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(57) Abrégé/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 transcriptase, protease, or integrase of HIV as disclosed herein. Thus, provided is an
oligonucleotide comprising any one of the nucleotide sequences set for in SEQ ID NOS: 1-89, 96-122, and 124-151. Also provided
are the oligonucleotides consisting of the nucleotides as set forth in SEQ ID NOS: 1-89, 96-122, and 124-151. 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. Provided are methods for the specific detection of several mutations in HIV simultaneously
or sequentially. Mutations in the reverse transcriptase, protease, or integrase of HIV can be detected using the methods described
herein.
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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 transcriptase, protease, or integrase of HIV as disclosed herein. Thus, provided
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primary PCR reactions disclosed herein. Provided are methods for the specific detection of several mutations in HIV simultaneously
or sequentially. Mutations in the reverse transcriptase, protease, or integrase of HIV can be detected using the methods described
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REAL-TIME PCR POINT MUTATION ASSAYS FOR DETECTING HIV-1 RESISTANCE
TO ANTIVIRAL DRUGS

GOVERNMENT INTEREST
The invention described herein may be manufactured, used, and licensed by or for the United

States Government.

BACKGROUND OF THE INVENTION

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), nucleotide extension by viral reverse transcriptase (e.g., 3TC, d4T), rcverse
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 identification 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

Date Regue/Date Received 2021-07-05
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what might be present carly in the cmergence of resistance or which might persist at low sct
points in the absence of treatment. Commonly-used sequencing methods do not reliably detect
mutants present at levels below 20-30% of the total viral population within a sample. Described
in this application 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 sensitivitics are 40-500-times greater than what has been achicved 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 gencrally 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 frequency drug-resistant mutants. Data from
the use of the sensitive real-time PCR assays described in this patent application demonstrate
clearly that conventional sequencing of drug-naive persons underestimates the prevalence of
transmitted drug resistance (Johnson et al., 13" HDR Workshop, Tenerife, Spain, 2004). Testing
transmitted drug resistant viruses for additional mutations by the sensitive assays identified new
mutants that incrcased 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
methods for baseline drug resistance testing.

Drug resistance testing is also indicated for patients receiving HAART to manage
trcatment failurcs and to help guide the sclection 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 et al.,, 11% CROIL 2004; Jourdain et al., JID 2004) (1).
These studies reported that persons exposed to a non-nucleoside reverse transcriptase inhibitor
(NNRTI) who gencrated 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 conventional population sequencing (Johnson et al, 12" CROI 2005). The
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detection of the substantial numbers of low-frequency drug-resistant virusces will be important for
selecting a regimen with fully active drugs.

In clinical monitoring of treated persons, the greater sengitivity of the present real-time
PCR resistance assays over conventional sequencing may allow earlier detection of resistance
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 simplicity, the high throughput
capability, and the low cost of the present real-time PCR drug resistance assays arc all

advantages over conventional sequence analysis.

SUMMARY OF THE INVENTION

The following summary of the invention is provided to facilitate an understanding of
some of the innovative features unique to the present invention and is not intended to be a full
description. A full appreciation of the various aspects of the invention can be gained by taking
the entire specification, claims, drawings, and abstract as a whole.

Disclosed are compositions including primers and probes, which are capable of
interacting with the nucleic acids encoding one or more proteins of HIV-1, such as the nucleic
acids encoding the reverse transcriptase, protease, or integrase of HIV, and methods of highly
sensitive mutation specific detection of drug resistant HIV in biological samples. As such, it is a
first object of the invention to provide compositions useful for the selective and mutation specific
detection of mutations in one or more proteins of HIV-1 or genes encoding the protein(s). Thus,
provided is an oligonucleotide comprising any onc of the nucleotide sequences set forth in SEQ
ID NOs: 142-151. Also provided is an oligonucleotide consisting of any one of the nucleotide
sequences set forth in SEQ ID NOs: 142-151. 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 mecthods for the specific detection of several mutations in
HIV, such as mutations conferring drug resistance. Mutations in the reverse transcriptase or

protease of HIV can be detected using the methods described herein.

BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1A and 1B arc schematic illustrations of the principle of an assay uscd to detect the
presence or absence of one or more mutations in one or more genes encoding a protein of reverse
transcriptase or protease of HIV-1 according to some embodiments of the invention;

FIG. 2A shows the sensitivity of the assay for 184V;

FIG. 2B shows the lower limit for 184V detection in clinical specimens;

FIG. 3 shows the performance of the 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;

FIG. 6 shows the clinical and absolute detection limits of a method of detection of the
HIV-1 subtype C 65R mutation;

FIG. 7 shows the absolute detection limit of a method of detection of the HIV-1 integrase
148R mutation;

FIG. 8 illustrates mutation specific amplification of the HIV-1 reverse transcriptase 219Q
mutation using an intercalating dye for detection of the amplification product;

FIG. 9A illustrates mutation specific detection of the [50V mutation in HIV-1 protease
using an intercalating dye for detection of the amplification product;

FIG. 9B illustrates mutation specific detection of the 150V mutation in HIV-1 protease
using a probe including SEQ 1D NO: 148 providing unexpectedly increased specificity for
detection of the amplification product;

FIG. 10A illustrates correct identification of the 41L mutation in a singleplex reaction
using a primer set for the 41L mutation only;

FIG. 10B illustrates correct identification of the 41L mutation in a multiplex reaction
using a primer set for the 411 mutation in combination with primer sets for the 90M, 103N and
215Y mutations;

FIG. 11A illustrates positive identification of an HIV-1 drug resistance mutation in a
sample containing HIV-1 with the 90M mutation in a multiplex reaction using a primer set for all
90M, 41L, 103N and 215Y mutations;

FIG. 11B illustrates positive identification of an HIV-1 drug resistance mutation in a
sample containing HIV-1 with the 41L mutation in a multiplex reaction using a primer sct for all
90M, 41L, 103N and 215Y mutations;

FIG. 11C illustrates positive identification of an HIV-1 drug resistance mutation in a
sample containing HIV-1 with the 41L, 103N and 215Y mutations in a multiplex reaction using a

primer set for all 90M, 41L, 103N and 215Y mutations;
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FIG. 11D illustrates positive identification ot an HIV-1 drug resistance mutation in a
sample containing HIV-1 with the 41L and 215S mutations in a multiplex reaction using a
primer set for all 90M, 411, 103N and 215Y mutations;

FIG. 11E illustrates positive identification of an HIV-1 drug resistance mutation in a
sample containing HIV-1 with the 103N mutation in a multiplex reaction using a primer set for
all 90M, 41L, 103N and 215Y mutations;

FIG. 11F illustrates positive identification of an HIV-1 drug resistance mutation in a
sample containing HIV-1 with the 219Q mutations in a multiplex reaction using a primer set for
all 90M, 41L, 103N and 215Y mutations;

FIG. 11G illustrates positive identification of an HIV-1 drug resistance mutation in a
samplc containing HIV-1 with the 41Land 215Y mutations in a multiplex reaction using a primer
set for all 90M, 41L, 103N and 215Y mutations;

FIG. 12A illustrates positive identification of an HIV-1 drug resistance mutation in a
sample containing HIV-1 with the 65R mutation in a multiplex reaction using a primer set for all
90M, 65R, 103N and 184V mutations;

FIG. 12B illustrates positive identification of an HIV-1 drug resistance mutation in a
sample containing HIV-1 with the 41L, 103N and 215Y mutations in a multiplex reaction using a
primer set for all 90M, 65R, 103N and 184V mutations; and

FIG. 12C illustrates positive identification of an HIV-1 drug resistance mutation in a
sample containing HIV-1 with the 219Q mutation in a multiplex reaction using a primer set for

all 90M, 65R, 103N and 184V mutations.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

The following description of particular embodiment(s) is mercly cxemplary in naturc and
is in no way intended to limit the scope of the invention, its application, or uses, which may, of
course, vary. The invention is described with relation to the non-limiting definitions and
terminology included herein. These definitions and terminology are not designed to function as
a limitation on the scope or practice of the invention but are presented for illustrative and
descriptive purposes only.  While the process is described as an order of individual steps or
using specific materials, it is appreciated that described steps or materials may be
interchangeable such that the description of the invention includes multiple parts or steps

arranged in many ways as is readily appreciated by one of skill in the art.
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In an etfort to improve the detection of mutations associated with HIV-1 drug resistance,
provided are PCR-based point mutation assays. The present methodology allows testing for
different point mutations in patient samples at an achievable sensitivity of 1-2 log greater than
conventional sequencing. As such, the invention has utility to detect the presence or absence of a
drug-resistant strain of HIV. 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 sclected 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 lamivudine (3TC), emtricitabine (FTC), and abacavir, and it’s
seemingly rapid disappearance after discontinuation of therapy, makes accurate measure of
rapidly decaying 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-HIV 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) usc as a screening tool for monitoring the spread of resistant HIV, (5) usc as a
research tool to study the emergence and biology of drug resistance mutations, (6) detection of
resistance mutations in both subtype B and non-B subtypes of HIV-1, (7) possible detection of
resistance 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
arc unique.

e P 66
a’ﬂ

As used in the specification and the appended claims, the singular forms 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.
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Compositions
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
transcriptase or protease of HIV as disclosed herein and in the literature.

Thus, provided is an oligonucleotide comprising a nucleotide sequence as set forth in any
of SEQ ID NOS: 1-89, 96-122, and 124-151. Also provided is an oligonucleotide consisting of
any one of the nucleotide sequences set forth in SEQ ID NOS: 1-89, 96-122, and 124-151. Thus,
provided is an oligonucleotide comprising the sequence selected from the group consisting of the
nucleotides as set forth in the sequence listing as SEQ ID NOS: 1-89, 96-122, and 124-151.
Each of the disclosed oligonucleotides 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 methods are described herein.

A nucleotide is a molecule that contains a base moiety, a sugar moiety and a phosphate
moicty. Nucleotides can be linked together through their phosphate moicties and sugar moicties
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 moicty 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 monophosphate). The term "nucleotide" includes
nucleotides and nucleotide analogs, preferably groups of nucleotides comprising
oligonucleotides, and refers to any compound containing 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, 5-methylcytosine (5-me-C), 5-hydroxymethyl cytosine, xanthine,
hypoxanthine, and 2-aminoadenine as well as modifications at the sugar or phosphate moiecties.
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 nucleosides and nucleotides, sequence
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modificrs, terminus modificrs, spacer modifiers, and nucleotides with backbone modifications,
including, but not limited to, ribose-modified nucleotides, phosphoramidates, phosphorothioates,
phosphonamidites, methyl phosphonates, methyl phosphoramidites, methyl phosphonamidites,
5'-B-cyanoethyl phosphoramidites, methylenephosphonates, phosphorodithioates, peptide nucleic
acids, achiral and neutral internucleotidic linkages and non-nucleotide bridges such as
polycthylene glycol, aromatic polyamides and lipids. Optionally, nucleotide analog is a synthctic
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, 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 arc 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 nuclcic acids arc made up of for cxample, nuclecotides, nuclcotide analogs, or
nucleotide substitutes. Non-limiting examples of these and other molecules are discussed herein.

The term "oligonucleotide” means a naturally occurring or synthetic polymer of
nucleotides, preferably a polymer comprising at least three nucleotides and more preferably a
polymer 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, heteroduplexes, chimeric and hybridized nucleotides
and oligonucleotides conjugated to one or more nonoligonucleotide molecules. In general, the
nucleotides comprising a oligonucleotide are naturally occurring deoxyribonucleotides, 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, 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., Biochemistry 34:11363-11372 (1995);
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The term "polynucleotide" is used broadly herein to mean a sequence of two or more

- deoxyribonucleotides or ribonucleotides 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 molecules, 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 phosphodiester bond. In general, the nucleotides comprising a polynucleotide are
naturally occurring deoxyribonucleotides, 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 polynucleotide 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., Biochemistry 34:11363-
11372 (1995); Pagratis et al., Nature Biotechnol. 15:68-73 (1997)).

The covalent bond linking the nucleotides of a polynucleotide generally is a phosphodiester
bond. However, the covalent 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)). The
incorporation of non-naturally occurring nucleotide analogs or bonds linking the nucleotides or
analogs can be particularly useful where the polynucleotide is to be exposed to an environment that
can contain a nucleolytic activity, including, for example, a tissue culture medium or upon
administration 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.
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“Probes™ arc 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 enzymatic
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, 96-122, and 124-147 can be modified in
insubstantial ways and yet rctain substantially 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, 96-122, and
124-150 are envisioned. More specifically, primers and probes with substitutions based on
known sequences of the HIV-1 protease, reverse transcriptase, or integrase 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
cxtension of the primer. Extension of the primer in a scquence specific manner therctore
includes, but is not limited to, PCR, DNA sequencing, DNA extension, DNA polymerization,
RNA transcription, or reverse transcription. Techniques and conditions that amplify the primer
in a sequence specific manner are preferred. In certain embodiments the primers are used for the
DNA amplification reactions, such as PCR or direct sequencing. It is understood that in certain
embodiments the primers can also be extended using non-enzymatic techniques, where 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
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hybridize with the complement of the nucleic acids or complement of a rcgion of the nucleic
acids.

The disclosed primers and or probes are suitable to hybridize to a target nucleic acid
sequence under conditions suitable for a polymerase chain reaction. Such conditions are
considered herein to hybridize under stringent conditions. As used herein, the term “hybridizes
under stringent conditions”™ describes conditions for hybridization and washing under which
nucleotide sequences having at least 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, or more, base pair matches to each other typically remain hybridized to
each other. [llustrative hybridization conditions are described in, for example but not limited to,
Current Protocols in Molecular Biology, John Wiley & Sons, N.Y. (1989), 6.3.1 6.3.6.; Basic
Mcthods in Molecular Biology, Elsevier Science Publishing Co., Inc., N.Y. (1986), pp.75 78,
and 84 87; and Molecular Cloning, Cold Spring Harbor Laboratory, N.Y. (1982), pp.387 389,
and are well known to those skilled in the art. A non-limiting example of stringent hybridization
conditions is hybridization in 6x sodium chloride/sodium citrate (SSC), 0.5% SDS at about 60°C
followed by one or more washes in 2xSSC, 0.5% SDS at room temperature. Another non-
limiting example of stringent hybridization conditions is hybridization in 6x SSC at about 45°C
followed by one or more washes in 0.2x SSC, 0.1% SDS at 50to 65 °C. Other stringent
hybridization conditions will be evident to one of ordinary skill in the art based on general
knowledge in the art as well as this specification.

An “isolated” or “purified” nucleotide or oligonucleotide is substantially free of cellular
material or other contaminating proteins from the cell or tissue source from which the nucleotide
is derived, or is substantially free of chemical precursors or other chemicals when chemically
synthesized. The language “substantially free of cellular material” includes preparations of a
nucleotide/oligonucleotide in which the nucleotide/oligonucleotide is separated from cellular
components of the cells from which it is 1solated or produced. Thus, a nucleotide/oligonucleotide
that is substantially free of cellular material includes preparations of the nucleotide having less
than about 30%, 20%, 10%, 5%, 2.5%, or 1%, (by dry weight) of contaminating material. When
nucleotide/oligonucleotide is produced by chemical synthesis, it is optionally substantially free
of chemical precursors or other chemicals, i.e., it is separated from chemical precursors or other
chemicals which are involved in the synthesis of the molecule. Accordingly, such preparations of
the nucleotide/oligonucleotide have less than about 30%, 20%, 10%, or 5% (by dry weight) of
chemical precursors or compounds other than the nucleotide/oligonucleotide of interest. In some

embodiments of the present invention, a nucleotide/oligonucleotide is isolated or purified.
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As uscd herein, the term “sample™ is a portion of a larger source. A samplc is optionally
a solid, gaseous, or fluidic sample. A sample is illustratively an environmental or biological
sample. An environmental sample is illustratively, but not limited to, water, sewage, soil, or air.
A “biological sample” is as sample obtained from a biological organism, a tissue, cell, cell
culture medium, or any medium suitable for mimicking biological conditions. Non-limiting
cxamples include, saliva, gingival secretions, cerebrospinal fluid, gastrointestinal fluid, mucous,
urogenital secretions, synovial fluid, blood, serum, plasma, urine, cystic fluid, lymph fluid,
ascites, pleural effusion, interstitial fluid, intracellular fluid, ocular fluids, seminal fluid,
mammary secretions, and vitreal fluid, and nasal secretions, throat or nasal materials. In some
embodiments, target agents are contained in: CSF; serum; whole blood; throat fluid;
nasopharyngeal fluid; or other respiratory fluid.

As used herein, the term “medium” refers to any liquid or fluid sample in the presence or
absence of a bacterium. A medium is illustratively a solid sample that has been suspended,
solubilized, or otherwise combined with fluid to form a fluidic sample. Non-limiting examples
include buffered saline solution, cell culture medium, acetonitrile, trifluoroacetic acid,
combinations thereof, or any other fluid recognized in the art as suitable for combination with
bacteria or other cells, or for dilution of a biological sample or amplification product for analysis.

The oligonucleotides described herein include primers and probes optionally effective for
cross subtype reactive PCR, as such, they are capable of detecting mutations in a variety of HIV
subtypes. 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 moiety” is
intended to mean any suitable label, including, but not limited to, enzymes, fluorophores, biotin,
chromophores, radioisotopes, colored particles, eclectrochemical, chemical-modifying or
chemiluminescent moicties. Examples include (i) enzymes which can catalyze color or light
emitting (luminescence) 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 moicty 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, phycoerythrin,

phycobiliproteins, dansyl chloride, Texas Red, and lanthanide complexes.
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Provided arc the following: An oligonucleotide comprising the nuclcotides as sct forth in
SEQ ID NO: 1; An oligonucleotide 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 nucleotides 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 nuclcotides 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 nucleotides 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 nucleotides as sct 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 nucleotides 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 nucleotides 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 nucleotides as set forth in SEQ ID NO:22; An oligonucleotide comprising the
nuclcotides as sct forth in SEQ ID NO:23; An oligonuclcotide comprising the nucleotides as sct
forth in SEQ ID NO: 24; An oligonucleotide comprising the nucleotides as set forth in SEQ ID
NO: 25; An oligonucleotide comprising the nucleotides as set forth in SEQ ID NO: 26; An
oligonucleotide comprising the nucleotides as set forth in SEQ ID NO: 27; An oligonucleotide
comprising the nucleotides 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 nucleotides 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 nucleotides 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 nucleotides 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 nucleotides as set forth in SEQ ID NO:40; An oligonucleotide comprising the
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nucleotides as sct forth in SEQ ID NO:41; An oligonucleotide comprising the nucleotides as set
forth in SEQ ID NO:42; An oligonucleotide comprising the nucleotides 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 nucleotides as set forth in SEQ ID NO:46. An oligonucleotide comprising the
nucleotides as sct forth in SEQ ID NO:47; An oligonuclcotide comprising the nucleotides as sct
forth in SEQ ID NO:48; An oligonucleotide comprising the nucleotides 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 nucleotides as set forth in SEQ ID NO:52; An oligonucleotide comprising the
nucleotides as sct forth in SEQ ID NO:53; An oligonuclcotide comprising the nucleotides as sct
forth in SEQ ID NO:54; An oligonucleotide comprising the nucleotides 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 nucleotides 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 nucleotides 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 nucleotides 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 nucleotides 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 thc nucleotides as set forth in SEQ ID NO:70; An oligonuclcotide 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 nucleotides 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 nucleotides as set forth in SEQ ID NO:76; An oligonucleotide 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 nucleotides 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
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comprising the nucleotides as sct forth in SEQ ID NO:82; An oligonuclcotide 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 nucleotides 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 nucleotides 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 nucleotides as set forth in SEQ ID
NO: 97; An oligonucleotide comprising the nucleotides as set forth in SEQ 1D NO:98; An
oligonucleotide comprising the nucleotides as set forth in SEQ ID NO:99; An oligonucleotide
comprising the nucleotides as sct forth in SEQ 1D 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 nucleotides as set forth in SEQ ID
NO:103; An oligonucleotide comprising the nucleotides as set forth in SEQ ID NO:104; An
oligonucleotide comprising the nucleotides as set forth in SEQ ID NO:113; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:114; An oligonucleotide comprising the
nucleotides as set forth in SEQ ID NO:115; An oligonucleotide comprising the nucleotides as set
forth in SEQ ID NO:116; An oligonucleotide comprising the nucleotides as set forth in SEQ ID
NO:117; An oligonucleotide comprising the nucleotides as set forth in SEQ ID NO:118; An
oligonuclcotide comprising the nucleotides as sct forth in SEQ ID NO:119; An oligonuclcotide
comprising the nucleotides as set forth in SEQ ID NO:120; An oligonucleotide comprising the
nucleotides as set forth in SEQ ID NO:121; An oligonucleotide comprising the nucleotides as set
forth in SEQ ID NO:122; An oligonucleotide comprising the nucleotides as set forth in SEQ ID
NO:124; An oligonucleotide comprising the nucleotides as set forth in SEQ ID NO:125; An
oligonuclcotide comprising the nucleotides as set forth in SEQ ID NO:126; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:127; An oligonucleotide comprising the
nucleotides as set forth in SEQ ID NO:128; An oligonucleotide comprising the nucleotides as set
forth in SEQ ID NO:129; An oligonucleotide comprising the nucleotides as set forth in SEQ ID
NO:130; An oligonucleotide comprising the nucleotides as set forth in SEQ ID NO:131; An
oligonucleotide comprising the nucleotides as set forth in SEQ ID NO:132; An oligonucleotide
comprising the nucleotides as set forth in SEQ ID NO:133; An oligonucleotide comprising the
nucleotides as set forth in SEQ ID NO:134; An oligonucleotide comprising the nucleotides as set
forth in SEQ ID NO:135; An oligonucleotide comprising the nucleotides as set forth in SEQ ID
NO:136; An oligonucleotide comprising the nucleotides as set forth in SEQ ID NO:137; An
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oligonuclcotide comprising the nuclcotides as sct forth in SEQ ID NO:138; An oligonuclcotide
comprising the nucleotides as set forth in SEQ ID NO:139; An oligonucleotide comprising the
nucleotides as set forth in SEQ ID NO:141;

an oligonucleotide comprising the nucleotides as set forth in SEQ ID NO:142;

an oligonucleotide comprising the nucleotides as set forth in SEQ ID NO:143;

an oligonucleotide comprising the nucleotides as set forth in SEQ 1D NO:144;

an oligonucleotide comprising the nucleotides as set forth in SEQ ID NO:145;

an oligonucleotide comprising the nucleotides as set forth in SEQ ID NO:146;

an oligonucleotide comprising the nucleotides as set forth in SEQ ID NO:147;

an oligonucleotide comprising the nucleotides as sct forth in SEQ ID NO:148;

an oligonucleotide comprising the nucleotides as set forth in SEQ 1D NO:149;

an oligonucleotide comprising the nucleotides as set forth in SEQ ID NO:150; and

an oligonucleotide comprising the nucleotides as set forth in SEQ ID NO:151. Thus, provided is
an oligonucleotide, optionally isolated, comprising the sequence selected from group consisting
of the nucleotides as set forth in the sequence listing as SEQ ID NO: 1-89, 96-104, 113-122; and
124-151.

