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METHODS, COMPOSITIONS, AND KITS FOR DETERMINING
HUMAN IMMUNODEFICI ENCY VIRUS (H.V)

FIELD OF THE INVENTION

The present invention relates to HIV and includes methods, compositions, and kits for

detecting same.

BACKGROUND OF THE INVENTION

Human Immunodeftcieny Virus (HIV) is a genetically diverse virus due to frequent

mutation in its genetic material. Two major genotypes exist and are designated 1 and 2. HIV

type I (HIV- 1) is most prevalent worldwide and is divided into groups and subtypes of which

group M, subtype B is the most common. In the United States, other common subtypes of

HTV- group are: A, C, D, F, and G. In addition, genomic recombinations of these

subtypes occur naturally creating circulating recombinant forms of the virus (HIV CRFs). The

two most common CRFs are CRF0 1 (AE) and CRF02 (AG). t is believed that HIV- 1 group

0 is less common than group M and HIV-2 is rare.

One commonly practiced approach to achieving detection of multiple genetic variants

is to design probes from genomic regions which are conserved or, if that's not possible, to

design multiple probes each with a di fferent speci ficity. The latter approach however may

lower assay sensitivity.

The ability of a biological test to detect a wide range of pathogen's genetic variants is

defined as specificity. Tests with high specificity can detect large number of genetic variants

in one test run and are, therefore, desirable as they offer a high level of pathogen safely and

cost savings. Test sensitivity is defined as the lowest concentration of a pathogen that can be

delected per unit of specimen and is often expressed numerically as LOD (limit of detection).

The lower the LOD the more sensitive the test. Test sensitivity and specificity are often

considered to be exclusive as it can be difficult to develop a biological test that is both highly

sensitive and speci ic .

There is still a need, therefore, for compositions and methods for delecting HIV.

SUMMARY OF THE INVENTION

There is now provided, in one aspect, an isolated nucleic acid molecule comprising a

nucleotide sequence, or a complement thereof, as set forth in:



5'-agg ccc tgc atg lac tgg gtg-3 ' (SEQ ID NO: 1) ;

5'-agg tec tgc ctg tac tgg atg-3' (SEQ ID N0:2);

'-agg ccc tgc ctg ctg tgg atg-3 ' (SEQ ID N0:3);

'-agg tec tgc atg cac tgg atg-3 ' (SEQ ID N0:4);

5 '-agg ccc tgc atg tac tgg atg-3 ' (SEQ ID N0:5); or

5 '-tcc ctt ate tgc cct ggt ggt aac gg-3' (SEQ ID N0:6).

In another aspect, the present invention provides an isolated nucleic acid molecule

comprising a nucleotide sequence as set forth in:

5'-agg pec tgc mtg pvvc tgg atg-3 ' (SEQ ID NO:7);

where p = a universal nucleotide; m = a or c; and w = a or I.

In some aspects, the present invention provides an isolated nucleic acid molecule

comprising a nucleotide sequence as set forth in:

5'-agg pnn tgn atg pan tgg atg-3 ' (SEQ ID NO:8); or

5 '-agg pnn tgn n g ptn tgg atg-3 ' (SEQ ID NO:9);

where p = a universal nucleotide and n = a cytidine or a cylidine analog having a C-5

modification.

In other aspects, the present invention provides an isolated nucleic acid molecule

comprising a nucleotide sequence as se forth in:

'-agg pnn tgn atg pan tgg atg-3 ' (SEQ ID NO: 10); or

5'-agg pnn tgn ntg ptn tgg atg -3' (SEQ ID NO:l 1) ;

where p = a universal nucleotide and n = a cytidine analog having a C-5 modification.

In still further aspects, the present invention provides an isolated nucleic acid

molecule comprising a nucleotide sequence as set forth in:

5'-agg pec tgc a g pac tgg atg-3 ' (SEQ ID NO: 12); or

'-agg pec tgc ctg p c tgg atg-3 ' (SEQ ID NO: 13);

where p = a universal nucleotide.

In other aspects, the present invention provides an isolated nucleic acid molecule

comprising a nucleotide sequence as set forth in:

5 '- gac a e aag cag cca tgc aaa -3 ' (SEQ ID NO: 14);

5'-agt agt ec tgc lat gtc act tc-3' (SEQ ID NO: 15);

5' - gag gac ate aag ggg ct tac a -3 ' (SEQ ID NO: 1 );

5' - cag caa Igt cac ttc ctg ttg -3 ' (SEQ ID NO: 17);

5' - ggc aga ggt agt gec ag -3' (SEQ ID NO: 18);



5'- gg cgc cca cac aa taa gc-3 ' (SEQ ID NO: 19);

5'- agg cac let cag aag get gca cg-3 ' (SEQ ID NO:20).

5'-acc ale aat gag gaa get gca gaa tgg gat-3 (SEQ ID N0:2 1); or

5'-lcc ct ate tgc ecl ggt ggt aac gg-3 ' (SEQ ID NO:22).

In one aspect, the present invention provides a method for amplifying a target

sequence. The method comprises contacting a composition to the target sequence under a

PCR condition, wherein the composition comprises a first oligonucleotide having a sequence

as set forth in (SEQ ID NO: 10) and a second oligonucleotide having a sequence as set forth in

(SEQ ID NO: 11) wherein p = a universal nucleotide and n = a cytidine analog having a C-5

modification, wherein the composition further comprises a first forward primer having a

sequence as set forth in SEQ ID NO: 14 and a first reverse primer having a sequence as set

forth in SEQ ID NO: 5, wherein the first forward and reverse primer each is capable of

annealing to a target sequence under a PCR condition to thereby ampli fy the target sequence.

In another aspect, the present invention provides a method for determining an HIV in

a sample. The method comprises:

(a) performing a PCR with a nucleic acid template in the sample using a forward

primer comprising the sequence as set forth in SEQ ID NO: and a reverse

primer comprising the sequence as set forth in SEQ ID NO: 5; and

(b) contacting an amplicon generated by the forward and the reverse primer with a

first oligonucleotide comprising the sequence as set forth in SEQ ID NO: 1

and a second oligonucleotide comprising the sequence as set forth in SEQ ID

NO: l 1, wherein detection of the amplicon is indicative of the presence of the

HIV in the sample.

In still further aspects, the present invention provides a kit comprising the

compositions and/or the one or more of the nucleic acid molecules of the present invention.

DETAILED DESCRIPTION

There is now provided, in one aspect, an isolated nucleic acid molecule comprising a

nucleotide sequence as set forth in SEQ ID NO: 1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID

NO: 4, SEQ ID N0.5, or SEQ ID NO:6, or a complement thereof.

