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(57) ABSTRACT

Disclosed are compositions including primers and probes,
which are capable of interacting with the disclosed nucleic
acids, such as the nucleic acids encoding the reverse tran-
scriptase or protease of HIV as disclosed herein. Thus, pro-
vided is an oligonucleotide comprising any one of the nucle-
otide sequences set for in SEQ ID NOS:1-89, and 96-104.
Also provided are the oligonucleotides consisting of the
nucleotides as set forth in SEQ ID NOS:1-89, and 96-104.
Each of the disclosed oligonucleotides is a probe or a primer.
Also provided are mixtures of primers and probes and for use
in RT-PCR and primary PCR reactions disclosed herein. Pro-
vided are methods for the specific detection of several muta-
tions in HIV. Mutations in both the reverse transcriptase and
the protease of HIV can be detected using the methods
described herein.
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Fig. 1. Assay Principle
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Fig. 2A. Sensitivity of 184V Primer Mix on Plasmid Dilutions
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Fig. 3. Example of Performance on Clinical Specimens
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Fig. 4. ACT Frequency Distribution for Clinical Samples
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REAL-TIME PCR POINT MUTATION ASSAYS
FOR DETECTING HIV-1 RESISTANCE TO
ANTIVIRAL DRUGS

CROSS REFERENCE TO RELATED PATENT
APPLICATION

This application claims priority to U.S. Provisional Appli-
cation No. 60/577,696 filed Jun. 7, 2004, and which is herein
incorporated by reference in its entirety.

BACKGROUND

The HIV pandemic now exceeds 40 million persons and its
expansion is being met with an increased use of anti-HIV
drugs to care for the lives of those affected. Emergence of
drug resistance is expected to increase as the use of these
drugs for the clinical management of HIV-1 infected persons
increases worldwide. Highly active antiretroviral therapy
(HAART) containing a combination of three antiretroviral
drugs is currently recommended and has been effective in
reducing mortality and morbidity. Four classes of drugs are
available that inhibit either virion entry (e.g., T-20), nucle-
otide extension by viral reverse transcriptase (e.g., 3TC, d4T),
reverse transcriptase enzymatic activity (e.g., nevirapine,
efavirenz), or the viral protease (e.g., nelfinavir, lopinavir).
Drug resistance that is conferred by mutations is frequently
selected in viruses from patients failing antiretroviral therapy
and is considered a major cause of treatment failure.

Current treatment guidelines recommend baseline drug
resistance testing for the selection of optimal drug regimens
for patients initiating antiretroviral therapy. Accurate identi-
fication of any resistant viruses the person carries will help
guide the selection of treatment regimens with fully active
drugs. Drug resistance testing is performed through the use of
phenotypic or genotypic assays. Phenotypic assays measure
drug susceptibilities of patient-derived viruses and provide
direct evidence of drug resistance. However, phenotypic
assays are culture-based, complex, laborious, and costly.
Genotypic assays are frequently used to detect mutations
associated with drug resistance by sequence analysis of the
viral RNA from plasma. These assays are also complex and
are insensitive to the detection of low levels of mutants, such
as what might be present early in the emergence of resistance
or which might persist at low set points in the absence of
treatment. Commonly-used sequencing methods do not reli-
ably detect mutants present at levels below 20-30% of the
total viral population within a sample. Described in this appli-
cation are PCR-based drug resistance detection assays that
are able to detect drug-resistant viruses present at frequencies
as low as 0.5%-0.04% within the plasma of infected persons.
These sensitivities are 40-500-times greater than what has
been achieved by conventional sequence testing.

Although drug resistance is frequently seen in patients
failing antiretroviral therapy, a substantial prevalence (~8-
25%) of transmitted drug-resistant HIV-1 is found among
drug-naive populations, supporting the need for baseline drug
resistant testing. Because drug-resistant mutants are gener-
ally less fit than wild type viruses in the absence of drug, many
drug-resistance mutations revert back to wildtype over time
and become gradually undetectable in plasma. However, the
drug-resistant viruses that become undetectable in plasma
remain archived in the patients and are re-selected when
drugs are used. Therefore, it is important to have sensitive
assays that can accurately detect the presence of low fre-
quency drug-resistant mutants. Data from the use of the sen-
sitive real-time PCR assays described in this patent applica-
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tion demonstrate clearly that conventional sequencing of
drug-naive persons underestimates the prevalence of trans-
mitted drug resistance (Johnson et al., 13 HDR Workshop,
Tenerife, Spain, 2004). Testing transmitted drug resistant
viruses for additional mutations by the sensitive assays iden-
tified new mutants that increased the prevalence of resistance
within the population by another 2 to 8%. The increases imply
that drug resistance mutations are transmitted at frequencies
20-80% higher than previously reported. Therefore, these
data demonstrate the poorer sensitivity of sequencing meth-
ods for baseline drug resistance testing.

