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DIGITAL AMPLIFICATION WITH PRIMERS OF LIMITED NUCLEOTIDE COMPOSITION

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims the benefit of US 62/544,605 filed August 11,
2017 incorporated by reference in its entirety, for all purposes.

SEQUENCE LISTING
[0002] The application includes sequences in a txt filing designated 517594WQOSL, of 4

kbytes, created August 10, 2018, which is incorporated by reference.
BACKGROUND

[0003] The polymerase chain reaction (PCR) is used to quantify nucleic acids by
amplifying a nucleic acid molecule with the enzyme DNA polymerase. Conventional PCR is
based on the theory that amplification is exponential. Therefore, nucleic acids may be
quantified by comparing the number of amplification cycles and amount of PCR end-product to
those of a reference sample.

[0004] Digital PCR (or dPCR) is a variation of PCR in a sample is partitioned so that
individual nucleic acid molecules within the sample are localized and concentrated within many
discrete regions, such as micro well plates, capillaries, oil emulsion, and arrays of miniaturized
chambers. Each region is subject to an individual PCR. The PCR solution is divided into smaller
reactions and are then made to run PCR individually. After multiple PCR amplification cycles,
the samples are checked for fluorescence with a binary readout of “0” or “1”. The number of
fluorescing samples provides an indication of the number of target molecules in the initial
sample. Although there is growing interest in dPCR, interpretation of results can be
complicated due to unintended amplification products resulting in intermediate values

between the expected binary readouts.
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SUMMARY

[0005] The invention provides a method of performing a digital amplification on a target
nucleic acid in a sample comprising: partitioning a sample comprising a target nucleic acid into
aliquots, conducting amplification reactions in the aliquots wherein an amplified segment of
the target nucleic acid is formed by extension of a pair of forward and reverse primers on the
target nucleic acid if the target nucleic acid is present in the aliquot; wherein the primers are
underrepresented in one or more of the four standard nucleotide types, the underrepresented
nucleotide type(s) being the same in the primers, and detecting an amplified segment, if
present, in each aliquot. Optionally, the amplified segment is the predominant amplification
product formed from by extension of the forward and/or reverse primers.

[0006] Optionally, the copy number of the target nucleic acid is determined by the
number of aliquots containing or lacking the amplified segment, e.g., following a Poisson
distribution. Optionally, the sample comprises a plurality of target nucleic acids, and the
amplification is performed with a plurality of forward and reverse primer pairs corresponding to
the respective targets.

[0007] Optionally the sample comprises a plurality of target nucleic acids, and the
amplification is performed with a plurality of forward and reverse primer pairs corresponding to
the respective targets, each of which is underrepresented in the same standard nucleotide
type(s), optionally wherein the pluralities are each at least 2, 3, 4, 5, 6, 7, 8, 9 or 10. Optionally,
each of the primer pairs is underrepresented in the same one and only one standard nucleotide
type.

[0008] Optionally, the target nucleic acids are from different chromosomes or the same
chromosome. Optionally, the target nucleic acid is DNA, RNA, cDNA, cell-free DNA, cell-free
fetal DNA, or circulating tumor DNA. Optionally, the sample is a tissue, or a body fluid.
Optionally, the amplification reactions in the aliquots are polymerase chain reactions.
Optionally, the amplification reactions in the aliquots are isothermal amplification reactions.

Optionally, the amplification reactions in the aliquots are a combination of isothermal and

polymerase chain reactions.
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[0009] In some methods, before or after partitioning a sample comprising a target
nucleic acid into aliquots, the target nucleic acid is pre-amplified. In some methods, before or
after partitioning a sample comprising a target nucleic acid into aliquots, the target nucleic acid
is treated with a chemical, protein or enzyme. In some methods, the target nucleic acid is
treated with bisulfite to determine methylation state of the target nucleic acid.

[0010] Optionally, the detecting indicates whether a predefined genetic abnormality is
present in the target nucleic acid. Optionally, the predefined genetic abnormality is a
chromosome aneuploidy, single nucleotide polymorphism (SNP), insertion, or deletion.
Optionally, the chromosome aneuploidy is trisomy 21, trisomy 18, trisomy 13, triple X, or
monosomy X. Optionally, a chromosome aneuploidy is determined based on a ratio of copy
numbers of target nucleic acids on the two chromosomes.