In another aspect, the present invention provides an isolated nucleic acid molecule

comprising a nucleotide sequence as set forth in SEQ ID NO:7, where p = a universal

nucleotide; m = a or c; and w = a or t .



In some aspects, the present invention provides an isolated nucleic acid molecule

comprising a nucleotide sequence as set forth in SEQ D NO:8 or 9, where p = a universal

nucleotide and n = a cytidine or a cytidine analog having a C-5 modi fication.

In other aspects, the present invention provides an isolated nucleic acid molecule

comprising a nucleotide sequence as set forth in SEQ ID NO: 10 or 11, where p = a universal

nucleotide and n = a cytidine analog having a C-5 modi fication.

In still further aspects, the present invention provides an isolated nucleic acid

molecule comprising a nucleotide sequence as set forth in SEQ D NO: 12 or 13, where p = a

universal nucleotide.

In one embodiment, the universal nucleotide is 3-nitropyrrole, 2'-deoxynucleoside,

and 5-nitroindole. In other embodiments, the universal nucleotide is 6H, 8H-3, 4-

dihydropyrimido[4,5-c]| ,2]oxazin-7-one.

In other embodiments, the cytidine analog having the C-5 modification is a C-5-

propyne or methyl analogue of dC. For example, in preferred embodiments, the cytidine

analog having the C-5 modi fication is a C-5-propyne analogue of dC (e.g., |5-( l -propynyl)-

2'-deoxyCytidine (pdC) | .

In some embodiments, the isolated nucleic acid molecules of the present invention

have a length of no more than about 100 nucleotides, illustratively, no more than about: 100,

90, 80, 70, 60, 55, 50, 45, 40, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 2 1, 20, 1 ,

1 , 17, 16, 15, 14, 3, 2, 11, and 1 0 nucleotides.

In another embodiment, the present invention provides an isolated nucleic acid

molecule consisting of or consisting essentially of a nucleotide sequence selected from the

group consisting of SEQ ID NOs: 1-22, or a complement thereof.

The term "nucleic acid molecule" herein includes polymers composed of naturally-

occurring nucleotide bases, sugars and covalent internucleoside (backbone) linkages as well

as nucleic acid molecules having non-naturally-occurring portions that function simi larly.

Further, the term "nucleic acid molecule" also includes polymers that are double-stranded,

single-stranded, comprising RNA, DNA, modified RNA or DNA, RNA or DNA mimelics, or

any combination thereof.

In some embodiments, oligonucleotide primers and probes can be derived from the

nucleic acid sequences disclosed herein. In various embodiments, primers and probes are

used in combination with each other. The present invention finds use in a variety of different

applications including, but not limited to, research, medical, and diagnostic applications for



H V. For example, the nucleci acid molecules can provide for reagents for use in, for

example, an HIV detection assay or kit thereby expanding the repertoire of HIV variants that

can be detected by the assay or kit.

Generally, a probe is an oligonucleotide that is complementary or substantially

complementary to a nucleotide sequence of the target nucleic acid. Probes are useful for a

variety of applications including, but not limited to, detecting or capturing the target nucleic

acid or an amplicon corresponding to the target. For example, probes suitable for use in

amplification-based detection methods can be designed from any sequence positioned within

and/or comprising the sequence of an amplification product that would be produced using two

selected primers.

In other embodiments, the probe comprises the nucleotide sequence as set forth in

SEQ ID NOs: - 122, or a complement thereof.

In one embodiment, the probe compises SEQ ID N0:6, or a complement thereof.

In another embodiment, the probe comprises SEQ ID NO: 10 or 9, wherein p = a

universal nucleotide and n = a cytidine analog having a C-5 modification. In one

embodiment, p is 6H, 8 -3, 4-dihydropyrimido[4,5-cj| l ,2 |oxazin-7-one; and n is [5-( l -

propynyi)-2 '-deoxyCytidine (pdC).

One skilled in the art will recognize that the isolated nucleic acid molecules of the

present invention including primers and/or probes can be obtained by standard molecular

biology techniques described in Current Protocols in Molecular ttiology ( 1 9. Ausubel FM

Brent R, Kingston RE, Moore DD, Seidman JG, Smith JA, Struhl K, editors. John Wiley &

Sons, Inc.) or by chemical synthesis or by nucleic acid analogs. Methods involving chemical

synthesis may be automated and commercial ly available and can include, for example,

phosphodiester, phosphotrtesler, or phosphoramidite methods. U.S. Patent Nos. 4,458,066;

4,4 15,732; and et . Enzymol. 1 79 68:90 and 109, which are incorporated herein by

reference, disclose examples of chemical synthesis methods. Chemical nucleic acid synthesis

allows for -the incorporation of unnatural or modi fied bases, as well as a variety of labeling

moieties, into a nucleic acid molecule. Further, modified backbone chemistries such as, for

example, peptide linkages, phosphorothioates, phosphoroamidates, phosphotriesters, 2'-0-

Methyl RNA, 2'-0-Mt RNA, P-Elhoxy DNA, and P-Ethoxy 2'-0-Mt RNA are also readily

available and known in the art. Furthermore, the uses of cross-linkable probes in nucleic acid

hybridization assays to cross-link to target sequences are known in the art. For example,

compounds based on furocoumarin or psoralen attached to nucleic acid molecules through



adduct formation are described in U.S. Pat. No. 4,826,967 and U.S. Pat. No. 5,082,934, both

incorporated herein by reference, describes a photoactivatible nucleoside analogue

comprising a coumarin moiety linked through its phenyl ring to the 1-position of a ribose or

deoxyribose sugar moiety in the absence of an intervening base moiety.

Nucleic acid analogs and mimics have similar chemical structures as native nucleic

acid molecules but with unique modifications. Nucleic acid analogs, such as locked nucleic

acids (LNAs), peptide nucleic acids (PNAs), and morpholinos, improve the capabilities o f

traditional nucleic acid molecules beyond the limitations associated with standard nucleic

acids chemistry (Karkare S and Bhatnagar D. Appl. Microbiol. Biotechnol. 2006 7 1:575-586.)

Such nucleic acid analogs greatly expand and improve the capabil ities to detect and identify

related nucleic acid sequences.

In some aspects, an isolated nucleic acid molecule of the present invention further

comprises one or more heterologous nucleotides. The term "heterologous nucleotides" herein

refers to a nucleotide or nucleotides that are not a natural part of the isolated nucleic acid

molecule but which are naturally or arti ficially joined to the isolated nucleic acid molecule.