Drug resistance testing is also indicated for patients receiv-
ing HAART to manage treatment failures and to help guide
the selection of new HAART regimens with active drugs.
Recent data have pointed to the importance of sensitive drug
resistance assays for this testing and associate low-frequency
drug-resistant viruses that are not detectable by conventional
sequencing with poor treatment outcomes (Mellors etal., 117
CROI, 2004; Jourdain et al., JID 2004) (1). These studies
reported that persons exposed to a non-nucleoside reverse
transcriptase inhibitor (NNRTI) who generated resistance
mutations detectable only by sensitive assays, and not by
conventional sequencing, respond more poorly to subsequent
NNRTI-containing regimens. Data from the subtype C HIV-1
assays reported herein show that more than one-third of the
drug-resistant viruses that emerge from intrapartum single-
dose nevirapine intervention are not identified by conven-
tional population sequencing (Johnson et al., 12 CROI
2005). The detection of the substantial numbers of low-fre-
quency drug-resistant viruses will be important for selecting
a regimen with fully active drugs.

In clinical monitoring of treated persons, the greater sen-
sitivity of the present real-time PCR resistance assays over
conventional sequencing may allow earlier detection of resis-
tance mutations that emerge during treatment and provide
advance notice of possible declines in response to therapy.
Early detection will help guide clinicians in modifying drug
regimens in an effort to prevent treatment failure and the
emergence of high-level drug resistance. Methods with
greater sensitivity in detecting low levels of resistant virus,
below what is capable by conventional sequence analysis, are
important for improving clinical management of patients
under HAART. The substantially higher sensitivity, the sim-
plicity, the high throughput capability, and the low cost of the
present real-time PCR drug resistance assays are all advan-
tages over conventional sequence analysis.

SUMMARY OF THE INVENTION

Disclosed are compositions including primers and probes,
which are capable of interacting with the disclosed nucleic
acids, such as the nucleic acids encoding the reverse tran-
scriptase or protease of HIV as disclosed herein. Thus, pro-
vided is an oligonucleotide comprising any one of the nucle-
otide sequences set forth in SEQ ID NOS:1-89, and 96-104.
Also provided is an oligonucleotide consisting of any of the
nucleotide sequences set forth in SEQ ID NOS:1-89, and
96-104. Each of'the disclosed oligonucleotides is a probe or a
primer. Also provided are mixtures of primers and mixtures of
primers and probes and for use in RT-PCR and primary PCR
reactions disclosed herein. Kits comprising the primers or
probes are provided. Provided are methods for the specific
detection of several mutations in HIV. Mutations in both the
reverse transcriptase and the protease of HIV can be detected
using the methods described herein.

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1A and 1B are schematic illustrations of the prin-
ciple of the present assay.
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FIG. 2A shows the sensitivity of the assay for 184V.

FIG. 2B shows the lower limit for 184V detection in clini-
cal specimens.

FIG. 3 shows the performance ofthe 184V assay on clinical
specimens.

FIG. 4 shows the ACT frequency distribution for clinical
samples.

FIG. 5 shows the ACT values for real-time PCR analysis of
the 103N mutation in pre-NVP and post-NVP plasma
samples.

DETAILED DESCRIPTION

In an effort to improve the detection of mutations associ-
ated with HIV-1 drug resistance, provided are PCR-based
point mutation assays. The present methodology allows test-
ing for different point mutations in patient samples at an
achievable sensitivity of 1-2 log greater than conventional
sequencing. The principle of the present assay is to compare
the differential amplifications of a mutation-specific PCR and
a total copy (common) PCR, which detects all sequences
present. The assay can use template generated from RT-PCR
of viral RNA or from PCR of proviral DNA from infected
cells (FIG. 1).

Two important HIV-1 reverse transcriptase mutations that
significantly compromise the success of treatment with
reverse transcriptase inhibitors are 103N and 184V. The 103N
mutation is frequently selected in patients failing treatment
with non-nucleoside RT inhibitors (e.g., nevirapine,
efavirenz). Likewise, the frequent appearance of the 184V
mutation following exposure to nucleoside inhibitors lamivu-
dine (3TC) and abacavir, and it’s seemingly rapid disappear-
ance after discontinuation of therapy, makes accurate mea-
sure of these mutations important for surveillance and clinical
management.

