
ACCATGAGATCCCCGGTGTTCACGGACAACTCCTCTCCACCAGCAGTGCC
CCAGAGCTTCCAGGTGGCCCACCTGCATGCTCCCACCGGCAGCGGTAAGA
GCACCAAGGTCCCGGCTGCGTACGCAGCCCAGGGCTACAAGGTGTTGGTG
CTCAACCCCTCTGTTGCTGCAACGCTGGGCTTTGGTGCTTACATGTCCAA
GGCCCATGGGGTTGATCCTAATATCAGGACCGGGGTGAGAACAATTACCA
CTGGCAGCCCCATCACGTACTCCACCTACGGCAAGTTCCTTGCCGACGGC
GGGTGCTCAGGAGGTGCTTATGACATAATAATTTGTGACGAGTGCCACTC
CACGGATGCCACATCCATCTTGGGCATCGGCACTGTCCTTGACCAAGCAG
AGACTGCGGGGGCGAGACTGGTTGTGCTCGCCACTGCTACCCCTCCGGGC
TCCGTCACTGTGTCCCATCCTAACATCGAGGAGGTTGCTCTGTCCACCAC
CGGAGAGATCCCTTTTTACGGCAAGGCTATCCCCCTCGAGGTGATCAAGG
GGGGAAGACATCTCATCTTCTGCCACTCAAAGAAGAAGTGCGACGAGCTC
GCCGCGAAGCTGGTCGCATTGGGCATCAATGCCGTGGCCTACTACCGCGG
TCTTGACGTGTCTGTCATCCCGACCAGCGGCGATGTTGTCGTCGTGTCGA
CCGATGCTCTCATGACTGGCTTTACCGGCGACTTCGACTCTGTGATAGAC
TGCAACACGTGTGTCACTCAGACAGTCGATTTCAGCCTTGACCCTACCTT
TACCATTGAGACAACCACGCTCCCCCAGGATGCTGTCTCCAGGACTCAAC
GCCGGGGCAGGACTGGCAGGGGGAAGCCAGGCATCTACAGATTTGTGGCA
CCGGGGGAGCGCCCCTCCGGCATGTTCGACTCGTCCGTCCTCTGTGAGTG
CTATGACGCGGGCTGTGCTTGGTATGAGCTCACGCCCGCCGAGACTACAG
TTAGGCTACGAGCGTACATGAACACCCCGGGGCTTCCCGTGTGCCAGGAC
CATCTTGAATTTTGGGAGGGCGTCTTTACGGGCCTCACTCATATAGATGC
CCACTTTCTATCCCAGACAAAGCAGAGTGGGGAGAACTTTCCTTACCTGG
TAGCGTACCAAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCG
TGGGACCAGATGTGGAAGTGTTTGATCCGCCTTAAACCCACCCTCCATGG
GCCAACACCCCTGCTATACAGACTGGGCGCTGTTCAGAATGAAGTCACCC
TGACGCACCCAATCACCAAATACATCATGACATGCATGTCGGCCGACCTG
GAGGTCGTCACGAGCACCTGGGTGCTCGTTGGCGGCGTCCTGGCTGCTCT
GGCCGCGTATTGCCTGTCAACAGGCTGCGTGGTCATAGTGGGCAGGATTG
TCTTGTCCGGGAAGCCGGCAATTATACCTGACAGGGAGGTTCTCTACCAG
GAGTTCGATGAGATGGAAGAGTGCTCTCAGCACTTACCGTACATCGAGCA
AGGGATGATGCTCGCTGAGCAGTTCAAGCAGAAGGCCCTCGGCCTCCTGC
AGACCGCGTCCCGCCAAGCAGAGGTTATCACCCCTGCTGTCCAGACCAAC
TGGCAGAAACTCGAGGTCTTCTGGGCGAAGCACATGTGGAATTTCATCAG
TGGGATACAATACTTGGCGGGCCTGTCAACGCTGCCTGGTAACCCCGCCA
TTGCTTCATTGATGGCTTTTACAGCTGCCGTCACCAGCCCACTAACCACT
GGCCAAACCCTCCTCTTCAACATATTGGGGGGGTGGGTGGCTGCCCAGCT
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CGCCGCCCCCGGTGCCGCTACCGCCTTTGTGGGCGCTGGCTTAGCTGGCG