Examples of a heterologous nucleic acid sequence include, but is not limited to, a vector

sequence, a sequence that is complementary to a base sequence of a purification probe, and a

sequence comprising one or more restriction enzyme sites.

In one embodiment, the one or more heterologous nucleotides comprise a sequence

that is complementary to a base sequence of a purification probe. The purification probe can

be joined to solid supports such as, for example, a matrix or particles free in solution. Non-

limiting examples of a solid support include nitrocellulose, nylon, glass, polyacrylate, mixed

polymers, polystyrene, silane polypropylene, and magnetically-attractable particles. For

example, the purification probe, which may comprise a DNA or RNA sequence, can be

labeled with amine or biotin ags via a cross-linker. These biotin or amine labeled

purification probes are then amenable to immobilization and detection strategies that allow in

vitro nucleic acid:nucleic acid or proteimnucleic acid interactions. Thus, annealing of the

heterologous segment of the isolated nucleic acid molecule with its complementary base

sequence of the purification probe can faci litate sample purification of molecules that anneal

virus-specific sequence segment of the isolated nucleic acid molecule. U.S. Patent No.

6,534,273, incorporated herein by reference, describes a method for capturing a target nucleic

acid molecule in a sample onto a solid support.



n one embodiment, the isolated nucleic acid molecules of the present invention are

joined to a solid support such as those described above.

In some embodiments, the one or more heterologous nucleotides comprise one or

more repeating base sequences, for example, one or more repeating base sequences that are

' complementary to one or more repeating base sequences o f the purification probe. A

repeating base sequences can be a regularly repeating base sequence, such as those formed,

for example, by nucleic acid homopo!ymers of poly-adenine (A„), poly-thymine (T ), poly-

cytosine (C ), poly-guanine (G„), and poly-uridine (Un). Repeating sequences also can

include mixed polymers, such as AT repeats ([AT] „), and the like.

The number of bases of the repeating base sequence of the one or more heterologous

nucleotides of the isolated nucleic acid molecule can be equal to, greater than, or less than the

number of bases of the repeating base sequence of the purification probe. The lengths of the

complementary repeating sequences can determine the melting temperature (T ) of the

heterologous segment-purification probe complex. In one embodiment, the repeating base

sequence of the heterologous segment is longer than the complementary repeating base

sequence of the puri fication probe. n another embodiment, the repeating base sequence o f

the heterologous segment or the purification probe can be at least about 5 bases in length,

illustratively about 5 to about 40, about 0 to about 30, or aboiul to about 20, and the like.

In other embodiments, the one or more heterologous nucleotides comprise an operably

linked control sequence. In one embodiment, the control sequence is an enhancer or a

promoter sequence that is specifically recognised by an RNA polymerase that binds to that

sequence and initiates transcription to produce RNA transcripts. Non-limiting examples of

promoters recognized by an RNA polymerase include promoters such as T3, T7, or SP6.

Thus, an isolated nucleic acid molecule can be used in a variety of nucleic acid based assays

including assays that use an RNA polymerase to produce multiple RNA transcripts such as,

for example, transcription-mediated amplification (TMA) assay as described in Nature

350:9 1-92 ( 199 1); and U.S. Patent No. 5,399,49 1, both incorporated herein by reference.

In one embodiment, the isolated nucleic acid sequences of the present invention are

labeled, e.g. labeled radioactively, chemiluininescently, fluorescently, phosphorescently or

with infrared dyes or with a surface-enhanced Raman label or plasmon resonant particle

(PRP). For example, modifications of nucleotides include the addition of acridine or

derivatives thereof, Acrydile™, amine, biotin, BHQ- l , BHQ-2™, BHQ-3 ™, borane

dNTPs, carbon spacers (e.g., C3, C , Ci, C or C is), cascade blue, cholesterol, coumarin



or derivatives thereof, Cy3®, Cy3.5®, Cy5®, Cy5.5®, Cy7® DABCYL, dansylchloride,

digoxigenin, dinilrophenyl, dual biotin. EDANS, 6-FAM, fluorescein, 3'-glyceryl, HEX,

lAEDANS, inverted dA, inverted dG, inverted dC, inverted dG, IRD-700, IRD-800, JOE, La

Jolla Blue, metal clusters such as gold nanoparticles, phenylboronic acid, phosphate psoralen,

3'- or 5'-phosphorylation pyrene, 3' ribo-adenosine, 3' ribo-guanosine, 3' ribo-cytidine,

(LC)Red640, (LC)Red705, rhodamine, ROX, thiol (SH), spacers, TAMR A, TET, AMCA-

S®, SE, BODIPY®, Marina Blue®, Oregon Green®, Pacific Blue®, QSY7™, Rhodamine

Green®, Rhodamine Red®, R odol Green®, tetramethylrhodamine, Texas Red®, Uni-Link

NH - odifier, radiolabels (e.g., 1 I, 1 , 1, S, '"C, P, , H) and nanoparticles. A variety

of labeling techniques are known to one of ordinary skill in the art.

Labels can be joined directly or indirectly to the isolated nucleic acid molecule. The

labeling of a nucleic acid can be performed by covalently attaching a detectable group (label)

lo either an internal or terminal position, for example. One skilled in the art knows that there

are a variety of ways for derivalizing oligonucleotides with reactive functionalities that permit

the addition of a label. A number of approaches are available for directly attaching labels to

nucleic acid molecules and for bioiinylating probes so that radioactive, fluorescent,

chemiluminesceni, enzymatic, or electron dense labels can be attached via avidin. Non-

limiting examples o f references describing labels and methods for labeling nucleic acids

include U.S. Patent No. 4,605,735; U.S. Patent No. 4,757, 14 1; U.S. Patent No. 6,965,020;

Nucl. Acids Res. 5 :363 ( 1978); Nucl. Acids Res. 13 : 1529 ( 1985); Nucl. Acids Res. 15:3 13 1

( 1987); Nucl. Acids Res. 15:6455 (1987); Nucl. Acids Res. . 13:4485 ( 1985); Nucl. Acids Res.

15:4837 ( 1987); and Anal. ioc e . 169.T -25 (1988), which are incorporated herein by

reference for their disclosure relating to labeling of nucleic acids.

