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COMPOSITIONS AND METHODS FOR AMPLIFYING AND CHARACTERIZING HCV

NUCLEIC ACID

PRIORITY

[1] 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

a persistent 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 is almost always chronic

and persistent. The most severe consequences of HCV infection are chronic liver disease and death,

and HCV infection is the primary impetus for liver transplantation in the United States (Zein, supra).

[3] HCV is a positive 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, lb, 2a, etc. (reviewed in Simmonds, Hepatol, 2 1:570-83, 1995;

Simmonds, Hepatol. 3 1 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 lb, 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 as viral load,



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 1 is generally 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

l a and lb (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,

PLoS 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 vitro with 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 l a and l b is critical in clinical trials assessing

new HCV drugs in order to correctly stratify and interpret efficacy and resistance data. In addition,

such genotype identification is likely 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 is a need for compositions and methods for determining genotype

information for HCV type 1 so as to correctly identify mutations or single nucleotide polymorphisms

(SNPs) associated with treatment efficacy or resistance, including the correct identification of HCV

subtypes l a and lb. The present invention meets these and other needs.

SUMMARY OF THE INVENTION

[8] In one aspect, the present invention provides a method for determining at least partial

genotype information for hepatitis C virus type l a (HCV-la) or type l b (HCV-lb) in a sample. 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-lb 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 a transcription-mediated amplification (TMA) reaction), wherein any

HCV-la or HCV-lb target nucleic acid present in the sample is used as a template 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



determining at least partial genotype information for the HCV-la or HCV-lb 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-lb target nucleic acid,

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

an immobilized probe.

[9] In some embodiments of a method for determining HCV-la genotype information,

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

following:

(a) a first 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 65, 43, and 34; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 69, 38, and 41;

(b) a second 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 57, 63, and 28; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

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

(c) a third 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 60, 58, and 36; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

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

(d) a fourth target region corresponding to nucleotide positions 6076 to 7 117 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 55, 70, and 29; and (ii) at least one oligomer



comprising a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 46, 45, and 61;

(e) 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 39, 44, and 68; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 47, 51, and 59;

(f a sixth 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 52, 49, and 72; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

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

(g) a seventh target region corresponding to nucleotide 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) at 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 a target-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 (a)(i), (a)(ii), (b)(i),

(b)(ii), (c)(i), (c)(ii), (d)(i), (d)(ii), (e)(i), (e)(ii), (f)(i), (f)(ii), (g)(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 at 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



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 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-lb genotype information,

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

following:

(a) a first target region corresponding to nucleotide positions 8504 to 9350 of SEQ

ID NO: 156, wherein if the first 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: 21, 86, and 88; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 76, 87, and 89;

(b) a second target region corresponding to nucleotide positions 7771 to 861 8 of SEQ

ID NO: 156, wherein if the second 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: 82, 4, and 2; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 90, 92, and 91;

(c) a third 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 83, 24, and 94; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

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

(d) a fourth 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 95, 85, and 96; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 1, 11, and 18;



(e) a fifth 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 97, 98, and 99; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

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

(f 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 23, 8, and 26; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

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

(g) 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

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 a target-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), (c)(i), (c)(ii), (d)(i), (d)(ii), (e)(i), (e)(ii), (f)(i), (f)(ii), (g)(i), and (g)(ii) comprises or consists of

the specified nucleotide sequence.

[14] In certain variations of the method for determining HCV-lb 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-lb 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 (e)(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).



In some embodiments of a method for determining at least partial genotype

information for HCV-la or HCV-lb, the detecting step includes sequencing the at least one

amplification product. Suitable sequencing techniques include single molecule real 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 a hybridization assay,

an ability of the at least one amplification product to hybridize to a SNP-specific probe 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 a region 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 a hepatitis C virus type l a (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) a first 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 65, 43, and 34; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 69, 38, and 41;

(b) a second 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 57, 63, and 28; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

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

(c) a third 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 60, 58, and 36; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

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

a fourth target region corresponding to nucleotide positions 6076 to 7 117 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 55, 70, and 29; and (ii) at least one oligomer

comprising a target-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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 39, 44, and 68; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 47, 51, and 59;

a sixth 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 52, 49, and 72; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

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

a seventh target region corresponding to nucleotide 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) at 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 a target-hybridizing sequence substantially corresponding to a

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



[17] In more particular embodiments of the oligomer combination for amplifying at least

one target region of a HCV-la, the at least one amplification oligomer of one or more of (a)(i), (a)(ii),

(b)(i), (b)(ii), (c)(i), (c)(ii), (d)(i), (d)(ii), (e)(i), (e)(ii), (f)(i), (f)(ii), (g)(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 (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

(g)(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 (e)(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 lb (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) a first target region corresponding to nucleotide positions 8504 to 9350 of SEQ

ID NO: 156, wherein if the first 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: 21, 86, and 88; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 76, 87, and 89;

(b) a second target region corresponding to nucleotide positions 7771 to 861 8 of SEQ

ID NO: 156, wherein if the second 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: 82, 4, and 2; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 90, 92, and 91;

a third 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 83, 24, and 94; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

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

a fourth 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 95, 85, and 96; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 1, 11, and 18;

a fifth 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 97, 98, and 99; and (ii) at least one oligomer

comprising a target-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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 23, 8, and 26; and (ii) at least one oligomer

comprising a target-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



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 a target-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 a HCV-lb, the at least one amplification oligomer of one or more of (a)(i), (a)(ii),

(b)(i), (b)(ii), (c)(i), (c)(ii), (d)(i), (d)(ii), (e)(i), (e)(ii), (f)(i), (f)(ii), (g)(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-lb 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

(g)(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 (e)(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).

[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. As used herein, the following terms and phrases have the meanings ascribed

to them unless specified otherwise.

[24] The terms "a," "an," and "the" include plural referents, unless the context clearly

indicates otherwise. For example, "a nucleic acid" as used herein is understood to represent one or

more nucleic acids. As such, the terms "a" (or "an"), "one or more," and "at least one" can be used

interchangeably herein.



[25] "Sample" includes any specimen that may contain hepatitis C virus type l a (HCV-la)

and/or type lb (HCV-lb) or components thereof, such as nucleic acids or fragments of nucleic acids.

Samples include "biological samples" which include any tissue or material derived from a living or

dead human that may contain HCV-la and/or HCV-lb 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 be treated to physically or mechanically

disrupt tissue or cell structure, thus releasing intracellular components into a solution which may

further contain enzymes, buffers, salts, detergents and the like, which are used to prepare, using

standard methods, a biological 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 a multimeric 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

oligonucleotides, and analogs thereof. A nucleic acid "backbone" may be made up of a variety of

linkages, including one or more of sugar-phosphodiester linkages, peptide-nucleic acid bonds (in

"peptide nucleic acids" or PNAs, see, e.g., 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), analogs thereof (e.g., inosine, 5-

methylisocytosine, isoguanine; see, e.g., The Biochemistry of the Nucleic 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

0 4-alkyl-pyrimidines, and pyrazolo-compounds, such as unsubstituted or 3-substituted pyrazolo[3,4-

d]pyrimidine; US Patent 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 a nucleic

acid including a mixture of conventional bases and one or more base analogs). Nucleic acids may



include "locked nucleic acids" (LNA), in which one or more nucleotide monomers have a bicyclic

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 alter 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.

