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METHODS AND COMPOSITIONS FOR SEQUENCE-SPECIFIC PURIFICATION AND
MULTIPLEX ANALY SIS OF NUCLEIC ACIDS

REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to United States Provisional Patent Application
Number 61/346,218, filed on May 19, 2010, the entire contents of which are hereby incorporated

by reference.

BACKGROUND OF THE INVENTION

1. FIELD OF INVENTION

[0002] The present disclosure relates to methods, compositions, and kits for purifying,

detecting, and characterizing nucleic acids.

2. DESCRIPTION OF RELATED ART

[0003] The identification of the presence or absence of specific nucleic acid sequences in
a sample is a central part of many assays and tests used in the modern research lab and clinical
setting. In the typical scheme, the nucleic acids from the sample are first separated from other
macromolecules present in the sample by manipulating various physical properties. For
example, nucleic acids typically bear a net negative charge at neutral pH, owing to the
phosphodiester backbone. This property can be manipulated to separate nucleic acids from other
macromolecules using anion exchange resins. As another example, differential solubility of
nucleic acids compared to other macromolecules in certain solvents is used to extract nucleic
acids from the sample. Numerous other such schemes exist. However, the amount of target
nucleic acid relative to the total amount of nucleic acid purified typically is very low. Therefore,
some type of amplification is necessary before the target nucleic acid can be detected. Either the
amount of specific nucleotide sequence(s) is increased by target amplification methods such as
polymerase chain reaction (PCR) or the specific nucleotide sequence(s) is/are reacted with a
detectable label and the signal from the label is amplified to detectable levels.

[0004] Existing nucleic acid detection assays are usually based on PCR that detects the
small portion of genome. The most advanced amplification format is real-time PCR that is

performed in ‘closed tube format’ eliminating the risk of amplicon contamination.
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Unfortunately, these methods have limited utility. One limitation is that target-specific
amplification methods such as PCR are inherently error-prone. For example, although the
stringency of primer hybridization can be controlled, there nonetheless exists the potential for
non-specific primer binding and primer-independent amplification, which can lead to false-
positive results. Moreover, different sequences can amplify at different rates, resulting in
amplification bias. As a result, quantitative analysis of multiple nucleic acid sequences in a
single reaction often suffers from a lack of sensitivity, resulting in limited multiplex capability.
The limitation of this approach is limited multiplex capability of the PCR and potential false
negative results if the amplicon region is mutated. Another requirement is that real-time PCR
requires complicated thermocycling equipment which could limit its applicability to automated
systems. In addition, target nucleic acids that are present at low concentrations relative to other
nucleic acids may be effectively “masked” from the polymerase, which could result in false-
negative results. Other factors may exist that reduce both the specificity and sensitivity of such
assays.

[0005] Therefore, methods and compositions are needed for specific and sensitive

isolation and analysis of at least one target nucleic acid containing at least one specific sequence.

SUMMARY OF THE INVENTION

[0006] The present disclosure in aspects and embodiments addresses these various needs
and problems by providing a method of detecting at least one target nucleic acid comprising: (1)
sequence-specific isolation of a target nucleic acid from a sample; (2) amplifying the isolated
target nucleic acid; and (3) detecting the target nucleic acid using a plurality of detectably
labeled nucleic acid detection probes, wherein each (a) bears a different detectable label from the
other detection probes, and/or (b) has a different melting temperature from probes bearing the

same detectable label. The present disclosure also relates to kits for use in such a method.

[0007] In an aspect, the method comprises: A. purifying the at least one target nucleic
acid by a method comprising: Al. generating a double-stranded nucleic acid hybrid of the at least
one target nucleic acid by hybridizing the at least one target nucleic acid to a hybrid probe set
comprising at least a first nucleic acid probe specific for the at least one target nucleic acid; A2.
separating the double-stranded nucleic acid hybrid from the sample to generate at least one

purified nucleic acid; B. amplifying at least a portion of the at least one purified nucleic acid; and

2



WO 2011/146629 PCT/US2011/037012

C. detecting the target nucleic acid by a method comprising: C1. contacting the amplified
nucleic acid with at least one detection probe set, wherein: C1(a). each of the detection probes of
the detection probe set bears a detectable label; C1(b). at least two of the detection probes of the
detection probe set carry the same detectable label; and C1(c). each of the probes carrying the
same detectable label has a melting temperature (T.,) which differs from the other probes with
the same label; C2. detecting the amplified nucleic acid by determining whether the labeled
probe has hybridized to its nucleic acid sequence; and C3. detecting the temperature at which

each detection probe dissociates from the nucleic acid sequence to which it has bound.

[0008] In an embodiment, the double-stranded nucleic acid hybrid is separated from the
sample by a method comprising contacting the double stranded nucleic acid hybrid with a
molecule that binds specifically to double-stranded nucleic acid hybrids, preferably an anti-

DNA:RNA hybrid antibody.

[0009] In another embodiment, the target is amplified by a method comprising an

isothermal amplification, preferably whole genome amplification.

[0010] In another embodiment, the amplified nucleic acids are fragmented prior to the

contacting them with the detection probe set.

[0011] In another embodiment, the target nucleic acid is specific for a pathogen selected
from the group consisting of: Mycobacterium tuberculosis, Streptococcus, Pseudomonas,
Shigella, Campylobacter, Salmonella, Respiratory Syncytial Virus A, Respiratory Syncytial
Virus B; adenovirus, HSV1, HSV2, Influenza A/B, hMPV, Parainfluenzavirus 1-4, Coronavirus,
Rhinovirus, Enterovirus, Bocavirus, cytomegalovirus (CMV), HIV, HINI1, chlamydia, Neisseria
gonorrhoeae, Trichomonas vaginalis, Staphylococcus aureus, SARS-associated coronavirus,
Escherichia coli, Bacillus anthracis, Ebolavirus, Marburgvirus, Yersinia pestis, Vibrio cholerae,
F. tularensis, Brucella, Coxiella burnetii, Machupo virus, Coccidioides immitis, Coccidioides
posadasii., Burkholderia mallei, Burkholderia pseudomallei, Shigella ssp. bacterium, Rickettsia
rickettsii, Rickettsia prowazekii, Chlamydophila psittaci, yellow fever virus, Japanese

encephalitis virus, Rift Valley fever virus, Variola major, and Variola minor.
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[0012] In a further aspect, a kit is disclosed for performing the methods disclosed herein,

the kit comprising at least a hybrid probe set and a detection probe set.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Fig. 1 demonstrates the principle behind TagMelt™ probes, which may be used
with the detection step of the present methods. The reactions performed with the probes in one
row all share a common label. However, the melting temperature of the probes differs. It is thus
possible to identify each probe by means of the differing melting temperatures. The probes in
column 2 for example all have the same melting temperature but a different label. It is thus
possible to identify each probe by means of the different label. This format lends itself to single
nucleotide polymorphisms (“SNP”’) detection by creating probes that detect these SNPs by

melting at different temperature than the wild type sequence.

[0014] Fig. 2 demonstrates the utility of an exemplary detection probe set in a 12-plex
Multiplex PCR to detect viral pathogens such as Rhinovirus, Parainfluenza Viruses (PIV1-3),
Influenza A and Influenza B, Adenovirus B as well as Respiratory Syncytial Virus A and B. In
addition, two controls are detected, as ID’s (human genomic DNA) and IC (plasmid) as shown in
Table 2. Clinical Samples were processed on the QIAsymphony® system (Qiagen GmbH,
Hilden, Germany) for sample purification. Amplification and detection was performed in the

RotorGeneQ™ using the TagMelt™ principle.

[0015] Fig. 3 demonstrates how the presently-disclosed methods could be practiced in a
closed tube format using the QIAsymphony® system (Qiagen GmbH, Hilden, Germany).

[0016] Fig. 4 demonstrates the multiplex capability of the detection step that is presently

disclosed.

DETAILED DESCRIPTION OF THE INVENTION

[0017] The present disclosure covers methods, compositions, reagents, and kits for
determining the presence of at least one target nucleic acid in a sample. The methods,
compositions, reagents, systems, and kits may be used for clinical diagnostic purposes, including

but not limited to the detection and identification of pathogenic organisms and the detection of a
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genetic predisposition to a particular disease. In other aspects, the methods and compositions
may be adapted for use in forensic or biodefense applications.
[0018] As used herein the term “probe” is a nucleic acid which is able to bind another

nucleic acid.

[0019] As used herein the term "tissue" refers to any tissue or fluid in a human, animal or
plant including, but not limited to breast, prostate, blood, serum, cerebrospinal fluid, liver,
kidney, breast, head and neck, pharynx, thyroid, pancreas, stomach, colon, colorectal, uterus,

cervix, bone, bone marrow, testes, brain, neural tissue, ovary, skin, and lung.

[0020] As used herein the term "probe set" is a set of three or more agents that may

interact with a nucleic acid molecule at a specific position, i.e. sequence.

[0021] As used herein, a "label" is a moiety that is bound covalently or non-covalently to
a probe where it can give rise to signal which may be detected by optical or other physical

means.

[0022] In an aspect a method for detecting at least one target nucleic acid in a sample is
disclosed, the method comprising: (1) sequence-specific isolation of the target nucleic acid from
a sample; (2) amplifying at least a portion of the isolated target nucleic acid; and (3) detecting
the target nucleic acid using a plurality of detectably labeled nucleic acid detection probes,
wherein each detection probe: (a) bears a different detectable label from the other detection
probes, and/or (b) has a different melting temperature from probes bearing the same detectable

label.

1. Samples and Sample Preparation

[0023] Any sample in which nucleic acids may be present may be used as a starting
point, including, without limitation: a specimen or culture (e.g., cellular, microbiological and
viral cultures) including clinical and laboratory biological samples; environmental samples, such
as water, dust, dirt, and air samples; food and agricultural samples; and forensic samples,
including semen, hair, blood, skin, and saliva samples. Biological samples may be from an
animal, including a human, fluid, solid (e.g., stool) or tissue, as well as liquid and solid food and
feed products and ingredients such as dairy items, vegetables, meat and meat by-products, and

5
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waste. Environmental samples include environmental material such as surface matter, soil, water
and industrial samples, as well as samples obtained from food and dairy processing instruments,

apparatus, equipment, utensils, disposable and non-disposable items.

[0024] In another aspect, the sample may comprise, consist, or consist essentially of
nucleic acids that have been extracted from a biological sample. Numerous methods are known
for extracting nucleic acids from a biological or environmental sample, including but not limited
to: phenol/chloroform extraction; anion exchange chromatography; cesium chloride gradient
ultracentrifugation; size exclusion chromatography; and silca/chaotropic salt extraction.
Extracted nucleic acids may be further separated according to size by gel electrophoresis and

extracted from the gel if samples comprising specific nucleic acid sizes are desired.

