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capable of amplifying nucleic acid sequences within a
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provides for real-time dynamic flux nucleic acid sequence
amplification methods.
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DYNAMIC FLUX NUCLEIC ACID
SEQUENCE AMPLIFICATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application Ser. No. 15/493,341, filed on Apr. 21,
2017, which is a continuation of U.S. patent application Ser.
No. 15/138,517, filed on Apr. 26, 2016, issued as U.S. Pat.
No. 9,670,531 on Jun. 6, 2017, which is a divisional of U.S.
patent application Ser. No. 14/825,364, filed on Aug. 13,
2015, issued as U.S. Pat. No. 9,353,408 on May 31, 2016,
which is a continuation of U.S. patent application Ser. No.
12/951,710, filed on Nov. 22, 2010, issued as U.S. Pat. No.
9,139,882 on Sep. 22, 2015, which is a continuation of U.S.
patent application Ser. No. 12/058,637, filed on Mar. 28,
2008, issued as U.S. Pat. No. 7,838,235 on Nov. 23, 2010,
which claims the benefit of priority to U.S. Provisional
Application No. 60/908,604, filed on Mar. 28, 2007, the
entire contents of which are hereby incorporated by refer-
ence in their entirety for all purposes.

DESCRIPTION OF THE TEXT FILE
SUBMITTED ELECTRONICALLY

[0002] The contents of the text file submitted electroni-
cally herewith are incorporated herein by reference in their
entirety: A computer readable format copy of the Sequence
Listing (filename: FLUO_003_06US_SeqList.txt, date
recorded: May 17, 2019, file size~45 kilobytes).

FIELD

[0003] Provided herein are dynamic flux nucleic acid
sequence amplification methods. The dynamic flux nucleic
acid sequence amplification methods described herein are
capable of amplifying nucleic acid sequences within a
narrow temperature range.

BACKGROUND

[0004] Very few developments in the history of science
have had such a profound impact upon human life as
advances in controlling pathogenic microorganisms. It was
not until the late 19th and early 20” centuries that the work
of Pasteur and Koch established microorganisms as the
cause of infectious diseases and provided strategies that led
to rational prevention and control strategies. The sulphona-
mides were among the first groups of compounds discovered
to suppress microorganism infections, and though little was
known about their mechanism of action, the discovery
stimulated a massive hunt for more effective antibiotic
compounds. The isolation of an impure but highly active
preparation of penicillin by Florey and Chain in 1940, and
the subsequent success of penicillin diverted additional
scientific effort towards the search for antibiotics, leading to
the discovery of approximately 3,000 named antibiotics.
However, despite rapid progress in the discovery of new
compounds, only 50 of the named antibiotics have met with
clinical use, and even fewer are commonly used in treating
microorganism diseases.

[0005] The initial effectiveness of antibiotics against
microorganism infections has been partly offset by the
emergence of strains of microorganisms that are resistant to
various antibiotics. Antibiotic resistance has proven difficult
to overcome because of the accelerated evolutionary adapt-
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ability of microorganisms, the increasing overuse of antibi-
otics in the clinic, and lack of patient compliance in com-
pleting prescribed dosing regimens. Resistance issues have
made many otherwise curable diseases, such as gonorrhea
and typhoid, difficult to treat. In addition, microorganisms
resistant to vancomycin, one of the last broadly effective
antibiotics, are becoming increasingly prevalent in hospitals.
[0006] New antibiotic compounds are constantly being
developed to keep infectious microorganisms at bay, and an
understanding of the mechanisms of antibiotic resistance has
proven valuable in the development process. Advances in
genomics allow researchers to identify biochemical path-
ways that are susceptible to inhibition or modification, and
to rationally design drugs targeted against such pathways.
Many drugs exert a therapeutic effect by binding to a
microorganism protein and modifying its structure and/or
function. In such cases, microorganisms can develop immu-
nity by physical modification of the target protein in a
manner that interferes with drug binding or activity. For
example, resistance to the antibiotic erythromycin in several
microorganisms results from a variation of the 50S ribosome
subunit that causes a reduced affinity of ribosomes for
erythromycin. Since a protein’s structure/function is deter-
mined by its primary sequence, which is in turn determined
by the sequence of the nucleic acid encoding the protein,
nucleic acid sequence variations associated with drug resis-
tant phenotypes are useful diagnostic indicators of drug
resistance.

[0007] While methods have been established to identify
nucleic acid sequence variations in microorganisms, existing
techniques are limited by the requirement for foreknowledge
of the particular mutations or other variations being used as
diagnostic indicators. As a result, known screening proce-
dures often overlook newly developed and/or uncharacter-
ized sequence variations associated with drug resistance or
other characteristics of interest.

[0008] Accordingly, there is a need in the art for fast,
affordable, and reliable methods for detecting both known
and unknown nucleic acid sequence variations having diag-
nostic utility, including mutations associated with drug sen-
sitivity and/or drug resistance patterns in a wide variety of
organisms, such as yeasts, viruses, fungi, bacteria, parasites
and even humans.

SUMMARY

[0009] In some aspects, methods are provided for deter-
mining the responsiveness of a microorganism to a drug, the
methods comprising obtaining a biological sample from a
patient, the sample containing an infectious microorganism;
amplifying one or more segments of DNA of the microor-
ganism, the one or more segments including at least one
polymorphism associated with responsiveness of the micro-
organism to a drug of interest; and assaying the one or more
amplified DNA segments for sequence variations relative to
a reference sequence, wherein a variation in one or more of
the amplified DNA segments indicates responsiveness of the
microorganism to the drug.

[0010] In some preferred embodiments, amplified DNA is
assayed for sequence variations using high resolution melt-
ing curve analysis. In various embodiments, melting curve
analysis involves incubating the amplified DNA (target
DNA) with a complementary reference sequence, such as a
wild-type sequence, in the presence of a DNA-binding
fluorescent dye that emits a substantially different level of
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fluorescence in the presence of double-stranded DNA (ds-
DNA) relative to single-stranded DNA (ssDNA). In some
preferred embodiments, the DNA-binding dye is dsDNA-
specific dye, such as SYBR Green I or SYBR Green 11, and
melting curve analysis involves monitoring the level of
fluorescence as a function of time as the assay solution is
slowly heated at a constant rate. Advantageously, melting
curve analysis according to methods provided herein can
accurately detect single base pair mismatches between a
target DNA sequence and a reference sequence, and/or
mismatches in two, three, four, five, or more bases.

[0011] In some embodiments, the reference sequence used
in melting curve analyses of methods provided herein
includes at least one polymorphism associated with drug
responsiveness, such as drug resistance or drug sensitivity,
and the analysis detects one or more additional polymor-
phisms in the DNA segment that includes the polymorphism
associated with drug responsiveness.

[0012] In some aspects, methods are provided for deter-
mining if a patient is amenable to treatment with a drug, the
methods comprising obtaining a biological sample from a
patient, where the sample contains Mycobacterium tubercu-
losis (MTb); amplifying one or more segments of MTb
DNA of SEQ ID NOS: 142-204, each of the one or more
segments including at least one polymorphism associated
with sensitivity of the MTb to an antibiotic drug; and
assaying the one or more amplified DNA segments for
sequence variations relative to the corresponding sequence
among SEQ ID NOS: 142-204, wherein a variation in one or
more of the amplified DNA segments indicates sensitivity of
MThb to the antibiotic drug. In some embodiments, variations
in two or more of the amplified DNA segments indicates
sensitivity of MTb to the antibiotic drug.

[0013] In some embodiments, the MTb DNA of SEQ ID
NOS: 142-204 is amplified by PCR using the corresponding
primers of SEQ ID NOS: 11-136.

[0014] In various embodiments, amplified MTb DNA
comprises one or more of SEQ ID NOS: 142-145, and a
variation in one or more of the amplified DNA segments
indicates sensitivity of MTb to rifampicin; the amplified
MTb DNA comprises one or more of SEQ ID NOS: 146-
151, and a variation in one or more of the amplified DNA
segments indicates sensitivity of MTb to pyrazinamide; the
amplified MTb DNA comprises one or more of SEQ ID
NOS: 152-154, and a variation in one or more of the
amplified DNA segments indicates sensitivity of MTb to
streptomycin; the amplified MTb DNA comprises one or
more of SEQ ID NOS: 155-176, and a variation in one or
more of the amplified DNA segments indicates sensitivity of
MTb to isoniazid; the amplified MTh DNA comprises one or
more of SEQ ID NOS: 177-198, and a variation in one or
more of the amplified DNA segments indicates sensitivity of
MTb to ethambutol; the amplified MTb DNA comprises one
or more of SEQ ID NOS: 199-203, and a variation in one or
more of the amplified DNA segments indicates sensitivity of
MThb to one or both of capreomycin and viomycin; and/or
the amplified MTb DNA comprises SEQ ID NO: 204; and
a variation in the amplified DNA segment indicates sensi-
tivity of MTb to one or more of oxifloxacin, moxifloxican,
gatifloxican, sitafloxacin, ofloxacin, levofloxacin, and spar-
floxacin.

[0015] In an additional aspect, kits are provided for deter-
mining whether a patient is amenable to treatment with a
drug, where the kits comprise at least one primer pair of SEQ
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ID NOS: 1-136; at least one nucleotide probe complemen-
tary to an amplicon of SEQ ID NOS: 137-204; and instruc-
tions for using the at least one primer pair to amplify DNA
from a biological sample of a patient infected with Myco-
bacterium tuberculosis (MTb), and using the at least one
nucleotide probe to detect sequence variations within the
amplified DNA using high resolution melting curve analysis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1: A graphical representation of a design for
overlapping primer annealing temperatures and template
denaturation temperatures.

[0017] FIG. 2: An illustration of conventional amplifica-
tion products by real time PCR.

[0018] FIG. 3: A graph showing high temperature PCR
amplification of the same template used in FIG. 2.

[0019] FIG. 4: Graph showing the HTPCR amplification
of the same template material using different starting mate-
rial concentrations

[0020] FIG. 5A-SE: FIG. SA—Comparison of HTPCR
products from the CFP32 gene of M. tuberculosis in water
and MycoBuffer. FIG. 5B—Comparison of HTPCR prod-
ucts from the IS6110 gene region of M. tuberculosis in water
and MycoBuffer. FIG. 5C—Comparison of HTPCR prod-
ucts from the btMTb gene region of M. tuberculosis in water
and MycoBuffer. FIG. 5D—Comparison of HTPCR prod-
ucts from the IS6110 Transposase target gene region of M.
tuberculosis in water and MycoBuffer. FIG. SE—Compari-
son of HTPCR products from the BTTb gene region of M.
tuberculosis in water and MycoBuffer.

[0021] FIG. 6A-6C: Graphical representations of the
amplification products from a Rifampicin resistance screen.
FIG. 6A—Homoduplex and heteroduplex amplification
products.

[0022] FIG. 6B—Melting curves of the homo- and het-
eroduplex products. FIG. 6C—Difference plot between the
melting curves in B.

[0023] FIG. 7: Graphical representation of the curve
analysis and difference curves of control and sensitive
samples.

[0024] FIG. 8: Graphical representation showing different
fluorescent curves for different nucleic acids.

[0025] FIG. 9: Graphical representation of difference
curve analysis between control, resistant and sensitive
samples.

[0026] FIG. 10A-10B: FIG. 10A—Difference curve
analysis of Rifampicin sensitive and resistant samples from
M. tuberculosis. FIG. 10B—Difference curve analysis of
Streptomycin sensitive and resistant samples from M. tuber-
culosis.

[0027] FIG. 11: Difference curve analysis of Terbinafine
resistant samples from S. cerevisiae.

[0028] FIG. 12: Difference curve analysis of Taxane sen-
sitive and resistant samples from humans.

[0029] FIG. 13: Difference curve analysis of chloroquine
resistant samples from Malaria infections.

[0030] FIG. 14: Difference curve analysis of Zidovudine
sensitive and resistant samples from HIV.

[0031] FIG. 15: Difference curve analysis of Vancomycin
sensitive and resistant samples from S. aureus.

[0032] FIG. 16: Agarose gel analysis of M. tuberculosis
DNA products amplified by dynamic flux amplification
simulation.
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[0033] FIG. 17: Real time analysis of S. tymphimurium
DNA amplification products by dynamic flux amplification.

DETAILED DESCRIPTION OF ILLUSTRATIVE
ASPECTS

[0034] Provided herein are reliable, low-cost methods for
detecting nucleic acid sequence variations associated with
one or more phenotypic characteristics having diagnostic
utility in the treatment of a disease, disorder, or condition. In
some aspects, methods described herein are useful for
detecting nucleic acid sequence variations associated with
the responsiveness of a microorganism to one or more drugs.
Also provided herein are compositions, systems, and kits
related to the instant methods. While a number of aspects
and advantages of the instant invention are described herein
with respect to various methods, skilled artisans will recog-
nize that such aspects and advantages are also applicable to
related compositions, systems, kits, and the like.

[0035] The term “microorganism” as used herein can refer
to bacteria, fungi, protozoa, parasites and/or viruses. In
various preferred embodiments, the microorganism is a
bacterial pathogen. In some preferred embodiments, the
microorganism is Mycobacterium tuberculosis. However,
while a number of aspects and advantages of the instant
invention are described herein in relation to Mycobacterium
tuberculosis, skilled artisans will recognize that such aspects
and advantages are also applicable for other microorgan-
isms, and for a variety of diseases and conditions. Non-
limiting examples of microorganisms useful in the diagnos-
tic methods provided herein are set forth in Table I, along
with variable sequence elements related to the drug respon-
siveness of such microorganisms.

[0036] The “subject” referred to herein can be any organ-
ism capable of hosting a microorganism, including but not
limited to, experimental animals (e.g., mice, rats, rabbits,
and the like) and humans. In various preferred embodiments,
the subject is a human patient suffering from an infectious
disease. In some preferred embodiments, the patient suffers
from tuberculosis.

[0037] A “Dbiological sample” described herein can include
any biological material taken from a subject, including but
not limited to, expectorations (e.g., sputum), blood, blood
cells (e.g., lymphocytes), tissue, biopsies, cultured cells,
pleural, peritoneal, or cerebrospinal fluid, sweat, feces, and
urine. In some embodiments, a biological sample from a
subject is treated, e.g., to culture an infectious microorgan-
ism and/or amplity its genetic material, before being assayed
according to methods provided herein.

[0038] As used herein, the term “drug” can refer to any
compound, agent, treatment modality, or combination
thereof. In some preferred aspects, the drug is an antibiotic
compound.

[0039] The term “target nucleic acid(s)” as used herein
refers to nucleic acids derived from an infectious microor-
ganism, as distinguished from nucleic acids of the subject
and/or foreign nucleic acids unrelated to the disease, disor-
der, or condition intended for treatment. In some aspects, a
target nucleic acid is a nucleic acid of a microorganism that
is assayed according to a method provided herein.

[0040] The term “reference nucleic acid” as used herein
refers to a nucleic acid corresponding to a target nucleic acid
(e.g., representing the same portion of genomic DNA), that
differs from the target nucleic acid by one or more sequence
variations. For example, in some aspects, a reference nucleic
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acid has the sequence of a wild-type microorganism (e.g.,
with respect to responsiveness to a drug of interest). In
further aspects, a reference nucleic acid has the sequence of
a wild-type human cell, such as a diseased cell, including,
e.g., a human cancer cell.

[0041] The term “sequence variation” as used herein in
relation to nucleic acids refers to a difference in the sequence
of a nucleic acid relative to the sequence of a corresponding
nucleic acid (e.g., a sequence representing the same gene or
other portion of genomic DNA). In some preferred embodi-
ments, sequence variations detected according to various
methods provided herein are “Single Nucleotide Polymor-
phisms” (“SNPs”), resulting from a difference in the identity
of a single nucleotide between a target nucleic acid and a
reference nucleic acid. In further embodiments, sequence
variations detected according to various methods provided
herein include “Multiple Nucleotide Polymorphisms”
(“MNPs”) In some embodiments, the reference nucleic acid
corresponds to a non-drug resistant phenotype and a drug
resistant phenotype is detected according to a method pro-
vided herein by identifying a sequence variation between the
reference nucleic acid and a target nucleic acid of a biologi-
cal sample from a subject infected with the microorganism
or diseased cell, such as a drug resistant cancer cell.

[0042] The terms “responsiveness” and “drug responsive-
ness” as used herein can refer to resistance, sensitivity,
susceptibility, tolerance and/or other phenotypic character-
istics of a microorganism or diseased cell, such as a cancer
cell, related to the therapeutic effect of a drug, including
non-responsiveness. Drug responsiveness can be assessed
directly, according to the effect of the drug on a targeted
microorganism or diseased cell, such as a cancer cell (e.g.,
a bacterial mortality or a cellular mortality), and/or indi-
rectly, according to the effect of the drug on one or more
aspects of an infectious disease caused by the microorgan-
ism (e.g., prevention, amelioration, alleviation, and/or elimi-
nation of the disease or one or more symptoms of the
disease). In some preferred aspects, systems and methods
are provided herein for detecting resistance to one or more
drugs, where resistance refers to inheritable (genetic) resis-
tance.

[0043] The term “variable sequence element” refers to a
region of a nucleic acid (e.g., DNA or RNA) comprised of
a string of adjacent nucleotides—for example, 2, 3, 5, 10, 15,
25, 50, 75, 100 or more consecutive bases—that includes at
least one sequence variation known to be associated with a
phenotypic characteristic of interest, such as resistance,
sensitivity, and/or other aspects of drug responsiveness.
Without being bound by a particular theory, it is believed
that sequence variations associated with drug responsive-
ness, such as drug resistance and/or sensitivity, are likely to
occur in regions of the nucleic acid that are important in
determining the responsive phenotype, such that a variable
sequence element that includes the variation (and surround-
ing nucleotides) is substantially more likely to contain
additional, uncharacterized variations associated with the
responsive (e.g., resistant or sensitive) phenotype. For
example, a sequence variation associated with drug resis-
tance will often occur in a region of a nucleic acid that
encodes a site of the corresponding protein that is a struc-
tural and/or functional determinant of drug responsiveness,
such as a drug binding site. A variable sequence element
including the known variation (and surrounding nucleotides)
will likely encode structurally and/or functionally related
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portions of the protein (e.g., a pocket, fold, or other structure
that comprises the drug binding site), and additional, unchar-
acterized variations within the variable sequence element
will likely be associated with the same phenotype as the
known variation.

[0044] Methods are thus provided herein for assaying drug
responsive phenotypes associated with known and/or
unknown sequence variations. Advantageously, such meth-
ods are capable of detecting drug responsiveness without
foreknowledge of specific nucleic acid sequence variations,
allowing for rapid identification of new genetic mutations
associated with drug resistance, drug sensitivity, and/or
other drug responsive phenotypes. As such, methods pro-
vided herein can achieve greater sensitivity and diagnostic
utility than existing methods based on characterized muta-
tions.

[0045] Accordingly, variable sequence elements are pro-
vided herein which include one or more sequence variations
known to be associated with a drug resistant phenotype, and
assaying such variable sequence elements as described
herein allows detection of the drug resistant phenotype due
to known variations and/or an additional, uncharacterized
variation. Advantageously, variable sequence elements pro-
vided herein are of a size that allows for a high degree of
sensitivity together with a low level of false positives (e.g.,
a size sufficient to encode the portion of the protein altered
by the known variation(s) and structurally and/or function-
ally related regions without including significant unrelated
portions of the protein). In some embodiments, detection of
a sequence variation within a variable sequence element
provided herein is indicative of drug resistance with a false
positive rate of less than about 25%, less than about 20%,
less than about 15%, or more preferably less than about
10%, 5%, or 1%.

[0046] In various aspects, diagnostic methods are pro-
vided for determining whether a subject infected with a
microorganism is amenable to treatment with a drug by
measuring the responsiveness of the microorganism to the
drug. In some aspects, responsiveness is measured by
obtaining a biological sample from a subject, and assaying
the sample for one or more sequence variations within a
variable sequence element associated with responsiveness to
the drug. In some preferred aspects, the variable sequence
element is associated with resistance to the drug. In further
preferred aspects, the variable sequence element is associ-
ated with sensitivity to the drug.

[0047] In some preferred aspects, methods are provided
for detecting whether a subject is infected with drug-resis-
tant Tb, wherein the method comprises obtaining a biologi-
cal sample from the subject and assaying the sample for one
or more nucleic acid sequence variations within a targeted
DNA variable sequence element selected from the variable
sequence elements set forth in Table 1. In some preferred
embodiments, methods further comprise amplifying targeted
variable sequence elements using primers set forth in Table
3.

[0048] In some aspects, methods provided herein involve
a step of preparing a biological sample to facilitate detection
and/or analysis of target nucleic acids. In some aspects,
systems and methods are provided for preparing a biological
sample for high resolution sequence analysis. In some
preferred embodiments, biological samples are treated to
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amplify targeted DNA variable sequence elements by poly-
mer chain reaction (PCR), or by other methods known in the
art.

[0049] PCR amplification generally comprises the steps of
initial denaturation, annealing, polymerization, and final
extension. PCR amplification is generally conducted in a
reaction chamber, which is provided with necessary PCR
reagents, including the biological sample containing the
target DNA, a DNA polymerase (e.g., Taq polymerase),
nucleoside triphosphates, a first and second primer (com-
prising a primer pair) that hybridize to the target DNA and
flank the sequence of the amplified DNA product (the
“amplicon”). A PCR apparatus will typically include means
for cycling the temperature of the reaction chamber as
required for each step of the amplification cycle, including,
e.g., “melting” of double stranded DNA to produce single
stranded DNA; annealing of the primers to single stranded
DNA templates; and extension of the amplified DNA via
polymerase.

[0050] The precise conditions used to amplify a specific
target DNA sequence can vary according to a number of
factors which are within the knowledge of skilled artisans.
In some embodiments, denaturation is conducted at between
about 90-95° C. for about 10-30 seconds, annealing is
conducted at about 45-65° C. for about 10-30 seconds;
extension is conducted at about 70-75° C. for about 10-90
seconds; and a final extension is conducted at 72° C. for
about 5 minutes. In some embodiments, the reaction mixture
comprises genomic DNA, MgCl, and other physiological
salts (e.g., MnCl,), PCR buffer, 0.1-1.0 mM dNTPs, 0.04-
1.5 uM of each primer, and 0.5-5.0 units of heat stable
polymerase (e.g., Taq. polymerase).

[0051] Other amplification methods known in the art may
also be utilized, including, for example, self-sustained
sequence replication (3SR), strand-displacement amplifica-
tion (SDA); “branched chain” DNA amplification (Chiron
Corp.); ligase chain reaction (LCR), QB replicase amplifi-
cation (QBR), ligation activated transcription (LAT), nucleic
acid sequence-based amplification (NASBA), repair chain
reaction (RCR), and cycling probe reaction (CPR) (re-
viewed, e.g., in The Genesis Report, DX; Vol. 3(4), pp. 2-7
(February 1994)).

[0052] Insome aspects, novel primers are provided for use
in amplifying target nucleic acids for analysis according to
methods provided herein. For example, in various embodi-
ments, the primer pairs set forth in Table 2 can be used to
amplify the corresponding amplicons set forth in Table 3.
which can be used in various methods described herein for
detecting sequence variations indicative of drug resistance.

[0053] Invarious aspects, sequence variations are detected
within target nucleic acids according to methods provided
herein using melting curve analysis (MCA). In various
embodiments, MCA involves slowly heating DNA frag-
ments in the presence of a dye that allows measurement of
the relative amounts of double stranded DNA (dsDNA) and
single stranded DNA (ssDNA) as a function of time and
temperature, as described, e.g., in Morrison and Stols,
Biochemistry, 32: 3095-3104 (1993). Suitable dyes include,
but are not limited to, dsDNA-specific dyes, such as
ethidium bromide, SYBR Green I, and SYBR Green II
(Molecular Probes, Eugene, Oreg.), Eva Green (GENTAUR
EUROPE) and ssDNA-specific dyes. In some preferred
embodiments, the dye is a fluorescent dye, such as SYBR
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Green I, SYBR Green II, Eva Green, LC Green I, and LC
Green Plus. In various embodiments, dyes can be saturating
or non-saturating.

[0054] In various aspects, MCA used to detect sequence
variations in methods provided herein involves incubating a
sample containing a target nucleic acid with a nucleotide
probe in the presence of a fluorescent DN A-binding dye, and
monitoring the degree of hybridization (indicated by the
level of fluorescence) as a function of time and temperature.
For example, in some embodiments, a variable sequence
element from Table 3 is amplified in a biological sample, and
the amplified sample is incubated with a nucleotide probe
complementary to the wild-type sequence set forth in Table
3 in the presence of a dsDNA-binding dye. The sample is
then slowly heated at a constant rate (e.g., about 0.05 to
10.0° C. per minute) while measuring the level of fluores-
cence over time. In various preferred embodiments, a par-
allel control MCA is conducted, in which the target DNA is
known to have the wild-type sequence set forth in Table 3.
The target DNA is hybridized to the complementary nucleo-
tide probes to form dsDNA at the initial low temperatures,
while the dsDNA denatures as the temperature increases,
converting the dsDNA to ssDNA. The conversion of dsDNA
to ssDNA is accompanied by changes in fluorescence that
are characteristic of the particular dye used. Advantageously,
sequence variations in the biological sample can be detected
by analyzing the change in fluorescence over time relative to
that of the control sample.

[0055] In various preferred embodiments, MCA used in
methods provided herein allows “high resolution” detection
of sequence variations within a target sequence, which are
detected as changes in one or more aspects of the fluores-
cence data. In some preferred aspects, high resolution MCA
according to methods provided herein can distinguish
between sample-probe and control-probe dsDNA species
differing by a single base, and/or by 2, 3, 4, 5, or more bases.
[0056] In some aspects, the fluorescence data can be
plotted as a function of time to determine maximum fluo-
rescence, minimum fluorescence, the time at minimum
fluorescence, and a second order rate constant for the known
concentration of amplified product using the following equa-
tion:

Fonax = Fin

= P = f 1) DNA + 1

is maximum fluo-

max

[0057] wherein F is fluorescence, F
rescence, F, . is minimum fluorescence, k is the second
order rate constant, to is the time at F,,,,,, and [DNA] is the
known concentration of the amplified product. In some
embodiments, multiple variables of the fluorescence versus
time data are used to define a group of criteria that serves as
an “MCA fingerprint” that uniquely identifies one or more
sequences associated with a phenotype of interest, such as
drug resistance. For example, in some embodiments, a drug
resistant phenotype can be assayed by conducting MCA
using DNA amplified from a biological sample, and com-
paring the fluorescence versus time data with an established
MCA fingerprint.