The simplicity, greater sensitivity, and high-throughput
capabilities of the present real-time PCR methodology make
it useful for screening large numbers of samples, which
allows the implementation of universal resistance testing and
protracted surveillance of resistance mutations

The methods disclosed herein have multiple applications
including (1) resistance testing for clinical management of
HIV-infected persons receiving anti-HI'V drugs (for detecting
emergence of resistant viruses in treated persons, and as a
pre-treatment evaluation of patient baseline HIV in order to
tailor the most appropriate drug combination), (2) use in
blood bank screening as a nucleic acid test (NAT), due to the
high sensitivity and high throughput capability of the assays,
(3) the ability to measure plasma viral loads, since the assays
are inherently quantitative, (4) use as a screening tool for
monitoring the spread of resistant HIV, (5) use as a research
tool to study the emergence and biology of drug resistance
mutations, (6) detection of resistance mutations in both sub-
type B and non-B subtypes of HIV-1, (7) detection of resis-
tance mutations in HIV-2, and (8) identification of specific
panels of mutations that are designed to address each of the
described uses. The reagents and specific usages developed
here are unique.

As used in the specification and the appended claims, the
singular forms “a,” “an” and “the” include plural referents
unless the context clearly dictates otherwise. Thus, for
example, reference to “a primer” includes mixtures of two or
more such primers, and the like.

Compositions

Disclosed are compositions including primers and probes,

which are capable of interacting with the disclosed nucleic
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acids, such as the nucleic acids encoding the reverse tran-
scriptase or protease of HIV as disclosed herein and in the
literature.

Thus, provided is an oligonucleotide comprising a nucle-
otide sequence as set forth in any of SEQ ID NOS:1-89, and
96-104. Also provided is an oligonucleotide consisting of any
one of the nucleotide sequences set forth in SEQ ID NOS:
1-89, and 96-104. Thus, provided is an oligonucleotide com-
prising the sequence selected from the group consisting ofthe
nucleotides as set forth in the sequence listing as SEQ ID
NOS: 1-89, and 96-104. Each of the disclosed oligonucle-
otides is a probe or a primer. Each can be used independently
of'the others in an amplification method or in a hybridization/
probing method. One or more of the probes or primers can be
used together in the compositions and methods for detecting
mutations. Specific examples of such compositions and meth-
ods are described herein.

A nucleotide is a molecule that contains a base moiety, a
sugar moiety and a phosphate moiety. Nucleotides can be
linked together through their phosphate moieties and sugar
moieties creating an internucleoside linkage. The base moiety
of a nucleotide can be adenin-9-yl (A), cytosin-1-yl (C),
guanin-9-yl (G), uracil-1-yl (U), and thymin-1-yl (T). The
sugar moiety of a nucleotide is a ribose or a deoxyribose. The
phosphate moiety of a nucleotide is pentavalent phosphate. A
non-limiting example of a nucleotide would be 3'-AMP (3'-
adenosine monophosphate) or 5'-GMP (5'-guanosine mono-
phosphate). The term “nucleotide” includes nucleotides and
nucleotide analogs, preferably groups of nucleotides com-
prising oligonucleotides, and refers to any compound con-
taining a heterocyclic compound bound to a phosphorylated
sugar by an N-glycosyl link or any monomer capable of
complementary base pairing or any polymer capable of
hybridizing to an oligonucleotide.

The term “nucleotide analog” refers to molecules that can
be used in place of naturally occurring bases in nucleic acid
synthesis and processing, preferably enzymatic as well as
chemical synthesis and processing, particularly modified
nucleotides capable of base pairing. A nucleotide analog is a
nucleotide which contains some type of modification to one
of the base, sugar, or phosphate moieties. Modifications to
nucleotides are well known in the art and would include for
example, S5-methylcytosine (5-me-C), S5-hydroxymethyl
cytosine, xanthine, hypoxanthine, and 2-aminoadenine as
well as modifications at the sugar or phosphate moieties. This
term includes, but is not limited to, modified purines and
pyrimidines, minor bases, convertible nucleosides, structural
analogs of purines and pyrimidines, labeled, derivatized and
modified nucleosides and nucleotides, conjugated nucleo-
sides and nucleotides, sequence modifiers, terminus modifi-
ers, spacer modifiers, and nucleotides with backbone modi-
fications, including, but not limited to, ribose-modified
nucleotides, phosphoramidates, phosphorothioates, phos-
phonamidites, methyl phosphonates, methyl phosphoramid-
ites, methyl phosphonamidites, 5'-f-cyanoethyl phosphora-
midites, methylenephosphonates, phosphorodithioates,
peptide nucleic acids, achiral and neutral internucleotidic
linkages and nonnucleotide bridges such as polyethylene gly-
col, aromatic polyamides and lipids. Optionally, nucleotide
analog is a synthetic base that does not comprise adenine,
guanine, cytosine, thymidine, uracil or minor bases. These
and other nucleotide and nucleoside derivatives, analogs and
backbone modifications are known in the art (e.g., Piccirilli J.
A. et al. (1990) Nature 343:33-37; Sanghvi et al (1993) In:
Nucleosides and Nucleotides as Antitumor and Antiviral
Agents, (Eds. C. K. Chu and D. C. Baker) Plenum, New York,
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pp- 311-323; Goodchild J. (1990) Bioconjugate Chemistry
1:165-187; Beaucage et al. (1993) Tetrahedron 49:1925-
1963).