CCGCCATCGGCAGCGTTGGACTGGGGAAGGTCCTCGTGGACATTCTTGCA
GGGTATGGCGCGGGCGTGGCGGGAGCTCTTGTAGCATTCAAGATCATGAG
CGGTGAGGTCCCCTCCACGGAGGACCTGGTCAATCTGCTGCCCGCCATCC
TCTCGCCTGGAGCCCTTGTAGTCGGTGTGGTCTGCGCAGCAATACTGCGC
CGGCACGTTGGCCCGGGCGAGGGGGCAGTGCAATGGATGAACCGGCTAAT
AGCCTTCGCCTCCCGGGGGAACCATGTTTCCCCCACGCACTACGTGCCGG
AGAGCGATGCAGCCGCCCGCGTCACTGCCATACTCAGCAGCCTCACTGTA
ACCCAGCTCCTGAGGCGACTGCATCAGTGGATAAGCTCGGAGTGTACCAC
TCCATGCTCCGGTTCCTGGCTAAGGGACATCTGGGACTGGATATGCGAGG
TGCTGAGCGACTTTAAGACCTGGCTGAAAGCCAAGCTCATGCCACAACTG
CCTGGGATTCCCTTTGTGTCCTGCCAGCGCGGGTATAGGGGGGTCTGGCG
AGGAGACGGCATTATGCACACTCGCTGCCACTGTGGAGCTGAGATCACTG
GACATGTCAAAAACGGGACGATGAGGATCGTCGGTCCTAGGACCTGCAGG
AACATGTGGAGTGGGACGTTCCCCATTAACGCCTACACCACGGGCCCCTG
TACTCCCCTTCCTGCGCCGAACTATAAGTTCGCGCTGTGGAGGGTGTCTG
CAGAGGAATACGTGGAGATAAGGCGGGTGGGGGACTTCCACTACGTATCG
GGTATGACTACTGACAATCTTAAATGCCCGTGCCAGATCCCATCGCCCGA
ATTTTTCACAGAATTGGACGGGGTGCGCCTACATAGGTTTGCGCCCCCTT
GCAAGCCCTTGCTGCGGGAGGAGGTATCATTCAGAGTAGGACTCCACGAG
TACCCGGTGGGGTCGCAATTACCTTGCGAGCCCGAACCGGACGTAGCCGT
GTTGACGTCCATGCTCACTGATCCCTCCCATATAACAGCAGAGGCGGCCG
GGAGAAGGTTGGCGAGAGGGTCACCCCCTTCTATGGCCAGCTCCTCGGCC
AGCCAGCTGTCCGCTCCATCTCTCAAGGCAACTTGCACCGCCAACCATGA
CTCCCCTGACGCCGAGCTCATAGAGGCTAACCTCCTGTGGAGGCAGGAGA
TGGGCGGCAACATCACCAGGGTTGAGTCAGAGAACAAAGTGGTGATTCTG
GACTCCTTCGATCCGCTTGTGGCAGAGGAGGATGAGCGGGAGGTCTCCGT
ACCCGCAGAAATTCTGCGGAAGTCTCGGAGATTCGCCCGGGCCCTGCCCG
TTTGGGCGCGGCCGGACTACAACCCCCCGCTAGTAGAGACGTGGAAAAAG
CCTGACTACGAACCACCTGTGGTCCATGGCTGCCCGCTACCACCTCCACG
GTCCCCTCCTGTGCCTCCGCCTCGGAAAAAGCGTACGGTGGTCCTCACCG
AATCAACCCTATCTACTGCCTTGGCCGAGCTTGCCACCAAAAGTTTTGGC
AGCTCCTCAACTTCCGGCATTACGGGCGACAATACGACAACATCCTCTGA
GCCCGCCCCTTCTGGCTGCCCCCCCGACTCCGACGTTGAGTCCTATTCTT
CCATGCCCCCCCTGGAGGGGGAGCCTGGGGATCCGGATCTCAGCGACGGG
TCATGGTCGACGGTCAGTAGTGGGGCCGACACGGAAGATGTCGTGTGCTG
CTCAATGTCTTATTCCTGGACAGGCGCACTCGTCACCCCGTGCGCTGCGG
AAGAACAAAAACTGCCCATCAACGCACTGAGCAACTCGTTGCTACGCCAT
CACAATCTGGTGTATTCCACCACTTCACGCAGTGCTTGCCAAAGGCAGAA
