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AMPLIFICATION PRIMERS WITH NON-STANDARD BASES FOR
INCREASED REACTION SPECIFICITY

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application No. 61/254,281,
filed October 23, 2009, the entire contents of which are incorporated herein by reference in

its entirety.

TECHNICAL FIELD

[0002] The present technology relates generally to the fields of molecular biology,
recombinant DNA technology and nucleic acid amplification. More specifically, the
present technology relates to the use of non-standard bases for improving specificity in

amplification reactions.

BACKGROUND

[0003] Nucleic acid amplification is an important process pertaining to molecular biology.
Numerous methods of nucleic acid amplification require the annealing of an oligonucleotide
primer to a template nucleic acid during some stage of the process. The amplification
process can result in an exponential increase of target nucleic acids. However, the success
of target nucleic acid amplification hinges on the specificity in which a primer anneals to its
target, i.e., its complementary sequence. Whether a primer anneals to a non-specific site or
specifically to its complementary sequence depends on numerous factors including the
annealing temperature, length of the primer, G/C content, pH, and secondary or tertiary
structures which may be formed. Considering the plethora of variables pertaining to primer
annealing specificity, it can be difficult to accurately predict which primers will specifically

anneal to a target nucleic acid under certain conditions.

SUMMARY

[0004] In one aspect, the present disclosure provides a method for increasing the
annealing specificity of an amplification reaction, comprising contacting a nucleic acid
sample under amplifying conditions with at least one primer comprising: (a) a 3’-segment
complementary to a template sequence; (b) an iso-region at the 5’-end of the 3’-segment,
wherein the iso-region comprises at least two contiguous or non-contiguous non-standard

bases, wherein the iso-region restricts the at least one primer’s annealing locus to the 3'-
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segment, and wherein the at least two contiguous or non-contiguous non-standard bases are
independently selected from the group consisting of: iso-C and iso-G; (¢) a 5'-segment at
the 5’-end of the iso-region, wherein the 5'-segment comprises a nucleotide sequence
complementary to the template sequence, wherein the at least one primer has increased
annealing specificity for the template sequence compared to the primer having only the 3'-

segment.

[0005] In one embodiment, the at least one primer is 6 to 60 nucleotides long. In one
embodiment, the iso-region comprises from about 1 to about 15 non-standard bases. In one
embodiment, the amplification reaction is selected from the group consisting of: PCR;
Reverse Transcriptase-PCR; Real-Time PCR; Differential Display-PCR; PCR-based
genomic analysis; Arbitrary Primed-PCR; Multiplex-PCR; long-range PCR; linear PCR;
inverse PCR; quantitative PCR; touchdown PCR; in situ PCR; vectorette PCR; thermal
asymmetric interlaced PCR; mixed oligonucleotide-primed amplification of cDNA; 3'-
Rapid Amplification of cDNA Ends; 5'-Rapid Amplification of cDNA Ends, high resolution

melt analysis, and primer extension reactions.

[0006] In one embodiment, an annealing step is conducted at temperatures sufficient for
increasing the annealing specificity of the at least one primer compared to a primer having

only the 3'-segment.

[0007] In another aspect, the present disclosure provides a method for amplifying a target
nucleic acid in a two-stage reaction comprising: (a) performing a first-stage amplification of
a template sequence at a first annealing temperature to form a first amplification product,
comprising at least two cycles of denaturing the template sequence, annealing at least one
primer, and extending the at least one primer, wherein the at least one primer comprises: (i)
a 3'-segment complementary to a template sequence; (ii) an iso-region at the 5’-end of the
3’-segment, wherein the iso-region comprises at least two contiguous or non-contiguous
non-standard bases, wherein the iso-region restricts the at least one primer’s annealing locus
to the 3’-segment, and wherein the at least two contiguous or non-contiguous non-standard
bases are independently selected from the group consisting of: 1s0-C and is0-G; and (iii) a
5'-segment at the 5'-end of the iso-region, wherein the 5'-segment comprises a nucleotide
sequence complementary to the template sequence; and (b) performing a second-stage
amplification of the first amplification product at a second annealing temperature

comprising at least one cycle of: (i) denaturing the amplification product generated from
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step (a), annealing the at least one primer, and extending the at least one primer; or (ii)
denaturing the amplification product generated from step (a), and annealing and extending a

primer comprising a sequence corresponding to the 5’-segment of the at least one primer.

[0008] In one embodiment, the target nucleic acid is a cDNA formed by (a) hybridizing an
oligonucleotide dT primer or an anchored oligonucleotide dT primer to a poly-A tail region
of a target mRNA, or hybridizing random hexamer, heptamer, and/or octomer
oligonucleotides to a target mRNA; and (b) reverse transcribing the target mRNA to
produce a cDNA.

[0009] In one embodiment, the two-stage amplification procedure is applied to methods
comprising the group of: PCR; multiplex DNA amplification; identification of differentially
expressed genes; 3’-Rapid Amplification of cDNA Ends; 5'-Rapid Amplification of cDNA
Ends; primer extension reactions; amplifying full-length cDNA; amplifying 5'-enriched
cDNA; DNA fingerprinting; RNA fingerprinting; identification of conserved homology
segments in multigene families; identification of nucleotide sequence variations; pre-
miRNA amplification; rRNA amplification; high resolution melt analysis following PCR;

and mutagenesis.