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 amplities 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 addition to the region of the reverse
transcriptase gene comprising the mutations described herein.

Also provided is a mixture of primers comprising SEQ ID 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.
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A mixture of primers comprising SEQ ID NOS: 124 and 125 is provided. This mixture is
for the RT-PCR and primary PCR reactions for HIV. It also reverse transcribes and amplifies the
HIV integrase region comprising positions 138, 140, 148, and 155.

Also provided is a mixture of primers comprising SEQ ID NOS: 127 and 128. 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 mutation-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 mutation.

Thus, provided is a mixture of primers comprising one or more primers sclected from the
group consisting of SEQ ID NOS: 22, 23, 24 and 25. This is a forward primer mixturc 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.

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 further 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 further include a reverse primer. For cxample,
the reverse primer can be a primer comprising or consisting of SEQ ID 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 a reverse primer. For
cxample, the reverse primer can be a primer comprising or consisting of SEQ 1D NO: 85,

A mixture of primers comprising one or more primets 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
41L 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.
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A mixture of primers comprising SEQ ID NOS: 113 and a reverse primet 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: 114.

A mixture of primers comprising SEQ ID NOS: 117 and 118 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: 119,

A mixture of primers comprising SEQ ID NOS: 117, 118, 122, 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 1D NO: 119.

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 mixturce 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
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-specitic 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 cxample, 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 further
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 ot SEQ ID NO: 45.
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A mixturc of primers comprising SEQ ID 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
cxample, a primer comprising or consisting of SEQ 1D 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 ID 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
cxample, be a primer comprising or consisting of SEQ ID NO: 45.

A mixture of primers comprising SEQ ID 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.

A mixture of primers comprising SEQ ID NO: 133, and a rcverse primer is provided.
This mixture includes a forward primer for the HIV-1 integrase 138K mutation-specific PCR
reaction. The reverse primer can, for example, be a primer comprising or consisting of SEQ ID
NO: 130.

A mixture of primers comprising SEQ ID NO: 134, and a reverse primer is provided.
This mixture includes a forward primer for the HIV-1 integrase 140S mutation-specific PCR
reaction. The reverse primer can, for example, be a primer comprising or consisting of SEQ 1D
NO: 130.

A mixture of primers comprising SEQ ID NO: 137, and a forward primer is provided.

This mixture includes a reverse primer for the HIV-1 integrase 155H mutation-specific PCR
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rcaction. The forward primer can, for example, be a primer comprising or consisting of SEQ 1D
NO: 126.

A mixture of primers comprising SEQ ID NO: 138, and a forward primer is provided.
This mixture includes a reverse primer for the HIV-1 integrase 148R mutation-specific PCR
reaction. The forward primer can, for example, be a primer comprising or consisting of SEQ 1D
NO: 126.

A mixture of primers comprising SEQ ID NO: 139, and a forward primer is provided.
This mixture includes a reverse primer for the HIV-1 integrase 148H mutation-specific PCR
reaction. The forward primer can, for example, be a primer comprising or consisting of SEQ ID
NO: 126.

A mixture of primers comprising SEQ 1D NO: 142, optionally SEQ ID NO: 118, and a
reverse primer is provided. This mixture includes a reverse primer for the HIV-1 reverse
transcriptase 65R mutation-specific PCR reaction. The reverse primer can, for example, be a
primer comprising or consisting of SEQ ID NO: 119.

A mixture of primers comprising SEQ ID NO: 143, and a forward primer is provided.
This mixture includes a forward primer for the HIV-1 reverse transcriptase 70E mutation-
specific PCR reaction. The forward primer can, for example, be a primer comprising or
consisting of SEQ ID NO: 144.

A mixture of primers comprising SEQ 1D NO: 72 and optionally SEQ ID NO: 73, and a
forward primer is provided. This mixture includes a forward primer for the HIV-1 reverse
transcriptase 70R mutation-specific PCR reaction. The forward primer can, for example, be a
primer comprising or consisting of SEQ ID NO: 144.

A mixture of primers comprising SEQ ID NO: 146 and a reverse primer is provided.
This mixture includes a reverse primer for the HIV-1 protease 50V mutation-specific PCR
rcaction. The reverse primer can, for cxample, be a primer comprising or consisting of SEQ 1D
NO: 147.

Also provided are mixtures of primers for mutation-specific 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 protease 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: 113, 117, 118, and 122. This is a

forward primer mixture for the reverse transcriptase 65R and the 90M protease mutations. The
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mixturc can further include reverse primers. For example, the reverse primers can comprisc or
consist of SEQ ID NOS: 114, 119, and 81.

Additional mixtures of primers may be combined, such as those primers or mixtures of
primers specified above, in various combinations for multiplex detection of more than one
mutation in a simultaneous reaction scheme. Any combination of primer mixtures specified
above may be combined in a multiplex reaction. As but onc non-limiting example, primers for
the mutations L90OM, M41L, K103N, and T215Y may be combined in a single multiplex
reaction. In another non-limiting embodiment, primers for the mutations for reverse
transcriptase K65R, K103N, and M184V, alone or in further combination with primers for
K70E, K70R, are combined with primers for protease L90M, 150V, or combinations thereof, in a
single multiplex reaction. Illustrative examples of primer mixtures for particular target
mutations are illustrated in Tables 1 and 2.

Table 1: Examples of primer mixtures for multiplex reactions where one of the targets of
the mutations listed in Set A are combined with primers for one or more of the mutations in Set

B, and optionally Set C, D, E, and F.

Primers directed to mutation:

Set A SetB Set C Set D Set E Set F
Reverse Reverse Reverse Reverse Reverse Reverse
Transcriptase Transcriptase  Transcriptase Transcriptase Transcriptase Transcriptase
41L 41L 41L 41L 41L 411
65R 65R 65R 65R 65R 65R
67N 67N 67N 67N 67N 67N
69T 69T 69T 69T 69T 69T
70R 70R 70R 70R 70R 70R
70E 70E 70E 70E 70E 70E
103N 103N 103N 103N 103N 103N
181L 181L 181L 181L 181L 181L
181V 181V 181V 181V 181V 181V
184v 184v 184v 184v 184v 184v
215Y, F, S, C, 215Y,F, S, C, 215Y,F,S,C, 215Y,F S, C, 215Y,F S, C,
215Y,F,S,C,D D D D D D
2157 2157 2157 2157 2157 2157
Protease Protease Protease Protease Protease Protease
30N 30N 30N 30N 30N 30N
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90M 90M 90M 90M 90M 90M
50v 50v 50v 50V 50V 50V

nullity nullity nullity nullity

One mutation specific primer set directed to one of the mutations specified in each of two or

more columns are combined in a multiplex reaction.

Table 2: Specific examples of primer combinations for multiplex reactions.

Primers directed to mutation:

Set A Multiplex set (one or more of)

Reverse Transcriptase
41L
65R
67N
69T
70R
70E
103N
65R 181L
181V
184V
215Y,F,S5,C, D
215T

Protease
30N
90M
50V

Reverse Transcriptase
411
65R
70R 67N
69T
70R
70E
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103N
181L
181V
184v
215Y,F,S5,C, D

2157

Protease
30N
90M

50V

70E

Reverse Transcriptase
41L

65R

67N

69T

70R

70E

103N

181L

181V

184v
215Y,F,S,C D
2157

Protease
30N
90M

50V

50v

Reverse Transcriptase
411
65R
67N
69T
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70R

70E

103N

181L

181V

184v
215Y,F,5,C D

2157

Protease
30N
90M

50V

It is appreciated that other combinations are also possible and appreciated as part of this
disclosure. Any of the disclosed primers, primer sets, sets including probes, or otherwise
described herein are optionally used in the combinations presented in Tables 1 or 2.

A multiplex reaction optionally combines primers for 2 or more mutations, optionally 2,
3,4,5,6,7, 8, or more mutations. Such an assay optionally shortens the amplicon length to 200
bp or fewer to minimize background fluorescence and prevent interference from overlapping
amplicons. Shortening the amplicon length is accomplished by adjusting the non-mutation
specific primer position as is readily accomplished by one of ordinary skill in the art.

Detection is optionally through the one or a plurality of probes that specifically hybridize
to an amplification product or optionally using a DNA intercalating dye. Any intercalating dye
uscd in the art for detection of PCR amplification products may be used. In some embodiments,
an intercalating dye is EVAGREEN (Biotium U.S. Pat. No. 7,776,567), SYTO-9, SYTO-13,
SYTO-16, SYTO-64, SYTO-82, PO-PRO-1 (Aex/em=435/455 nm), BO-PRO-1
(Aex/em=462/481 nm), YO-PRO-1 (dex/em=491/509 nm), TO-PRO-1 (hex/em=515/531 nm),
SYTO-60 and SYTO-62, other dyes and combinations of dyes illustrated in U.S. Patent
Application Publication No: 2013/0052650, among others. The chemical entities for the
forgoing trade names are understood by one of ordinary skill in the art.

In some embodiments, different probes are labeled with differentially observable dye
molecules. For example a probe used to detect a first mutation specific amplicon is labeled with

a first label, and a second probe used to detect a second mutation specific amplicon different
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from the first mutation spccitic amplicon, is labeled with a second label that is different from the
first label. A label is optionally a fluorophore such as a fluorescein. Fluorescent labels and how
to bind these to oligonucleotides are well known in the art as well as the commercial sources for
such labels.

The mixtures (and methods) disclosed herein can utilize forward or reverse primers for
other than those exemplified. The exemplified mutation non-specitic forward or reverse primers
were found to work well. However, the requirements of the mutation non-specific forward or
reverse primer in the present method are typical of mutation non-specific forward or reverse
primers designed and used routinely, and other mutation non-specific forward or reverse primers
can be routinely made and used. It is expected that the mutation non-specific forward or reverse
primer will be within about 40 to 250 bases from the mutation specific forward or reverse
primer, optionally 200 bases or fewer. It is also expected that the mutation non-specific forward
or reverse primer will be positioned in a stable location lacking a degree of variability that would
impede binding. The mutation non-specific forward or reverse primer is most likely to be
located in the RT gene, the protease gene, or the integrase gene, but the exact location is variable
based on the usual criteria for mutation non-specific forward or reverse primer positioning.

Amplification mixtures are provided that include a probe for use in a real time PCR
reaction. The mixtures can thus 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, and 70R mutations and for 69T, wherein the
mixture further comprises an oligonucleotide having the nucleotides as set forth in SEQ ID NO:
9, 115, 120, 121, or combinations thereof. 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 mixturc is provided comprising a forward primcr or a mixture of
forward primers that amplifies the 41L mutations, wherein the mixture further comprises an
oligonucleotide 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 amplifics the 65R, and 67N mutations, and for 69T, whercin the mixture
further comprises an oligonucleotide having the nucleotides as set forth in SEQ ID NO: 68, 115,
116, 120, 121, or combinations thereof. This is an example of a probe that can be used in any of

these mutation-specific PCR reactions.
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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
oligonucleotide 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 amplifics 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 amplifics the 215 mutations, wherein the mixture further comprises an
oligonucleotide having the nucleotides as sct 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 protease 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 protease 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
ot 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 mnutation, 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 mutation-specific PCR reactions for this mutation.

An amplification mixturc is provided comprising a forward primer or mixture of forward
primers that amplifies the 181C mutation, wherein the mixture further comprises an
oligonucleotide 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
oligonucleotide 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 integrase 138K mutation, wherein the mixture further comprises an
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oligonuclcotide having the nucleotides as sct forth in SEQ ID NO: 131 or 132. The probes of
SEQ ID NO: 131 and 132 are optionally used in combination, optionally at a concentration
percentage of 20% and 80% respectively. 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 integrase 140S mutation, wherein the mixture further comprises an
oligonucleotide having the nucleotides as set forth in SEQ ID NO: 131 or 132. The probes of
SEQ ID NO: 131 and 132 are optionally used in combination, optionally at a concentration
percentage of 20% and 80% respectively. 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 integrase 155H mutation, wherein the mixture further comprises an
oligonucleotide having the nucleotides as set forth in SEQ ID NOS: 140 or 141. The probes of
SEQ ID NO: 140 and 141 are optionally used in combination, optionally at a concentration
percentage of 80% and 20% respectively. 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 reverse transcriptase 65R mutation, wherein the mixture comprises an
oligonucleotide having the nucleotides as set forth in SEQ ID NOS: 142 and optionally 118, 119
or combinations thereof. The probes of SEQ ID NO: 120 and 121 are optionally used in
combination. 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 reverse transcriptase 70E mutation, wherein the mixture comprises an
oligonuclcotide having the nucleotides as sct forth in SEQ ID NOS: 143 and optionally 144. The
probe of SEQ ID NO: 67 is optionally used in combination. 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 reverse transcriptase 70R mutation, wherein the mixture comprises an
oligonucleotide having the nucleotides as set forth in SEQ ID NOS: 144 and optionally 72, 73, or
combinations thereof. The probe of SEQ ID NO: 67 is optionally used in combination. 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 protease 70E mutation, wherein the mixture comprises an
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oligonucleotide having the nucleotides as set forth in SEQ ID NOS: 143 and optionally 144. The
probe of SEQ ID NO: 67, 145, or combinations thercof are optionally used in combination.
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 amplifics the protease 50V mutation, wherein the mixture comprises an
oligonucleotide having the nucleotides as set forth in SEQ ID NOS: 146 and optionally 147. The
probe of SEQ ID NO: 148 is optionally used in combination.

The probe as used in singleplex or multiplex reactions optionally incorporate a detectable
moiety used synonymously with the term label. As used herein, the term "detectable moiety"” 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 (i) enzymes that can catalyze color or light
emitting (luminescence) 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
casc 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, phycoerythrin,
phycobiliproteins, dansyl chloride, Texas Red, and lanthanide complexes.

The size of the primers or probes for interaction with the nucleic acids can be any size
that supports the desired enzymatic manipulation of the primer, such as DNA amplification or
the simple hybridization of the probe or primer. A typical primer or probe would be at least, less
than or equal to 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29,30, 31, 32, 33, 34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54,
55, 56,57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,70, 71, 72, 73, 74, 75,76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 125, 150, 175, 200,
225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 500, 550, 600, 650, 700, 750, 800, 850,
900, 950, 1000, 1250, 1500, 1750, 2000, 2250, 2500, 2750, 3000, 3500, or 4000 nucleotides
long. Primers or probes of any length between the specified numbers are specifically
contemplated.

The primers for the reverse transcriptase gene, protease gene, or integrase gene typically
will be used to produce an amplified DNA product that contains a region of the reverse

transcriptase gene, protcase gene, or integrase gene containing the relevant site(s) of the
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mutation(s) of interest. In general, typically the size of the product will be such that the size can
be accurately determined to within 3, or 2 or 1 nucleotides. This product can be at least, less
than or equal to 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41,42, 43,44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66,
67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93,94, 95, 96, 97, 98, 99, 100, 125, 150, 175, 200, 225, 250, 275, 300, 325, 350, 375, 400, 425,
450, 475, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 1250, 1500, 1750, 2000, 2250,
2500, 2750, 3000, 3500, or 4000 nucleotides long.

In the mixtures and methods described herein, the specific probes described are merely
examples. Applying routine skill to the teaching herein, the person in this field can envision and
make additional probes that will function in the PCR compositions and methods described.

A polynucleotide comprising naturally occurring nucleotides and phosphodiester bonds
can be chemically synthesized or can be produced using recombinant DNA methods, using an
appropriate polynucleotide as a template. In comparison, a polynucleotide comprising nucleotide
analogs or covalent bonds other than phosphodiester bonds generally will be chemically
synthesized, although an enzyme such as T7 polymerase can incorporate certain types of
nucleotide analogs into a polynucleotide and, therefore, can be used to produce such a
polynucleotide recombinantly from an appropriate template (Jellinek et al., supra, 1995).

For example, the nucleic acids, such as, the oligonucleotides to be used as primers can be
made using standard chemical synthesis methods or can be produced using enzymatic methods
or any other known method. Such methods can range from standard enzymatic digestion
followed by nucleotide fragment isolation (see for example, Sambrook et al., Molecular Cloning:
A Laboratory Manual, 2nd Edition (Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y., 1989) Chapters 5, 6) to purely synthetic methods, for example, by the cyanoethyl
phosphoramidite method using a Milligen or Beckman System 1Plus DNA synthesizer (for
example, Model 8700 automated synthesizer of Milligen-Biosearch, Burlington, MA or ABI
Model 380B). Synthetic methods useful for making oligonucleotides are also described by Tkuta
et al., Ann. Rev. Biochem. 53:323-356 (1984), (phosphotriester and phosphite-triecster methods),
and Narang et al., Methods Enzymol., 65:610-620 (1980) (phosphotriester method). Protein
nucleic acid molecules can be made using known methods such as those described by Nielsen ct
al., Bioconjug. Chem. 5:3-7 (1994).

Also disclosed herein are kits that are drawn to reagents that can be used in practicing the
methods disclosed herein. The kits can include any reagent or combination of reagents discussed

herein or that would be understood to be required or beneficial in the practice of the disclosed
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methods. For cxample, the kits could include primers to perform the amplification reactions
discussed in certain embodiments of the methods, as well as the buffers and enzymes required to
use the primers as intended. Specific guidance as to the components of the kits is provided
herein, including buffers, primers and probes. For example, disclosed is a kit for detecting a
mutation in the reverse transcriptase gene or protease gene of HIV, comprising one or more of
the oligonucleotides set forth in SEQ ID NOs: 1-92, 114-122, or 124-141, or any portion thercof.

For further general information, an example of coding sequences of an HIV-1 protease
and an HIV-1 reverse transcriptase are provided below. Also provided are accession numbers
for these and other HIV-1 protease and an HIV-1 reverse transcriptase coding sequences.
Accession numbers for amino acid sequences of the HIV-1 reverse transcriptase and the HIV-1
protease are also provided. This information, along with sequence information on many more
examples of HIV-1 protease and reverse transcriptase proteins and coding sequences, are in the

art. As such, they constitute a part of the disclosure of the present application.

HIV-1 Subtype B Genome
Accession Number: NC_ 001802, K03455

HIV-1 Protease

Exemplary Sequence
1 ccteaggtca ctetttggea acgaccecte gtcacaataa agataggggg geaactaaag
61 gaagctctat tagatacagg agcagatgat acagtattag aagaaatgag tttgccagga
121 agatggaaac caaaaatgat agggggaatt ggaggtttta tcaaagtaag acaglatgat
181 cagatactca tagaaatctg tggacataaa getataggta cagtattagt aggacctaca

241 cctgtcaaca taattggaag aaatctgttg actcagattg gttgeacttt aaatttt (SEQ 1D NO: 90)

Genome Location: 1799..2095

Additional Similar Nucleotide Examples: Accession Numbers: U31398, AJ279618,
AJ279682, AJ279683, AJ279684

Protein: Accession Number: NP_705926

HIV-1 Reverse Transcriptase
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Exemplary Sequence

1 cccattagee ctattgagac tgtaccagta aaattaaage caggaatgga tggceccaaaa
61 gttaaacaat ggccatigac agaagaaaaa ataaaageat tagtagaaat ttgtacagag
121 atggaaaagg aagggaaaat ttcaaaaatt gggcctgaaa atccatacaa tactccagta
181 tttgccataa agaaaaaaga cagtactaaa tggagaaaat tagtagatit cagagaactt
241 aataagagaa ctcaagactt ctgggaagtt caattaggaa taccacatce cgeagggtta
301 aaaaagaaaa aatcagtaac agtactggat gtgggtgatg catattittc agttcectta
361 gatgaagact tcaggaagta tactgcattt accataccta gtataaacaa tgagacacca
421 gggattagat atcagtacaa tgtgettcca cagggatgga aaggatcace agcaatattc
481 caaagtagca tgacaaaaat cttagagcct tttagaaaac aaaatccaga catagttatc
541 tatcaataca tggatgattt gtatgtagga tctgacttag aaatagggca geatagaaca
601 aaaatagagg agctgagaca acatctgttg aggtggggac ttaccacace agacaaaaaa
661 catcagaaag aacctccatt cctttggatg ggttatgaac tccatcctga taaatggaca
721 gtacagccta tagtgetgee agaaaaagac agetggactg tcaatgacat acagaagtta
781 gteggggaaat tgaattggge aagtcagatt tacccaggga ttaaagtaag gcaattatgt
841 aaactcctta gaggaaccaa agcactaaca gaagtaatac cactaacaga agaagcagag
901 ctagaactgg cagaaaacag agagaticta aaagaaccag tacatggagt gtattatgac
961 ccatcaaaag acttaatagc agaaatacag aagcagggec aaggccaatg gacatatcaa
1021 atttatcaag agccatttaa aaatctgaaa acaggaaaat atgcaagaat gaggggtece
1081 cacactaatg atgtaaaaca attaacagag gcagtgcaaa aaataaccac agaaageata
1141 gtaatatggg gaaagactcc taaatttaaa ctgeccatac aaaaggaaac atgggaaaca
1201 tggtggacag agtatiggea agecacctgg attcetgagt gggagtttgt taataccect
1261 cccttagtga aattatggta ccagttagag aaagaaccca tagtaggagce agaaaccttc
1321 tatgtagatg gggcagctaa cagggagact aaattaggaa aagcaggata tgttactaat
1381 agaggaagac aaaaagttgt caccctaact gacacaacaa atcagaagac tgagttacaa
1441 gcaatttatc tagetttgea ggattcggga ttagaagtaa acatagtaac agactcacaa
1501 tatgcattag gaatcattca agcacaacca gatcaaagtg aatcagagtt agtcaatcaa
1561 ataatagage agttaataaa aaaggaaaag gtctatctgg catgggtacc agcacacaaa

1621 ggaattggag gaaatgaaca agtagataaa ttagtcagtg ctggaatcag gaaagtacta

91)

Genome Location: 2096..3775
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Additional Similar Nucleotide Examples: Accession Numbers: U28646, U28647,
28648, U28649, U53870, U53871

Protein: Accession Number: NP_705927

HIV-1 Subtype C Genome
Accession Number: AY 162225, AY 158533, DQO011180, DQ011173, AY049710

HIV-1 Protease

Exemplary Sequence
1 cctecaaatea ctetttggea gegacceett gicacaataa aagtaggeges tcagataaag
61 gaggctctct tagatacagg agcagatgat acagtattag aagacataaa tttgccagga
121 aaatggaaac caaaaatgat aggaggaatt ggaggtttta tcaaagtaag acagtatgat
181 caaatactta tagaaatttg tggaaaaaag getataggta cagtattagt gggacccaca
241 cctgicaaca taattggaag aaatatgttg actcagettg gatgeacact aaatttt (SEQ ID NO: 92)