[0011] Optionally, a chromosome aneuploidy is determined based on a ratio of copy
numbers of target nucleic acids on two chromosomes, one of which is subject to the aneuploidy
and the other of which is not. Optionally, the method is performed on a plurality of target
nucleic acids including a target nucleic acid from chromosome 21, a target nucleic acid from
chromosome 18 and a target nucleic acid from chromosome 13, wherein the detecting
indicates one of the target nucleic acids includes the aneuploidy. Optionally, the method is
performed on samples from a population, wherein the method identifies samples containing
the chromosome aneuploidy, chromosomes lacking the aneuploidy and inconclusive samples,
and the method further comprising sequencing DNA from the inconclusive samples to
determine whether the samples determined to be inclusive by the digital amplification analysis
have the chromosome aneuploidy. Optionally, the sequencing is by a next generation
technique. Optionally, the sample is a cell-free nucleic acid sample. Optionally, the cell-free
nucleic acid sample from a pregnant female and the target nucleic is a fetal nucleic acid.
Optionally the fetal nucleic acid is a segment of the Y-chromosome or encoded by the Y-
chromosome. Optionally, the fetal nucleic acid is differentially methylated compared with a
corresponding maternal nucleic acid. Optionally, the method is performed with a plurality of
target nucleic acids which include a fetal nucleic acid target and a corresponding maternal

target nucleic acid target. Optionally, the method is performed with a plurality of target nucleic
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acids which include a genomic target released by lysed blood cells and a cell free nucleic acid
target.

[0012] Optionally, the target nucleic acid includes a site of a single nucleotide
polymorphism (SNP), insertion, or deletion. Optionally, the digital PCR is droplet digital PCR
(ddPCR). Optionally, the amplified segment is detected with an intercalating dye. Optionally,
the DNA intercalating dye is EVAGreen®. Optionally, the amplified segment is detected with a
fluorophore labeled oligonucleotide probe. Optionally, the fluorophore labeled oligonucleotide
probe is a Tagman probe, Molecular Beacon probe or ying yang probe. Optionally, the
fluorophore is FAM, or HEX. Optionally, the plurality of target nucleic acids are detected in a
single droplet reaction. Optionally, the plurality of targets are detected based on amplicon
signal intensity. Optionally, amplicon signal intensities of the plurality of target nucleic acids
are distinguishable due to differences in amplicon sizes and/or primer concentrations.
Optionally, the amplified segments are detected using a DNA intercalating dye and a
fluorophore labeled oligonucleotide probe. Optionally, two target nucleic acid are components
of the same contiguous nucleic acid. Optionally, the forward primer and /or reverse primer is
linked at its 5" end to an artificial sequence underrepresented in the nucleotide. Optionally, the
multiple target nucleic acids are amplified with the same or different artificial sequence
underrepresented in the nucleotide linked to the primer pairs. Optionally, the amplified
segment is detected by melting curve analysis.

[0013] In some methods, the forward and reverse primers are underrepresented in only
one of the four standard nucleotide types. In some method, the forward and reverse primers
contain no more than two nucleotides of the underrepresented nucleotide type. In some
methods, primer binding sites for the forward and reverse primers are identified by searching
the target nucleic acid for primer binding sites underrepresented in the complement of the
nucleotide type(s) underrepresented in the forward and reverse primers. In some methods, the
amplified segment is the predominant amplification product formed by extension of the
forward and/or reverse primers.

[0014] In some methods, the primers have one and only one underrepresented

standard nucleotide type, and the complement of the underrepresented standard nucleotide
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type is present at the 3’ terminal position of at least one of the primers. In some methods, the
complement of the underrepresented standard nucleotide type is present at the 3’ terminal
position of each of the primers. In some methods, the primers have one and only one
underrepresented standard nucleotide type, and the underrepresented nucleotide type is
present at the 5’ terminal position of one of the primers. In some methods, the
underrepresented standard nucleotide type is present at the 5° terminal position of all of the

primers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Fig. 1 shows a target nucleic acid and exemplary three nucleotide primers and
primer binding sites. The upper portion of the figure shows one strand of the target nucleic
acid containing the complement of the forward primer binding site (ATC nucleotides)
contiguous with the reverse primer binding site (ATG site). The lower portion shows the
primers bound to their respective binding sites on opposing strands. Amplification can proceed
in the presence of dTTP, dATP, and dGTP (and other typical PCR components) but dCTP is not
required because there are no G nucleotides in the strands of the target nucleic acid being
amplified. The sequences in Fig. 1 are (top to bottom) SEQ ID NO:72, SEQ ID NO:73 (reversed
from as shown so as to depict 5" to 3" in SL), SEQ ID NO:74, SEQ ID NO:75 (reversed from as
shown so as to depict 5’ to 3" in SL).