In some embodiments, the isolated nucleic acid molecules are labeled for detecting

methods using fluorescence resonance energy transfer (FRET). FRET involves two dyes, a

donor and acceptor dye. FRET can be detected by either fluorescence o f the acceptor dye

("sensitized lluorescence") if said acceptor is itself fluorescent, or by quenching of the donor

dye fluorescence if said acceptor is a quenching non-fluorescent dye. FRET can be delayed if

the donor dye releases its fluorescence over time. This process is termed "TR-FRET" or

"time-resolved FRET". Donor and acceptor dyes can also be the same in which case FRET is

delected by the resulting fluorescence depolarization. Dyes can also be covalently coupled to

form a tandem fluorescent dye or tandem dye or tandem conjugate. For example, a single

donor dye is then capable of exciting two acceptor dyes simultaneously, leading lo the



emission of light of multiple wavelengths. Preferably, the donor emission wavelength profile

should at least partially overlap with the acceptor absorption wavelength profile.

Fluorescent dyes that can be employed include, but are not limited. Quasar® (e.g.,

Quasar® 670), BOD1PY FL, Cy3®, Cy3 .5®,Cy5.RTM., Cy5.5®, EDANS, FAM,

fluorescein, HEX, lAEDANS, JOE, Oregon Green®, (LC)Red640, (LC)Red705, ROX,

TAMRA, TET, tetramethylrhodaniine and Texas Red®.

Quasar® 670 (Biosearch Technologies, Inc.,Novalo, CA) is an indocarbocyanine that

fluoresces in the red region of the visible spectrum.

Quencher dyes include, but are not limited to, BHQ- l™, BHQ-2™, BHQ-3™,

DABCYL, metal clusters such as gold nanoparticles and QSY7™.

Donor/acceptor pairs tha can be employed include, but are not limited to, FAM/BHQ-

I, Quasar®/BHQ-2, TET/BHQ- JOE/BHQ- 1, HEX/BHQ- 1, Oregon Green/BHQ- ,

TAMRA/BHQ-2, ROX/BHQ-2, Cy3/BHQ-2, Cy3.5/BHQ-2, Texas Red/BHQ-2. Texas

Red/BHQ-2, Cy5/BHQ-3, Cy5.5/BHQ-3 fluorescein/tetramethylrhodamine,

fluorescein/fluorescein, fluorescein/QSY7, fluorescein/LC RED640, fluorescein/LC Red705

IAEDANS/fluorescein, EDANS/DABCYL, and BODIPY FL BOD PY FL.

n one embodiment, the present invention provides an isolated nucleic acid molecule

comprising a nucleotide sequence as set forth in SEQ D NO:5, 9, or 10, or a complement

thereof, wherein the nucleic acid molecule further comprises a detectable label .

n some embodiments, the detectable label corresponds to a donor/acceptor pair

suitable for detecting using FRET.

In other embodiments, the donor/acceptor pair is FAM/BHQ- I.

In other embodiments, the donor/acceptor pair is Quasar 670/BHQ-2.

In still further embodiments, the present invention provides an isolated nucleic acid

molecule comprising a nucleotide sequence as set forth in (SEQ ID NO:6), or a complement

thereof, wherein the nucleic acid molecule comprises Quasar 670 at the 5 end and BHQ-2 at

the 3' end.

In one embodiment, the present invention provides an isolated nucleic acid molecule

comprising a nucleotide sequence as set forth in (SEQ ID NO: 10) or (SEQ ID NO: 11),

wherein p is 6H, 8H -3, 4-dihydropyrimido[4,5-c]| ,2]oxazin-7-one and n is |5-( l-propynyl)-

2'-deoxyCytidine (pdC), wherein the nucleic acid molecule comprises FAM at the 5' end and

BHQ- l at the ' end.



In other embodiments, the nucleic acid molecules of the present invention can provide

for simultaneous use of two or more probes using donor-acceptor energy transfer whereby,

e.g., molecular beacons are prepared that possess differently colored fluorophores, enabling

assays o be carried out that simultaneously detect different targets in the same reaction. For

example, multiplex assays can contain a number of different primer sets, each set enabling the

amplification of a unique gene sequence from a different HIV, and a corresponding number of

molecular beacons can be present, each containing a probe sequence speci fic for one of the

amplicons, and each labeled with a fluorophore of a different color. The color of the resulting

fluorescence, if any, identi fies the HIV in the sample, and the number of amplification cycles

required to generate detectable fluorescence provides a quantitative measure of the number of

target organisms present. If more than one type of HIV is present in the sample, the

fluorescent colors that occur identify which are present.

Generally, a pair of primers comprising a forward primer and a reverse primer can

provide for specific amplification (e.g., by PGR) of a target nucleic acid flanked by the

primers to produce an amplification product (also referred to as an "amplicon")- this

regard, each primer binds to its complementary or substantially complementary target

sequence thereby providing a place for a polymerase to bind and extend each primer's 3 ' end

by the addition of nucleotides thereby providing a complementary copy of the target

sequence.

In one embodiment, a primer pair comprises a forward primer having the sequence as

set forth in SEQ ID NO: 14 and a reverse primer having the sequence as set forth in SEQ ID

NO: 15 .

In another embodiment, a primer pair comprises a forward primer having the sequence

as se forth in SEQ ID NO: 1 and a reverse primer having the sequence as set forth in SEQ ID

NO: 17.

In other embodiments, a primer pair comprises a forward primer having the sequence

as set forth in SEQ ID NO: 1 and a reverse primer having the sequence as set forth in SEQ ID

NO: 19 . '

In one embodiment, the target nucleic acid is a least a segment of a cDNA prepared

from reverse transcribed RNA of an HIV (e.g, HIV- 1 group M, HIV- 1 group O, H V-2). One

of ordinary skill in the art will recognize that RNA can be reverse transcribed using methods

known in the art to provide a template for amplification by primers.



In another embodiment, the target .nucleic acid is at least a segment o f an HIV (e.g.

HIV- group Jvl, HIV- 1 group O, H1V-2) proviral DNA integrated into the DNA o f a host cell

(e.g., T-lymphocyte, macrophage, dendritic cell). Preparing cellular DNA including proviral

DNA is known in the art.

In other aspects, the present invention provides a composition comprising one or more

of the isolated nucleic acid molecules of the present invention. In some embodiments, the

composition is a buffered solution. In other embodiments, the composition is lyophilized.

In one embodiment, the composition comprises a pair o f primers having the sequence

as set forth in (SEQ ID NO: 14 / SEQ ID NO: 15); (SEQ ID NO: 16 / SEQ D NO: 17); or (SEQ

D NO: 18 / SEQ ID NO: 19). n some embodiments, the composition comprises two of the

pair of primers. In other embodiments, the composition comprises all three pairs of

oligonucleotides.