Nucleotide substitutes include molecules having similar
functional properties to nucleotides, but which do not contain
a phosphate moiety, such as peptide nucleic acid (PNA).
Nucleotide substitutes are molecules that will recognize
nucleic acids in a Watson-Crick or Hoogsteen manner, but
which are linked together through a moiety other than a
phosphate moiety. Nucleotide substitutes are able to conform
to a double helix type structure when interacting with the
appropriate target nucleic acid.

There are a variety of molecules disclosed herein that are
nucleic acid based. The disclosed nucleic acids are made up of
for example, nucleotides, nucleotide analogs, or nucleotide
substitutes. Non-limiting examples of these and other mol-
ecules are discussed herein.

The term “oligonucleotide” means a naturally occurring or
synthetic polymer of nucleotides, preferably a polymer com-
prising at least three nucleotides and more preferably a poly-
mer capable of hybridization. Oligonucleotides may be
single-stranded, double-stranded, partially single-stranded or
partially double-stranded ribonucleic or deoxyribonucleic
acids, including selected nucleic acid sequences, heterodu-
plexes, chimeric and hybridized nucleotides and oligonucle-
otides conjugated to one or more nonoligonucleotide mol-
ecules. In general, the nucleotides comprising a
oligonucleotide are naturally occurring deoxyribonucle-
otides, such as adenine, cytosine, guanine or thymine linked
to 2'-deoxyribose, or ribonucleotides such as adenine,
cytosine, guanine or uracil linked to ribose. However, an
oligonucleotide also can contain nucleotide analogs, includ-
ing non-naturally occurring synthetic nucleotides or modified
naturally occurring nucleotides. Such nucleotide analogs are
well known in the art and commercially available, as are
polynucleotides containing such nucleotide analogs (Lin et
al., Nucl. Acids Res. 22:5220-5234 (1994); Jellinek et al.,
Biochemistry 34:11363-11372 (1995); Pagratis et al., Nature
Biotechnol. 15:68-73 (1997), each of which is incorporated
herein by reference).

The term “polynucleotide” is used broadly herein to mean
a sequence of two or more deoxyribonucleotides or ribo-
nucleotides that are linked together by a phosphodiester bond.
As such, the term “polynucleotide” includes RNA and DNA,
which can be a gene or a portion thereof, a cDNA, a synthetic
polydeoxyribonucleic acid sequence, or the like, and can be
single stranded or double stranded, as well as a DNA/RNA
hybrid. Furthermore, the term “polynucleotide” as used
herein includes naturally occurring nucleic acid molecules,
which can be isolated from a cell, as well as synthetic mol-
ecules, which can be prepared, for example, by methods of
chemical synthesis or by enzymatic methods such as by the
polymerase chain reaction (PCR). In various embodiments, a
polynucleotide of the invention can contain nucleoside or
nucleotide analogs, or a backbone bond other than a phos-
phodiester bond. In general, the nucleotides comprising a
polynucleotide are naturally occurring deoxyribonucle-
otides, such as adenine, cytosine, guanine or thymine linked
to 2'-deoxyribose, or ribonucleotides such as adenine,
cytosine, guanine or uracil linked to ribose. However, a poly-
nucleotide also can contain nucleotide analogs, including
non-naturally occurring synthetic nucleotides or modified
naturally occurring nucleotides. Such nucleotide analogs are
well known in the art and commercially available, as are
polynucleotides containing such nucleotide analogs (Lin et
al., Nucl. Acids Res. 22:5220-5234 (1994); Jellinek et al.,
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Biochemistry 34:11363-11372 (1995); Pagratis et al., Nature
Biotechnol. 15:68-73 (1997), each of which is incorporated
herein by reference).