[0025] As noted above, the methods disclosed herein relate to the detection and/or
genotyping of at least one target nucleic acid in a sample. The at least one target nucleic acid
may be DNA or RNA or both DNA and RNA and can be single-stranded, double-stranded, or
partially single-stranded. The at least one target nucleic acid can be contained within a larger
nucleic acid. Detection of either the at least one target nucleic acid or the larger nucleic acid

comprising the at least one target nucleic acid is contemplated by this disclosure.

[0026] In an aspect, the nucleic acid may be naturally occurring or synthetic nucleic acid,
including but not limited to: RNA, DNA, ¢cDNA (complementary DNA), LNA (locked nucleic
acid), mRNA (messenger RNA), mtRNA (mitochondrial), rRNA (ribosomal RNA), tRNA
(transfer RNA), nRNA (nuclear RNA), siRNA (short interfering RNA), snRNA (small nuclear
RNA), snoRNA (small nucleolar RNA)1 scaRNA (Small Cajal Body specific RNA), microRNA,
dsRNA (doubled-stranded RNA), ribozyme, riboswitch, viral RNA, dsDNA (double-stranded
DNA), ssDNA (single-stranded DNA), plasmid DNA, cosmid DNA, chromosomal DNA, viral
DNA, mtDNA (mitochondrial DNA), nDNA (nuclear DNA), snDNA (small nuclear DNA) or
the like or any other class or sub-class of nucleic acid which is distinguishable from the bulk

nucleic acid in a sample.

[0027] The at least one target nucleic acids may include, without limitation, nucleic acids
found in specimens or cultures (e.g., cellular, microbiological and viral cultures) including

biological and environmental samples. The at least one target nucleic acids may be found in
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biological samples from an animal, including a human, fluid, solid (e.g., stool) or tissue, as well
as liquid and solid food and feed products and ingredients such as dairy items, vegetables, meat
and meat by-products, and waste. At least one target nucleic acids may be found in
environmental samples and include environmental material such as surface matter, soil, water
and industrial samples, as well as samples obtained from food and dairy processing instruments,

apparatus, equipment, utensils, disposable and non-disposable items.

[0028] The at least one target nucleic acids may be from other viral, bacteria,
mycobacteria or plasmodia, such as Mycobacterium tuberculosis, Streptococcus, Pseudomonas,
Shigella, Campylobacter, Salmonella, Respiratory Syncytial Virus A, Respiratory Syncytial
Virus B; adenovirus, HSV1, HSV2, Influenza A/B, hMPV Parainfluenzavirus 1-4, Coronavirus,
Rhinovirus, Enterovirus, Bocavirus, cytomegalovirus (CMV), HIV, HINI1, chlamydia, Neisseria
gonorrhoeae, Trichomonas vaginalis, Staphylococcus aureus, SARS-associated coronavirus,
Escherichia coli, Bacillus anthracis, Ebolavirus, Marburgvirus, Yersinia pestis, Vibrio cholerae,
F. tularensis, Brucella, Coxiella burnetii, Machupo virus, Coccidioides immitis, Coccidioides
posadasii., Burkholderia mallei, Burkholderia pseudomallei, Shigella ssp. bacterium, Rickettsia
rickettsii, Rickettsia prowazekii, Chlamydophila psittaci, yellow fever virus, Japanese

encephalitis virus, Rift Valley fever virus, Variola major, and Variola minor.

[0029] In an aspect the at least one target nucleic acids are at least 70%, at least 80%, at
least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 98%, at
least 99%, or 100% identical to nucleic acids associated with any one of cervical samples (e.g., a
sample obtained from a cervical swab) or cervical cell samples, adenoid cells, anal epithelial
cells, blood, saliva, cerebral spinal fluid, pleural fluid, milk, lymph, sputum, urine and semen,
other viral, bacteria, mycobacteria or plasmodia, for example Mycobacterium tuberculosis,
Streptococcus, Pseudomonas, Shigella, Campylobacter, Salmonella, Respiratory Syncytial Virus
A, Respiratory Syncytial Virus B; adenovirus, HSV1, HSV2, Influenza A/B, h\MPV
Parainfluenzavirus 1-4, Coronavirus, Rhinovirus, Enterovirus, Bocavirus, cytomegalovirus
(CMV), HIV, HINI1, chlamydia, Neisseria gonorrhoeae, Trichomonas vaginalis, Staphylococcus
aureus, SARS-associated coronavirus, Escherichia coli, Bacillus anthracis, Ebolavirus,
Marburgvirus, Yersinia pestis, Vibrio cholerae, F. tularensis, Brucella, Coxiella burneti,

Machupo virus, Coccidioides immitis, Coccidioides posadasii., Burkholderia mallei,
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Burkholderia pseudomallei, Shigella ssp. bacterium, Rickettsia rickettsii, Rickettsia prowazekii,
Chlamydophila psittaci, yellow fever virus, Japanese encephalitis virus, Rift Valley fever virus,

Variola major, and Variola minor..

[0030] In one aspect, the at least one target nucleic acid is an HPV nucleic acid. In
another aspect, the HPV nucleic acid is HPV DNA of a HR-HPV type. In another aspect, the
HPV nucleic acid is HPV RNA of a LR-HPV type. In another aspect the at least one target
nucleic acids are any one of HR-HPV types 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66,
68, and 82 or any one of LR-HPV types 2, 3, 6, 7, 10, 11, 13, 27, 28, 30, 32, 40, 42, 43, 53, 54,
55,61, 62,67, 69,70,71, 72, 74, 81, 83, 84, 85, 86, 87, 89, 90, and 91.

[0031] In another aspect, a plurality of target nucleic acid is targeted. In one aspect, the
plurality of target nucleic acids consists of a set of 2, 3,4, 5,6,7,8,9, 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, or 100 nucleic acids having distinct nucleotide sequences. Any set of nucleic
acids to be targeted can be used. In one aspect, the plurality of target nucleic acids is selected
such that each is related to the others. By way of example and not limitation, the set of nucleic
acids can be: structurally related to one another (for example, members of a gene family);
functionally related to one another (for example, nucleic acids encoding proinflammatory
cytokines); phylogenetically related to one another (for example, nucleic acids specific for
different members of a family of viruses, such as HPV-family viruses); related by virtue of
differential expression in a different cell or tissue type (for example, macrophage-associated
nucleic acids and prostate-associated nucleic acids) or disease states (cervical cancer associated

nucleic acids). In another aspect, the set of nucleic acids is unrelated.

[0032] In one aspect, a set of target nucleic acids comprises, consists, or consists
essentially of HR-HPV types 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, and 82, or
any subset thereof. In another aspect, a set of target nucleic acids comprises, consists, or consists
essentially of LR-HPV types 2, 3, 6, 7, 10, 11, 13, 27, 28, 30, 32, 40, 42, 43, 53, 54, 55, 61, 62,
67,69,70,71,72,74, 81, 83, 84, 85, 86, 87, 89, 90, and 91, or any subset thereof. In another
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aspect a set of target nucleic acids comprises, consists, or consists essentially of HR-HPV types
16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, and 82, or any subset thereof; and LR-
HPV types 2, 3, 6,7, 10, 11, 13, 27, 28, 30, 32, 40, 42, 43, 53, 54, 55, 61, 62, 67, 69, 70, 71, 72,
74, 81, 83, 84, 85, 86, 87, 89, 90, and 91, or any subset thercof. In another aspect, the at least
one target nucleic acid is at least 70%, at least 80%, at least 85%, at least 90%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 98%, at least 99%, or 100% identical to nucleic
acids associated with any one of HPV, genetic variants of HPV, HPV DNA of a HR-HPV type,
or HPV RNA of a HR-HPV type. In another aspect the at least one target nucleic acids are at
least 70%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 98%, at least 99%, or 100% identical to nucleic acids associated with any one
of HR-HPV types 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, and 82 or any one of
LR-HPV types 2, 3, 6,7, 10, 11, 13, 27, 28, 30, 32, 40, 42, 43, 53, 54, 55, 61, 62, 67, 69, 70, 71,
72,74, 81, 83, 84, 85, 86, 87, 89, 90, and 91.

[0033] In another aspect, a target nucleic acid is chosen that is: not more than from 35%
to 65% GC AT rich; from 40% to 60% GC rich; from 45% to 55% GC rich; or from 50% to 65%
GC rich. In another aspect, a target nucleic acid is selected that does not near neighbor, cross-

reactive variants or species.

[0034] After the sample is collected, the sample may be treated with a denaturation
reagent to render the at least one target nucleic acid accessible to hybridization. In one aspect,
the sample is denatured with an alkaline solution. Without being limited, suitable alkali include

NaOH and KOH.

[0035] Alkaline treatment of protein effectively homogenizes the specimen to ensure
reproducibility of analysis results for a given sample. It can also reduce the viscosity of the
sample to increase kinetics, homogenize the sample, and reduce background by destroying any
endogenous single stranded RNA nucleic acids, DNA-RNA hybrids or RNA-RNA hybrids in the
sample. It also helps inactivate enzymes such as RNases and DNases that may be present in the
sample. One skilled in that art would appreciate that if RNA is the at least one target nucleic
acid (as opposed to DNA), different reagents may be preferable including, but not limited to
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phenol extraction and TCA/acetone precipitation, and guanidinium thiocyanate-phenol-

chloroform extraction.

[0036] Other methods of denaturation may be employed such as utilizing a heating step,
for example, heating the sample to about 95°C to separate the strands of nucleic acid. Enzymes

such as helicase may be used as well.

II. Purifying Step

[0037] In an aspect, the sequence-specific purification step comprises: (1) generating a
double-stranded nucleic acid hybrid of the target nucleic acid by hybridizing at least one nucleic
acid probe to the target nucleic acid to specific for the at least one target nucleic acid and (2)
separating the double-stranded nucleic acid hybrid from the sample to generate a purified target
nucleic acid.

[0038] After the sample comprising the nucleic acid is prepared for hybridization, it is
contacted with at least one polynucleotide hybrid capture probe under a condition sufficient for
the hybrid capture probes to hybridize to its complement. The at least one polynucleotide hybrid
probe can be full length, truncated, or synthetic DNA or full length, truncated, or synthetic RNA.
If the at least one target nucleic acid is DNA, then the at least one polynucleotide hybrid probe
may be RNA and if the at least one target nucleic acid is RNA, then the probe may be DNA.