Genome Location: 2215...2511

Additional Similar Nucleotide Examples: Accession Numbers: AY510039, AY 510043,

AY589869.
Protein: Accession Number: AAR92431

HIV-1 Integrase

Exemplary Sequence
1 fldgidkaqe ehekyhsnwr amasdfnlpp vvakeivasc dkecqlkgeam hgqvdcespgi
61 wqldcthleg kvilvavhva sgyieaevip aetgqetayf llklagrwpv ktihtdngsn
121 ftsatvkaac wwagikqefg ipynpgsqgv vesmnkelkk iigqvrdqae hlktavgmav
181 fihnfkrkgg iggysageri vdiiatdiqt kelgkqitki qnfrvyyrds rdplwkgpak
241 llwkgegavv igdnseikvv prrkvkiird ygkgmagddc vasrqded (SEQ ID NO: 123)

Protein Accession Number: AAC83493
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HIV-1 Reverse Transcriptase

Exemplary Sequence

1 CCAATTAGTC CYATTGAAAC TGTACCAGTA AAATTAAAGC CAGGGATGGA TGGCCCAAAG
61 GTCAAACAAT GGCCATTGAC AGAAGAAAAA ATAAAAGCAT TAATAGCAAT TTGTGAAGAG
121 ATGGAGAAGG AAGGAAAAAT TACAAAAATT GGGCCTGAAA ATCCATATAA CACCCCAGTA
181 TTTGCCATAA AAAAGAAGGA CAGTACTAAG TGGAGAAAAT TAGTAGATTT CAGGGAACTC
241 AATAAAAGAA CTCAAGACTT TTGGGAAGTT CAATTAGGGA TACCACACCC AGCAGGGTTA
301 AAGAAAAAGA AATCAGTAAC AGTACTGGAT GTGGGGGATG CATATTTTTC AGTTCCTTTA
361 GATAAAGACT TCAGAAAATA TACTGCATTC ACCATACCTA GTATAAACAA TGAGACACCA
421 GGGATTAGAT ATCAATATAA TGTGCTTCCA CAGGGATGGA AAGGATCACC ATCAATATTC
481 CAAAGTAGTA TGACAAAAAT CTTAGAGCCC TTTAGGGCAC AAAATCCAGA ATTGGTTATT
541 TATCAATATA TGGATGACTT GTATGTAGGA TCCGACTTAG AAATAGGGCA GCATAGAGCA
601 AAAATAGAGG AGTTAAGAAA ACATCTATTG AGGTGGGGAT TTACCACACC AGACAAGAAA
661 CATCAGAAAG AACCTCCATT TCTTTGGATG GGGTATGAAC TCCATCCTGA CAAATGGACA
721 GTACAGCCTA TAAAGCTGCC AGAAAAGGAT AGCTGGACTG TTAATGATAT ACAGAAGTTA
781 GTGGGAAAAC TAAACTGGGC AAGTCAGATT TACAAAGGGA TTAAAGTAAG GCAGCTGTGT
841 AGACTCCTTA GGGGAGCCAA AGCACTAACA GACATAGTAC CACTGACTGA AGAAGCAGAA
901 TTAGAATTGG CAGAGAACAG GGAAATTCTA AAAGAACCAG TACATGGAGT ATATTATGAC

961 TCA (SEQ ID NO: 93)

Genome Location: 2512...3477

Additional Similar Nucleotide Examples: Accession Numbers: AY510056, AY510047,

AY589935, AF468458

Protein: Accession Number: AAR92448

HIV-1 Subtvpe D Genome
Accession Number: AY322189, AY773341, AJ320484

HIV-1 Protease

Excmplary Sequence

1 CCTCAAATCA CTCTTTGGCA ACGACCCCTT GTCACAGTAA RGATAGGGGG ACAACTAAAG
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61 GAAGCTCTAT TAGATACAGG AGCAGATGAT ACAGTATTGG AAGAAATGAA TTTGCCAGGA
121 AAATGGAAAC CAAAAATGAT AGGGGGAATT GGAGGCTTTA TCAAAGTAAG ACAGTATGAT
181 CAAATACTTG TAGAAATCTG TGGATATAAG GCTATAGGTA CAGTGTTAGT AGGACCTACA
241 CCTGTCAACA TAATTGGAAG AAATTTGTTG ACTCAGATTG GTTGCACTTT AAATTTT

(SEQ ID NO: 94)

Genome Location: 1719...2015

Additional Similar Nucleotide Examples: Accession Numbers: AJ296664

Protein: Accession Number: CAC03695

HIV-1 Reverse Transcriptase

Exemplary Sequence

1 CCAATTAGTC CTATTGAAAC TGTACCAGTA AAATTAAAGC CAGGGATGGA TGGCCCAAAA
61 GTTAAACAAT GGCCGTTAAC AGAAGAAAAA ATAAAAGCAC TAACAGAAAT TTGTACAGAA
121 ATGGAAAAGG AAGGAAAAAT TTCAAGAATT GGGCCTGAAA ATCCATACAA TACTCCAATA
181 TTTGCCATAA AGAAAAAAGA CAGTACTAAR TGGAGAAAAT TAGTAGATTT TAGAGAACTT
241 AATAAGAGAA CTCAAGACTT CTGGGAAGTT CAACTAGGAA TACCACATCC TGCAGGGCTA
301 AAAAAGAAAA AATCAGTAAC AGTACTGGAT GTGGGWGATG CATATTTTTC AGTTCCCTTA
361 TATGAAGACT TTAGAAAATA TACTGCATTC ACCATACCYA GTATAAATAA TGAGACACCA
421 GGAATTAGAT ATCAGTACAA TGTGCTTCCA CAAGGATGGA AAGGATCACC GGCAATATTT
481 CAAAGTAGCA TGACAAAAAT CTTAGAACCT TTTAGAAAAC AAAATCCAGA AATGGTGATC
541 TATCAATACA TGGATGATTT GTATGTAGGA TCTGACTTAG AAATAGGGCA GCATAGAATA
601 AAAATAGAGG AATTAAGGGA ACACTTATTG AAGTGGGGAT TTACCACACC AGACAAAAAG
661 CATCAGAAAG AACCCCCATT TCTTTGGATG GGTTATGAAC TCCATCCGGA TAAATGGACA
721 GTACAGCCTA TAAAACTGCC AGAAAAAGAA AGCTGGACTG TCAATGATAT ACAGAAGTTA
781 GTGGGAAAAT TAAATTGGGC AAGTCAGATT TATCCAGGAA TTAAAGTAAG ACAATTATGC
841 AAATGCATTA GGGGAGCCAA AGCACTGACA GAAGTAGTAC CACTGACAGAAGAAGCAGAA
901 TTAGAACTGG CAGAAAACAG AGAAATTCTA AAAGAACCAG TACATGGAGT GTATTATGAT

961 CCA (SEQ ID NO: 95)

Genome Location: 2016...2978
Additional Similar Nucleotide Examples: Accession Numbers: AF388101

Protein: Accession Number: AAL84043
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Methods

Provided are methods for the specific detection of several mutations in HIV individually
or simultaneously. Mutations in the reverse transcriptase, protease, or integrase of HIV can be
detected using the methods described herein. The methods are highly sensitive and specific.
Specific examples of such methods are described. However, it is recognized that modifications
of the exemplified methods using the alternative methods disclosed can be routinely
accomplished. Any source of viral RNA can be used in the present invention. Such RNA is not
limited to that obtained from plasma or serum, but can also be intracellular RNA that has not
been packaged. Detection can be achieved so long as any of the disclosed primers are paired with
any of the mutation specific forward or reverse primer(s) for a given mutation. The following
methods describe specific sets of primers that achieve especially sensitive levels of detection. It
is appreciated that other mutation specific primers described herein are similarly suitable.

A method for detecting the 103N mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer sclected
from the group consisting of SEQ ID NO:3 and SEQ ID NO:6 to produce a reverse transcription
reaction product; (b) contacting the reverse transcription product of step (a) with a primer set
selected from the group consisting of SEQ 1D NOS:1,2,4 and 5 to produce a DNA product; and
(c) contacting the DNA product of step (b) with a reverse primer and a primer set selected from
the group consisting of SEQ ID NOS:22,23,24 and 25 and SEQ ID NOS:59,60 and 61 to
amplify HIV-1 DNA containing the 103N mutation. The reverse primer is routinely selected
based on the well-known criteria for such selections, which are described herein and elsewhere.
For example, the reverse primer can be a primer comprising or consisting of SEQ ID NO: 26. In
the methods disclosed, the presence of an amplification signal within a certain number of cycles
after signal dctection in the total copy PCR reaction indicates the presence of the respective
mutation. This method, for use with an RNA template, detects the 103N mutation in either or
both of Subtype B and Subtype C. SEQ ID NOS: 4 and 5 are forward RT-PCR (for RNA) and
primary PCR (for DNA) primers for Subtype C. SEQ ID NO: 4 includes protease sequences
while SEQ ID NO: 5 is for reverse transcriptase only. SEQ ID NOS: 1 and 2 are forward RT-
PCR (for RNA) and primary PCR (for DNA) primers for Subtype B. SEQ 1D NO: 1 includes
protease sequences while SEQ ID NO: 2 is for reverse transcriptase only.

Details of the RT-PCR (steps (a) and (b)) and secondary PCR (step (c)) for the detection
methods starting with RNA are described in the Examples. In step (c) of these methods, a set of

primers is used, including at least a primer pair comprising a reverse primer and one of the
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discloscd forward primers tor the respective mutation.  In step (b) of the mcthods starting with
RNA, the choice of amplifying both the reverse transcriptase and the protease are provided by an
exemplary primary PCR forward primer that includes protease and an exemplary primary
forward primer for reverse transcriptase only.

Each forward primer disclosed for the RT-PCR reaction or the primary PCR reaction in
the methods disclosed works independently. If a protcase analysis is to be done, then the F1
primers must be used for the RT-PCR or primary PCR steps. Reverse transcriptase analyses can
be performed from the F2+reverse primer products alone (the F2 primers are slightly more
sensitive than the F1 primers, thus can provide the user with a more sensitive test). In step (b) of
the methods starting with RNA, there is reverse primer remaining in the reaction product from
step (a).

The RT step of the present methods can utilize RT primers other than those described.
The only requirement is that the primers generate a template in the relevant region of the reverse
transcriptase gene or in the protease gene or both.

A further method for detecting the 103N mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) contacting DNA with a reverse primer and a primer sclected from the
group consisting of SEQ ID NOS:1,2,4 and 5 to amplify the DNA; and (b} contacting the
amplified DNA of step (a) with a reverse primer and a primer set selected from the group
consisting of SEQ ID N0OS:22,23,24 and 25 and SEQ ID NOS:59,60 and 61 to amplify HIV-1
DNA containing the 103N mutation. The reverse primer is routinely selected based on the well-
known criteria for such selections, which are described hercin and elsewhere. For example, the
reverse primer can be a primer comprising or consisting of SEQ ID NO: 26. This method, for
use with a DNA template, detects the 103N mutation in either or both of Subtype B and Subtype
C.

Dctails of the primary PCR and sccondary PCR steps for the detection methods starting
with DNA are described in the Examples. In step (b) of these methods, a set of primers is used,
including at least a primer pair comprising a reverse primer and one of the disclosed forward
primers for the respective mutation. In step (a) of the methods starting with DNA, the choice of
amplifying the reverse transcriptase, the protease, and the integrase are provided by an
exemplary primary PCR forward primer that includes protease and an exemplary forward primer
for reverse transcriptase, and a forward primer for integrase only. Each forward primer disclosed
for the primary PCR reaction in the method beginning with DNA works independently. Thus,
the RT-only primer and the protease-included primer can be used independently with a reverse

primer. If a protcase analysis is to be done, then the F1 primers must be used for the RT-PCR or
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primary PCR stcps. Rcverse transcriptase analyses can be performed from the F2+reverse
primer products alone (the F2 primers are slightly more sensitive than the F1 primers, thus can
provide the user with a more sensitive test).

Amplification methods are provided that include a probe for use in a real time PCR
reaction. The methods can thus include the use of a forward primer, a reverse primer and a
probe. For example, an amplification method is provided comprising a forward primer or a
mixture of forward primers that amplifies the protease 90M, and the reverse transcriptase 103N,
65R, and 70R mutations, wherein the method further comprises using 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.

A method for detecting a Subtype B 184V mutation in the reverse transcriptase of HIV-1
is provided, comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer
comprising SEQ ID NO:3 to produce a reverse transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer selected from the group consisting of SEQ
ID NOS:1 and 2 to produce a DNA product; and (¢) contacting the DNA product of step (b) with
a primer set comprising SEQ ID NOS:33,34 and 35 and a reverse primer to amplify HIV-1 DNA
containing a Subtype B 184V mutation. The reverse primer is routinely selected based on the
well-known criteria for such selections, which are described herein and elsewhere. For example,
the reverse primer can be a primer comprising or consisting of SEQ ID NO: 36.

A method for detecting a Subtype B 184V mutation in the reverse transcriptase of HIV-1
is provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified
DNA of step (a) with a primer set comprising SEQ ID NOS: 33, 34 and 35 and a reverse primer
to amplity HIV-1 DNA containing a Subtype B 184V mutation. The reverse primer is routinely
selected based on the well-known criteria for such selections, which are described herein and
elsewhere. For example, the reverse primer can be a primer comprising or consisting of SEQ ID
NO: 36.

An amplification method is provided comprising a forward primer or mixture of forward
primers that amplifies a Subtype B 181C and Subtype B 184V mutations, wherein the method
further comprises using 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.

A method for detecting a Subtype B 411 mutation in the reverse transcriptase of HIV-1 is

provided, comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer
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comprising SEQ ID NO:3 to producc a reverse transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer selected from the group consisting of SEQ
ID NOS:1 and 2 to produce a DNA product; and (c) contacting the DNA product of step (b) with
a primer set comprising SEQ ID NOS:62,63,64 and 65 and a reverse primer to amplify HIV-1
DNA containing a Subtype B 411 mutation. The reverse primer is routinely selected based on
the well-known criteria for such selections, which are described herein and elsewhere. For
example, the reverse primer can be a primer comprising or consisting of SEQ ID NO: 66.

A method for detecting a Subtype B 41L mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer
comprising SEQ ID NO:3 to produce a reverse transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer sclected from the group consisting of SEQ
ID NOS:1 and 2 to produce a DNA product; and (¢) contacting the DNA product of step (b) with
a primer set comprising SEQ ID NOS:63,96,97,64, and 65 and a reverse primer to amplify HIV-
1 DNA containing a Subtype B 41L mutation. The reverse primer is routinely selected based on
the well-known criteria for such selections, which are described herein and e¢lsewhere. For
example, the reverse primer can be a primer comprising or consisting of SEQ ID NO: 66.

A method for detecting a Subtype B 41L mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS:1 and 2 to amplify the DNA; and (b) contacting the amplified
DNA of step (a) with a primer set comprising SEQ ID NOS: 62,63,64 and 65 and a reverse
primer to amplify HIV-1 DNA containing a Subtype B 41L mutation. The reverse primer is
routinely selected based on the well-known criteria for such selections, which are described
herein and elsewhere. For example, the reverse primer can be a primer comprising or consisting
of SEQ 1D NO: 66.

A mcthod for detecting a Subtype B 411 mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified
DNA of step (a) with a primer set comprising SEQ ID NOS: 63,96,97,64, and 65 and a reverse
primer to amplify HIV-1 DNA containing a Subtype B 411 mutation. The reverse primer is
routinely sclected based on the well-known criteria for such sclections, which are described
herein and elsewhere. For example, the reverse primer can be a primer comprising or consisting
of SEQ ID NO: 66.

An amplification method is provided comprising a forward primer or mixture of forward

primers that amplifies a Subtype B 41L mutation, wherein the method further comprises using an
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oligonucleotide 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.

A method for detecting a Subtype B 65R mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer
comprising SEQ ID NO:3 to produce a reverse transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer sclected from the group consisting of SEQ
ID NOS:1 and 2 to produce a DNA product; and (c) contacting the DNA product of step (b) with
a primer comprising SEQ ID NO:10 and a reverse primer to amplify HIV-1 DNA containing a
Subtype B 65R mutation. The reverse primer is routinely selected based on the well-known
criteria for such selections, which are described herein and elsewhere. For example, the reverse
primer can be a primer comprising ot consisting of SEQ 1D NO: 11.

A method for detecting a Subtype B 65R mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer
comprising SEQ ID NO:3 to produce a reverse transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer selected from the group consisting of SEQ
ID NOS:1 and 2 to produce a DNA product; and (¢) contacting the DNA product of step (b) with
a primer comprising SEQ ID NO:98 and a reverse primer to amplify HIV-1 DNA containing a
Subtype B 65R mutation. The reverse primer is routinely selected based on the well-known
criteria for such selections, which are described herein and elsewhere. For example, the reverse
primer can be a primer comprising or consisting of SEQ ID NO: 11.

A method for detecting a Subtype B 65R mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified
DNA of step (a) with a primer comprising SEQ ID NO: 10 and a reverse primer to amplify HIV-
1 DNA containing a Subtype B 65R mutation. The reverse primer is routinely selected based on
the well-known criteria for such selections, which are described herein and elsewhere. For
example, the reverse primer can be a primer comprising or consisting of SEQ ID NO: 11.

A method for detecting a Subtype B 65R mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified
DNA of step (a) with a primer comprising SEQ ID NO: 98 and a reverse primer to amplify HIV-
1 DNA containing a Subtype B 65R mutation. The reverse primer is routinely selected based on
the well-known criteria for such selections, which are described herein and elsewhere. For

example, the reverse primer can be a primer comprising or consisting of SEQ ID NO: 11.

39



10

15

20

25

30

CA 02913729 2015-11-26

WO 2014/194318 PCT/US2014/040514

An amplification method is provided comprising a forward primer or mixture of forward
primers that amplifies a Subtype B 65R mutation, wherein the method further comprises using an
oligonucleotide having the nucleotides as set forth in SEQ ID NOS: 9, 68, or 99. These are
examples of probes that can be used in mutation-specific PCR reactions for this mutation.

A method for detecting a Subtype AE 65R mutation in the reverse transcriptase of HIV-1
1s provided, comprising (a) contacting DNA with a reverse primer and a primer sclected from the
group consisting of SEQ ID NOS: 1 and 2 to produce a common DNA amplification product;
and (b) contacting the DNA of step (a) with a primer comprising SEQ ID NO: 113 and a reverse
primer to amplify HIV-1 DNA containing a Subtype AE 65R mutation. The reverse primer is
routinely selected based on the well-known criteria for such selections, which are described
herein and clsewhere. For example, the reverse primer can be a primer comprising or consisting
of SEQ ID NO: 114.

A method for detecting a Subtype C 65R mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 1 and 2 produce a common DNA amplification product; and
(b) contacting the DNA of step (a) with a primer comprising SEQ ID NOs: 117 and 118, and a
reverse primer to amplify HIV-1 DNA containing a Subtype C 65R mutation. The reverse
primer is routinely selected based on the well-known criteria for such selections, which are
described herein and elsewhere. For example, the reverse primer can be a primer comprising or
consisting of SEQ ID NO: 119.

A method for detecting a Subtype C 65R mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 1 and 2 to produce a common DNA amplification product;
and (b) contacting the DNA of step (a) with a primer comprising SEQ 1D NOs: 117, 118, and
122, and a reverse primer to amplity HIV-1 DNA containing a Subtype C 65R mutation. The
reverse primer is routinely selected based on the well-known criteria for such selections, which
are described herein and elsewhere. For example, the reverse primer can be a primer comprising
or consisting of SEQ 1D NO: 119.

A method for detecting a Subtype C 65R mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 1 and 2 to produce a common DNA amplification product;
and (b) contacting the DNA of step (a) with a primer comprising SEQ ID NO: 142 and a reverse
primer to amplify HIV-1 DNA containing a Subtype C 65R mutation. The reverse primer is

routinely selected based on the well-known criteria for such selections, which are described
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herein and clsewhere. For examplc, the reverse primer can be a primer comprising or consisting
of SEQ ID NO: 118, 119, or combinations thereof. A probe is optionally used to contact the
amplification product. A probe optionally comprises or consists of SEQ ID NOs: 120, 121, or
combinations of such probes are used.

An amplification method is provided comprising a forward primer or mixture of forward
primers that amplifies a Subtype AE 65R mutation, wherein the method further comprises using
an oligonucleotide having the nucleotides as set forth in SEQ ID NOS: 115, 116, or
combinations thereof. These are examples of probes that can be used in mutation-specific PCR
reactions for this mutation.

An amplification method is provided comprising a forward primer or mixture of forward
primers that amplifies a Subtype C 65R mutation, wherein the method further comprises using an
oligonucleotide having the nucleotides as set forth in SEQ ID NOS: 120, 121, or combinations
thereof. These are examples of probes that can be used in mutation-specific PCR reactions for
this mutation.

A method for detecting a Subtype B 67N mutation in the reverse transcriptase of HIV-1
is provided, comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer
comprising SEQ ID NO:3 to produce a reverse transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer selected from the group consisting of SEQ
ID NOS:1 and 2 to produce a DNA product; and (¢) contacting the DNA product of step (b) with
a primer sct comprising SEQ ID NOS:69 and 70 and a reverse primer to amplify HIV-1 DNA
containing a Subtype B 67N mutation. The reverse primer is routinely selected based on the
well-known critetia for such selections, which are described herein and elsewhere. For example,
the reverse primer can be a primer comprising or consisting of SEQ ID NO: 8.

A method for detecting a Subtype B 67N mutation in the reverse transcriptase of HIV-1
1s provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified
DNA of step (a) with a primer set comprising SEQ ID NOS: 69 and 70 and a reverse primer to
amplify HIV-1 DNA containing a Subtype B 67N mutation. The reverse primer is routinely
selected based on the well-known criteria for such selections, which are described herein and
clsewhere. For example, the reverse primer can be a primer comprising or consisting of SEQ 1D
NO: 8.

An amplification method is provided comprising a forward primer or mixture of forward

primers that amplifies a Subtype B 67N mutation, wherein the method further comprises using
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an oligonuclcotide having the nuclcotides as set forth in SEQ 1D NO: 68. This is an example of a
probe that can be used in mutation-specific PCR reactions for this mutation.

A method for detecting a Subtype B 69T in the reverse transcriptase of HIV-1 is
provided, comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer
comprising SEQ ID NO:3 to produce a reverse transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer sclected from the group consisting of SEQ
ID NOS:1 and 2 to produce a DNA product; and (c) contacting the DNA product of step (b) with
a primer set comprising SEQ ID NOS:12 and 13 and a reverse primer to amplify HIV-1 DNA
containing a Subtype B 69T. The reverse primer is routinely selected based on the well-known
criteria for such selections, which are described herein and elsewhere. For example, the reverse
primer can be a primer comprising ot consisting of SEQ 1D NO: 14,

A method for detecting a Subtype B 69T in the reverse transcriptase of HIV-1 is
provided, comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer
comprising SEQ ID NO:3 to produce a reverse transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer selected from the group consisting of SEQ
ID NOS:1 and 2 to produce a DNA product; and (¢) contacting the DNA product of step (b) with
a primer set comprising SEQ ID NOS:12 and 71 and a reverse primer to amplify HIV-1 DNA
containing a Subtype B 69T. The reverse primer is routinely selected based on the well-known
criteria for such selections, which are described herein and elsewhere. For example, the reverse
primer can be a primer comprising or consisting of SEQ ID NO: 8.