[0016] Fig. 2 shows a template in which primer binding sites show three mismatches
(forward primer) or two mismatches (reverse primer) to primers of three nucleotide-type
composition. The sequences in Fig. 2 (top to bottom) are SEQ ID NO:76 (reversed from as shown
so as to depict 5" to 3" in SL), SEQ ID NO:77, SEQ ID NO:78(reversed from as shown so as to
depict 5" to 3" in SL), SEQ ID NO:79, SEQ. ID NO:80, SEQ ID NO:81 (reversed from as shown so as
to depict 5" to 3" in SL), SEQ ID NO:82, SEQ ID NO:83 (reversed from as shown so as to depict 5’
to 3" in SL).
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[0017] Fig. 3 shows examples of mismatch binding reagents. The sequences in Fig. 3 are

(top to bottom) SEQ ID NO:84 (reversed from as shown so as to depict 5’ to 3’ in SL); SEQ ID
NO:85; SEQ ID NO:86 (reversed from as shown so as to depict 5" to 3’ in SL); and SEQ. ID NO:87.

[0018] Fig. 4 shows amplification of a template in which three nucleotide-type primer
binding sites are separated by a segment including all four-nucleotide-types. Amplification is
performed in the presence of all four-nucleotide-types mononucleotide triphosphates.

[0019] Fig. 5 shows primers with underrepresented nucleotide types attached to
fluorophores suitable for digital amplification.

[0020] Figs. 6A, B show a two-step dPCR amplification method using a three nucleotide-

type primer underrepresentative primer.

[0021] Figs. 7A, B compares background fluorescence between three nucleotide primers
and four nucleotide primers in a digital PCR platform

[0022] Fig. 8 shows the results from a 5-multiplex dPCR reaction to distinguish between
trisomic and euploidy samples.

[0023] Fig. 9 shows the results from a 14-multiplex dPCR reaction to detect or quantify
copy number variations in cffDNA.

[0024] Fig. 10 shows results from a 15-multiplex dPCR assay to detect or quantify copy

number variations in cffDNA.

DEFINITIONS

[0025] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood in the art to which the invention pertains. The
following definitions supplement those in the art and are directed to the current application
and are not to be imputed to any related or unrelated case, e.g., to any commonly owned
patent or application. Although any methods and materials similar or equivalent to those
described herein can be used in the practice for testing of the present invention, the preferred
materials and methods are described herein. Accordingly, the terminology used herein is for

the purpose of describing particular embodiments only, and is not intended to be limiting. The



CA 030725%1 2020-02-10

WO 2019/033065 PCT/US2018/046360

term “a” or “an” entity refers to one or more of that entity; for example, “a nucleic acid,”
represents one or more nucleic acids. Therefore, the terms “a” (or “an”), “one or more,” and
“at least one” can be used interchangeably herein.

[0026] Nucleic acids include DNA and RNA and DNA-RNA chimeras can be double-
stranded or single- stranded. DNA can be genomic, cDNA, methylated DNA or synthetic DNA.
RNA can be mRNA, miRNA, tRNA, rRNA, hnRNA, methylated RNA among others. The term
“nucleic acid” encompasses any physical string of monomer units that can be corresponded to a
string of nucleotides, including a polymer of nucleotides (e.g., a typical DNA or RNA polymer),
peptide nucleic acid (PNA), modified oligonucleotides (e.g., oligonucleotides comprising bases
that are not typical to biological RNA or DNA in solution, such as 2°-O-methylated
oligonucleotides), and the like. A nucleic acid can be e.g., single-stranded or double-stranded.
[0027] The four conventional nucleotide bases are A, T/U, C and G with T being present
in DNA and U in RNA. The nucleotides found in targets are usually natural nucleotides
(deoxyribonucleotides or ribonucleotides). Such is also the case is nucleotides forming primers.
[0028] Complementarity of nucleic acid strands means that the strands form a stabile
duplex due to hydrogen bonding between their nucleobase groups. The complementary bases
are in DNA, A with T and C with G, and, in RNA, C with G, and U with A. Nucleotides in
respective strands are complementarity when they form one of these (Watson-Crick pairings)
when the strands are maximally aligned. Nucleotides are mismatched when they do not form a
complementarity pair when their respective strands are maximally aligned. Complementarity
of strands can be perfect or substantial. Perfect complementarity between two strands means
that the two strands can form a duplex in which every base in the duplex is bonded to a
complementary base by Watson-Crick pairing. Substantial complementary means most but not
necessarily all bases in strands form Watson-Crick pairs to form a stable hybrid complex in set
of hybridization conditions (e.g., salt concentration and temperature). For example, some
primers can duplex with a primer binding site notwithstanding up to 1, 2 or 3 positions of
mismatch, provided such mismatches are not at the 3" end and preferably not proximate
thereto (e.g., within 4 nucleotides). Such conditions can be predicted by using the sequences