[27] The term "polynucleotide" as used herein denotes a nucleic 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, are typically synthesized "3'-to-5'," i.e., by the addition of nucleotides to

the 5'-terminus of a growing nucleic acid.

[28] A "nucleotide" as used herein is a subunit of a nucleic acid consisting of a phosphate

group, a 5-carbon sugar, and a nitrogenous base. The 5-carbon sugar found in RNA is ribose. In

DNA, the 5-carbon sugar is 2'-deoxyribose. The term also includes analogs of such subunits, such as

a methoxy group at the 2' position of the ribose (2'-0-Me). As used 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 as used herein (e.g., a non-nucleotide linker) is a unit that

does not significantly participate in hybridization of a polymer. Such units must not, for example,

participate in any significant hydrogen bonding with a nucleotide, and would exclude units having as

a component one of the five nucleotide bases or analogs thereof.

[30] A "target nucleic acid" as used herein is a nucleic acid comprising a target sequence

to be amplified. 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 a biological constituent (e.g., a sample containing a

target nucleic acid) is taken from its natural milieu, but the term does not connote any degree of

purification.

[32] The term "target region" as used herein refers to the particular region of the target

nucleic acid that is to be amplified. 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 also refer to the sequence complementary to the "target region" as



present in the target nucleic acid. Where the target nucleic acid is originally double-stranded, the term

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

[33] "Target-hybridizing sequence" is used herein to refer to the portion of an oligomer

that is configured to hybridize with a target nucleic acid sequence. Preferably, the target-hybridizing

sequences are configured to specifically hybridize with a target 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 a target sequence. Less than 100%o

complementarity of a target-hybridizing sequence to a target sequence may arise, for example, when

the target nucleic acid is a plurality strains within a species, such as would be the case for an oligomer

configured to hybridize to the various subtypes of HCV l a or lb. It is understood that other reasons

exist for configuring a target-hybridizing sequence to have less than 100% complementarity to a target

nucleic acid.

[34] Oligomer target-hybridizing sequences defined herein by reference to a specific

sequence (e.g., by reference to a sequence substantially corresponding to or substantially

complementary to a region 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 a target nucleic acid, it is

understood that the amplification oligomer combination may include a functional 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" as used herein in reference to a region of HCV-la or

HCV- l b nucleic acid refers to a process whereby an oligonucleotide hybridizes to the target sequence

in a manner that allows for amplification of HCV target nucleic acid and/or detection of at least partial

genotype information as described 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 is complementary 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 as many as 50 nucleotides complementary to the

target sequence. It is understood that at least 10 and as many as 50 is an 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 a referenced oligonucleotide target-hybridizing sequence. For example,



amplification oligomers that are configured to generate a specified amplicon from a target sequence

have polynucleotide 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 a target sequence have a polynucleotide sequence that

specifically hybridizes to the referenced sequence under stringent hybridization conditions.

[37] The term "configured to specifically hybridize to" as used herein means that the

target-hybridizing region of an amplification oligonucleotide, detection probe, or other

oligonucleotide is designed to have a polynucleotide sequence that could target a sequence of the

referenced HCV-la or HCV-lb target region. Such an oligonucleotide is not limited to targeting that

sequence only, but is rather useful as a composition, in a kit, or in a method 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, as is understood 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] The term "fragment," as used herein in reference to the HCV-la or HCV-lb targeted

nucleic acid, refers to a piece of contiguous nucleic acid. In certain embodiments, the fragment

includes contiguous nucleotides from an HCV-la or HCV-lb RNA, wherein the number of contiguous

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

[39] The term "region," as used herein, refers to a portion of a nucleic acid wherein said

portion is smaller than the entire nucleic acid. For example, when the nucleic acid in reference is an

oligonucleotide promoter primer, the term "region" may be used refer to the smaller promoter portion

of the entire oligonucleotide. Similarly, and also as example only, when the nucleic acid is a HCV-la

or HCV-lb nucleic acid, the term "region" may be used to refer to a smaller area of the nucleic acid,

wherein the smaller area is targeted by one or more oligonucleotides of the invention. As another

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



according to nucleotide position number and then aligning the sequences in a manner 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 be regarded as

"corresponding positions." Accordingly, as used 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 falling within

about 50 to about 100 nucleotides of either of the specified [X] and/or [Y] endpoints.

[41 ] As used herein, the term "single nucleotide polymorphism" or "SNP," refers to any

position along a nucleotide 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 a baseline reference nucleotide sequence or as a difference found between a subset of

HCV nucleic acids of particular type (e.g., type 1) or subtype (e.g., l a or lb).

[42] The interchangeable terms "oligomer," "oligo," and "oligonucleotide" refer to a

polynucleotide having generally less than 1,000 nucleotide (nt) residues, including polymers in a

range having a lower 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 a lower limit of about 1 to 15 nt

and an upper limit of about 50 to 600 nt, and other embodiments are in a range having a lower limit of

about 15 to 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 a variety 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 as a primer if it is specific for and capable

of hybridizing to a complementary strand and can further be extended in the presence of a nucleic acid

polymerase; it may function as a primer and provide a promoter if it contains a sequence recognized

by an RNA polymerase and allows for transcription (e.g., a T7 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] As used 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 a reference sequence and still hybridize to the same



target nucleic acid sequence. It is also 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 its target sequence. Thus, in certain embodiments, an

oligonucleotide "substantially corresponds" to a reference 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 is inclusive of all whole and partial numbers (e.g., 98%o, 97.64%, etc.). Similarly,

a region of a nucleic acid or amplified nucleic acid can be referred 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 be required 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" is an oligomer, at least the 3'-end of which is

complementary to a target nucleic acid, and which hybridizes to a target nucleic acid, or its

complement, and participates in a nucleic acid amplification reaction. An example of an

amplification oligomer is a "primer" that hybridizes to a target nucleic acid and contains a 3' OH end

that is extended by a polymerase in an amplification process. Another example of an amplification

oligomer is an oligomer that is not extended by a polymerase (e.g., because it has a 3' blocked end)

but participates in or facilitates amplification. For example, the 5' region of an amplification

oligonucleotide may include a promoter sequence that is non-complementary to the target nucleic acid

(which may be referred to as a "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 sequence, and thus function as a promoter primer. Incorporating a 3' blocked end further

modifies the promoter primer, which is now capable of hybridizing to a target nucleic acid and

providing an upstream promoter sequence that serves to initiate transcription, but does not provide a

primer for oligo extension. Such a modified oligo is referred to herein as a "promoter provider"

oligomer. Size ranges 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 1 contiguous bases that are complementary to a region 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 is understood that ranges for percent complementarity are inclusive of all whole and partial numbers



(e.g., at 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

is understood that when referring to ranges for the length of an oligonucleotide, amplicon, or other

nucleic acid, that the range is inclusive of all whole numbers (e.g., 19-25 contiguous nucleotides 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 as amplicons 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 a replicase such as QB-replicase