A method for detecting a Subtype B 69T in the reverse transcriptase of HIV-1 is
provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified
DNA of step (a) with a primer set comprising SEQ ID NOS: 12 and 13 and a reverse primer to
amplify HIV-1 DNA containing a Subtype B 69T. The reverse primer is routinely sclected based
on the well-known criteria for such selections, which are described herein and elsewhere. For
example, the reverse primer can be a primer comprising or consisting of SEQ ID NO: 14.

A method for detecting a Subtype B 69T in the reverse transcriptase of HIV-1 is
provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified
DNA of step (a) with a primer set comprising SEQ ID NOS: 12 and 71 and a reverse primer to
amplify HIV-1 DNA containing a Subtype B 69T. The reverse primer is routinely selected based
on the well-known criteria for such selections, which are described herein and elsewhere. For

example, the reverse primer can be a primer comprising or consisting of SEQ ID NO: 8.
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An amplification method is provided comprising a forward primer or mixture of forward
primers that amplifies a Subtype B 69T, wherein the method further comprises using an
oligonucleotide having the nucleotides as set forth in SEQ 1D NOS: 9 or 68. These are examples
probes that can be used in mutation-specific PCR reactions for this mutation.

A method for detecting a Subtype B 70R mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) reverse transcribing RNA cxtracted from HIV-1 with a primer
comprising SEQ ID NO:3 to produce a reverse transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer selected from the group consisting of SEQ
ID NOS:1 and 2 to produce a DNA product; and (c) contacting the DNA product of step (b) with
a primer set comprising SEQ ID NOS:16,17,18 and 19 and a reverse primer to amplify HIV-1
DNA containing a Subtype B 70R mutation. The reverse primer is routinely selected based on
the well-known criteria for such selections, which are described herein and elsewhere. For
example, the reverse primer can be a primer comprising or consisting of SEQ ID NO: 20.

A method for detecting a Subtype B 70R mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer
comprising SEQ ID NO:3 to produce a reverse transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer selected from the group consisting of SEQ
ID NOS:1 and 2 to produce a DNA product; and (c) contacting the DNA product of step (b) with
a primer set comprising SEQ ID NO:2 and a reverse primer to amplify HIV-1 DNA containing a
Subtypec B 70R mutation. The reverse primer is routinely sclected based on the well-known
criteria for such selections, which are described herein and elsewhere. For example, the reverse
primer can be a primer comprising or consisting of SEQ ID NOS: 72 and 73.

A method for detecting a Subtype B 70R mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer
comprising SEQ ID NO:3 to producc a reversc transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer selected from the group consisting of SEQ
ID NOS:1 and 2 to produce a DNA product; and (c) contacting the DNA product of step (b) with
a primer set comprising SEQ ID NO:100 and a reverse primer to amplify HIV-1 DNA
containing a Subtype B 70R mutation. The reverse primer is routinely selected based on the
well-known criteria for such selections, which are described herein and elsewhere. For example,
the reverse primer can be a primer comprising or consisting of SEQ ID NOS: 72 and 73.

A method for detecting a Subtype B 70R mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the

group consisting of SEQ ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified
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DNA of step (a) with a primer sct comprising SEQ ID NOS: 16, 17, 18 and 19 and a reverse
primer to amplify HIV-1 DNA containing a Subtype B 70R mutation. The reverse primer is
routinely selected based on the well-known criteria for such selections, which are described
herein and elsewhere. For example, the reverse primer can be a primer comprising or consisting
of SEQ ID NO: 20.

A method for detecting a Subtype B 70R mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified
DNA of step (a) with a primer set comprising SEQ ID NO: 2 and a reverse primer to amplify
HIV-1 DNA containing a Subtype B 70R mutation. The reverse primer is routinely selected
based on the well-known criteria for such selections, which are described herein and elsewhere.
For example, the reverse primer can be a primer comprising ot consisting of SEQ ID NOS: 72
and 73.

A method for detecting a Subtype B 70R mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified
DNA of step (a) with a primer set comprising SEQ ID NO: 100 and a reverse primer to amplify
HIV-1 DNA containing a Subtype B 70R mutation. The reverse primer is routinely selected
based on the well-known criteria for such selections, which are described herein and elsewhere.
For example, the reverse primer can be a primer comprising or consisting of SEQ ID NOS: 72
and 73.

A method for detecting a Subtype B 70R mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified
DNA of step (a) with a primer set comprising SEQ ID NO: 72, 73, or both and a forward primer
to amplify HIV-1 DNA containing a Subtype B 70R mutation. The forward primer is routinely
selected based on the well-known criteria for such selections, which are described herein and
elsewhere. For example, the forward primer can be a primer comprising or consisting of SEQ ID
NO: 144.

A method for detecting a 70E mutation in the reverse transcriptase of HIV-1 is provided,
comprising (a) contacting DNA with a reverse primer and a primer selected from the group
consisting of SEQ ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified DNA
of step (a) with a primer set comprising SEQ ID NO: 143 and a forward primer to amplify HIV-1

DNA containing a 70E mutation. The forward primer is routinely selected based on the well-
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known criteria for such selections, which arc described herein and clsewhere. For example, the
forward primer can be a primer comprising or consisting of SEQ ID NO: 144. Optionally, a
probe is used to detect an amplification product. A probe is optionally consisting or comprising
the nucleotide sequence of SEQ ID NO: 145,

An amplification method is provided comprising a forward primer or mixture of forward
primers that amplifies a Subtype B 70R mutation, wherein the method further comprises using an
oligonucleotide having the nucleotides as set forth in SEQ ID NO: 9 or 67. This is an example of
a probe that can be used in mutation-specific PCR reactions for this mutation.

A method for detecting a Subtype B 103N mutation in the reverse transcriptase of HIV-1
is provided, comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer
comprising SEQ ID NO:3 to produce a reverse transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer selected from the group consisting of SEQ
ID NOS:1 and 2 to produce a DNA product; and (c) contacting the DNA product of step (b) with
a primer set comprising SEQ ID N0OS:22,23,24 and 25 and a reverse primer to amplify HIV-1
DNA containing a Subtype B 103N mutation. The reverse primer is routinely selected based on
the well-known criteria for such selections, which are described herein and elsewhere. For
example, the reverse primer can be a primer comprising or consisting of SEQ ID NO: 26.

A method for detecting a Subtype B 103N mutation in the reverse transcriptase of HIV-1
is provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified
DNA of step (a) with a primer set comprising SEQ ID NOS: 22, 23, 24 and 25 and a reverse
primer to amplify HIV-1 DNA containing a Subtype B 103N mutation. The reverse primer is
routinely selected based on the well-known criteria for such selections, which are described
herein and elsewhere. For example, the reverse primer can be a primer comprising or consisting
of SEQ ID NO: 26.

An amplification method is provided comprising a forward primer or mixture of forward
primers that amplifies a Subtype B 103N mutation, wherein the method further comprises using
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 mutation-specific PCR reactions for this mutation.

A method for detecting a Subtype B 181C mutation in the reverse transcriptase of HIV-1
is provided, comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer
comprising SEQ ID NO:3 to produce a reverse transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer selected from the group consisting of SEQ

ID NOS:1 and 2 to produce a DNA product; and (c) contacting the DNA product of step (b) with
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a primer sct comprising SEQ ID NOS:28 and 29 and a rcverse primer to amplify HIV-1 DNA
containing a Subtype B 181C mutation. The reverse primer is routinely selected based on the
well-known criteria for such selections, which are described herein and elsewhere. For example,
the reverse primer can be a primer comprising or consisting of SEQ ID NO: 30.

A method for detecting a Subtype B 181C mutation in the reverse transcriptase of HIV-1
1s provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified
DNA of step (a) with a primer set comprising SEQ ID NOS: 28 and 29 and a reverse primer to
amplify HIV-1 DNA containing a Subtype B 181C mutation. The reverse primer is routinely
selected based on the well-known criteria for such selections, which are described herein and
clsewhere. For example, the reverse primer can be a primer comprising or consisting of SEQ 1D
NO: 30.

An amplification method is provided comprising a forward primer or mixture of forward
primers that amplifies a Subtype B 181C mutation, wherein the method further comprises using
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 mutation-specific PCR reactions for this mutation.

A method for detecting a Subtype B 215T mutation in the reverse transcriptase of HIV-1
is provided, comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer
comprising SEQ ID NO:3 to produce a reverse transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer sclected from the group consisting of SEQ
ID NOS:1 and 2 or SEQ ID NOS:74 and 75 or SEQ ID NOS:101 and 75 to produce a DNA
product; (¢) contacting the DNA product of step (b) with a reverse primer and a primer selected
from the group consisting of SEQ ID NOS:38 and 39 to amplify HIV-1 DNA containing a
Subtype B 215 mutation. The reverse primer is routinely selected based on the well-known
criteria for such selections, which arc described herein and clsewhere. For example, the reverse
primer can be a primer comprising or consisting of SEQ ID NO: 45,

A method for detecting a Subtype B 215 mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer
comprising SEQ ID NO:3 to produce a reverse transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer selected from the group consisting of SEQ
ID NOS:1 and 2 to produce a DNA product; (c) contacting the DNA product of step (b) with a
reverse primer and a primer selected from the group consisting of SEQ ID NOS:40,41,42,43 and
44 to amplify HIV-1 DNA containing a Subtype B 215 mutation. The reverse primer is routinely

selected based on the well-known criteria for such selections, which are described herein and
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clsewhere. For cxample, the reverse primer can be a primer comprising or consisting of SEQ 1D
NO: 45.

A method for detecting a Subtype B 215 mutation in the reverse transcriptase of HIV-1 is
provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS:1 and 2 to amplify the DNA; and (b) contacting the amplified
DNA of step (a) with a reverse primer and a primer sclected from the group consisting of SEQ
ID NOS:40,41,42,43 and 44 to amplify HIV-1 DNA containing a Subtype B 215 mutation. The
reverse primer is routinely selected based on the well-known criteria for such selections, which
are described herein and elsewhere. For example, the reverse primer can be a primer comprising
or consisting of SEQ ID NO: 45.

In the present methods of detecting a mutation at position Subtype B 215, any or all of
the Y, F, S, C or D mutations can be detected. Thus, to detect any mutation at this position, the
forward primers can be used together in the reaction mixture. To detect a specific mutation, the
forward primer for that mutation would be used alone. Specific combinations of mutations at
215 can be identified by using the desired subset of the disclosed forward primers.

An amplification method is provided comprising a forward primer or mixture of forward
primers that amplifies Subtype B 215 mutations, wherein the method further comprises using an
oligonucleotide having the nucleotides as set forth in SEQ ID NOS: 47, 76, or 77. This is an
example of a probe that can be used in mutation-specific PCR reactions for this mutation.

A mcthod for detecting the 30N mutation in the proteasc of HIV-1 Subtype B is provided,
comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer comprising SEQ
ID NO:3 to produce a reverse transcription reaction product; (b) contacting the reverse
transcription product of step (a) with a primer selected from the group consisting of SEQ ID
NOS:1 and 2 to produce a DNA product; and (c) contacting the DNA product of step (b) with a
primer sct comprising SEQ ID NOS:48 and 49 and a reverse primer to amplify HIV-1 DNA
containing the 30N mutation. The reverse primer is routinely selected based on the well-known
criteria for such selections, which are described herein and elsewhere. For example, the reverse
primer can be a primer comprising or consisting of SEQ ID NO: 50.

A method for detecting the 30N mutation in the protease of HIV-1 Subtype B is provided,
comprising (a) contacting DNA with a reverse primer and a primer sclected from the group
consisting of SEQ ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified DNA
of step (a) with a primer set comprising SEQ ID NOS: 48 and 49 and a reverse primer to amplify

HIV-1 DNA containing the 30N mutation. The reverse primer is routinely selected based on the
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well-known criteria for such selections, which are described herein and elsewhere. For example,
the reverse primer can be a primer comprising or consisting of SEQ ID NO: 50,

An amplification method is provided comprising a forward primer or mixture of forward
primers that amplifies the protease 30N mutation of HIV-1 Subtype B, wherein the method
further comprises the use of an oligonucleotide having the nucleotides as set forth in SEQ 1D
NO: 52. This is an examplc of a probe that can be used in mutation-specific PCR reactions for
this mutation.

A method for detecting the 50V mutation in the protease of HIV-1 Subtype B is provided,
comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer comprising SEQ
ID NO:3 to produce a reverse transcription reaction product; (b) optionally contacting the reverse
transcription product of step (a) with a primer sclected from the group consisting of SEQ 1D
NOS:1 and 2 to produce a DNA product; and (¢) contacting the DNA product of step (a) or (b)
with a primer set comprising SEQ ID NO: 146 and a reverse primer to amplify HIV-1 DNA
containing the 30N mutation. The reverse primer is routinely selected based on the well-known
criteria for such selections, which are described herein and elsewhere. For example, the reverse
primer can be a primer comprising or consisting of SEQ ID NO: 147. A probe is optionally used
to detect the amplification product. A probe optionally consists or comprises the nucleotide
sequence of SEQ ID NO: 148,

A method for detecting the 90M mutation in the protease of HIV-1 Subtype B is
provided, comprising (a) reverse transcribing RNA cxtracted from HIV-1 with a primer
comprising SEQ ID NO:3 to produce a reverse transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer selected from the group consisting of SEQ
ID NOS:1 and 2 to produce a DNA product; and (c) contacting the DNA product of step (b) with
a primer set comprising SEQ ID NOS:53,54, and 55 and a reverse primer to amplify HIV-1
DNA containing the 90M mutation. The reverse primer 18 routinely sclected based on the well-
known criteria for such selections, which are described herein and elsewhere. For example, the
reverse primer can be a primer comprising or consisting of SEQ ID NO: 56.

A method for detecting the 90M mutation in the protease of HIV-1 Subtype B is
provided, comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer
comprising SEQ ID NO:3 to produce a reverse transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer selected from the group consisting of SEQ
ID NOS:1 and 2 to produce a DNA product; and (c) contacting the DNA product of step (b) with
a primer set comprising SEQ ID NOS: 55,78,79, and 80 and a reverse primer to amplify HIV-1

DNA containing the 90M mutation. The reverse primer is routinely selected based on the well-
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known criteria for such selections, which arc described hercin and clsewhere. For example, the
reverse primer can be a primer comprising or consisting of SEQ ID NO: 81.

A method for detecting the 90M mutation in the protease of HIV-1 Subtype B is
provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified
DNA of step (a) with a primer set comprising SEQ 1D NOS: 53, 54, and 55 and a reverse primer
to amplify HIV-1 DNA containing the 90M mutation. The reverse primer is routinely selected
based on the well-known criteria for such selections, which are described herein and elsewhere.
For example, the reverse primer can be a primer comprising or consisting of SEQ 1D NO: 56.

A method for detecting the 90M mutation in the protease of HIV-1 Subtype B is
provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified
DNA of step (a) with a primer set comprising SEQ ID NOS: 55, 78, 79, and 80 and a reverse
primer to amplify HIV-1 DNA containing the 90M mutation. The reverse primer is routinely
selected based on the well-known criteria for such selections, which are described herein and
elsewhere. For example, the reverse primer can be a primer comprising or consisting of SEQ ID
NO: 81.

An amplification method is provided comprising a forward primer or mixture of forward
primers that amplifies the protease 90M mutation, wherein the method further comprises the use
of an oligonucleotide having the nucleotides as set forth in SEQ ID NOS: 58 or 82. These are
examples probes that can be used in mutation-specific PCR reactions for this mutation.

A method for detecting a Subtype C 103N mutation in the reverse transcriptase of HIV-1
is provided, comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer
comprising SEQ ID NO:6 to produce a reverse transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer selected from the group consisting of SEQ
ID NOS:3 and 4 to produce a DNA product; and (¢) contacting the DNA product of step (b) with
a primer set comprising SEQ ID NOS:59,60, and 61 and a reverse primer to amplify HIV-1
DNA containing a Subtype C 103N mutation. The reverse primer is routinely selected based on
the well-known criteria for such selections, which are described herein and elsewhere. For
cxample, the reverse primer can be a primer comprising or consisting of SEQ 1D NO: 26.

A method for detecting a Subtype C 103N mutation in the reverse transcriptase of HIV-1
is provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified
DNA of step (a) with a primer set comprising SEQ ID NOS: 59, 60, and 61 and a reverse primer
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to amplify HIV-1 DNA containing a Subtype C 103N mutation. The reverse primer is routinely
selected based on the well-known criteria for such selections, which are described herein and
elsewhere. For example, the reverse primer can be a primer comprising or consisting of SEQ ID
NO: 26.

An amplification method is provided comprising a forward primer or mixture of forward
primers that amplifies a Subtype C 103N mutation, wherein the method further comprises using
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 mutation-specific PCR reactions for this mutation.

A method for detecting a Subtype C 181C mutation in the reverse transcriptase of HIV-1
is provided, comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer
comprising SEQ ID NO:6 to produce a reverse transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer selected from the group consisting of SEQ
ID NOS:3 and 4 to produce a DNA product; and (c) contacting the DNA product of step (b) with
a primer set comprising SEQ ID NOS:83 and 84 and a reverse primer to amplify HIV-1 DNA
containing a Subtype C 181C mutation. The reverse primer is routinely selected based on the
well-known criteria for such selections, which are described herein and elsewhere. For example,
the reverse primer can be a primer comprising or consisting of SEQ ID NO: §5.

A method for detecting a Subtype C 181C mutation in the reverse transcriptase of HIV-1
is provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 3 and 4 to amplify the DNA; and (b) contacting the amplified
DNA of step (a) with a primer set comprising SEQ ID NOS: 83 and 84 and a reverse primer to
amplify HIV-1 DNA containing a Subtype C 181C mutation. The reverse primer is routinely
selected based on the well-known criteria for such selections, which are described herein and
elsewhere. For example, the reverse primer can be a primer comprising or consisting of SEQ 1D
NO: 85.

An amplification method is provided comprising a forward primer or mixture of forward
primers that amplifies a Subtype C 103N mutation, wherein the method further comprises using
an oligonucleotide 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.

A method for detecting a Subtype C 184V mutation in the reverse transcriptase of HIV-1
is provided, comprising (a) reverse transcribing RNA extracted from HIV-1 with a primer
comprising SEQ ID NO:6 to produce a reverse transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer selected from the group consisting of SEQ

ID NOS:3 and 4 to produce a DNA product; and (c) contacting the DNA product of step (b) with
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a primer sct comprising SEQ ID NOS:88 and 89 and a reverse primer to amplify HIV-1 DNA
containing a Subtype C 184V mutation. The reverse primer is routinely selected based on the
well-known criteria for such selections, which are described herein and elsewhere. For example,
the reverse primer can be a primer comprising or consisting of SEQ ID NO: 85.

A method for detecting a Subtype C 184V mutation in the reverse transcriptase of HIV-1
1s provided, comprising (a) rcverse transcribing RNA extracted from HIV-1 with a primer
comprising SEQ ID NO:6 to produce a reverse transcription reaction product; (b) contacting the
reverse transcription product of step (a) with a primer selected from the group consisting of SEQ
ID NOS:3 and 4 to produce a DNA product; and (c) contacting the DNA product of step (b) with
a primer set comprising SEQ ID NOS:102,103 and 104 and a reverse primer to amplify HIV-1
DNA containing a Subtype C 184V mutation. The reverse primer is routinely selected based on
the well-known criteria for such selections, which are described herein and elsewhere. For
example, the reverse primer can be a primer comprising or consisting of SEQ ID NO: 85,

A method for detecting a Subtype C 184V mutation in the reverse transcriptase of HIV-1
is provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified
DNA of step (a) with a primer set comprising SEQ ID NOS: 88 and 89 and a reverse primer to
amplify HIV-1 DNA containing a Subtype C 184V mutation. The reverse primer is routinely
selected based on the well-known criteria for such selections, which are described herein and
clsewhere. For example, the reverse primer can be a primer comprising or consisting of SEQ ID
NO: 85.

A method for detecting a Subtype C 184V mutation in the reverse transcriptase of HIV-1
is provided, comprising (a) contacting DNA with a reverse primer and a primer selected from the
group consisting of SEQ ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified
DNA of step (a) with a primer sct comprising SEQ ID NOS: 102,103 and 104 and a rcverse
primer to amplify HIV-1 DNA containing a Subtype C 184V mutation. The reverse primer is
routinely selected based on the well-known criteria for such selections, which are described
herein and elsewhere. For example, the reverse primer can be a primer comprising or consisting
of SEQ ID NO: 85.

An amplification method is provided comprising a forward primer or mixture of forward
primers that amplifies a Subtype C 184V mutation, wherein the method further comprises using
an oligonucleotide 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.
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A mcthod for detecting a 138K mutation in the integrase of HIV-1 is provided,
comprising (a) contacting DNA with a reverse primer and a forward primer selected from the
group consisting of SEQ ID NOS: 126 and 129 to produce a common DNA amplification
product; and (b) comtacting the DNA of step (a) with a mutation specific forward primer
comprising SEQ ID NOS: 133 and a reverse primer to amplify HIV-1 DNA containing a
integrase 138K mutation. The reverse primer is routinely sclected based on the well-known
criteria for such selections, which are described herein and elsewhere. For example, the reverse
primer can be a primer comprising or consisting of SEQ ID NO: 130.

An amplification method is provided comprising a forward primer or mixture of forward
primers that amplifies an integrase 138K mutation, wherein the method further comprises
oligonuclcotides having the nucleotides as sct forth in SEQ ID NOS: 131, 132 or combinations
thereof. The oligonucleotides of SEQ ID NO: 131 and 132 are optionally used in combination
optionally at a concentration percentage of 20% and 80% respectively. These are examples of
probes that can be used in mutation-specific PCR reactions for this mutation.

A method for detecting al40S mutation in the integrase of HIV-1 is provided, comprising
(a) contacting DNA with a reverse primer and forward primer selected from the group consisting
of SEQ ID NOS: 126 and 129 to produce a common DNA amplification product; and (b)
contacting the DNA of step (a) with a mutation specific forward primer comprising SEQ ID NO:
134 and a reverse primer to amplify HIV-1 DNA containing a integrase 140S mutation. The
reverse primer is routinely sclected based on the well-known criteria for such sclections, which
are described herein and elsewhere. For example, the reverse primer can be a primer comprising
or consisting of SEQ ID NO: 130.

An amplification method is provided comprising a forward primer or mixture of forward
primers that amplifies an integrase 140S mutation, wherein the method further comprises using
oligonucleotides having the nucleotides as set forth in SEQ ID NOS: 131, 132 or combinations
thereof. The oligonucleotides of SEQ ID NO: 131 and 132 are optionally used in combination at
a concentration percentage of 20% and 80% respectively. These are examples of probes that can
be used in mutation-specific PCR reactions for this mutation.