and standard mathematical calculations to predict the Tm of hybridized strands, or by empirical
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determination of Tm by using routine methods. Tm refers to the temperature at which a
population of hybridization complexes formed between two nucleic acid strands are 50%
denatured. At a temperature below the Tm, formation of a hybridization complex is favored,
whereas at a temperature above the Tm, melting or separation of the strands in the
hybridization complex is favored. Tm may be estimated for a nucleic acid having a known G+C
content in an aqueous 1 M NaCl solution by using, e.g., Tm=81.5+0.41(% G+C) - 675/N - %
mismatch, where N = total number of bases.

[0029] A mismatch means that a nucleotide in one strand of nucleic acid does not or
cannot pair through Watson-Crick base pairing with a nucleotide in an opposing
complementary nucleic acid strand. Examples of mismatches are but not limited to AA, AG, AC,
GG, CC, TT, TG, TC, UU, UG, UC, and UT base pairs. Mismatches can happen between DNA and
DNA molecules, DNA and RNA molecules, RNA and RNA molecules, and among other natural or
artificial nucleic acid analogs.

[0030] Mismatch binding reagents or agents are any molecules or any modification in
underrepresented primers that can stabilize the underrepresented primer hybridization with
underrepresented primer binding sites through chemical interaction or physical interaction.
Modification of underrepresented primers may be modified in any way, as long as a given
modification is compatible with the desired function of a given underrepresented primers as
can be easily determined. Modifications include base modifications, sugar modifications or
backbone modifications. Some small molecules can bind to mismatched bases through
hydrogen bonds presumably complementary to those in the unpaired base and stabilize the
duplex with a high base selectivity. Metal ions have been shown to interact with nucleic acids
for their structure formation and folding. Ono A., Togashi H. (Ono & Togashi, 2004, Angewandte
Chemie (International Ed. in English), 43(33), 4300-4302) showed that addition of mercury ion
in solution increases the Tm DNA duplex with T-T mismatch by 5°C. Torigoe H., Okamoto |. et al.
(Torigoe et al., 2012, Biochimie, 94(11), 2431-2440) showed that silver ion selectively bind and
stabilize C-C mismatch. A series of rhodium complexes capable of high-selectivity mismatch site

recognition has been designed and synthesized by Cordier C., Pierre V.C. et al. (Cordier, Pierre,

& Barton, 2007, Journal of the American Chemical Society, 129(40), 12287-12295). Nakatani K.,
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Sando S., et al. (Nakatani, Sando, Kumasawa, Kikuchi, & Saito, 2001, Journal of the American
Chemical Society, 123(50), 12650-12657) have developed a series of naphthyridine based small
molecules to selectively recognize mismatched DNA.

[0031] Hybridization or annealing conditions include chemical components and their
concentrations (e.g., salts, chelating agents, formamide) of an aqueous or organic solution
containing the nucleic acids, and the temperature of the mixture in which one nucleic acid
strand bonds to a second nucleic acid strand by complementary strand interactions to produce
a hybridization complex.

[0032] A sample is a composition in which one or more target nucleic acids of interest
may be present, including patient samples, plant or animal materials, waste materials,
materials for forensic analysis, environmental samples, Circulation tumor cell (CTC), cell free
DNA, liquid biopsy, and the like. Samples include any tissue, cell, or extract derived from a
living or dead organism which may contain a target nucleic acid, e.g., peripheral blood, bone
marrow, plasma, serum, biopsy tissue including lymph nodes, respiratory tissue or exudates,
gastrointestinal tissue, urine, feces, semen, or other body fluids. Samples of particular interest
are tissue samples (including body fluids) from a human or an animal having or suspected of
having a disease or condition, particularly infection by a virus. Other samples of interest
include industrial samples, such as for water testing, food testing, contamination control, and
the like. Sample components may include target and non-target nucleic acids, and other
materials such as salts, acids, bases, detergents, proteins, carbohydrates, lipids and other
organic or inorganic materials. A sample may or may not be subject of processing to purify a
target nucleic acid before amplification. Further processing can treatment with a detergent or
denaturant to release nucleic acids from cells or viruses, removal or inactivation of non-nucleic
acid components and concentration of nucleic acids.