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GAAAGTCACATTTGACAGACTGCAAGTTCTGGACAGCCATTACCAGGACG
TGCTCAAGGAGGTCAAAGCAGCGGCGTCAAAAGTGAAGGCTAACTTGCTA
TCCGTAGAGGAAGCTTGCAGCCTGACGCCCCCACATTCAGCCAAATCCAA
GTTTGGCTATGGGGCAAAAGACGTCCGTTGCCATGCCAGAAAGGCCGTAG
CCCACATCAACTCCGTGTGGAAAGACCTTCTGGAAGACAGTGTAACACCA
ATAGACACTACCATCATGGCCAAGAACGAGGTTTTCTGCGTTCAGCCTGA
GAAGGGGGGTCGTAAGCCAGCTCGTCTCATCGTGTTCCCCGACCTGGGCG
TGCGCGTGTGCGAGAAGATGGCCCTGTACGACGTGGTTAGCAAGCTCCCC
CTGGCCGTGATGGGAAGCTCCTACGGATTCCAATACTCACCAGGACAGCG
GGTTGAATTCCTCGTGCAAGCGTGGAAGTCCAAGAAGACCCCGATGGGGT
TCTCGTATGATACCCGCTGTTTTGACTCCACAGTCACTGAGAGCGACATC
CGTACGGAGGAGGCAATTTACCAATGTTGTGACCTGGACCCCCAAGCCCG
CGTGGCCATCAAGTCCCTCACTGAGAGGCTTTATGTTGGGGGCCCTCTTA
CCAATTCAAGGGGGGAAAACTGCGGCTACCGCAGGTGCCGCGCGAGCGGL
GTACTGACAACTAGCTGTGGTAACACCCTCACTTGCTACATCAAGGCCCG
GGCAGCCTGTCGAGCCGCAGGGCTCCAGGACTGCACCATGCTCGTGTGTG
GCGACGACTTAGTCGTTATCTGTGAAAGTGCGGGGGTCCAGGAGGACGCG
GCGAGCCTGAGAGCCTTCACGGAGGCTATGACCAGGTACTCCGCCLCCCCC
CGGGGACCCCCCACAACCAGAATACGACTTGGAGCTTATAACATCATGCT
CCTCCAACGTGTCAGTCGCCCACGACGGCGCTGGAAAGAGGGTCTACTAC
CTTACCCGTGACCCTACAACCCCCCTCGCGAGAGCCGCGTGGGAGACAGC
AAGACACACTCCAGTCAATTCCTGGCTAGGCAACATAATCATGTTTGCCC
CCACACTGTGGGCGAGGATGATACTGATGACCCATTTCTTTAGCGTCCTC
ATAGCCAGGGATCAGCTTGAACAGGCTCTTAACTGTGAGATCTACGGAGC
CTGCTACTCCATAGAACCACTGGATCTACCTCCAATCATTCAAAGACTCC
ATGGCCTCAGCGCATTTTCACTCCACAGTTACTCTCCAGGTGAAATCAAT
AGGGTGGCCGCATGCCTCAGAAAACTTGGGGTCCCGCCCTTGCGAGCTTG
GAGACACCGGGCCCGGAGCGTCCGCGCTAGGCTTCTGTCCAGAGGAGGCA
GGGCTGCCATATGTGGCAAGTACCTCTTCAACTGGGCAGTAAGAACAAAG
CTCAAACTCACTCCAATAGCGGCCGCTGGCCGGCTGGACTTGTCCGGTTG
GTTCACGGCTGGCTACAGCGGGGGAGACATTTATCACAGCGTGTCTCATG
CCCGGCCCCGCTGGTTCTGGTTTTGCCTACTCCTGCTCGCTGCAGGGGTA
GGCATCTACCTCCTCCCCAACCGATGAAGGTTGGGGTAAACACTCCGGCC
TCTTAGGCCATTTCCTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
TTTTTTTTTTTTTTTTTTCTTTTTTTTTTTTTTTTTCCTTTTTTTTTTTT
TTTTTTTTCTTTCCTTCTTTTTTCCTTTCTTTTCCTTCCTTCTTTAATGG
TGGCTCCATCTTAGCCCTAGTCACGGCTAGCTGTGAAAGGTCCGTGAGCC
GCATGACTGCAGAGAGTGCTGATACTGGCCTCTCTGCAGATCATGT