A method for detecting a 155H mutation in the integrase of HIV-1 is provided,
comprising (a) contacting DNA with a forward primer and a reverse primer sclected from the
group consisting of SEQ ID NOS: 124 and 129 to produce a common DNA amplification
product; and (b) contacting the DNA of step (a) with a mutation specific reverse primer
comprising SEQ ID NO: 137 and a forward primer to amplify HIV-1 DNA containing a

integrase 155H mutation. The forward primer is routinely selected based on the well-known
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criteria for such selections, which are described herein and elsewhere. For example, the reverse
primer can be a primer comprising or consisting of SEQ ID NO: 126.

An amplification method is provided comprising a forward primer or mixture of forward
primers that amplifies an integrase 155H mutation, wherein the method further comprises using
oligonucleotides having the nucleotides as set forth in SEQ ID NOS: 140, 141 or combinations
thercof. The oligonucleotides of SEQ ID NO: 140 and 141 are optionally used in combination at
a concentration percentage of 80% and 20% respectively. These are examples of probes that can
be used in mutation-specific PCR reactions for this mutation.

A method for detecting al48R mutation in the integrase of HIV-1 is provided, comprising
(a) contacting DNA with a forward primer and a reverse primer selected from the group
consisting of SEQ ID NOS: 124 and 125 to producc a common DNA amplification product; and
(b) contacting the DNA of step (a) with a mutation specific reverse primer comprising SEQ ID
NOS: 138 and a forward primer to amplify HIV-1 DNA containing a integrase 148R mutation.
The forward primer is routinely selected based on the well-known criteria for such selections,
which are described herein and clsewhere. For example, the reverse primer can be a primer
comprising or consisting of SEQ ID NO: 126.

An amplification method is provided comprising a forward primer or mixture of forward
primers that amplifies an integrase 148R mutation, wherein the method further comprises using
oligonucleotides having the nucleotides as set forth in SEQ ID NOS: 140, 141 or combinations
thereof. The oligonucleotides of SEQ 1D NO: 140 and 141 are optionally used in combination at
a concentration percentage of 80% and 20% respectively. These are examples of probes that can
be used in mutation-specific PCR reactions for this mutation.

A method for detecting al48H mutation in the integrase of HIV-1 is provided,
comprising (a) contacting DNA with a forward primer and a reverse primer selected from the
group consisting of SEQ ID NOS: 124 and 125 to produce a common DNA amplification
product; and (b) contacting the DNA of step (a) with a mutation specific reverse primer
comprising SEQ ID NOS: 139 and a forward primer to amplify HIV-1 DNA containing a
integrase 148H mutation. The forward primer is routinely selected based on the well-known
criteria for such selections, which are described herein and elsewhere. For example, the reverse
primer can be a primer comprising or consisting of SEQ ID NO: 126.

An amplification method is provided comprising a forward primer or mixture of forward
primers that amplifies an integrase 148H mutation, wherein the method further comprises using
oligonucleotides having the nucleotides as set forth in SEQ ID NOS: 140, 141 or combinations
thercof. The oligonucleotides of SEQ ID NO: 140 and 141 are optionally used in combination at
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a concentration percentage of 80% and 20% respectively. These are examplces of probes that can
be used in mutation-specific PCR reactions for this mutation.

A method for amplifying the reverse transcriptase of HIV-1 is provided, comprising (a)
reverse transcribing RNA extracted from HIV-1 with a primer comprising SEQ ID NO:3 to
produce a reverse transcription reaction product; (b) contacting the reverse transcription product
of step (a) with a primer sclected from the group consisting of SEQ ID NOS:1 and 2 to producc a
DNA product; and (c) contacting the DNA product of step (b) with a primer comprising SEQ ID
NO:7 and a reverse primer to amplify a region encoding the reverse transcriptase of HIV-1. The
reverse primer is routinely selected based on the well-known criteria for such selections, which
arc described herein and ¢lsewhere. For example, the reverse primer can be a primer comprising
or consisting of SEQ ID NO: 8. This can be a common amplification method of the invention.
The total copy reaction can be used to provide the baseline for the mutation-specific real time
PCR reactions disclosed herein. Alternatively, matched wildtype primers can be used as a
control, as is known to one skilled in the art.

A method for amplifying the reverse transcriptase of HIV-1 is provided, comprising (a)
contacting DNA with a reverse primer and a primer selected from the group consisting of SEQ
ID NOS: 1 and 2 to amplify the DNA; and (b) contacting the amplified DNA of step (a) with a
primer comprising SEQ ID NO: 7 and a reverse primer to amplify a region encoding the reverse
transcriptase of HIV-1. The reverse primer is routinely selected based on the well-known criteria
for such selections, which are described herein and elsewhere. For example, the reverse primer
can be a primer comprising or consisting of SEQ ID NO: 8.

The amplification methods disclosed herein can utilize reverse primers other than those
exemplified. The exemplified 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 uscd routinely, and other reverse primers can be routincly made and used. It is cxpected 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 variability to a
degree 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.

Methods disclosed herein can further include detection, in the same mixture, of a
specified RT mutation, a specified protease mutation, and/or a specified integrase mutation. The
methods described herein are interchangeable and combinable depending on the desire of the

user to detect one or a plurality of mutations in one or more HIV-1 sequences. For example,
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provided is a method for detecting a 184V mutation in the reverse transcriptase of HIV-1 and a
90M mutation in the protease of HIV-1, comprising (a) reverse transcribing RNA extracted from
HIV-1 with a primer comprising SEQ ID NO:3 to produce a reverse transcription reaction
product; (b) contacting the reverse transcription product of step (a) with a primer selected from
the group consisting of SEQ ID NOS:1 and 2 to produce a DNA product; and (c) contacting the
DNA product of step (b) with a primer set comprising SEQ ID NOS:33,34, 35, 55, 78,79, and 80
and a reverse primer to amplify HIV-1 DNA containing a 184V and a 90M mutation. The
reverse primer is routinely selected based on the well-known criteria for such selections, which
are described herein and elsewhere. For example, the reverse primer can be a primer comprising
or consisting of SEQ ID NOS: 36 and 81.

A method for detecting a 184V mutation in the reverse transcriptase of HIV-1 and a 90M
mutation in the protease of HIV-1 is provided, comprising (a) contacting DNA with a reverse
primer and a primer selected from the group consisting of SEQ ID NOS:1and 2 to amplify the
DNA; and (b) contacting the amplified DNA of step (a) with a primer set comprising SEQ ID
NOS:33,34,35,55,78,79, and 80 and a reverse primer to amplify HIV-1 DNA containing a 184V
and a 90M mutation. The reverse primer is routinely selected based on the well-known criteria
for such selections, which are described herein and elsewhere. For example, the reverse primer
can be a primer comprising or consisting of SEQ ID NOS: 36 and 81.

A variety of technologies related to real-time (or kinetic) PCR have been adapted to
perform point mutation and SNP detection. Mutation detection using real-time amplification
relies on the ability to detect amplified segments of nucleic acid as they are during the
amplification reaction. Three basic real-time detection methodologies exist: (i) increased
fluorescence of double strand DNA specific dye binding, (ii) decreased quenching of
fluorescence during amplification, and (iii) increased fluorescence energy transfer during
amplification (Wittwer, C. ct al. Biotcchniques 22:130-138, 1997). All of these techniques arc
non-gel based and each strategy is disclosed.

A variety of dyes are known to exhibit increased fluorescence in response to binding
double stranded DNA. Production of wild type or mutation containing PCR products are
continuously monitored by the increased fluorescence of dyes such as ethidium bromide or Syber
Green as they bind to the accumulating PCR product. Note that dyc binding is not selective for
the sequence of the PCR product, and high non-specific background can give rise to false signals
with this technique.

A second detection technology for real-time PCR, known generally as exonuclease

primers (e.g., TagMan® probes), utilizes the 5' exonuclease activity of thermostable polymerases
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such as Taq to cleave dual-labeled probes present in the amplification reaction (Wittwer, C. et al.
Biotechniques 22:130-138, 1997; Holland, P et al PNAS 88:7276-7280, 1991). While
complementary to the PCR product, the probes used in this assay are distinct from the PCR
primer and are dually-labeled with both a molecule capable of fluorescence and a molecule
capable of quenching fluorescence. When the probes are intact, intramolecular quenching of the
fluorescent signal within the DNA probe leads to little signal. When the fluorescent molecule is
liberated by the exonuclease activity of the polymerase during amplification, the quenching is
greatly reduced leading to increased fluorescent signal.

An additional form of real-time PCR also capitalizes on the intramolecular quenching of
a fluorescent molecule by use of a tethered quenching moiety. The molecular beacon technology
utilizes hairpin-shaped molecules with an internally-quenched fluorophore whose fluorescence is
restored by binding to a DNA target of interest (Kramer, R. et al. Nat. Biotechnol. 14:303-308,
1996). Increased binding of the molecular beacon probe to the accumulating PCR product can be
used to specifically detect SNPs present in genomic DNA.

A final, general fluorescent detection strategy used for detection of point mutations and
SNP in real time utilizes synthetic DNA segments known as hybridization probes in conjunction
with a process known as fluorescence resonance energy transfer (FRET) (Wittwer, C. et al.
Biotechniques 22:130-138, 1997; Bemard, P. et al. Am. J. Pathol. 153:1055-1061, 1998). This
technique relies on the independent binding of labeled DNA probes on the target sequence. The
close approximation of the two probes on the target sequence increases resonance encrgy transfer
from one probe to the other, leading to a unique fluorescence signal. Mismatches caused by
SNPs that disrupt the binding of either of the probes can be used to detect mutant sequences
present in a DNA sample.

Parameters for selective hybridization between two nucleic acid molecules are well
known to those of skill in the art. For example, in some embodiments selective hybridization
conditions can be defined as stringent hybridization conditions. For example, stringency of
hybridization is controlled by both temperature and salt concentration of either or both of the
hybridization and washing steps. For example, the conditions of hybridization to achieve
selective hybridization may involve hybridization in high ionic strength solution (6X SSC or 6X
SSPE) at a temperature that is about 12-25°C below the Tm (the melting temperature at which
half of the molecules dissociate from their hybridization partners) followed by washing at a
combination of temperature and salt concentration chosen so that the washing temperature is
about 5°C to 20°C below the Tm. The temperature and salt conditions are readily determined

empirically in preliminary experiments in which samples of reference DNA immobilized on
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filters are hybridized to a labeled nucleic acid of interest and then washed under conditions of
different stringencies. Hybridization temperatures are typically higher for DNA-RNA and RNA-
RNA hybridizations. The conditions can be used as described above to achieve stringency, or as is
known in the art. (Sambrook et al., Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold
Spring Harbor Laboratory, Cold Spring Harbor, New York, 1989; Kunkel et al. Methods Enzymol.
1987:154:367, 1987). A preferable stringent hybridization condition for a DNA:DNA hybridization
can be at about 68°C (in aqueous solution) in 6X SSC or 6X SSPE followed by washing at 68°C.
Stringency of hybridization and washing, if desired, can be reduced accordingly as the degree of
complementarity desired is decreased, and further, depending upon the G-C or A-T richness of any
area wherein variability is searched for. Likewise, stringency of hybridization and washing, if
desired, can be increased accordingly as homology desired is increased, and further, depending upon
the G-C or A-T richness of any areca wherein high homology is desired, all as known in the art.

Methods involving conventional biological techniques are described herein. Such techniques
are generally known in the art and are described in detail in methodology treatises such as Molecular
Cloning: A Laboratory Manual, 3rd ed., vol. 1-3, ed. Sambrook et al., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y., 2001; Current Protocols in Molecular Biology, ed.
Ausubel et al., Greene Publishing and Wiley-Interscience, New York, 1992 (with periodic updates);
and Short Protocols in Molecular Biology, ed. Ausubel et al., 52 ed., Wiley-Interscience, New York,
2002. Immunological methods (e.g., preparation of antigen-specific  antibodies,
immunoprecipitation, and immunoblotting) are described, e.g., in Current Protocols in Immunology,
ed. Coligan et al., John Wiley & Sons, New York, 1991; and Methods of Immunological Analysis,
ed. Masseyeff et al., John Wiley & Sons, New York, 1992.

Various aspects of the present invention are illustrated by the following non-limiting
examples. The examples are for illustrative purposes and are not a limitation on any practice of the
present invention. It will be understood that variations and modifications can be made without

departing from the spirit and scope of the invention.

EXAMPLES
The following examples are put forth so as to provide those of ordinary skill in the art with a
complete disclosure and description of how the compounds, compositions, articles, devices and/or

methods claimed herein are made and evaluated, and are intended to be purely
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cxemplary of the invention and arc not intended to limit the scope of what the inventors regard as
their invention. Efforts have been made to ensure accuracy with respect to numbers (e.g.,
amounts, temperature, etc.), but some errors and deviations should be accounted for. Unless
indicated otherwise, parts are parts by weight, temperature is in °C or is at ambient temperature,
and pressure is at or near atmospheric.

Example 1:

This example describes the development and application of real-time PCR-based point
mutation assays for the 103N and 184V mutations in the reverse transcriptase (RT) of HIV-1.
The assay measures the differential amplifications of total copy and mutation-specific reactions
that target codons of interest. In evaluating mutation-containing plasmids diluted in backgrounds
of wild type plasmid, the assays were able to achieve a mutation detection limit of 0.04% and
0.2% 103N and 184V, respectively. To cvaluate the performance of these assays with clinical
specimens, 77 known wild-type samples were first analyzed. None of the wild-type samples was
positive for the 184V mutation, while one sample (1.3%) scored positive for 103N. Conversely,
in plasma samples known to have viruses carrying the 103N mutation and/or the 184V mutation,
103N was detected in 54 of 55 positive specimens (98%), and 184V in 65 of 67 (97%). To
determine whether any mutation-containing samples were undctected by conventional scquence
analysis, the present assays were applied to a test population of HIV-1-positive treatment-naive
persons documented to have RT mutations other than 103N and 184V. The 103N assay detected
4 positive samples (2.4%) in 165 plasma samples previously found absent of 103N (clones are
currently being screened for the presence of low-level mutants). Likewise, in 173 samples
previously determined to be negative for the 184V mutation, three samples scored positive
(1.1%) for 184V by this assay. Two were later verified to have the mutation (at frequencies of
1.4% and 5.5%) by sequence analysis of clones. The data demonstrate that currently used
sequence analysis is failing to detect resistant HIV-1 present as minority species in clinical
specimens. The data also demonstrate that these real-time PCR assays for the detection of the
103N and 184V mutations are sensitive and specific. Given the low cost, high-throughput
capability, and greater sensitivity than conventional testing, these assays will be useful for
detecting drug resistance-associated mutations and could aid in the clinical management of HIV-

1 infection.
Clinical Samples
Wild type HIV-1 subtype B samples were obtained from the plasma of 23 treatment-

naive persons (2) with no detectable resistance mutations, and from 54 sera collected in the early
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1980°s, prior to the development of antirctroviral drugs. 67 specimens confirmed by sequence
analysis to have virus carrying the mutation comprised mutation-positive samples. The test
population encompassed a second group of 173 treatment-naive patients (partially referenced in
2), all with RT mutations other than 103N or 184V. Approximately 17% of the treatment-naive
specimens were from persons documented to be recently infected. Results obtained from
cvaluation of the wild type and mutation-confirmed samples were used to define the assay

cutoffs.

Reverse Transcriptase-PCR

HIV-1 genomic RNA was extracted (Qiagen UltraSens RNA kit) from patient plasma or
serum. Primary amplifications of HIV-1 template were gencrated by reverse transcriptase-PCR
using primers that demarcated the first half of the RT sequence, or when desired, the forward
primer was shifted upstream to also include the entire protease region. The minimum copy
numbers from which these reactions could successfully amplify were 5 and 10 RNA copies,

respectively.

Real-time PCR

Baseline measurements for viral copies in test samples were determined using HIV-1 RT
total copy primers with a total copy probe (Fig. 1A). Preliminary analysis for detecting the
presence of the mutation was performed using primer mixtures to compensate for polymorphic
variability in the primer binding sites. The 103N-specific mixture incorporated four different
primers, and the 184V-specific reaction used three primers. The primers can be mixed at optimal
ratios to equilibrate the differences in primer affinities. Examples of such ratios are provided
below. It is recognized that the optimization of primer ratios is routine given the teaching of the
primers and primer mixtures themselves. One of skill can envision alternative ratios.

The mutation-specific primers were designed to maximize specificity for annealing to the
mutated nucleotide(s), thus having a reduced affinity for wild type sequences (3,4). The probes
for each reaction were 5’labeled with FAM and quenched with QSY-7. The choice of
fluorophore and quencher can be routinely varied. Common fluorophores include HEX, ROX,
Texas Red, TAMRA, JOE, Cy3, Cy5, SYBR and VIC. There are others that often overlap the
above spectra and can be used. The Bio-Rad fluorophore table contains a more complete listing
of fluorophores that can be used for this method.

Degradation of the fluorescent probes during chain elongation removes the fluorophore

from the proximity of the quencher and generates the fluorescent signals, reported as relative
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fluorcscent units (RFU), that increasc with cach amplification cycle (Fig. 1B). The cycle number
where the fluorescence emission exceeds the software-derived threshold is called the threshold
cycle (CT) and is the unit of measure when comparing the differences in amplification levels
(ACT) of the total copy and mutation-specific reactions.

All reactions were performed using an iCycler real-time PCR system (Bio-Rad) and
AmpliTaq Gold polymerase (Applied Biosystems). Any hot-start polymerase will work in this
method. The differences between these are in their ability to extend from mismatched primers.
Assay cutoffs (limits) are established for each polymerase. Other usable polymerases include,
but are not limited to, AmpliTaq Platinum (Applied Biosystems) and iTaq (Bio-Rad). PCR
annealing was at 50°C for 15 seconds and extension at 60°C for 30 seconds (See detailed PCT
protocol below). Samples that were just above the cutoff (<2 CT) were again analyzed using

individual primers for the mutation in order to increasc the sensitivity of the test.

Assay Sensitivity

Assay detection limits were tested against dilutions of mutation-containing plasmid
clones and from PCR products from both lab-adapted HIV-1 and patient-derived mutant virus
spiked into a background of wild typc virus templatc. The amounts of mutant input compriscd

100%-0.001% of the total virus population.

Protocol for HIV Real-Time PCR Point Mutation Assays

L Sample preparation

Extract viral RNA from 100-1000 pL plasma or proviral DNA from ~7.5 x 10° cells
(Qiagen Ultrasensitive ViralAmp or Promega Wizard Genomic DNA Kkits,

respectively)

1L For RNA Template
Primary (general) RT-PCR —
Use 5 pL extracted RNA per RT-PCR as follows:

(RT step) -
Per reaction, add 5 pLL RNA to a total of 40 :1 of reagents prepared as follows:

DEPC water 11 uL
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10x butter 11
MgCl,

dNTPs

Reverse primer”
RNase inhibitor*

MuLV RT*

PCT/US2014/040514

4 uL

8 puL (final conc. 5 mM)

6 plL (final conc. 1.5 mM each)
4 pL (final conc. 400 nM)

1 pul. (20 U final)

1 puL (50 U final)

+ 5 nL sample RNA

40 pL total

*Heat the RNA in aliquotted mastermix for 2 minutes at 94°C then immediately place on

ice prior to adding the RNase inhibitor and RT.

RT reaction:
39°C for 1 hour,

4°C hold

94°C for 5 minutes,

(PCR step) -

Add the entire RT reaction to 60 :1 PCR mix prepared per reaction as follows:

sterile water
10x buffer
Forward primer”

AmpliTaq LD

48 pL
8 uL
3 uL (final conc. 120 nM)

1pul (5U final)
60 puL mix

+ 40 nL RT reaction

PCR controls (in duplicate):

100 pL total PCR

1) water = blank,

2) uninfected human DNA = (-),
3) plasmid @ 1000 copies/rxn spiked in human DNA = (+),

or a 10° - 10%10 pL plasmid copy number series for

quantitation (also sce TV.)."
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111 For DNA Template
Primary (general) PCR —

Per reaction, add 10 :1 DNA (a higher concentration of template increases chances of

encountering resistant proviruses) to a total of 100 :1 of reagents prepared as follows:

Sterile water 67 uL
10x buffer 10 pL
dNTPs 6 pL (final conc. 600 :M each)

Forward primer® 3 pLL (final conc. 120 nM)
Reverse primer” 3 pL (final conc. 120 nM)

AmpliTaq (Hi-F1i) 1pl (5U final)

+ 10 pL samplc DNA
100 pL total PCR

The 100 pL primary PCR reaction may be diluted (1:10-1:20) prior to the real-time PCR
reaction to ensure the secondary reaction is not overloaded with template and to provide

sufficient template for future studies.

1° PCR conditions:

95°C for 4 minutes »

95°C for 45 seconds,

50°C for 30 seconds,

72°C for 2 minutes x 40 cycles »
72°C for 5 minutes W

4°C hold

IV.  Mutation-specific (secondary) real-time PCR
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Principle — A sequence-specific probe, labeled with a fluorophore and a quencher,
anneals to a region flanked by locus-specific primers. PCR extension from the primers
degrades the intervening probe releasing the quencher from the proximity of the
flucrophore, thus increasing the level of detectable fluorescence. The amplification cycle
at which the level of product (i.e., amount of degraded probe) is measurable above
background, is the threshold cycle (TC). This value directly corrclates with the amount

of starting template and is the unit of measure when making comparisons between

amplification levels.

Procedure-

Use 2 pL of cach primary reaction in duplicatec reactions of both a total copy and

mutation-specific hot-start real-time PCR. Prepare for each of the secondary reactions by

CA 02913729 2015-11-26

one or both of the following reaction parameters:

sterile water

10x bufter
Forward primer(s)
Reverse primer
dNTPs
fluoro-probe
AmpliTaq Gold
(Life/ABI)

sterile water

10x bufter 1
Forward primer®?

Reverse primer®?

dNTPs
fluoro-probe

AmpliTaq Gold

30.5 uLb

5 uL

4 uL (final conc. 320 nM)
4 uL (final conc. 320 nM)
2 uLL (final conc. 400 :M)
2 uL (final conc. 160 nM)
0.5 uL (2.5 U final)

+ 2 puL primary reaction

50 uL total PCR reaction

14.25 L

2.5ul

2 ulL (final conc. 320 nM)
2 uLL (final conc. 320 nM)
1 pLL (final conc. 400 nM)
1 uL (final conc. 160 nM)
0.25 ulL (2.5 U final)
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+ 2 pL primary reaction (RT-PCR product)

25 ulL total PCR reaction

2° Real-time PCR conditions:
95 °C for 11 minutes (includes normalization time) »
95 °C for 30 scconds,

50 °C for 15 seconds,
59 °C for 30 seconds x 45 cycles P

4 °C hold

64



10

15

20

25

30

CA 02913729 2015-11-26

WO 2014/194318 PCT/US2014/040514

The mutation-specific tests(c) can be qualitative, by comparing to the common (total
copy) primers () using only the 1000 copy positive control, or quantitative, by using
the wild type and mutation-inclusive plasmid copy number dilution series. The
quantitation can be performed without or in conjunction with a separate mutation-
independent (mi) test (d), for quantitation by comparing the CT of the mutation
reaction to the CT of the primer complementary to the shared overlapping sequence
(i.e., same locus) (for examples of mi primers, see the primer list below).