[0033] A “target nucleic acid” refers to a nucleic acid molecule or population of related
nucleic acid molecules that is or may be present within a sample. A target nucleic acid can
include a segment to be amplified defined by primer binding sites. The segment can be the
entire nucleic acid or any segment thereof of length amenable to amplification. A target nucleic

acid can be an entire chromosome, gene or cDNA, and a target segment can be for example,
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only 40-500 of these nucleotides. A target segment can present on any strand (sense or anti-
sense) of the structure. A target nucleic acid can be RNA (e.g., viral RNA, microRNA, mRNA,
cRNA, rRNA, hnRNA, cfRNA, or DNA (genomic, somatic, cfDNA, cffDNA, or cDNA) among others.
[0034] The target nucleic acid can be from a pathogenic microorganism, such as a virus,
bacteria or fungus, or can be endogenous to a patient. Viral nucleic acids (e.g., genomic,
MRNA) form a useful target for analyses of viral sequences. Some examples of viruses that can
be detected include HIV, hepatitis (A, B, or C), herpes virus (e.g., VZV, HSV-1, HAV-6, HSV-II,
CMV, and Epstein Barr virus), adenovirus, XMRYV, influenza virus, flaviviruses, echovirus,
rhinovirus, coxsackie virus, cornovirus, respiratory syncytial virus, mumps virus, rotavirus,
measles virus, rubella virus, parvovirus, vaccinia virus, HTLV virus, dengue virus, MLV-related
Virus, papillomavirus, molluscum virus, poliovirus, rabies virus, JC virus and arboviral
encephalitis virus. Examples of such bacteria include chlamydia, rickettsial bacteria,
mycobacteria, staphylococci, treptocci, pneumonococci, meningococci and conococci,
klebsiella, proteus, serratia, pseudomonas, legionella, diphtheria, salmonella, bacilli, cholera,
tetanus, botulism, anthrax, plague, leptospirosis, Lymes disease bacteria, streptococci, or
neisseria. rRNA is a particularly useful target nucleic acid for typing bacteria. Detection of
human or animal genes is useful for detecting presence or susceptibility to disease. Examples
of genes that can be the subject of detection include cancer gene fusions, BRACA-1 or BRAC-2,
p53, CFTR, cytochromes P450), for genotyping (e.g., forensic identification, paternity testing,
heterozygous carrier of a gene that acts when homozygous, HLA typing), determining drug
efficacy on an individual (e.g., companion diagnostics) and other uses.

[0035] An underrepresented nucleotide type is one present in no more than 20% of
positions in a primer or primer binding site. Typically if one nucleotide type is
underrepresented in a primer, its complement is underrepresented in the primer binding site
(or vice versa). Typically a primer has nucleotide composition of, A, G,C, Tor, A, G, C, U,
although in the present methods one or more of the standard nucleotide types may be absent.
A primer may include unnatural nucleotide, such as Iso C and |soG, deaza G or deaza A. These
are scored the same way as corresponding standard nucleotides in determining the number or

percentage of underrepresented nucleotides. An analog corresponds with a natural nucleotide

10
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If it has the same relative pairing affinity with other natural nucleotides. Thus deaza G or
inosine are analogs of G because they pair more strongly with C than any of the other natural
nucleotides. As an example, if G is an underrepresented nucleotide type, to determine a
percentage of the underrepresented nucleotide type in a primer, deaza G is included in the
numerator (as well as the denominator) and deaza A only in the denominator. Thus, the
percentage of underrepresented nucleotide in a primer containing one G, one deaza G and 20
nucleotides total is 10%. Typically an underrepresented nucleotide type is presentin 0, 1 or 2
units at internal positions and optionally one at the 5" terminal position in each primer and 0, 1,
2, 3 or 4 units in each primer binding sites, and in O units in an artificial sequence. Ideally one
and only unit of the underrepresented nucleotide type is at the 5" terminal position. If one and
only one of the four-nucleotide-types is underrepresented it is the least represented (including
null representation) of the four standard nucleotide types. If the primer contains a degenerate
position, the position is counted as being an underrepresented nucleotide type position (i.e., in
the numerator as well as the denominator) if the degeneracy includes the underrepresented
nucleotide type and in the denominator only otherwise. A nucleotide analog having no
preference among binding to the natural nucleotide types is treated the same as a degenerate
position. A primer containing underrepresented nucleotide type(s) is called an
underrepresented primer. A probe containing underrepresented nucleotide type(s) called
underrepresented probe.