[0039] In one aspect, a single polynucleotide probe is used in the purification step. The
single polynucleotide hybrid capture probe may be specific for only a single target nucleic acid
or may be designed so as to hybridize to a plurality of target nucleic acids under stringent
conditions. By way of example and not limitation, a polynucleotide probe may be designed
against a highly conserved region of a genus of related nucleic acids, such that the
polynucleotide probe would be expected to hybridize under stringent conditions to substantially

all nucleic acids of that genus.

[0040] In another aspect, a plurality of polynucleotide probes is used in the purification
step. The plurality of polynucleotide probes may be specific for only a single target nucleic acid
or may be specific for a plurality of target nucleic acids. By way of example and not limitation,

a plurality of polynucleotide probes specific for a single target nucleic acid may be generated by

10



WO 2011/146629 PCT/US2011/037012

fragmenting the target nucleic acid. In one aspect, at least one polynucleotide hybrid probe is
provided for each target nucleic acid. In another aspect, at least two polynucleotide hybrid

probes are provided for each target nucleic acid.

[0041] In an aspect, the polynucleotide hybrid probe is capable of hybridizing or binding
to nucleic acids at least 70%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, at lcast 98%, at least 99%, or 100% identical to nucleic acids
associated with HPV, genetic variants of HPV, HPV DNA of a HR-HPV type, or HPV RNA of a
HR-HPV type, or any one of one of HR-HPV types 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, 66, 68, and 82 or any one of LR-HPV types 2, 3, 6, 7, 10, 11, 13, 27, 28, 30, 32, 40, 42, 43,
53,54, 55,61, 62, 67,69, 70,71, 72, 74, 81, 83, 84, 85, 86, 87, 89, 90, and 91. In another
aspect, the probe is complementary to HPV, genetic variants of HPV, HPV DNA of a HR-HPV
type, HPV RNA of a HR-HPV type, or any one of one of HR-HPV types 16, 18, 26, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59, 66, 68, and 82 or any one of LR-HPV types 2, 3, 6, 7, 10, 11, 13, 27,
28, 30, 32, 40, 42, 43, 53, 54, 55, 61, 62, 67, 69, 70, 71, 72, 74, 81, 83, 84, 85, 86, 87, 89, 90, and
91.

[0042] In another aspect, a plurality of polynucleotide hybrid probes is provided, the
plurality being selected to hybridize to and purify each of a set of target nucleic acids. In one
aspect, the plurality of polynucleotide hybrid probes is capable of hybridizing to each nucleic
acid of a set of target nucleic acids consisting of HR-HPV types 16, 18, 26, 31, 33, 35, 39, 45,
51,52, 56, 58, 59, 66, 68, and 82 nucleic acids, or any subset thereof. In one aspect, the plurality
of polynucleotide hybrid probes is capable of hybridizing to each nucleic acid of a set of target
nucleic acids consisting of LR-HPV types 2, 3, 6, 7, 10, 11, 13, 27, 28, 30, 32, 40, 42, 43, 53, 54,
55,61, 62,67,69,70,71, 72,74, 81, 83, 84, 85, 86, 87, 89, 90, and 91, or any subset thereof. In
one aspect, the plurality of polynucleotide hybrid probes is capable of hybridizing to each
nucleic acid of a set of target nucleic acids consisting of HR-HPV types 16, 18, 26, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59, 66, 68, and 82, or any subset thereof; and LR-HPV types 2, 3, 6, 7, 10,
11, 13,27, 28, 30, 32, 40, 42, 43, 53, 54, 55, 61, 62, 67, 69, 70, 71, 72, 74, 81, 83, 84, 85, 86, 87,
89, 90, and 91, or any subset thereof.
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[0043] If the at least one target nucleic acid was denatured using an alkaline treatment,
the one or more polynucleotide probes may be diluted in a probe diluent that also can act as a

neutralizing hybridization buffer (to neutralize the basic denaturation reagent).

[0044] The probe diluent used for DNA or RNA probes may differ due to the different
requirements necessary for DNA versus RNA stability. For example, if the probes are RNA, it is
preferable to neutralize the sample first and then add the probe or alternatively, add the RNA
probe and neutralizing agent (probe diluent) to the sample at the same time as excessive
alkalinity can destroy RNA. The probe diluent can be used to dissolve and dilute the probe and
also help restore the sample to about a neutral pH, e.g., about pH 6 to about pH 9, to provide a
more favorable environment for hybridization. Sufficient volume of probe diluent, preferably

one-half volume of the sample, may be used to neutralize the base-treated sample.

[0045] For full length probes, a heated alkaline solution may be added to the sample, then
probe diluent may be added to the sample at room temperature, and then the sample may be
reheated. Such a process can inhibit secondary structure from forming. Antibodies tend to
irreversibly bind to structures with secondary structure. When using non-full length probes such
as truncated or synthetic probes, heating the solutions or sample may not be necessary because
secondary structures issues are not present. In an aspect, the sample is not heated when used

with truncated or synthetic probes.

[0046] After treatment with the denaturation reagent, an aliquot of neutralization buffer,
in an aspect the probe diluent described, in which the one or more probes are dissolved, can be
added to the sample under appropriate conditions to allow hybridization or binding of the probe
and the at least one target nucleic acid to occur. The neutralization buffer may contain a single
buffering salt. In an aspect, the neutralization buffer does not contain more than a single
buffering salt. The hybridization condition is sufficient to allow the one or more polynucleotide
probes to anneal to a corresponding complementary nucleic acid sequence, if present, in the

sample to form a double-stranded nucleic acid hybrid.

[0047] Hybridization conditions suitable for the particular probes and diluents described
herein are employed. For example, the probes and sample nucleic acids can be incubated for a

hybridization time, preferably at least about 5 to about 30 minutes, about 5 to about 20 minutes,
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or from about 7 to about 15 minutes, or about 10 minutes, as well as any number within the
recited ranges sufficient to allow the one or more polynucleotide probes to anneal to a
corresponding complementary nucleic acid sequence. The hybridization condition can include a
hybridization temperature of at least about 65°C, about 68.5°C, and about 67°C to about 70°C, as
well as any number within the recited ranges. For a given at least one target nucleic acid and a
given probe, one of ordinary skill in the art can readily determine desired hybridization
conditions by routine experimentation. One of ordinary skill in the art will further appreciate
that the time and temperature of hybridization must be optimized, one with respect to the other.
Thus, higher hybridization temperatures may be carried out for shorter periods of time and vice
versa. Without being limited, stringent hybridization conditions may be controlled by increasing
the temperature, increasing the ionic conditions to above 0.5M (for example, NaCl), or reducing
the concentration of PAA. As a non-limiting example, stringent hybridization conditions may
include performing a hybridization reaction at elevated temperatures, such as of at least about
65°C, at least about 68.5°C, between about 67°C to about 70°C , and between about 69°C to
about 70°C. Stringent hybridization conditions may also include elevated temperatures, such as

of at least about 65°C, at least about 68.5°C, and between about 67°C to about 70°C.

[0048] In one aspect, the sample is suspended in collection medium, the at least one
target nucleic acid is denatured with a denaturation reagent, and hybridized to nucleic acid
probes suspended in a neutralizing buffer. In another aspect the neutralizing buffer is the probe
diluent. In another aspect, the probe diluent comprises 2.2 M BES (N,N-bis(2-hydroxyethyl)-2-
aminoethanesulfonic acid), 2.6% polyacrylic acid, 0.7 N NaOH and 0.05% sodium azide.

[0049] In an aspect, sequence-specific purification of the target nucleic acid is performed
using hybrid capture. Hybrid capture refers to a method of isolating and analyzing nucleic acids
the generation of DNA:RNA hybrids and isolation of the DNA:RNA hybrid through the use of a
molecule that binds specifically to DNA:RNA hybrids. Various aspects of hybrid capture are
described in: Nazarenko et al., A novel method of HPV genotyping using Hybrid Capture®
sample preparation method combined with GP5+/6+ PCR and multiplex detection on Luminex®
XMAP®, Journal of Virological Methods 154 (2008) 76-81; and Nazarenko et al., U.S.
7,601,497, each of which is hereby incorporated by reference in its entirety.

13



WO 2011/146629 PCT/US2011/037012

[0050] Molecules specific for the double-stranded nucleic acid hybrids include, but are
not limited to, monoclonal antibodies, polyclonal antibodies, proteins such as but not limited to
RNAse H, nucleic acids including but not limited to aptamers, or sequence specific nucleic acids.
Aptamers are short stretches of random sequences that are successively selected from a library of
sequences by hybridizing to a target, amplifying the hybridized aptamers, and repeating the

selection process.

[0051] In one aspect the molecule specific for the double-stranded nucleic acid hybrid is
captured by an antibody, known as an anti-hybrid antibody. In another aspect, the anti-hybrid
antibodies are immobilized onto a support before the double-stranded nucleic acid hybrid is
captured. Methods of immobilizing antibodies to solid supports are well known in the art. By
way of examples and not limitation, the antibodies can be covalently linked to the solid support.
As another example, the antibody can be adsorbed onto the support by, for example, protein-
protein interactions, protein-G beads, biotin-streptavidin interaction, EDAC to link to a carboxyl
or tosyl group, etc., or hybridization directly onto the solid support using, for example, sequence

specific nucleic acids in an affinity column.

[0052] In another aspect, the anti-hybrid antibodies may be complexed with the double-
stranded nucleic acid hybrid before being immobilized on the solid support. By way of example
and not limitation the anti-hybrid antibody may be conjugated with a biotin label, while the
support may be conjugated with a streptavidin moiety. Anti-hybrid antibody/double-stranded
nucleic acid-hybrid complexes can then be allowed in the absence of the solid support. When
the solid support is added to the reaction mixture, the anti-hybrid antibody/double-stranded
nucleic acid-hybrid complexes will be immobilized to the solid support by virtue of the

interaction between the biotin conjugate and the streptavidin moiety.

[0053] Supports include but are not limited to beads; magnetic beads, including
paramagnetic, diamagnetic, ferromagnetic beads, columns, plates, filter paper,
polydimethylsiloxane (PDMS); dipsticks; coated tubes, plates, and dishes; and resin columns.
Any support can be used as long as it allows extraction of the liquid phase and provides the
ability to separate out bound and unbound antibodies. Paramagnetic beads are particularly useful

in that they can be left in the solution and the liquid phase can be extracted or decanted, if a
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magnetic field is applied to immobilize the beads. Other beads that employ charge switching or

silica capture (as opposed to magnetic fields) may be used as well.

[0054] The hybrids are incubated with the anti-hybrid antibody attached to the support
for a sufficient amount of time to allow capture of the double-stranded nucleic acid hybrids by

the immobilized anti-hybrid antibodies. In an aspect, the support is a bead.