T The plasmid standards can be prepared and aliquotted as 40-cycle reactants of which 2

uL are used for the copy standards in each secondary reaction plate.

All mutation-specific PCRs are evaluated relative to the concomitant total copy (or wild
type) reaction, the difference being ACT. Mutation-specific reactions with a ACT

below the experimentally derived cutoff are scored positive.

An advantage of the present invention is in detection sensitivity of the various subtypes
of HIV from various countrics of the world. For example, the scts disclosed in the primer sct
below are particularly sensitive to detection of HIV subtypes across the spectrum of HIV.

ReTi-HIV Assay Oligonucleotide list:

“Primers for the RT-PCR reaction:

Subtype B
RTPF1 (includes protease) 5’-CCT CAG ATC ACT CTT TGG CAA CG (SEQID NO: 1)
RTPF2 (only RT) 5-AAA GTT AAA CAATGG CCATTG ACA G (SEQ ID
NO: 2)
RTPREV 5’-ATC CCT GCA TAA ATC TGA CTT GC (SEQ ID NO: 3)
Subtype C
RTPFI1C (includes protease) 5’-CCT CAA ATC ACT CTT TGG CAG CG (SEQID NO: 4)
RTPF2C (RT only) 5-AGG TTA AAC AAT GGC CAT TGA CAG AAG (SEQ
ID NO: 5)
RTP-RC 5-CTG GGT AAA TCT GAC TTG CCC A (SEQ ID NO: 6)
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Primers below arc tor the listed mutations. All forward primers for cach mutation can be mixed
for general surveillance testing or the primers can be used individually or mixed and matched for
detecting/monitoring distinct polymorphisms associated with that mutation. The primer
proportions exemplified for these mixtures are routinely adjustable using the optimization
methods routinely practiced in this field.

IUPAC codes: M=AorC;R=AorG;W=AorT;S=CorG;Y=CorT; K=GorT

Notes: FAM=6-carboxyfluorescein, however, any fluorophore may be used; the ““’marks are
where the quencher is placed
67 and 69 REV are the same as the comREV primer
¥ Test performed in reverse orientation where the reverse primers detect the mutation
& Test for the wildtype codon (absence of mutation)
t Same as the 41L probe
£ Same as the RT-PCR primer RTPF2
Codons Label Oligonucleotide sequence
b Common® ComFWD  5’-CTT CTG GGA AGT TCA ATT AGG AAT ACC (SEQ ID NO: 7)
(copy number) ComREV  5°-CCT GGT GTC TCA TTG TTT ATA CTA GGT (SEQ ID NO: 8)
probe® 5-FAM-TGG ATG TGG GTG A"T"G CAT ATTTYT CAR TTC CCT TA (SEQID NO: 9)

“Mutation

Subtype B
Reverse

transcriptase

41L Set 1
41L F1 5°-AAA AGC ATT ART RGA AAT YTG TRC AGG AC (SEQ ID NO: 62)
41LF2 5°-AAT AAA AGC ATT ART RGA AAT YTG TRC AGC AT (SEQ ID NO: 63)
41L F3 5".TAA AAG CAT TAR TRG AAA TYT GTR CAK GTC (SEQ ID NO: 64)
41L F4 5°-AAG CAT TAR TRG AAA TYT GTR CAK GGC (SEQ ID NO: 65)
41LREV  5-CCT AAT TGA ACT TCC CAG AAG TC (SEQ ID NO: 66)
41L probe 5°-FAM-TTG GGC CTG AAA A"T"C CAT ACA ATA CTC CAG TAT TT
(SEQ ID NO: 67)

41L Set 2

41L F2 5°-AAT AAA AGC ATT ART RGA AAT YTG TRC AGC AT (SEQ ID NO: 63)
41L F5 5°-AAT WAA AGC ATT ART RGA AAT YTG TRC WGC AT (SEQ ID NO: 96)
41LF6 5°-AAA AGC ATT ART RGA AAT YTG TRC AGG AC (SEQ ID NO: 97)

41L F3 5°-TAA AAG CAT TAR TRG AAA TYT GTR CAK GTC (SEQ ID NO: 64)
41L F4 5’-AAG CAT TAR TRG AAA TYT GTR CAK GGC (SEQ ID NO: 65)
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65R Set 1

65R Set 2

67N

69T Set 1

69T Set 2

41LREV  5°-CCT AAT TGA ACT TCC CAG AAG TC (SEQ ID NO: 66)
41L probe  5°-FAM-TTG GGC CTG AAA A"T"C CAT ACA ATA CTC CAG TAT TT
(SEQ ID NO: 67)

65R F1 5°-CAT AYA ATA CYC CAR TAT TTG YCA TAA AAA G (SEQ ID NO: 10)

65RREV  5’-CCT GGT GTC TCA TTG TTT ATA CTA GGT (SEQ ID NO: 11)

65R probe  3’-FAM-TGG ATG TGG GTG A"T"G CAT ATT TYT CAR TTC CCT TA
(SEQ ID NO: 9)

65-69 probe 5’-FAM-TAG TAG ATT "T" CAG AGA ACT TAA TAA GAG AAC TCA

AGA CT (SEQ ID NO: 68)

65R F2 5°- ACA ATA CTC CAR TAT TTG CCA TAA RCA G (SEQ ID NO: 98)
65RREV  5°-CCT GGT GTC TCA TTG TTT ATA CTA GGT (SEQ ID NO: 11)

65-69 probe2 5’-FAM- TCA GAG AAC "T" TAA TAA RAG AAC TCA AGA CTT CTG GGA

(SEQ ID NO: 99)

67N F2 5"-AAT ACT CCA RTA TTT GYC ATA ARG AAR GCA A (SEQ ID NO: 69)
67N F3 5"-ATA CTC CAR TAT TTG YCA TAA AGA ARG CGA (SEQ ID NO: 70)
67 REV*  5’.CCT GGT GTC TCA TTG TTT ATA CTA GGT (SEQ ID NO: 8)

65-69 probe 5’-FAM-TAG TAG ATT "T" CAG AGA ACT TAA TAA GAG AAC TCA
AGA CT (SEQ ID NO: 68)

69T F1  5°.RTA TTT GCC ATA AAG AAR AAR RAY AAT AC (SEQ ID NO: 12)

69T F2f  5°.RTA TTT GCC ATA AAG AAR AAR RAY AAC AC (SEQ ID NO: 13)

69T REV  5°-GTA TGG TAA ATG CAG TAT ACT TCC T (SEQ ID NO: 14)

9T mi 5°- CCARTA TTT GCC ATA AAG AAR AAR RAY AGT (SEQ ID NO:
15)

69T probe  5°-FAM-TGG ATG TGG GTG A"T"G CAT ATT TYT CAR TTC CCT TA
(SEQ ID NO: 9)

69T F1%  5.RTA TTT GCC ATA AAG AAR AAR RAY AAT AC (SEQ ID NO: 12)

69T F2 5-RTA TTT GCY ATA AAG AAR AAR GAY AGC AC (SEQ ID NO: 71)

69T REV*  5°-CCT GGT GTC TCA TTG TTT ATA CTA GGT (SEQ ID NO: 8)

69T mi 5°- CCA RTA TTT GCC ATA AAG AAR AAR RAY AGT (SEQ ID NO:
15)

65-69 probe 5’-FAM-TAG TAG ATT "T" CAG AGA ACT TAA TAA GAG AACTCA

AGA CT (SEQ ID NO: 68)
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70R Set |

T0R F1 5’-TRT TTG CCA TAA AGA AAA AAR AYA GTA MCA G (SEQID
NO: 16)

70R F2 5-TTG CCA TAA AGA AAA AAR ACA GTG ACA G (SEQID NO: 17)

70R F3 5-TTG CCA TAA AGA AAA AAR ACA GYR ACA G (SEQ ID NO: 18)

70R F4 5’-GCC ATA AAG AAA AAA RAC RGT RAC GG (SEQ ID NO: 19)

70R REV ~ 5°-GTA TGG TAA ATG CAG TAT ACT TCC T (SEQ ID NO: 20)

470Rmi 5’- AGT ATT TGC CAT AAA GAA AAA ARA CAG TAM TA (SEQID
NO: 21)

TOR probe  5°-FAM-TGG ATG TGG GTG A"T"G CAT ATT TYT CAR TTC CCT TA
(SEQ ID NO: 9)

70R Set 2
70 F1* 5’-AAA GTT AAACAATGG CCATTG ACA G (SEQIDNO: 2)
70R REV1S 5°- GTT CTC TRA AAT CTA YTA WTT TTC TCC CTC (SEQ ID NO: 72)
70R REV2 5°-TTC TCT RAA ATC TAY TAW TTT TCT CCC CC (SEQ ID NO: 73)
T10mi 5’- AGT ATT TGC CAT AAA GAA AAA ARA CAG TAM TA (SEQID

NO: 21)
70R probe’ 5°-FAM-TTG GGC CTG AAA A"T"C CAT ACA ATA CTC CAGTATTT
(SEQ ID NO: 67)

70R Set3
FWD.6F: 5-AGA RAT TTG TAM AGA RAT GGA ARA GGA AG (SEQ ID NO: 144)
70R REVI1S 5°- GTT CTC TRA AAT CTA YTA WTT TTC TCC CTC (SEQ ID NO: 72)
70R REV2 5-TTCTCT RAA ATC TAY TAW TTT TCT CCC CC (SEQ ID NO: 73)
70R probe’ 5°-FAM-TTG GGC CTG AAA A"T"C CAT ACA ATA CTC CAGTATTT
(SEQ ID NO: 67)

K70E B 70E.IREV: 5’-GTT CTC TRA AAT CTAYTA WTT TTC TCC AGT C (SEQ ID NO: 143)
FWD.6F: 5’-AGA RAT TTG TAM AGA RAT GGA ARA GGA AG (SEQ ID NO: 144)
70R probe’  5°-FAM-TTG GGC CTG AAA A"T"C CAT ACA ATA CTC CAG TAT TT
(SEQ ID NO: 67)

103N 103N F1 5’-TCC HGC AGG GTT AAA RAA GGA C (SEQID NO: 22)

103N F2 5°-TCC CKC WGG GTT AAR AAG GGA C (SEQ 1D NO: 23)
103N F3 5’-CAT CCH GCA GGR TTA AAA AAG GGC (SEQ ID NO: 24)
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181C

184V

215Y.FS,CD

215T Set 1

103N F4
103N REV
4103Nmi
103N probe

181C F1
181C F2
181C REV
9 81Cmi

181C probe

184V F1
184V F2
184V F3
184V REV
4 84Vmi

184V probe

215Y F1
215F F1
2158 F1
215CF1
215D F1
215REV
D15mi
probe

215T F1?
215T F2¢
215 REV
D15mi
probe
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5°.CAT CCC GCA GGG TTA AAA VAG GAT (SEQ ID NO: 25)
5°.GTA TGG TAA ATG CAG TAT ACT TCC T (SEQ ID NO: 26)

5°.CAT CCH GCA GGR CTA AAA AAG AA (SEQ ID NO: 27)
5°.FAM-TGG ATG TGG GTG A"T"G CAT ATT TYT CAR TTC CCT TA
(SEQ ID NO: 9)

5°-AAA ACA AAA YCC AGA MAT GRT TGG CTG (SEQ ID NO: 28)
5-GAA AAC AAA AYC CAR AMA TRG TTG GHT G (SEQ ID NO: 29)
5°-CAG GAT GGA GTT CAT AAC CCA T (SEQ ID NO: 30)

5°- TTY AGA AAA CAA AAY CCA GAM ATG RTT ATM T (SEQ ID
NO:31)

5'-FAM-TAG GAT CTG ACT TAG AAA “T"AG GRC AGC ATA GAR C
(SEQ ID NO: 32)

5°.AAA TCC ARA MMT ART TAT MTR TCA GCA CG (SEQ ID NO: 33)
5’.AAA TCC AGA MAT ART TAT CTR TCA GCA CG (SEQ ID NO: 34)
5°-AAA YCC ARA MAT ART TAT CTR YCA GCA TG (SEQ ID NO: 35)
5°-CAG GAT GGA GTT CAT AAC CCA T (SEQ ID NO: 36)

5°- AAR CAA AAY CCA RAM ATA RTT ATC TRT CAA TAY (SEQ ID
NO: 37)

5°.FAM-TAG GAT CTG ACT TAG AAA “T”AG GRC AGC ATA GAR C
(SEQ ID NO: 32)

5°-ASA RCA TCT GTK GAR RTG GGG RYT CTA (SEQ ID NO: 40)
5°-ASA RCA TCT GTK GAR RTG GGG RYT CTT (SEQ ID NO: 41)
5°-ARC ATC TGT KGA RGT GGG GRY TCT C (SEQ ID NO: 42)
5"-ARC ATC TGT KGA RGT GGG GRY TCT G (SEQ ID NO: 43)
5°-SAR CAT CTG TKG ARR TGG GGR YTC GA (SEQ ID NO: 44)
5°-CTT CTG TAT GTC ATT GAC AGT CC (SEQ ID NO: 45)
5°-SAA CAT CTG TTG ARG TGG GGR YTT (SEQ ID NO: 46)
5-FAM-TGG ACA GTA CAG CC’T” ATA RTG CTG CCA GA
(SEQ ID NO: 47)

5°-ACA TCT GTK GAR GTG GGG RYT CAC (SEQ ID NO: 38)
5°-ASA AYA TCT GTT RAR GTG GGG RTT CAC (SEQ ID NO: 39)
5°-CTT CTG TAT GTC ATT GAC AGT CC (SEQ ID NO: 43)
5°-SAA CAT CTG TTG ARG TGG GGR YTT (SEQ ID NO: 46)
5-FAM-TGG ACA GTA CAG CC’T” ATA RTG CTG CCA GA
(SEQ ID NO: 47)
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215T Set2

Protease

30N

90M Set 1

90M Set 2

CA 02913729 2015-11-26

215T F1¥ 5°-AAC ATC TGT KGA RGT GGG GRY TCA C (SEQ ID NO: 74)
21STF2  5°-AAC ATY TGT TAA RGT GGG GRY TCA C (SEQ ID NO: 75)
215SREV  5°-CTT CTG TAT GTC ATT GAC AGT CC (SEQ ID NO: 45)
D1 5mi 5°-SAA CAT CTG TTG ARG TGG GGR YTT (SEQ ID NO: 46)
215 probel 5°-FAM-TAT GAA CTC CA" T"C CTG ATA AAT GGA CAG TAC ARC
(SEQ ID NO: 76)
215 probe2 5’-FAM-TAT GAG CTC CA" T"C CTG ATA AAT GGA CAG TRC
(SEQ ID NO: 77)

215T F3% 5°- CAA CAT YTG TTA ARG TGG GGR GAT AC (SEQ ID NO: 101)

215TF2  5°-AAC ATY TGT TAA RGT GGG GRY TCA C (SEQ ID NO: 75)

215REV  5°-CTT CTG TAT GTC ATT GAC AGT CC (SEQ ID NO: 45)

D1 5mi 5°-SAA CAT CTG TTG ARG TGG GGR YTT (SEQ ID NO: 46)

215 probel  5°-FAM-TAT GAA CTC CA" T"C CTG ATA AAT GGA CAG TAC ARC

(SEQ ID NO: 76)

215 probe2  5°-FAM-TAT GAG CTC CA" T"C CTG ATA AAT GGA CAG TRC
(SEQ ID NO: 77)

30N F1 5°-GCT YTA TTA GAY ACA GGR GCA GGT A (SEQ ID NO: 48)

30N F2 5°-GCT CTA TTM GAY ACA GGA GCW GGT A (SEQ ID NO: 49)

30NREV  5’- TGG TAC AGT TTC AAT AGG ACT AAT GGG (SEQ ID NO: 50)

430Nmi  5°- CTY TAT TMG AYA CAG GRG CAG GTA (SEQ ID NO: 51)

30N probe 5’-FAM-TAA RAC AGT ATG ATC AGR TAC CCA “T”AG AAA TCT
GTG GAC-3" (SEQ ID NO: 52)

90M 'l 5°-CTG YCA ACR TAA TTG GAA GAA ATC CGA (SEQ ID NO: 53)

90M F2 5°-CTR CCA ACA TAA TTG GAA GAA AYC CGA (SEQ ID NO: 54)

90M F3 5°-CTR YCA ACR TAA TTG GAA GAA ATC CAA (SEQ ID NO: 55)

90REV  5°-CTT CTG TCA ATG GCC ATT GTT TAA C (SEQ ID NO: 56)

d90Mmi  5°-CCT GYC AAC RTA ATT GGA AGA AAY CT (SEQ ID NO: 57)

90M probe  5’-FAM-TGT ACC AGT AAA AT”T” AAA GCC AGG AAT GGA TGG
{SEQ ID NO: 58)

90M F1 5-TGY CAA CRT AAT TGG RAG RAA YCG GA (SEQID NO: 78)
90M F2 5-CTR YCA ACR TAA TTG GAA GRA ATK GGA (SEQ ID NO: 79)
90M F3 5’-CTR YCA ACR TAA TTG GAA GAA ATC CAA (SEQID NO: 55)
90M F4 5’-RYC AAC RTA ATT GGR AGA GAY CGG A (SEQ ID NO: 80)

9OM REV  57-AAT GCT TTT ATT TTT TCT TCT GTC AAT GGC (SEQ ID NO: 81)
490Mrmi 5-CCT GYC AAC RTA ATT GGA AGA AAY CT (SEQ ID NO: 57)
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90M probe 5’-FAM-TAA ATT TTC CCA "T" TAG TCC TAT TGA AAC TGT ACC AGT
AAA (SEQ ID NO: 82)

150V HIV-PR50V.1.1F: 5’-TGGAAACCAAWAATGATAGKGGCAG-3  (SEQ ID NO: 146)
HIVB-PR.IR:  5-GAAAATTTAAAGTGCAACCAAKCTGA-3’* (SEQ ID NO: 147)
50-90 probe 1.2p 5-FAM-TAAGACAGTA"T"GATCAGATACYCATAGAAAT-3' (SEQ 1D
NO: 148)

Subtype AE

Reverse Transcriptase

65R Set 3 (Subtype AE)

HIV-AE_K65R.1F  5-ATAYAATACTCCARTATTTGCTATAAACAG (SEQ ID NO: 113)

HIV-B ComRev 5-TGG TGT CTC ATT GTT TRT ACT AGG TA (SEQ ID NO: 114

AE Com 3.1Probe 5°- FAM-TCAGTAACAG"T’ACTAGATGTGGGAGATGCATAT (SEQ ID NO: 115)
AE Com 3.2P 5"-FAM-TCAGTAACAG"T”ACTGGATGTGGGGGATGCATAT (SEQ ID NO: 116)

Subtype C

Reverse transcriptase

65R Set 4

65R.6F 5-CAATACTCCAGTATTTGTCATACCAAG (SEQ ID NO: 117)
HIV-C 65R.5.1F 5’-AACACTCCARTATTTGCYATACCAAG (SEQ ID NO: 118)
HIV-C 65.1REV S-TYTTTAACCCTGMTGGGTGTGGTAT (SEQIDNO: 119)

HIV-C 65.1P 5-FAM-TCAGGGARCT""CAATAAAAGAACTCAAGACTTYTGGGA (SEQ ID NO: 120)
HIV-C 65.2P 5-FAM-TCAGGGAAC'T"YAAYAAAAGAACTCAAGACTTYTGGGA (SEQ ID NO: 121)

65R Set 5

HIV-C 65R.5.1F 5’-AACACTCCARTATTTGCYATACCAAG (SEQ ID NO: 118)
HIV-C 6F 5-CAA TACTCC AGT ATT TGT CAT ACC AAG-3’ (SEQID NO: 117)
HIV-C 6.1F 5- YAAYAC TCC AGT ATT TGY CAT ACC AAG-3° (SEQ ID NO: 122)
HIV-C 65.1REV 5-TYTTTAACCCTGMTGGGTGTGGTAT (SEQIDN O: 119)

HIV-C 65.1P 5-FAM-TCAGGGARC"T’"CAATAAAAGAACTCAAGACTTYTGGGA (SEQ ID NO: 120)
HIV-C 65.2P 5-FAM-TCAGGGAAC'T"YAAYAAAAGAACTCAAGACTTYTGGGA (SEQ ID NO: 121)

65R Sel 6
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65R 6.1F 5- YAAYACTCCAGTATTTGYCATACCAAG (SEQ ID NO: 142)
HIV-C 65R.5.1F 5’-AACACTCCARTATTTGCYATACCAAG (SEQ ID NO: 118)
HIV-C 65.1REV 5-TYTTTAACCCTGMTGGGTGTGGTAT (SEQ ID NO: 119)

HIV-C 65.1P 5’-FAM-TCAGGGARC"T""CAATAAAAGAACTCAAGACTTYTGGGA (SEQ ID NO: 120)
HIV-C 65.2P 5’-FAM-TCAGGGAAC'T"YAAYAAAAGAACTCAAGACTTYTGGGA (SEQ ID NO: 121)

K70E

C-70E.2R 5’-CCTGAAATCTAYTAATTTYCTCCAGTC (SEQ ID NO: 149)
FWD.6F: 5°-AGA RAT TTG TAM AGA RAT GGA ARA GGA AG (SEQ ID NO: 144)

HIV-C 70.1P:  5°-FAM-TAT TTG CCA “T”AA AAA GGA AGR ACR GTA CTA AGT GGA

(SEQ ID NO: 145)

103N 103NFI  5°-CCC AGT AGG RTT AAA RAA GGA C (SEQ ID NO: 59)
103NF2  5°-CCC AKC RGG GTT RAA AGA GGA C (SEQ ID NO: 60)
103NF3  5°-CCC AGC AGG RTT AAA AVA GGA T (SEQ ID NO: 61)
103N REV 5°-GTA TGG TAA ATG CAG TAT ACT TCC T (SEQ ID NO: 26)
103N probe 5°-FAM-TGG ATG TGG GTG A"T"G CAT ATT TYT CAR TTC CCT TA
(SEQ ID NO: 9)

181C 181C F1 5'- GRA CAM AAA ATC CAG AAA TAG TYG CCT G (SEQ ID NO: 83)
181C F2 5’- ACA MRA AAT CCA GAA ATA GTY GCT TG (SEQ ID NO: 84)
181/184 REV 5'- CAG GAT GGA GTT CAT AAC CCA T (SEQ ID NO: 85)
181/184 probel 5°- FAM-TAG GAT CTG ATT "T" AGA AAT AGG GCA ACA TAG
RAC (SEQ ID NO: 86)
181/184 probe2 5°- FAM-TAG GAT CTG ATT "T" AGA AAT AAA GCA ACA TAG
RAC (SEQ ID NO: 87)

184V Set 1
184VFl  5-AAA AYC CAG AMA TAR TYA TCT RYC AGC ATG
(SEQ 1D NO: 88)
184V F2 5’-MAA AAY CCA RAM ATA RTY ATM TRT CAG CAC G
(SEQ ID NO: 89)
181/184 REV 5’- CAG GAT GGA GTT CAT AAC CCA T (SEQ ID NO: 83)
181/184 probel 5’- FAM-TAG GAT CTG ATT "T" AGA AAT AGG GCA ACA TAG
RAC (SEQ ID NO: 86)
181/184 probe2 5’- FAM-TAG GAT CTG ATT "T" AGA AAT AAA GCA ACA TAG
RAC (SEQ ID NO: 87)

184V Set 2
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184VF3  5°- AAA AYC CAG RAA TAR TYA TCT RTC AGC ATG (SEQ ID NO: 102)
184VF4  5°- AAY CCA GAM ATA RTY ATC TRT CAG CAC G (SEQ ID NO: 103)
184VF5  5°- AAA AYC CAG ARA TAR TYA TYT RTC AGC ATG (SEQ ID NO: 104)
181/184 REV 5°- CAG GAT GGA GTT CAT AAC CCA T (SEQ ID NO: 85)

181/184 probel 5’- FAM-TAG GAT CTG ATT "T" AGA AAT AGG GCA ACA TAG

RAC (SEQ ID NO: 86)

181/184 probe2 5’- FAM-TAG GAT CTG ATT "T" AGA AAT AAA GCA ACA TAG

RAC (SEQ ID NO: 87)

Integrase

(primers and probes)

HIV-IN GEN.3F, GTG ATA AAT GTC ARY TAA AAG GRG AAG C (SEQ ID NO: 124) For RT-PCR

HIV-IN GEN.3R, CTT TCC AAA STG GRT CTC TGC TG : (SEQ ID NO: 125) For RT-PCR

HIV-IN GEN.4F, CAT GGA CAA GTA GAC TGT AGY CCA (SEQ ID NO: 126) : forward primer for common
reaction and 148 and 155 mutations.