[0036] The term "dNTP " generally refers to an individual or combination of
deoxynucleotides containing a phosphate, sugar and organic base in the triphosphate form,
that provide precursors required by a DNA polymerase for DNA synthesis. A dNTP mixture may
include each of the naturally occurring deoxynucleotides (i.e., adenine (A), guanine (G), cytosine
(C), uracil (U), and Thymine (T)). In some embodiments, each of the naturally occurring
deoxynucleotides may be replaced or supplemented with a synthetic analog; such as inosine,
150G, |1soC, deaza G, deaza A, and so forth. When nucleotides are underrepresented in a primer
or a probe, the nucleotides are called underrepresented nucleotides. The underrepresented
nucleotides can be included in a reaction system as the form of deoxynucleotides or

dideoxynucleotides or ribonucleotides. Their complements are called complementary
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nucleotides of underrepresented nucleotides. The term "ddNTP " generally refers to an
individual or combination of dideoxynucleotides containing a phosphate, sugar and organic
base in the triphosphate form, that provide precursors required by a DNA polymerase for DNA
synthesis. A ddNTP mixture may include each of the naturally occurring dideoxynucleotides
(i.e., adenine (A), guanine (G), cytosine (C), uracil (U), and Thymine (T)). In some embodiments,
each of the naturally occurring dideoxynucleotides may be replaced or supplemented with a
synthetic analog; such as inosine, is0G, 1soC, deazaG, deaza A, and so forth. The term "NTP "
generally refers to an individual or combination of Ribonucleotides containing a phosphate,
sugar and organic base in the triphosphate form, that provide precursors required by a RNA
polymerase for RNA synthesis. A NTP mixture may include each of the naturally occurring
Ribonucleotides (i.e., adenine (A), guanine (G), cytosine (C), uracil (U)). In some embodiments,
each of the naturally occurring Ribonucleotides may be replaced or supplemented with a
synthetic analog; such as inosine, is0G, I1soC, deazaG, deaza A, and so forth.

[0037] A primer binding site or probe binding site is interchangeable with
underrepresented primer binding site or underrepresented probe binding site in this invention.
A primer binding site is a complete or partial site in a target nucleic acid to which a primer
hybridizes. A partial site can be supplemented by provision of toehold and junction sequences,
which also contain partial primer binding sites as described in W02016/172632. A partial
binding site from a toehold or junction sequence can combine with a partial primer binding site
on a target nucleic acid to form a complete primer binding site.

[0038] The term “primer” or “probe” is interchangeable with underrepresented primer
or underrepresented probe in this invention. A primer or a probe is an oligonucleotide
complementary to primer or probe binding site contributed in whole or part by a target nucleic
acid. A primer or a probe can be linked at its 5" end to another nucleic acid (sometimes
referred to as a tail), not found in or complementary to the target nucleic acid. A5’ tail can
have an artificial sequence. For a primer or probe exactly complementary to a primer or a
probe binding site, the demarcation between primer or probe and tail is readily apparent in
that the tail starts with the first noncomplementary nucleotide encountered moving from the 3’

end of the primer or probe. For a primer substantially complementary to a primer binding site,
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the last nucleotide of the primer is the last nucleotide complementary to the primer binding
site encountered moving away from the 3" end of the primer that contributes to primer binding
to the target nucleic acid (i.e., primer with this 5" nucleotide has higher TM for the target
nucleic acid than a primer without the 5’ nucleotide). Complementarity or not between
nucleotides in the primer and priming binding site is determined by Watson-Crick pairing or not
on maximum alignment of the respective sequences.

[0039] A primer or a probe is an oligonucleotide. The term “oligonucleotide”
encompasses a singular “oligonucleotide” as well as plural “oligonucleotides,” and refers to any
polymer of two or more of nucleotides, nucleosides, nucleobases or related compounds used as
a reagent in the amplification methods of the present invention, as well as subsequent
detection methods. The oligonucleotide may be DNA and/or RNA and/or analogs thereof
and/or DNA RNA chimeric. The term oligonucleotide does not denote any particular function to
the reagent, rather, it is used generically to cover all such reagents described herein. An
oligonucleotide may serve various different functions, e.g., it may function as a primer if it is
capable of hybridizing to a complementary strand and can further be extended in the presence
of a nucleic acid polymerase, it may provide a promoter if it contains a sequence recognized by
an RNA polymerase and allows for transcription, it may contain detection reagents for signal
generation/amplification, and it may function to prevent hybridization or impede primer
extension if appropriately situated and/or modified. Specific oligonucleotides of the present
invention are described in more detail below. As used herein, an oligonucleotide can be
virtually any length, limited only by its specific function in the amplification reaction or in
detecting an amplification product of the amplification reaction. Oligonucleotides of a defined
sequence and chemical structure may be produced by conventional techniques, such as by
chemical or biochemical synthesis, and by in vitro or in vivo expression from recombinant
nucleic acid molecules, e.g., bacterial or viral vectors. As intended by this disclosure, an
oligonucleotide does not consist solely of wild-type chromosomal DNA or the in vivo
transcription products thereof. Oligonucleotides may be modified in any way, as long as a given
modification is compatible with the desired function of a given oligonucleotide as can be easily