[0058] In some preferred aspects, methods are provided
for assaying a biological sample for drug-resistant tubercu-
losis, where the methods comprise amplifying one or more
variable sequence elements selected from Table 3 using one
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or more of the corresponding primer pairs set forth in Table
2, and assaying the sample for sequence variations within
the one or more amplified variable sequence elements using
MCA. In various embodiments, the detection of one or more
variations within a variable sequence element in the bio-
logical sample relative to the corresponding variable
sequence element in a control sample or a known standard
is indicative of drug resistance.

[0059] In various embodiments, amplified MTb DNA
comprises one or more of SEQ ID NOS: 142-145, and a
variation in one or more of the amplified DNA segments
indicates sensitivity of MTb to rifampicin; the amplified
MTb DNA comprises one or more of SEQ ID NOS: 146-
151, and a variation in one or more of the amplified DNA
segments indicates sensitivity of MTb to pyrazinamide; the
amplified MTb DNA comprises one or more of SEQ ID
NOS: 152-154, and a variation in one or more of the
amplified DNA segments indicates sensitivity of MTb to
streptomycin; the amplified MTb DNA comprises one or
more of SEQ ID NOS: 155-176, and a variation in one or
more of the amplified DNA segments indicates sensitivity of
MThb to isoniazid; the amplified MTb DNA comprises one or
more of SEQ ID NOS: 177-198, and a variation in one or
more of the amplified DNA segments indicates sensitivity of
MTb to ethambutol; the amplified MTb DNA comprises one
or more of SEQ ID NOS: 199-203, and a variation in one or
more of the amplified DNA segments indicates sensitivity of
MTb to one or both of capreomycin and viomycin; and/or
the amplified MTb DNA comprises SEQ ID NO: 204; and
a variation in the amplified DNA segment indicates sensi-
tivity of MTb to one or more of oxifloxacin, moxifloxican,
gatifloxican, sitafloxacin, ofloxacin, levofloxacin, and spar-
floxacin.

[0060] In some preferred aspects, methods are provided
for assaying a biological sample for drug-resistant HIV,
where the methods comprise amplifying the variable
sequence element of SEQ ID NO: 1 using the corresponding
primer pair of SEQ ID NOS: 1 and 2, and assaying the
sample for sequence variations within the amplified
sequence using MCA, and wherein the detection of one or
more variations within the amplicon of the biological sample
relative to a control sample or a known standard is indicative
of drug resistant HIV. In some preferred embodiments, the
detection of one or more variations within the amplicon is
indicative of zidovudine and/or nevirapine resistant HIV.
[0061] In some preferred aspects, methods are provided
for assaying a biological sample for drug-resistant malaria,
where the methods comprise amplifying the variable
sequence element of SEQ ID NO: 2 using the corresponding
primer pair of SEQ ID NOS: 1 and 2, and assaying the
sample for sequence variations within the amplified
sequence using MCA, and wherein the detection of one or
more variations within the amplicon of the biological sample
relative to a control sample or a known standard is indicative
of drug resistant malaria. In some preferred embodiments,
the detection of one or more variations within the amplicon
is indicative of chloroquine resistant malaria.

[0062] In some preferred aspects, methods are provided
for assaying a biological sample for drug-resistant cancer
cells, where the methods comprise amplifying the variable
sequence element of SEQ ID NO: 1 using the corresponding
primer pair of SEQ ID NOS: 1 and 2 and/or the variable
sequence element of SEQ ID NO: 2 using the primer pair of
SEQ ID NOS: 3 and 4, and assaying the sample for sequence
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variations within one or both of the amplified sequences
using MCA, and wherein the detection of one or more
variations within one or both of the amplicons of the
biological sample relative to a control sample or a known
standard is indicative of drug resistant cancer cells. In some
preferred embodiments, the detection of one or more varia-
tions within the amplicons of SEQ ID NO: 1 and/or SEQ ID
NO: 2 is indicative of epithilone and/or taxane resistant
cancer cells.

[0063] In some preferred aspects, methods are provided
for assaying a biological sample for drug-resistant S. cerivi-
sae, where the methods comprise amplifying the variable
sequence element of SEQ ID NO: 1 using the corresponding
primer pair of SEQ ID NOS: 1 and 2, and assaying the
sample for sequence variations within the amplified
sequence using MCA, and wherein the detection of one or
more variations within the amplicon of the biological sample

Sep. 5, 2019

relative to a control sample or a known standard is indicative
of drug resistant S. cerivisiae. In some preferred embodi-
ments, the detection of one or more variations within the
amplicon is indicative of terbinafine resistant S. cerivisiae.
[0064] In some preferred aspects, methods are provided
for assaying a biological sample for drug-resistant S. aureus,
where the methods comprise amplifying the variable
sequence element of SEQ ID NO: 1 using the corresponding
primer pair of SEQ ID NOS: 1 and 2, and assaying the
sample for sequence variations within the amplified
sequence using MCA, and wherein the detection of one or
more variations within the amplicon of the biological sample
relative to a control sample or a known standard is indicative
of drug resistant S. aureus. In some preferred embodiments,
the detection of one or more variations within the amplicon
is indicative of vancomycin and/or f-lactam resistant S.
aureus.

TABLE 1A

MTb Nucleic Acid Regions associated with drug resistance

Organism/Cells Target Region (Gene or region) Drug Resistance/Purpose
HIV RT Connector N348I Zidovudine/Nevirapine
Malaria Chloroquine Resistance Transporter  Chloroquine

K76T
Human cancer cells tubulin Beta T2741 epothilone/taxanes
Human cancer cells tubulin Beta R282N epothilone/taxanes
S. cerevisiae ERG1 F420L Terbinafine
Staphalococcus aureus SA1702 H164R vancomycin/Beta-lactam
MTb v176F RNA Polymerase B V176F Rifampicin
MTb 80bp HotSpot RNA Polymerase B 80bp hot spot Rifampicin
MTb CIIT a RNA Polymerase B CIlla Rifampicin
MTb CIIIb RNA Polymerase B CIIIb Rifampicin
MTb pncA —11 up to codon 105 Pyrazinamide
MTb pncA codons 254 to 359 Pyrazinamide
MTb pncA codons 537 to 545 Pyrazinamide
MTb pncA codons 128 to 254 Pyrazinamide
MTb pncA codons 374 to 446 Pyrazinamide
MTb pncA codons 464 to 519 Pyrazinamide
MTb rpsL codons 43 to 88 Streptomycin
MTb s Streptomycin
MTb s Streptomycin
MTb furA detect codon 5 avoid codon Isoniazid

115
MTb ahpC -67 ups to codon 5 Isoniazid
MTb ahpC codon 19 and 32 Isoniazid
MTb ahpC codon 73 Isoniazid
MTb ahpC codon 191 Isoniazid
MTb inhA codon 16-95 isoniazid
MTb inhA codon 194 isoniazid
MTb iniA codon 3 isoniazid
MTb iniA codons 481 and 537 isoniazid
MTb mabA —147 ups to codon 63 isoniazid
MTb Rv0340 codon 163 isoniazid
MTb Rv1592¢ codon 42 isoniazid
MTb Rv1592¢ codons 321 and 322 isoniazid
MTb Rv1592¢ codon 430 isoniazid
MTb katG -17 ups to codon 38 isoniazid
MTb katG codon 63 to 128 isoniazid
MTb katG codons 132 to 302 isoniazid
MTb katG codons 313 to 350 isoniazid
MTb katG codons 381 and 494 isoniazid
MTb katG codons 515 and 595 isoniazid
MTb katG codons 617 and 658 isoniazid
MTb katG codon isoniazid
MTb embC codon 394 Ethambutol
MTb embC codon 733 Ethambutol
MTb embA-43ups to codon 14 ethambutol
MTb embA codon 210 ethambutol
MTb embA codons 321 and 350 ethambutol
MTb embA codon 462 ethambutol
MTb embA codons 833 to 913 ethambutol
MTb embB codons 297 to 332 ethambutol



US 2019/0271036 Al

TABLE 1A-continued

Sep. 5, 2019

MTb Nucleic Acid Regions associated with drug resistance

Organism/Cells Target Region (Gene or region) Drug Resistance/Purpose
MTb embB codon 406 ethambutol

MTb embB codon 497 ethambutol

MTb embB codon 745 ethambutol

MTb embB codons 955 to 1024 ethambutol

MTb rmlA2 codon 152 ethambutol

MTb iniC codons 245 to 251 ethambutol

MTb iniA codon 308 ethambutol

MTb iniA codon 501 ethambutol

MTb iniB —89%ups to codon 47 ethambutol

MTb Rv3124 -16ups to codon 54 ethambutol

MTb RmlD -71ups ethambutol

MTb RmlID codon 284 ethambutol

MTb embR -136ups ethambutol

MTb embR codon 379 ethambutol

MTb thyA nt7to64 Capreomycin/Viomycin
MTb thyA nt 200 to 310 Capreomycin/Viomycin
MTb thyA nt353 to 400 Capreomycin/Viomycin
MTb thyA nt477 to 586 Capreomycin/Viomycin
MTb thyA nt 653 to 758 Capreomycin/Viomycin
MTb gyrA codons 90 and 94 oxifloxacin (Moxifloxacin/

Gatifloxacin/Sitafloxacin/
Ofloxacin/Levofloxacin/

Sparfloxacin)

MTb—>Mycobacterium tuberculosis

[0065] The isolation of suitable quantities of Mycobacte-
rium tuberculosis from sputum samples poses a significant
challenge to the molecular diagnostic community. Sputum
samples often contain such low quantities of live MTb that
isolates must be grown for up to 2 months to ensure
sufficient quantities of genetic material for use in molecular
diagnostic applications. Although many molecular diagnos-
tic techniques can enable detection of very small quantities
of starting materials, as low as single copy, it is often difficult
to ensure that a particular sample in fact contains the desired
quantity of starting material.

[0066] To enable the use of very rare or precious samples
in molecular diagnostic procedures, a technique known as
whole genome amplification has been employed to enrich
the starting material for use in the downstream molecular
diagnostic procedures. As such, some embodiments of meth-
ods described herein apply whole genome amplification
methods to the problem of screening sputum samples con-
taining MTb. Various methods provided herein can also be
used for detecting the presence or absence of one or more
nucleic acid sequences in a sample containing a nucleic acid
or mixture of nucleic acids, or for distinguishing between
two different sequences in such a sample.

[0067] In various embodiments, methods are provided for
improving the detection of nucleic acid sequences in bio-
logical samples using real-time PCR, dsDNA binding dyes,
and fluorescent probe-based approaches.

[0068] In some embodiments, methods are provided for
preparing microorganism nucleic acids for amplification and
high resolution analysis. Microorganisms, such as Mycobac-
terium tuberculosis (MTh), can be isolated using conven-
tional sample fractionation protocols, and the nucleic acids
of the microorganism can be extracted and amplified using
well-known, novel, or yet to be established methods.
[0069] Following molecular enrichment and amplifica-
tion, the nucleic acids are screened in various aspects for the
presence of any of a variety of genetic markers using a
quantitative method such as PCR. Nucleic acids may also be

quantified for downstream analysis. Any method of quanti-
fication may be used, including but not limited to, qPCR
analysis, UV analysis, gel analysis, and nucleic acid quan-
tification kits. In some embodiments, a final amplification of
nucleic acids is performed to amplify nucleic acids and
segments thereof of interest, such as drug (e.g., antibiotic)
susceptibility targets. Saturating dyes can be used to track
amplification, hybridization, and denaturation of nucleic
acids.

[0070] In some embodiments, amplified target nucleic
acids can be monitored during hybridization and/or dena-
turation using high resolution monitoring techniques, such
as those that measure changes in fluorescence associated
with changes in the structure and/or conformation of the
nucleic acids, such as those accompanying hybridization and
melting. Control target nucleic acids may be similarly moni-
tored in parallel. Variations detected between target nucleic
acids (e.g., drug susceptibility region) and control nucleic
acids can be indicative of reduced susceptibility (e.g., resis-
tance) to drugs that target particular regions of the gene
products formed from the target nucleic acids.

[0071] In various embodiments, methods are provided for
isolating, amplifying, and analyzing target nucleic acids of
a microorganism, such as MTb, as described below and
throughout the specification. In other embodiments, target
nucleic acids, such as those set forth in Table 1, can be
isolated from cellular or clinical samples by methods estab-
lished in the art.

[0072] Insome embodiments, isolated MTb is fractionated
from a sputum sample using a conventional live organism
preparation method, such as the Petroff method, that leaves
small quantities of the MTb organism in an aqueous sus-
pension. MTb nucleic acids are isolated from the sample
using a commercially available kit MycoBuffer, (RAOGene;
Milford, Pa.) according to manufacturer’s instruction, such
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that at least small quantities of MTb DNA are isolated in the
residual material from the MycoBuffer product. Larger
quantities of DNA may be isolated.

[0073] The DNA samples obtained from the use of the
lysis solution are submitted to a primary screen for MTb
DNA using any method of DNA amplification that inhibits
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or eliminates the formation of nonspecific nucleic acid
products. Also, the amplification method can be performed
for extended time periods to account for the low quantity of
DNA typically present in primary lysates. Exemplary prim-
ers covering these regions of interest are presented in Table
2.

TABLE 2
Exemplary primers for amplification of target regionsg
Seq. Seq. Accession
Organism Target No. Forward Reverse No. #
HIV RT Connector 1 AAGGCCAATGG GGGCACCCCT 2 NP_705927
N348I ACATATCAARA CATTCTT
Malaria Chloroquine 3 TATTTATTTAAG CAATTTTGTTT 4 MAL7P1.27
Resistance TGTATGTGTAAT AAAGTTCTTT
Transporter K76T G TAGC
Human tubulin Beta 5 TCCCACGTCTCC TGAGTTCCGG 6 NP_821133
cancer T2741 ATTT CACTGT
cells
Human tubulin Beta 5 TCCCACGTCTCC TGAGTTCCGG 6 NM 178014
cancer R282N ATTT CACTGT
cells
Ss. ERG1 F420L 7 TTCAATGCTAAG AGATTGGCAT 8 M64994
cerevisiae AATCCTGCTC ATGATCACTA
cc
staph SA1702 H164R 9 AAAGCTGCAAAT GGCAATATAA 10 NC_002745
aureus ATTAAGGA CCTGCAC
MTb RNA Polymerase 11 GAGCGTGTGGTG CGTCTTGTCG 12 BX842579
v176F B V176F GTCAG GTGGACT
MTb 80 bp RNA Polymerase 13 CAAGGAGTTCTT GGACCTCCAG 14
HotSpot B 80 bp hot spot CGGCACC CCCGGCA
MTb CIII a RNA Polymerase 15 GGTGGCACAGG GAAGCGACCG 16
B CIIIa CCAAT TCCGCA
MTb CIIIb RNA Polymerase 17 CCGCGCGTGCTG TCCATGTAGT 18
B CIIIb GTC CCACCTCAG
MTb pncA -11 to 105 19 CAGTCGCCCGAA TGGTAGTCCG 20 NC_000962
CGTA CCGCT
MTb pncA 254 to 359 21 CAATCGAGGCG CGACGCCGCG 22
GTGTTCT TTG
MTb pncA 537 to 545 23 GATGCGCACCGC GCGGTGCCAT 24
CA CAGGAG
MTb pncA 128 to 254 25  GCGGCGGACTAC GATTGCCGAC 26
CAT GTGTCCAG
MTb pncA 374 to 446 27  GCAACGCGGCGT CCCTGGTGGC 28
o CAAGC
MTb pncA 464 to 519 29 GCTTGGCCACCA CTGGCGGTGC 30
GGG GCATC
MTb rpsL 31 CCGCGTGTACAC AGCGCACACC 32 AF367438
CACCA AGGCAG
MTb rrs 33 GGATTGACGGTA ACGCTCGCAC 34 cp000717.1
GGTGGAGA CCTACGTATT
A
MTb rrs 35 CCCGCCTGGGGA CATGCTCCGC 36 L15307.1
GT CGCTT
MTb furaA detect codon 37 TAGCCAAAGTCT GCGCATTCAC 38 Rv1909¢c
5 avoid codon 115 TGACTGAT TGCTTC
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TABLE 2-continued

Exemplary primers for amplification of target regions
Seq. Seqg. Accession
Organism Target No. Forward Reverse No. #
MTb ahpC -67 ups to 39 TGTGATATATCA CGGGGAATTG 40 Rv2428
codon 5 CCTTTGCCT ATCGCC
MTb ahpC codon 19 41  ACCAGCTCACCG GGTGATAGTG 42
and 32 CTC GTGAAGTAGT
MTb ahpC condon 73 43 GCGTTCAGCAAG CGCGAATTCG 44
CTCA CTGTCA
MTb ahpC cond 191 45 CTGTGCGCATGC TCCCGGTTAG 46
AAC GCCGA
MTb inhA codon 16-95 47 CAAACGGATTCT GGTTGATGCC 48 Rv1484
GGTTAGCG CATCCCG
MTb inhA codon 194 49 CAAGTACGGTGT GCCGACGATC 50 Rv1484
GCGTT GCACTC
MTb iniA codon 3 51 GAGCCGATTTCA CTCGTTTACG 52
CGAACC CCTCAGA
MTb iniA codons 481 53 TGGGCCGGATGG GACGACGAAC 54 Rv0342
537 AATC GAAATGT
MTb mabA -147 ups to 55 CTGCTGCGCAAT GATCCCCCGG 56 Rv1483
codon 63 TCGTA TTTCCT
MTb Rv0340 condone 57 GCCGACAGACC GTCGTAGCCG 58 Rv0340
163 ATCC TGATGA
MTb Rv1592¢c aa42 59 TCCGACGATCCG GAGCGCAACA 60 Rv1592c¢
TTCTAC CCGTTCC
MTb Rv1592¢ aa32l 61 GACTTCCTCGAC GCCTGCACGA 62 rvl592¢
322 GAACC TCAATACC
MTb Rv1592¢c aa430 63 TTCAACCCGATG GGTGATCACC 64 rvl592¢
ACCTACG TTGGCCG
MTb katG -17 ups to 65 TGGGGTCTATGT GCAGTACCTT 66 Rv1908¢c
codon 38 CCTGA CAGATTGAG
MTb katG codon 63 to 67 GGCTCAATCTGA GGGCCAGCTG 68 rv1908c
128 AGGTACT TTAAG
MTb katG codon 132 to 69 TTCGCGCCGCTT GGTTCCGGTG 70 rv1908c
302 AAC CCATAC
Mtb katG codon 313 to 71  GTATGGCACCGG TCCTTGGCGG 72 rv1908c
350 AACC TGTATTG
Mtb katG codon 381 73 CGCTCCCCGACG GACTTGTGGC 74 rv1908c
494 ATG TGCAGG
MTb katG codon 515 75 CCTGCAGCCACA GCAGGTTCGC 76 rv1908c
595 AGT CTTGTC
Mtb katG codon 617 77 CGGCCGAGTACA GGCTCCCAGG 78 rv1908c
658 TGC TGATAC
Mtb katG cddon 79  GGCAAGGATGG GCACGTCGAA 80 rv1908c
CAGT CCTGT
MTb embC394 81 GGCGGGCATGTT GGCGATGATC 82 embC
TCT GGCTC
MTb embC733 83 GGCGATGATTTC GCCAAAGCCT 84 embC
CCAGT GTAGGT
MTb embA-4314 85 TCGGCGACAACC  GCCCCGGATA 86 embA
TCC CCAGAG
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TABLE 2-continued

Exemplary primers for amplification of target regions

Seq. Seqg. Accession

Organism Target No. Forward Reverse No. #

MTb embA 210 87 ACTCGGTTTATC CCATGGCTAC 88 embA
ACGACG CAGGAC

MTb embA321350 89 GTATACATCGGT GCACCAGCGG 90 embA
GCTTGC TGAACA

MTb embA462 FOR 91 GCGACCGATGG CCACCACGGT 92 embA
ACTG GATCAG

MMTb embA833913 93 CGCCATCACCGA TTGCGGTCCG 94 embA
CTC ATGTC

MMTb embB 297 & 332 95 TTCGGCTTCCTG GGTTTGCTGG 96 embB
CTCT CCTCC

MTb emb 406 97 TCAACAACGGCC ATGGACCGCT 98 embB
TGC CGATCA

MMTb emb 497 99 CACCGTCATCCT TTTTGGCGCG 100 embB
GACC AACCC

MTb embB 745 101 GGCTGGTCCAAC GCATTGGTAT 102 embB
GTG CAGGCTCG

Mtb embB 9551024 103 TTCGCCCGAGCA CCGTTAGTGC 104 embB
ARG CGTCT

MTb rmlA2 152 105 ATGTCACGCTGC GATCCTCCGT 106 rmlA2
AAC CTTCTCCA

MTb iniC 245 251 107 CGCGAACTGAAC GCGGTATGCG 108 inicC
CAGA CCTTA

MTb iniA 308 109 GAGCAGGTGCTT CTCTGTTGCC 110 inia
TCCC GAACG

MTb iniA 501 111 GGGTTCCTATGG GGTTGAACAA 112 inia
CGG CCCAAGTC

MTb iniB -89 47 113 CGATCCCGATAG GGCACCCAGA 114 1iniB
GTGTTT TTCAGAC

MTb Rv3124 -16 54 115 ATCACAGGAGTG AAGATGTTGC 116 Rv3124
GAGTT GCGAAT

MTb RmlD -71 117 TACGAACCACAC GTTGGCTACC 118 RmlD
GTTGC CGACAG

MTb RmlD 284 119 GCTTGACGCCGC GAAGTTGAGT 120 rmlD
TAC TCGCAGGT

MTb embR -136 121 CAGCCGATGCCG CGCCGATGCG 122 embR
CTG GTAAGAA

MTb embR 379 123 ACAGCGCCAAC GACGATCGGA 124 embR
GTCA GGTCGT

MTb thyA nt7to64 125 TCGCCGCTAGGC ATCTGCTGGC 126 thyA
TGA CGAAC

MTb thya 127 CGGGTACGCCCA CCAGATGGTG 128 thyA

ntnt200to310 AAT ACTCCG

MTb thyA nt353to0400 129 ATTCCAATATCG CCACGATCGC 130 thyA
GTTGGC CATTGT

MTb thyA nt477 to 586 131 GGTGAGCACATC ATAGCTGGCG 132 thyA
GACC ATGTTGA

MTb thyA nt 653 to 133 CGCCGACCTGTT CGGCTAGAAG 134 thyA

758 TCT TAGTTTCG
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Exemplary primers for amplification of target regions
Seq. Seqg. Accession
Organism Target No. Forward Reverse No. #
MTb gyrA 9094 135 GCAACTACCACC GTAGCGCAGC 136 gyrA
CGCA GACCA

MTb-Mycobacterium tuberculosis

[0074] In further embodiments, DNA samples obtained
from the use of the lysis solution are combined, either
following the results from the primary screen or simultane-
ous to the screen, with reaction ingredients similar to those
used in whole genome amplification procedures.

[0075] However, other suitable amplification procedures
can be utilized that enables the DNA samples to be amplified
to a suitable amount of genomic nucleic acid. Whole
genome amplification procedures can provide molecular
enrichment of the DNA samples with increases in quantities
of'the MTb genome in excess of 30 fold in less than 16 hours
of incubation time. Whole genome amplification need only
be used if there is not enough template to obtain a primary
amplification.

[0076] The enriched DNA is subsequently purified using
any of a variety of methods for purifying DNA. For
example, a filter plate system capable of accommodating 96
or more simultaneous samples can be used to purify an array
of samples of enriched DNA. The enriched and purified
DNA is subjected to a MTb or general mycobacterium-
specific PCR amplification protocol, and the amount or
concentration of the DNA is determined. For example,
real-time quantitative PCR can be used to amplify and

determine the amount of MTb DNA in the sample. Purifi-
cation is not necessary if whole genome amplification is not
used.

[0077] The sample concentration is adjusted in order to
match the concentration of the enriched MTb DNA with
control MTh DNA so as to achieve a ratio of approximately
1:1 or another pre-determined and fixed ratio. This allows
for a near equivalent ratio of the enriched MTb DNA with
that of the control DNA to be used in subsequent detection
steps. The enriched MTb DNA that has been normalized for
concentration is co-amplified with the control MTh DNA
that contains the reference gene sequence for the target
region of the nucleic acid. That is, the control MTb DNA
contains a gene region (e.g., sequence) that if variant, is
indicative of a reduced susceptibility (e.g., resistance) of the
MTb organism to drugs (e.g., antibiotic or antimycotic
drugs) targeting the gene region. Exemplary gene regions
and corresponding drug sensitivities amplified by the primer
pairs presented in Table 2 are provided in Table 3. These
regions enabled the determination of drug resistance or
sensitivity in Mycobacterium tuberculosis infection as well
as for examples of Zidovudine sensitivity in HIV, taxane
sensitivity in human cancers, chloroquine sensitivity in
malaria, terbinafine sensitivity in S. cerivisiae, and Vanco-
mycin sensitivity in S. aureus.