HIV-IN SEQ.3R, GTC CCT GTA ATA AACYCG AAA ATT TTG (SEQ ID NO: 127): sequencing

HIV-IN GEN.4R, CTY TRG TYT GTA TGT CTG TTG CTA TYA TG (SEQ ID NO: 128): for nested PCR
HIV-IN COM.1BR, CAG CYT GMT CTC TTA CYT GTC CTA (SEQ ID NOQO: 129): used in common reaction
with GEN.4F

HIV-IN 138.1R, CTA YTA TTC TTT CYC CTG CAC TGT A (SEQ ID NO: 130): Reverse for 138 and 140
mutations

HIV-B-IN 138.2P, TCA AGC TGA ACA TC“T” YAA RAC AGC AGT ACA RAT GGC (SEQIDNO: 131):
HIV-B-IN 138.1P, TCA GGC TGA ACA TC“T” YAA RAC AGC AGT ACA RAT GGC (SEQ ID NO: 132): 138
probes used for 138 and 140 mutations

HIV-B IN 138K.1F, GTG GGC RGG RAT CAARCT GA  (SEQ ID NO: 133)

HIV-B IN 1408.1F, GGC RGG RAT CAA GCA GRA ATCTA (SEQ ID NO: 134)

HIV-B-IN SEQ.3F, GTA GCC AGT GGA TAY ATA GAAGCA G (SEQ ID NO: 135): sequencing

HIV-IN SEQ.3R, GTC CCT GTA ATA AACYCG AAAATTTTG (SEQ ID NO: 136): sequencing

HIV-B-IN 155H.1R, ACC TGT CCT ATA ATT TTC TTT AAT TCY TTC TG (SEQ ID NO: 137)

HIV-B-IN 148R.1R, CTT TAT TCA TAG ATT CTA CTA CYC GTC (SEQ [D NO: 138)

HIV-B-IN 148H.2R, CTT TAA TTC TTT ATT CAT AGA TTC TACTACYCG A (SEQ ID NO: 139)

HIV-B IN COM.4.3P, TCT TAA AAT “T”AG CAG GAA GAT GGC CAG TRA MAA CAA TAC ATA C (SEQ
1D NO: 140)

HIV-B IN COM.4.4P, TTT TAA AAC “T”AG CAG GAA GAT GGC CAG TRA MAA CAA TAC ATA C (SEQ
ID NO: 141)

COM probes are used for common reaction and 148 and 155 mutation tests.

It is appreciated that nucleotides marked within quotation marks (e.g. “T”) are optionally bound to a quencher
molecule. Probes are optionally labeled at the 5 nucleotide with a fluorophore that is matched to a quencher

molecule.
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Simian Immunodeficiency virus (SIV) has strong clinical, pathological, virological and
immunological analogies with HIV infection of humans. Infection of macaques with SIV
provides a valuable model for exploring crucial issues related to both the pathogenesis and
prevention of HIV infection. The model offers a unique setting for mutation detection testing,
preclinical evaluation of drugs, vaccines and gene-therapics against HIV, and can identify many
virus and host determinants of lentiviral disease. As such, the present invention can be utilized in
conjunction with SIV nucleotide sequences. Provided below are exemplary SIV sequences for
use with the present invention. The SIVmac 65R mutation-specific reaction can be compared
against the total copy (common) reaction in the same way as described previously for HIV
oligonucleotides.

Macaque SIV Reverse Transcriptase

Accession number: AY588945, M33262, AY599201, AY597209, M19499

Excmplary Sequence

1 CCCATAGCTA AAGTAGAGCC TGTAAAAGTC GCCTTAAAGC CAGGAAAGGA TGGACCAAAA TTGAAGCAGT GGCCATTATC

81 AAAAGAAAAG ATAGTTGCAT TAAGAGAAAT CTGTGAAAAG ATGGAAAAGG ATGGTCAGTT GGAGGAAGCT CCCCCGACCA
161 TCCATACAA CACCCCCACA TTTGCTATAA AGAAARAGGA TAAGAACAAA TGGAGAATGC TGATAGATTT TAGGGAACTA
241 AATAGGGTCA CTCAGGACTT TACGGAAGTC CAATTAGGAA TACCACACCC TGCAGGACTA GCAAAAAGGA AAAGAATTAC
321 AGTACTGGAT ATAGGTGATG CATATTTCTC CATACCTCTA CATGAAGAAT TTAGGCAGTA CACTGCCTTT ACTTTACCAT
401 CAGTAAATAA TGCAGAGCCA GGAAAACGAT ACATTTATAA CGTTCTGCCT CAGGGATGGA AGGGGTCACC AGCCATCTTC
481 CAATACACTA TGAGACATGT GCTAGAACCC TTCAGGAAGG CAAATCCAGA TGTGACCTTA GTCCAGTATA TGGATGACAT
561 CTTAATAGCT AGTGACAGGA CAGACCTGGA ACATGACAGG CTAGTTTTAC AGTCAAAGGA ACTCTTGAAT AGCATAGGGT
641 TTTCTACCCC AGAAGAGAAA TTCCAAAAAG ATCCCCCATT TCAATGGATG GGGTACGAAT TGTGGCCAAC AARATGGAAG
721 TGCARAAAGA TAGAGTTGCC ACAAAGAGAG ACCTGGACAG TGAATGATAT ACAGAAGTTA GTAGGAGTAT TAARATTGGGC
801 AGUTCAAATT TATCCAGGTA TAAAAACCAA ACATCICTGT AGGTTAATTA GAGGAAAAAT GACTCTAACA GAGGAAGTITC
881 AGTGGACTGA GATGGCAGAA GCAGAATATG AGGAAAATAA AATAATTCTC AGTCAGGAAC AAGAAGGATG TTATTACCAA
261 GAAGGCAAGC CATTAGAAGC CACGGTAATA AAGAGTCAGG ACAATCAGTG GTCTTATAAA ATTCACCAAG AAGACAAAAT
1041 ACTGAAAGTA GGARARATTTG CAAAGATAAA GAATACACAT ACCAATGGAG TCAGACTATT AGCACATGTA ATACAGAAAA
1121 TAGGAAAGGA AGCAATAGTG ATCTGGGGAC AGGTCCCAAA ATTCCACTTA CCAGTTGAGA AGGATGTATG GGARACAGTGG
1201 TGGACAGACT ATTGGCAGGT AACCTGGATA CCGGAATGGG ATTTTATCTC AACACCACCG CTAGTAAGAT TAGTCTTCAA
1281 TCTAGTGAAG GACCCTATAG AGGGAGAAGA AACCTATTAT ACAGATGGAT CATGTAATAA ACAGTCAARAA GAAGGGAAAG
1361 CAGGATATAT CACAGATAGG GGCAAAGACA AAGTAAAAGT CGI'AGAACAG ACTACTAATC AACAAGCAGA ATTGGAAGCA
1441 TTTCTCATGG CATTGACAGA CTCAGGGCCA AAGGCAAATA TTATAGTAGA TTCACAATAT GTTATGGGAA TAATAACAGG
1521 TGCCCTACA GAATCAGAGA GCAGGCTAGT TAATCAAATA ATAGAAGAARA TGATTAAAAA GTCAGAAATT TATGTAGCAT
1601 GGGTACCAGC ACACAAAGGT ATAGGAGGAA ACCAAGAAAT AGACCACCTA GTTAGTCAAG GGATTAGACA AGTTCTCTTC
1681 TGGAAAAGA TAGAGCCAGC ACAAGAAGAA CATGATAAAT ACCATAGTAA TGTAARAGAA TTGGTATTCA AATTTGGATT
1761 ACCCAGAATA GTGGCCAGAC AGATAGTAGA CACCTGTGAT AAATGTCATC AGAAAGGAGA GGCTATACAT GGGCAGGCAA
1841 ATTCAGATCT AGGGACTTGG CAARATGGATT GTACCCATCT AGAGGGAAAA ATAATCATAG TTGCAGTACA TGTAGCTAGT
1921 GGATTCATAG AAGCAGAGGT AATTCCACAA GAGACAGGAA CACAGACAGC ACTATTTCTG TTAAAATTGG CAGGCAGATG
2001 CCCTATTACA CATCTACACA CACATAATOC TCCTAACTTT CCTTCCCAAC AACTAAACAT CCOTTCCATCC TCCCCACCCA
2081 TAGAGCACAC CTTTGGGGTA CCATACAATC CACAGAGTCA CGGAGTAGTG GAAGCAATGA ATCACCACCT GARAAATCAA
2161 ATAGATAGAA TCAGGGAACA AGCAAATTCA GTAGAAACCA TAGTATTAAT GGCAGTTCAT TGCATGAATT TTAAAAGAAG
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2241 GGGAGGAATA GGGGATATGA
2321 CAAAAAACTC AAAATTTAAA
2401 TTGTGGAAAG GGGAAGGAGC
2481 CAAAGATTAT GGAGGAGGAA
2561 CTCATAAAAT ATCTGAAATA
2641 TGGACCTGC AGCAGAGTAA
2721 AAABAGGGTG GCTCAGTACT
2801 GCAGACATTT TACTGCATAG
2881 GCTGTCTTGC TGCAGGTTCC

(SEQ ID NO: 105)

CA 02913729 2015-11-26

CTCCAGCAGA
AATTTTCGEG
AGTCATCTTA
ARGAGGTGGA
TAAAACTAAA
TCTTCCCACT
TATGCAGTGA
CACTTATTTC
CGAGAGCTCA

Genome Location: 1954...4907

AAGATTAATT
TCTATTACAG
AAGGTAGGGA
TAGCAGTTCC
GATCTACAAA
ACAGGAAGGA
GGATAACCTG
CCTTGCTTTA
TAAGTAUCAG

AACATGATCA
AGAAGGCAGA
CAGACATTAA
CACATGGAGG
AGGTTTGCTA
AGCCATTTAG
CTACTCAAAG
CAGCGGGAGA
CTACCAAGCC

PCT/US2014/040514

CTACAGAACA
GATCAACTGT
GGTAGTACCC
ATACCGGAGA
TGTGCCCCAT
AAGTACAAGG
AACTTTTGGA
AGTGAGARAGG
TACAGTACTT

AGAGATACAA
GGAAGGGACC
AGAAGAARGG
GGCTAGAGAG
TTTAAGGTCG
GTATTGGCAT
CAGATGTAAC
GCCATCAGGG
AGCACTGAAA

Additional Similar Nucleotide Examples: Accession Numbers: U65787

Protein: Accession Number: AAV65312

SIVmac

RT-PCR reaction:

RTP F1
RTP REV

TTTCAACAAT
CGGTGAGCTA
CTAAAATTAT
GTGGCATAGC
GATGGGCATG
TTGACACCAG
ACCARAACTAT
GAGAACAACT
GTAG

5’-CAA AAG AAA AGA TAG TTG CAT TAA GAG AAA T (SEQ ID NO: 106)

5'-GCC ACA ATT CGT ACC CCA TCC A (SEQ ID NO: 107)

Reverse transcriptase

Total copy

65R

com F1 5’- CAT ACA ACA CCC CCA CAT TTG CTA TA (SEQ ID NO: 108)

com REV 5’- AGT CCT GCA GGG TGT GGT ATT C (SEQ ID NO: 109)

65R F1 5’-ACT CCC ACA TTT GCY ATA GCG AG (SEQ ID NO: 110)

com REV 5’- AGT CCT GCA GGG TGT GGT ATT C (SEQ ID NO: 111)

probe 5’-FAM-TAG ATT TTA GGG AAC "T" AAA TAG GGT CAC TCA GGA C
(SEQ ID NO: 112)

Oligonucleotide Mixture Proportions
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The following is a list of mutation specific primers with an example of the ratios/proportions of

these primers that can be used to specifically and sensitively detect the respective mutations.

10

15

20

25

30

Subtype B
Reverse

transcriptase

41L

67N

69T Set 1

69T Set 2

70R Set 1

70R Set 3

41L F2
41L F5
41L F6
41L F3
41L F4

67N F2
67N F3

69T F1t
69T F2t

69T F1#
69T F21

(35%) (SEQ ID NO:
(10%) (SEQ ID NO:
(32%) (SEQ ID NO:
(13%) (SEQ ID NO:
(10%) (SEQ ID NO:

(60%) (SEQ ID NO:
(40%) (SEQ ID NO:

(60%) (SEQ ID NO:
(40%) (SEQ ID NO:

(60%) (SEQ ID NO:
(40%) (SEQ ID NO:

70F1 (40%) (SEQ ID NO: 16)
70F2 (12%) (SEQ ID NO: 17)
70F3 (10%) (SEQ ID NO: 18)
70F4 (38%) (SEQ ID NO: 19)

63)
96)
97)
64)
65)

69)
70)

12)
13)

12)
71)

70R REV1(70%) (SEQ ID NO: 72)
70R REV2(30%) (SEQ ID NO: 73)
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70E single primer (100%) (SEQ ID NO: 143)

103N 103F1  (40%) (SEQ ID NO: 22)
103F2  (12%) (SEQ ID NO: 23)
103F3  (10%) (SEQ ID NO: 24)
103F4  (38%) (SEQ ID NO: 25)

181C 181F1  (76%) (SEQ ID NO: 28)
181F2  (34%) (SEQ ID NO: 29)

184V 184F1  (50%) (SEQ ID NO: 33)
184F2  (15%) (SEQ ID NO: 34)
184F3  (35%) (SEQ ID NO: 35)

215T Set 1
215TF1 (70%) (SEQ ID NO: 38)
215TF2  (30%) (SEQ ID NO: 39)
215T Set 3
215T F3* (70%) (SEQ ID NO: 101)
215T F2* (30%) (SEQ ID NO: 75)
219Q 219Q REV1 (33%) (5-GRA ATG GRG GTT CTT TCT GAT GYC GTT G)

(SEQ ID NO: 150)
219Q REV3 (67%) (5°-GRA ATG GRG GTT CTT TCT GAT GYT TGT G)
(SEQ ID NO: 151)

Protease

30N 30N F1 (70%) (SEQ ID NO: 48)
30N F2 (30%) (SEQ ID NO: 49)
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90M

Subtype C
Reverse

transcriptase

65R

65R

65R

70E

103N

181C

184V

90M F1  (36%) (SEQ ID NO: 78)
90M F2  (33%) (SEQ ID NO: 79)
90M F3  (16%) (SEQ ID NO: 55)
90M F4  (15%) (SEQ ID NO: 80)

65F1 (80%) (SEQ ID NO: 117)
65F2  (20%) (SEQ ID NO: 118)

HIV-C 65R.5.1F  (20%) (SEQ ID NO
65R.6F (60%) (SEQ ID NO
HIV-C 6.1F (20%) (SEQ ID NO
HIV-C 65R.1.IF  (20%) (SEQ ID NO
65R.6F (60%) (SEQ ID NO
HIV-C 6.1F (20%) (SEQ ID NO

single primer (100%) (SEQ ID NO: 143)
103CF1  (47%) (SEQ ID NO: 59)
103CF2  (33%) (SEQ ID NO: 60)

103CF3  (20%) (SEQ ID NO: 61)

181C F1 (72.5%) (SEQ ID NO: 83)
181C F2 (27.5%) (SEQ ID NO: 84)

184V F3 (35%) (SEQ ID NO: 102)
184VF4  (40%) (SEQ ID NO: 103)
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184V F5 (25%) (SEQ ID NO: 104)

Subtype AE

Reverse Transcriptase

65R HIV-AE_K65R.IF  (100%) (SEQ ID NO: 113)

Integrase (Subtype B and others)

138K HIV-B-IN 138K.1F  (100%) (SEQ ID NO: 133)
1408 HIV-B IN 140S.1F  (100%) (SEQ ID NO: 134)
155H HIV-B-IN 155H.IR  (100%) (SEQ ID NO: 137)
148R HIV-B-IN 148R.IR  (100%) (SEQ ID NO: 138)
148H HIV-B-IN 148H2R  (100%) (SEQ ID NO: 139)

The following is a list of probes with an example of the ratios/proportions of these probes that

can be used to specifically and sensitively detect the respective mutations.

Subtype AE

Reverse Transcriptase

65R AE Com 3.1P (80%) (SEQ ID NO: 115)
AE Com 3.2P (20%) (SEQ ID NO: 116)

Subtype C

Reverse Transcriptase

65R HIV-C 65.1P (80%) (SEQ ID NO: 120)
HIV-C 65.2P (20%) (SEQ ID NO: 121)

Integrase (HIV-1 Subtype B and others)

138K HIV-B-IN 138.1P  (80%) (SEQ ID NO: 132)
HIV-B-IN 1382P  (20%) (SEQ ID NO: 131)
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1408 HIV-B-IN 138.1P  (80%) (SEQ ID NO: 132)
HIV-B-IN 1382P  (20%) (SEQ ID NO: 131)

155H HIV-B IN COM.4.3P (80%) (SEQ ID NO: 140)
HIV-B IN COM.4.4P (20%) (SEQ ID NO: 141)

148R HIV-B IN COM.4.3P (80%) (SEQ ID NO: 140)
HIV-B IN COM.4.4P (20%) (SEQ ID NO: 141)

148H HIV-B IN COM.4.3P (80%) (SEQ ID NO: 140)
HIV-B IN COM.4.4P (20%) (SEQ ID NO: 141)

103N and 184V Assay Sensitivity with Virus Mixtures

When tested against plasmid clones the mixed-primer assay for 103N was able to
distinguish as little as 0.04% 103N in within a wild type background. The assay for 184V
yielded discernable CTs for 184V plasmids when comprising as little as 0.2% of the population
(Fig. 2A).
103N and 181C Assay Performance on Clinical Samples

To determine the overall assay performance on clinical specimens and establish the assay
cutoff values, the data for the known patient-derived wild types and the 103N and 184V mutants
were collated. An example of the performance of the 184V assay on a clinical specimen that
carried the mutation and on a sample that had only wild type virus is shown in Fig. 3. The
resulting distribution of collated ACTs revealed the best placement for the 103N cutoff to be a
ACT of 12 and the 184V cutoff to be at a ACT of 8.5. That is, a ACT below these values is
scored positive for the respective mutation, while a ACT above is scored as having only wild
type (Fig. 4). As a group, the ACTs of the specimens documented to have mutations were
significantly different from the ACTs of the wild type samples and samples possessing other
mutations (P<0.001) (Table I). The 184V assay did not detect this mutation in any of the 77
documented wild type samples. However, with the 103N assay, 1 wild type sample scored
positive (ACT of 10.6) for the mutation. The 103N discordant result might be signifying a very
low level (<5%) naturally occurring polymorphism. The assay for the 103N mutation was able

to detect the mutation in all 23 samples documented to have the mutation. The 184V assay was
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unable to detect the mutation in one (ACT of 9.8) of the 36 specimens known to have the
mutation, yielding an assay sensitivity of 97.2%. This outlier was obtained from a treatment-
experienced person having a mixed virus population with five polymorphisms in the primer
binding site.

Using the 12.0 ACT cutoff for the 103N assay, none of 69 specimens documented to have
mutations other than 103N scored positive. With the 8.5 ACT cutoff for 184V, one specimen
previously determined to be negative for 184V scored positive (ACT of 7.1), giving the assay an
overall specificity of 98.6%. This discordant samiple was from a chronically infected, treatment-

naive person infected with virus carrying 41L and 215D RT mutations.

Table 3. ACT Measures for Each Group of Clinical Samples

103N:
Mean ACT Median ACT
Early wildtype 17.0 16.7
Naive wildtype 18.8 17.1
Other mutants 19.5 18.6
103N mutants 5.8 5.5
184V:
Mean ACT Median ACT
Early wildtype 10.9 10.2
Naive wildtype 12.5 11.1
Other mutants 12.8 11.7
184V mutants 5.0 5.1

Performance of the 70R, 70E, 90M and 67N Assays on transmitted drug-resistant viruses
The subtype B 70R assay cutoff = 9.0 cycles, 70E assay cutoff = 7.0 cycles, 90M assay cutoff =
10.0 cycles, and 67N assay cutoff = 9.0 cycles.

To reduce both the chance of false-positive results and the detection of naturally-
occurring resistance-associated polymorphisms, assay cutoffs of 0.2-0.5% mutant virus were
used for screening purposes. The sensitivities and specificities of the assays on genotyped
clinical samples carrying the mutations of interest were found to range between 95-99%. Real-
time PCR screening of the 147 transmitted HIV-1 carrying resistance-related mutations detected
additional mutations that expanded the spectrum of drugs to which the viruses were resistant.
The added mutants increased the prevalence of 90M from 8% to 10% (+25%), of 184V from
10% to 12% (+20%), of 70R from 9% to 14% (+56%), and of 67N from 7% to 12% (+71%).
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HIV-1 Subtype C 103N and 181C findings from a study examining the emergence of

resistance in women receiving intrapartum single-dose nevirapine

The subtype C HIV-1 103N assay cutoff = 11.0 cycles, and the 181C assay cutoff = 9.0 cycles.