In other embodiments, the composition comprises a nucleic acid probe having the

sequence as set forth in (SEQ ID NO:6), (SEQ ID NO: 10), or (SEQ ID NO: l ), wherein the

composition further comprises a pair of primers having the sequence as set forth in (SEQ ID

NO: 14 / SEQ ID NO: 5) or (SEQ ID NO: 16 / SEQ D NO: 17).

In another embodiment, a composition is provided comprising a first, a second, and a

third pair of primers, wherein the first pair of primers has the sequence as set forth in (SEQ

ID NO: 14 / SEQ ID NO: 15). wherein the second pair of primers has the sequence as set forth

in (SEQ ID NO: 16 / SEQ ID NO: 7), wherein the third pair o f primers has the sequence as

set forth in (SEQ ID NO: 18 / SEQ ID NO: 19). In one embodiment, the composition further

comprises a first, a second, and a third probe, wherein the first, the second and the third probe

respectively comprise the sequence as se forth i (SEQ ID NO:6), (SEQ ID NO: 10), and

(SEQ ID NO: l 1), wherein the first, the second and the third probe each comprise a detectable

label suitable for use in a multiplex real time PCR. In some embodiments, the composition

further comprises a fourth probe having the sequence as set forth in (SEQ D NO: 20).

n one embodiment, the composition comprises, in addition to the one or more nucleic

acid molecules of the present invention, additional reagents such as DNA polymerase,

cofactors, and deoxyribonucleoside-5'-triphosphates in suitable concentrations to provide

amplification o f the target nucleic acid. By way of example, in some embodiments, wherein

the composition is a PCR solution, the minimal amount of DNA polymerase can be at least

about 0.5 units/1 00 µ o f solution, i l lustratively, about 0.5 to about 25 units/ 100 µ o f solution

and about 7 to about 20 units/ 100 µ of solution. Other amounts may be useful for a given

I 1



amplification reaction or system. The "unit" can be defined as the amount of enzyme activity

required to incorporate nmoles of total nucleotides (dNTP's) into an extending nucleic acid

chain in 3 minutes at 74 °C. By way of another example, in other embodiments, the amount

of each primer used in amplification can be a least about 0.075 ^imolar, illustratively, about

0.075 to about 2 pmolar, but other amounts may be useful for a given amplification reaction

or system. By way of a still further example, in some embodiments, the amount o f each

dNTP in the solution can be about 0.25 to about 3.5 mmolar, but other amounts may be useful

for a given amplification reaction or system.

In other aspects, the present invention provides a method for amplifying a target

sequence corresponding to an HIV. For example, in some embodiments, the target sequence

can be a cellular DNA comprising HIV proviral DNA or the target sequence can be cDNA

prepared from RNA of the HIV. For example, performing a PCR with the target sequence

and at least a forward primer and a reverse primer each capable of annealing to the target

sequence under a suitable PCR condition can provide for amplification of the target sequence.

In one embodiment, the present invention provides a method for ampli fying a target

sequence, the method comprising: performing a PCR with the target sequence as template,

wherein performing comprises providing the PCR with a forward primer comprising the

sequence as set forth in SEQ ID NO: 14 and a reverse primer comprising the sequence as set

forth in SEQ ID NO: 15. In one embodiment, the target sequence corresponds to cDNA

prepared from RNA of a sample comprising an HIV. In another embodiment, the target

sequence corresponds to proviral DNA of an HIV. In some embodiments, the HIV is HIV- 1

group M.

In another embodiment, the present invention provides a method for amplifying a

target sequence, the method comprising: perfonning a PGR with the target sequence as

template, wherein perfonning comprises prov iding the PCR with a forward primer

comprising the sequence as set forth in SEQ ID NO: 16 and a reverse primer comprising the

sequence as set forth in SEQ ID NO: 17 . n one embodiment, the target sequence corresponds

to cDNA prepared from RNA of a sample comprising an HIV. In another embodiment, the

target sequence corresponds to proviral DNA of an HIV. In some embodiments, the HIV is

HIV- group O .

In one embodiment, the present invention provides a method for ampli fying a target

sequence, the method comprising: performing a PCR with the target sequence as template,

wherein performing comprises providing the PCR with a forward primer comprising the



sequence as set forth in SEQ ID NO: 18 and a reverse primer comprising the sequence as set

forth in SEQ ID NO: . In one embodiment, the target sequence corresponds to cDNA

prepared from RNA of a sample comprising an HIV. In another embodiment, the target

sequence corresponds to proviral DNA of an HTV. In some embodiments, the HIV is HIV-2.

In other embodiments, the present invention provides a method for amplifying a target

sequence, the method comprising: performing a PCR with the target sequence as template,

wherein performing comprises providing the PCR with a first forward primer comprising the

sequence as set forth in SEQ ID NO: 14, a first reverse primer comprising the sequence as set

forth in SEQ ID NO: 15, a second forward primer comprising the sequence as set forth in SEQ

D NO: 16, and a second reverse primer comprising the sequence as set forth in SEQ ID

NO: 17. In one embodiment, the target sequence corresponds to cDNA prepared from RNA

of a sample comprising an HIV. In another embodiment, the target sequence corresponds to

proviral DNA of an HIV. In some embodiments, the HIV is HIV- group M and/or HIV- 1

group O.

In other embodiments, the present invention provides a method for amplifying a target

sequence, the method comprising: performing a PCR with the target sequence as template,

wherein performing comprises providing the PCR with a first forward primer comprising the

sequence as set forth in SEQ ID NO: 14, a first reverse primer comprising the sequence as set

forth in SEQ ID NO: . a second forward primer comprising the sequence as set forth in SEQ

ID NO: 18, and a second reverse primer comprising the sequence as set forth in SEQ ID

NO: 19 . n one embodiment, the target sequence corresponds to cDNA prepared from RNA

of a sample comprising an HIV. In another embodiment, the target sequence corresponds to

proviral DNA of an HIV. In some embodiments, the HIV is HIV- 1 group and/or HIV-2.