TABLE 3
Exemplary regions for drug sensitivity testing of MTb
Amplicon- SEQ Design
Organism Drug Sensitive ID NO Tm Reference
HIV Zidovudine/ AAGGCCAATGGACAT 137 75.1 www.plosmedicine.org
Nevirapine ATCAAATTTATCAAGA 1890 December 2007
GCCATTTAAAAATCTG volume 4, Issue 12
AAAACAGGAAAATAT
GCAAGAATGAGGGGT
GCccC
Malaria Chloroquine TATTTATTTAAGTGTA 138 64.5 The Journal of
TGTGTAATGAATAAA Infectious Diseases
ATTTTTGCTAAAAGAA 2001;183:1413-6
CTTTAAACAAAATTG
Human epothilone/ TCCCACGTCTCCATTTC 139 84 .4 PNAS Mar. 14, 2000
cancer taxanes TTTATGCCTGGCTTTGC vol. 97 no. 6, pages
cells CCCTCTCACCAGCCGT 2904-2909
GGAAGCCAGCAGTATC
GAGCTCTCACAGTGCC
GGAACTCA
Human epothilone/ TCCCACGTCTCCATTTC 139 84 .4 PNAS Mar. 14, 2000
cancer taxanes TTTATGCCTGGCTTTGC vol. 97 no. 6, pages
cells CCCTCTCACCAGCCGT 2904-2909
GGAAGCCAGCAGTATC
GAGCTCTCACAGTGCC

GGAACTCA
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TABLE 3-continued

Exemplary regions for drug sensitivity testing of MTb
Amplicon- SEQ Design
Organism Drug Sensitive ID NO Tm Reference
s. Terbinafine TTCAATGCTAAGAATC 140 75. ANTIMICROBIAL
cerevigiae CTGCTCCTATGCACGG AGENTS AND
TCACGTTATTCTTGGTA CHEMOTHERAPY,
GTGATCATATGCCAAT December 2003,
CT p. 3890-3900
Vol. 47, No. 12
S. aureus vancomycin/ AAAGCTGCAAATATT 141 71. PNAS May 29, 2007_
Beta-lactam AAGGAAAATAATACC vol. 104 _no. 22_
ATTGTTGTTAGACACA 9451-9456
TTTTAGGTAAAGTGCA
GGTTATATTGCC
MTb Rifampicin GAGCGTGTGGTGGTC 142 85. ANTIMICROBIAL
v176F AGCCAGCTGGTGCGGT AGENTS AND
CGCCCGGGGTGTACTT CHEMOTHERAPY,
CGACGAGACCATTGAC June 2005, p. 2200-
AAGTCCACCGACAAGA 2209 Vol. 49, No. 6
CcG
MTb 80 bp Rifampicin CAAGGAGTTCTTCGG 143 90. JOURNAL OF
HotSpot CACCAGCCAGCTGAGC CLINICAL
CAATTCATGGACCAGA MICROBIOLOGY,
ACAACCCGCTGTCGGG May 2003, p. 2209-
GTTGACCCACAAGCGC 2212 Vol. 41, No. 5
CGACTGTCGGCGCTGG ANTIMICROBIAL
GGCCCGGCGGTCTGTC AGENTS AND
ACGTGAGCGTGCCGGG CHEMOTHERAPY,
CTGGAGGTCC October 1994,
p. 2380-2386
Vol. 38, No. 10
MTb CIIIa Rifampicin GGTGGCACAGGCCAA 144 80. ANTIMICROBIAL
TTCGCCGATCGATGCG AGENTS AND
GACGGTCGCTTC CHEMOTHERAPY,
June 2005, p. 2200-
2209 Vol. 49, No. 6
MTb Rifampicin CCGCGCGTGCTGGTC 145 87. ANTIMICROBIAL
CIIIb CGCCGCAAGGCGGGCG AGENTS AND
AGGTGGAGTACGTGCC CHEMOTHERAPY,
CTCGTCTGAGGTGGAC June 2005, p. 2200-
TACATGGA 2209 Vol. 49, No. 6
MTb Pyrazinamide CAGTCGCCCGAACGT 146 91. ANTIMICROBIAL
ATGGTGGACGTATGCG AGENTS AND
GGCGTTGATCATCGTC CHEMOTHERAPY,
GACGTGCAGAACGACT August 2004, p. 3209-
TCTGCGAGGGTGGCTC 3210 Vol. 48, No. 8;
GCTGGCGGTAACCGGT Microbiology (1997),
GGCGCCGCGCTGGCCC 143, 3367-3373;
GCGCCATCAGCGACTA JOURNAL OF
CCTGGCCGAAGCGGCG CLINICAL
GACTACCA MICROBIOLOGY,
February 2007,
p. 595-599
Vol. 45, No. 2
MTb Pyrazinamide CAATCGAGGCGGTGT 147 87. As above
TCTACAAGGGTGCCTA
CACCGGAGCGTACAGC
GGCTTCGAAGGAGTCG
ACGAGAACGGCACGCC
ACTGCTGAATTGGCTG
CGGCAACGCGGCGTCG
MTb Pyrazinamide GATGCGCACCGCCAG 148 83. As above
CGTCGAGTTGGTTTGC
AGCTCCTGATGGCACC

GC
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TABLE 3-continued

Exemplary regions for drug sensitivity testing of MTb
Amplicon- SEQ Design
Organism Drug Sensitive ID NO Tm Reference
MTb Pyrazinamide GCGGCGGACTACCAT 149 89.5 As above
CACGTCGTGGCAACCA
AGGACTTCCACATCGA
CCCGGGTGACCACTTC
TCCGGCACACCGGACT
ATTCCTCGTCGTGGCC
ACCGCATTGCGTCAGC
GGTACTCCCGGCGCGG
ACTTCCATCCCAGTCT
GGACACGTCGGCAATC
MTb Pyrazinamide GCAACGCGGCGTCGA 150 88.3 As above
TGAGGTCGATGTGGTC
GGTATTGCCACCGATC
ATTGTGTGCGCCAGAC
GGCCGAGGACGCGGTA
CGCAATGGCTTGGCCA
CCAGGG
MTb Pyrazinamide GCTTGGCCACCAGGG 151 90.1 As above
TGCTGGTGGACCTGAC
AGCGGGTGTGTCGGCC
GATACCACCGTCGCCG
CGCTGGAGGAGATGCG
CACCGCCAG
MTb Streptomycin CCGCGTGTACACCAC 152 91.5 ANTIMICROBiAL
CACTCCGAAGAAGCCG AGENTS AND
AACTCGGCGCTTCGGA CHEMOTHERAPY,
AGGTTGCCCGCGTGAA February 1994,
GTTGACGAGTCAGGTC p. 228-233
GAGGTCACGGCGTACA Vol. 38, No. 2;
TTCCCGGCGAGGGCCA ANTIMICROBIAL
CAACCTGCAGGAGCAC AGENTS AND
TCGATGGTGCTGGTGC CHEMOTHERAPY,
GCGGCGGCCGGGTGAA October 2001, p. 2877-
GGACCTGCCTGGTGTG 2884 Vol. 45, No. 10;
CGCT JOURNAL OF
BACTERIOLOGY,
May 2005, p. 3548-
3550 Vol. 187, No. 10;
MTb Streptomycin GGATTGACGGTAGGT 153 84.5 As above
GGAGAAGAAGCACCG
GCCAACTACGTGCCAG
CAGCCGCGGTAATACG
TAGGGTGCGAGCGT
MTb Streptomycin CCCGCCTGGGGAGTA 154 86.7 As above
CGGCCGCAAGGCTAAA
ACTCAAAGGAATTGAC
GGGGGCCCGCACAAGC
GGCGGAGCATG
MTb Isoniazid TAGCCAAAGTCTTGA 155 86 .82 ANTIMICROBIAL
CTGATTCCAGAAAAG AGENTS AND
GGAGTCATATTGTCTA CHEMOTHERAPY,
GTGTGTCCTCTATACC April 2003, p. 1241-
GGACTACGCCGAACAG 1250 Vol. 47, No. 4;
CTCCGGACGGCCGACC
TGCGCGTGACCCGACC
GCGCGTCGCCGTCCTG
GAAGCAGTGAATGCGC
MTb Isoniazid TGTGATATATCACCT 156 83 ANTIMICROBIAL
TTGCCTGACAGCGACT AGENTS AND
TCACGGCACGATGGAA CHEMOTHERAPY,
TGTCGCAACCAAATGC March 1997, p. 600-606
ATTGTCCGCTTTGATG Vol. 41, No. 3;
ATGAGGAGAGTCATGC ANTIMICROBIAL
CACTGCTAACCATTGG AGENTS AND
CGATCAATTCCCCG CHEMOTHERAPY,

Sep

.5,2019
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TABLE 3-continued

Exemplary regions for drug sensitivity testing of MTb

Organism

Drug

Amplicon-
Sensitive

SEQ
ID NO

Design
Tm

Reference

MTb

MTb

MTb

MTb

MTb

MTb

Mtb

Isoniazid

Isoniazid

Isoniazid

isoniazid

isoniazid

isoniazid

isoniazid

ACCAGCTCACCGCTC
TCATCGGCGGTGACCT
GTCCAAGGTCGACGCC
AAGCAGCCCGGCGACT
ACTTCACCACTATCAC
o

GCGTTCAGCAAGCTC
AATGACGAGTTCGAGG
ACCGCGACGCCCAGAT
CCTGGGGGTTTCGATT
GACAGCGAATTCGCG

CTGTGCGCATGCAAC
TGGCGCAAGGGCGACC
CGACGCTAGACGCTGG
CGAACTCCTCAAGGCT
TCGGCCTAACCGGGA

CAAACGGATTCTGGT
TAGCGGAATCATCACC
GACTCGTCGATCGCGT
TTCACATCGCACGGGT
AGCCCAGGAGCAGGG
CGCCCAGCTGGTGCTC
ACCGGGTTCGACCGGC
TGCGGCTGATTCAGCG
CATCACCGACCGGCTG
CCGGCAAAGGCCCCGC
TGCTCGAACTCGACGT
GCAAAACGAGGAGCA
CCTGGCCAGCTTGGCC
GGCCGGGTGACCGAGG
CGATCGGGGCGGGCAA
CAAGCTCGACGGGGTG
GTGCATTCGATTGGGT
TCATGCCGCAGACCGG
GATGGGCATCAACC

AAGTACGGTGTGCGT
TCGAATCTCGTTGCCG
CAGGCCCTATCCGGAC
GCTGGCGATGAGTGCG
ATCGTCGGCGGTGCGC
TCGGCGAGGAGGCCGG
CGCCCAGATCCAGCTG
CTCGAGGAG

GAGCCGATTTCACGA
ACCGGTGGGGACGTTC
ATGGTCCCCGCCGGTT
TGTGCGCATACCGTGA
TCTGAGGCGTAAACGA
G

TGGGCCGGATGGAAT

CGAAACCGCTGCGCCG
GGGCCATAAAATGATT
ATCGGCATGCGGGGTT
CCTATGGCGGCGTGGT
CATGATTGGCATGCTG
TCGTCGGTGGTCGGAC
TTGGGTTGTTCAACCC
GCTATCGGTGGGGGCC
GGGTTGATCCTCGGCC
GGATGGCATATAAAGA
GGACAAACAARACCG

GTTGCTGCGGGTGCGC
AGCGAGGCCAAGGCC

157

158

159

160

161

162

163

85.7

84

87.4

92.6

90.4

84.5

90.2

August 2006, p. 2640-
2649 Vol. 50, No. 8;

As above

As above

As above

ANTIMICROBIAL

AGENTS AND
CHEMOTHERAPY,

August 2006, p. 2640-
2649 Vol. 50, No. 8

As above

ANTIMICROBIAL
AGENTS AND
CHEMOTHERAPY,

April 2003, p. 1241-
1250 Vol. 47, No. 4

ANTIMICROBIAL
AGENTS AND
CHEMOTHERAPY,

April 2003, p. 1241-
1250 Vol. 47, No. 4
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Exemplary regions for drug sensitivity testing of MTb
Amplicon- SEQ Design
Organism Drug Sensitive ID NO Tm Reference
AATGTGCGGCGCTTCG
TCGACGACATTTCGTT
CGTCGTC
MTb isoniazid CTGCTGCGCAATTCG 164 90.5 ANTIMICROBIAL
TAGGGCGTCAATACAC AGENTS AND
CCGCAGCCAGGGCCTC CHEMOTHERAPY,
GCTGCCCAGAAAGGGA April 2003, p. 1241-
TCCGTCATGGTCGAAG 1250 Vol. 47, No. 4
TGTGCTGAGTCACACC
GACAAACGTCACGAGC
GTAACCCCAGTGCGAA
AGTTCCCGCCGGAAAT
CGCAGCCACGTTACGC
TCGTGGACATACCGAT
TTCGGCCCGGCCGCGG
CGAGACGATAGGTTGT
CGGGGTGACTGCCACA
GCCACTGAAGGGGCCA
AACCCCCATTCGTATC
CCGTTCAGTCCTGGTT
ACCGGAGGAAACCGG
GGGATC
MTb isoniazid GCCGACAGACCATCC 165 85.3 ANTIMICROBIAL
GGCTGTCTGGAACCAC AGENTS AND
CCGGTCGTTGACCCAC CHEMOTHERAPY,
ATACCGTCGAGCCCGA April 2003, p. 1241-
TCATCACGGCTACGAC 1250 Vol. 47, No. 4
MTb isoniazid TCCGACGATCCGTTC 166 85.8 ANTIMICROBIAL
TACTTCCCACCTGCCG AGENTS AND
GCTACCAGCATGCCGT CHEMOTHERAPY,
GCCCGGAACGGTGTTG April 2003, p. 1241-
CGCTC 1250 Vol. 47, No. 4
MTb isoniazid GACTTCCTCGACGAA 167 87.4 As above
CCCCTTGAGGACATTC
TGTCGACGCCGGAAAT
TTCCCATGTCTTCGGC
GACACCAAGCTGGGTA
GCGCGGTGCCCACCCC
GCCGGTATTGATCGTG
CAGGC
Mtb isoniazid TTCAACCCGATGACC 168 84.7 As above
TACGCCGGCATGGCGA
GACTGGCCGTGATCGC
GGCCAAGGTGATCACC
MTb isoniazid TGGGGTCTATGTCCT 169 88.9 ANTIMICROBIAL
GATTGTTCGATATCCG AGENTS AND
ACACTTCGCGATCACA CHEMOTHERAPY,
TCCGTGATCACAGCCC August 2006, p. 2640-
GATAACACCAACTCCT 2649 Vol. 50, No. 8;
GGAAGGAATGCTGTGC ANTIMICROBIAL
CCGAGCAACACCCACC AGENTS AND
CATTACAGAAACCACC CHEMOTHERAPY,
ACCGGAGCCGCTAGCA October 2005, p. 4068-
ACGGCTGTCCCGTCGT 4074 Vol. 49, No. 10;
GGGTCATATGAAATAC JOURNAL OF
CCCGTCGAGGGCGGCG CLINICAL
GAAACCAGGACTGGTG MICROBIOLOGY,
GCCCAACCGGCTCAAA October 2003, p. 4630-
GTATACTTTATGGGGC 4635 Vol. 41, No. 10
AGCTCCCGCCGCCTTT
GGTCCTGACCACCGGG
TTGGCCGAGTTTCTGA

AGGTACTGC

Sep. 5, 2019
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Exemplar

regions for drug sensgitivit

tegsting of MTb

Organism

Drug

Amplicon-
Sensitive

SEQ
ID NO

Design
Tm Reference

Mtb

MTb

Mtb

isoniazid

isoniazid

isoniazid

GGCTCAATCTGAAGG
TACTGCACCAAAACCC
GGCCGTCGCTGACCCG
ATGGGTGCGGCGTTCG
ACTATGCCGCGGAGGT
CGCGACCATCGACGTT
GACGCCCTGACGCGGG
ACATCGAGGAAGTGAT
GACCACCTCGCAGCCG
TGGTGGCCCGCCGACT
ACGGCCACTACGGGCC
GCTGTTTATCCGGATG
GCGTGGCACGCTGCCG
GCACCTACCGCATCCA
CGACGGCCGCGGCGGT
GCCGGGGGCGGCATGC
AGCGGTTCGCGCCGCT
TAACAGCTGGCCC

TTCGCGCCGCTTAAC
AGCTGGCCCGACAACG
CCAGCTTGGACAAGGC
GCGCCGGCTGCTGTGG
CCGGTCAAGAAGAAGT
ACGGCAAGAAGCTCTC
ATGGGCGGACCTGATT
GTTTTCGCCGGCAACT
GCGCGCTGGAATCGAT
GGGCTTCAAGACGTTC
GGGTTCGGCTTCGGCC
GGGTCGACCAGTGGGA
GCCCGATGAGGTCTAT
TGGGGCAAGGAAGCC
ACCTGGCTCGGCGATG
AGCGTTACAGCGGTAA
GCGGGATCTGGAGAAC
CCGCTGGCCGCGGTGC
AGATGGGGCTGATCTA
CGTGAACCCGGAGGGG
CCGAACGGCAACCCGG
ACCCCATGGCCGCGGC
GGTCGACATTCGCGAG
ACGTTTCGGCGCATGG
CCATGAACGACGTCGA
AACAGCGGCCCGCCAG
CTGTAAGCGCTCTGCA
AAGCCGCGTACCGGTA
CTTGCTGCAGCTTTGTC
GCCGGCTGATCGTCGG
CGGTCACACTTTCGGT
AAGACCCATGGCGCCG
GCCCGGCCGATCTGGT
CGGCCCCGAACCCGAG
GCTGCTCCGCTGGAGC
AGATGGGCTTGGGCTG
GAAGAGCTCGTAGCCG
GGGCTTGGGCTCCGAC
GAGGCGACCTCGTCTA
CCCGAACCCGACCTTC
TCGAGCATTGGCACCG
GAACC

GTATGGCACCGGAAC

CGGTAAGGACGCGATC
ACCAGCGGCATCGAGG
TCGTATGGACGAACAC
CCCGACGAAATGGGAC
AACAGTTTCCTCGAGA
TCCTGTACGGCTACGA
GTGGGAGCTGACGAAG
AGCCCTGCTGGCGCTT

170

171

172

94.1 As above

93.6 As above

87.8

Sep. 5, 2019
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TABLE 3-continued

Exemplary regions for drug sensitivity testing of MTb

Amplicon- SEQ Design
Organism Drug Sensitive ID NO Tm Reference

GGCAATACACCGCCAA
GGA

Mtb isoniazid CGCTCCCCGACGATG 173 92.5 As above
CTGGCCACTGACCTCT
CGCTGCGGGTGGATCC
GATCTATGAGCGGATC
ACGCGTCGCTGGCTGG
AACACCCCGAGGAATT
GGCCGACGAGTTCGCC
AAGGCCTGGTACAAGC
TGATCCACCGAGACAT
GGGTCCCGTTGCGAGA
TACCTTGGGCCGCTGG
TCCCCAAGCAGACCCT
GCTGTGGCAGGATCCG
GTCCCTGCGGTCAGCC
ACGACCTCGTCGGCGA
AGCCGAGATTGCCAGC
CTTAAGAGCCAGATCC
GGGCATCGGGATTGAC
TGTCTCACAGCTAGTT
TCGACCGCATGGGCGG
CGGCGTCGTCGTTCCG
TGGTAGCGACAAGCGC
GGCGGCGCCAACGGTG
GTCGCATCCGCCTGCA
GCCACAAGTC

MTb isoniazid CCTGCAGCCACAAGT 174 91.7 As above
CGGGTGGGAGGTCAAC
GACCCCGACGGGGATC
TGCGCAAGGTCATTCG
CACCCTGGAAGAGATC
CAGGAGTCATTCAACT
CCGCGGCGCCGGGGAA
CATCAAAGTGTCCTTC
GCCGACCTCGTCGTGC
TCGGTGGCTGTGCCGC
CATAGAGAAAGCAGC
AAAGGCGGCTGGCCAC
AACATCACGGTGCCCT
TCACCCCGGGCCGCAC
GGATGCGTCGCAGGAA
CAAACCGACGTGGAAT
CCTTTGCCGTGCTGGA
GCCCAAGGCAGATGGC
TTCCGAAACTACCTCG
GAAAGGGCAACCCGTT
GCCGGCCGAGTACATG
CTGCTCGACAAGGCGA
ACCTGC

Mtb isoniazid CGGCCGAGTACATGC 175 89.4 As above
TGCTCGACAAGGCGAA
CCTGCTTACGCTCAGT
GCCCCTGAGATGACGG
TGCTGGTAGGTGGCCT
GCGCGTCCTCGGCGCA
AACTACAAGCGCTTAC
CGCTGGGCGTGTTCAC
CGAGGCCTCCGAGTCA
CTGACCAACGACTTCT
TCGTGAACCTGCTCGA
CATGGGTATCACCTGG
GAGCC

Mtb isoniazid GGCAAGGATGGCAGT 176 90.3 As above
GGCAAGGTGAAGTGG
ACCGGCAGCCGCGTGG
ACCTGGTCTTCGGGTC
CAACTCGGAGTTGCGG
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Exemplary regions for drug sensgitivity testing of MTb
Amplicon- SEQ Design
Organism Drug Sensitive ID NO Tm Reference
GCGCTTGTCGAGGTCT
ATGGCGCCGATGACGC
GCAGCCGAAGTTCGTG
CAGGACTTCGTCGCTG
CCTGGGACAAGGTGAT
GAACCTCGACAGGTTC
GACGTGC
MTb Ethambutol GGCGGGCATGTTTCT 177 87.6 ANTIMICROBIAL
GGCTGTCTGGCTGCCG AGENTS AND
CTGGACAACGGCCTTC CHEMOTHERAPY,
GGCCCGAGCCGATCAT February 2000,
CGCC p. 326-336
Vol. 44, No. 2
MTb Ethambutol GGCGATGATTTCCCA 178 82.2 ANTIMICROBIAL
GTACCCGGCGTGGTCG AGENTS AND
GTTGGCCGGTCTAACC CHEMOTHERAPY,
TACAGGCTTTGG February 2000,
p. 326-336
Vol. 44, No. 2
MTb ethambutol TCGGCGACAACCTCC 179 92.9 ANTIMICROBIAL
GCGGCCCCGCATCCTC AGENTS AND
ACCGCCCTTAACCGCG CHEMOTHERAPY,
TCGCCTACCATCGAGC February 2000,
CTCGTGCCCCACGACG p. 326-336
GTAATGAGCGATCTCA Vol. 44, No. 2
CCGGATCGCACGCCTA
GCAGCCGTCGTCTCGG
GAATCGCGGGTCTGCT
GCTGTGCGGCATCGTT
CCGCTGCTTCCGGTGA
ACCAAACCACCGCGAC
CATCTTCTGGCCGCAG
GGCAGCACCGCCGACG
GCAACATCACCCAGAT
CACCGCCCCTCTGGTA
TCCGGGGC
MTb ethambutol ACTCGGTTTATCACG 180 87.5 ANTIMICROBIAL
ACGCCCGGCGCGCTCA AGENTS AND
AGAAGGCCGTGATGCT CHEMOTHERAPY,
CCTCGGCGTGCTGGCG February 2000,
GTCCTGGTAGCCATGG p. 326-336
Vol. 44, No. 2
MTb ethambutol GTATACATCGGTGCT 181 94.7 ANTIMICROBIAL
TGCCCAGCTGGCGGCG AGENTS AND
GTGAGCACCGCCGGCG CHEMOTHERAPY,
TCTGGATGCGCCTGCC February 2000,
CGCCACCCTGGCCGGA p. 326-336
ATCGCCTGCTGGCTGA Vol. 44, No. 2
TCGTCAGCCGTTTCGT
GCTGCGGCGGCTGGGA
CCGGGCCCGGGLEGEGT
TGGCGTCCAACCGGGT
CGCTGTGTTCACCGCT
GGTGC
MTb ethambutol GCGACCGATGGACTG 182 89.6 ANTIMICROBIAL
CTGGCGCCGCTGGCGG AGENTS AND
TGCTGGCCGCGGCGTT CHEMOTHERAPY,
GTCGCTGATCACCGTG February 2000,
GTGG p. 326-336
Vol. 44, No. 2

Sep

.5,2019
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Exemplary regions for drug sensitivity testing of MTb
Amplicon- SEQ Design
Organism Drug Sensitive ID NO Tm Reference
MMTb ethambutol CGCCATCACCGACTC 183 94.8 ANTIMICROBIAL
CGCGGGCACCGCCGGA AGENTS AND
GGGAAGGGCCCGGTCG CHEMOTHERAPY,
GGATCAACGGGTCGCA February 2000,
CGCGGCGCTGCCGTTC p. 326-336
GGATTGGACCCGGCAC Vol. 44, No. 2
GTACCCCGGTGATGGG
CAGCTACGGGGAGAAC
AACCTGGCCGCCACGG
CCACCTCGGCCTGGTA
CCAGTTACCGCCCCGC
AGCCCGGACCGGCCGC
TGGTGGTGGTTTCCGC
GGCCGGCGCCATCTGG
TCCTACAAGGAGGACG
GCGATTTCATCTACGG
CCAGTCCCTGAAACTG
CAGTGGGGCGTCACCG
GCCCGGACGGCCGCAT
CCAGCCACTGGGGCAG
GTATTTCCGATCGACA
TCGGACCGCAA
MMTb ethambutol TTCGGCTTCCTGCTC 184 92.9 ANTIMICROBIAL
TGGCATGTCATCGGCG AGENTS AND
CGAATTCGTCGGACGA CHEMOTHERAPY,
CGGCTACATCCTGGGC February 2000,
ATGGCCCGAGTCGCCG p. 326-336
ACCACGCCGGCTACAT Vol. 44, No. 2;
GTCCAACTATTTCCGC
TGGTTCGGCAGCCCGG
AGGATCCCTTCGGCTG
GTATTACAACCTGCTG
GCGCTGATGACCCATG
TCAGCGACGCCAGTCT
GTGGATGCGCCTGCCA
GACCTGGCCGCCGGGT
TAGTGTGCTGGCTGCT
GCTGTCGCGTGAGGTG
CTGCCCCGCCTCGGGC
CGGCGGTGGAGGCCAG
CAAACC
MTb ethambutol TCAACAACGGCCTGC 185 87.5 ANTIMICROBIAL
GGCCGGAGGGCATCAT AGENTS AND
CGCGCTCGGCTCGCTG CHEMOTHERAPY,
GTCACCTATGTGCTGA February 2000,
TCGAGCGGTCCAT p. 326-336
Vol. 44, No. 2;
MMTb ethambutol CACCGTCATCCTGAC 186 85.4 ANTIMICROBIAL
CGTGGTGTTCGCCGAC AGENTS AND
CAGACCCTGTCAACGG CHEMOTHERAPY,
TGTTGGAAGCCACCAG February 2000,
GGTTCGCGCCAAAA p. 326-336
Vol. 44, No. 2;
MTb ethambutol GGCTGGTCCAACGTG 187 87.1 ANTIMICROBIAL
CGGGCGTTTGTCGGCG AGENTS AND
GCTGCGGACTGGCCGA CHEMOTHERAPY,
CGACGTACTCGTCGAG February 2000,
CCTGATACCAATGC p. 326-336
Vol. 44, No. 2;
Mtb ethambutol TTCGCCCGAGCAAAG 188 92.8 ANTIMICROBIAL
ATGCCCGCCGATGCCG AGENTS AND
TCGCGGTCCGGGTGGT CHEMOTHERAPY,
GGCCGAGGATCTGTCG February 2000,
CTGACACCGGAGGACT p. 326-336
GGATCGCGGTGACCCC Vol. 44, No. 2;