(see, e.g., US Patent No. 4,786,600, incorporated by reference herein). LCR amplification uses four

or more different oligonucleotides to amplify a target and its complementary strand by using multiple

cycles of hybridization, ligation, and denaturation (see, e.g., US Patent Nos. 5,427,930 and 5,516,663,

each incorporated by reference herein). SDA uses a primer that contains a recognition 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, e.g., US Patent Nos. 4,683,195; 4,683,202; and 4,800,159; each incorporated by reference

herein). Generally, this process for amplifying a target region includes introducing an excess of at

least two oligonucleotide primers (forward and reverse) to a mixture containing the desired target

nucleic acid, followed by a precise 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 a polymerase so as to form a new 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 a high concentration of an amplified segment of the desired target sequence. The amplified



segments created by the PCR process itself are, themselves, efficient templates for subsequent PCR

amplifications. "Reverse transcription polymerase chain reaction" (RT-PCR) is a variant of PCR in

which an RNA strand is reverse transcribed into its DNA complement (cDNA) using a reverse

transcriptase, and the resulting cDNA is amplified 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 a nucleic acid template. These methods generally employ an RNA polymerase, a

DNA polymerase, deoxyribonucleoside triphosphates, ribonucleoside triphosphates, and a template

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., US Patent 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] The term "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 all 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

as transcription. 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



RNA or a single 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," as is used herein refers to a region of an oligomer

sequence, wherein said region does not stably hybridize with a target 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

is not complementary to the target or template sequence; for example, the 5' region of a primer 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 a primer may be modified to include a 5' promoter sequence, and thus function as a

promoter primer. Similarly, a promoter primer may be modified by removal of, or synthesis without,

a promoter sequence and still function as a primer. A 3' blocked amplification oligomer may provide

a promoter sequence and serve as a template for polymerization (referred to as a "promoter

provider"). Thus, an amplicon that is generated by an amplification oligomer member such as a

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

[50] "Detection probe," "detection oligonucleotide," and "detection probe oligomer" are

used interchangeably to refer to a nucleic acid oligomer that hybridizes specifically to a target

sequence in a nucleic 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 be direct (e.g., a probe hybridized directly to its target sequence) or indirect (e.g., a probe linked

to its target 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 a larger 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., US Patent Nos. 5,1 18,801 ; 5,3 12,728;

6,849,412; 6,835,542; 6,534,274; and 6,361,945; and US Patent Application Pub. No. 20060068417;

each incorporated by reference herein).

[5 1] By "stable" or "stable for detection" is meant that the temperature of a reaction

mixture is at least 2°C below the melting temperature of a nucleic acid duplex.



[52] As used herein, a "label" refers to a moiety or compound joined directly or indirectly

to a probe 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 a bridging moiety or "linker" such as a binding

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 as a

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 a homogeneous 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., US Patent 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, e.g.,

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 a nucleic acid oligomer that specifically hybridizes to a target sequence in

a target nucleic acid by standard base pairing and joins to a binding 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 oligomers joined together by one or more linkers. Another embodiment of a capture

oligomer uses a target-sequence binding region that includes random or non-random poly-GU, poly-

GT, or poly U sequences to bind non-specifically to a target nucleic acid and link it to an immobilized

probe on a support.



[54] As used herein, an "immobilized oligonucleotide," "immobilized probe," or

"immobilized nucleic acid" refers to a nucleic 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 is an 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

magnetically attractable particles. Supports may be monodisperse magnetic spheres (e.g., uniform

size ± 5%), to which an immobilized probe is joined 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 is stable during hybridization conditions.

[55] By "complementary" is meant 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" is meant 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 is intended to specifically hybridize. Sequences that are "sufficiently

complementary" allow stable hybridization of a nucleic 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 is able 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 is paired with U or T and C is paired 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

§§ 1.90-1.91, 7.37-7.57, 9.47-9.51 and 11.47-11.57, particularly §§ 9.50-9.51, 11.12-11.13, 11.45-

11.47 and 11.55-11.57, incorporated by reference herein). It is understood that ranges for percent

identity are inclusive of all whole and partial numbers (e.g., at least 90%o includes 90, 91, 93.5, 97.687

and etc.).



[56] By "preferentially hybridize" or "specifically hybridize" is meant that under stringent

hybridization assay conditions, probes hybridize to their target sequences, or replicates thereof, to form

stable probe:target hybrids, while at the same time formation of stable probe :non-target hybrids is

minimized. Thus, a probe hybridizes to a target sequence or replicate thereof to a sufficiently greater

extent than to a non-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, 2nd 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 §§

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" is meant a nucleic 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 is a minority component.

Sample preparation may include any known method of concentrating components, such as microbes

or nucleic acids, from a larger sample volume, such as by filtration of airborne or waterborne particles

from a larger 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 as by using filtration, centrifugation or adsorption. Sample preparation

may include use of a nucleic acid oligonucleotide that selectively or non-specifically capture a target

nucleic acid and separate it from other sample components (e.g., as described in US Patent No.

6,1 10,678 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 a generally aqueous solution phase, which may also 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.



[60] As used herein, a "DNA-dependent DNA polymerase" is an enzyme that synthesizes

a complementary DNA copy from a DNA template. Examples are DNA polymerase I from E . coli,

bacteriophage T7 DNA polymerase, or DNA polymerases from bacteriophages T4, Phi-29, M2, or

T5. DNA-dependent DNA polymerases may be the 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 a DNA strand from various modified templates. All known DNA-dependent

DNA polymerases require a complementary primer to initiate synthesis. It is known 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 ] As used herein, a "DNA-dependent RNA polymerase" or "transcriptase" is an

enzyme that synthesizes multiple RNA copies from a double-stranded or partially double-stranded

DNA molecule having a promoter sequence that is usually 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] As used herein, an "RNA-dependent DNA polymerase" or "reverse transcriptase"

("RT") is an 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 also have an

RNAse H activity. A primer is required to initiate synthesis with both RNA and DNA templates.

BRIEF DESCRIPTION OF THE DRAWINGS

[63] Figures 1A-1E illustrate a reference sequence for hepatitis C virus subtype l a

polyprotein gene, complete cds (SEQ ID NO: 155), found at GenBank under accession number

AF009606.1 and GI:23 16097.

[64] Figures 2A-2E illustrate a reference sequence for hepatitis C virus complete genome

sequence (SEQ ID NO: 156), found at GenBank under accession number AJ000009.1 and

GI:2764397.

DETAILED DESCRIPTION OF THE INVENTION



[65] The present invention provides compositions, kits, and methods for amplifying one or

more selected regions of an HCV type 1 nucleic acid from a sample, particularly HCV type la (HCV-

la) or type lb (HCV-lb). 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 at 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 1 nucleic acid as either subtype l a or subtype lb and/or detecting the presence of

particular nucleotide variations in an HCV-la or -lb 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) or type lb (HCV-lb) in a

sample, wherein the method generally includes the following steps: (1) contacting a sample, which is

suspected of containing HCV-la or HCV-lb, with at least two amplification oligomers for amplifying

at least one target region of an HCV-la or HCV-lb target nucleic acid; (2) performing at least one in

vitro nucleic acid amplification reaction , wherein any HCV-la or HCV-lb target nucleic acid present

in the sample is used as a template 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 determining at least partial genotype information

for the HCV-la or HCV-lb 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 -lb 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 -lb target

hybridizing region substantially corresponding to at 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 a target 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 a method for determining HCV-la genotype

information, the one or more target regions and corresponding amplification oligomers are selected

from the following:



a first target region corresponding to nucleotide positions 8522 to 9372 of SEQ

ID NO:155, where if the first target region is amplified, then the at least two

amplification oligomers include (i) at least one oligomer comprising a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 65, 43, and 34; and (ii) at least one oligomer

comprising a target-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 least two

amplification oligomers include (i) at least one oligomer comprising a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 57, 63, and 28; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