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GGCGACACTCCACCATAGATCACTCCCCTGTGAGGAACTACTGTCTTCAC
GCAGAAAGCGTCTAGCCATGGCGTTAGTATGAGTGTCGTGCAGCCTCCAG
GACCCCCCCTCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTACA
CCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGATCAACCCGCTCAATG
CCTGGAGATTTGGGCGTGCCCCCGCGAGACTGCTAGCCGAGTAGTGTTGG
GTCGCGAAAGGCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCC
GGGAGGTCTCGTAGACCGTGCACCATGAGCACGAATCCTAAACCTCAAAG
AAAAACCAAACGTAACACCAACCGCCGTCCACAGGACGTCAAGTTCCCGG
GCGGTGGTCAGATCGTTGGTGGAGTTTACCTGTTGCCGCGCAGGGGCCCC
AGGTTGGGTGTGCGCGCGCTCAGGAAGACTTCCGAGCGGTCGCAACCTCG
TGGAAGGCGACAACCTATCCCCAAGGCTCGCCGACCCGAGGGCAGGGCCT
GGGCTCAGCCCGGGTACCCTTGGCCCCTCTATGGCAATGAGGGCATGGGG
TGGGCAGGATGGCTCCTGTCACCCCGTGGTTCTCGGCCTAGTTGGGGCCC
CTCAGACCCCCGGCGTAGGTCGCGTAATTTGGGTAAGGTCATCGATACCC
TTACATGCGGCTTCGCCGACCTCATGGGGTACATTCCGCTCGTCGGCGCC
CCTCTAGGGGGCGCCGCCAGGGCCCTGGCGCATGGCGTCCGGGTTCTGGA
GGACGGCGTGAACTATGCAACAGGGAATTTGCCCGGTTGCTCTTTCTCTA
TCTTCCTCTTGGGTTTGCTGTCTTGTTTGACCATCCCAGCTTCCGCTTAT
GAAGTGCGCAACGTGTCCGGGGTGTACCATGTCACGAACGACTGCTCCAA
CGCAAGCATTGTGTATGAGGCAGCGGACATGATCATGCACGTCCCCGGGT
GCGTGCCCTGCGTTCGGGTGGACAACTCCTCCCGTTGCTGGGTAGCGCTC
ACCCCCACGCTTGCGGCCAGGAACGCTAGCGTCCCTACTACGGCAATACG
ACGCCACGTCGATTTGCTCGTTGGGGCGGCTACTTTCTGTTCCGCTATGT
ACGTGGGGGATCTCTGCGGATCTGTTTTCCTCGTCGCCCAGCTGTTCACC
TTCTCGCCCCGCCGGCATGAGACGGTACAGGACTGCAATTGTTCAATCTA
TCCCGGCCACATAACGGGTCACCGCATGGCTTGGGATATGATGATGAACT
GGTCACCCACAGCAGCCCTAGTCGTATCGCAGTTACTCCGGATCCCACAA
GCTATCGTGGATATGGTGGCGGGGGCCCACTGGGGAGTCCTGGCGGGCCT
CGCCTACTATTCCATGGTGGGGAACTGGGCTAAGGTTTTGATTGTGATGC
TACTCTTTGCCGGCGTTGACGGGGACACCCACACGACGGGGGGGGTGGCG
GGCCGCGACACGCTGCGCTTCACGGGGTTCTTTTCATTGGGGCCGAAACA
AAAGATCCAGCTTGTAAACACCAACGGCAGCTGGCACATCAACAGGACTG
CCCTGAACTGCAATGACTCCCTCAACACTGGGTGGCTCGCCGCGCTGTTC
TACACACACAGCTTCAACGCGTCTGGATGCCCAGAGCGGATGGCCAGCTG
CCACCCCATCGACGAGTTCGCTCAGGGGTGGGGTCCCATTACTTACGCTG
AACATAGCAGCTCGGACCAGAGGCCCTACTGTTGGCACTACGCACCTCAG
CCGTGCGGTATTGTACCCGCGTCGGAGGTGTGTGGTCCAGTGTATTGCTT