GCCGCGGGTACCGGAC

Sep

.5,2019
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Exemplary regions for drug sensitivity testing of MTb
Amplicon- SEQ Design
Organism Drug Sensitive ID NO Tm Reference
CTGCGCTCACTGCAGG
AATATGTGGGCTCGAC
GCAGCCGGTGCTGCTG
GACTGGGCGGTCGGTT
TGGCCTTCCCGTGCCA
GCAGCCGATGCTGCAC
GCCAATGGCATCGCCG
AAATCCCGAAGTTCCG
CATCACACCGGACTAC
TCGGCTAAGAAGCTGG
ACACCGACACGTGGGA
AGACGGCACTAACGG
MTb ethambutol ATGTCACGCTGCAAC 189 88. ANTIMICROBIAL
TGGTGCGGGTGGGCGA AGENTS AND
CCCGCGGGCATTCGGC CHEMOTHERAPY,
TGCGTACCCACCGACG February 2000,
AGGAGGACCGCGTAGT p. 326-336
CGCCTTTCTGGAGAAG Vol. 44, No. 2;
ACGGAGGATC
MTb ethambutol CGCGAACTGAACCAG 190 93. ANTIMICROBIAL
ATGGGCATTTGCCAGG AGENTS AND
CGGTGGTGCCGGTATC CHEMOTHERAPY,
CGGACTTCTTGCGCTG February 2000,
ACCGCGCGCACACTGC p. 326-336
GCCAGACCGAGTTCAT Vol. 44, No. 2;
CGCGCTGCGCAAGCTG
GCCGGTGCCGAGCGCA
CCGAGCTCAATAGGGC
CCTGCTGAGCGTGGAC
CGTTTTGTGCGCCGGG
ACAGTCCGCTACCGGT
GGACGCGGGCATCCGT
GCGCAATTGCTCGAGC
GGTTCGGCATGTTCGG
CATCCGGATGTCGATT
GCCGTGCTGGCGGCCG
GCGTGACCGATTCGAC
CGGGCTGGCCGCCGAA
CTGCTGGAGCGCAGCG
GGCTGGTGGCGCTGCG
CAATGTGATAGACCAG
CAGTTCGCGCAGCGCT
CCGACATGCTTAAGGC
GCATACCGC
MTb ethambutol GAGCAGGTGCTTTCC 191 85. ANTIMICROBIAL
CGCGCGACGGAGCGA AGENTS AND
GTGCGTGCTGGGGTAC CHEMOTHERAPY,
TCGGCGAAATACGTTC February 2000,
GGCAACAGAG p. 326-336
Vol. 44, No. 2;
MTb ethambutol GGGTTCCTATGGCGG 192 82. ANTIMICROBIAL
CGTGGTCATGATTGGC AGENTS AND
ATGCTGTCGTCGGTGG CHEMOTHERAPY,
TCGGACTTGGGTTGTT February 2000,
CAACC p. 326-336
Vol. 44, No. 2;
MTb ethambutol CGATCCCGATAGGTG 193 93. ANTIMICROBIAL
TTTGGCCGGCTTGCGG AGENTS AND
ATCAGACCCCGATTTC CHEMOTHERAPY,
GGGGTGAGGCGGAATC February 2000,
CATAGCGTCGATGGCA p. 326-336
CAGCGCCGGTCACGCC Vol. 44, No. 2;
GGCGAACAGCTTCTTC
GATTGAAGGGAAATGA
AGATGACCTCGCTTAT
CGATTACATCCTGAGC

CTGTTCCGCAGCGAAG

Sep

.5,2019
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Exemplary regions for drug sensitivity testing of MTb
Amplicon- SEQ Design
Organism Drug Sensitive ID NO Tm Reference
ACGCCGCCCGGTCGTT
CGTTGCCGCTCCGGGA
CGGGCCATGACCAGTG
CCGGGCTGATCGATAT
CGCGCCGCACCAAATC
TCATCGGTGGCGGCCA
ATGTGGTGCCGGGTCT
GAATCTGGGTGCC
MTb ethambutol ATCACAGGAGTGGAG 194 92 ANTIMICROBIAL
TTTTGAACGCAACGAC AGENTS AND
GGCAGGTGCTGTGCAA CHEMOTHERAPY,
TTCAACGTCTTAGGAC February 2000,
CACTGGAACTAAACCT p. 326-336
CCGGGGCACCAAACTG Vol. 44, No. 2;
CCATTGGGAACGCCGA
AACAACGTGCCGTGCT
CGCCATGCTGTTGCTA
TCCCGGAACCAAGTCG
TAGCGGCCGACGCACT
GGTCCAGGCAATCTGG
GAGAAGTCGCCACCTG
CACGAGCCCGACGCAC
CGTCCACACGTACATT
TGCAACCTTCGCCGGA
CCCTGAGCGATGCAGG
CGTTGATTCGCGCAAC
ATCTT
MTb ethambutol TACGAACCACACGTT 195 83. ANTIMICROBIAL
GCGCAGACATCACACT AGENTS AND
AGACTACTTGTGTAAC CHEMOTHERAPY,
GGCGCCCTGTCGGGTA February 2000,
GCCAA p. 326-336
Vol. 44, No. 2;
MTb ethambutol GCTTGACGCCGCTAC 196 90. ANTIMICROBIAL
GGCACTGGCGCAGCGC AGENTS AND
ACTGGCCACGGCGCTG CHEMOTHERAPY,
GCAGCACCTGCGAACT February 2000,
CAACTTC p. 326-336
Vol. 44, No. 2;
MTb ethambutol CAGCCGATGCCGCTG 197 90. ANTIMICROBIAL
TCAAGGGCCACCGACC AGENTS AND
CGGTACATCGCACGGC CHEMOTHERAPY,
GTGCCGAGATCCTGGG February 2000,
TTCTTACCGCATCGGC p. 326-336
G Vol. 44, No. 2;
MTb ethambutol ACAGCGCCAACGTCA 198 88. ANTIMICROBIAL
GCCGCCACCACGCCGT AGENTS AND
CATCGTCGACACGGGC CHEMOTHERAPY,
ACCAACTACGTCATCA February 2000,
ACGACCTCCGATCGTC p. 326-336
Vol. 44, No. 2;
MTb Capreomycin/ TCGCCGCTAGGCTGA 199 90. ANTIMICROBIAL
Viomycin CCGCGTGTCAATCGTG AGENTS AND
ACGCCATACGAGGACC CHEMOTHERAPY,
TGCTGCGCTTCGTGCT August 2005, p. 3192-
CGAAACGGGTACGCCC 3197 Vol. 49, No. 8
AAATCCGACCGCACCG
GCACCGGAACCCGCAG
CCTGTTCGGCCAGCAG
AT
MTb Capreomycin/ CGGGTACGCCCAAAT 200 88. ANTIMICROBIAL
Viomycin CCGACCGCACCGGCAC AGENTS AND
CGGAACCCGCAGCCTG CHEMOTHERAPY,
TTCGGCCAGCAGATGC August 2005, p. 3192-
GCTATGATTTGTCGGC 3197 Vol. 49, No. 8
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TABLE 3-continued

Exemplary regions for drug sensitivity testing of MTb

Amplicon- SEQ Design

Organism Drug Sensitive

ID NO

Tm Reference

CGGTTTCCCGCTGCTC
ACTACCAAGAAAGTCC
ATTTCAAATCGGTAGC
CTACGAGCTGCTGTGG
TTTTTGCGCGGCGATT
CCAATATCGGTTGGCT
GCACGAGCACGGAGTC
ACCATCTGG

MTb Capreomycin/
Viomycin GGCTGCACGAGCACG
GAGTCACCATCTGGGA
CGAATGGGCAAGTGAT
ACAGGCGAACTCGGGC
CGATCTACGGTGTACA
ATGGCGATCGTGG

MTb Capreomycin/

Viomycin CAGATCAGCGCGGCGC
TGGATTTGCTGCGCAC
CGATCCCGATTCCCGG
CGCATCATCGTGTCGG
CCTGGAACGTCGGCGA
AATCGAGCGGATGGCG
CTGCCGCCCTGTCATG
CGTTCTTCCAGTTCTAC
GTCGCCGATGGCCGGC
TGAGCTGTCAGCTCTA
CCAACGCAGCGCCGAC
CTGTTTCTGGGTGTGC
CGTTCAACATCGCCAG
CTAT

MTb Capreomycin/

Viomycin GGGTGTGCCGTTCAA
CATCGCCAGCTATGC
GTTGCTCACCCACAT
GATGGCCGCCCAGGC
CGGCTTGTCGGTCGG
CGAGTTCATCTGGAC
CGGTGGCGACTGCCA
CATCTACGACAATCA
CGTCGAGCAAGTACG
GCTGCAGCTCAGCCG
CGAGCCGCGGCCATA
TCCGAAACTACTTCT
AGCCG

MTb oxifloxacin
Moxifloxacin/
Gatifloxacin/
Sitafloxacin/
Ofloxacin/
Levofloxacin/
Sparfloxacin)

ACGGCGACGCGTCGAT
CTACGACAGCCTGGTG
CGCATGGCCCAGCCCT
GGTCGCTGCGCTAC

ATTCCAATATCGGTT 201

GGTGAGCACATCGAC 202

CGCCGACCTGTTTCT 203

GCAACTACCACCCGC 204

84.7 ANTIMICROBIAL
AGENTS AND
CHEMOTHERAPY,
August 2005, p. 3192-
3197 Vol. 49, No. 8

90.9 ANTIMICROBIAL
AGENTS AND
CHEMOTHERAPY,
August 2005, p. 3192-
3197 Vol. 49, No. 8

89.9 ANTIMICROBIAL
AGENTS AND
CHEMOTHERAPY,
August 2005, p. 3192-
3197 Vol. 49, No. 8

88.3 ANTIMICROBIAL
AGENTS AND
CHEMOTHERAPY,
August 2005, p. 3192-
3197 Vol. 49, No. 8

MTb-Mycobacterium tuberculosis

[0078] The co-amplified sequences of enriched MTh DNA
and control MTb DNA are simultaneously denatured, and
then annealed to produce homoduplexes of amplified control
MTb DNA and enriched MTb DNA, and also produce
heteroduplexes of the control and enriched MTb DNAs. A
saturating double-stranded DNA binding dye, such as a dye
that fluoresces when interacting with a duplexed nucleic
acid, is included in the amplification mixture to enable the
generation of high resolution melting curve data from these
homoduplexes and heteroduplexes. As such, the annealed
samples of homoduplexes and heteroduplexes as well as the
control MTb DNA are subjected to high resolution melting

curve analysis that is monitored using fluorescence or other
methods of detecting the binding dye.

[0079] The data obtained from monitoring the high reso-
Iution melt of the homoduplexes, heteroduplexes, and con-
trol MTb DNA are input into a computing system to analyze
the data. A mathematical comparison of the control MTb
DNA sample data without added enriched sample DNA is
then computed against the sample containing the co-ampli-
fied homoduplexes and heteroduplexes. The mathematical
comparison, after normalization of the curves by tempera-
ture and beginning and ending points, allows the subtraction
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of each data point along the melting curve of the sample
containing the co-amplified product from the control MTb
DNA sample data. The resulting graph for invariant samples
that have sequences that are not substantially different from
the control MTb DNA is essentially a flat line with minor
variation about zero. A graph for samples that have hetero-
duplex DNA (e.g., control DNA with enriched sample DNA)
that contains base pairing mismatches will show a change in
the melting curve, and when subjected to the subtraction
algorithm will produce a distinctly different graph than the
flat graph of control and invariant sequences.

[0080] Samples that contain variant graphs from the con-
trol sample graphs are scored as variant in the drug target
region (e.g., nucleic acid target), and microorganisms are
likely to be less susceptible (e.g., resistant) to the action of
the drug for this genetic region. Also, several drug target
nucleic acid regions can be amplified simultaneously in
different reaction chambers for a single patient or for mul-
tiple patients.

[0081] In various aspects, the systems and methods enable
rapid screening for suitable drugs for the treatment of
individual cases of MTb. Using such an approach, a rapid
personalized pharmaceutical regimen can be prescribed to a
MTb patient, which can result in fewer drugs per patient,
higher rates of compliance to treatment regimens, and/or an
ultimate reduction in the rate of MDR-MTb generation.
[0082] II. Novel Primers

[0083] In some embodiments, methods are provided for
improving the detection of nucleic acid sequences by uti-
lizing rational oligonucleotide primer designs and rational
target sequence designs in combination to produce narrow
temperature ranges for both the annealing of primers with
the target nucleic acid, amplification of the target nucleic
acid, and denaturation of the amplified target nucleic acid
product. As such, narrowed temperature ranges compared to
the temperature range normally employed can result in an
amplified target nucleic acid product that contains fewer
nonspecific products. Thus, the amplified target nucleic
acids products can be overall more specific and sensitive for
quantitative PCR and genotyping target detection applica-
tions as described herein.

[0084] Rational design of oligonucleotide primers can
include the selection via calculation, experiment, or com-
putation of primers that have the desired melting tempera-
ture (Tm). The rational design can include selection of a
specific primer sequences with the appropriate CG % to
obtain the desired Tm. Also, the rational design can include
modifications to the primers that include internucleotide
modifications, base modifications, and nucleotide modifica-
tions.

[0085] In some embodiments, methods are provided for
selecting primers for PCR that flank a variable sequence
element of interest on a target nucleic acid. In some embodi-
ments, primers are selected to have a Tm with the target
nucleic acid (primer:target Tm) that is within a narrow range
of the Tm of the target nucleic acid (target:target Tm). The
specific, narrow temperature range used for such an ampli-
fication of the target nucleic acids is dependent on the
melting profile of the target nucleic acid, and thereby the
sequence of the target nucleic acid being amplified. As such,
the narrow temperature range can be used as a target
temperature range in order to identify and/or generate spe-
cific primers that have sufficiently high Tm values when
hybridized with the target nucleic acid. Accordingly, the Tm

Sep. 5, 2019

values of the primers can be overlapping within the tem-
perature range of annealing and/or denaturing of the target
nucleic acid (see, FIG. 1).

[0086] FIG. 1 can be contrasted with FIG. 2 to illustrate
the design of the primers to have the Tm within a range of
the Tm of the target nucleic acid. FIG. 2 shows that
conventional amplification with primers and a target nucleic
acid are devoid of having a temperature overlap (as shown
in FIG. 1) and require extreme temperature variations during
amplification, corresponding to denaturation, annealing and
extension cycles, to produce an amplified product. Such
extreme temperature ranges allow for the formation of
undesired products.

[0087] In some embodiments, an iterative design process
is provided to select and/or optimize primers for specific
target nucleic acid sequences to be amplified and/or
detected. Advantageously, the iterative method enables the
formation of a specific target nucleic acid by using a narrow
range of thermal conditions where both the target nucleic
acid and the oligonucleotide primers hybridized with the
target nucleic acid are in a dynamic flux of annealing and
denaturing. Such a dynamic flux of annealing and denatur-
ing can result in a specific amplification of the target nucleic
acid with a commensurate decrease in the formation of
nonspecific amplification products.

[0088] The implications of such iterative methods for
selecting and/or optimizing primers provides for the use of
low cost dyes in lieu of more expensive custom oligonucle-
otide probes, such as those having fluorescent labels, can
allow for quantitative PCR or high resolution denaturation to
be used in analyzing the sequence of the target nucleic acid.
Also, the iterative method can provide primers that function
in the absence of exquisite thermally-controlled instruments
for the formation of amplification products. That is, the
primers can operate within a narrow temperature range in
order to amplify the target nucleic acid, allowing nucleic
acid amplification to be used in a much broader range of
uses.

[0089] A number methods have been described in the art
for calculating the theoretical Tm of DNA of known
sequence, including, e.g., methods described by Rychlik and
Rhoads, Nucleic Acids Res. 17:8543-8551 (1989); Sam-
brook, J. et al., Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y. (1989); and Breslauer et al., Proc Natl Acad Sci. 83:
3746-3750 (1986).

[0090] In some embodiments, primers can be configured
to have a Tm with the target nucleic acid that is within a
narrow range of the Tm of the target nucleic acid by
chemically modifying the oligonucleotides. Well known
oligonucleotide synthesis chemistries may be used to
increase the Tm values of the primers so they correspond to
the temperature range of the Tm of the target nucleic acid.
Such chemistries may use modified bases (e.g., Super G, A,
T, C), LNA, or PNA, or other such oligonucleotide stabi-
lizing chemistries. Also, additional oligonucleotide hybrid-
ization stabilizing chemistries may be developed that can be
used for this application.

[0091] For example, primers synthesized with both con-
ventional phosphodiester linkage chemistry, and LNA chem-
istries have been used to provide primer Tm values close to
the Tm values of the target nucleic acid sequence. However,
it is possible that certain target nucleic acids may have Tm
values lower than that of the primers, and a hybridization
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destabilizing chemistry may need to be included to decrease
the primer Tm values so that the primer Tm value is within
a range of the Tm values of the target nucleic acid sequence.

[0092] In some embodiments, methods are provided for
refining the design of the primers to minimize the tempera-
ture range for the specific amplification of the target nucleic
acid sequence. As such, the target nucleic acid is amplified
with standard reaction thermal cycling conditions to ensure
the target nucleic acid sequence is amplified. The amplifi-
cation is monitored using real-time PCR with a double-
stranded DNA binding dye, such as SYBR, LCGreen,
LCGreen+, Eva dye, or the like. The amplified target nucleic
acid is subjected to a melting curve analysis to determine the
actual Tm value of the target nucleic acid sequence. The
melting peak, which can be expressed as —dF/dT, is gener-
ated from melting the amplified target nucleic acid and can
have a range similar to a distribution curve across a defined
temperature range. At the low temperature end, the amplified
target nucleic acid template is partially denatured. At the
uppermost temperature the entire sample of amplified target
nucleic acid is denatured. The temperature necessary to
denature the target nucleic acid during the amplification
procedure is within this temperature distribution. Initially,
the uppermost temperature is recommended to ensure more
complete denaturation. Subsequently, the lowermost tem-
perature of the distribution curve can be used as the initial
Tm for a set of designed primers for use in amplification
before any iterative changes are made to the primers. Con-
firmation of the narrow temperature range that the initial
primers may be used with can be performed either in serial
or in parallel experiments of ever increasing annealing
temperatures. Alternatively, the individual primers can be
added to the amplified template and an additional melting
curve analysis can be performed on the combined primer
and template melting curves. In any event, the Tm of the
primers can be configured to overlap with a narrow tem-
perature range that contains the Tm of the target nucleic acid
sequence.

[0093] The highest annealing temperature from these
experiments where the target nucleic acid sequence is ampli-
fied specifically and efficiently can be considered the tem-
perature which defines the optimal annealing temperature
for the existing primers (e.g., primers that were tested).
These same primers or slightly modified primers can then be
re-synthesized with additional hybridization stabilizing
chemistries. Modifications to the primers to change the Tm
in the desired direction so that the primer Tm overlaps with
a narrow temperature range that contains the Tm of the target
nucleic acid sequence. This can be accomplished using
online design tools, such as the LNA design tool available
from Integrated DNA Technologies. Such design tools can
be used to estimate the number of necessary LNA modifi-
cations required to raise the Tm of the primer to better
overlap with the melting curve of the target nucleic acid
sequence.

[0094] In the instance the primer Tm values are greater
than the highest melting temperature of the target nucleic
acid sequence, it may be necessary to redesign the primers
to have a lower Tm. Alternatively, the quantity of divalent
and/or monovalent cation salts or other destablizing agents
(e.g., AgCl, DMSO, etc.) that are used in the amplification
protocol (e.g., PCR) may be reduced to destabilize the
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hybridization of these oligonucleotides to the template. In
any event, a reduction in the primer Tm may be needed in
some instances.

[0095] Insome embodiments, the primers can be prepared
so that the target nucleic acid amplification or enrichment
protocols can be performed at minimized temperature dif-
ferences during the thermal cycling. This allows the thermal
cycling to be done within a narrow temperature range so as
to promote the formation of a specific product. One range of
thermal cycling can be within about 15° C. of the target
nucleic acid Tm, more preferably within 10° C., even more
preferably within 5° C., still more preferably within 2.5° C.,
and most preferably substantially the same Tm as that of the
target nucleic acid Tm. For example, the thermal cycling
conditions for the amplification of the target nucleic acid
spans the range of the Tm peak +/-about 5 to 10° C. of the
target nucleic acid sequence. Such narrow temperature
ranges make it possible to amplify specific target nucleic
acids without thermal cycling between temperatures corre-
sponding to the normal stages of PCR amplification (dena-
turation, annealing and extension). Also, it makes it possible
to perform amplifications and enrichments in commercial
temperature-controlled instruments that can be set at
selected temperatures or be varied within narrow tempera-
ture ranges, such as an oven, heating block, or the like. FIG.
3 illustrates the graph of a narrow temperature range PCR
amplification with the same target nucleic acid sequence as
shown in FIG. 2, which shows more specific product for-
mation and less undesired products are formed.

[0096] In some embodiments, the temperatures of the
thermocycling can be selected in a narrow temperature range
to substantially limit amplification to amplifying the target
nucleic acid sequence. As such, the thermal cycling condi-
tions can be modified to amplify the target nucleic acid
sequence by modifying the annealing temperature to be
substantially the same as the lower temperature base of the
melting peak for the amplicon. Also, the thermal cycling
conditions can be modified to amplify the target nucleic acid
sequence by modifying the annealing temperature to be
substantially the same as the higher temperature base for the
melting peak of the amplicon.

[0097] In some embodiments, the primer Tm can be
selected so that the amplification of the target nucleic acid
can be performed at a temperature that ranges between about
75 to about 90° C. Such a temperature range, or narrowed 5
to 10° C. range therein, can be used for the amplification of
DNA and/or RNA target nucleic acid sequences to reduce
the formation of non-specific products during the amplifi-
cation (e.g., PCR) process.

[0098] In some embodiments, the primer Tm can be
selected so that the amplification is performed at isothermal
amplification conditions in the Tm range of the target
nucleic acid sequence to ensure appropriate product forma-
tion.

[0099] In some embodiments, the present invention
includes a method of designing a primer set having a Tm
with a target nucleic acid that is within a narrow range from
the Tm of the target nucleic acid sequence. As such, the
primer set can be designed so that the primer Tm overlaps
the distribution curve of the Tm of the target nucleic acid
sequence. For example, the primer set can be used in
real-time PCR assays so that the primer Tm overlaps the
distribution curve of the Tm for the target nucleic acid
sequence so that a narrow temperature range can be used to
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amplify the target nucleic acid sequence. For example, the
primer can be designed so as to have a primer Tm that is
within about 15° C. of the target nucleic acid Tm, more
preferably within 10° C., even more preferably within 5° C.,
still more preferably within 2.5° C., and most preferably
substantially the same Tm as that of the target nucleic acid
Tm. Also, this can include primer Tm values that overlap
with the amplicon Tm curve.

[0100] In some embodiments, the present invention
includes an iterative process for designing primers. Such an
iterative process can include identifying an initial target
nucleic acid sequence as the target amplicon, wherein the
target nucleic acid sequence can be associated with a par-
ticular biological activity, such as possible drug resistance.
The target nucleic acid sequence is then amplified in order
to produce an amplified product, and the Tm value of the
amplified product (e.g., amplicon) is determined using con-
ventional melting curve analysis. The melting curve analysis
is then utilized to determine or compute new primers or
primer sets for use in the amplification of the target nucleic
acid. The determined or computed primers are then designed
with primer Tm values within the range of the melting peak
generated by the melt of the amplified product. The primers
are then prepared or synthesized to have the designed primer
Tm values.

[0101] In some embodiments, the conditions of the pro-
tocol for amplifying the target nucleic acid sequence can be
modified to an appropriate pH to increase the specificity of
selectively amplifying the target nucleic acid over other
nucleic acids. As such, the use of an appropriate pH can
increase the ability to selectively amplify the target nucleic
acid sequence. This can include the use of an amplification
buffer that can enable the activation of chemically inacti-
vated thermal stable DNA polymerases. Also, adjusting the
pH with selected amplification buffers can allow for the
amplification protocol to be performed at reduced tempera-
tures, such as those temperatures ranges that have been
recited herein.

[0102] In some embodiments, the pH of the amplification
buffer can be adjusted so as to allow for the conversion of
a chemically inactivated enzyme to the activated state. As
such, an enzyme may be activated in a slightly acidic
condition; however, basic pH values may be used for some
enzymes. For acid-activated enzymes, standard Tris-based
PCR buffers can have significant temperature dependence
(e.g., reducing by 0.028 pH units per degree C.). Complete
activation of the enzyme (e.g., chemically inactivated ther-
mal stable DNA polymerases) from the inactivated state of
can require the pH to be less than about 7, more preferably
less than about 6.75, and most preferably less than 6.5.
[0103] In some embodiments, the amplification protocol
includes the use of lower pH buffers so that the amplification
can be performed at lower activation temperatures. For
example, for every 10° C. below 95° C., the enzyme
activation temperature can be lowered by 0.3 pH units.
However, limits to this approach are entirely a function of
the dye chemistry used for the real-time detection of the
amplified template (e.g., Fluorescein-based detection has
significantly reduced fluorescence below pH 7.3).