The 103N real-time assay confirmed the absence of detectable 103N in all 50 pre-NVP
baseline samples (ACT range of 12.0-23.0 cycles, mean ACT= 15.9 cycles) (figure 5). The assay
successfully detected 103N in all 10 post-NVP positive control specimens (ACT range of 2.8-9.8
cycles, mean ACT = 6.6 cycles). Of the 40 post-NVP specimens that had no detectable NVP-
related mutations by sequencing, the real-time PCR assay found 16 (40%) were positive for
103N (ACT range of 6.9-10.6 cycles, mean ACT = 8.9 cycles) (figure 3, table 1). The ACT
values for the new-found 103N-positive specimens were significantly lower than the pre-NVP
specimens (AACT) (paired Figure 5 shows the real-time PCR analysis of the 103N mutation in
pre-NVP and post-NVP plasma samples. Scq +/-, sequence analysis positive/negative for 103N;
PCR+/-, real-time PCR positive/negative for 103N. A ACT value at or above the cutoff indicates
103N is not detected, a value below indicates the presence of 103N, T-test, p<0.0001, range= -
(3.2- 8.3) cycles, mean AACT= -6.0 cycles). In contrast, no significant difference was seen
between the pre-NVP specimens and the negative post-NVP specimens (p= 0.61). The resistant
variants were identified in samples collected throughout the entire 36-week postpartum period.

The present real-time PCR primer-mix point mutation assay for the HIV-1 103N and
184V RT mutation were able to detect as little as 0.04% and 0.2% mutant virus, respectively, in
HIV-1 plasmid dilutions. The primer designs were robust and worked well with the very high
scquence variability in the clinical specimens cxamined. The ACTs of thc mutation-positive
specimens formed a distinct cluster from the wild type samples and samples with other
mutations. These assays have shown acceptable performance on 282 samples of plasma-derived
HIV-1, providing a sensitivity of 97.2-100% and a specificity of 98.6%.

The benefits of real-time PCR-based testing include the following: 1) The real-time
reaction requires a one-step setup, decreasing the potential for user error; 2) High throughput:
reactions performed in 96-well plate allowing up to 40 patient samples per plate with results in
<3 hrs; 3) The use of primer mixtures can decrease the frequency of “no calls” often seen with
other point mutation assays as a result of adjacent polymorphic mismatches; 4) This
amplification-based technology is much more sensitive than conventional sequencing, and can be
uscful as both a primary screening tool and for post trcatment cvaluation; 5) This technology is

currently used in public health lab settings and may be transferred to locations where current

82



10

15

20

25

30

CA 02913729 2015-11-26

WO 2014/194318 PCT/US2014/040514

genotyping is cost-prohibited; and 6) Rcal-time PCR is a powerful tool that can garner

simultaneous virologic measures (¢.g., virus load and resistance load).

Example 2: Screening for HIV-1 subtype C Reverse Transcriptase Mutation 65R:

Screening for HIV-1 subtype C RT mutation 65R is performed essentially as described
by Johnson JA. ct al. (2007) PLoS ONE 2(7): ¢638. doi:10.1371/journal.pone.0000638. HIV-1
genomic RNA is extracted (Qiagen UltraSens RNA kit) from 200 puL plasma or serum and
reconstituted in 50 uL of buffer provided with the kit. To ensure sufficient template for repeat
testing, virus sequences are first amplified from 5 plL HIV-1 RNA by reverse transcriptase-
polymerase chain reaction (RT-PCR) using the reverse primer of SEQ ID NO: 6, and forward
primer of SEQ ID NO: 5. PCR amplification conditions are 40 cycles of 95°C for 45 seconds,
50°C for 30 seconds, and 72°C for 2 minutes.

Real-time PCR-based mutation-specific assays for the 65R mutation in HIV-1 subtype C.
Mutation testing is performed in 96-well plates using 2 pL. of 1:20 dilutions of the RT-PCR
products, except that samples with viral loads below 5000 copies/mL are not diluted. The
principle of the real-time PCR assay is to compare the differential amplifications of a mutation-
specific PCR and a PCR that amplifies all viruses in the sample (total virus copy reaction) (FIG.
1). The HIV-1 total copy primers, forward SEQ ID NO: 7 and reverse SEQ ID NO: 8 that
produce a product spanning n.t. 258-420 in reverse transcriptase and are used with the common
probes, SEQ ID NO: 9. The cycle number at which the tluorescence emission exceeds the
background fluorescence threshold is the threshold cycle (CT) and is the unit of measure for
comparing the differences in amplification signals (ACT) between the total copy and mutation-
specific reactions (FIG. 1B). All samples were tested in duplicate with the means of the total
copy and mutation-specific CTs used for the determination of the ACT,

The mutation-spccific primers of SEQ ID NOs: 117, 122, and 142 are dcsigned to
preferentially anneal with the targeted mutation nucleotide(s), thus having reduced affinity for
wildtype sequences. To accommodate the various polymorphisms in large populations,
degenerate nucleotides are placed at complementary positions in the primers. Specificity is
enhanced by creating designed mismatches at nucleotide(s) -2 to -4 positions from the primer 3'-
end. Furthermore, to cover the spectrum of polymorphisms present, mixtures of multiple
degenerate primers are often required. Mutation-specific primer mixtures are experimentally
evaluated and the ratios that best balance differences in primer avidities and minimize cross-
interference in primer annealing are selected. Each change is re-evaluated against wildtype and

mutant samples. The mutation specific forward primers are used in combination with a percent
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total primer concentration of cach primer being SEQ ID NO: 118 (20%), SEQ ID NO: 117
(60%), SEQ ID NO: 122 (20%), and SEQ ID NO: 142 (20%).

Real-time PCRs are initiated with a hot-start incubation at 94°C for 11 minutes before
proceeding to 45 cycles of melting at 94°C for 30 seconds, annealing at 50°C for 15 seconds and
extension at 60°C for 30 seconds. All reactions are performed in a total volume of 25 or 50
pL/well in 96-well PCR plates using iCycler real-time PCR thermocyclers with optical units
(Bio-Rad) and AmpliTaq Gold polymerase (2.5 U/reaction; Applied Biosystems). Final reagent
concentrations are 320 nM for the forward and reverse primers, 160 nM probe(s), and 400 uM
dNTPs. Low viral load samples that generate total copy CTs which appear after 26 cycles
sometimes yielded false-positive results. To avoid this complication, all samples with CTs above
26 cycles are further amplified by nested PCR prior to real-time PCR testing. To adequately
subtract background fluorescence, high virus load samples that produce total copy CTs appearing
less than 10 cycles are diluted 1:100-1000 in RNase/DNase-free reagent-grade water and
retested. We find that 1:20 dilutions of RT-PCR products from all but the samples with virus
loads below 5000 copies/ml provided adequate template for real-time PCR testing.

Relative limits of detection are compared in a simple laboratory setting using serial
dilutions of cloned mutant template in a background of wildtype template. The ACT that is
equivalent to a 0.5 log greater reactivity than the wild-type mean ACT on the dilution curve is
used to compare assay sensitivities (FIG. 6). This approach yields a clinical detection limit of
2% and an absolute detection limits ot 0.01%.

Example 3: Sercening for HIV-1 reverse transcriptase K70E mutations.

The methods of Example 2 are repeated using a difterential set of primers selective for
the K70R mutation. Briefly, HIV-1 genomic RNA is extracted (Qiagen UltraSens RNA kit)
from 200 pL plasma or serum and reconstituted in 50 pL of buffer provided with the kit. To
cnsure sutficient template for repeat testing, virus sequences arc first amplitied from 5 uL HIV-1
RNA by reverse transcriptase-polymerase chain reaction (RT-PCR) using the reverse primer of
SEQ ID NO: 6, and forward primer of SEQ ID NO: 5. PCR amplification conditions are 40
cycles of 95°C for 45 seconds, 50°C for 30 seconds, and 72°C for 2 minutes.

The resulting DNA product is then subjected to qRT-PCR (real-time PCR) using the
mutation specific reverse primer of SEQ ID NO: 143 along with a corresponding forward primer
of SEQ ID NO: 144. The reaction product is detected independently by two separate methods.
Method 1 uses an intercalating dye EVAGREEN or using the probe of SEQ ID NO: 67.

Excellent mutation specific results are obtained.
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Example 4: Screening for HIV-1 reverse transcriptase K70R mutations.

The methods of Example 2 are repeated using a differential set of primers selective for
the K70R mutation. Briefly, HIV-1 genomic RNA is extracted (Qiagen UltraSens RNA kit)
from 200 pL plasma or serum and reconstituted in 50 pL of buffer provided with the kit. To
ensure sufficient template for repeat testing, virus sequences are first amplified from 5 uL HIV-1
RNA by reverse transcriptase-polymerase chain reaction (RT-PCR) using the reverse primer of
SEQ ID NO: 6, and forward primer of SEQ ID NO: 5. PCR amplification conditions are 40
cycles of 95°C for 45 seconds, 50°C for 30 seconds, and 72°C for 2 minutes.

The resulting DNA product is then subjected to qRT-PCR as described in Example 2
using the forward primer of SEQ ID NO: 144 along with a corresponding mutation specific
reverse primers of SEQ ID NO: 72 and SEQ ID NO: 73. The reaction products arc detected
independently by two separate methods. Method 1 uses an intercalating dye EVAGREEN.
Method 2 uses the probe of SEQ ID NO: 145 or SEQ ID NO: 67. Excellent mutation specific

results are obtained.

Example 5: Sercening for HIV-1 reverse transcriptase 219Q mutations.

The methods of Example 2 are repeated using a differential set of primers selective for
the 219Q mutation. Briefly, HIV-1 genomic RNA is extracted (Qiagen UltraSens RNA kit) from
200 plL plasma or serum and reconstituted in 50 pL of buffer provided with the kit. To ensure
sufficient template for repeat testing, virus sequences are first amplified from 5 pL HIV-1 RNA
by reverse transcriptase-polymerase chain reaction (RT-PCR) using the reverse primer of SEQ
ID NO: 6, and forward primer of SEQ ID NO: 5. PCR amplification conditions are 40 cycles of
95°C for 45 seconds, 50°C for 30 seconds, and 72°C for 2 minutes.

The resulting DNA product is then subjected to qRT-PCR as described in Example 2
using the forward primer of SEQ ID NO: 150 along with a corresponding reverse primer of SEQ
ID NO: 151. The reaction products are detected using an intercalating dye EVAGREEN.

Excellent mutation specific results are obtained with a dilution analysis illustrated in FIG. 8.

Example 5: Screening for HIV-1 protease IS0V mutations.

The methods of Example 2 arc repeated using a differential set of primers selective for
the HIV-1 protease 150V mutation. Briefly, HIV-1 genomic RNA is extracted (Qiagen
UltraSens RNA kit) from 200 pL plasma or serum and reconstituted in 50 uL of buffer provided
with the kit. To ensure sufficient template for repeat testing, virus sequences are first amplified

from 5 pL HIV-1 RNA by reverse transcriptase-polymerase chain reaction (RT-PCR) using the
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reverse primer of SEQ ID NO: 6, and forward primer of SEQ ID NO: 5. PCR amplification
conditions are 40 cycles of 95°C for 45 seconds, 50°C for 30 seconds, and 72°C for 2 minutes.
The resulting DNA product is then subjected to qRT-PCR as described in Example 2
using the mutation specific forward primer of SEQ ID NO: 146 along with a corresponding
reverse primer of SEQ ID NO: 147. The reaction products are detected independently by two
separate methods. Method 1 uses an intercalating dye EVAGREEN. Method 2 uses the probe of
SEQ ID NO: 148. The results indicate that samples having the I50V mutation show reactivity in
less than or equal to four PCR cycles. Samples, having either the sequence of I50L mutation or
the wild-type 150 sequence show reactivity only after greater than 18 cycles. Results of seven

replicates and controls are presented in Table 4:

Table 4:
NT differences adjacent to
EVAGREEN probe Pro 50-90.1.2p and including codon 50
PR 50 comCT | 50VCT | ACT comCT 50v CT ACT
Pr50v1 | 15.8 17.9 24 9.9 11.4 1.5 G.....GTA
Pr50v2 | 15.8 18.8 3 10 12.2 2.2 G.....GTG
Pr50V3 | 15.6 19.6 4 9.9 12.4 25 G/T.....GTG
Pr50v4 | 16.2 19.1 2.9 9.9 11.8 1.9 G.....GTC
Pr50v5 | 15.1 19 3.9 9.6 12.2 2.6 T.....GTC
Pr50v6 | 16.1 19.7 3.6 9.7 12.3 2.6 G....GTT
Pr50v7 | 16 19.7 3.7 9.5 12.4 2.9 T/G.....GTT
Pr 50L 16 36 20 10.1 33.2 23
Pr 50l 18.4 425 >20 15.9 28.4 12.5

Exemplary results are illustrated in FIG. 9A illustrating detection using the intercalating dye.
FIG. 9B illustrates surprisingly improved speciticity using the probe including the scquence of
SEQ ID NO: 148. Overall, detection is highly mutation specific with the new mutation specific

primers producing a ACT of less than 4 and greater than 18 when the specific mutation is absent.

Example 6: Screening for HIV-1 Integrase Mutations.

The methods of Example 2 are repeated using primers and probes for the specific
detection of the HIV-1 integrase 148R mutation. Reverse transcription is performed using
primers of SEQ ID NOs: 124 and 125. The DNA produced is then used in combination reaction

amplifying two regions: 1) a common amplicon is produced using common primers SEQ ID NO:
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26 and SEQ ID NO: 129; and 2) a mutation spccific amplification reaction for the 148R mutation
using mutation specific reverse primer SEQ ID NO: 138 and forward primer SEQ ID NO: 126.
The probes for the common amplicon and the 148R reaction are SEQ ID NOs: 140 (80%) and
141 (20%). The absolute limits of detection obtained using these primers and probes is 0.4%
(FIG. 7).

Similar reactions for the 140S, 155H, and 148R mutations in integrase arc performed
using the primer and probe sets identified herein with similar results.

Additional examples can be found in the publications of Li et al, J. Infect. Dis., 2011,
203(6):798-802, and Johnson JA. et al. (2007) PLoS ONE 2(7) e638.
doi:10.1371/journal.pone.0000638.

Example 7: Screening clinical samples for drug resistant virus

The CAPRISA 004 study enrolled 899 sexually active women from urban and rural sites
aged 18 to 40 years, who were not pregnant, and randomly assigned them equally to a 1%
tenofovir hydroxyethycellulose (HEC) gel arm or a HEC placebo gel arm. Eight hundred forty
three (94%) participants completed the study, 422 and 421 in the tenofovir and placebo arms,
respectively. HIV subtype C seroconversion occurred in 38 women on tenofovir gel (9%) and in
60 women on placebo (14%).PCR amplicons from 65 CAPRISA 004 seroconverter plasma
samples, 28 (74%) from the tenofovir arm and 37 (62%) from the placebo arm, underwent
sensitive resistance testing for the presence or absence of HIV-1 expressing the drug resistant
65R or 70E mutations using the processes substantially as described in Example 2.

The PCR-generated viral templates from blood and vaginal swabs were screened for the
K65R and K70E tenofovir resistance mutations using real-time PCR-based (allele-specific) point
mutation assays validated for subtype C HIV as described in Example 2. For the present study,
however, we utilized an updated assay for the K65R mutation which cmployed three mutation-
specific primers including those of SEQ NOs: 117, 118, and 122, to further accommodate
polymorphisms in the primer region. Opposing primer included SEQ ID NO: 119 and the
detection probe used included SEQ ID NOs: 120 and 121. Additionally, the screening cutoff was
increased to a K65R frequency of 2% to better avoid detection of erroneous polymorphisms
known to occur with amplification of the subtype C RT codon 65 region. Furthermore, new real-
time thermocycler models (Bio-Rad CFX96) were being acquired at the time of this analysis,
which necessitated an adjustment in reaction volume from 50 uL to 25 uL. The K70E assay

utilized a reverse mutation-specific primer including SEQ ID NO: 149 along with the forward
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primer, RTFWD.6F SEQ ID NO: 144), and utilized a maximum ACT cutoftf of 7 cycles
(equivalent to 0.3% K70E).

Testing the swabs with the K65R assay identified no samples with reactivity above the
2% cutoff (ACTs > 9.7 cycles, median = 12.8 cycles). These results were similar to that obtained
in testing the placebo arm swab samples (ACTs > 9.1 cycles, median = 13.1 cycles). No K70E
was identified from any swab specimen, with ACTs of > 9.7 cycles for tenofovir and >10.0
cycles for placebo arm seroconverters. These results suggest that vaginally applied tenofovir gel
poses little immediate risk of tenofovir resistance emergence and forward transmission of
tenofovir-resistant HIV-1 in a setting where gel users are closely monitored for HIV

seroconversion.

Example 8: Multiplex Reactions

The procedure of Example 1 is adopted for use in a multiplex reaction mechanism. The
identity and position of the non-mutation specific primer is adjusted such that the overall
amplicon length is 200 bascs or fewer.

Primers for the mutations in protease (L90M) and reverse transcriptase (M41L, K103N,
and T215Y) are combined in a single reaction chamber. For the L90M mutation the primers are
those of SEQ ID NOs: 53, 54, and 55, or the group of 78, 79, 55, and 80.

For the 411 mutation the primers are the combination of primers having the nucleotide
sequence of SEQ ID NOs: 62, 63, 64, and 65, or the group of SEQ ID NOs: 63, 96, 97, 64, and
65.

For the 103N mutation, the primers are a group of oligonucleotides having the sequences
of SEQ ID NO: 22, 23, 24, and 25.

For the 215Y mutation, the primers are a group of oligonucleotides having the sequences
of SEQ ID NO: 40, 41, 42, 43, and 44.

Opposing non-mutation specific primers are chosen to reduce the amplicon size to 200
bases in length or fewer. The DNA intercalating dye EVAGREEN is added for simultaneous
detection of the presence or absence of one or more of L90M, M41L, K103N, and T215Y
mutations in the sample. Results are depicted in FIG. 10A and B using primers for the 41L
mutation in singleplex and multiplex reactions, respectively. Multiplex reactions in the positive
range were directly sequence analyzed to verify the mutations were present and to examine
resistance mutation linkage.

The quadruplex mutation reactions maintained specificity while losing some sensitivity

likely due to reagent competition and nonspecific fluorescence with the dye. Lower limits of
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detection for the ditferent mutations were in the range ot 1%-10%. Newly diagnosed individuals
with single and multiple target mutations were correctly amplified and linkage with non-targeted
mutations (e.g., 215Y—>M184V) was identified. Specimens without the targeted mutations
yielded poor amplifications.

Additional reactions were performed in multiplex format to detect the presence or
absence of K65R, K103N, M184V in reverse transcriptase and the mutation in protease L9OM.
The K65R mutation specific primers were used in one or more of the following groups: 1) SEQ
ID NOs: 117 or 118; 2) SEQ ID NOs: 117, 118, or 122; 3) SEQ ID NOs: 118 or 142; 4) SEQ ID
NO: 113; 5) SEQ ID NOs: 10 and 11; or 6) SEQ ID NO: 98.

The M 184V mutation specific primers were a group of primers having the sequence of
SEQ ID NO: 33, 34, or 35.

For the 103N mutation, the primers are a group of oligonucleotides having the sequences
of SEQ ID NO: 22, 23, 24, and 25.

The L.90OM mutation specific primers were a group of primers having the sequence of
SEQ ID NO: 53, 54, or 55, or the group having the sequence of SEQ ID NOs: 78, 79, 55, or §0.

The results are depicted in FIG. 11.

Overall, multiplex mutation reactions maintained specificity while losing some sensitivity
likely due to reagent competition and nonspecific fluorescence with the dye. Lower limits of
detection for the different mutations were in the range of 1%-10%. Newly diagnosed individuals
with single and multiple target mutations were correctly amplitied and linkage with non-targeted
mutations (e.g., 215Y—M184V) was identified. Specimens without the targeted mutations
yielded poor amplifications.

The multiplex screening approach successfully identified commonly transmitted
mutations in newly identified infections; for patient management those specimens can be
sclected for complete genotyping by conventional or deep sequencing. The reduction in
sensitivity was nominal and maintains value for drug resistance surveillance and detection of
emergent drug resistance. The method allows for exchanging primer sets to target other specific
mutations of interest (e.g., a K65R-K103N-M184V +/-PI panel as illustrated in FIG. 12A-C).
Substituting an intercalating dye for complex and expensive probes and combining the test
reactions in one well decreases both the complexity and cost of identifying the fraction of HIV-
positive individuals with drug resistance mutations.

Various modifications of the present invention, in addition to those shown and described
herein, will be apparent to those skilled in the art of the above description. Such modifications

are also intended to fall within the scope of the appended claims.
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It 1s appreciated that all reagents are obtainable by sources known in the art unless
otherwise specified. Mecthods of nucleotide amplification, cell transfection, and protein

expression and purification are similarly within the level of skill in the art.
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CLAIMS

1. A method for specifically detecting the presence or absence of the K70E
mutation in reverse transcriptase of HIV-1 comprising:

(a) reverse transcribing RNA extracted from HIV-1 to produce a DNA product;

(b) contacting the DNA product of step (a) with a mutation specific primer and an
opposing primer under conditions suitable for a polymerase chain reaction, wherein said
mutation specific primer comprises a nucleotide sequence selected from the group
consisting of SEQ ID NO: 143, and 149; and

(c) detecting the presence or absence of the mutation by detecting the presence

or absence of an ampilification product produced as a result of the contacting of step (b).

2. The method of claim 1 wherein said step of detecting comprises hybridizing a
probe comprising a nucleotide sequence of SEQ ID NO: 67 with said amplification

product.

3. An oligonucleotide primer selective for amplifying the 70E mutation in HIV-1
reverse transcriptase comprising SEQ ID NO: 143 or SEQ ID NO: 149.

4. A mixture of oligonucleotides for the selective detection of the 70E mutation in
reverse transcriptase of HIV-1 comprising:

an oligonucleotide reverse primer comprising SEQ ID NO: 143;

an oligonucleotide forward primer comprising SEQ ID NO: 144; and

an oligonucleotide probe comprising SEQ ID NO: 67.

5. The method of claim 1 for the simultaneous detection of two or more mutations in
one or more proteins of HIV-1 comprising:

a) reverse transcribing RNA extracted from HIV-1 to produce a DNA product
encoding said protein(s);

(b) contacting the DNA product of step (a) with a further mutation specific primer

under conditions suitable for a polymerase chain reaction, the further mutation specific

91

Date Regue/Date Received 2020-12-29



primer selected from the group consisting of: SEQ ID NO: 150, SEQ ID NO: 151, SEQ
ID NO: 144, and SEQ ID NO: 146; and

(c) detecting the presence or absence of a mutation in an amplification product of
200 base pairs or fewer produced as a result of the contacting of step (b);

wherein said protein(s) is HIV-1 reverse transcriptase or both HIV-1 reverse
transcriptase and HIV-1 protease; and

wherein said step of detecting detects the presence or absence of K70E and one
or more of the reverse transcriptase mutations K70R or 219Q, or the protease mutation

of 150V, or any combination thereof.

6. The method of claim 5 wherein said method detects the K70E mutation using a

mutation specific primer comprising the sequence of SEQ ID NO: 143.

7. The method of claim 5 wherein said method detects the K70R mutation using a

mutation specific primer comprising the sequence of SEQ ID NO: 144.
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