The covalent bond linking the nucleotides of a polynucle-
otide generally is a phosphodiester bond. However, the cova-
lent bond also can be any of numerous other bonds, including
a thiodiester bond, a phosphorothioate bond, a peptide-like
bond or any other bond known to those in the art as useful for
linking nucleotides to produce synthetic polynucleotides
(see, for example, Tam et al., Nucl. Acids Res. 22:977-986
(1994); Ecker and Crooke, BioTechnology 13:351360
(1995), each of which is incorporated herein by reference).
The incorporation of non-naturally occurring nucleotide ana-
logs or bonds linking the nucleotides or analogs can be par-
ticularly useful where the polynucleotide is to be exposed to
an environment that can contain a nucleolytic activity, includ-
ing, for example, a tissue culture medium or upon adminis-
tration to a living subject, since the modified polynucleotides
can be less susceptible to degradation. Functional analogs of
naturally occurring polynucleotides can bind to RNA or
DNA, and include peptide nucleic acid (PNA) molecules.

“Probes” are molecules capable of interacting with a target
nucleic acid, typically in a sequence specific manner, for
example through hybridization. The hybridization of nucleic
acids is well understood in the art and discussed herein.
Typically a probe can be made from any combination of
nucleotides or nucleotide derivatives or analogs available in
the art.

“Primers” are a subset of probes which are capable of
supporting some type of enzymatic manipulation and which
can hybridize with a target nucleic acid such that the enzy-
matic manipulation can occur. A primer can be made from
any combination of nucleotides or nucleotide derivatives or
analogs available in the art which do not interfere with the
enzymatic manipulation.

The oligonucleotides of SEQ ID NOS:1-89, and 96-104
can be modified in insubstantial ways and yet retain substan-
tially the same hybridization strength and specificity as
described herein. These parameters are easily measured in
assays such as those taught herein. Thus, one of skill in the art
will be able to envision a number of nucleotide substitutions
to the disclosed sequences, so long as they retain 80%
sequence similarity with the specifically disclosed sequence.
Primers and probes of the invention can include sequences
having at least 85%, 90%, 95%, 96%, 97%, 98% or 99%
similarity to one of SEQ ID NOS:1-89, and 96-104 are envi-
sioned. More specifically, primers and probes with substitu-
tions based on known sequences of the HIV-1 protease or
reverse transcriptase are envisioned because these alternative
sequences are envisioned by the person of skill in this art.

In certain embodiments the primers are used to support
DNA amplification reactions. Typically the primers are
capable of being extended in a sequence specific manner.
Extension of a primer in a sequence specific manner includes
any methods wherein the sequence and/or composition of the
nucleic acid molecule to which the primer is hybridized or
otherwise associated directs or influences the composition or
sequence of the product produced by the extension of the
primer. Extension of the primer in a sequence specific manner
therefore includes, but is not limited to, PCR, DNA sequenc-
ing, DNA extension, DNA polymerization, RNA transcrip-
tion, or reverse transcription. Techniques and conditions that
amplify the primer in a sequence specific manner are pre-
ferred. In certain embodiments the primers are used for the
DNA amplification reactions, such as PCR or direct sequenc-
ing. It is understood that in certain embodiments the primers
can also be extended using non-enzymatic techniques, where
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for example, the nucleotides or oligonucleotides used to
extend the primer are modified such that they will chemically
react to extend the primer in a sequence specific manner.
Typically the disclosed primers hybridize with the disclosed
nucleic acids or region of the nucleic acids or they hybridize
with the complement of the nucleic acids or complement of a
region of the nucleic acids.

The oligonucleotides described herein include primers and
probes effective for cross subtype reactive PCR, as such, they
are capable of detecting mutations in a variety of HIV sub-
types. The following primers and probes can also include
additions known to those skilled in the art. Examples of such
additions include, but are not limited to, molecules for linking
the primer to a substrate, and the like. Furthermore, if desired,
a nucleic acid molecule of the invention can incorporate a
detectable moiety. As used herein, the term “detectable moi-
ety” is intended to mean any suitable label, including, but not
limited to, enzymes, fluorophores, biotin, chromophores,
radioisotopes, colored particles, electrochemical, chemical-
modifying or chemiluminescent moieties. Examples include
(1) enzymes which can catalyze color or light emitting (lumi-
nescence) reactions and (ii) fluorophores. The detection of the
detectable moiety can be direct provided that the detectable
moiety is itself detectable, such as, for example, in the case of
fluorophores. Alternatively, the detection of the detectable
moiety can be indirect. In the latter case, a second moiety
reactable with the detectable moiety, itself being directly
detectable is preferably employed. The detectable moiety
may be inherent to a molecular probe. Common fluorescent
moieties include: fluorescein, cyanine dyes, coumarins, phy-
coerythrin, phycobiliproteins, dansyl chloride, Texas Red,
and lanthanide complexes.