CACCCCAAGCCCTGTTGTGGTGGGGACAACCGATCGTCACGGCGTCCCTA
CGTATAGCTGGGGGGAGAATGGGACGGACGTGCTGCTTCTCAACAACACG
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CGGCCGCCGCAAGGCAACTGGTTCGGCTGTACATGGATGAACGGCACTGG
GTTCACCAAGACGTGCGGGGGCCCCCCGTGTAACATCGGGGGGGTCGGCA
ACAACACCCTGACCTGCCCCACGGACTGCTTCCGGAAGCACCCCGAGGCC
ACTTACACCAAATGCGGCTCGGGGCCTTGGTTGACACCTAGGTGCATGGT
TGACTACCCATACAGGCTCTGGCACTACCCCTGCACTGTCAACTTCACCA
TCTTTAAGGTTAGGATGTATGTGGGGGGCGTGGAACACAGGCTCAGCGCC
GCATGCAATTGGACTCGAGGAGAGCGTTGTGACCTGGAGGACAGGGATAG
ATCAGAGCTTAGCCCGCTGCTGCTGTCCACAACAGAGTGGCAGGTGCTGC
CCTGTTCCTTCACCACCCTACCGGCTCTGTCCACTGGTTTGATCCATCTC
CACCAGAACATCGTGGACGTGCAATACTTGTACGGTATAGGGTCGGTGGT
TGTCTCCTTTGCAATCAAATGGGAGTATGTCGTGTTGCTCTTCCTTCTCC
TGGCAGACGCGCGCGTCTGTGCCTGCTTGTGGATGATGCTGCTGATAGCC
CAAGCTGAGGCCGCCTTAGAGAACCTGGTGGTCCTCAATGCAGCGTCCGT
GGCCGGAGCACATGGCATTCTCTCCTTCCTTGTGTTTTTCTGTGCTGCCT
GGTACATCAAGGGCAGGCTGGTCCCTGGAGCGGCATATGCTATCTATGGC
GTATGGCCGCTACTCCTGCTCCTGCTGGCGCTACCACCACGGGCATACGC
CTTGGACCGGGAGATGGCTGCATCGTGCGGAGGCGCGGTTTTCGTAGGTC
TGGTACTCTTGACCTTGTCACCACACTATAAAGAGTTCCTCGCCAGGCTT
ATATGGTGGTTGCAATACTACATCACCAGAGCCGAGGCGCTACTGCAAGT
GTGGATCCCCCCCCTCAATGTTCGGGGGGGCCGCGACGCCATCATCCTCC
TCACGTGTGTGGTCCACCCAGAGCTAATTTTTGACATCACCAAGCTCTTG
CTCGCCATGCTCGGCCCGCCCATGGTGCTCCAGGCTGTCATAACCAAGGT
GCCGTACTTTGTGCGCGCTCAAGGGCTCATTCGTGCATGCATGTTGGTGC
GGAAAGTCGCTGGGGGCCATTACGTCCAAATGGCTCTCATGAAGCTGGCC
GGGTTGACAAGCACGTACGTTTATGACCATCTTACTCCGTTGCAGGACTG
GGCCCACGGCGGCCTACGAGACCTCGCGGTGGCAGTTGAGCCCGTTGTTT
TTTCTGACATGGAGACCAAGATCATCACCTGGGGGGCGGACACTGCGGCG
TGTGGTGACATCATCTCGGGGTTACCTGTCTCCGCCCGAAGGGGGAGGGA
GATACTCCTGGGACCGGCCGATAGTCTTAAAGAGCAGGGATGGCGACTCC
TTGCACCCATCACGGCTTACTCCCAACAGACGCGGGGCCTACTTGGTTGC
ATCATCACTAGCCTCACAGGCCGGGACAAGAACCAGGTCGAGGGGGAGGT
TCAAGTGGTCTCCACCGCAACACAATCTTTCCTGGCGACCTGTGTCAACG
GCGTGTGTTGGACTGTGTATCATGGCGCCGGCTCAAAGACCCTAGCCGGC
CCAAAAGGTCCAGTCACCCAAATGTACACCAATGTAGACCAGGACCTCGT
CGGCTGGCCCGCGCCCCCCGGGGCGCGTTCCTTGACACCATGCACCTGTG
GCAGCTCGGACCTTTACTTGGTCACGAGACATGCCGATGTCATCCCGGTG