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

a third target region corresponding to nucleotide positions 6966 to 7970 of SEQ

ID NO: 155, where if the third target region is amplified, then the at least two

amplification oligomers include (i) at least one oligomer comprising a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 60, 58, and 36; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

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

a fourth target region corresponding to nucleotide positions 6076 to 7 117 of SEQ

ID NO: 155, where if the fourth target region is amplified, then the at least two

amplification oligomers include (i) at least one oligomer comprising a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 55, 70, and 29; and (ii) at least one oligomer

comprising a target-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 is amplified, then the at least two

amplification oligomers include (i) at least one oligomer comprising a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 39, 44, and 68; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 47, 51, and 59;



(f a sixth target 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) at least one oligomer comprising a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 52, 49, and 72; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

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

(g) a seventh target region corresponding to nucleotide positions 3434 to 4482 of

SEQ ID NO: 155, where if the seventh target region is amplified, then the at least

two amplification oligomers include (i) at 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 a target-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 at 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 a method for determining HCV-lb genotype

information, the one or more target regions and corresponding amplification oligomers are selected

from the following:

(a) a first target 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) at least one oligomer comprising a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 21, 86, and 88; and (ii) at least one oligomer

comprising a target-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 861 8 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 82, 4, and 2; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 90, 92, and 91;

a third target region corresponding to nucleotide positions 6956 to 7966 of SEQ

ID NO: 156, where if the third target region is amplified, then the at least two

amplification oligomers include (i) at least one oligomer comprising a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 83, 24, and 94; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

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

a fourth 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 95, 85, and 96; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 1, 11, and 18;

a fifth target region corresponding to nucleotide positions 5077 to 6290 of SEQ

ID NO:156, where if the fifth target region is amplified, then the at least two

amplification oligomers include (i) at least one oligomer comprising a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 97, 98, and 99; and (ii) at least one oligomer

comprising a target-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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 23, 8, and 26; and (ii) at least one oligomer

comprising a target-hybridizing sequence substantially corresponding to a

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



(g) a seventh target region corresponding to nucleotide positions 3296 to 4466 of

SEQ ID NO: 156, where if the seventh target region is amplified, then the at least

two amplification oligomers include (i) at least one oligomer comprising a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 10 1, 15, and 6; and (ii) at least one oligomer

comprising a target-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-lb 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- lb

target regions. In such variations, the detecting step typically includes detecting the nucleobase at 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- lb.

[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 aqueous 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 a target-hybridizing sequence configured to

specifically hybridize to an HCV nucleic acid target sequence so as to form a target-sequencexapture-

probe complex that is separated from sample components. In other variations, the capture probe

oligomer uses a target-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 as to form a

target-sequence:capture-probe complex that is separated from sample components. In specific

variations, the capture probe oligomer comprises a target-hybridizing sequence that includes a

randomized poly-(k) sequence comprising G and T nucleotides or G and U nucleotides (e.g., a (k)



sequence), such as described, for example, in WIPO Publication No. 2008/016988, incorporated by

reference herein.

[74] In a preferred variation, the target capture binds the HCV target:capture-probe

complex to an immobilized probe to form a target:capture-probe:immobilized-probe complex that is

separated from the sample and, optionally, washed to remove non-target sample components (see,

e.g., US Patent 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 a tail portion

(e.g., a 3' tail) that is not complementary to the HCV target sequence but that specifically hybridizes

to a sequence on the immobilized probe, thereby serving as the moiety allowing the target nucleic acid

to be separated from other sample components, such as previously described in, e.g., U.S. Patent No.

6,1 10,678, incorporated herein by reference. Any sequence may be used in a tail region, which is

generally about 5 to 50 nt long, and preferred embodiments include a substantially homopolymeric

tail of about 10 to 40 nt (e.g., w to A40 or T0.3A10.40), more preferably about 14 to 33 nt (e.g., A to

A30 or T3A14 to T3A30), that bind to a complementary immobilized sequence (e.g., poly-T) attached to

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

[76] In particular variations, the capture probe oligomer comprising a randomized poly-(k)

nucleotide sequence (e.g., (k)i ) and a 3' tail portion, preferably a substantially homopolymeric tail of

about 10 to 40 nt (e.g., T0-3A10-40).

[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 a temperature higher than the Tm 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 is then 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 a washing 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.



[78] Amplifying an HCV target region utilizes an in vitro amplification reaction using at

least two amplification oligomers that flank a target region to be amplified. As previously indicated,

particularly suitable amplification oligomers for amplification of selected HCV-la and HCV-lb target

regions include a target-hybridizing region substantially corresponding to, comprising, or consisting

of a nucleotide 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 at one or more nucleotide positions, thereby generating at

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 at one or more nucleotide positions is

detected for amplification product(s) representing a region 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-lb target nucleic acid, the nucleobase at one or more nucleotide positions is

detected for amplification product(s) representing a region of the HCV-lb 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-lb 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



detecting step includes detecting the nucleobase at one or more positions within each of the seven

HCV-lb 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-lb 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 as the 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. al., Science, (2010) 327 (5961): 78-81; Porreca, Nature

Biotechnology, (2010) 28:43-44; Clarke et al., (2009) Nature Nanotechnology 4 (4): 265-270).

[82] In other embodiments, genotyping is performed using a technique 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 are readily used for detecting a SNP within an HCV-la or HCV-lb amplification product in

accordance with the methods of the present invention.

[83] For example, in some embodiments, a variant sequence (i.e., a sequence containing

one or more SNPs relative to a reference 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 a variant 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-lb 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



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 a hybridization assay, the presence of absence of a given

SNP or mutation is determined based on the ability of an HCV-la or HCV-lb amplification product

to hybridize to a probe oligomer specific for only a variant 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-lb amplification product. A

variety of hybridization assays using a variety of technologies for hybridization and detection are

known in the art and may be readily 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 a modified 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 a variety 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 a homogeneous 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

a mixture of probes in which each probe is labeled with a compound that produces a detectable signal

(see, e.g., US Pat. 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, e.g.,

US Patent Nos. 5,185,439; 5,639,604; 5,585,481; and 5,656,744; each incorporated by reference

herein), which in typical variations is attached to the probe by a non-nucleotide 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 TaqMan detection probe (Roche Molecular Diagnostics) and a "molecular beacon"

(see, e.g., Tyagi et al, Nature Biotechnol. 16:49-53, 1998; US Patent Nos. 5,1 18,801 and 5,312,728;

each incorporated by reference herein).



[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 as hairpins. 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 is a linear oligomer that does not

substantially form conformations held by intramolecular bonds. In specific variations, a linear

detection probe oligomer includes a chemiluminescent compound as the 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 is a 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, a DNA

microchip containing electronically captured probes (Nanogen, San Diego, Calif.) is utilized (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 a flat surface (chip) by

differences in surface tension (ProtoGene, Palo Alto, Calif.) is utilized (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



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 88:1 89-93, 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 a sample. 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-

lb target nucleic acid. In some embodiments, the oligomer combination further includes at least one

capture probe oligomer comprising a nucleotide sequence that hybridizes to the 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 is a reaction mixture for amplifying one or

more selected target regions of an HCV-la or HCV-lb 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-lb 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 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, a reverse 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-lb 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, a reverse transcriptase). Oligomers as described herein may be

packaged in a variety of different embodiments, and those skilled in the art will appreciate that the

invention embraces many different kit configurations. For example, a kit 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-lb target regions. In certain embodiments, the

kit further includes a set of instructions for practicing methods in accordance with the present



invention, where the instructions may be associated with a package insert and/or the packaging of the

kit or the components thereof.