[0104] In some embodiments, the primer Tm can be
modified by altering the GC % of the primer sequence. By
changing the GC %, the primer Tm can be selectively
changed. Usually, increasing the GC % can increase the Tm,
and decreasing the GC % can decrease the Tm. However,
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there are instances that a high GC % is desired that will
overly increase the Tm. In such instances, destabilizers can
be used to enable the inclusion of high GC % content
primers or for the use of high GC % target nucleic acid
sequences. The de-stabilizers can selectively decrease the
temperature of the amplification procedure. Examples of
destabilizers include DMSO, AgCl, and others.

[0105] In some embodiments, the design of the primers
and/or amplification conditions can be modulated so as to
modulate the size of the target nucleic acid sequence being
amplified. This can include modulating the design of the
primers and/or amplification conditions so that the size of
the amplicon is significantly larger than that of the combined
primers only. This can include the amplicon being 1-3
nucleotides longer than the primers, or 2 times larger than
the primers, or 5 times larger than the primers, and more
preferably 10 times larger than the primers.

[0106] In some embodiments, the primers designed as
described herein can be employed in an array of amplifica-
tion procedures with different concentrations of starting
material. That is, the starting material can be partitioned into
an array at varying concentrations, and the primers can be
used therewith for the narrow temperature amplification
protocol as described herein. The use of the primers and
narrow temperature amplification protocol with an array of
varying concentrations of starting material can be used for
quantification of the amount of target nucleic acid in the
starting material. FIG. 4 is a graph that shows the use of the
primers and protocol with an array of varying concentrations
of starting material so that the amount of target material can
be quantified.

[0107] III. Target Nucleic Acid Amplification/Enrichment

[0108] In some embodiments, methods provided herein
include a step of amplifying or enriching the target nucleic
acid. Such a method can include a procedure substantially
similar to well-known methods of whole genome amplifi-
cation and whole transcriptome amplification. This can
include amplifying a genome with a genome library gen-
eration step, which can be followed by a library amplifica-
tion step. Also, the library generating step can utilize the
specific primers or mixtures of the specific primers
described herein with a DNA polymerase or Reverse Tran-
scriptase. The specific primer mixtures can be designed with
the primers so as to eliminate ability to self-hybridize and/or
hybridize to other primers within a mixture, but allow the
primers to efficiently and frequently prime the target nucleic
acid sequence, wherein the primers can be designed as
described herein.

[0109] In some embodiments, methods are provided for
simultaneously determining a genetic expression profile for
an individual member of a species relative to an entire
standard genome for the species. The methods can comprise
distributing a liquid sample of genomic material into an
array of reaction chambers of a substrate. The array can
comprise a primer set and a probe for each target nucleic
acid sequence along the entire standard genome. The liquid
sample can comprise substantially all genetic material of the
member. Each of the reaction chambers can comprise the
primer set and the probe for at least one of the target nucleic
acid sequences and a polymerase. The methods can further
comprise amplifying the liquid sample in the array, detecting
a signal emitted by at least one of the probes, and identifying
the genetic expression profile in response to the signal.
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[0110] Since the isolation of suitable quantities of micro-
organisms, such as MThb, from sputum samples can be a
significant challenge, the genome amplification techniques
described herein can be used instead of traditional culturing
and purification protocols. Although many molecular diag-
nostic techniques enable the detection of very small quan-
tities of starting genetic material (e.g., as low as a single
copy of a target nucleic acid sequence), it is often difficult to
ensure that a particular sample actually contains the desired
single copy of the target nucleic acid sequence. To enable
very rare or precious samples to be tested accurately in
molecular diagnostic procedures, a technique known as
whole genome amplification has been employed to enrich
the starting material for use in the downstream molecular
diagnostic procedures. The method described here applies
the whole genome amplification method to the problem of
MTb screening of sputum samples which often contain such
low quantities of live organism. Otherwise, standard proce-
dures may use isolates of MTb that must be grown for up to
2 months to ensure sufficient quantities of genetic material
can be obtained from the sample for molecular diagnostic
applications.

[0111] Using whole genome amplification techniques
developed for the in vitro enrichment of rare and precious
DNA and/or RNA samples, a novel genetic material enrich-
ment method has been developed to enrich samples con-
taining a microorganism DNA, such as MTb DNA. This
technique enables the circumvention of conventional cultur-
ing methods that have heretofore been used to increase
concentrations of microorganisms, which are often required
for downstream molecular diagnostics. Such a whole
genome amplification technique uses small quantities of
genomic DNA from directly lysed microorganism samples.
Samples containing live microorganism that have been
isolated using the Petroff method can be directly lysed by a
commercially available product, and the resulting small
quantities of microorganism DNA can be subjected to the
whole genome amplification techniques to provide an ampli-
con for use in downstream molecular diagnostic applica-
tions. While the procedure for employing the whole genome
amplification technique is described with respect to MTh, it
is recognized that such a technique can be applied to any
microorganism.

[0112] Using a conventional live organism preparation
method, the Petroff method, the isolated MTb is fractionated
from the sputum sample leaving small quantities of the
organism in a suspension of water. Following the protocol of
the manufacturer of the mycobacterium lysis solution,
MycoBuffer, (RAOGene; Milford, Pa.), small quantities of
MTb DNA are isolated in the residual material from the
MycoBuffer product. Using this directly lysed DNA sample
and combining it with reaction ingredients similar to those
used in whole genome amplification procedures enables
molecular enrichment of the sample DNA. Such a procedure
can provide increased quantities of the MTb genome, for
example, in excess of 30 fold in less than 16 hours of
incubation time. This level of sample enrichment can pro-
duce sufficient quantities of MTb genomic material to enable
the use of this enriched material in downstream molecular
diagnostic procedures in less than a day compared to current
methods that may take more than 2 months of MTb culturing
of the MTb isolates prior to diagnostic testing.

[0113] The whole genome amplification technique may be
used with one or many DNA polymerases in order to
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improve the enrichment results either by reducing the time
required for enrichment or by increasing the quantity of
resultant enriched material. This can be used for amplifying
RNA and/or DNA. Also, the amplification technique may be
used with reverse transcriptase enzymes either alone or in
combination with DNA polymerase enzymes to enrich
samples for RNA components of the lysed material. Addi-
tionally, the amplification technique may be used with one
or many different target nucleic acid priming parameters.
Examples of the priming parameters that can be modulated
include the following: the size primers; random primers;
quantity of random primers; specific target primers; region
specific primers; and combinations thereof. Modulation of
such priming parameters can improve the whole genome
amplification or specific region amplification within the
samples. Further, the amplification technique may be used
with various buffer mixes to improve the enrichment of the
sample. Furthermore, the amplification technique may be
used with various concentrations of nucleic acid building
blocks, which may come from natural or synthetic sources.
Further still, the amplification technique may be performed
in any instrument capable of maintaining a constant tem-
perature or varying temperature through a narrow tempera-
ture range (e.g., an instrument capable of maintaining a set
temperature, either stably or with programmable thermal
profiles). The reaction conditions can include some tempera-
ture variation within the temperature range during the
enrichment process in order to improve the quantity of
enriched genetic material or to specify the enrichment of
specific regions of the genetic material, such as the target
nucleic acid sequence.

[0114] For example, the sample genomic material may be
isolated using any method that will release the microorgan-
ism (e.g., MTb) nucleic acids into solution or into a solid
phase collector. The sample genomic material may be iso-
lated from samples other than sputum, such as, but not
limited to, blood, cerebral spinal fluid, skin lesions, organ
lesions, or from environmental samples. The sample
genomic material may be enriched using an enrichment
method similar to whole genome amplification or nested
PCR amplification. This can allow for regions surrounding
the target nucleic acid sequence to be amplified using a
thermal cycling method in combination with specific prim-
ers (e.g., primers having a Tm as described herein) to
amplify the target nucleic acid sequence. Also, non-specific
primers may be used to amplify the genome in a type of
genome wide nested PCR.

[0115] Mycobacterium tuberculosis nucleic acid sample in
the Mycobuffer solution can be prepared from the nucleic
acid extraction protocol provided by the vendor or by any
standard method. The nucleic acid may be either DNA or
RNA from the microorganism sample to be enriched, where
the nucleic acid can be intact, fragmented, or portions of the
entire organisms nucleic acid. The enrichment mixture can
include suitable DNA and/or RNA polymerase buffers,
deoxynucleotide triphosphates, salts appropriate for the spe-
cific enzyme and buffer system, and random oligonucleotide
primers. Examples of primer length can include 6 base, 11
base, and 22 base primers. The primers can be phosphodi-
ester oligonucleotides, LNA oligonucleotides, PNA oligo-
nucleotides, or any combination of thereof; however, future
chemistries that can produce amplification or an enrichment
of the interrogated target DNA or RNA are also expected to
function properly in this technique. Also included in the mix
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may be a single-stranded DNA or RNA binding protein to
improve the overall performance of the enrichment step.
[0116] An exemplary amplification technique can be per-
formed as follows: the test sample target nucleic acids are
combined in a suitable polymerization buffer with appropri-
ate salts, with a random oligonucleotide primer (e.g., 6, 11,
or 22 bases, or any of the primers or lengths of primers
presented in Table 2), and the nucleic acids are denatured at
a temperature high enough to ensure that denaturation is at
least substantially complete, preferably complete; the dena-
tured samples are maintained at near denaturing conditions,
or in a temperature environment that will enable the target
nucleic acid sequence of the sample to experience destabi-
lized hybridization conditions; the samples are then cooled
sufficiently to allow the primers to anneal to the target
sequence, wherein the target sequence is contained within
either the whole genome or fragments thereof; appropriate
nucleic acid building blocks are added to the mix, which are
either deoxynucleotide triphosphates, or ribonucleotide
triphosphates, or possibly unnatural or artificial nucleic acid
bases which can be incorporated with the products formed;
appropriate enzymes (e.g., DNA polymerase, RNA poly-
merase, reverse transcriptase, any combination thereof, or
the like) for the enrichment objectives are then combined;
and the amplification is conducted at the narrow temperature
in order to selectively amplify the target nucleic acid
sequence.

[0117] IV. Screening Target Nucleic Acid to Determine
Drug Resistance

[0118] In some embodiments, the amplified nucleic acids
described herein can be employed in a method for screening
the target nucleic acid sequence for the presence and/or
absence of nucleic acid sequences or change in nucleic acid
sequence indicative of drug resistance. That is, the amplified
nucleic acids can be screened for a selected nucleic acid
sequence by using high resolution denaturation in order to
determine whether the microorganism may be drug resistant
to a selected drug. As such, molecular diagnostics of nucleic
acids can be used to detect genetic changes in target nucleic
acid sequences, where changes in the sequence can be an
indication that the microorganism is resistant to a drug.
Accordingly, known genetic sequences that are altered in
drug resistant strains can be analyzed to determine whether
there are any such alterations in the gene sequences. Such
genetic alterations are often indicative of altered suscepti-
bility of the pathogen to treatment by drugs, which is often
manifest by being drug resistant.

[0119] Typically, existing techniques require a foreknowl-
edge of the specific mutations in the genetic nucleic acids
that are related to drug targets (e.g., the nucleic acid is either
the drug target or produces a gene product that is the drug
target). This information is used to screen for drug resis-
tance, and any changes in the pathogen’s genetic material
that is not being tested for specifically may be overlooked
during the screening process. The method described herein
does not require any foreknowledge of the specific changes.
As such, a general region of the pathogen’s genetic nucleic
acids (e.g., DNA, RNA, etc.) is studied to see whether there
are any variations in the sequence that is either the direct
target of the drug or encodes for the direct target of the drug.
Also, changes in the genetic material in such a region of the
pathogen’s genetic nucleic acids may render individual
therapeutic drugs ineffective or reduce their efficacy. This
technique allows the rapid identification of any genetic
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changes to drug target nucleic acid sequences, and can
provide greater sensitivity in being capable of detecting
expected as well as unexpected changes in the drug target
nucleic acid sequences. Accordingly, the methods of the
present invention can be used to generate drug sensitivity
profiles of any particular microorganism isolate so that the
likelihood of drug resistance can be established.

[0120] In some embodiments, the method of screening
includes determining whether a specific microorganism is
present in a sample. Also, the amount of the microorganism
genetic material can be determined. Any positive samples
are then processed herein in order to amplify the amount of
genetic material. This can include combining the sample
with primers or primer sets that hybridize with a target
nucleic acid under conditions that amplify the target
sequence. Also, the sample genetic material can be com-
bined with a normal target nucleic acid sequence or a normal
sequence probe (e.g., fluorescent or non-fluorescent) control
that does not have any genetic variation so as to prepare a
ratio of ~1:1, which is near equivalent test and control
genetic material. However, it is possible to vary this ratio
substantially, such as from 1:10 to 10:1.

[0121] The normal target nucleic acid sequence or normal
probe sequence (e.g., control nucleic acid) are combined
with the genetic material of the sample (e.g., sample nucleic
acid), and then amplified in a single reaction tube. Alterna-
tively the control nucleic acid and sample nucleic acid can
be mixed after separate amplification procedures. A control
nucleic acid of the normal target nucleic acid alone is also
amplified simultaneously (however, with improvements to
distinguishing individual strands of nucleic acids, it may be
possible to run the control within the same reaction as the
sample that is being interrogated). The denaturation profiles
of the control nucleic acid and the sample nucleic acid can
then be determined by high resolution melting curve analy-
sis of the control and sample nucleic acids. Exemplary
normal, or wild type, nucleic acid regions with known
mutations that correspond to a change in drug resistance are
listed in Table 3.

[0122] The denaturation profile data for these tests can be
stored electronically. As such, the control or sample data
may be retrieved from a previous analysis so that it can be
used for a comparison of the results. The ability to save the
denaturation profile data can eliminate the need to always
perform a control reaction with each run of the test sample.
The data for samples is compared data for the normal target
control, and any differences or variations between the two
data sets are scored as a variation in the target region for the
unknown sample. When the sample includes a variation, the
sample (i.e., microorganism) is classified as being poten-
tially resistant to the drug that targets the genetic region
(e.g., target nucleic acid sequence) that is the subject of the
test.

[0123] Insome embodiments, a sample target nucleic acid
(e.g. DNA or RNA) is prepared with control target nucleic
acid so as to obtain a mixture of sample and control target
nucleic acid at about a 1:1 ratio. This can be achieved by
mixing the sample and control nucleic acids, or co-ampli-
fying the sample and control nucleic acids (e.g., by PCR) at
about a 1:1 ratio of starting material. These sample and
control nucleic acids are initially denatured at a temperature
high enough to ensure the sample target nucleic acids and
the normal control target nucleic acids are all denatured. The
nucleic acids in the mixture (e.g., sample and control) are
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then annealed at some temperature below the melting tem-
perature where they begin to denature (e.g., Tm). For
example, the annealing temperature can be 10° C. or more
below the Tm of the target control nucleic acid. The mixture
is then subjected to slow heating, and the amount of hybrid-
ized sample and control nucleic acids present in the tube are
monitored. The monitoring can be performed by fluores-
cence of the double-stranded nucleic acid product, wherein
the fluorescence is generated by the inclusion of a dye which
binds only to double-stranded nucleic acids. The dye can be
included in an amount that saturates the template. The
fluorescent signal is lost as the double-stranded nucleic acids
begin to denature, and less sites are available for binding to
the saturating dye. The denaturation procedure is continued
until no double-stranded nucleic acid is present, and the
fluorescence is nearly zero. The fluorescent data obtained
during the denaturation procedure is then saved for com-
puting and comparing against control denaturation data that
is prepared with a similar protocol using only the control
target nucleic acid. As such, a high resolution melting curve
analysis can be performed with the mixture of the sample
and control nucleic acids and the composition having only
the control nucleic acids, and a comparison can be made
between the two melting curves. A difference between the
melting curves can be an indication that the sample nucleic
acids are from a microorganism that has drug resistance to
the drug that interacts with the target nucleic acid or gene
product thereof.

[0124] In some embodiments, any protocol or instrument
that can distinguish between the hybridized sample and
control nucleic acids from the denatured sample and control
nucleic acids can be used. The denaturation data obtained
from the sample denaturation curves that were generated
from the mixture having the sample and control nucleic
acids are compared to denaturation data of the control
nucleic acid. The denaturation data of the control nucleic
acid can be either stored control denaturation data or the
control nucleic acid can be denatured and monitored in a
separate reaction chamber along with the experimental
sample. The melting profiles of the normal control target are
compared with the experimental sample so that any differ-
ences in these melting profiles can indicate the presence of
a variation in the target region. When the control is a normal
control target nucleic acid, variations in the sequences can
indicate the microorganism is resistant to the drug that
interacts with the target nucleic acid or gene product thereof.

[0125] In some embodiments, the co-amplified sequences
of enriched MTb DNA and control MTb DNA are simulta-
neously denatured, and then annealed to produce homodu-
plexes of amplified control MTb DNA and enriched MTh
DNA, and also produce heteroduplexes of the control and
enriched MTb DNAs. A saturating double-stranded DNA
binding dye, such as a dye that fluoresces when interacting
with a duplexed nucleic acid, is included in the amplification
mixture to enable the generation of high resolution melting
curve data from these homoduplexes and heteroduplexes. As
such, the annealed samples of homoduplexes and heterodu-
plexes as well as the control MTbh DNA are subjected to high
resolution melting curve analysis that is monitored using
fluorescence or other method of detecting the binding dye.
[0126] The data obtained from monitoring the high reso-
Iution melt of the homoduplexes, heteroduplexes, and con-
trol MTb DNA are input into a computing system so that
computing methods can be employed to analyze the data. A
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mathematical comparison of the control MTb DNA sample
data without added enriched sample DNA is then computed
against the sample containing the co-amplified homodu-
plexes and heteroduplexes. The mathematical comparison,
after normalization of the curves by temperature and begin-
ning and ending points, allows the subtraction of each data
point along the melting curve of the sample containing the
co-amplified product from the control MTb DNA sample
data. The resulting graph for invariant samples that have
sequences that are not substantially different from the con-
trol MTb DNA is essentially a flat line with minor variation
about zero. A graph for samples that have heteroduplex
DNA (e.g., control DNA with enriched sample DNA) that
contains base pairing mismatches will show a change in the
melting curve, and when subjected to the subtraction algo-
rithm will produce a distinctly different graph than the flat
graph of control and invariant sequences.

[0127] Samples that contain variant graphs from the con-
trol sample graphs are scored as variant in the drug target
region (e.g., nucleic acid target), and microorganisms are
likely to be less susceptible (e.g., resistant) to the action of
the drug for this genetic region. Also, several drug target
nucleic acid regions can be amplified simultaneously in
different reaction chambers for a single patient or for mul-
tiple patients.

[0128] FIGS. 6 A-6C provide illustrations that show results
of methods of high resolution melting curve profiles for
determining the presence of a variation in a sample target
nucleic acid sequence from a normal target nucleic acid
sequence. The presence of the variation is an indication that
the microorganism is resistant to a drug, such as rifampicin.
More particularly, FIG. 6A depicts the hybridization prod-
ucts, either by PCR amplification or alternative template
enrichment method, of normal (e.g., non-resistant strains
nucleic acids) and resistant strains. The normal template
(e.g., control target nucleic acid) is included in the mixture
with the sample target nucleic acid to produce an imperfect
match between the nucleic acids that are hybridizing. FIG.
6B shows melting curves that have slight differences
between the two melting curves, which are differences in
melting profiles of the control target nucleic acid and the
mixture with the sample target nucleic acid. FIG. 6C shows
a difference in the melting curves between the control and
the sample. The normal control target nucleic acid profile is
plotted as the solid line sample, which has no difference
from the “normal” nucleic acid of microorganisms that are
sensitive to the drug. The dashed line shows a distinct
difference between the “normal” and the mis-matched
sample, which indicates the microorganism is a resistant
strain.

[0129] FIG. 7 is a graphical representation of high reso-
Iution melting curve analysis between +/—control nucleic
acid, nucleic acids from a resistant strain, and nucleic acids
from a strain that is sensitive to the drug. The graph was
prepared using an automated curve difference calling soft-
ware (Idaho Technology, LightScanner), and shows the
ability to distinguish resistant samples from sensitive
samples. Any sample which is called, by the software, as the
same as the negative control is sensitive to the drug, and any
sample called as different from the negative control is
classified as resistant to the drug. The analysis package can
be configured in any arrangement desired. Alternatively, any
method that can graphically represent the difference between
the shapes of the curves, especially in the upper region of the
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curve, can be used to differentiate between the ‘normal’
sequence and the test sequence potentially containing a
mismatch. Further, the differences can be observed directly
from the melting curves without further analysis.

[0130] In some embodiments, the high resolution melting
curve analysis may be used in any genetic test for the
detection of variation or similarities between sample nucleic
acids and normal control nucleic acids.

[0131] In some embodiments, the amplification and/or
denaturation can be used to screen for normal samples by
using various altered probes instead of probes of a normal
sequence.

[0132] In some embodiments, the amplification and/or
denaturation can be to screen for mutated, non-normal,
target nucleic acids using properly designed altered probes.
[0133] In some embodiments, the amplification and/or
denaturation can be used for detecting commonalities
between samples, such as forensic identification testing.
[0134] In some embodiments, the amplification and/or
denaturation can be used for epidemiological surveying of
different samples.

[0135] In some embodiments, the probes used in the
amplification may be either DNA or RNA (e.g., natural, or
synthetic, or from amplified sources).

[0136] In some embodiments, the amplification and/or
denaturing can be used to confirm the presence of wild type
sequences.

[0137] In some embodiments, the amplification and/or
denaturing can be used to confirm the presence of wild type
sequences to further demonstrate that the test sample comes
from an organism that will be sensitive to the drug repre-
sented by that region.

[0138] In some embodiments, the amplification can be
performed with real-time or conventional PCR methods.
Also, any amplification method can be used that will pro-
duce sufficient quantities of normal control nucleic acids
and/or target region genetic material to allow detection by an
instrument with suitable detection capabilities.

[0139] In some embodiments, the denaturation or melting
curve analysis detection system may be any high resolution
melting instrument or an appropriately adapted instrument
capable of generating sufficient resolution with basic sample
heating and detection capabilities.

[0140] In some embodiments, the normal and sample
nucleic acids can be amplified by PCR in a single tube.
Alternatively, the normal and sample nucleic acids can be
amplified in separate tubes and then mixed prior to the high
resolution melting curve analysis.

[0141] In some embodiments, the normal nucleic acids
may be retrieved from stock solutions, and then mixed with
the amplified sample nucleic acids in appropriate ratios to
generate similar results.

[0142] In some embodiments, the normal nucleic acids
that are used as the control can be distinguished from
mixtures with the sample nucleic acids by using a variety of
chemistries in order to produce an internal control. This can
include the use of different chemistries, such as using
fluorescently labeled normal control nucleic acids. As such,
only duplexes that are formed from the labeled control
nucleic acids can generate a fluorescent melting signal,
which is specific to the normal control template.

[0143] In some embodiments, the sample nucleic acids
and the control nucleic acids may be compared after both the
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sample and control are amplified and/or denatured in dif-
ferent runs, which could be on different days.

[0144] In some embodiments, the high resolution melting
curve analysis can be performed on any instrument capable
of denaturing and/or annealing nucleic acids, and capable of
detecting the amount of hybridized nucleic acids compared
to the denatured nucleic acids.

[0145] In some embodiments, sufficient instrument sensi-
tivity can allow for the analysis of the samples as described
herein without having to amplify the sample nucleic acids.
That is, the instrument has sufficient sensitivity so that the
sample nucleic acids are detectable without amplification.

[0146] In some embodiments, the analysis of the sample
nucleic acids is performed with high resolution annealing
that monitors the nucleic acids as they anneal. In part, this
is possible because the annealing of target nucleic acids of
the sample and control can be used as the means to identify
differences between the control template and the test
samples rather than only using the melting curve analysis or
denaturation.

[0147] In some embodiments, the present invention can
study DNA and/or RNA from a microbiological or other
biological sample for genetic variations. The nucleic acids
can be intact, fragmented, or portions of the entire organism
nucleic acid or the target region of the nucleic acid. The
primers can be selected from a region of or adjacent to the
portion of the target nucleic acid that is to be interrogated.
The primers can be non-fluorescent, fluorescent, or capable
of producing either an electrostatic or electrochemical sig-
nal.

[0148] The amplification compositions can include the
following: polymerase chain reaction ingredients, include
reverse transcriptase, and/or DNA polymerase; appropriate
buffers, salts, and deoxynucleotide and/or dexoyribonucle-
otide triphosphates to amplify the target sequence; a fluo-
rescent double-stranded DNA binding dye, fluorescent
probe, fluorescence resonance energy transfer probes, or
other similar probe may be used to detect the formation of
the annealed versus the denatured RNA, or DNA/RNA
homoduplex and/or heteroduplexes; oligonucleotide primers
designed to specifically amplify the target region of the
sample nucleic acid and the normal control nucleic acid,
wherein the primers can be phosphodiester oligonucleotides,
LNA oligonucleotides, PNA oligonucleotides, or any com-
bination of these.

[0149] The instruments that can be used for the analysis of
the sample nucleic acid can be any instrument capable of
detecting the formation and dissolution of DNA/DNA,
RNA/RNA, or DNA/RNA duplexes, and in further embodi-
ments, DNA/protein or RNA/protein duplexes, or DNA
homotriplexes//homoquadruplexes. Such an instrument
should be capable of generating strong fluorescent signals
when the targets are annealed and monitor the change in
fluorescence as the target nucleic acids denature. The instru-
ment data can be recorded in a computing system having
software configured for performing data analysis. Also, the
instrument can be configured to perform both the nucleic
acid amplification and the hybridization/denaturation. How-
ever, it is possible to perform these functions in several
distinct instruments without any detriment to the results. An
alternate configuration would be an instrument that could
monitor the annealed and denatured status of the target
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sequences by ultraviolet light, electrochemical signal gen-
eration, solution viscosity, or other as yet undeveloped
techniques.