CGCCGGCGGGGCGACAGCAGGGGAAGCCTACTCTCCCCCAGGCCCGTCTC
CTACTTGAAGGGCTCTTCGGGTGGTCCATTGCTCTGCCCCTCGGGGCACG
CTGTGGGCATCTTCCGGGCTGCTGTGTGCACCCGGGGGGTCGCGAAGGCG
GTGGACTTTGTGCCCGTTGAGTCTATGGAAACTACTATGCGGTCTCCGGT
CTTCACGGACAATTCATCTCCCCCGGCCGTACCGGAGACATTCCAGGTGG
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CCCATCTACACGCTCCCACCGGTAGCGGCAAGAGCACTAAGGTGCCGGCT
GCATATGCAGCTCAAGGGTACAAGGTACTCGTCCTGAACCCGTCCGTTGC
CGCCACCCTGGGCTTTGGGGCGTACATGTCCAAGGCACATGGTACCGACC
CCAACATCAGAACTGGGGTAAGGACCATCACCACGGGCGCTCCCATTACG
TACTCCACCTATGGCAAGTTCCTCGCCGATGGTGGTTGTTCTGGGGGCGC
CTATGACATTATAATATGTGATGAGTGCCACTCAACTGACTCGACTACCA
TCCTGGGCATTGGCACAGTCCTGGACCAAGCGGAGACGGCTGGAGCACGG
CTCGTCGTGCTCGCCACCGCTACGCCTCCGGGATCGGTCACCGTGCCGCA
TCCCAACATCGAGGAGGTGGCCCTGTCCAACATTGGAGAGATCCCCTTCT
ATGGCAAAGCCATCCCCATTGAAACCATCAAGGGGGGAAGACACCTCATT
TTCTGCCATTCCAAGAAGAAGTGTGACGAGCTCGCTGCAAAGCTGTCGGG
CCTCGGACTCAACGCTGTAGCGTATTACCGGGGCCTTGACGTGTCCGTCA
TACCGACCAGCGGAGACGTCGTTGTCGTAGCAACAGACGCTCTAATGACG
GGCTTTACCGGCGACTTTGACTCAGTGATCGACTGTAACACATGTGTCAC
CCAAACAGTCGATTTCAGCTTGGACCCTACCTTCACCATTGAGACGACGA
CCGTGCCCCAAGACGCAGTGTCGCGCTCGCAACGGCGAGGCAGGACTGGT
AGGGGCAGGAGAGGCATCTACAGGTTTGTGACTCCGGGAGAGCGGCCCTC
GGGCATGTTCGATTCCTCGGTCCTGTGTGAGTGCTATGACGCGGGCTGTG
CTTGGTATGAGCTCACGCCCGCCGAGACTTCGGTTAGGTTGCGGGCTTAC
CTAAACACACCAGGGTTGCCCGTCTGCCAAGACCACCTGGAGTTCTGGGA
GAGCGTCTTCACAGGCCTCACCCACATAGACGCCCACTTCTTGTCCCAGA
CCAAACAAGCGGGAGAGAACTTCCCCTACCTGACAGCGTACCAGGCCACA
GTGTGTGCCAGGGCTCAGGCTCCACCTCCATCGTGGGATCAAATGTGGAA
GTGTCTCATACGGCTAAAGCCTACGCTGCACGGGCCAACACCCCTGCTGT
ATAGGCTAGGAGCCGTCCAAAACGAGGTCGTCCTTACACACCCCATAACC
AAATACATCATGGCATGCATGTCGGCTGACCTAGAGGTCGTCACGAGCAC
CTGGGTGCTAGTGGGCGGAGTCCTCGCAGCCCTGGCTGCGTATTGCCTGA
CAACGGGCAGCGTGGTCATTGTGGGCAGGATTATCTTGTCCGGGAGGCCG
GCTATCATTCCCGACAGGGAAGTCCTTTACCAGGAGTTCGATGAGATGGA
AGAGTGCGCCTCACACCTTCCTTACATCGAACAGGGAATGCAGCTCGCCG
AACAATTCAAACAGAAGGCGCTCGGGTTGCTGCAGACAGCCACTAAGCAA
GCGGAGGCTGCTGTTCCCGTGGTGGAATCCAAGTGGCAAGCCCTTGAGGC
TTTTTGGGCGAAGCACATGTGGAACTTCATCAGCGGGATACAGTACTTAG