[93] The invention is further 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® III First-

Strand Synthesis System kit from Life Technologies (Carlsbad, CA, Catalog Number 18080-051).

[96] First-Strand cDNA was amplified using the Titanium® Taq PCR kit from Clontech

(Mountain View, CA, Catalog Number 639210).

[97] 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 (Valencia, CA, Catalog Number 901560) or Veriti® Thermal Cyclers

from Life Technologies (Carlsbad, CA, Catalog Numbers 4375786).

Methods

Reverse transcription of viral or transcript RNA

[ 102] First strand cDNA synthesis was performed using the Superscript® III First-Strand

Synthesis System kit. The manufacturer's recommendations and protocol were followed with the

exception of additional modifications as described below.

[ 103] Eight of RNA was combined with 1 of random hexamer primers (50 ng^L)



and 1 of dNTPs ( 10 mM). The mixture was heated to 65°C for five minutes in a thermal cycler

and cooled down one ice for 1 minute. Ten of a prepared mastermix containing 2 of lOx

Reverse Transcriptase buffer, 4 µΐ of magnesium chloride (25 mM), 2 µΐ of DTT (0. 1 mM), 1 µΐ of

RNAse OUT (40 u/µ ) and 1 µΐ of Superscript III 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 µΐ of RNAse H enzyme (2 U/µ ) 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 µΐ of the first cDNA strand reaction mix was combined with 47.5

µΐ of a mastermix consisting of 2.5 µΐ of PCR sense primer ( 10 µΜ ), 2.5 µΐ of PCR anti-sense

primer ( 10 µΜ ), 5 µΐ of 10x Titanium Taq buffer, 1 µΐ of 50x dNTP mix, 35.5 µΐ of water and 1 µΐ

of 5Ox Titanium Taq 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 final 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 at -20°C for long-term

storage.

Amplicon purification

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

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

Amplicon quantitation

[ 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] Viral 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 l a 8068

2nd S (SEQ ID NO:63) and HCV la 8874 2nd AS (SEQ ID NO:35), 5 µΐ of the PCR mixture were

combined with 15 µ of water and the entire volume of 20 µ was loaded onto a 2% E-Gel EX and

analyzed. The observed amplicon sizes of all four samples were in good agreement with the expected



length of the targeted region.

Conclusion

[110] The targeted region in all four clinical samples was 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® Taq 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 (Valencia, CA, Catalog Number 901560) or Veriti® Thermal 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 "lb" indicated either HCV-la or HCV-lb as target 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



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 a non-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 as an

example, to synthesize the R residue, the Expedite system drew equally from the G container and the

A container to deposit a mixture of G and A in the column. Randomly, a G residue or an A residue

would couple to the terminal G residue (primers were synthesized from 3' to 5') on each partially

synthesized primer sequence in the column. In the next cycle, the C residue was coupled to either a G

residue or an A residue, depending randomly on whether R was a G or an A for any given partial

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-lb



Primer Set Sense Primer - 5' 3' Antisense Primer - 5' 3'

iSEO ID NO) iSEO ID NO)

l a A4 3rd CACTAYGTGCCRGAGAGCGA CTGGTRATRTTRCCGCCCAT

(29) (61)

l a A5 1st TACCTGGTAGCGTACCAAG ARCACCTCGCATATCCAGTC

(39) (47)

l a A5 2nd TGTGCGCTAGRGCYCAAGC CAGGARCCGGAGCAYGGAGT

(44) (51)

l a A5 3rd GGACCAGATGTGGAAGTGYT CCACTGRTGYAGTCGCCTCA

(68) (59)

l a A6 1st CAGGRGGYGCTTATGACATAAT GTCRGCCGACATRCATGTCATRAT

(52) (37)

l a A6 2nd ATAAYTTGTGAYGAGTGCCAC TTCATTCTGRACAGCRCCCA

(49) (75)

l a A6 3rd GTYCTTGACCARGCAGAGA CAGTCTGTATAGYAGRGGTGT

(72) (53)

l a A7 1st GTAYGCCCAGCAGACRAG GGGATAGCCTTGCCGTAAA

(77) (78)

l a A7 2nd GGGACAAAAACCARGTGGAG GATCTCTCCGGTRGTGGAC

(79) (80)

l a A7 3rd TGAGGTYCAGATYGTGTCAA GTTAGGRTGGGRCACRGTGA

(81) (71)

l b Al 1st TCCRGGACTGCACRATGCT TTGGGGAGCARGTAGATGCC

(21) (76)

l b Al 2nd TGCTCGTGTRCGGRGACGA TACCCCTACRGARAGTAGGA

(86) (87)

l b Al 3rd CCTYGTCGTTATCTGTGARAG TAGGCACMACATGAACCAGC

(88) (89)

l b A2 1st TACCRGGACGTGCTYAAGGAGA TACCTAGTCATAGCCTCCGTGAA

(82) (90)

l b A2 2nd AGGCGTCCACAGTYAAGGC GAAGACTCGTAGGYTCGC

(4) (92)

l b A2 3rd AAGGCTARACTYCTATCYGTAGA TCGCCGCRTCCTCYTG

(2) (91)

l b A3 1st TGAAGGCRACATGCACYACC CTTCCARCARGTCCTYCCAC

(83) (84)

l b A3 2nd TGCACYACCCRTCAYGACTC GGTTRACGGCCYTGCTGGATA

(24) (5)

l b A3 3rd GCYGACCTCATYGAGGCCAA GAYAGGYTCCGGACGTCCTT

(94) (12)

l b A4 1st GGCTGTGCARTGGATGAA AAGCGGRTCRAAAGAGTCYA

(95) (1)



Primer Set Sense Primer - 5' 3' Antisense Primer - 5' 3'

iSEO ID NO) iSEO ID NO)

l b A4 2nd ACCGGCTGATAGCGTTCGC CYACCTTRTTYTCTGACTCCAC

(85) (11)

l b A4 3rd CAC TAYGTGCCTGARAGCGA GGGTGATGTTRCCGCCCAT

(96) (18)

l b A5 1st TACCTGGYAGCRTACCARGC GTCARCACCGTGCATATCCA

(97) (19)

l b A5 2nd TGTGCGCCAGGGCYCARGC ACGARCCGGAGCAYGGCGT

(98) (3)

l b A5 3rd GTGGGAYCARATGTGGAAGTG ATCCACTGGTGRAGCCTCTT

(99) (7)

l b A6 1st TCYGGGGGCGCCTAYGACAT GTCRGCCGACATGCATGCCATGAT

(23) (100)

l b A6 2nd CATCATAATATGYGATGAGTGCCA CCTCRTTTTGRACGGCTCC

(8) (10)

l b A6 3rd TGGAYCAAGCGGAGACGG CCTATACAGYAGGGGYGTTG

(26) (9)

l b A7 1st CGGCRTGYGGGGACATCAT GGGATGGCYTTGCCATARAA

(101) (17)

l b A7 2nd GGCCTACKCCCARCAGAC TGGACAGRGCYACCTCCT

(15) (74)

l b A7 3rd ATCATCACYAGCCTCACAGG TTRGGRTGTGGCACGGTRA

(6) (27)

Methods

PCR amplification

[119] A volume of 2.5 ΐ of either plasmid DNA ( 1 ng/µ ) or previously amplified DNA

was combined with 47.5 x of a mastermix consisting of 2.5 x of PCR sense primer (10 µΜ), 2.5

ΐ of PCR anti-sense primer (10 µΜ), 5 ΐ of 10x Titanium Taq buffer, 1 ΐ of 50x dNTP mix, 35.5

ΐ of water and 1 ΐ of 50x Titanium Taq 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

final 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 at -20°C for

long-term storage.