[0150] The data obtained from the analysis of amplifica-
tion and the hybridization/denaturation can be analyzed with
any software package configured to determine the differ-
ences between data. For example, a software package,
currently available from Idaho Technology, or Corbett
Research, and soon from Roche Applied Science, that is
designed to compare the melting profiles of a normal target
from those of the samples where the normal target is
hybridized can be used to identify no changes, or minor or
major differences. The exact format of the software output is
unimportant; however, the software must simply be able to
identify those samples which have variations from normal
melting curve profiles compared to those that are normal.
[0151] The following Exemplary Aspects of specific
aspects for carrying out the present invention are offered for
illustrative purposes only, and are not intended to limit the
scope of the present invention in any way.

EXEMPLARY ASPECTS

Example 1—Amplification and Analysis of Drug
Sensitivity Regions of Mycobacterium tuberculosis

[0152] A. Whole Genome Amplification of M. tuberculo-
sis Genomic DNA

[0153] If sample DNA quantities are insufficient to obtain
an amplified product from a drug sensitive region, then
whole genome enrichment may be used to amplify the
sample DNA before amplification of specific regions, or
amplicons. The whole genome enrichment in the MycoBuf-
fer sample was performed in the parallel with an identical
starting copy number of template DNA that was suspended
in water alone. To monitor the overall whole genome enrich-
ment of the Mycobacterium tuberculosis, 3 distinct target
regions of the mycobacterium genome were chosen to
evaluate each for enrichment. A real-time PCR assay method
was used to screen each of these distinct target regions for
enrichment compared to the un-enriched control samples.
The point on the X-axis that the sample line begins to trend
upward is indicative of the quantity of starting genetic
material in the sample, the earlier on the X-axis that the
signal begins to change the higher the quantity of starting
material.

[0154] FIG. 5A is a graph that shows the results obtained
from the CFP32 target region of Mycobacterium tuberculo-
sis, which compares the 22 base random primer mixed with
samples in water or MycoBuffer. The graph shows the
MycoBuffer enriched sample trends upwards earlier and
indicates a higher amount of starting material.

[0155] FIG. 5B is a graph that shows the results obtained
from the IS6110 target region of Mycobacterium tubercu-
losis, which compares the 22 base random primer mixed
with samples in water or MycoBuffer. Again, the graph
shows the MycoBuffer enriched sample trends upwards
earlier and indicates a higher amount of starting material.
[0156] FIG. 5C is a graph that shows the results obtained
from the btMTb target region of Mycobacterium tuberculo-
sis, which compares the 22 base random primer mixed with
samples in water or MycoBuffer. Yet again, the graph shows
the MycoBuffer enriched sample trends upwards earlier and
indicates a higher amount of starting material.
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[0157] B. Sample Preparation

[0158] Using the Petroff method of sputum sample steril-
ization, MTb was separated from human cellular material.
Briefly, the Petroff method is as follows: the Petroff method,
sputum was homogenized for 15 min in a shaker by using an
equal volume of 4% sodium hydroxide. After centrifugation
at 3,000 rpm for 15 min in a Megafuge 1.0 (Heraeus), the
deposit was neutralized with about 20 ml of sterile distilled
water. Samples were again centrifuged. The ‘deposit’ or
pelleted material is transferred to a microcentrifuge tube and
lysed with Mycobuffer (RAOGene, Inc, Milford, Pa.)
according to the manufacturer’s instructions. The superna-
tant material from this lysis protocol contains the Mycobac-
terial DNA, and is transferred to a fresh microcentrifuge
tube.

[0159] C. Primary Screen for the Presence of M. tubercu-
losis DNA in a Sample

[0160] Non-quantitative screening for Mycobacterial
DNA in sample using the Fluoresentric MTb Screen (HT-
PCR method) was performed by combining the following
ingredients in a 20 uL reaction, the products can be detected
by real-time PCR with probes, or electrochemical detection,
or by gel electrophoresis, or any other suitable method. Here
we describe the use of real-time PCR to detect the product
formation:

[0161] Combine:

[0162] 10xFI15 Buffer: (500 mM Tris-HCI (pH 8.0); 5
mg/ml. Bovine Serum Albumin (nonacetylated); 10 mM
MgCl12, 40% Dimethylsulfoxide) use at 1xfinal concentra-
tion.

[0163] 10x deoxynucleotide triphosphates (2 mM each)
use at 1x.

[0164] 10xLC Green I (Idaho Technology, Inc.) use at
0.5x%.

[0165] Thermo-stable DNA polymerase (Tfi (exonu-

clease-) (Invitrogen Corp, Carlsbad, Calif.) use 2.5 U/reac-
tion.

[0166] Oligonucleotide primers designed to have tempera-
ture overlap with the gene encoding the PPE Family Protein.
Primers for amplified product:

FI15-MTb FOR:
(SEQ ID NO. 205)
CCGGAAACGTCGGCATCGCAAACTC

FI15-MTb REV:
(SEQ ID NO. 206)
TGCCCGTGTTGTAGAAGCCCGTGTTGAA

[0167] PPE Family gene

[0168] Add Mycobuffer/DNA sample to reaction.
[0169] Amplify according to the following protocol:
[0170] 95 C denaturation: 1 min

[0171] 75 C activation: 10 minutes

[0172] 90 cycles of:

[0173] 85 C for30s

[0174] 75 C for 30 s with a fluorescent acquisition
[0175] 1 Melt cycle:

[0176] 95 C for 10 s

[0177] 60 C for 10 s

[0178] Ramp to 95 C taking fluorescence acquisitions

along the temperature ramp to generate a melting curve of
the product.
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[0179] Final products may demonstrate variable melting
profiles, as shown in FIG. 8. Those reactions that amplify a
specific product are indicative of the presence of MTb DNA
in a test sample.

[0180] D. Alternative Detection Method for Amplified
Product
[0181] Alternative to real-time PCR detection: electro-

chemical detection Using the same basic primers with the
following addenda:

FI15-MTb FOR:
(SEQ ID NO. 205)
Biotin- CCGGAAACGTCGGCATCGCAAACTC

FI15-MTb REV:
(SEQ ID NO. 206)
Fluorescein- TGCCCGTGTTGTAGAAGCCCGTGTTGAA

[0182] Perform amplification as above. Remove sample
and perform electrochemical detection according to manu-
facturer’s directions (Anzenbio). Briefly, place in electro-
chemical detector chip (AnzenBio), incubate 20 minutes.
The neutravidin chip binds to the biotin on the forward (or
reverse primer. depending on the ultimate design) and the
chip is washed with 1xPhosphate buffered saline+1% Tween
20 (PBST), 3 times. Add anti-fluorescein antibody conju-
gated to Horse Radish Peroxidase, incubate 20 minutes.
Wash plate 3x with 1xPBST, add TMB (electrochemical
detection buffer) and incubate 1 minute. Measure signal
formation with PSD-8 detector. Signals in excess of 5 are
scored as positive, those less than 5 are scored as negative.
A reference negative sample, and positive sample should be
included to confirm these results.

[0183] Alternative detection, the products can be visual-
ized by gel electrophoresis, any product formation other
than those seen in the negative control sample should be
considered suspect of being positive for MThb.

[0184] Alternative detection, using capillary gel electro-
phoresis. Same as gel electrophoresis.

[0185] Alternative detection, HPL.C, Mass Spectroscopy,
Spectroscopy, Fluorimetry, and the like. Detection of the
presence of an amplified PCR product in a sample can be
achieved using any available techniques, preferably those
that can differentiate amplified products by size as opposed
to just quantity. The presence of an amplified product,
especially one in the expected size range, is indicative of the
presence of Mycobacterium tuberculosis (MTb) in a test
sample.

[0186] E. Molecular Enrichment by Whole Genome
Amplification

[0187] Molecular Enrichment Protocol:

[0188] Although most samples tested to date have had

sufficient DNA for direct amplifications of target drug sen-
sitivity regions, some samples of MTb DNA will contain
very small quantities of DNA for use in the MTb Drug
Resistance Screen. To overcome this problem a basic tech-
nique to enrich the samples using a modified whole genome
amplification procedure has been employed. Basically, the
samples are subjected to the following protocol:

[0189] DNA solution in Mycobuffer is added to random
oligonucleotides. The solution is denatured and cooled to
room temperature (allows random binding of oligonucle-
otides throughout the genome of the MTb). The solution is
then mixed with whole genome amplification mixture and
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incubated for 8 hours to produce a whole genome enrich-
ment, on average the genome is enriched 100x over the raw
sample.

[0190] DNA incubation solution is:

[0191] 1-5 uL of DNA

[0192] 1x Thermopol buffer (New England Biolabs)
[0193] 100 uM random 22-mer primers (final concentra-
tion).

[0194] In a total volume of 15 ul

[0195] Denature for 2 minutes at 96 C

[0196] Cool to Room Temp for 10 minutes

[0197] Place on ice

[0198] Add 35 ul of molecular enrichment mix (whole

genome amplification mix)

[0199] Final concentrations of ingredients are:

[0200] 400 uM dNTPs

[0201] 1xThermopol buffer

[0202] 0.35 U/l of BST thermo stable polymerase (Ba-

cillus stearothermophillus) large

[0203] fragment (exonuclease-)

[0204] 4% Dimethyl sulfoxide

[0205] T4 gene 32 protein (30 ng/ul)

[0206] Incubate 8 hrs @ 50 C

[0207] Incubate 15 minutes @ 80 C

[0208] Hold at 4 C until use.

[0209] Samples are then purified by a modified filter

binding assay. Briefly, this method can be employed at any
stage in the process where DNA is to be separated from the
solution a quick method to buffer and primer exchange the
DNA. We have found the Direct binding of the Mycobuffer
solution+Binding Mix works well for earlier stage purifica-
tion is needed or desired.

[0210] Sample DNA in Mycobuffer is mixed 1:1 with
Binding Mix (4M Guanidinium HCl, 12.5 mM Tris-HCl, pH
6.8, 0.5% NP40 detergent, 50% Ethanol)

[0211] Samples are loaded onto a Whatman GF/F 1.0 um
glass fiber filter 96 well long drip filter plate, and incubated
at room temperature for 2 minutes. The filter plate is stacked
on a 96x2 ml waste collection plate.

[0212] Samples are centrifuged (1800 rpm for 10 minutes)
or vacuum filtered (slowly), remove plates from centrifuge
or vacuum system.

[0213] 200ul of Wash Buffer I (1.6 M Guanidinium HCl,
10 mM Tris-HCI, pH 6.8, and 0.1% NP40, 70% Ethanol) is
added and centrifuged or vacuum filtered. Plates are
removed from centrifuge or vacuum system.

[0214] 400 ul of Wash Buffer 1I (50 mM NaCl, 10 mM
Tris-HCI, pH 7.5, 60% Ethanol) is centrifuged or vacuumed.
Followed by a second wash with 200 ul. Wash Buffer II,
[0215] Collection reservoir is emptied, and entire system
is either vacuum dried or dried by air, at RT for 2 hrs, or at
56 C for 20 minutes.

[0216] A fresh collection plate is stacked with filter plate,
and 100 ulL of Elution Buffer (DNase, RNase Free sterile
water) is added to the filters. Samples incubate at RT for 2
minutes, and are centrifuged, or vacuum filtered.

[0217] This entire system is a modification of existing
methods using these 96 well filter plates.

[0218] Sample DNA is in the eluate. Alternatively, the
amplified genome products can be used directly without
purification for further amplification procedures if the
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genomic reaction contents and random primers don’t inter-
fere with subsequent specific amplifications.

[0219] This material is used for downstream processes.
[0220] The sample DNA is then evaluated with QPCR to
confirm the amount of DNA present in the sample. This
serves three purposes: 1 is to perform a secondary screen for
the presence of MTb in the sample; 2 is to verify the
molecular enrichment; and 3 is to establish an overall
quantification of the amount of DNA present in the sample.
This method as previously developed has demonstrated a
consistency of enrichment of no more than 3 fold variation
in the enriched sample DNA. Our method uses three genes
to confirm the enrichment. One gene result is used for
additional downstream processing.

[0221] F. Real Time Amplification of Samples Containing
M. tuberculosis DNA

[0222] Each sample is subjected to real-time PCR quan-
tification of the enriched sample DNA. Using a fluorigenic
probe system (5' nuclease assay, TagMan) as the signal
generating moiety.

[0223] The reaction components are as follow:

[0224] Reaction Mix:

[0225] 10xPCR buffer (500 mM Tris-HCl, pH 8.5, 5
mg/ml BSA (non-acetylated), 40 mM MgCl2,)

[0226] 10xdNTP 2 mM Each (also may use 4 mM dUTP
for contamination clean up purposes)

[0227] Enzyme (Thermostable DNA Polymerase) Tfi exo-
nuclease+(invitrogen, Carlsbad, Calif.)

[0228] And oligonucleotide primers (three different reac-
tions possible per sample), use primers at 0.5 uM final, and
fluorigenic probes at 0.2 uM Final.

[0229] Pan Mycobacterium Assay: MTb27.3 (conserved
protein):

CFP32 FOR:

(SEQ ID NO. 207)
TCGTTCATCACCGATCC
CFP32 REV:

(SEQ ID NO. 208)
GTGAGCAGTTCGTTCCA
CFP32 TM:

(SEQ ID NO. 209)
FLUORESCEIN-TCAACGAGACGGGCACGCT-BHQ1

[0230] IS6110 Transposase:

I1S6110 FOR;

(SEQ ID NO. 210)
TGCGAGCGTAGGCGTC
IS6110 REV:

(SEQ ID NO. 211)
GTCCAGCGCCGCTTC
I1S6110 TM;

(SEQ ID NO. 212)
FLUORESCEIN-CTGCTACCCACAGCCGGTTAGGT -BHQ1

[0231] PPE Family Protein Gene:

BTTb FOR;
(SEQ ID NO. 213)
GCCAGCATTGAGGAT
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BTTb REV;
(SEQ ID NO. 214)
CAATTCGGGCACCAATAR
BTTb TM;

(SEQ ID NO. 215)
FLUORESCEIN-TGCGATGCCGACGTTTCCG-BHQ1

[0232] IS6110 is a target that is not reliable for quantifi-
cation as it is present in the genome of MTb >1/genome.
[0233] BTTb and cfp32 genes are used for establishing
enrichment in the assay, both have similar signal crossing
values at cycle 34, versus the unenriched samples which are
either ‘flat” for BTTb or are 100x(>6 cycles) later than the
enriched sample (cfp32).

[0234] Each reaction has 1-5 ulL of purified or prepared
DNA solution added to the final reaction mix. The volume
information must be noted in the reaction setup, as the exact
volume will become a numerical divisor for downstream
processing. It is important to determine the relative quantity
of MTb DNA in a sample for subsequent mixing steps.
[0235] Amplification and Melting Analysis of MTb DNA
Sample and Controls

[0236] The enriched sample DNA is then analyzed with
the drug sensitivity marker assays. This assay is based on the
following information: hybridized DNA which is perfectly
matched by Watson/Crick base pairing rules will generate a
characteristic melting curve of the melting DNA. When the
same sequence is hybridized with a similar sequence of
DNA that contains 1 or more ‘mis-matched’ bases along the
length, the characteristic melting curve is no longer gener-
ated, but rather a new curve is generated that indicates the
difference in the melting characteristics for the mismatched
strands of DNA. To generate the mismatched sequences it is
not simply sufficient to use the amplified DNA for the
sample in question, rather it is necessary to also include a
sample of DNA that contains a sequence of DNA that is the
‘unmodified” DNA. Such that, when the two are mixed in
nearly equal proportions prior to, during, or at the end of an
amplification reaction, and they are hybridized together a
significant percentage of the hybridized templates are in
‘mis-matched’ hybridizations. Such that a melting curve can
be generated that will indicate the presence of a ‘mutation’
in the sample sequence. If these sample sequences that are
being amplified are designed to surround the nucleic acid
sequences of genes that are either themselves or their gene
products are the target of antimicrobial drugs. Then any
aberrant melting behavior from the samples will make
suspect the use of a particular drug for the treatment of the
microbiological infection as the organisms DNA will indi-
cate, or at least suggest, that the drug will be ineffective. This
may potentially be applied to cancer chemotherapy, viral
drug resistance, and antimicrobial drugs.

[0237] The process for performing this screen is as fol-
lows. Using the results from the three secondary screens for
MTb following molecular enrichment of the samples, the
results from the Cfp32 sample are used to calculate the
amount of DNA present in the sample. Alternatively, any
MTb amplicon can be used to determine the quantity of
DNA in the MTb sample relative to control DNA as long as
the amplicon is present in both. Further, separate control and
unknown amplicons could be assessed for determining the
relative DNA concentrations in control and test samples.
Our purpose for using only one has been for ease of
calculation.
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[0238] The calculated crossing threshold from the Roche
LightCycler 480 instrument, or virtually any real-time PCR
machine, is used to calculate the concentration of ‘wild-
type’ RPOB (Rifampicin) drug target to add to the screening
reaction. The control stock solution (1:1,000,000 dilution of
master stock) is diluted 10x for every 4 cycles that the
sample crosses baseline after cycle 18, in the case of the
example above with a CT value of 32, this is 14 cycles or a
5000xdilution (10—3.69). This can be easily presented as a
chart for the user or as a simple piece of software that will
calculate the volumes to be mixed prior to amplification
and/or melting.

[0239] The sample DNA and an equal amount of RPOB
‘normal, wild type, unmutated, non-resistant DNA’ is added
to the reaction. The reaction consists of the following
components:

[0240] 10xPCR buffer (500 mM Tris-HCI, pH 8.5, 5
mg/ml BSA, 30 mM MgCl2,)

[0241] 10xdNTP mix (No dUTPs)

[0242] Oligonucleotides at 0.5 uM (final) each

[0243] LCGreen+ or LCGreen Dye (Idaho Technology,
Inc)

[0244] Enzyme (Tfi (exo+)) or other thermostable poly-

merase with proofreading activity.
[0245] Mycobacterium RpoB gene, target of Rifampicin
(Antibiotic):

RPOB FOR:

(SEQ ID NO. 13)
CAAGGAGTTCTTCGGCACC
RPOB REV:

(SEQ ID NO. 14)
GGACCTCCAGCCCGGCA

[0246] A control reaction with only the RPOB sample as
well as 1,2 or more ‘resistant’ controls can and should also
be performed simultaneously, in separate reactions. We have
two control reactions where we have mixed in equal pro-
portions the RPOB normal control with one of the follow-
ing: 1 a single point mutation in the target region, or 2 a 3
base deletion of the target region. These three samples serve
to ensure the assay is performing as expected, controls for
each drug target should be included and would essentially
have similar characteristics.

[0247] The samples are amplified by the following proto-
col, on a LightCycler 480 instrument.

[0248] 95 C for 10 minutes

[0249] 40 cycles of:

[0250] 95 C for 10 s

[0251] 57 C for 10 s

[0252] 72 C for 40 s

[0253] 1 Cycle of Melting:

[0254] 95 C for 10 s

[0255] 50 C for 10 s

[0256] 70 C for 30 s

[0257] 95 C for Os with fluorescence acquisitions set to

25-35 acquisitions/degree C. (High Resolution melting).
The data can then be analyzed using the soon to be released
High Resolution Melting curve module for the LC 480
instrument or by using the LightScanner software from
(Idaho Technology, Inc.). Both packages allow one to set the
baseline samples (the positive control samples, as stan-
dards). Further, any device that can measure the quantity of
double stranded DNA (dsDNA) at specific temperatures
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during the melting can be used to generate melting curves.
The default curve settings are usually sufficient, though
occasionally the settings must be modified to be sure that the
control samples are being accurately called. If control
samples are accurately called then the reaction results can be
deemed acceptable and the diagnostic call can be made.
Thus, a difference between the control wild-type melting
curve and a melting curve from an unknown sample is
indicative of a point mutation or polymorphism between the
samples. In this case, with the rpoB region of MTb, the
difference between melting curves is indicative of the pres-
ence of Rifampicin resistant DNA in a test sample, and thus
can be used to diagnose the presence of Rifampicin resistant
MTb in a sample. In a similar manner, this technique can be
applied to analyze any DNA region where there are known
mutations that correlate with a change in a phenotype, and
is especially powerful for the assessment of drug resistance
or sensitivity.

Example 2: Determination of Drug Resistance or
Sensitivity in Human MTb Samples

[0258] The purpose of these experiments was to demon-
strate that clinical samples previously tested and confirmed
to contain MTb could be rapidly assessed for drug resistance
or sensitivity. Blinded clinical samples from MTb patients
were obtained that had been prepared by the Petroff method
and were resuspended in MGIT buffer (Becton Dickinson).
Samples were assessed for Rifampicin and Streptomycin
resistance using primer pairs, amplicons and melting tem-
peratures listed in Tables 2 and 3.

[0259] MTb Test Protocol:

[0260] Runsamples against H37RV standard sample using
cfp32 Tagman assay to quantitate samples.

[0261] Mastermix: 1xKappa without Sybr buffer (Kappa
Biosystems SYBRG1 master mix without SYBR), 1 ul
cfp32 oligo, 1.75 mM MgCl, QS to 9 ul with water

[0262] Place 18 ul of mastermix per sample into 384 well
plate.

[0263] Add 2 ul of samples.

[0264] Place a plate seal on plate and spin plate

[0265] Run in LC480 under cfp32 run protocol.

[0266] Denature 10 min at 95 C

[0267] Amplify: 95 C for 10 sec, 59 C for 40 sec (50
cycles)

[0268] From cfp32 assay determine dilution factor needed

for samples using the equation C=S*E'N

[0269] where C=10000000, E=Standard curve efficiency,
N=Cp value

[0270] Dilute samples to lowest concentration sample in
Myco buffer.

[0271] Run diluted samples in 80 bp rpob assay to deter-
mine resistance.

[0272] Mastermix: 1xKappa without Sybr, 0.5 ul 80 bp
Oligo, 1xEva green dye, QS to 9 ul with water

[0273] Place 9 ul of mastermix per sample into 384 well
late.

I[)0274] Add samples 0.5 ul of H37RV+0.5 ul of samples

into well.

[0275] Place a plate seal on plate and spin down

[0276] Run in LC480 under rpob run protocol.

[0277] Denature: 10 min at 95 C

[0278] amplification: 95 C for 10 sec

[0279] 57 C for 10 sec

[0280] 72 C for 40 sec with single acquisition
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[0281] Run samples until all samples have reached plateau
for 2 or 3 cycles (approx. 30 cycles).

[0282] End amplification protocol and all samples to go
through melting protocol.

[0283] Remove plate from [.C480 and centrifuge to collect
any condensation from top.

[0284] Melting protocol ramp to 95 C for 1 sec
[0285] 50 C for 1 sec
[0286] 70 C for 30 sec Start collecting melt data continu-

ously at 30 acquisitions/degree C.

[0287] End data collection at 95 C

[0288] Melt samples on HR-1 instrument.

[0289] Move samples from 384 well plate to 20 ul capil-
lary tubes.

[0290] Briefly spin labelled capillaries in centrifuge to

collect samples at bottom.

[0291] Using HR-1 instrument control software, melt
samples individually using the FI LAB MTb Opt Melt
protocol.

[0292] Ramp rate 0.07

[0293] acquisition start at 80 C with target Fluorescence of
90%

[0294] End acquisition at 96 C

[0295] Cool to 40 C

[0296] Note: Run 2 samples prior to data collection to

allow instrument to warm up properly.

[0297] Data Analysis
[0298] Open up HR-1 Melt Analysis tool software.
[0299] Open folder containing data files and click “select

current directory”

[0300] Select samples to analyze and click “continue”
[0301] Under “analyze” select normalize
[0302] Adjust left two cursors to approximately one

degree before melt begins
[0303] Adjust left two cursors to approximately one
degree after melt ends

[0304] Click OK

[0305] Under “Analyze” select temperature shift.

[0306] Under samples select a wild type sample to stan-
dardize to.

[0307] Adjust cursors to magnify melt region.

[0308] Select OK

[0309] Under “Analyze” select difference plot

[0310] Select wild type sample to standardize to.

[0311] Move cursors to select region of interest

[0312] click OK

[0313] Samples showing peaks on a curve difference plot

above or below a fluorescence level of 1.5 to 2 is considered
resistant.

[0314] FIG. 10 shows the results of this procedure in curve
difference plot formats using primers from Table 2 for the
amplification and the corresponding amplicon from Table 3
for the annealing and melting analysis. FIG. 10A shows the
analysis of 4 samples for rifampicin resistance or sensitivity
along with the control (wtl). FIG. 10B demonstrates the
ability to identify Streptomycin resistance in MTh samples.
These data demonstrate that this technique can successfully
differentiate between regions of DNA that are correlated
with Drug sensitivity and those containing polymorphisms
correlated with Drug Resistance. In a similar manner, the
methods and reagents disclosed herein can be used to assess
sensitivity or resistance to all of the first line antibiotics used
to treat MTb infections.
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Example 3: Determination of Resistance to Anti
Fungal Agents

[0315] Fungal and yeast infections are responsible for a
large number of diseases in humans. Some brief examples of
clinically significant fungi include:

[0316] Malassezia furfur and Exophiala werneckii (super-
ficial skin)

[0317] Piedraia hortae and Trichosporon beigelii (hair)
[0318] Microsporum species, (skin and hair)

[0319] Epidermophyton species (skin and nails)

[0320] Trichophyton species (skin, hair, and nails)
[0321] Sporothrix schenckii, Cladosporium species, Phia-
lophora species, and Fonsecaea species (subcutaneous/lym-
phatic tissues—chromoblastomycosis)

[0322] Histoplasma capsulatum, Coccidioides immitis,
Fusarium species, Penicillium species (systemic respira-
tory)

[0323] Blastomyces dermatitidis (subcutaneous/respira-
tory)

[0324] Cryptococcus neoformans (respiratory/CNS)
[0325] Aspergillus species, Mucor species, Candida spe-
cies, and Rhizopus species (opportunistic involving various
body sites)

[0326] Further, fungi are often responsible for common
infections such as yeast infections, jock itch, athletes foot,
and other dermatological issues. Resistance to antifungal
agents will make treatment ineffective, so identification of
appropriate drugs is useful.