CAGGCTTGTCCACTCTGCCTGGGAACCTCGCAATAGCATCACTGATGGCA
TTCACAGCCTCCATCACCAGCCCGCTCACCACCCAACATACCCTCCTGTT
TAACATCTTGGGGGGATGGGTGGCTGCCCAACTCGCTCCCCCCAGCGCCG
CCTCAGCTTTCGTAGGCGCCGGCATCGCCGGTGCGGCCGTTGGCAGCATA
GGCCTTGGGAAGGTGCTTGTGGACATCCTGGCGGGCTATGGAGCAGGAGT
GGCTGGCGCGCTCGTGGCCTTTAAAGTCATGAGCGGCGAGATGCCCTCCA
CCGAGGACCTGGTCAACTTACTCCCTGCCATCCTCTCTCCTGGCGCCCTG
GTCGTCGGGGTCGTGTGCGCAGCAATACTGCGTCGGCATGTGGGCCCTGG

Figure2C
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GGAGGGGGCTGTGCAGTGGATGAACCGGCTGATAGCGTTCGCTTCGCGGG
GTAACCACGTGTCCCCCACGCACTATGTGCCTGAGAGCGACGCCGCAGCG
CGTGTCACTCAGATCCTCTCCAGCCTTACCATCACCCAGCTGTTGAAGAG
GCTCCACCAGTGGATTAACGAGGACTGCTCCACGCCATGCTCCGGTTCGT
GGCTAAGGGATGTTTGGGACTGGATATGCACGGTGTTGACTGACTTCAAG
ACCTGGCTCCAGTCCAAGCTCCTGCCACGGTTACCGGGAATCCCTTTTTA
CTCATGCCAGCGTGGGTACAAGGGAGTATGGCGGGGAGACGGCATCATGC
AAACCACCTGCCCATGTGGAGCACAGATCACTGGACATGTCAAAAACGGT
TCCATGAGGATCGTTGGGCCTAAAACCTGCAGCAACACGTGGCACGGAAC
ATTCCCCATCAACGCATACACCACGGGCCCCTGCACACCCTCCCCGGLGC
CAAACTATTCTAGGGCGCTGTGGCGGGTGGCTGCTGAGGAGTATGTGGAG
GTTACGCGGGTGGGGGATTTCCACTACGTGACGGGCATGACCACTGACAA
CGTAAAATGCCCATGCCAGGTTCCGGCTCCCGAATTCTTCACGGAGGTGG
ATGGGGTGCGGCTGCACAGGTACGCCCCGGCGTGCAAACCCCTCCTACGG
GATGAAGTCACATTCCAGGTCGGGCTCAACCAATACGTGGTTGGGTCACA
ACTCCCATGCGAGCCCGAACCGGATGTAGTGGTGGTCACTTCCATGCTTA
CCGACCCCTCCCACATTACAGCAGAGACGGCTAAGCGTAGGCTGGACAGG
GGGTCTCCCCCCTCCTTGGCCAGCTCTTCAGCTAGCCAGTTGTCTGCGCC
TTCCTTGAAGGCGACATGCACTACCCGTCACGACTCCCCAGACGCTGACC
TCATTGAGGCCAACCTCCTGTGGCGGCAGGAGATGGGCGGAAACATCACC
CGCGTGGAGTCTGAAAACAAGGTAGTAATTCTGGACTCTTTCGACCCGCT
TCGAGCGGAGGAGGATGAGAGGGAAGTATCCGTCGCGGCGGAGATTCTGC
GGAAATCCAGGAGATTCCCCCGAGCGATGCCCATATGGGCACGGCCGGAT
TACAACCCCCCACTGCTAGAGTCCTGGAAGGATCCGGACTACGTCCCTCC
GGTGGTGCACGGGTGCCCATTACCACCTACCAAGGCCCCTCCAATACCAC
CTCCACGGAAAAAGAGGACGGTTGTCCTGACAGAGTCCACCGTGTCTTCT
GCCTTGGCGGAGCTTGCTACAAAGACCTTCGGCAGCTCCGAATCGTCGGC
CGTCGACAGCGGCACGGCGACCGCCCCTCCTGACCAGCCCCCCGACAACG
ACGACACAGGATCCGACGTTGAATCGTGCTCCTCCATGCCCCCCCTTGAG
GGGGAGCCGGGGGATCCCGATCTCAGCGACGGGTCTTGGTCTACCGTGAG