Amplicon purification

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

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



Amplicon quantitation

[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 a total volume of 20 , 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] The targeted regions were successfully amplified using all three primer combinations

for each of the HCV- la and -lb 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 l a reference sample.

Materials

[126] DNA was amplified using the Titanium® Taq 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).



[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® Thermal 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 Pacbio 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.

Table 2: Sense and Primer Pairs for Amplification of Overlapping Amplicons from

HCV-la.

Methods

[134] Seven overlapping and approximately 1 kb long amplicons were generated from a

HCV l a reference 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 a total amount of 1 g of DNA was

converted into SMRTbells according to the manufacturer's instructions with the exception that



SMRTbell templates were purified three times instead of only two times in the last step. SMRTbell

templates were then sequenced on the Pacbio RS instrument following the manufacturer's protocol.

Data were 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 Pacbio RS instrument using the sequencing primer provided in the

Pacific Biosciences sequencing kit.

[136]

[137] The depth of coverage - i.e., how many times an individual position was sequenced

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 is not limited

except as by the appended claims. All publications, patents, and patent applications cited herein are

hereby incorporated by reference in their entireties for all purposes.



CLAIMS

What is claimed is:

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

virus type l a (HCV- la) 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- l a target nucleic

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

(a) a first 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 a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 65, 43, and 34; and (ii) at

least one oligomer comprising a target-hybridizing sequence substantially

corresponding to a nucleotide sequence selected from SEQ ID NOs: 69, 38,

and 41;

(b) a second 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 a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 57, 63, and 28; and (ii) at

least one oligomer comprising a target-hybridizing sequence substantially

corresponding to a nucleotide sequence selected from SEQ ID NOs: 40, 35,

and 42;

(c) a third 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 a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 60, 58, and 36; and (ii) at

least one oligomer comprising a target-hybridizing sequence substantially

corresponding to a nucleotide sequence selected from SEQ ID NOs: 31, 73,

and 62;



(d) a fourth target region corresponding to nucleotide positions 6076 to 7 117 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 a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 55, 70, and 29; and (ii) at

least one oligomer comprising a target-hybridizing sequence substantially

corresponding to a nucleotide sequence selected from SEQ ID NOs: 46, 45,

and 61;

(e) 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 a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 39, 44, and 68; and (ii) at

least one oligomer comprising a target-hybridizing sequence substantially

corresponding to a nucleotide sequence selected from SEQ ID NOs: 47, 51,

and 59;

(f) a sixth 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 a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 52, 49, and 72; and (ii) at

least one oligomer comprising a target-hybridizing sequence substantially

corresponding to a nucleotide sequence selected from SEQ ID NOs: 37, 75,

and 53; and

(g) a seventh target region corresponding to nucleotide 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) at 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 a target-hybridizing sequence substantially

corresponding to a nucleotide sequence selected from SEQ ID NOs: 78, 80,

and 71;

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

HCV-la target nucleic acid present in said sample is used as a template 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-la

in said sample.

2. The method of claim 1, wherein

the at least one amplification oligomer of (a)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 65, 43, and 34;

the at least one amplification oligomer of (a)(ii) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 69, 38, and 41;

the at least one amplification oligomer of (b)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 57, 63, and 28;

the at least one amplification oligomer of (b)(ii) comprises the target-hybridizing

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

the at least one amplification oligomer of (c)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 60, 58, and 36;

the at least one amplification oligomer of (c)(ii) comprises the target-hybridizing

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

the at least one amplification oligomer of (d)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 55, 70, and 29;

the at least one amplification oligomer of (d)(ii) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 46, 45, and 61;

the at least one amplification oligomer of (e)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 39, 44, and 68;

the at least one amplification oligomer of (e)(ii) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 47, 51, and 59;

the at least one amplification oligomer of (f)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 52, 49, and 72;

the at least one amplification oligomer of (f)(ii) comprises the target-hybridizing

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

the at least one amplification oligomer of (g)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 77, 79, and 81; and/or



the at 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 at least one amplification oligomer of (a)(i) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 65, 43, and 34;

the at least one amplification oligomer of (a)(ii) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 69, 38, and 41;

the at least one amplification oligomer of (b)(i) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 57, 63, and 28;

the at least one amplification oligomer of (b)(ii) consists of the target-hybridizing

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

the at least one amplification oligomer of (c)(i) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 60, 58, and 36;

the at least one amplification oligomer of (c)(ii) consists of the target-hybridizing

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

the at least one amplification oligomer of (d)(i) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 55, 70, and 29;

the at least one amplification oligomer of (d)(ii) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 46, 45, and 61;

the at least one amplification oligomer of (e)(i) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 39, 44, and 68;

the at least one amplification oligomer of (e)(ii) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 47, 51, and 59;

the at least one amplification oligomer of (f)(i) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 52, 49, and 72;

the at least one amplification oligomer of (f)(ii) consists of the target-hybridizing

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

the at 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 at 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 1 to 3, where the detecting step comprises

sequencing 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

sequencing (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 pyrosequencing.

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.



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

sequencing.

14. The method of any one of claims 1 to 3, wherein the detecting step comprises

detecting, in a hybridization assay, an ability of the at least 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 1 to 3, wherein the detecting step comprises

detecting, in an amplification-based assay, an ability of a SNP-specific amplification oligomer to

amplify a region of the at least one amplification product.

17. The method of any one of claims 1 to 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 1 to 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 1 to 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 (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).

2 1. A method for determining at least partial genotype information for hepatitis C

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

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

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

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

(a) a first target region corresponding to nucleotide positions 8504 to 9350 of

SEQ ID NO: 156, wherein if the first 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: 21, 86, and 88; and (ii) at

least one oligomer comprising a target-hybridizing sequence substantially

corresponding to a nucleotide sequence selected from SEQ ID NOs: 76, 87,

and 89;

(b) a second target region corresponding to nucleotide positions 7771 to 861 8 of

SEQ ID NO: 156, wherein if the second 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: 82, 4, and 2; and (ii) at least

one oligomer comprising a target-hybridizing sequence substantially

corresponding to a nucleotide sequence selected from SEQ ID NOs: 90, 92,

and 91;

(c) a third 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 a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 83, 24, and 94; and (ii) at

least one oligomer comprising a target-hybridizing sequence substantially

corresponding to a nucleotide sequence selected from SEQ ID NOs: 84, 5,

and 12;

(d) a fourth 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 a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 95, 85, and 96; and (ii) at

least one oligomer comprising a target-hybridizing sequence substantially

corresponding to a nucleotide sequence selected from SEQ ID NOs: 1, 11,

and 18;

(e) a fifth 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 a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 97, 98, and 99; and (ii) at

least one oligomer comprising a target-hybridizing sequence substantially

corresponding to a nucleotide sequence selected from SEQ ID NOs: 19, 3,

and 7;

(f) 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 a target-hybridizing sequence substantially corresponding to a

nucleotide sequence selected from SEQ ID NOs: 23, 8, and 26; and (ii) at

least one oligomer comprising a target-hybridizing sequence substantially

corresponding to a nucleotide sequence selected from SEQ ID NOs: 100, 10,

and 9; and

(g) 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

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 a target-hybridizing sequence substantially

corresponding to a nucleotide sequence selected from SEQ ID NOs: 17, 74,

and 27;

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

HCV-lb target nucleic acid present in said sample is used as a template 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-lb

in said sample.