[0055] The anti-hybrid antibody may be monoclonal or polyclonal. In one aspect the
antibody is monoclonal. In one aspect, the antibody is coupled to support by a 1-ethyl-3-[3-
dimethylaminopropyl] carbodiimide hydrochloride (EDAC) linker. In one aspect, the support is
a polystyrene bead. In an aspect, the support or bead coupled to the antibody is diluted in a bead
dilution buffer. The bead dilution buffer is helpful in minimizing protein denaturation on the
bead. One example of a bead dilution buffer comprises 6% casein, 100 mM Tris-HCI, 300 mM
NaCl, and 0.05% sodium azide.

[0056] In an aspect, the beads coated with the anti-hybrid antibody are incubated with the
sample at about 67°C to about 70°C for about 30 minutes. In another aspect, the beads and
sample are incubated at about 68°C to about 69°C for about 30 minutes. In yet another aspect,
the beads and sample are incubated at about 68.5°C for 30 minutes. The incubation time can
range from about 5 minutes to about 60 minutes, from about 15 minutes to about 45 minutes,
from about 20 minutes to about 40 minutes, or any number within the recited ranges, and is
generally inversely proportional to the temperature. It will be understood by those skilled in the
art that the incubation time, temperature and/or shaking conditions can be varied to achieve

alternative capture kinetics as desired.

[0057] Following capture of the at least one target nucleic acid/probe hybrid as described
above, the captured hybrid may be separated from the rest of the sample by washing away of

non-captured nucleic acids.

. AMPLIFICATION STEP

[0058] Once the at least one target nucleic acid is purified, it is amplified. Amplification
is performed at this time to increase the sensitivity of the method by increasing the amount of the
at least one target nucleic acid.
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[0059] Various amplification methods may be applied, these are for example, rolling
circle amplification (such as in Liu, et al., "Rolling circle DNA synthesis: Small circular
oligonucleotides as efficient templates for DNA polymerases," J. Am, Chem. Soc. 118:1587-
1594 (1996).), isothermal amplification (such as in Walker, et al., "Strand displacement
amplification-an isothermal, in vitro DNA amplification technique"”, Nucleic Acids Res. 20(7):
1691 -6 (1992)), Ligase chain reaction (such as in Landegren, et al., 11A Ligase-Mediated Gene
Detection Technique," Science 241 :1077-1080, 1988, or, in Wiedmann, et ai., "Ligase Chain
Reaction (LCR)-- Overview and Applications," PCR Methods and Applications (Cold Spring
Harbor Laboratory Press, Cold Spring Harbor Laboratory, NY1 1994) pp. S51-S64.).

[0060] Nucleic acid amplifications can be broadly separated into two categories:

temperature cycled amplifications and isothermic amplifications.

[0061] In temperature cycled amplifications, the temperature typically is raised above the
melting point of the target nucleic acid to “melt” any double stranded portions, and then lowered
to a point at which oligonucleotide primers anneal with a single stranded portion of the target
nucleic acid, then raised again to a temperature at which the primers remain annealed and the

polymerase is active.

[0062] In isothermic amplifications, an agent is added to the reaction mixture to permit
amplification without temperature cycling. For example, in helicase-dependant amplification
(“HDA”), an enzyme having helicase activity is added to the amplification mixture. As used
herein, “helicase” or “an enzyme with, or having, helicase activity” refers to any enzyme capable
of unwinding a double stranded nucleic acid. The helicase functions to unwind double stranded
nucleic acids, thus obviating the need for repeated melting cycles. Examplary helicases include
E. coli helicase I, 11, 111, & 1V, Rep, DnaB, PriA, PcrA, T4 Gp41 helicase, T4 Dda helicase, T7
Gp4 helicases, SV40 Large T antigen, yeast RAD. Additional helicases that may be useful
include RecQ helicase, thermostable UvrD helicases from 7. tengcongensis and T. thermophilus,
thermostable DnaB helicase from 7. aquaticus, and MCM helicase from archacal and eukaryotic
organisms. As another example, in nick-initiated amplification (“NIA”), a nick-inducing agent is
used to induce breaks in the phosphodiester bonds of the nucleic acid backbone. A polymerase

having strand displacement activity can then initiate amplification at the site of the nick, using
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one strand of the nucleic acid as a primer and the other strand as a template. As used herein,
“nick-inducing agent” refers to any enzymatic or chemical reagent or physical treatment that
introduces breaks in the phosphodiester bond between two adjacent nucleotides in one strand of a
double-stranded nucleic acid. Examples of nick-inducing enzymes include BpulO I, BstNB I,
Alw I, BbvC I, BbvC I, Bsm I, BsrD, and E. coli endonuclease 1.

[0063] The amplification in the disclosed methods can be either a temperature cycled
amplification or an isothermic amplification. Exemplary methods of amplification include, but
are not limited to: polymerase chain reaction (“PCR?”), reverse transcriptase (“RT”) reaction, RT-
PCR, HDA, RT-HDA, thermophilic helicase-dependent amplification (“tHDA”), RT-tHDA,
whole genome amplification (“WGA”), RT-WGA, ligase chain reaction (“LCR”), RT-LCR,
NIA, and RT-NIA.

[0064] Amplification reactions can further be separated into sequence-dependent or
sequence-independent amplifications.

[0065] “Sequence-dependent amplification” refers to specific amplification of a target
sequence relative to non-target sequences present in a sample with the use of target-specific
primers. As used herein, “target-specific primer” refers to a single stranded nucleic acid capable
of binding to a pre-determined single stranded region on a target nucleic acid to facilitate
polymerase dependent replication of the target nucleic acid to be selectively amplified.

[0066] In one aspect, the amplification is a sequence-specific amplification. In another
aspect, a pair of target-specific primers, one hybridizing to the 5’-flank of a target sequence
within each target nucleic acid and the other hybridizing to the 3’-flank of the target sequence,
are used to achieve exponential amplification of the target sequence. Thus arrangement is useful
where all of the target nucleic acids comprise a variable region that is sought to be genotyped
and where the variable region is flanked on both sides by conserved regions. In another aspect,
multiple pairs of target-specific primers are utilized in a single reaction for amplifying multiple
targets nucleic acids simultancously.

[0067] Generally, suitable target-specific primer pairs are short synthetic
oligonucleotides, for example having a length of more than 10 nucleotides and less than 50
nucleotides. Target-specific, oligonucleotide primer design involves various parameters such as
string-based alignment scores, melting temperature, primer length and GC content. When

designing a target-specific primer, one of the important factors is to choose a sequence within the
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target fragment that is specific to the nucleic acid molecule to be amplified. Another important
factor is to calculate the melting temperature of a target-specific primer for the reaction. The
melting temperature of a target-specific primer is determined by the length and GC content of
that oligonucleotide. In one aspect, the melting temperature of the primer is about 10° to 30°C
higher than the temperature at which primer hybridization and target amplification will take
place.

[0068] “Primer hybridization” refers to binding of an oligonucleotide primer to a region
of the single-stranded nucleic acid template under the conditions in which the primer binds only
specifically to its complementary sequence on one of the template strands, not other regions in
the template. The specificity of hybridization may be influenced by the length of the
oligonucleotide primer, the temperature in which the hybridization reaction is performed, the
ionic strength, and the pH of the reaction mixture.

[0069] Each target-specific primer hybridizes to each end of the target nucleic acid and
may be extended in a 3°—5’ direction by a polymerase using the target nucleotide sequence as a
template. To achieve specific amplification, a homologous or perfect match target-specific
primer is preferred. However, target-specific primers may include sequences at the 5° end which
are non-complementary to the target nucleotide sequence(s). Alternatively, target-specific
primers may contain nucleotides or sequences throughout that are not exactly complementary to
the target nucleic acid.

[0070] The target-specific primers may include any of the deoxyribonucleotide bases A,
T, G or C and/or one or more ribonucleotide bases, A, C, U, G and/or one or more modified
nucleotide (deoxyribonucleotide or ribonucleotide) wherein the modification does not prevent
hybridization of the primer to the nucleic acid or elongation of the target-specific primer or
denaturation of double stranded molecules. Target-specific primers may be modified with
chemical groups such as phosphorothioates or methylphosphonates or with non nucleotide
linkers to enhance their performance or to facilitate the characterization of amplification
products.

[0071] In general, the temperature of denaturation suitable for permitting specificity of
target-specific primer-template recognition and subsequent annealing may occur over a range of
temperatures, for example 20°C to 75°C. A preferred denaturation temperature may be selected

according to which helicase is selected for the melting process. Tests to determine optimum
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temperatures for amplification of a nucleic acid in the presence of a selected helicase can be
determined by routine experimentation by varying the temperature of the reaction mixture and
comparing amplification products using gel electrophoresis.

[0072] In a further aspect, amplification is a sequence-independent amplification. As
used herein, “sequence-independent amplification” refers to any amplification that does not
amplify a specific sequence. By way of example and not limitation, random primer mixtures or
nick-inducing agents may be used to initiate sequence-independent amplification.

[0073] As used herein, “random primer mixture” refers to mixtures of short randomly
generated oligonucleotide sequences.

[0074] As used herein, “nick-initiated polymerase activity” refers to polymerase activity
in the absence of exogenous primers, which is initiated by single-strand breaks in the template.
Synthesis initiates at the single-strand break in the DNA, rather than at the terminus of an
exogenous synthetic primer. With nick-initiated synthesis, removal of primers is unnecessary,
reducing cost, handling time and potential for loss or degradation of the product. In addition,
nick-initiated synthesis reduces false amplification signals caused by self-extension of primers.
The nicks may be introduced at defined locations, by using enzymes that nick at a recognition
sequence, or may be introduced randomly in a target polynucleotide. As used herein, “nick-
inducing agent” refers to any enzymatic or chemical reagent or physical treatment that introduces
breaks in the phosphodiester bond between two adjacent nucleotides in one strand of a double-
stranded nucleic acid. Examples of nick-inducing enzymes include BpulO I, BstNB I, Alw 1,
BbvC I, BbvC I, Bsm I, BsrD, and E. coli endonuclease 1. In one aspect, at least one nick-
inducing enzyme is included as a replacement for a helicase in a reaction mixture. In another
aspect, at least one nick-inducing enzyme is added to a reaction mixture in addition to at least
one helicase.