CGAGGAGGCTAGTGAGGACGTCGTCTGCTGTTCGATGTCCTACACGTGGA
CGGGCGCTCTGATCACACCATGCGCCGCGGAAGAAAGCAAGCTGCCCATC
AATGCGTTGAGCAACTCTTTGCTGCGTCATCACAACATGGTGTACGCCAC
AACCTCCCGCAGCGCAAGCCAGCGGCAGAAGAAGGTCACTTTTGACAGAC
TGCAAGTCCTGGACGACCACTACCGGGACGTGCTCAAGGAGATGAAGGCG
AAGGCGTCCACAGTTAAGGCTAAACTTCTATCCGTAGAAGAAGCCTGCAA
GCTGACACCCCCACATTCGGCCAGATCTAAATTTGGCTACGGGGCGAAGG
ACGTCCGGAACCTATCCAGCAAGGCCGTTAACCACATCCGCTCCGTGTGG
AAGGACTTGCTGGAAGACACTGAAACACCAATTGATACTACCATCATGGC
AAAGAATGAGGTCTTCTGCGTCCAACCAGAAAAAGGAGGCCGCAAGCCAG
CTCGCCTTATCGTGTTCCCAGACTTGGGGGTGCGCGTATGCGAGAAGATG
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GCTCTTTATGACGTGGTCTCCACCCTTCCTCAGGCCGTGATGGGCCCCTC
GTACGGATTTCAGTACTCTCCTGGACAGCGGGTCGAGTTCCTGGTAAATG
CCTGGAAATCAAAGAAGTGTCCTATGGGCTTCGCATATGACACCCGCTGT
TTTGACTCAACGGTCACTGAGAGTGACATCCGTGTTGAGGAGTCAATTTA
CCAATGTTGTGACTTGGCCCCCGAAGCCAGACAGGCCATAAAGTCGCTCA
CAGAGCGGCTTTACATCGGGGGTCCCCTGACTAATTCAAAAGGGCAGAAC
TGCGGTTATCGCCGATGCCGCGCAAGCGGCGTGCTGACGACTAGCTGCGG
TAATACCCTTACATGTTACTTGAAGGCCTCTGCGGCCTGTCGAGCTGCAA
AGCTCCAGGACTGCACGATGCTCGTGTGCGGAGACGACCTCGTCGTTATC
TGTGAAAGCGCGGGAACCCAAGAGGACGCGGCGAGCCTACGAGTCTTCAC
GGAGGCCATGACTAGGTACTCTGCCCCCCCCGGGGACCCGCCCCAACCAG
AATACGACCTGGAGCTGATAACATCATGCTCCTCGAATGTGTCGGTCGCG
CACGATGCATCCGGCAAGAGAGTATACTACCTCACCCGTGACCCCACCAC
CCCCCTTGCGCGGGCTGCGTGGGAGACAGCTAGACACACTCCAGTTAACT
CCTGGCTAGGCAACATCATCATGTATGCGCCCACTTTGTGGGCGAGGATG
ATTCTGATGACACACTTCTTCTCCATCCTTCTAGCTCAGGAACAACTTGA
AAAAGCCCTAGATTGTCAGATCTACGGGGCCTGTTACTCCATAGAGCCAC
TTGACCTACCTCAAATCATTCAGCGACTCCATGGTCTTAGCGCATTTTCA
CTCCACAGTTACTCCCCAGGTGAGATCAATAGGGTGGCTTCATGCCTCAG
GAAACTTGGGGTACCGCCCTTGCGAGCCTGGAGACATCGGGCCAGAAGTG
TCCGCGCTAAGCTACTGTCCCAGGGGGGAAGGGCTGCCACTTGTGGCCGC
TACCTCTTCAACTGGGCAGTAAAGACCAAACTTAAACTCACTCCAATTCC
GGCTGCGTCCCAGTTGGACTTGTCCAACTGGTTCGTTGCTGGTTACAGCG
GGGGAGACATATATCACAGCCTGTCTCGTGCCCGACCCCGCTGGTTCATG
TGGTGCCTACTCCTACTTTCTGTAGGGGTAGGCATCTACCTGCTCCCCAA
CCGATGAACGGGGAGCTAACCACTCCAGG
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