determined. Modifications include base modifications, sugar modifications or backbone
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modifications. Base modifications include, but are not limited to the use of the following bases
in addition to adenine, cytidine, guanosine, thymine and uracil: C-5 propyne, 2-amino adenine,
5-methyl cytidine, inosine, and dP and dK bases. The sugar groups of the nucleoside subunits
may be ribose, deoxyribose and analogs thereof, including, for example, ribonucleosides having
a 2'-O-methyl (2°-O-ME) substitution to the ribofuranosyl moiety. See “Method for Amplifying
Target Nucleic Acids Using Modified Primers,” (Becker, Majlessi, & Brentano, 2000, U.S. Pat. No.
6,130,038). Other sugar modifications include, but are not limited to 2°-amino, 2'-fluoro, (L)-
alpha-threofuranosyl, and pentopuranosyl modifications. The nucleoside subunits may be
joined by linkages such as phosphodiester linkages, modified linkages or by non-nucleotide
moieties which do not prevent hybridization of the oligonucleotide to its complementary target
nucleic acid sequence. Modified linkages include those linkages in which a standard
phosphodiester linkage is replaced with a different linkage, such as a phosphorothioate linkage
or a methylphosphonate linkage. The nucleobase subunits may be joined, for example, by
replacing the natural deoxyribose phosphate backbone of DNA with a pseudo peptide
backbone, such as a 2-aminoethylglycine backbone which couples the nucleobase subunits by
means of a carboxymethyl linker to the central secondary amine. (DNA analogs having a pseudo
peptide backbone are commonly referred to as “peptide nucleic acids” or “PNA” and are
disclosed by Nielsen et al., “Peptide Nucleic Acids,” (Nielsen, Buchardt, Egholm, & Berg, 1996,
U.S. Pat. No. 5,539,082). Other linkage modifications include, but are not limited to, morpholino
bonds. Non-limiting examples of oligonucleotides or oligomers contemplated by the present
invention include nucleic acid analogs containing bicyclic and tricyclic nucleoside and nucleotide
analogs (LNAs). See Imanishi et al., “Bicyclonucleoside and Oligonucleotide Analogues,”
(Imanishi & Obika, 2001, U.S. Pat. No. 6,268,490); and Wengel et al., “Oligonucleotide
Analogues,” (Wengel & Nielsen, 2003, U.S. Pat. No. 6,670,461). Any nucleic acid analog is
contemplated by the present invention provided the modified oligonucleotide can perform its
intended function, e.g., hybridize to a target nucleic acid under stringent hybridization
conditions or amplification conditions, or interact with a DNA or RNA polymerase, thereby
initiating extension or transcription. In the case of detection probes, the modified

oligonucleotides must also be capable of preferentially hybridizing to the target nucleic acid
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under stringent hybridization conditions. The 3’-terminus of an oligonucleotide (or other nucleic
acid) can be blocked in a variety of ways using a blocking moiety, as described below. A
“blocked” oligonucleotide is not efficiently extended by the addition of nucleotides to its 3'-
terminus, by a DNA- or RNA-dependent DNA polymerase, to produce a complementary strand
of DNA. As such, a “blocked” oligonucleotide cannot be a “primer.”

[0040] The term "degenerate primer” refers to a mixture of similar primers with
differing bases at the varying positions (Mitsuhashi, J. Clin. Lab. Anal., 10(5): 285 93 (1996); von
Eggeling et al., Cell. Mol. Biol., 41(5):653 70 (1995); (Zhang et al., Proc. Natl. Acad. Sci. USA,
89:5847 5851 (1992); Telenius et al., Genomics, 13(3):718 25 (1992)). Such primers can include
inosine, as inosine is able to base pair with adenosine, cytosine, guanine or thymidine.
Degenerate primers allow annealing to and amplification of a variety of target sequences that
can be related. Degenerate primers that anneal to target DNA can function as a priming site for
further amplification. A degenerate region is a region of a primer that varies, while the rest of
the primer can remain the same. Degenerate primers (or regions) denote more than one primer
and can be random. A random primer (or regions) denotes that the sequence is not selected,
and it can be degenerate but does not have to be. In some embodiments, the 3" target specific
regions have a Tm of between about 5° C and 50° C. In some embodiments, a 15-mer hasa Tm
of less than about 60° C.