[0075] In one aspect, the amplification is an isothermic amplification. In another aspect,
the isothermic amplification is a Whole Genome Amplification (“WGA”). WGA is an
isothermal process that uses non-specific primers to generate amplicons using the target nucleic
acid sequence as a template. As multiple random primers are used, substantially the entire
molecule comprising the target nucleic acid can be amplified using WGA. For example, Phi 29
DNA polymerase can be used in combination with non-specific primers to amplify target nucleic

acid sequences. The polymerase can move along the target nucleic acid sequence displacing the
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complementary strand. The displaced strand becomes a template for replication allowing high
yields of high-molecular weight DNA to be generated. In one aspect, the WGA reaction is
nodified to include at least one helicase, at least one nick-inducing agent, or both. Various
aspects of WGA are described in, Nazarenko ef al., US 7,601,497, which is hereby incorporated

by reference in its entirety.

IV. DETECTION STEP

[0076] The target nucleic acid is detected from the pool of amplified nucleic acids by (1)
contacting it with at least one detection probe set comprising a plurality of polynucleotide
detection probes under a condition sufficient for each of the detection probes to hybridize to its
complement; (2) detecting hybridization of at least one of the polynucleotide detection probes;
and (3) determining the melting temperature of (Ty,) of the polynucleotide detection probe
hybridized to the target nucleic acid. The polynucleotide detection probes of the detection probe
set can be full length, truncated, or synthetic DNA or full length, truncated, or synthetic RNA.
The at least one capture probe may be DNA, RNA, synRNA, or PNA, regardless of the identity
of the at least one target nucleic acid. The polynucleotide detection probes should be detectably
labeled or adapted so that they may accept a detectable label. Additionally, the detection probe
set should be constituted so that: (1) at least two of the plurality of detection probes bear the
same detectable label; (2) at least two of the plurality of detection probes bear different
detectable labels; and (3) any of the plurality of detection probes bearing the same detectable

label have different melting temperatures (Tp,).

[0077] Hybridization conditions suitable for the particular probes and diluents described
herein are employed. For example, the probes and sample nucleic acids can be incubated for a
hybridization time, preferably at least about 5 to about 30 minutes, about 5 to about 20 minutes,
or from about 7 to about 15 minutes, or about 10 minutes, as well as any number within the
recited ranges sufficient to allow the one or more polynucleotide probes to anneal to a
corresponding complementary nucleic acid sequence. The hybridization condition can include a
hybridization temperature of at least about 65°C, about 68.5°C, and about 67°C to about 70°C, as
well as any number within the recited ranges. For a given at least one target nucleic acid and a

given probe, one of ordinary skill in the art can readily determine desired hybridization
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conditions by routine experimentation. One of ordinary skill in the art will further appreciate
that the time and temperature of hybridization must be optimized, one with respect to the other.
Thus, higher hybridization temperatures may be carried out for shorter periods of time and vice
versa. Without being limited, stringent hybridization conditions may be controlled by increasing
the temperature, increasing the ionic conditions to above 0.5M (for example, NaCl), or reducing
the concentration of PAA. As a non-limiting example, stringent hybridization conditions may
include performing a hybridization reaction at elevated temperatures, such as of at least about
65°C, at least about 68.5°C, between about 67°C to about 70°C , and between about 69°C to
about 70°C. Stringent hybridization conditions may also include elevated temperatures, such as

of at least about 65°C, at least about 68.5°C, and between about 67°C to about 70°C.

[0078] All probes used herein (including hybrid capture and detection probes) may be
short synthetic RNA probes that specifically bind only to the at least one target nucleic acid.
Examples are described in U.S. Pat. Appl. No. 12/426,076, filed on April 17, 2009, the contents

of which are incorporated herein by reference in its entirety.

[0079] In an aspect, the detection step comprises: (1) contacting the amplified nucleic
acids with a detection probe set comprising at least four detection probes, wherein (a) each of the
detection probes is specific for a nucleic acid sequence; (b) at least two of the detection probes
carry the same label; and (c) each of the probes that carry the same label has a melting
temperature (T,,) which differs by at least 2°C from the other probes with the same label when
they are dissociated from their target nucleic acid sequence by heating; (2) detecting the target
nucleic acid by determining whether a labeled probe has bound its nucleic acid sequence; and (3)
detecting the temperature at which each given labeled probe dissociates from the nucleic acid
sequence to which it has bound. A similar method was previously described in W02009135832,

which hereby is incorporated by reference in its entirety.

[0080] In an embodiment, the detection probe set comprises at least four detection

probes, wherein at least two detection probes carry the same label.

[0081] In another embodiment, the detection probe set comprises at least four detection

probes, wherein at least three detection probes carry the same label.
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[0082] In another embodiment, the detection probe set comprises at least five detection

probes, wherein at least two detection probes carry the same label.

[0083] In another embodiment, the detection probe set comprises at least five detection

probes, wherein at least three detection probes carry the same label.

[0084] In another embodiment, the detection probe set comprises at least five detection

probes, wherein at least four detection probes carry the same label.

[0085] In another embodiment, the detection probe set comprises at least six detection

probes, wherein at least two detection probes carry the same label.

[0086] In another embodiment, the detection probe set comprises at least six detection

probes, wherein at least three detection probes carry the same label.

[0087] In another embodiment, the detection probe set comprises at least six detection

probes, wherein at least four detection probes carry the same label.

[0088] In another embodiment, the detection probe set comprises at least seven detection

probes, wherein at least two detection probes carry the same label.

[0089] In another embodiment, the detection probe set comprises at least seven detection

probes, wherein at least three detection probes carry the same label.

[0090] In another embodiment, the detection probe set comprises at least seven detection

probes, wherein at least four detection probes carry the same label.

[0091] In another embodiment, the detection probe set comprises at least eight detection

probes, wherein at least two detection probes carry the same label.

[0092] In another embodiment, the detection probe set comprises at least eight detection

probes, wherein at least three detection probes carry the same label.

[0093] In another embodiment, the detection probe set comprises at least eight detection

probes, wherein at least four detection probes carry the same label.
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[0094] The labels of the detection probes may be fluorescent labels. Where fluorescent
labels are used, two or more labels shall be deemed “the same label” when they have maximum

emission wavelengths that differ by 0°C to about 10°C.

[0095] In one embodiment, detection probes with the same label have melting
temperatures that differ by at least about 2°C, at least about 5°C, from about 5° to about 10°C,
from about 5°C to about 8°C, from about 5°C to about 7°C, from about 5° to about 6°C. Herein,
in the context of temperature values, the term "about" is to be understood as to include deviations

of up to +/- 10 % of the temperature value.

[0096] In one embodiment, the detection step comprises: (1) contacting the amplified
nucleic acids with at least two detection probe sets, wherein (a) each detection probe set consists
of at least three detection probes, (b) each of the detection probes is specific for a nucleic acid
sequence, (c) each of the detection probes in a given detection probe set carries a different label,
and (d) all of the detection probes in a given detection probe set have a similar or identical
melting temperature (T,,) when they are dissociated from their target nucleic acid sequence by
heating; (2) detecting the amplified nucleic acids by determining whether the labeled detection
probe has bound its nucleic acid sequence; and (3) detecting the temperature at which each given

labeled detection probe dissociates from the nucleic acid sequence to which it has bound.

[0097] In a further embodiment the method comprises at least three detection probe sets,

wherein each detection probe set consists of at least three detection probes.

[0098] A detection probe set comprises at least 3 detection probes. A detection probe set
may be seen as all those detection probes that share a common label but also as all those
detection probes that share a common melting temperature (Tm). Ideally, the detection probes in
a detection probe set that have the same label or labels that are not distinguishable from one
another have different melting temperatures. The detection probes in a detection probe set that

have identical or very similar melting temperatures should have different labels.

[0099] Using the methods disclosed herein, multiplex detection of 20 different target
nucleic acids may be performed in a single reaction. In one embodiment 5 different labels are

used and all the detection probes that share a common label have a slightly varying melting
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temperature. All the detection probes that share a common melting temperature on the other hand
have a different label. By detecting the label and the melting temperature either during or after
amplification the inventors have for the first time provided for a means which makes it possible

to analyze, e.g. said 20 templates in one tube.

[00100] In principle this "detecting the amplified nucleic acids by determining whether the
labeled probe has bound its nucleic acid sequence”, and "detecting the temperature at which each
given labeled probe dissociates from the nucleic acid sequence to which it has bound" may be

done at the end of given reaction or during the reaction.

[00101] The labels of the detection probes in the first and second or further detection
probe sets are fluorescent labels and have an emission wavelength that is very similar. Ideally,
that means they may be detected without altering the wavelength adjustment that may be
detected by the detection device. It is preferred that the labels of the probes in the first, second

and third or further detection probe set are identical.

[00102] In one embodiment, the labels are fluorescent labels selected from the group of
FAM (5-or 6-carboxyfluorescein), VIC, NED, Fluorescein, FITC1 1RD-700/800, CY3, CY35,
CY3.5, CY5.5, HEX, TET, TAMRALI JOE, ROX, BODIPY TMR, Oregon Green, Rhodamine
Green, Rhodamine Red, Texas Red, Yakima Yellow, Alexa Fluor PET, Biosearch Blue™,
Marina Blue®, Bothell Blue®, Alexa Fluor® 350 FAM™, SYBR® Green 1, Fluorescein,
EvaGreen™, Alexa Fluor® 488 JOE™, VIC™, HEX™ TET™, CAL Fluor® Gold 540,
Yakima Yellow®, ROX™, CAL Fluor®' Red 610, Cy3.5™, Texas Red®, Alexa Fluor® 568
Cy5™, Quasar™ 670, LightCycler Red640®, Alexa Fluor 633 Quasar™ 705, LightCycler
Red705®, Alexa Fluor® 680, SYTO®9, LC Green®, LC Green® Plus+, EvaGreen™.,

[00103] In an embodiment, the probes carrying the same label differ in melting
temperature (Ty) in a way that they are distinguishable by melting point on a given instrument,
typically harboring a difference in melting temperature of more than 0.1°C, 0.2°C, 0.3°C1 0.4°C,
0.5°C, 1°C, 1.5°C, 2°C, 2.5°C, 3°C, 4°C, 5°C, 6°C, 7°C, 8°C, 9°C, or 10°C. More than 1°C,
1.5°C, 2°C, 2.5°C, 3°C, 4°C, 5°C is preferred.
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[00104] In one embodiment the melting transitions of the double stranded segments can be
determined by monitoring fluorescence intensity of double stranded nucleic acid- specific
(dsNAS) dyes. In one embodiment, the double stranded nucleic acid-specific dye is selected
from the group consisting of SYBR® Green I, SYBR® Gold, ethidium bromide, propidium
bomide, Pico Green, Hoechst 33258, YO-PRO-I and YO-YO-I, SYTO®9, LC Green®, LC
Green® Plus+, EvaGreen™. These saturation dyes are capable of existing at sufficiently
saturating conditions with respect to the DNA during or after amplification, while minimizing
the inhibition of PCR. For example, at maximum PCR- compatible concentrations, the dSDNA
binding dye has a percent saturation of at least 50%. In other embodiments, the percent
saturation is at least 80%. In yet other embodiments, the percent saturation is at least 99%. It is
understood that the percent saturation is the percent fluorescence compared to fluorescence of
the same dye at saturating concentrations. Saturating concentration is the concentration that
provides the highest fluorescence intensity possible in the presence of a predetermined amount of
dsDNA. Because these dyes can be present at significantly higher concentrations without
significantly interfering with certain nucleic acid reactions, these dyes may be particularly useful

for monitoring the conformation of single- stranded nucleic acids and dsDNA.