Provided are the following: An oligonucleotide comprising
the nucleotides as set forth in SEQ ID NO:1; An oligonucle-
otide comprising the nucleotides as set forth in SEQ ID NO:2.
An oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO: 3; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO: 4; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO: 5; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO: 6; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO: 7; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO: 8; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO: 9; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:10. An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:11; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:12; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:13; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:14; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:15; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:16; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:17; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:18; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:19; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:20; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:21; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:22; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:23; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO: 24; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO: 25; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO: 26; An
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oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO: 27; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO: 28; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO: 29; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO: 30; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:31; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:32; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:33; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:34; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:35; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO: 36; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:37; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:38; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:39; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:40; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:41; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:42; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:43; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:44; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:45; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:46. An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:47; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:48; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:49; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:50; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:51; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:52; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:53; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:54; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:55; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:56; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:57; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:58; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:59; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:60; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:61; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:62; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO: 63; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO: 64; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:65; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:66; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:67; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:68; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:69; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:70; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:71; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:72; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:73; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:74; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:75; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:76; An oligonucleotide



US 8,043,809 B2

9

comprising the nucleotides as set forth in SEQ ID NO:77; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:78; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:79; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:80; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:81; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:82; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:83. An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:84; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO: 85; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:86; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:87; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:88; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:89; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:96; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO: 97; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:98; An
oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:99; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:100; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:101;
An oligonucleotide comprising the nucleotides as set forth in
SEQ ID NO:102; An oligonucleotide comprising the nucle-
otides as set forth in SEQ ID NO:103; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:104.
Thus, provided is an oligonucleotide comprising the
sequence selected from group consisting of the nucleotides as
set forth in the sequence listing as SEQ ID NO:1-89, and
96-104.

Also provided are mixtures of primers for use in RT-PCR
and primary PCR reactions disclosed herein. Thus, a mixture
of primers comprising SEQ ID NO:1 and 3 is provided. This
mixture can be used for the reverse transcription-PCR (RT-
PCR) reaction and the primary PCR reaction for HIV. It
reverse transcribes and amplifies the HIV protease region
comprising positions 30 and 90 in addition to the region of the
reverse transcriptase gene comprising the mutations
described herein.

Provided is a mixture of primers comprising SEQ ID
NOS:2 and 3. This mixture does not reverse transcribe or
amplify the protease regions of interest, but is useful for the
analysis of the reverse transcriptase.

A mixture of primers comprising SEQ ID NOS:4 and 6 is
provided. This mixture is for the RT-PCR and primary PCR
reactions for HIV. It also reverse transcribes and amplifies the
HIV protease region comprising positions 30 and 90 in addi-
tion to the region of the reverse transcriptase gene comprising
the mutations described herein.

Also provided is a mixture of primers comprising SEQ 1D
NOS:5 and 6. This mixture does not reverse transcribe or
amplify the protease regions of interest, but is useful for the
analysis of the reverse transcriptase.

Provided are oligonucleotide mixtures for use in the muta-
tion-specific PCR reactions disclosed herein. Detection can
be achieved so long as any of the disclosed forward primers
are paired with any of the reverse primers for a given muta-
tion.

Thus, provided is a mixture of primers comprising one or
more primers selected from the group consisting of SEQ 1D
NOS:22, 23, 24 and 25. This is a forward primer mixture for
the 103N mutation-specific PCR reaction. The mixture can
further include a reverse primer. For example, the reverse
primer can be a primer consisting of SEQ ID NO:26.
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Also provided is a mixture of primers comprising one or
more primers selected from the group consisting of SEQ ID
NOS: 59, 60 and 61. This is a forward primer mixture for the
103N mutation-specific PCR reaction. The mixture can fur-
ther include a reverse primer. For example, the reverse primer
can be a primer consisting of SEQ ID NO:26.

A mixture of primers comprising one or more primers
selected from the group consisting of SEQ ID NOS:33, 34
and 35 is provided. This is a forward primer mixture for the
184V mutation-specific PCR reaction. The mixture can fur-
ther include a reverse primer. For example, the reverse primer
can be a primer comprising or consisting of SEQ 1D NO:36.

A mixture of primers comprising one or more primers
selected from the group consisting of SEQ ID NOS:88, 89,
102, 103, and 104 is provided. This is a forward primer
mixture for the 184V mutation-specific PCR reaction. The
mixture can further include areverse primer. For example, the
reverse primer can be a primer comprising or consisting of
SEQ ID NO:85.