[0327] In order to determine the resistance pattern to
terbinafine, a common antifungal agent used for Saccharo-
myces and Candida infections, primers from Table 2 were
used to amplify the corresponding amplicon from Table 3
using the method presented in Example 2. DNA isolated
from wild-type S. cerevisiae or a template containing a
mutation in the ERG1 gene that confers terbinafine resis-
tance were used as the starting materials, and the results of
the melting curve difference analysis are shown in FIG. 11.
The mutated sequence is easily discerned from the wild type
sequence. Thus, this method can be used to determine drug
resistance or sensitivity in fungal infections as well as other
pathogenic infections.

Example 4: Determination of Resistance and
Sensitivity Patterns for Human Cancers to
Chemotherapeutic Taxanes

[0328] Taxanes such as taxol, paclitaxel and docetaxel are
potent chemotherapeutic agents used to treat wide varieties
of cancers. Their mechanism of action is shared by epith-
ilones and work by binding and stabilizing tubulin polymers
in cells. The binding sites for these drugs on tubulin has been
described (Rao, S., Orr, G. A., Chaudhary, A. G., Kingston,
D. G., and Horwitz, S. B. (1995) J. Biol. Chem 270:20235-
20238) and mutations in this region or beta tubulin can cause
resistance to taxanes (Table 3). Template DNA was purified
by standard means and subjected to the method presented in
Example 2, using primers from Table 2 to amplify the
corresponding regions in Table 3. Two amplicons with
mutations that caused resistance to taxanes (B-tub R282Q
and B-tub T2471) were easily distinguishable from two
independent reactions with wild type DNA (wtl and wit2;
FIG. 12) using this methodology. Thus, this method could be
used to diagnose sensitivity or resistance to chemotherapeu-
tic agents to allow physicians the opportunity to better
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understand the nature of the cancer and what treatments are
likely to be effective or ineffective.

Example 5

[0329] Malaria is an infectious disease caused by the
parasite called Plasmodia. There are four identified species
of'this parasite causing human malaria, namely, Plasmodium
vivax, P. falciparum, P. ovale and P. malariae. 300-500
Million people are infected each year. The most common
treatment is chloroquine, but resistance to chloroquine has
been emerging. Currently, the World Health Organization
(WHO) utilizes a method to detect chloroquine resistant
mutations that takes 28 days.

[0330] The method described in Example 2 was similarly
applied to determine its ability to differentiate between
chloroquine resistant and chloroquine sensitive DNA. The
primers presented in Table 2 were used to amplify the
amplicon presented in Table 3. FIG. 13 shows the results of
this assay, which demonstrate that the method can readily
identify a mutation in this region that results in Chloroquine
resistance versus a normal chloroquine sensitive region.
Thus, this method could be used to assess the drug sensi-
tivity of parasite infections and allow better treatments.
Further, this assay can be performed in less than a day, which
is significantly faster than current methods (http://www.
malariasite.com/MALARIA/DrugResistance.htm).

Example 6: Determination of Drug Resistance in
HIV Infected Individuals

[0331] Zidovudine (INN) or azidothymidine (AZT) (also
called ZDV) is an antiretroviral drug, the first approved for
treatment of HIV. Its mechanism of action is through block-
age of the HIV reverse transcriptase, which prevents repli-
cation of the viral genetic material. Mutations in regions of
the HIV reverse transcriptase have rendered the viruses
resistant to these first line drugs.

[0332] FIG. 14 shows the melting curve difference plots of
2 independent runs using the method presented in Example
2 to discriminate between wild type and ZDV-resistant
DNA. The primers presented in Table 2 were used to amplify
the regions presented in Table 3. This example clearly
demonstrates that this method is applicable to determining
drug resistance or sensitivity in viral pathogens as well.

Example 7: Determination of Methicillin Resistance
in Staphylococcus aureus Infections

[0333] Methicillin-resistant  Staphylococcus — aureus
(MRSA) infection is caused by Staphylococcus aureus bac-
teria—often called “staph.” Decades ago, a strain of staph
emerged in hospitals that was resistant to the broad-spec-
trum antibiotics commonly used to treat it. Dubbed methi-
cillin-resistant Staphylococcus aureus (MRSA), it was one
of the first germs to outwit all but the most powerful drugs.
MRSA infection can be fatal. Because of this, it is important
to determine whether a given staph infection is multi drug
resistant so that proper treatment can be administered.
Generally, staph is collected from tissues or nasal secretions,
but can also be isolated from throat samples or open wounds.
Standard methods are used to extract the DNA from the
clinical sample,

[0334] FIG. 15 demonstrates that this method can dis-
criminate between multi drug resistant staph infections and
normal staph infections. Using the primers presented in
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Table 2 to amplify the region disclosed in Table 3, with the
method presented in Example 2, this method could discern
between wild type regions of the staph DNA and regions
with a single point mutation that results in multi drug
resistance.

Example 8: Assessment of MTb Infection by
Dynaminc Flux Amplification

[0335] Biological samples suspected of being infected
with MTb were assessed for the presence of MTbh DNA
using dynamic flux amplification. Human samples either
positive or negative for MTb infection were treated using the
following procedure:

[0336] Oligos are the FI-15 MTb primers (Example 1)
[0337] The reaction conditions are:
[0338] 1: 10xFI-15 Buffer (50 mM Tris-HCI, 8.0; 0.25

mg/ml Native (non-acetylated BSA); 2 mM MgCl12; 4%
DMSO; 2 mM each dNTPs)
[0339] 2: Enzyme Gene-Choice HS-TagPolymerase,

although other thermostable DNA polymerases are accept-
able.

[0340] 3: Primers at 0.5 uM Final
[0341] 4: Thermal cycling: 90—10 sec
[0342] Either 74, 76, 78, or 80° C.—10 sec (50+ cycles)

(currently done in <1.25 hrs)

[0343] FIG. 16 shows the results of this reaction at dif-
ferent temperatures for the thermocycling. This experiment
was performed in a PCR to simulate the conditions of a
heating block in the lab, which when set at 80° C. displayed
a temperature cycle of +/-5° C. Each pair of wells per-
formed at a single temperature contains a first reaction that
uses a template positive for MTb DNA, and the second a
template negative for MTb DNA prepared similarly. The
expected 150 bp amplification product appears at all tem-
perature cycling conditions tested only in samples positive
for MTb, but is not amplified in control samples. Thus, a
field DNA amplification test could be used to assess MTh
infections in human samples, using only a standard sample
collection and preparation protocol, a heating block to
amplify a specific product, and a means to detect said
product. This has the potential to allow field diagnosis of
MTb infection without the need to send the samples to a
designated testing center. Further, it can give a rapid result,
requiring only a little over an hour of thermocycling time to
amplify the product.

Example 9: Dynamic Flux Amplification to Identify
the Presence of Salmonella typhimurium in a Test
Sample

[0344] The purpose of this example is to demonstrate that
dynamic flux amplification can be used to amplify a specific
region of DNA from a biological sample. Thus, instead of
using a costly PCR machine, such reactions could take place
in a heating block or any device that holds a temperature. If
the hold is not highly accurate and maintains the temperature
through cycling between heating and off phases, there is a
natural flux in the temperature. This is true for heating
blocks, heating ovens, and even refrigerators or freezers
(although cooling instead of heating).

[0345] Salmonella typhimurium DNA was isolated from
biological samples by standard methods. Samples or control
DNA (no template or E. coli template) mixtures were
prepared and subjected to the following conditions:
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Forward primer:
caccacgctcaccgatgatgecctgetttg
Tm 77C

Reverser primer:
actgggagccattaaccgecateggtgetyg
Tm 75C

[0346] Template:

actgggagccattaaccgcateggtgetgtecgeggecagggtgece
tgcecgecagattggtgattttgetggegetteegttacggetggeg

ctgaatgtgccagaggctgcateccaaagecagggeatcateggtga

gegtggty
Tm = 92C
[0347] Reagents:
[0348] 10xbuffer (same as before)
[0349] dNTPS (2 mM each)
[0350] 3 mM MgCl
[0351] Primers @ 0.5 uM each
[0352] Dye: LC Green (Idaho Technology, Inc Salt Lake
City, Utah)
[0353] Enzyme: Tfi (exo-) Invitrogen
[0354] Thermal cycling conditions: initial hold at 79 C for

15 minutes (equivalent to the use of a heating block set to
77-78 degrees Celsius); 90 Cycles: 79 1 min; 76 1 min FIG.
17 shows that a specific product is amplified detectable at
cycle 62 and higher. Amplification is only seen in the
reaction containing S. fyphimurium DNA and not in samples
containing no DNA or E. coli DNA (not shown). Thus, this
technology could be used to identify the presence of S.
typhimurium in a biological sample and indication the
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presence of bacterial infection if the sample is of non-
bacterial origin, such as a human sputum sample or throat
swab. Advantageously, the above method can amplify DNA
without the use of a thermocycler. Detection of amplified
products can be assessed by any traditional methods, includ-
ing, but not limited to, gel analysis or electrophoresis, UV
detection, fluorescent detection, gold detection, capture of
hybrids in a ELISA or rapid in vitro diagnostic assay, capture
of amplified products by lateral flow, and the like. In some
embodiments, primers may be labeled, especially at the 5'
end or with internal labels, to allow detection of specific
amplified products.

REFERENCES

[0355] The following U.S. Patents and Pre-Grant Publi-
cations are each incorporated herein by specific reference;
U.S. Pat. Nos. 4,683,195, 4,965,188; 6,214,587, 6,692,918,
5,219,727, 5,476,774; 5,314,809; 6,040,166; 6,197,563,
6,001,611; 6,617,137, 7,074,600; 6,977,148; 6,740,745,
6,033,881, 7,160,998, 7,081,226; 20070054311,
20050233363;  20050181394;  20040248105;  and
20070020672.

[0356] All publications and patent applications cited in
this specification are herein incorporated by reference in
their entirety for all purposes as if each individual publica-
tion or patent application were specifically and individually
indicated to be incorporated by reference for all purposes.
[0357] Although the foregoing invention has been
described in some detail by way of illustration and example
for purposes of clarity of understanding, it will be readily
apparent to one of ordinary skill in the art in light of the
teachings of this invention that certain changes and modi-
fications can be made thereto without departing from the
spirit or scope of the appended claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 215

<210> SEQ ID NO 1

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Human immunodeficiency virus
<400> SEQUENCE: 1

aaggccaatyg gacatatcaa a

<210> SEQ ID NO 2

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Human immunodeficiency virus

<400> SEQUENCE: 2

gggcaccect cattett

<210> SEQ ID NO 3

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Plasmodium

<400> SEQUENCE: 3

tatttattta agtgtatgtg taatg

21

17

25



US 2019/0271036 Al

37

-continued

Sep. 5, 2019

<210> SEQ ID NO 4

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Plasmodium

<400> SEQUENCE: 4

caattttgtt taaagttctt ttagce

<210> SEQ ID NO 5

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Homo Sapiens

<400> SEQUENCE: 5

tceccacgtet ccattt

<210> SEQ ID NO 6

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Homo Sapiens

<400> SEQUENCE: 6

tgagttccgg cactgt

<210> SEQ ID NO 7

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae
<400> SEQUENCE: 7

ttcaatgcta agaatcctge tc

<210> SEQ ID NO 8

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae
<400> SEQUENCE: 8

agattggcat atgatcacta cc

<210> SEQ ID NO 9

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Staphylococcus aureus

<400> SEQUENCE: 9

aaagctgcaa atattaagga

<210> SEQ ID NO 10

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Staphylococcus aureus

<400> SEQUENCE: 10
ggcaatataa cctgcac
<210> SEQ ID NO 11
<211> LENGTH: 17

<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis

25

16

16

22

22

20

17
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<400> SEQUENCE: 11

gagcgtgtgg tggtcag

<210> SEQ ID NO 12
<211> LENGTH: 17
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 12
cgtettgteg gtggact
<210> SEQ ID NO 13

<211> LENGTH: 19
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 13
caaggagtte tteggecacc
<210> SEQ ID NO 14

<211> LENGTH: 17
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 14

ggacctccag ccceggca
<210> SEQ ID NO 15

<211> LENGTH: 16
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 15
ggtggcacag gccaat
<210> SEQ ID NO 16

<211> LENGTH: 16
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 16
gaagcgaccg tccgca
<210> SEQ ID NO 17

<211> LENGTH: 15
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 17

ccgegegtge tggte

<210> SEQ ID NO 18
<211> LENGTH: 19
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 18

tccatgtagt ccacctecag

<210> SEQ ID NO 19

17

17

19

17

16

16

15

19
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<211>
<212>

<213> ORGANISM: Mycobacterium tuberculosis

<400>

LENGTH: 16
TYPE: DNA

SEQUENCE :

19

cagtcgeceg aacgta

<210> SEQ ID NO 20

<211>
<212>

<213> ORGANISM: Mycobacterium tuberculosis

<400>

LENGTH: 15
TYPE: DNA

SEQUENCE :

tggtagtceg cecget

20

<210> SEQ ID NO 21

<211>
<212>

<213> ORGANISM: Mycobacterium tuberculosis

<400>

caatcgagge ggtgttet

LENGTH: 18
TYPE: DNA

SEQUENCE :

21

<210> SEQ ID NO 22

<211>
<212>

<213> ORGANISM: Mycobacterium tuberculosis

<400>

LENGTH: 13
TYPE: DNA

SEQUENCE :

cgacgecegeg ttg

<210>
<211>
<212>
<213>

<400>

SEQ ID NO
LENGTH: 14
TYPE: DNA

ORGANISM: Mycobacterium tuberculosis

SEQUENCE :

gatgcgcace gcca

<210>
<211>
<212>
<213>

<400>

SEQ ID NO
LENGTH: 16
TYPE: DNA

ORGANISM: Mycobacterium tuberculosis

SEQUENCE :

22

23

23

24

24

geggtgecat caggag

<210> SEQ ID NO 25

<211>
<212>

<213> ORGANISM: Mycobacterium tuberculosis

<400>

LENGTH: 15
TYPE: DNA

SEQUENCE :

geggeggact accat

<210>
<211>
<212>
<213>

<400>

SEQ ID NO
LENGTH: 18
TYPE: DNA

ORGANISM: Mycobacterium tuberculosis

SEQUENCE :

25

26

26

16

15

18

13

14

16

15
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gattgccgac gtgtccag

<210> SEQ ID NO 27

<211> LENGTH: 13

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 27

gcaacgcgge gte

<210> SEQ ID NO 28

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 28

cectggtgge caage

<210> SEQ ID NO 29

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 29

gettggecac caggyg

<210> SEQ ID NO 30

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 30

ctggeggtge geatce

<210> SEQ ID NO 31

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 31

ccgegtgtac accacca

<210> SEQ ID NO 32

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 32

agcgcacacce aggcag

<210> SEQ ID NO 33

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 33

ggattgacgg taggtggaga

<210> SEQ ID NO 34
<211> LENGTH: 21
<212> TYPE: DNA

18

13

15

15

15

17

16

20
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<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 34

acgctegcac cctacgtatt a

<210> SEQ ID NO 35

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 35

ceegectggy gagt

<210> SEQ ID NO 36

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 36

catgctecege cgett

<210> SEQ ID NO 37

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 37

tagccaaagt cttgactgat

<210> SEQ ID NO 38

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 38

gegecattcac tgette

<210> SEQ ID NO 39

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 39

tgtgatatat cacctttgece t

<210> SEQ ID NO 40

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 40

cggggaattyg atcgec

<210> SEQ ID NO 41

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 41

accagctcac cgete

21

14

15

20

16

21

16

15
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<210> SEQ ID NO 42

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 42

ggtgatagtyg gtgaagtagt

<210> SEQ ID NO 43

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 43

gegttcagea agetca

<210> SEQ ID NO 44

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 44

cgcgaatteg ctgtca

<210> SEQ ID NO 45

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 45

ctgtgegeat gcaac

<210> SEQ ID NO 46

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 46

tcceggttag gecga

<210> SEQ ID NO 47

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 47

caaacggatt ctggttageg

<210> SEQ ID NO 48

<211> LENGTH: 17

<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 48
ggttgatgce catcceg
<210> SEQ ID NO 49
<211> LENGTH: 17

<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis

20

16

16

15

15

20

17
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<400> SEQUENCE: 49
caagtacggt gtgegtt
<210> SEQ ID NO 50

<211> LENGTH: 16
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 50

gecgacgate gcacte
<210> SEQ ID NO 51

<211> LENGTH: 18
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 51
gagccgattt cacgaacc
<210> SEQ ID NO 52

<211> LENGTH: 17
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 52

ctegtttacg cctcaga
<210> SEQ ID NO 53

<211> LENGTH: 16
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 53

tgggcceggat ggaatc

<210> SEQ ID NO 54
<211> LENGTH: 17
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 54
gacgacgaac gaaatgt
<210> SEQ ID NO 55

<211> LENGTH: 17
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 55

ctgectgegea attegta

<210> SEQ ID NO 56

<211> LENGTH: 16
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 56

gatcceccegg tttect

<210> SEQ ID NO 57

17

16

18

17

16

17

17

16
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<211>
<212>

<213> ORGANISM: Mycobacterium tuberculosis

<400>

LENGTH: 15
TYPE: DNA

SEQUENCE :

gecgacagac catce

57

<210> SEQ ID NO 58

<211>
<212>

<213> ORGANISM: Mycobacterium tuberculosis

<400>

LENGTH: 16
TYPE: DNA

SEQUENCE :

58

gtcgtagecyg tgatga

<210> SEQ ID NO 59

<211>
<212>

<213> ORGANISM: Mycobacterium tuberculosis

<400>

tccgacgate cgttctac

LENGTH: 18
TYPE: DNA

SEQUENCE :

59

<210> SEQ ID NO 60

<211>
<212>

<213> ORGANISM: Mycobacterium tuberculosis

<400>

LENGTH: 17
TYPE: DNA

SEQUENCE :

60

gagcgcaaca ccgttee

<210> SEQ ID NO 61

<211>
<212>

<213> ORGANISM: Mycobacterium tuberculosis

<400>

LENGTH: 17
TYPE: DNA

SEQUENCE :

61

gacttccteg acgaacc

<210> SEQ ID NO 62

<211>
<212>

<213> ORGANISM: Mycobacterium tuberculosis

<400>

gectgecacga tcaatace

LENGTH: 18
TYPE: DNA

SEQUENCE :

62

<210> SEQ ID NO 63

<211>
<212>

<213> ORGANISM: Mycobacterium tuberculosis

<400>

ttcaacccga tgacctacyg

<210>
<211>
<212>
<213>

<400>

LENGTH: 19
TYPE: DNA

SEQUENCE :

SEQ ID NO

LENGTH: 17
TYPE: DNA

ORGANISM: Mycobacterium tuberculosis

SEQUENCE :

63

64

64

15

16

18

17

17

18

19
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ggtgatcacce ttggecg

<210> SEQ ID NO 65

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 65

tggggtctat gtectga

<210> SEQ ID NO 66

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 66

gcagtacctt cagattgag

<210> SEQ ID NO 67

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 67

ggctcaatct gaaggtact

<210> SEQ ID NO 68

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 68

gggccagetyg ttaag

<210> SEQ ID NO 69

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 69

ttcgegeege ttaac

<210> SEQ ID NO 70

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 70

ggttceggty ccatac

<210> SEQ ID NO 71

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 71
gtatggcace ggaacc
<210> SEQ ID NO 72

<211> LENGTH: 17
<212> TYPE: DNA

17

17

19

19

15

15

16

16
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<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 72

tcecttggegyg tgtattg

<210> SEQ ID NO 73

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 73

cgcteccega cgatg

<210> SEQ ID NO 74

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 74

gacttgtgge tgcagg

<210> SEQ ID NO 75

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 75

cctgcageca caagt

<210> SEQ ID NO 76

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 76

gcaggttege cttgte

<210> SEQ ID NO 77

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 77

cggcecgagta catge

<210> SEQ ID NO 78

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 78

ggctcccagg tgatac

<210> SEQ ID NO 79

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 79

ggcaaggatg gcagt

17

15

16

15

16

15

16

15
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<210> SEQ ID NO 80

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 80
gcacgtcgaa cctgt
<210> SEQ ID NO 81
<211> LENGTH: 15
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 81
ggcgggcatyg tttet
<210> SEQ ID NO 82
<211> LENGTH: 15
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 82

ggcgatgate ggete

<210> SEQ ID NO 83

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 83

ggcgatgatt tcccagt

<210> SEQ ID NO 84

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 84

gccaaagect gtaggt

<210> SEQ ID NO 85

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 85

tcggegacaa cctee

<210> SEQ ID NO 86

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 86

gecccggata ccagag

<210> SEQ ID NO 87

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

15

15

15

17

16

15

16
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<400> SEQUENCE: 87
actcggttta tcacgacg
<210> SEQ ID NO 88

<211> LENGTH: 16
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 88

ccatggctac caggac
<210> SEQ ID NO 89

<211> LENGTH: 18
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 89
gtatacatcg gtgcttge
<210> SEQ ID NO 90

<211> LENGTH: 16
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 90

gcaccagegg tgaaca
<210> SEQ ID NO 91

<211> LENGTH: 15
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 91

gegaccgatyg gactg

<210> SEQ ID NO 92
<211> LENGTH: 16
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 92
ccaccacggt gatcag
<210> SEQ ID NO 93

<211> LENGTH: 15
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 93

cgccatcace gacte

<210> SEQ ID NO 94

<211> LENGTH: 15
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 94

ttgcggtecg atgte

<210> SEQ ID NO 95

18

16

18

16

15

16

15

15
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<211>
<212>

<213> ORGANISM: Mycobacterium tuberculosis

<400>

LENGTH: 16
TYPE: DNA

SEQUENCE :

95

ttcggettee tgctet

<210> SEQ ID NO 96

<211>
<212>

<213> ORGANISM: Mycobacterium tuberculosis

<400>

LENGTH: 15
TYPE: DNA

SEQUENCE :

ggtttgctgg cctee

96

<210> SEQ ID NO 97

<211>
<212>

<213> ORGANISM: Mycobacterium tuberculosis

<400>

LENGTH: 15
TYPE: DNA

SEQUENCE :

tcaacaacgg cctge

97

<210> SEQ ID NO 98

<211>
<212>

<213> ORGANISM: Mycobacterium tuberculosis

<400>

LENGTH: 16
TYPE: DNA

SEQUENCE :

98

atggaccget cgatca

<210> SEQ ID NO 99

<211>
<212>

<213> ORGANISM: Mycobacterium tuberculosis

<400>

LENGTH: 16
TYPE: DNA

SEQUENCE :

99

caccgtcate ctgacc

<210>
<211>
<212>
<213>

<400>

SEQ ID NO
LENGTH: 15
TYPE: DNA

ORGANISM: Mycobacterium tuberculosis

SEQUENCE :

ttttggegeg aaccc

100

100

<210> SEQ ID NO 101

<211>
<212>

<213> ORGANISM: Mycobacterium tuberculosis

<400>

LENGTH: 15
TYPE: DNA

SEQUENCE :

ggctggtceca acgtg

<210>
<211>
<212>
<213>

<400>

SEQ ID NO
LENGTH: 18
TYPE: DNA

ORGANISM: Mycobacterium tuberculosis

SEQUENCE :

101

102

102

16

15

15

16

16

15

15
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gecattggtat caggctceg

<210> SEQ ID NO 103

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 103

ttcgecccgag caaag

<210> SEQ ID NO 104

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 104

cegttagtge cgtet

<210> SEQ ID NO 105

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 105

atgtcacgct gcaac

<210> SEQ ID NO 106

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 106

gatccteegt cttceteca

<210> SEQ ID NO 107

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 107

cgcgaactga accaga

<210> SEQ ID NO 108

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 108

geggtatgeg cctta

<210> SEQ ID NO 109

<211> LENGTH: 16

<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 109
gagcaggtge tttcee
<210> SEQ ID NO 110

<211> LENGTH: 15
<212> TYPE: DNA

18

15

15

15

18

16

15

16
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<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 110

ctctgttgee gaacg

<210> SEQ ID NO 111

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 111

gggttcctat ggegyg

<210> SEQ ID NO 112

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 112

ggttgaacaa cccaagtce

<210> SEQ ID NO 113

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 113

cgatcccgat aggtgttt

<210> SEQ ID NO 114

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 114

ggcacccaga ttcagac

<210> SEQ ID NO 115

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 115

atcacaggag tggagtt

<210> SEQ ID NO 116

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 116

aagatgttge gcgaat

<210> SEQ ID NO 117

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 117

tacgaaccac acgttgce

15

15

18

18

17

17

16
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<210> SEQ ID NO 118

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 118

gttggctace cgacag

<210> SEQ ID NO 119

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 119

gettgacgee gctac

<210> SEQ ID NO 120

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 120

gaagttgagt tcgcaggt

<210> SEQ ID NO 121

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 121

cagccgatge cgetg

<210> SEQ ID NO 122

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 122

cgccgatgeg gtaagaa

<210> SEQ ID NO 123

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 123

acagcgccaa cgtca

<210> SEQ ID NO 124

<211> LENGTH: 16

<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 124
gacgatcgga ggtegt
<210> SEQ ID NO 125
<211> LENGTH: 15

<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis

16

15

18

15

17

15

16
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<400> SEQUENCE: 125
tcgecgetag getga
<210> SEQ ID NO 126

<211> LENGTH: 15
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 126

atctgetgge cgaac
<210> SEQ ID NO 127

<211> LENGTH: 15
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 127
cgggtacgece caaat
<210> SEQ ID NO 128

<211> LENGTH: 16
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 128

ccagatggtyg actceg
<210> SEQ ID NO 129

<211> LENGTH: 18
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 129
attccaatat cggttgge
<210> SEQ ID NO 130

<211> LENGTH: 16
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 130
ccacgatcge cattgt
<210> SEQ ID NO 131