[00105] On advantage of the presently disclosed detection method is that it can be
performed simultancously with the amplification step. This feature permits the full method to be
practiced in a “closed tube” format. An exemplary workflow for a closed tube format of the

present method is shown at Fig. 1.

[00106] Detection probes may be specific for various targets, such as disease markers,
pathogens, forensic markers or any other target that may be addressed by means of amplification.
The method disclosed herein is particularly suited for the analysis of pathogens. Thus, in

embodiment the primers and probes are specific for one or more pathogenic bacteria or viruses.

[00107] The most common bacterial disease is tuberculosis, caused by the bacterium
Mycobacterium tuberculosis, which kills about 2 million people a year, mostly in sub-Saharan
Africa. Pathogenic bacteria contribute to other globally important diseases, such as pneumonia,
which can be caused by bacteria such as Streptococcus and Pseudomonas, and foodborne

illnesses, which can be caused by bacteria such as Shigella, Campylobacter and Salmonella.
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[00108] Pathogenic bacteria also cause infections such as tetanus, typhoid fever,
diphtheria, syphilis and leprosy. One of the primary pathways by which food or water become
contaminated is from the release of untreated sewage into a drinking water supply or onto
cropland, with the result that people who eat or drink contaminated sources become infected. In
developing countries most sewage is discharged into the environment or on cropland. This is the

typical mode of transmission for the infectious agents of cholera, hepatitis A, polio and rotavirus.

[00109] Many respiratory diseases are caused by pathogenic viruses, including
Rhinovirus, Parainfluenza Viruses (PIV1-3), Influenza A and Influenza B, Adenovirus B as well

as Respiratory Syncytial Virus A and B.

[00110] Additionally, several pathogenic bacteria and viruses have been considered for
use as biological weapons, including, for example, Bacillus anthracis, Ebolavirus,
Marburgvirus, Yersinia pestis, Vibrio cholerae, F. tularensis, Brucella, Coxiella burnetii,
Machupo virus, Coccidioides immitis, Coccidioides posadasii., Burkholderia mallei,
Burkholderia pseudomallei, Shigella ssp. bacterium, Rickettsia rickettsii, Rickettsia prowazekii,
Chlamydophila psittaci, yellow fever virus, Japanese encephalitis virus, Rift Valley fever virus,

Variola major, and Variola minor.

[00111] The biowarfare pathogens B. anthracis (BA), Y. pestis (YP) and F. tularensis
(FT) have been identified as having the potential to be weapons of mass destruction that could be
used to attack both military and civilian populations. These three organisms are especially
suitable pathogens for use as biological weapons because they are all highly infectious pathogens
and deadly to humans. They can all be delivered in aerosol forms, causing a more deadly
pneumonic disease scenario. Clandestine use of antimicrobial-resistant strains or genetic
modification of B. anthracis to increase virulence or escape vaccine protection is possible. A
bioterrorist attack involving pneumonic plague would cause widespread disease and panic, partly
due to the communicable nature of the disease. In 1969, the World Health Organization
estimated that an aerosol dispersal of 50 kg of virulent F. fularensis over a metropolitan arca
with 5 million inhabitants in a developed country would result in 250,000 illnesses, including
19,000 deaths. An additional threat from the use of these weapons of mass destruction would be

the purposeful engineering of antibiotic resistant strains with the intent of foiling diagnostic
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assays and/or circumventing effective therapeutic stockpiles and treatments. Additionally, there
are antibiotic resistant strains of these pathogens arising naturally in areas around the globe

which could be isolated and spread by clandestine, low tech, methods.

[00112] Therefore, in an embodiment, the target nucleic acid is at least one genomic or
plasmid marker specific for pathogens that may be useful as bioweapons. In a further aspect, the
target nucleic acid is at least one marker specific for B. anthracis (BA), Y. pestis (YP), or F.
tularensis (FT). In another embodiment, the target nucleic acid is at least one ciprofloxacin

resistance target. Exemplary targets are set forth in table 1.

[00113] In a further embodiment, a detection probe set is provided comprising, consisting,
or consisting essentially of: (1) at least one detection probes specific for a ciprofloxacin
resistance target selected from the group consisting of gyrA, gyrB-1, gyrB-2, parC, and parE;
and (2) at least one detection probes specific for a genomic or plasmid target selected from the

group consisting of capB2, capB4, pXO1, pXO02, PLA, PIM, CAF1, tul4, and fopA.

Organism Ciprofloxacin Resistance Targets | Genomic and Plasmid Targets
Bacillus anthracis gyrA capB2
gyrB-1 capB4
gyrB-2 pXOl1
parC pX0O2
Yersinia pestis gyrA PLA
pare PIM
CAF1
Francisella tularensis | gyrA tul4
fopA
Table 1
[00114] In a further embodiment, a detection probe set is provided comprising, consisting

essentially of, or consisting of at least one detection probes specific for each of gyrA, gyrB-1,

gyrB-2, parC, parE, capB2, capB4, pXO1, pXO02, PLA, PIM, CAFI, tul4, and fopA.

[00115] As noted above, the amplification step may comprise whole genome
amplification, which typically results in amplicons greater than 10 kilobases in length.
Normally, probe-based detection requires a much shorter amplicon, typically from 100 to 250

bases in length. Thus, where large amplicons are generated by the amplification step, it may be
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helpful to fragment the amplicons before detection. Many methods of doing so are known in the
art including, without limitation: use of enzymatic methods of fragmenting DNA such as the use
of DNase I with Mn** cofactor (Anderson, S., Nucleic Acids Research, 1981, Vol. 9, No. 13
3015-3027, which is hereby incorporated by reference) and partial digestion using various
restriction enzymes (Sambrook, J., Fritsch, E.F., and Maniatis, T., 1989, Molecular Cloning: A
laboratory manual, 2™ Ed., p. 5.2-5.95, 9.32, Cold Spring Harbor Laboratory Press, New York,
which is hereby incorporated by reference); incorporation of random ribonucleoside
monophosphate in the amplicon with subsequent alkali digestion; and physical fragmentation,
such as by sonication, nebulization, or hydrodynamic shearing. Thus, in an embodiment, the

amplified nucleic acids are fragmented before detection.

[00116] In one embodiment, uracil residues are incorporated during the amplification
reaction. Uracil DNA glycosylase (uracil-N-glycosylase) is the product of the Escherichia coli
ung- gene, and has been cloned, sequenced and expressed in E. coli. Uracil DNA glycosylase
(UDG) removes these uracil residues from DNA (single- and double- stranded) without
destroying the DNA sugar-phosphodiester backbone, thus preventing its use as a hybridization
target or as a template for DNA polymerases. The resulting abasic sites are susceptible to
hydrolytic cleavage at elevated temperatures. Thus, removal of uracil bases is usually
accompanied by fragmentation of the DNA. The person skilled in the art knows how to use the

Uracil DNA glycosylase in order to avoid contamination.

[00117] Real-time PCR requires an instrumentation platform that consists of a thermal
cycler, a computer, optics for fluorescence excitation and emission collection, and data
acquisition and analysis software. These machines, available from several manufacturers, differ
in sample capacity (some are 96-well or 384-well standard plate format, others process fewer
samples or require specialized glass capillary tubes, some have block format, others a carousel),
method of excitation (some use lasers, others broad spectrum light sources with tunable filters or
one or more diodes), detection (some use a camera, others a photo multiplier tube, or types of
light detection system) and overall sensitivity. There are also platform-specific differences in
how the software processes data. In principle the available machines harboring two or more

detection channels are suited for the method disclosed herein.
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V. Kit

[00118] A kit is also disclosed, comprising: (1) at least one hybrid capture component
selected from the group consisting of: at least one hybrid capture probe; an anti-DNA-RNA
hybrid antibody; and a solid support; and (2) a detection probe set comprising at least four, at

least five, or at least six detection probes.

[00119] In an embodiment the kit comprises at least four detection probes, wherein at least

two detection probes carry the same label.

[00120] In another embodiment the kit comprises at least four detection probes, wherein at

least three detection probes carry the same label.

[00121] In another embodiment the kit comprises at least five detection probes, wherein at

least two detection probes carry the same label.

[00122] In another embodiment the kit comprises at least five detection probes, wherein at

least three detection probes carry the same label.

[00123] In another embodiment the kit comprises at least five detection probes, wherein at

least four detection probes carry the same label.

[00124] In another embodiment the kit comprises at least six detection probes, wherein at

least two detection probes carry the same label.

[00125] In another embodiment the kit comprises at least six detection probes, wherein at

least three detection probes carry the same label.

[00126] In another embodiment the kit comprises at least six detection probes, wherein at

least four detection probes carry the same label.

[00127] In another embodiment the kit comprises at least seven detection probes, wherein

at least two detection probes carry the same label.

[00128] In another embodiment the kit comprises at least seven detection probes, wherein

at least three detection probes carry the same label.
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[00129] In another embodiment the kit comprises at least seven detection probes, wherein

at icast four detection probes carry the same label.

[00130] In another embodiment the kit comprises at least eight detection probes, wherein

at least two detection probes carry the same label

[00131] In another embodiment the kit comprises at least eight detection probes, wherein

at least three detection probes carry the same label.

[00132] In another embodiment the kit comprises at least eight probes, wherein at least

four probes carry the same label.

[00133] In one embodiment, a kit is disclosed comprising at least 6 probes which are able
to hybridize, under stringent conditions, to one or more nucleic acid molecules, wherein a) a first
group of at least three probes carries a first label and all the probes in this group differ with
respect to their melting temperature and b) a second group of at least three probes carries a

second label and all the probes in this group differ with respect to their melting temperature.

[00134] In another embodiment, a kit is disclosed comprising at least 9 probes which are
able to hybridize, under stringent conditions, to one or more nucleic acid molecules, wherein (a)
a first group of at least two probes carries a first label and all the probes in this group differ with
respect to their melting temperature, (b) a second group of at least two probes carries a second
label and (c) a third group of at least two probes carries a third label, and all the probes in this
group differ with respect to their melting temperature and at least a third group of at least two
probes carries a third label and all the probes in this group differ with respect to their melting

temperature.