2 . The method of claim 21, wherein

the at least one amplification oligomer of (a)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 21, 86, and 88;

the at least one amplification oligomer of (a)(ii) comprises the target-hybridizing

sequence 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

sequence selected from SEQ ID NOs: 90, 92, and 91;

the at least one amplification oligomer of (c)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 83, 24, and 94;

the at least one amplification oligomer of (c)(ii) comprises the target-hybridizing

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

the at least one amplification oligomer of (d)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 95, 85, and 96;

the at least one amplification oligomer of (d)(ii) comprises the target-hybridizing

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

the at least one amplification oligomer of (e)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 97, 98, and 99;

the at least one amplification oligomer of (e)(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

sequence selected from SEQ ID NOs: 23, 8, and 26;

the at least one amplification oligomer of (f)(ii) comprises the target-hybridizing

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

the at least one amplification oligomer of (g)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 101, 15, and 6; and/or

the at least one amplification oligomer of (g)(ii) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 17, 74, and 27.



23 . The method of claim 21, wherein

the at least one amplification oligomer of (a)(i) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 21, 86, and 88;

the at least one amplification oligomer of (a)(ii) consists of the target-hybridizing

sequence 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

sequence selected from SEQ ID NOs: 90, 92, and 91;

the at least one amplification oligomer of (c)(i) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 83, 24, and 94;

the at least one amplification oligomer of (c)(ii) consists of the target-hybridizing

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

the at least one amplification oligomer of (d)(i) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 95, 85, and 96;

the at least one amplification oligomer of (d)(ii) consists of the target-hybridizing

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

the at least one amplification oligomer of (e)(i) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 97, 98, and 99;

the at least one amplification oligomer of (e)(ii) consists of the target-hybridizing

sequence 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

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

the at least one amplification oligomer of (g)(i) consists of the target-hybridizing

sequence 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

sequence selected from SEQ ID NOs: 17, 74, and 27.



24. The method of any one of claims 2 1 to 23, where the detecting step

comprises sequencing the at least one amplification product.

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

real time (SM T) sequencing.

26. The method of claim 24, wherein said sequencing comprises chain terminator

sequencing (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 comprises ion

semiconductor sequencing.

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

sequencing.



34. The method of any one of claims 2 1 to 23, wherein the detecting step

comprises detecting, in a hybridization assay, an ability of the at least 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 2 1 to 23, wherein the detecting step

comprises detecting, in an amplification-based assay, an ability of a SNP-specific amplification

oligomer to amplify a region of the at least one amplification product.

37. The method of any one of claims 2 1 to 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 2 1 to 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 2 1 to 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 (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).



4 1. A combination of at least two oligomers for amplifying at least one target

region of a hepatitis C virus type l 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

(a) a first 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 65, 43, and 34; and (ii) at least one amplification

oligomer comprising a target-hybridizing sequence substantially corresponding to

a nucleotide sequence selected from SEQ ID NOs: 69, 38, and 41;

(b) 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 57, 63, and 28; and (ii) at least one amplification

oligomer comprising a target-hybridizing sequence substantially corresponding to

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

(c) a third 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 60, 58, and 36; and (ii) at least one amplification

oligomer comprising a target-hybridizing sequence substantially corresponding to

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

(d) a fourth target region corresponding to nucleotide positions 6076 to 7 117 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 a target-

hybridizing sequence substantially corresponding to a nucleotide sequence

selected from SEQ ID NOs: 55, 70, and 29; and (ii) at least one amplification

oligomer comprising a target-hybridizing sequence substantially corresponding to

a nucleotide sequence selected from SEQ ID NOs: 46, 45, and 61;

(e) a fifth target region corresponding to nucleotide positions 5094 to 6304 of SEQ

ID NO: 155, wherein the at least two oligomers for amplifying the fifth target

region comprise (i) at least one amplification oligomer comprising a target-

hybridizing sequence substantially corresponding to a nucleotide sequence



selected from SEQ ID NOs: 39, 44, and 68; and (ii) at least one amplification

oligomer comprising a target-hybridizing sequence substantially corresponding to

a nucleotide sequence selected from SEQ ID NOs: 47, 51, and 59;

(f a sixth target 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 a target-

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 a target-hybridizing sequence substantially corresponding to

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

(g) a seventh target region corresponding to nucleotide 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 a target-

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 a target-hybridizing sequence substantially corresponding to

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

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

the at least one amplification oligomer of (a)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 65, 43, and 34;

the at least one amplification oligomer of (a)(ii) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 69, 38, and 41;

the at least one amplification oligomer of (b)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 57, 63, and 28;

the at least one amplification oligomer of (b)(ii) comprises the target-hybridizing

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

the at least one amplification oligomer of (c)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 60, 58, and 36;

the at least one amplification oligomer of (c)(ii) comprises the target-hybridizing

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

the at least one amplification oligomer of (d)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 55, 70, and 29;



the at least one amplification oligomer of (d)(ii) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 46, 45, and 61;

the at least one amplification oligomer of (e)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 39, 44, and 68;

the at least one amplification oligomer of (e)(ii) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 47, 51, and 59;

the at least one amplification oligomer of (f)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 52, 49, and 72;

the at least one amplification oligomer of (f)(ii) comprises the target-hybridizing

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

the at least one amplification oligomer of (g)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 77, 79, and 81; and/or

the at 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 at least one amplification oligomer of (a)(i) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 65, 43, and 34;

the at least one amplification oligomer of (a)(ii) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 69, 38, and 41;

the at least one amplification oligomer of (b)(i) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 57, 63, and 28;

the at least one amplification oligomer of (b)(ii) consists of the target-hybridizing

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

the at least one amplification oligomer of (c)(i) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 60, 58, and 36;

the at least one amplification oligomer of (c)(ii) consists of the target-hybridizing

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

the at least one amplification oligomer of (d)(i) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 55, 70, and 29;



the at least one amplification oligomer of (d)(ii) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 46, 45, and 61;

the at least one amplification oligomer of (e)(i) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 39, 44, and 68;

the at least one amplification oligomer of (e)(ii) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 47, 51, and 59;

the at least one amplification oligomer of (f)(i) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 52, 49, and 72;

the at least one amplification oligomer of (f)(ii) consists of the target-hybridizing

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

the at 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 at 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 4 1 to 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 least 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 4 1 to 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 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 (g)(ii).