[0041] A primer "3’ segment or 3’ binding region or 3’ binding site or 3’ hybridization
region” is able to bind to a genomic sequence occurring in a genome at a particular frequency
or other nucleic acid sequence. In some embodiments, this frequency is between about 0.01%
and 2.0%, such as, between about 0.05% and 0.1% or between about 0.1% and 0.5%. In some
embodiments, the length of the "binding site” of a primer depends mainly on the averaged
lengths of the predicted PCR products based on bioinformatic calculations. The definition
includes, without limitation, a "binding region” of between about 4 and 12 bases in length. In
more particular embodiments, the length of the 3' binding region can be, for example, between
about 4 and 20 bases, or between about 8 and 15 bases. Binding regions having a Tm of
between about 10° C. and 60°C. are included within the definition. The term, "primer binding

segment,” when used herein refers to a primer of specified sequence.
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[0042] A polymerase is an enzyme that can perform template directed extension of a
primer hybridized to the template. It can be a DNA polymerase, an RNA polymerase or a
reverse transcriptase. Examples of DNA polymerases include: E. coli DNA polymerase |, Taq
DNA polymerase, S. pneumoniae DNA polymerase |, Tl DNA polymerase, D. radiodurans DNA
polymerase |, Tth DNA polymerase, Tth XL DNA polymerase, M. tuberculosis DNA polymerase

|, M. thermoautotrophicum DNA polymerase |, Herpes simplex-1 DNA polymerase, T4 DNA
polymerase, thermosequenase or a wild-type or modified T7 DNA polymerase, ®29
Polymerase, Bst Polymerase, Vent Polymerase, 9° Nm Polymerase, Klenow fragment of DNA
Polymerase |. Examples of reverse transcriptase: AMV Reverse Transcriptase, MMLV Reverse
Transcriptase, HIV Reverse Transcriptase. Examples of RNA polymerases include: T7 RNA
polymerase or SP6 RNA polymerase, bacterial RNA polymerases and eukaryotic RNA
polymerases.

[0043] Amplification refers to either producing an additional copy or copies of all or a
segment of a target nucleic acid by template-directed primer extension (target amplification) or
amplifying detection signal for qualitatively/quantitatively measurement (signal amplification)
or both. Amplification can be performed under temperature cycled or isothermal conditions or
combined. Amplification can be linear or exponential.

[0044] Many well-known methods of nucleic acid target amplification require
thermocycling to alternately denature double-stranded nucleic acids and hybridize primers;
however, other well-known methods of nucleic acid amplification are isothermal. The
polymerase chain reaction, commonly referred to as PCR (Mullis, 1987 U.S. Patent No.
4,683,202; Saiki et al., 1985, Science (New York, N.Y.), 230(4732), 1350-1354), uses multiple
cycles of denaturation, annealing of primer pairs to opposite strands, and primer extension to
exponentially increase copy numbers of the target sequence. In a variation called RT-PCR,
reverse transcriptase (RT) is used to make a complementary DNA (cDNA) from mRNA, and the
cDNA is then amplified by PCR to produce multiple copies of DNA (Gelfand et al., “Reverse
Transcription with Thermostable DNA Polymerases—High Temperature Reverse Transcription,”

(Gelfand, 1994, U.S. Pat. Nos. 5,322,770; Gelfand & Myers, 1994, U.S. Pat. Nos. 5,310,652).

Another method of amplifying nucleic acid is called the LCR method (ligase chain reaction,
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Laffler, Carrino, & Marshall, 1993, Annales De Biologie Clinique, 51(9), 821-826). LCR (Laffler et
al., 1993, Annales De Biologie Clinique, 51(9), 821-826) is based on the reaction in which two
adjacent probes are hybridized with a target sequence and ligated to each other by a ligase. The
two probes could not be ligated in the absence of the target nucleotide sequence, and thus the
presence of the ligated product is indicative of the target nucleotide sequence. The LCR
method also requires control of temperature for separation of a complementary chain from a
template. Another method is strand displacement amplification (George T. Walker, Little, &
Nadeau, 1993, U.S. Pat. No. 5,270,184; George T. Walker, 1995, U.S. Pat. No. 5,455,166, G. T.
Walker et al., 1992, Nucleic Acids Research, 20(7), 1691-1696, 1992, Proceedings of the
National Academy of Sciences of the United States of America, 89(1),<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>