In other embodiments, the present invention provides a method for amplifying a target

sequence, the method comprising: performing a PCR with the target sequence as template,

wherein performing comprises providing the PCR with a first forward primer comprising the

sequence as set forth in SEQ ID NO: 16, a first reverse primer comprising the sequence as set

forth in SEQ ID NO: 17, a second forward primer comprising the sequence as set forth in SEQ

ID NO: 18, and a second reverse primer comprising the sequence as set forth in SEQ ID

NO: 19 . In one embodiment, the target sequence corresponds to cDNA prepared from RNA

of a sample comprising an HIV. In another embodiment, the target sequence corresponds to

proviral DNA of an HIV. In some embodiments, the HIV is HIV- 1 group O and/or HIV-2.



n other embodiments, the present invention provides a method for amplifying a target

sequence, the method comprising: performing a PCR with the target sequence as template,

wherein performing comprises providing the PCR with a first forward primer comprising the

sequence as set forth in SEQ D NO: 14, a first reverse primer comprising the sequence as set

forth in SEQ ID NO: 15, a second forward primer comprising the sequence as set forth in SEQ

ID NO: 16, a second reverse primer comprising the sequence as set forth in SEQ ID NO: 17, a

third forward primer comprising the sequence as set forth in SEQ ID NO: 18, and a third

reverse primer comprising the sequence as set forth in SEQ ID NO: 19. In one embodiment,

the target sequence corresponds to cDNA prepared from RNA of a sample comprising an

HIV. In another embodiment, the target sequence corresponds to proviral DNA of an HIV.

In some embodiments, the HIV is HIV- group M, H V-1 group O, and/or HIV-2.

In other aspects, the present invention provides a method for determining HIV in a

sample. For example, the sample can comprise HIV RNA and/or proviral DNA or the sample

may be suspected of comprising the same.

In one embodiment, the present invention provides a method for determining HIV in a

sample, the method comprising:

a . performing a PCR with a nucleic acid template in the sample using a forward

primer comprising the sequence as set forth in SEQ ID NO: 14 and a reverse

primer comprising the sequence as set forth in SEQ ID NO: 5 ; and

b. delecting an amplicon generated by the forward and the reverse primer,

wherein the presence of the amplicon determines the HIV in the sample.

In one embodiment, the template is a cDNA prepared from RNA of a sample

comprising an HIV. In another embodiment, the template comprises proviral DNA of an

HIV.

In some embodiments, the HIV is an HIV- group . In one embodiment, the HIV- 1

group M has a nucleic acid sequence as disclosed by, e.g., GENBANK Accession Nos.

AF0338 19, AY173953, or AY2 14024, each of which is herein incorporated by reference in

its entirety.

In other embodiments, the forward primer comprises the sequence as set forth in SEQ

ID NO: 16 and the reverse primer comprises the sequence as set forth in SEQ ID NO: 17. In

one embodiment, the HIV is an HIV- 1 group 0 . In another embodiment, the HIV- 1 group O

has a nucleic acid sequence as disclosed by, e.g., GENBANK Accession Nos. AY 169802,



AB485669. 1, or GQ35 296.2, each of which is herein incorporated by reference in its

entirety.

In other embodiments, the forward primer comprises the sequence as set forth in SEQ

ID NO: and the reverse primer comprises the sequence as set forth in SEQ D NO: . In

one embodiment, the HIV is an HIV-2. In another embodiment, the HIV-2 has a nucleic acid

sequence as disclosed by, e.g., GENBANK. Accession Nos. X52223, AJO I 1222. 1, each of

which is herein incorporated by reference in its entirety.

The step of detecting can be performed by a number of techniques known to one of

ordinary skill in the art. n one embodiment, the amplicon can be detected using a probe that

is labeled for detection and can be directly or indirectly hybridized with the amplicon. The

probe may be soluble or attached to a sol id support.

In one embodiment, the probe comprises a detectable label corresponding to a

donor/acceptor pair suitable for detecting using FRET, wherein the probe comprises a

sequence as set forth in SEQ ID NO:6, SEQ ID NO: 10 , SEQ ID NO: l 1, or SEQ ID NO:20, or

complements thereof. For example, in some embodiments, the donor/acceptor pair is

FAM/BHQ- , QuasariO/BHQ-2, or any combination thereof.

In another embodiment, one or more of the primers used to amplify the target nucleic

acid can be labeled, for example, with a specific binding moiety. The resulting primer

extension product into which the labeled primer has been incorporated can be captured with a

probe. Detection of the amplified target hybridized to the probe can be achieved by delecting

the presence of the labeled probe or labeled amplified target using suitable detection

equipment and procedures that are well known in the art.

In other embodiments, one or more of the primers used to amplify the target nucleic

acid is labeled with biotin and the biotinylated amplified target nucleic acids are hybridized to

probes attached lo a sol id support. The bound targets are then delected by contacting them

with a streptayidin-peroxidase conjugate in the presence of an oxidant, such as hydrogen

peroxide, and a suitable dye-forming composition.

Other techniques are known lo one of ordinary skill in the art for detecting including,

but not limiled to, methods involving southern blotting, dot blot techniques, or nonisotopic

capture detection with a labeled probe.

In other embodiments, the present invention provides a method for determining HIV- 1

group M, HIV- 1group O, and/or HIV-2 in a sample, the method comprising:



a, performing a single PGR with the sample using (i) a first forward primer

comprising the sequence as set forth in SEQ ID NO: 14 and a first reverse

primer comprising the sequence as set forth in SEQ ID NO: 15; (ii) a second

forward primer comprising the sequence as set forth in SEQ ID NO: 16 and a

second reverse primer comprising the sequence as set forth in SEQ ID NO: 17;

and (iii) a third forward primer comprising the sequence as set forth in SEQ ID

NO: 18 and a third reverse primer comprising the sequence as set forth in SEQ

ID NO: 19; and

b. detecting an amplicon generated by (i) the first forward and the first reverse

primers, ( ii) the second forward and the second reverse primers, and/or (iii) the

third forward and the third reverse primers, wherein the presence of the

amplicon determines the HIV in the sample.

In one embodiment, the step of detecting comprises including in the PGR an

oligonucleotide probe comprising a detectable label corresponding to a donor/acceptor pair

suitable for detecting using FRET, wherein the probe comprises a sequence as set forth in

SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 0, or complements thereof. For example, in

some embodiments, the donor/acceptor pair is FAM/BHQ- 1, Quasar®/BHQ-2, or any

combination thereof.

Iii another embodiment, the step of detecting comprises including in the PGR a first

probe comprising a sequence as set forth in SEQ ID NO:6, a second probe comprising a

sequence as set forth in SEQ D NO: 1 , and a third probe comprising a sequence as set forth

in SEQ ID NO: l l . In one embodiment, the first, the second, and the third probe each

comprise the same donor/acceptor pair as label. For example, the donor/acceptor pair can be,

but is not limited to, FAM/BHQ- I. In another embodiment, the first, the second, and the

third probe each comprise different donor/acceptor pairs as label. For example, in some

embodiments, the donor/acceptor pair of the first probe is Quasar®/BHQ-2, wherein the

second and third probe each comprise FAM/BHQ- .