46. The combination of at least two oligomers of any of claims 4 1 to 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



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 lb (HCV-lb) target nucleic acid present in a sample, wherein said at

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

(a) a first 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 a target-

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 a target-hybridizing sequence substantially corresponding to

a nucleotide sequence selected from SEQ ID NOs: 76, 87, and 89;

(b) a second target region corresponding to nucleotide positions 7771 to 861 8 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 a target-

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 a target-hybridizing sequence substantially corresponding to

a nucleotide sequence selected from SEQ ID NOs: 90, 92, and 91;

(c) a third 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 a target-

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 a target-hybridizing sequence substantially corresponding to

a nucleotide sequence selected from SEQ ID NOs: 84, 5, and 12;

(d) a fourth target region corresponding to nucleotide 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 a target-

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 a target-hybridizing sequence substantially corresponding to

a nucleotide sequence selected from SEQ ID NOs: 1, 11, and 18;



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 a target-

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 a target-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 the at least two oligomers for amplifying the sixth target

region comprise (i) at least one amplification oligomer comprising a target-

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 a target-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 the at least two oligomers for amplifying the seventh

target region comprise (i) at least one amplification 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 amplification

oligomer comprising a target-hybridizing sequence substantially corresponding to

a nucleotide sequence selected from SEQ ID NOs: 17, 74, and 27.

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

the at least one amplification oligomer of (a)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 21, 86, and 88;

the at least one amplification oligomer of (a)(ii) comprises the target-hybridizing

sequence 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

sequence selected from SEQ ID NOs: 90, 92, and 91;

the at least one amplification oligomer of (c)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 83, 24, and 94;



the at least one amplification oligomer of (c)(ii) comprises the target-hybridizing

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

the at least one amplification oligomer of (d)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 95, 85, and 96;

the at least one amplification oligomer of (d)(ii) comprises the target -hybridizing

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

the at least one amplification oligomer of (e)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 97, 98, and 99;

the at least one amplification oligomer of (e)(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

sequence selected from SEQ ID NOs: 23, 8, and 26;

the at least one amplification oligomer of (f)(ii) comprises the target-hybridizing

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

the at least one amplification oligomer of (g)(i) comprises the target-hybridizing

sequence selected from SEQ ID NOs: 101, 15, and 6; and/or

the at least one amplification oligomer of (g)(ii) comprises the target-hybridizing

sequence 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

sequence selected from SEQ ID NOs: 21, 86, and 88;

the at least one amplification oligomer of (a)(ii) consists of the target-hybridizing

sequence 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

sequence selected from SEQ ID NOs: 90, 92, and 91;

the at least one amplification oligomer of (c)(i) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 83, 24, and 94;



the at least one amplification oligomer of (c)(ii) consists of the target-hybridizing

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

the at least one amplification oligomer of (d)(i) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 95, 85, and 96;

the at least one amplification oligomer of (d)(ii) consists of the target-hybridizing

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

the at least one amplification oligomer of (e)(i) consists of the target-hybridizing

sequence selected from SEQ ID NOs: 97, 98, and 99;

the at least one amplification oligomer of (e)(ii) consists of the target-hybridizing

sequence 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

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

the at least one amplification oligomer of (g)(i) consists of the target-hybridizing

sequence 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

sequence 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-lb target nucleic acid, wherein the at least one capture probe further comprises a nucleotide

sequence or moiety that binds to an immobilized probe.

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 (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) 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 (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 (g)(ii).



52. The combination of at 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 (e)(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).























A . CLASSIFICATION O F SUBJECT MATTER
INV. C12Q1/70
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C12Q

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , BIOSIS, MEDLINE, EMBASE, WPI Data, Sequence Search

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

EP 2 236 624 Al (UCHREZHDENI E ROSSI ISKOI 1-52
AKADEM [RU] ; UNIV TOULOUSE [FR] ; CT

HOSPITAL. E) 6 October 2010 (2010-10-06)
the whol e document

W0 2009/056966 Al (DEBI0PHARM SA [CH] ; 1-52
UNIV LEUVEN KATH [BE] ; VUAGNIAUX GREG0I RE

[CH] ; DU) 7 May 2009 (2009-05-07)
the whol e document

EP 1 026 262 A2 (0RTH0 CLINICAL 1-52
DIAGNOSTICS INC [US] )
9 August 2000 (2000-08-09)
the whol e document

-/-

X| Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published o n or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

3 September 2013 18/09/2013

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Botz , Jurgen



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y WO 02/083948 Al (BIOCORE CO LTD [KR] ; PARK 1-52
YOUNG SUK [KR] ; PARK JAE CHAN [KR] ; KIM
EUN) 24 October 2002 (2002-10-24)
the whol e document

Y W0 2008/002165 A2 (KUCHARCZYK KRZYSZTOF 1-52
[PL] ; KACZANOWSKI RAD0SLAW [PL] )
3 January 2008 (2008-01-03)
tabl e 1

Y DATABASE Geneseq [Onl i ne] 1-52

23 September 2010 (2010-09-23) ,
"HCV i nterferi ng RNA target/sense strand
#7952 . " ,
XP002712146,
retri eved from EBI accessi on no.
GSN : BAG97069
Database accessi on no. BAG97069
sequence

Y DATABASE Geneseq [Onl i ne] 1-52

23 October 2010 (2010-10-23) ,
"HCV i nterferi ng RNA target/sense strand
#4465 . " ,
XP002712147 ,
retri eved from EBI accessi on no.
GSN : BAG93582
Database accessi on no. BAG93582
sequence

Y DATABASE Geneseq [Onl i ne] 1-52

23 September 2010 (2010-09-23) ,
"HCV i nterferi ng RNA target/sense strand
#5094. " ,
XP002712148,
retri eved from EBI accessi on no.
GSN : BAG94211
Database accessi on no. BAG94211
sequence



Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 2236624 Al 06-10-2010 EA 201000306 Al 29-04-2011
EP 2236624 Al 06-10-2010
US 2010227314 Al 09-09-2010

O 2009022939 Al 19-02-2009

W0 2009056966 Al 07-05-2009 AT 499451 T 15-03-2011
AU 2008320529 Al 07-05-2009
CA 2703765 Al 07-05-2009
DK 2215272 T3 06-06-2011
EP 2215272 Al 11-08-2010
ES 2361598 T3 20-06-2011
HR P20110347 Tl 31-07-2011

P 2011501957 A 20-01-2011
NZ 585282 A 30-03-2012
PT 2215272 E 23-05-2011
RS 51849 B 29-02-2012
SI 2215272 Tl 31-08-2011
US 2010311038 Al 09-12-2010
WO 2009056966 Al 07-05-2009

EP 1026262 A2 09-08-2000 AT 428003 T 15-04-2009
AU 1487900 A 10-08-2000
CA 2296144 Al 03-08-2000
CN 1274757 A 29-11-2000
CN 1827780 A 06-09-2006
DK 1026262 T3 06-07-2009
EP 1026262 A2 09-08-2000
ES 2322752 T3 26-06-2009

P 2000279200 A 10-10-2000
KR 20070052723 A 22-05-2007
KR 20080014129 A 13-02-2008
KR 20080014130 A 13-02-2008
NO 20000536 A 04-08-2000
PT 1026262 E 21-05-2009
US 6638714 Bl 28-10-2003

W0 02083948 Al 24-10-2002 EP 1379690 Al 14-01-2004
J P 2004525643 A 26-08-2004
US 2004170957 Al 02-09-2004
W0 02083948 Al 24-10-2002

W0 2008002165 A2 03-01-2008 NONE


	abstract
	description
	claims
	drawings
	wo-search-report