A mixture of primers comprising one or more primers
selected from the group consisting of SEQ ID NOS:62, 63,
64, 65,96 and 97 is provided. This is a forward primer mixture
for the 411 mutation-specific PCR reaction. The mixture can
further include a reverse primer. For example, the reverse
primer can be a primer comprising or consisting of SEQ ID
NO:66.

A mixture of primers comprising SEQ ID NOS:10 and 98
and a reverse primer is provided. This mixture includes a
forward primer for the 65R mutation-specific PCR reaction.
The reverse primer can, for example, be a primer comprising
or consisting of SEQ ID NO:11.

A mixture of primers comprising SEQ ID NOS:69 and 70
is provided. This is a forward primer mixture for the 67N
mutation-specific PCR reaction. The mixture can further
include a reverse primer. For example, the reverse primer can
be a primer comprising or consisting of SEQ ID NO:8.

A mixture of primers comprising one or more primers
selected from the group consisting of SEQ ID NOS:12, 13,
and 71 is provided. This is a forward primer mixture for the
69T mutation-specific PCR reaction. The mixture can further
include a reverse primer. For example, the reverse primer can
be a primer comprising or consisting of SEQ ID NOS:8 and
14.

A mixture of primers comprising one or more primers
selected from the group consisting of SEQ ID NOS:2, 16,17,
18, 19, and 100 is provided. This is a forward primer mixture
for the 70R mutation-specific PCR reaction. The mixture can
further include a reverse primer. For example, the reverse
primer can be a primer comprising or consisting of SEQ ID
NOS:20, 72, or 73.

A mixture of primers comprising SEQ ID NOS:28 and 29
is provided. This is a forward primer mixture for the 181C
mutation-specific PCR reaction. The mixture can further
include a reverse primer. For example, the reverse primer can
be a primer comprising or consisting of SEQ ID NO:30.

A mixture of primers comprising SEQ ID NOS:83 and 84
is provided. This is a forward primer mixture for the protease
181C mutation-specific PCR reaction. The mixture can fur-
ther include a reverse primer. For example, the reverse primer
can be a primer comprising or consisting of SEQ ID NO:85.

A mixture of primers comprising one or more primers
selected from the group consisting of SEQ ID NOS:38, 39,
74,75, and 101 is provided. This is a forward primer mixture
for the 215T mutation-specific PCR reaction. The mixture
can further include a reverse primer. For example, the reverse
primer can be a primer comprising or consisting of SEQ ID
NO:45.
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A mixture of primers comprising SEQ 1D NO:40 and a
reverse primer is provided. This is a primer mixture for the
215Y mutation-specific PCR reaction. The reverse primer
can be, for example, a primer comprising or consisting of
SEQ ID NO:45.

A mixture of primers comprising SEQ ID NO:41 and a
reverse primer is provided. This is a primer mixture for the
215F mutation-specific PCR reaction. The reverse primer can
be, for example, a primer comprising or consisting of SEQ ID
NO:45.

A mixture of primers comprising SEQ ID NO:42 and a
reverse primer is provided. This is a primer mixture for the
215S mutation-specific PCR reaction. The reverse primer
can, for example, be a primer comprising or consisting of
SEQ ID NO:45.

A mixture of primers comprising SEQ ID NO:43 and a
reverse primer is provided. This is a primer mixture for the
215C mutation-specific PCR reaction. The reverse primer
can, for example, be a primer comprising or consisting of
SEQ ID NO:45.

A mixture of primers comprising SEQ 1D NO:44 and a
reverse primer is provided. This is a primer mixture for the
215D mutation-specific PCR reaction. The reverse primer
can, for example, be a primer comprising or consisting of
SEQ ID NO:45.

A mixture of primers comprising SEQ 1D NOS:48 and 49
is provided. This is a forward primer mixture for the protease
30N mutation-specific PCR reaction. The mixture can further
include a reverse primer. For example, the reverse primer can
be a primer comprising or consisting of SEQ ID NO:50.

A mixture of primers comprising one or more primers
selected from the group consisting of SEQ ID NOS:53, 54,
55,78,79 and 80 is provided. This is a forward primer mixture
for the protease 90M mutation-specific PCR reaction. The
mixture can further include a reverse primer. For example, the
reverse primer can be a primer comprising or consisting of
SEQ ID NOS:56 and 81.