Thus, the nucleic acid molecules of the present invention can be employed singly or in

combination in a variety of methods for amplifying and/or determining HIV. Accordingly, in

some embodiments, the compositions, methods, and kits of the present invention provide for

multiplex real time PCR assay that comprise one, two, or three sets of primers and probes as

described herein, each specific lor one HIV target, in the same PCR master mix. For

example, a multiplex real time PCR assay in accordance with the present invention can delect



3 HIV genotypes (i.e., HIV- group M, H V- 1 group O, HlV-2) usin a single test. In this

regard, the primers and probes are capable of interacting on y with their specific target and

not with other primers and probes present in the master mix (e.g., do not form primer-dimers)

thereby providing for efficient target amplification and detection in PCR, e.g., multiplex

PGR.

In other aspects, the present invention provides a kit comprising the isolated nucleic

acid molecules including the primers and probes of the present invention. The kit can be

developed using the nucleic acid sequences disclosed herein. These sequences can be used as

primers in nucleic acid amplification reactions, and/or as probes in a nucleic acid

hybridization method. The kits are useful for determining the presence of a HIV, in particular

HIV- 1 group M, HIV-1 group O, and/or HlV-2 nucleic acid sequence in a sample.

Components in the kit can either be obtained commercially or made according to well known

methods in the art. In addition, the components of the kit can be in solution or lyophil ized as

appropriate. In one embodiment, the components are in the same compartment, and in

another embodiment, the components are in separate compartments. In some embodiments,

the kit further comprises instructions for use.

In one embodiment, the kit comprises a forward primer, a reverse primer, and a probe,

wherein the forward primer comprises a forward primer nucleic acid sequence as set forth in

(SEQ ID NO: 14), (SEQ ID NO: 16), or (SEQ ID NO: 18), wherein the reverse primer

comprises a reverse primer nucleic acid sequence as set forth in (SEQ ID NO: 15), (SEQ ID

NO: 7), or (SEQ ID NO: 9), wherein the probe comprises a probe nucleic acid sequence as

set forth in (SEQ ID NO:6), (SEQ ID NO: 0), (SEQ ID NO: ), or (SEQ ID NO:20).

In another embodiment, the kit comprises a first primer pair for use in combination

with a first and second probe for determining HIV- group M, a second primer pair for use in

combination with a third probe for determining HIV-1 group O, and a third primer pair for

use in combination with a fourth probe for determining HIV-2, wherein the first primer pair

comprises the sequence as set forth in (SEQ ID NO: 4 / SEQ ID NO: 5), wherein the first

and second probe respectively comprises the sequence as set forth in SEQ ID NO: 10 and SEQ

ID NO: l I, wherein the second primer pair comprises the sequence as set forth in (SEQ ID

NO: 6 / SEQ ID NO: 17), wherein the third probe comprises the sequence as set forth in SEQ

ID NO:6, wherein the third primer pair comprises the sequence as set forth in (SEQ ID NO: 18

/ SEQ ID NO: ), wherein the fourth probe comprises the sequence as set forth in SEQ ID

NO:20.



The following examples are provided for illustration only.

EXAMPLES

Example
Determining HIV by Multiplex PCR

To determine the presence of HIV RNA in a plasma sample, a simultaneous PCR

assay was performed using primers and probes whereby the primers provided for

amplification of a cDNA template prepared from HIV- 1 group M, HIV- 1 group O, and/or

HIV-2 RNA that may be present in the sample, and the resulting amplicons were detected in

real time by the hybridization of ampl icon-speci fic probes that were labeled for detection by

FRET.

Three compatible primer/probe sets were selected to ensure efficient amplification and

detection of HIV- 1 group M, HIV- 1 group O, and/or HIV-2 RNA. For detection, each probe

comprises a donor at the 5' end; and an acceptor at the 3 ' end.

For deiennining the presence of HIV- 1 group M in the sample, primers and detection

probes having the following sequences were employed:

Forward Primer 1: 5' - gac ate aag cag cca tgc aaa t -3 ' (SEQ ID NO: 4);

Reverse Primer 2 : 5'- agt agt tec tgc tat gtc act tc -3 ' (SEQ ID NO: 15);

Probe 1: 5'-agg pnn tgn atg pan tgg atg-3' (SEQ ID NO: 10); and

Probe 2 : 5 -agg pnn tgn ntg ptn tgg atg-3 (SEQ ID NO: I I);

where p is 6H , 8 -3, 4-dihydropyrimido[4.5-c |[ I,2 |oxazin-7-one; and n is [5-( l-propynyl)-

2'-deoxyCytidine (pdC).

For determining the presence of HIV- 1 group O in the sample, primers and probe

having the following sequences were employed:

Forward Primer 3: 5' - gag gac ate aag ggg ctt tac a -3' (SEQ ID NO; 16);

Reverse Primer 4 : 5'- cag caa tgt cac t c clg ttg -3' (SEQ ID NO: 17); and

Probe 3: 5'- tec ctt ale tgc cci ggt ggt aac gg -3 ' (SEQ D NO:6).

For detennining the presence of HIV-2 in the sample, primers and probe having the

following sequences were employed:

Forward Primer 5: gc aga ggt agt gec a -3 ' (SEQ ID NO: 18);

Reverse Primer 6: 5' - ggt cgc cca cac aat taa gc-3 ' (SEQ ID NO: 19); and

Probe 4: 5 '- agg cac tct cag aag get gca cg-3 ' (SEQ ID NO:20).



A multiplex PCR master mix (MMX) was prepared comprising the following: I

PCR buffer (50 n M Bicine, 115 m Potassium acetate, 8% glycerol, pH 8.2) (a Tris-based

buffer may alternatively be used); 300 µΜ dNTPs; 3% DMSO; 3.5 mM MgCI2 lx ROX

reference dye (0.5 µΜ ) (ROX Reference Dye is suppl ied at 50X concentration. t is composed

of a glycine con jugate of 5-carboxy-X-rhodaifiine, succinimidyl ester (25 µΜ ) in 20 mM Tris-

HC1 (pH 8.4), 0 . mM EDTA, 0. 1% Tween® 20 (Invitrogen, Carlsbad, CA)) (alternatively a

different formulation of ROX reference may be used called 'low ROX' (Eurogentec, Seraing,

Belgium)); 1 0 nM HlV- 1 group M forward primer (forward primer 1); 300 nM HIV- 1 group

M reverse primer (reverse primer 2); 1 0 nM HIV- 1group M probe (probe I); 100 nM HIV- 1

group M probe (probe 2); 00 nM HfV- I group O forward primer (forward primer 3); 300

nM H V-1 group O reverse primer (reverse primer 4); 1 0 nM HIV- 1 group O probe (probe

3); HIV-2 forward primer (forward primer 5); HIV-2 reverse primer (reverse primer 6); 00

nM HIV-2 probe (probe 4); 100 nM Internal Control probe; 20 Units/reaction Reverse

Transcriptase (RT) ; and 2.5 Units/reaction Tag DNA polymerase.