[00135] The probes that differ with respect to their melting temperature (Tm) differ by at
least 0.5°C, 1 °C, 1.5°C, 2°C, 2.5°C, 3°C, 4°C, 5°C, 6°C, 7°C, 8°C, 9°C, or 10°C. More than
1°C, 1.5°C, 2°C, 2.5°C, 3°C, 4°C, 5°C is preferred, ideally the probes differ by about 5°C.
When used in respect to melting temperatures, the phrase “about” includes all temperatures

roundable to the indicated temperature.
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[00136] Ideally, the probes that have the same label have fixed intervals of difference in
melting temperature (Tm), selected in a way that they are reliably distinguishable by melting
analysis, for example such as 5°C. In such an embodiment the probes that are, for example,

fluorescein labeled would have a melting temperature (Ty,) of, e.g. 40°C, 45°C, 50°C and 55°C.

[00137] In another embodiment, the kit additionally comprises a buffer, nucleotides and
one or enzymes, such as a polymerase. The kit may be adapted as a premix, wherein the user

only needs to add the probe.

[00138] The kit may used for human or veterinary diagnosis, for testing food or water, for

forensic applications, for biodefense applications, or for scientific purposes.

[00139] Also provided is a kit for the detection of at least one target nucleic acid in a

sample, the kit comprising, consisting of, or consisting essentially of:

1. at least one polynucleotide hybrid capture probe;

1l an anti-hybrid antibody;

1il. a polymerase;

iv. a detection probe set;

V. optionally, a paramagnetic bead adapted so as to bind the anti-hybrid
antibody;

vi. optionally, a denaturation reagent;

VIL. optionally, a helicase; and

viil.  optionally, a reagent for fragmenting amplified nucleic acids.

[00140] In an aspect, a plurality of hybrid capture probes and a plurality of detection probe

sets are provided with the kit.

[00141] The kit may also include instructions for describing procedures associated with
the disclosed methods and assays. The kit may also include a means for transcribing patient
information. In an aspect, the means includes paper, a computer, or a device capable of
transmitting patient information. The kit can include all the necessary components to complete

the methods at the same location where the patient sample is taken.
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[00142] In an aspect, the kit may include color coded reagents associated with the
detection assay. The reagent vials are color coded for ease of use and can be included in a kit.

The reagent bottles may also be identified by symbols, letters, or other known identifiers.

[00143] As the individual components of the kit come together in an easy to use platform,
one advantage of the kit described herein is that it provides for immediate testing of samples.

This allows for rapid determination of patient results.

[00144] In an aspect, methods of the disclosure can include the collection, processing, and
performing the purifying step on patient samples in the field. In one aspect, after the samples are
collected, some of the method steps are conducted at the same location where the patient samples
are collected. The location may be a village, clinic, laboratory, or communal arca where
individuals receive medical checkups and evaluations. The location may be permanent or
temporary. In an aspect, the nucleic acid is detected at a location, such as a laboratory or clinic,
which is different from where the samples are taken. In an aspect, the kit is designed for use in a

developing country or geographical areas where access to medical care is not readily available.
[00145] This method is further compatible with STM and PC samples.

[00146] The following examples are illustrative only and are not intended to limit the

disclosure in any way.

EXAMPLES
[00147] In this experiment the feasibility of the workflow shown in Fig. 2 is demonstrated.
The reactions have been composed as shown in Table 2 and were setup as quadruplicates and

carried out with the protocol shown in Table 3.

Composition of multiplex PCR reaction mix
Component Final concentration
QuantiFast Multiplex PCR MM 2x Ix
Primer Mix 20x 1x
Probe Mix 50x Ix
RNAse free water Top up to 25ul per reaction
Final reaction volume 25ul
Table 2
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PCR Cycling Parameters using QuantiFast™ Multiplex PCR Master Mix

PCR
Initial PCR activation 95°C 5 min
Denaturation 95°C 30s
Anncaling/Extension 60°C 30s
Number of cycles 40x
Melting Curve
Pre Melt denaturation 95°C 30s
Melting program
Ramp from 55°C 95°C
1 Degree Celsius each step
Wait for 90s Second of pre-melt conditioning on first
step
Wait for 5s Second for each step afterwards
Table 3
[00148] For this purpose the reagents of Table 4 were used.

Components and material numbers for TagMelt 6plex PCR setup

QuantiFast Multiplex PCR
Master Mix

RNAse free water

Both from: QuantiFast Multiplex PCR Kit, Qiagen,
Material-# 204652

GAPDH for

GAPDH rev

PE-GAPDH-P

SRY-for

SRY -rev

SRY-TM-FAM

ALB for

ALB rev

ALB Short(18bp) MK

PEc-myc-for

PEc-myc-rev

PEc-mycPro MK

UBI-TM for

UBI-TM rev

UBI Short(17bp) MK

TBP HE for

TBP HE rev

TBP MK

Supplier Tib MolBiol http://www.tib-molbiol.de/de/

Table 4
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Primer concentrations

Target Primer Primer concentration
concentration 1x 20x Primer Mix

GAPDH FOR 0.4uM REV FOR 8uM REV 2uM
0.1uM

SRY FOR 0.1uM REV FOR 2uM REV 8uM
0.4uM

ALB FOR 0.1uM REV FOR 2uM REV 8uM
0.4uM

cmyc FOR 0.1uM REV FOR 2uM REV 8uM
0.4uM

UBI FOR 0.4uM REV FOR 8uM REV 2uM
0.1uM

TBP FOR 0.1uM REV FOR 2uM REV 8uM
0.4uM

Table 5

Probe concentrations

Target Probe Probe Mix 50x
concentration
1x

GAPDH (PE-GAPDH-P) 0.3uM 15uM

SRY (SRY-TM-FAM) 0.3uM 15uM

ALB (ALB Short(18bp) MK) 0.8uM 40uM

Cmyc (PEc-mycPro MK) 0.1uM SuM

UBI (UBI Short(17bp) MK) 0.2uM 10uM

TBP (TBP MK) 0.2uM 10uM

Table 6

[00150] Sequences of the primers and probes are shown in Table 7.

Target Name and Primer / Probe Sequence

Oligonucleotide Name Sequence (57-37)

GAPDH for (SEQ ID NO. 1) TTC CAC CCA TGG CAA AT

GAPDH rev (SEQ ID NO. 2)

GAA GAT GGT GAT GGG ATT TC

PE-GAPDH-P (SEQ ID NO. 3)

CAA GCT TCC CGT TCT CAG CC

SRY-for (SEQ ID NO. 4)

TCC TCA AAA GAA ACC GTG CAT

SRY-rev (SEQ ID NO. 5)

AGA TTA ATG GTT GCT AAG GACTGG AT

SRY-TM-FAM (SEQ ID NO. 6)

CAC CAG CAGTAA CTCCCCACAACCTCTTT

ALB for (SEQ ID NO. 7)

TGC CCT GTG CAG AAGACT ATCTA

ALB rev (SEQ ID NO. 8)

CGA GCT CAA CAAGTGCAGTT
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ALB Short(18bp) MK (SEQ ID NO.9) | AAGTGA CAG AGT CAC CAA

PEc-myc-for (SEQ ID NO. 10) TCA AGA GGT GCC ACG TCT CC

PEc-myc-rev (SEQ ID NO. 11) TCT TGG CAG CAG GATAGTCCTT

PEc-mycPro MK (SEQ ID NO. 12) CAG CAC AACTAC GCA GCG CCT CC

UBI-TM.for (SEQ ID NO. 13) GTT AAG CTG GCT GTC CTG AAATATT

UBI-TM.rev (SEQ ID NO. 14) CCC CAG CACCACATTCATC

UBI Short(17bp) MK (SEQ ID NO. 15) | TAGTCG CCT TCG TCG AG

TBP HE for (SEQ ID NO. 16) TGG AAC CCA CAGTCA TTG ATG A

TBP HE rev (SEQ ID NO. 17) TGA TCT CCT TGC CAA TGG TGT A

TBP MK (SEQ ID NO. 18) AGATGCTGCCAATAACTATGCCCGAGG
Table 7

[00151] As template nucleic acid in PCR, PCR product was generated using cDNA from

human leucocytes and the respective for and rev primers for each target shown in Table 7, PCR
product was purified using QiaQuick (Qiagen) PCR purification Kit and used at 1:1000 dilution.

Templates were added to the individual reactions as given in Table §:

Template PCR conditions
Conditions Expected Positive Signal Expected Positive Signal
(Detection Channel) (Detection Channel)
IC only IC Ubi LC670 (Crimson) -
IC + Target 1 IC Ubi LC670 (Crimson) Alb ROX (Orange)
IC + Target 2 1C Ubi LC670 (Crimson) Cmyc ROX (Orange)
IC + Target 3 1C Ubi LC670 (Crimson) TBP LC670 (Crimson)
IC + Target 4 IC Ubi LC670 (Crimson) GAP FAM (Green)
IC + Target 5 IC Ubi LC670 (Crimson) SRY FAM (Green)
Table 8
[00152] In the first case “IC-only”, only the Ubi template was added, functioning as

internal positive control. In the second case, Ubi IC and Target 1 Alb was added. In the third
case, Ubi IC and Target 2 Cmyc was used. In the fourth case, Ubi IC and Target 3 TBP was
introduced. In the fifth case, Ubi IC and Target 4 GAP was added. For the sixth case, Ubi IC and
Target 5 SRY was added as template.

[00153] Real-time PCR was performed on a RotorGene 6000 PCR System (6-channel)
with a 72 position rotor. Specification of the 6 detection channels are shown in Table 9,

including examples of fluorescent dyes suitable to be detected in the respective channels.
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Channel Specifications RotorGene 6000 instrument

Channel Excitation source/ Detection filter Detected Dyes (Examples)

Blue 365 £ 20nm / 460 £15nm Edans, Marina Blue®, AMCA-X,
Att0390, Alexa Fluor® 350

Green 470 £10nm / 510+5nm FAM™, Fluorescein, Cyan 500
Alexa Fluor® 488

Yellow 530+£5nm / 555+5nm JOE™, VIC™, HEX™ TET™,
Yakima Yellow®, Cal Fluor Orange
560

Orange 585+5nm / 610+5nm ROX™ Cy3.5®, Texas Red®, Alexa
Fluor® 568, CAL Fluor™ Red 610

Red 625+10nm / 660+£10nm Cy5®, Quasar 670™, LightCycler
Red 640®,
Alexa Fluor™ 633

Crimson 680+5nm /712 long pass Quasar705™, LC Red 705®,
LightCycler Red 670 Alexa Fluor®
680

Table 9
[00154] Parameters for PCR cycling and subsequent melting curve are shown in Table 3.