<211> LENGTH: 16
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 131

ggtgagcaca tcgacc

<210> SEQ ID NO 132

<211> LENGTH: 17
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 132

atagctggeg atgttga

<210> SEQ ID NO 133

15

15

15

16

18

16

16
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<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 133

cgccgaccetyg tttet

<210> SEQ ID NO 134

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 134

cggctagaag tagttteg

<210> SEQ ID NO 135

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 135

gcaactacca cccgca

<210> SEQ ID NO 136

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 136

gtagcgcage gacca

<210> SEQ ID NO 137

<211> LENGTH: 81

<212> TYPE: DNA

<213> ORGANISM: Human immunodeficiency virus
<400> SEQUENCE: 137

aaggccaatyg gacatatcaa atttatcaag agccatttaa aaatctgaaa acaggaaaat
atgcaagaat gaggggtgece ¢

<210> SEQ ID NO 138

<211> LENGTH: 62

<212> TYPE: DNA

<213> ORGANISM: Plasmodium

<400> SEQUENCE: 138

tatttattta agtgtatgtg taatgaataa aatttttget aaaagaactt taaacaaaat
tg

<210> SEQ ID NO 139

<211> LENGTH: 90

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 139
tcccacgtet ccatttettt atgectgget ttgeccctet caccageegt ggaagecage

agtatcgage tctcacagtg ccggaactca

<210> SEQ ID NO 140
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<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 140

ttcaatgcta agaatcctge tcctatgecac ggtcacgtta ttettggtag tgatcatatg
ccaatct

<210> SEQ ID NO 141

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Staphylococcus aureus

<400> SEQUENCE: 141

aaagctgcaa atattaagga aaataatacc attgttgtta gacacatttt aggtaaagtg
caggttatat tgce

<210> SEQ ID NO 142

<211> LENGTH: 81

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 142

gagegtgtygyg tggtcagcca getggtgegg tegecegggyg tgtacttega cgagaccatt
gacaagtcca ccgacaagac g

<210> SEQ ID NO 143

<211> LENGTH: 137

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 143

caaggagttce ttcggcacca gccagectgag ccaattcatg gaccagaaca acccgetgte
ggggttgace cacaagcgcece gactgtcegge getggggece ggeggtetgt cacgtgageg
tgcegggetyg gaggtec

<210> SEQ ID NO 144

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 144

ggtggcacayg gccaattcge cgatcgatge ggacggtcege tte

<210> SEQ ID NO 145

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 145

cegegegtge tggtecgecg caaggeggge gaggtggagt acgtgcccte gtcetgaggtg

gactacatgg a

<210> SEQ ID NO 146

<211> LENGTH: 151

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
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<400> SEQUENCE: 146

cagtcgeceg aacgtatggt ggacgtatge gggegttgat categtcgac gtgcagaacg
acttctgega gggtggeteg ctggeggtaa ceggtggege cgegetggee cgegecatca
gegactacct ggccgaageg gceggactace a

<210> SEQ ID NO 147

<211> LENGTH: 111

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 147

caatcgagge ggtgttctac aagggtgect acaccggage gtacagegge ttcgaaggag
tcgacgagaa cggcacgeca ctgctgaatt ggetgeggea acgeggegte g

<210> SEQ ID NO 148

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 148

gatgcgcace gccagegteg agttggtttyg cagctcectga tggcaccge

<210> SEQ ID NO 149

<211> LENGTH: 159

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 149

geggeggact accatcacgt cgtggcaace aaggacttece acatcgaccce gggtgaccac
ttcteeggea caccggacta ttectegteg tggecaccge attgegtecag cggtactccce
ggcgeggact tccatcccag tetggacacg teggcaatce

<210> SEQ ID NO 150

<211> LENGTH: 101

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 150

gcaacgcgge gtcgatgagg tcegatgtggt cggtattgec accgatcatt gtgtgegeca
gacggccgag gacgeggtac gcaatggett ggccaccagg g

<210> SEQ ID NO 151

<211> LENGTH: 88

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 151

gettggecac cagggtgctg gtggacctga cagegggtgt gteggecgat accaccegteg
cegegetgga ggagatgege accgecag

<210> SEQ ID NO 152

<211> LENGTH: 179

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 152
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cegegtgtac accaccacte cgaagaagcece gaacteggeg ctteggaagg ttgccegegt

gaagttgacg agtcaggtcg aggtcacgge gtacattcce ggcgagggeco acaacctgea
ggagcactcg atggtgcetgg tgcgeggegyg ccegggtgaag gacctgectyg gtgtgeget
<210> SEQ ID NO 153

<211> LENGTH: 76

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 153

ggattgacgg taggtggaga agaagcaccyg gccaactacg tgccagcagce cgeggtaata
cgtagggtge gagegt

<210> SEQ ID NO 154

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 154

cecegectggyg gagtacggece gcaaggctaa aactcaaagg aattgacggg ggcccgcaca
agcggcggag catg

<210> SEQ ID NO 155

<211> LENGTH: 142

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 155

tagccaaagt cttgactgat tccagaaaag ggagtcatat tgtctagtgt gtcectctata
ccggactacyg ccgaacagcet ceggacggece gacctgegeg tgaccegace gegegtegece
gtcetggaag cagtgaatge ge

<210> SEQ ID NO 156

<211> LENGTH: 125

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 156

tgtgatatat cacctttgee tgacagegac ttcacggcac gatggaatgt cgcaaccaaa
tgcattgtce gectttgatga tgaggagagt catgecactg ctaaccattg gegatcaatt
ceceeg

<210> SEQ ID NO 157

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 157

accagctcac cgcteteate ggeggtgace tgtccaaggt cgacgecaag cagecceggeg

actacttcac cactatcacc

<210> SEQ ID NO 158

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
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<400> SEQUENCE: 158

gegttcagea agcetcaatga cgagttcgag gaccgcgacg cccagatcct gggggttteg
attgacagcyg aattcgeg

<210> SEQ ID NO 159

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 159

ctgtgegeat gcaactggeg caagggcgac ccgacgcetag acgetggega actcctcaag
getteggect aaccggga

<210> SEQ ID NO 160

<211> LENGTH: 299

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 160

caaacggatt ctggttagceg gaatcatcac cgactegteg atcgegttte acatcgcacg
ggtagcccag gagcagggeg cccagetggt getcacceggg ttegaccgge tgeggetgat

tcagcgcate accgaccgge tgccggcaaa ggecccgetg ctcgaacteg acgtgcaaaa

cgaggagcac ctggecaget tggecggeceg ggtgaccgag gegategggg cgggcaacaa

getegacggyg gtggtgcatt cgattgggtt catgecgcag accgggatgg gecatcaacce

<210> SEQ ID NO 161

<211> LENGTH: 120

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 161

aagtacggtyg tgcgttcgaa tctegttgee geaggeecta tecggacget ggegatgagt
gegategteg geggtgeget cggegaggag gecggegecoe agatccaget getcgaggag
<210> SEQ ID NO 162

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 162

gagccgattt cacgaaccgg tggggacgtt catggtccce gecggtttgt gegeataceg
tgatctgagyg cgtaaacgag

<210> SEQ ID NO 163

<211> LENGTH: 260

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 163

tgggcceggat ggaatcgaaa cegetgegee ggggecataa aatgattate ggcatgeggg
gttcectatgg cggegtggte atgattggea tgctgtegte ggtggtegga cttgggttgt

tcaaccecget atceggtgggg gecgggttga tecteggeeg gatggeatat aaagaggaca

aacaaaaccyg dgttgctgegg gtgegeageg aggccaagge caatgtgegg cgettegteg
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acgacattte gttegtegte

<210> SEQ ID NO 164

<211> LENGTH: 292

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 164

ctgctgegea attegtaggg cgtcaataca ccegeageca gggectceget geccagaaag
ggatccegtca tggtcgaagt gtgctgagte acaccgacaa acgtcacgag cgtaacccca
gtgcgaaagt tcccgccgga aatcgcagece acgttacget cgtggacata ccgatttegg
ceceggecgeg gcogagacgat aggttgtegg ggtgactgec acagcecactyg aaggggcecaa
acccccatte gtatccegtt cagtectggt taccggagga aaccggggga te

<210> SEQ ID NO 165

<211> LENGTH: 79

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 165

gecgacagac catceggetg tetggaacca ccceggtegtt gacccacata ccgtegagec
cgatcatcac ggctacgac

<210> SEQ ID NO 166

<211> LENGTH: 68

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 166

tccgacgate cgttcetactt cecacctgee ggetaccage atgecgtgee cggaacggtg
ttgcgete

<210> SEQ ID NO 167

<211> LENGTH: 116

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 167

gacttccteg acgaacccct tgaggacatt ctgtcegacge cggaaattte ccatgtette
ggcgacacca agctgggtag cgcggtgece accccgecgg tattgatcegt geagge
<210> SEQ ID NO 168

<211> LENGTH: 63

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 168

ttcaacccga tgacctacge cggcatggeg agactggeeg tgatcgegge caaggtgatce

acc

<210> SEQ ID NO 169

<211> LENGTH: 296

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 169
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tggggtctat gtcctgattg ttegatatce gacacttege gatcacatce gtgatcacag 60
cccgataaca ccaactectg gaaggaatge tgtgeccgag caacacccac ccattacaga 120
aaccaccacce ggagccgeta gcaacggetyg tceegtegtg ggtcatatga aatacccegt 180
cgagggegge ggaaaccagg actggtggece caaccggetce aaagtatact ttatggggca 240
getecegeeyg cctttggtee tgaccaccegyg gttggecgag tttetgaagyg tactge 296
<210> SEQ ID NO 170
<211> LENGTH: 284
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 170
ggctcaatct gaaggtactg caccaaaacc cggccgtege tgacccgatyg ggtgeggegt 60
tcgactatge cgcggaggte gegaccateg acgttgacge cetgacgegg gacatcgagg 120
aagtgatgac cacctegeag cegtggtgge ccgecgacta cggecactac gggecgetgt 180
ttatccggat ggcegtggecac getgecggea cctaccgeat ccacgacgge cgeggeggeg 240
cegggggegy catgcagegg ttegegecge ttaacagetg gecce 284
<210> SEQ ID NO 171
<211> LENGTH: 660
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 171
ttcgegeege ttaacagetg geccgacaac gecagettgg acaaggegeg cceggetgetg 60
tggccggtca agaagaagta cggcaagaag ctetecatggg cggacctgat tgttttegece 120
ggcaactgceg cgctggaatc gatgggette aagacgtteg ggtteggett cggeegggte 180
gaccagtggg agcccgatga ggtctattgg ggcaaggaag ccacctgget cggegatgag 240
cgttacageg gtaageggga tctggagaac ccgetggeeg cggtgcagat ggggetgate 300
tacgtgaacc cggaggggece gaacggcaac ccggacccca tggecgegge ggtcgacatt 360
cgcgagacgt tteggegeat ggecatgaac gacgtcgaaa cageggeccg ccagcetgtaa 420
gegetetgea aagccgegta ceggtacttyg ctgcagettt gtegecegget gategtegge 480
ggtcacactt tcggtaagac ccatggegece ggcccggeeg atctggtegg ccccgaaccec 540

gaggctgete cgetggagca gatgggettyg ggctggaaga getegtageco ggggettggg 600
ctcegacgag gcgacctegt ctacccgaac ccgaccttet cgageattgg caccggaacce 660
<210> SEQ ID NO 172

<211> LENGTH: 162

<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 172

gtatggcacc ggaaccggta aggacgcgat caccagegge atcgaggtceg tatggacgaa 60
cacceccgacg aaatgggaca acagtttect cgagatcctyg tacggctacyg agtgggaget 120
gacgaagagc cctgctggceg cttggcaata caccgccaag ga 162

<210> SEQ ID NO 173
<211> LENGTH: 393
<212> TYPE: DNA
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<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 173

cgcteccega cgatgetgge cactgaccte tegetgeggg tggatcecgat ctatgagegg
atcacgegte gectggetgga acaccccgag gaattggeeg acgagttege caaggectgg
tacaagctga tccaccgaga catgggtece gttgegagat accttgggece getggteccce
aagcagaccce tgctgtggea ggatceggte cctgeggtea gecacgacct cgteggegaa
gecgagattyg ccagecttaa gagccagatce cgggcatcegg gattgactgt ctcacageta
gtttcgaceyg catgggegge ggcegtegteg tteegtggta gegacaageyg cggeggegec
aacggtggte gcatcegect geagecacaa gtce

<210> SEQ ID NO 174

<211> LENGTH: 356

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 174

cctgecageca caagtegggt gggaggtcaa cgacccegac ggggatctge gcaaggtceat
tcgcaccctyg gaagagatcce aggagtcatt caactcegeg gegecgggga acatcaaagt
gteettegee gacctegteg tgcteggtgyg ctgtgecegee atagagaaag cagcaaaggc
ggctggcecac aacatcacgg tgcccttcac ccegggcecge acggatgegt cgcaggaaca
aaccgacgtyg gaatcctttg cegtgetgga geccaaggea gatggettcee gaaactacct
cggaaagggce aaccegttge cggecgagta catgetgete gacaaggega acctge
<210> SEQ ID NO 175

<211> LENGTH: 196

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 175

cggcecgagta catgetgete gacaaggega acctgettac getcagtgee cctgagatga
cggtgetggt aggtggectyg cgegtecteg gegcaaacta caagegcetta cegetgggeg
tgttcaccga ggcctecgag tcactgacca acgacttett cgtgaacctg ctcegacatgg
gtatcacctyg ggagcece

<210> SEQ ID NO 176

<211> LENGTH: 181

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 176

ggcaaggatyg gcagtggcaa ggtgaagtgg accggcagce gegtggacct ggtetteggg
tccaactegyg agttgeggge gettgtegag gtetatggeg cegatgacge gcagecgaag
ttcegtgcagyg acttegtege tgectgggac aaggtgatga acctcgacag gttcegacgtg

C

<210> SEQ ID NO 177

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
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<400> SEQUENCE: 177

ggcgggcatyg tttetggetg tetggetgee getggacaac ggecttegge ccgagecgat
catcgee

<210> SEQ ID NO 178

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 178

ggcgatgatt tcccagtacce cggegtggte ggttggecegg tctaacctac aggetttgg

<210> SEQ ID NO 179

<211> LENGTH: 263

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 179

tcggegacaa ccteegegge cecgeatect caccgecctt aacegegteg cctaccateg
agcctegtge cccacgacgg taatgagega tctcaccgga tegecacgect agcagecegte
gtctegggaa tcgegggtet getgetgtge ggcategtte cgetgettec ggtgaaccaa
accaccgega ccatcttetg gecgecaggge agecaccgeeg acggcaacat cacccagate
accgeccecte tggtatcegg gge

<210> SEQ ID NO 180

<211> LENGTH: 79

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 180

actcggttta tcacgacgee cggegegete aagaaggeeg tgatgetect cggegtgetg

geggtectgg tagccatgyg

<210> SEQ ID NO 181

<211> LENGTH: 180

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 181

gtatacatcg gtgcttgcce agetggegge ggtgagcace gecggegtet ggatgegect
gecegecace ctggecggaa tegectgetyg getgategte agecgttteg tgetgeggeg
getgggaceyg ggecegggeg ggctggegte caaccgggte getgtgttea cegetggtge
<210> SEQ ID NO 182

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 182

gegaccgatyg gactgetgge gecgetggeyg gtgetggeeg cggegttgte getgatcacce
gtggtgg

<210> SEQ ID NO 183

<211> LENGTH: 346
<212> TYPE: DNA
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<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 183

cgccatcace gacteegegg geaccgeegg agggaaggge ceggteggga tcaacgggte
gecacgeggeg ctgcegtteg gattggacce ggcacgtace ceggtgatgg geagetacgg
ggagaacaac ctggccgcca cggecaccte ggectggtac cagttaccge ccegeagecc
ggaccggeceg ctggtggtgg tttecgegge cggegecate tggtectaca aggaggacgg
cgatttcate tacggecagt cectgaaact gecagtgggge gtcaceggee cggacggecg
catccageca ctggggeagg tatttcegat cgacatcgga ccgcaa

<210> SEQ ID NO 184

<211> LENGTH: 293

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 184

ttceggettee tgctetggea tgtcategge gegaattegt cggacgacgg ctacatcctg
ggcatggcce gagtegecga ccacgecgge tacatgtcca actattteeg ctggttegge
agcccggagyg atcccttegg ctggtattac aacctgetgg cgetgatgac ccatgtcage
gacgccagte tgtggatgeg cctgccagac ctggecgeeg ggctagtgtyg ctggetgetg
ctgtegegtyg aggtgetgee cegecteggg ceggeggtgg aggccagcaa ace

<210> SEQ ID NO 185

<211> LENGTH: 76

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 185

tcaacaacgyg cctgeggeeg gagggcatca tegegetegg ctegetggte acctatgtge
tgatcgageyg gtccat

<210> SEQ ID NO 186

<211> LENGTH: 77

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 186

caccgtcate ctgaccgtgg tgttegecga ccagacectg tcaacggtgt tggaagccac
cagggttege gccaaaa

<210> SEQ ID NO 187

<211> LENGTH: 77

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 187

ggctggteca acgtgceggge gtttgtegge ggctgeggac tggecgacga cgtactegte

gagcctgata ccaatge

<210> SEQ ID NO 188

<211> LENGTH: 302

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
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<400> SEQUENCE: 188

ttcgeccgag caaagatgece cgecgatgee gtegeggtece gggtggtgge cgaggatcetg
tcgetgacac cggaggactg gatcgeggtyg acccegecge gggtaccgga cctgegetca
ctgcaggaat atgtgggete gacgcagecg gtgetgetgg actgggeggt cggtttggece
ttccegtgee agcagecgat getgcacgece aatggcateg cegaaatcce gaagttecege

atcacaccgg actactcgge taagaagetg gacaccgaca cgtgggaaga cggcactaac

g9

<210> SEQ ID NO 189

<211> LENGTH: 105

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 189

atgtcacgct gcaactggtg cgggtgggeg acccgeggge atteggetge gtacccacceg
acgaggagga ccgcgtagte gectttetgg agaagacgga ggatce

<210> SEQ ID NO 190

<211> LENGTH: 392

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 190

cgcgaactga accagatggg catttgecag geggtggtge cggtatcegg acttettgeg
ctgaccgege gcacactgeg ccagaccgag ttecategege tgegcaaget ggecggtgece
gagcgcacceg agctcaatag ggcectgetyg agegtggace gttttgtgeg ccgggacagt
cegetacegg tggacgeggg catcegtgeg caattgeteg ageggttegg catgttegge
atccggatgt cgattgeegt getggeggee ggegtgaceg attegacegg getggecgece
gaactgctgg agegcagegg getggtggeyg ctgegcaatyg tgatagacca geagttegeg
cagcgeteeg acatgettaa ggegcatace go

<210> SEQ ID NO 191

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 191

gagcaggtge tttcccgege gacggagcega gtgegtgetg gggtactegyg cgaaatacgt
tcggcaacayg ag

<210> SEQ ID NO 192

<211> LENGTH: 68

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 192

gggttectat ggeggegtgg tcatgattgg catgetgteg teggtggteg gacttgggtt
gttcaacc
<210> SEQ ID NO 193

<211> LENGTH: 300
<212> TYPE: DNA
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<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 193

cgatcccgat aggtgtttgg ceggettgeg gatcagacee cgattteggg gtgaggegga
atccatageg tcgatggecac agegecggte acgecggega acagettett cgattgaagg
gaaatgaaga tgacctcgcet tatcgattac atcctgagece tgttecgecag cgaagacgec
geceggtegt tegttgecge tecgggacgyg gecatgacca gtgecggget gatcgatatce
gegecgcace aaatctcate ggtggeggee aatgtggtge cgggtcetgaa tetgggtgec
<210> SEQ ID NO 194

<211> LENGTH: 292

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 194

atcacaggag tggagttttg aacgcaacga cggcaggtgce tgtgcaattce aacgtcttag
gaccactgga actaaacctc cggggcacca aactgccatt gggaacgccyg aaacaacgtg
cegtgetege catgetgttg ctatccecgga accaagtegt ageggecgac gcactggtece
aggcaatctyg ggagaagtcg ccacctgeac gagcccgacg caccgtccac acgtacattt
gecaacctteg ccggaccctg agcgatgcag gegttgatte gegcaacatce tt

<210> SEQ ID NO 195

<211> LENGTH: 68

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 195

tacgaaccac acgttgcgca gacatcacac tagactactt gtgtaacgge gccctgtegg
gtagccaa

<210> SEQ ID NO 196

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 196

gettgacgee gctacggcac tggegcageg cactggecac ggegetggea geacctgega
actcaacttce

<210> SEQ ID NO 197

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 197

cagccgatge cgetgtcaag ggccaccgac ccggtacate gecacggegtyg ccgagatcect

gggttcttac cgcatcggeyg

<210> SEQ ID NO 198

<211> LENGTH: 79

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 198
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acagcgccaa cgtcagecge caccacgecg tcategtega cacgggcace aactacgtca
tcaacgacct ccgategte

<210> SEQ ID NO 199

<211> LENGTH: 129

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 199

tcgecgetag getgacegeg tgtcaategt gacgecatac gaggacctge tgegettegt
getcgaaacyg ggtacgecca aatccgaccyg caccggcace ggaacccgca gectgttegg
ccagcagat

<210> SEQ ID NO 200

<211> LENGTH: 200

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 200

cgggtacgece caaatccgac cgcaccggea ccggaacceg cagectgtte ggccagcaga
tgcgctatga tttgteggee ggtttecege tgetcactac caagaaagte catttcaaat
cggtagecta cgagetgetg tggtttttge geggegatte caatatceggt tggetgcacg
agcacggagt caccatctgg

<210> SEQ ID NO 201

<211> LENGTH: 107

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 201

attccaatat cggttggetg cacgagcacg gagtcaccat ctgggacgaa tgggcaagtg
atacaggcga actcgggecg atctacggtg tacaatggeg atcegtgg

<210> SEQ ID NO 202

<211> LENGTH: 228

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 202

ggtgagcaca tcgaccagat cagcgeggeg ctggatttge tgegcaccga tcecgattec
cggegeatca tegtgtegge ctggaacgte ggegaaateg ageggatgge getgecgecce
tgtcatgegt tcttecagtt ctacgtegee gatggecgge tgagetgtca getctaccaa
cgcagegeceg acctgtttet gggtgtgeeg ttcaacateg ccagetat

<210> SEQ ID NO 203

<211> LENGTH: 200

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 203

cgeccgaccetyg tttetgggtg tgcegttecaa catcgecage tatgegttge tcacccacat

gatggcegee caggecgget tgteggtegyg cgagttcate tggacceggtyg gegactgeca

catctacgac aatcacgteg agcaagtacg gctgecagete ageegegage cgeggcecata
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tccgaaacta cttctageceg

<210> SEQ ID NO 204

<211> LENGTH: 77

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 204

gcaactacca cccgcacgge gacgcegtcega tctacgacag cctggtgege atggeccage
cctggteget gegetac

<210> SEQ ID NO 205

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 205

ccggaaacgt cggcatcgea aactce

<210> SEQ ID NO 206

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 206

tgccegtgtt gtagaagece gtgttgaa

<210> SEQ ID NO 207

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 207

tcgttcatca cegatec

<210> SEQ ID NO 208

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 208

gtgagcagtt cgttcca

<210> SEQ ID NO 209

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 209

tcaacgagac gggcacget
<210> SEQ ID NO 210
<211> LENGTH: 16
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 210

tgcgagegta ggegte

<210> SEQ ID NO 211
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<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 211

gtccagegee gette

<210> SEQ ID NO 212

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 212

ctgctaccca cagccggtta ggt

<210> SEQ ID NO 213

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 213

gccagcattyg aggat

<210> SEQ ID NO 214

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 214

caattcggge accaataa

<210> SEQ ID NO 215

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 215

tgcgatgeeg acgttteeg

15

23

15

18

19

What is claimed is:

1. A real-time dynamic flux method of nucleic acid

sequence amplification, comprising:

a. combining a pair of forward and reverse oligonucle-
otide primers with a target nucleic acid sequence to be
amplified; and

b. amplifying the target nucleic acid sequence by ther-
mocycling the pair of forward and reverse oligonucle-
otide primers and the target nucleic acid sequence
within a 15° C. temperature range defined by the
melting temperature of the oligonucleotide primers and
the melting temperature of the target nucleic acid
sequence, and
wherein thermocy cling comprises:

i. denaturing the target nucleic acid sequence; and

ii. annealing of the forward and reverse oligonucle-
otide primers; and

iii. extension of the target nucleic acid sequence by
the forward and reverse oligonucleotide primers,

c. simultaneously detecting the amplified target nucleic
acid sequence during said amplifying step.

2. The real-time dynamic flux method of nucleic acid
sequence amplification of claim 1, wherein detecting occurs
by monitoring fluorescence.

3. The real-time dynamic flux method of nucleic acid
sequence amplification of claim 1, wherein detecting occurs
by monitoring fluorescence of a fluorescent dye that inter-
calates with double-stranded DNA.

4. The real-time dynamic flux method of nucleic acid
sequence amplification of claim 1, wherein detecting occurs
by monitoring fluorescence of a sequence-specific oligo-
nucleotide probe labelled with a fluorescent reporter.

5. The real-time dynamic flux method of nucleic acid
sequence amplification of claim 1, wherein amplifying the
target nucleic acid sequence by thermocycling the pair of
forward and reverse oligonucleotide primers and the target
nucleic acid sequence occurs within a 10° C. temperature
range.

6. The real-time dynamic flux method of nucleic acid
sequence amplification of claim 1, wherein amplifying the
target nucleic acid sequence by thermocycling the pair of
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forward and reverse oligonucleotide primers and the target
nucleic acid sequence occurs within a 5° C. temperature
range.

7. The real-time dynamic flux method of nucleic acid
sequence amplification of claim 1, wherein amplifying the
target nucleic acid sequence by thermocycling the pair of
forward and reverse oligonucleotide primers and the target
nucleic acid sequence occurs within a 2.5° C. temperature
range.

8. The real-time dynamic flux method of nucleic acid
sequence amplification of claim 1, wherein amplifying the
target nucleic acid sequence by thermocycling the pair of
forward and reverse oligonucleotide primers and the target
nucleic acid sequence occurs within a 2.5° C. to 10° C.
temperature range around the melting temperature of the
target nucleic acid sequence.
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