The MMX was combined with viral RNA isolated from plasma samples containing

the virus using a virus extraction method known in the a . The combined HIV RNA + MMX

was subjected to one step PCR. where the reverse transcription, amplification of cDNA,. and

detection occiired in the same tube, using a commercial real time PCR instrument (Applied

Biosyslems 7300 or 7500). The thermal cycling conditions are shown in Table 1:

Table 1: PCR cycling condition.

Following PCR ampli fication the signals generated were analyzed using the

instrument SDS software. The results show strong amplification curves with C r values lower

than 30. Thus we were able to detect all three HIV genotypes, HIV- 1 group M, HIV- 1 group

O and HIV-2, from spiked plasma samples. The probes present in the assay for detection of

HIV-1 group M and HIV-2 were labeled with the same fluorescent dye in which case the two

genotypes were delected but not d ifferentiated. The probe for detection of HIV- 1group O was



labeled with a different fluorescent dye allowing differentiation of HIV group O from group

M and H1V-2.

Table 2 is an alignment of sequences based on genomic regions of various HIV-

group M subtypes and CRFs.

Table 2 : Alignment of sequences that are complementary to corresponding HIV variant

sequences.

Probes 1 and 2, for detection of HlV- 1 group M, have two insertions of the universal

pyrimidine (Table 2, at positions 4 a d 13), 6H , 8/7-3, 4-dihydropyrimido| 4,5-c]|T ,2 |oxazin-

7-one, which function as 'patches' in the probe sequence patching sites of mismatch

(polymorphism) between HIV- 1 group M variants. These two particular sites of

polymorphisms, which correspond to the complement of positions 4 and 13 of the sequences

in Table 2, correspond to sites of polymorphism in the HIV genome that are determined to be

a purine base (A or G). The placement of a universal pyrimidine in the probe at these sites

permits detection of either base, thus expanding assay specificity. Probes 1 and 2 are designed

from the same genomic sequence, however, Probe 1 has greater homology to HIV- 1 group M

subtypes A, B, C, D, F, and CRF , while Probe 2 has greater homology to subtype G and

CRF02. Using both probes in the same test can provide for the detection of all 6 group M

subtypes as wel as CRFO I and CR.F02.

Probes 1 and 2 also have all cytidine bases replaced with propyne-dC, which is a

cytidine analog with a propynyl group attached to the 5th carbon of cytidine. This

modification increases the stability of probe/target complex which compensates for the

destabilizing effect o f the 'patches' and increases double helix formation thus increasing both

assay specificity and assay sensitivity. Both probes 1 and 2 are labeled with FAM and BHQI

for real time PCR detection and are detected in the same filter on a real time PCR instrument.



Probe 3, for detection of HIV- group O, is labeled with Quasar 670 and BHQ2 and is

detected in a different filter. This separation of probes between different filters further

increases assay sensitivity by decreasing fluorescent background and improving signal to

noise ratio in each filter.

Amplification conditions for a PCR assay are a set of time and temperature parameters

that change cyclically during a PCR run. Ampli fication conditions generally comprises a

denaturation step during which the nucleic acid template is denatured to a single-stranded

state and is available for primers and probes to anneal, an annealing step during which

primers and probes anneal to the template, and an extension step during which new copies of

DNA are synthesized from the template. In the case of RNA templates, a reverse

transcription (RT) step is added prior to the PCR to transcribe RNA to cDNA. In real-time

PCR the annealing and extension are combined into one step. Temperature of the

annealing/extension step may be chosen on the basis of the melting temperature (Tm) of the

primers and the desired stringency of reaction. Lower temperatures are more tolerant to

mismatches in primers and/or probes and can broaden assay specificity. On the other hand,

too low annealing/extension temperature may lower sensitivity of detection if there are no

mismatches between primers and/or probe and template due to insufficient melting of nucleic

acid secondary structure. The present example uses a combination of lower and higher

annealing/extension temperature to increase detection of variants with mismatches (increase

assay specificity) and ensure sensitive detection of val iants with no mismatches (increase

assay sensitivity).



We claim:

1. An isolated nucleic acid molecule comprising a nucleotide sequence as set forth in:

5'-agg pnn tgn atg pan tgg atg-3 ' (SEQ ID NO: 1 ); or

5'-agg pnn tgn ntg ptn tgg atg-3 (SEQ ID NO: I ) :

wherein p = a universal nucleotide and n = a cytidine analog having a C-5

modification.

2. The isolated molecule of claim 1, wherein p is 6 , 8H-3 4-dihydropyrimido[4,5-

c | [ l ,2]oxazin-7-one, wherein n is 5-( I-propynyl)-2'-deoxyCytidine.

3 . The isolated molecule of claim , wherein the molecule is labeled with FAM/BHQ- 1.

4. A composition comprising the molecule of claim 1, wherein the composition funher

comprises a first forward primer having a sequence as set forth in SEQ ID NO: 14 and

a first reverse primer having a sequence as set forth in SEQ ID NO: 5, wherein the

first forward and reverse primer each is capable of annealing to a target sequence

under a P R condition to thereby amplify the target sequence.

5. The composition of claim 4, wherein the composition further comprises: an

oligonucleotide probe having a sequence as set forth in SEQ ID NO:6, a second

forward primer having a sequence as set forth in SEQ ID NO: 16 and a first reverse

primer having a sequence as set forth in SEQ ID NO: .

6. A method for amplifying a target sequence, the method comprising:

contacting the composition of claim 4 to the target sequence under a PCR

condition.

7 . A method for determining an HIV in a sample, the method comprising:

(a) performing a PCR with a nucleic acid template in the sample using a forward

primer comprising the sequence as set forth in SEQ ID NO: 14 and a reverse

primer comprising the sequence as set forth in SEQ ID NO: 1 ; and

(b) contacting an am icon generated by the forward and the reverse primer with a

first oligonucleotide comprising the sequence as set forth in SEQ ID NO: 10

and a second oligonucleotide comprising the sequence as set forth in SEQ ID



NO: l I, wherein detection of the amplicon is indicative of the presence

HIV in the sample.

8. A kit comprising the isolated molecule ofclaim .

9 . A kit comprising the composition o claim 4.

0. A kit comprising the composition of claim 5.
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