Also provided are mixtures of primers for mutation-spe-
cific PCR reaction for reverse transcriptase and protease.
These mixtures can comprise a forward and reverse primer
for a reverse transcriptase mutation and a forward and reverse
primer for a protease mutation. The forward primers in the
mixture can include any forward primer for the specific RT
mutation to be detected and any forward primer for the pro-
tease mutation to be detected. These mixtures can be used to
simultaneously detect both an RT mutation and a protease
mutation. An example of such a mixture of primers comprises
or consists of SEQ ID NOS: 33, 34, 35, 78, 79, and 80. This
is a forward primer mixture for the reverse transcriptase 184V
and the 90M protease mutations. The mixture can further
include reverse primers. For example, the reverse primers can
comprise or consist of SEQ ID NOS: 36 and 81.

The mixtures (and methods) disclosed herein can utilize
reverse primers other than those exemplified. The exempli-
fied reverse primers were found to work well. However, the
requirements of the reverse primer in the present method are
typical of reverse primers designed and used routinely, and
other reverse primers can be routinely made and used. It is
expected that the reverse primer will be within about 40 to 250
bases from the forward primer. It is also expected that the
reverse primer will be positioned in a stable location lacking
adegree of variability that would impede binding. The reverse
primer is most likely to be located in the RT gene or the
protease gene, but the exact location is routinely variable
based on the usual criteria for reverse primer positioning.

Amplification mixtures are provided that include a probe
for use in a real time PCR reaction. The mixtures can thus
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include a forward primer, a reverse primer and a probe. For
example, an amplification mixture is provided comprising a
forward primer or a mixture of forward primers that amplifies
the 103N, 65R, 69T and 70R mutations, wherein the mixture
further comprises an oligonucleotide having the nucleotides
as set forth in SEQ ID NO:9. This is an example of a probe that
can be used in any of these mutation-specific PCR reactions.
This probe can also be used in the total copy PCR reaction.

An amplification mixture is provided comprising a forward
primer or a mixture of forward primers that amplifies the 411
mutations, wherein the mixture further comprises an oligo-
nucleotide having the nucleotides as set forth in SEQ ID
NO:67. This is an example of a probe that can be used in
mutation-specific PCR reactions for this mutation.

An amplification mixture is provided comprising a forward
primer or a mixture of forward primers that amplifies the 65R,
67N, and 69T mutations, wherein the mixture further com-
prises an oligonucleotide having the nucleotides as set forth in
SEQID NO:68. This is an example of a probe that can be used
in any of these mutation-specific PCR reactions.

An amplification mixture is provided comprising a forward
primer or a mixture of forward primers that amplifies the 70R
mutation, wherein the mixture further comprises an oligo-
nucleotide having the nucleotides as set forth in SEQ ID
NOS:9 or 67. This is an example of a probe that can be used
in mutation-specific PCR reactions for this mutation.

An amplification mixture is provided comprising a forward
primer or mixture of forward primers that amplifies the 181C
and 184V mutations, wherein the mixture further comprises
an oligonucleotide having the nucleotides as set forth in SEQ
ID NO:32. This is an example of a probe that can be used in
either of these mutation-specific PCR reactions.

An amplification mixture is provided comprising a forward
primer or mixture of forward primers that amplifies the 215
mutations, wherein the mixture further comprises an oligo-
nucleotide having the nucleotides as set forth in SEQ ID
NOS:47,76, or 77. These are examples of probes that can be
used in any of these mutation-specific PCR reactions.

An amplification mixture is provided comprising a forward
primer or mixture of forward primers that amplifies the pro-
tease 30N mutation, wherein the mixture further comprises an
oligonucleotide having the nucleotides as set forth in SEQ ID
NO:52. This is an example of a probe that can be used in
mutation-specific PCR reactions for this mutation.

An amplification mixture is provided comprising a forward
primer or mixture of forward primers that amplifies the pro-
tease 90M mutation, wherein the mixture further comprises
an oligonucleotide having the nucleotides as set forth in SEQ
ID NOS:58 or 82. This is an example of a probe that can be
used in mutation-specific PCR reactions for this mutation.

An amplification mixture is provided comprising a forward
primer or mixture of forward primers that amplifies the 103N
mutation, wherein the mixture further comprises an oligo-
nucleotide having the nucleotides as set forth in SEQ ID NO:
9. This is an example of a probe that can be used in mutation-
specific PCR reactions for this mutation.

An amplification mixture is provided comprising a forward
primer or mixture of forward primers that amplifies the 181C
mutation, wherein the mixture further comprises an oligo-
nucleotide having the nucleotides as set forth in SEQ ID
NOS:86 or 87. These are examples of probes that can be used
in mutation-specific PCR reactions for this mutation.

An amplification mixture is provided comprising a forward
primer or mixture of forward primers that amplifies the 184V
mutation, wherein the mixture further comprises an oligo-
nucleotide having the nucleotides as set forth in SEQ ID