Subsequently the run data were analyzed with the appropriate instrument software. Cr values
observed in real-time PCR for the internal control (IC) and the respective targets are given in

Table 10.

Cr Results Single Target + Internal Control (IC)
Experiment
Channel

Name Green | Orange crimson
IC only 21.0

IC + Target 1 222 21.1

IC + Target 2 17.1 21.1

IC + Target 3 18.2

IC + Target 4 16.0 20.7

IC + Target 5 16.4 21.0

Table 10
[00155] Melting points of the probes (maximum of melting peaks shown in Fig. 8) were

determined and results are given in Table 11.

Tm Results Single Target + Internal Control (IC) Experiment

Green Orange crimson
Name ™ 1 ™ 1 T™M 1 T™ 2
IC only 63.5°C
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IC + Target 1 61.0°C 64.0°C
IC + Target 2 73.8°C 64.0°C
IC + Target 3 64.3°C | 70.3°C
IC + Target 4 66.0°C 64.0°C
IC + Target 5 72.2°C 64.0°C
Table 11
[00156] Observed melting peaks for the 6 different experimental conditions (Table 8) for

quadruplicate reactions are shown in Fig. 4. All reactions showed the expected result, showing
CT values in the correct detection channel and melting peaks with the expected melting point for

respective probe detecting the added target.
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What is claimed is:

1. A method of detecting at least one target nucleic acid in a sample, said method comprising:
A. purifying the at least one target nucleic acid by:
Al. generating a double-stranded nucleic acid hybrid of the at least one target
nucleic acid by hybridizing the at least one target nucleic acid to a hybrid probe
set comprising at least a first nucleic acid probe specific for the at least one target

nucleic acid;

A2. separating the double-stranded nucleic acid hybrid from the sample to

generate at least one purified nucleic acid;

B. amplifying at least a portion of the at least one purified nucleic acid to generate an

amplified nucleic acid; and

C. detecting the target nucleic acid by:
CI1. contacting the amplified nucleic acid with at least one detection probe set,
wherein:
Cl(a). each detection probe of the detection probe set bears a detectable
label,
C1(b). at least two detection probes of the detection probe set carry the
same detectable label; and
C1(c). each probe carrying the same detectable label has a melting
temperature (Ty,) which differs from the other probes with the same label;
C2. detecting and identifying the detectable label of a detection probe hybridized
to the amplified nucleic acid; and
C3. detecting the temperature at which the detection probe dissociates from the

amplified nucleic acid;

wherein identity of the target nucleic acid may be determined from the identification of the
detectable label and the temperature at which the detection probe dissociates from the amplified

nucleic acid.

2. The method of claim 1, wherein the double-stranded nucleic acid hybrid is separated from the

sample by contacting the double stranded nucleic acid hybrid with a hybrid specific molecule.
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3. The method of claim 2, wherein binding of the hybrid specific molecule immobilizes the

target nucleic acid to a solid phase.

4. The method of any of claims 2 and 3, wherein the hybrid specific molecule is bound to or

adapted to be bound to a solid support.

5. The method of claims 3 and 4, wherein the target nucleic acid is amplified while immobilized

to the solid phase.

6. The method of any of claims 2—-5, wherein the double stranded nucleic acid hybrid is a
DNA:RNA hybrid and the hybrid specific molecule is an anti-DNA:RNA hybrid antibody or a

fragment thereof.

7. The method of any of claims 1-6, wherein the target nucleic acid is amplified by an

isothermal amplification.

8. The method of claim 7, wherein the isothermal amplification utilizes: (a) a polymerase having

strand displacement activity; and (b) random primers.

9. The method of any of claims 7 and &, wherein the isothermal amplification comprises whole

genome amplification.

10. The method of any of claims 1-9, wherein each probe comprising the same detectable label
differs with respect to their melting temperature by at least 0.1°C, more preferably from 0.5°C to

10°C, more preferably from about 1°C to about 5°C, and more preferably about 5°C.

11. The method of any of claims 1-10, wherein each probe of the detection probe set comprises

at least one fluorophore selected from the group consisting of':

cl(d): a fluorophore capable of being excited by an excitation source of 365 + 20nm and

detected using a 460 =15nm detection filter;

cl(e): a fluorophore capable of being excited by an excitation source of 470 =10nm and

detected using a 510+£5nm detection filter;
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cl(f): a fluorophore capable of being excited by an excitation source of 530 £5nm and

detected using a 555+£5nm detection filter;

cl(g): a fluorophore capable of being excited by an excitation source of 585 £5nm and

detected using a 610+£5nm detection filter;

cl(h): a fluorophore capable of being excited by an excitation source of 625 +£10nm and

detected using a of 660+=10nm detection filter; and

cl(i): a fluorophore capable of being excited by an excitation source of 680 £5nm and

detected using a 712nm long pass detection filter.

12. The method of claim 11, wherein the detection probe set comprises at least three groups of

probes, wherein each probe of each of said at least three groups:

o) comprises a fluorophore falling within a single group according to c1(d) to

cl(i); and

B) has a melting temperature at least 0.1°C different from every other probe of the

same group.
13. The method of any of claims 1-12, wherein the detection probe set comprises:

c1(d): at least one detection probe specific for a ciprofloxacin resistance target selected

from the group consisting of gyrA, gyrB-1, gyrB-2, parC, and parE; and

cl(e): at least one detection probe specific for a genomic or plasmid target selected from

the group consisting of capB2, capB4, pXO1, pXO02, PLA, PIM, CAF1, tul4, and fopA.

14. The method of any of claims 1-13, wherein the detection probe set comprises at least one
detection probe specific for a nucleic acid derived from a pathogen selected from the group
consisting of: Mycobacterium tuberculosis, Streptococcus, Pseudomonas, Shigella,
Campylobacter, Salmonella, Respiratory Syncytial Virus A, Respiratory Syncytial Virus B;
adenovirus, HSV1, HSV2, Influenza A/B, hMPV Parainfluenzavirus 1-4, Coronavirus,

Rhinovirus, Enterovirus, Bocavirus, cytomegalovirus (CMV), HIV, HINI1, chlamydia, Neisseria
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gonorrhoeae, Trichomonas vaginalis, Staphylococcus aureus, SARS-associated coronavirus,
Escherichia coli, Bacillus anthracis, Ebolavirus, Marburgvirus, Yersinia pestis, Vibrio cholerae,
F. tularensis, Brucella, Coxiella burnetii, Machupo virus, Coccidioides immitis, Coccidioides
posadasii., Burkholderia mallei, Burkholderia pseudomallei, Shigella ssp. bacterium, Rickettsia
rickettsii, Rickettsia prowazekii, Chlamydophila psittaci, yellow fever virus, Japanese

encephalitis virus, Rift Valley fever virus, Variola major, and Variola minor..

15. The method of any of claims 1-14, wherein the amplified nucleic acid is fragmented before

detection and/or during detection.

16. The method of claim 15, wherein the amplified nucleic acid is fragmented by at least one

procedure selected from the group consisting of:

A. contacting the amplified nucleic acid with a restriction enzyme or nuclease or a

fragment thereof;

B. incorporating a random ribonucleotide monophosphate into the amplified nucleic acid

and subjecting the resulting amplified nucleic acid to an alkali treatment; and

C. physically fragmenting the amplified nucleic acid by a procedure selected from the

group consisting of sonication, nebulization, and hydrodynamic shearing.

17. The method of any of claims 1-16, wherein the amplifying and detecting are performed

simultaneously.

18. The method of any of claims 1-17, wherein the temperature at which the detection probe
dissociates from the amplified nucleic acid is determined by contacting the amplified nucleic

acid with a double stranded nucleic acid-specific dye.

19. The method of claim 18, wherein the double stranded nucleic acid-specific dye is selected
from the group consisting of SYBR® Green I, SYBR® Gold, ethidium bromide, propidium
iodide, Pico Green, Hoechst 33258, YO-PRO-I and YO-YO-I, SYTO®9, LC Green®, LC

Green® Plus+, and EvaGreen™,
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20. A detection probe set comprising at least three nucleic acid probes, each comprising a

detectable label, wherein:

A. at least two of the nucleic acid probes comprise the same detectable label; and

B. cach probe has a melting point that differs from every other probe comprising the

same detectable label.

21. The detection probe set of claim 20, wherein the melting point differs by at least 0.1°C,

more preferably from 0.5°C to 10°C, more preferably from about 1°C to about 5°C, and more

preferably about 5°C.

22. The detection probe set of any of claims 20 and 21, comprising at least two sets of probes

selected from the group consisting of:

(al):

(a2):

(a3):

(ad):

(as5):

a probe set wherein each probe comprises a fluorophore capable of being excited
by an excitation source of 365 £ 20nm and detected with a 460 £15nm detection

filter;

a probe set wherein each probe comprises a fluorophore capable of being excited
by an excitation source of 470 £10nm and detected with a 510+5nm detection

filter;

a probe set wherein each probe comprises a fluorophore capable of being excited
by an excitation source of 530 £5nm and detected with a 555+5nm detection

filter;

a probe set wherein each probe comprises a fluorophore capable of being excited
by an excitation source of 585 +£5nm and detected with a 610£5nm detection

filter;

a probe set wherein each probe comprises a fluorophore capable of being excited
by an excitation source of 625 £10nm and detected with a of 660+10nm detection

filter; and
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(ab): a probe set wherein each probe comprises a fluorophore capable of being excited
by an excitation source of 680 +£5nm and detected with a 712nm long pass

detection filter.
23. A kit for detecting a target nucleic acid comprising:
A. at least one hybrid capture probe; and
B. a detection probe set according to any of claims 20-22;
and optionally comprising one or more of the following:
C. apolymerase, preferably a polymerase having strand displacement activity;

D. adouble stranded nucleic acid-specific dye, preferably having a percent saturation of
at least 50%, at least 80%, or at least 99%, and more preferably being selected from the
group consisting of SYBR® Green I, SYBR® Gold, ethidium bromide, propidium
iodide, Pico Green, Hoechst 33258, YO-PRO-I, YO-YO-I, SYTO®9, LC Green®, LC

Green® Plus+, and EvaGreen™;

E. an anti-DNA-RNA hybrid antibody; and

F. a solid support adapted so as to bind the anti-hybrid antibody;
G. a denaturation reagent;

H. ahelicase; and

I. areagent for fragmenting an amplified nucleic acid.
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