[0010] In one aspect, the present disclosure provides a method for increasing the
anncaling specificity of at least one primer, comprising the steps of: (a) synthesizing the at
least one primer, wherein a 3'-segment is complementary to a template sequence; (b)
incorporating at the 5'-end of the 3'-segment an iso-region comprising at least two
contiguous or non-contiguous non-standard bases, wherein the iso-region restricts the at
least one primer’s annealing locus to the 3’-segment thereby increasing the annealing
specificity of the 3’-segment compared to a primer having only the 3'-segment, and wherein
the at least two contiguous or non-contiguous non-standard bases are independently selected
from the group consisting of: is0-C and iso-G; (c¢) incorporating at the 5’-end of the iso-
region a 5'-segment comprising a nucleotide sequence complementary to any region of a
template containing the template sequence, whereby the at least one primer has increased
annealing specificity for the template sequence compared to the primer having only the 3'-

segment.

[0011] In one embodiment, the synthesizing comprises a method selected from the group

consisting of: solid state synthesis; DNA replication; reverse transcription; restriction
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digestion; run-off transcription; PCR; PCR-based methods; primer extension; and ligation.
In one embodiment, the at least one primer sequence is 6 to 60 deoxyribonucleotides or

ribonucleotides long.

[0012] In one embodiment, the iso-region comprises from about 1 to about 15 of the non-
standard bases. In one embodiment, the at least one primer is used in an amplification

reaction or a two-stage amplification reaction.

BRIEF DESCRIPTION OF THE FIGURES

[0013] FIG. 1 is an illustrative embodiment of the methods in which the first panel shows
the initial hybridization, both 5" and 3’ ends hybridizing with the iso-base region indicated in
the bubble. The next two panels are examples of mismatches between either the 5" or 3’
regions and the template. Finally, the last panel shows the IAP hybridizing to a previously
replicated strand with the isobases pairing with each other. The Tm of this priming will be

very high, therefore very favorable as compared to any of the initial priming events.

DETAILED DESCRIPTION

[0014] It is to be appreciated that certain aspects, modes, embodiments, variations and
features of the technology are described below in various levels of detail in order to provide

a substantial understanding of the present disclosure.

[0015] In practicing the present technology, many conventional techniques in molecular
biology, protein biochemistry, cell biology, microbiology, and recombinant DNA are used.
These techniques are well-known and are explained in, e.g., Current Protocols in Molecular
Biology, Vols. I-111, Ausubel, Ed. (1997); Sambrook et al., Molecular Cloning: A
Laboratory Manual, Second Ed. (Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, NY (1989)); DNA Cloning: A Practical Approach, Vols. I and 11, Glover, Ed.
(1985); Oligonucleotide Synthesis, Gait, Ed. (1984); Nucleic Acid Hybridization, Hames &
Higgins, Eds. (1985); Transcription and Translation, Hames & Higgins, Eds. (1984);
Animal Cell Culture, Freshney, Ed. (1986); Immobilized Cells and Enzymes (IRL Press,
1986); Perbal, A Practical Guide to Molecular Cloning, the series, Meth. Enzymol.,
(Academic Press, Inc., 1984); Gene Transfer Vectors for Mammalian Cells, Miller & Calos,
Eds. (Cold Spring Harbor Laboratory, NY, 1987); and Meth. Enzymol., Vols. 154 and 155,
Wu & Grossman, and Wu, Eds., respectively.
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[0016] Units, prefixes, and symbols may be denoted in their accepted SI form. Unless
otherwise indicated nucleic acid sequences are written left to right in the 5’ to 3’ orientation.
Nucleic acids may be referred to herein by either their commonly known nomenclature or
by the one-letter symbols recommended by the [IUPAC-IUBMB Nomenclature

Commission.

[0017] In the description that follows, a number of terms are utilized extensively.
Definitions are herein provided to facilitate understanding of the technology. The terms

described below are more fully defined by reference to the specification as a whole.

[0018] Asused herein, the terms “a” and “an” mean “one or more” unless the singular is

expressly specified.

[0019] As used herein, the term “allele” refers to a specific member of a collection of
naturally occurring sequence variants (i.e., detectable within a population of individuals) at

a specific genomic locus or marker.

[0020] As used herein, the terms “anchor oligonucleotide” or “anchor oligo dT” refer to
an oligonucleotide sequence, i.e., an oligo or poly dT, with an “anchor” residue to ensure
binding at loci or a locus of interest. For example, anchored oligo dT sequences have a
number of thymidine residues, e.g., between 1-50 or 10-40 or 20-30, and, to allow
hybridization at the beginning or end of an mRNA message, one or more G, C, or A
nucleotide anchors positioned at the 3’ end of the oligo dT. The one or more anchor
residues allow for increased hybridization specificity compared to sequences without an
anchor. Anchored oligo dT’s are especially beneficial for reverse transcription and cDNA

synthesis.

[0021] As used herein, the terms “annealing factors” or “annealing conditions” refer to
clements that affect primer annealing, such as: annealing temperature; primer length; G/C

content; pH; and/or secondary or tertiary structures which may be formed.

[0022] Asused herein, the term “arbitrary nucleotide sequence” refers to a nucleotide

sequence that is chosen without knowledge of the target nucleotide sequence.

[0023] As used herein, the terms “assessing” and “evaluating” are used interchangeably to

refer to any form of measurement, and includes determining if an element is present or not.
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The terms “determining,” “measuring,” and “assessing,” and “assaying” are used
interchangeably and include both quantitative and qualitative determinations. Assessing
may be relative or absolute. “Assessing the presence of” includes determining the amount

of something present, as well as determining whether it is present or absent.

[0024] As used herein, the term “cDNA” refers to complementary DNA. Complementary
DNA is synthesized via reverse transcription of a mRNA sequence thereby forming its

complementary DNA sequence.

[0025] Asused herein, the term “consensus sequence” refers to the nucleotide bases most
often found at any given position when comparing a large number of similar nucleotide

Sequencces.

[0026] As used herein, the term “conserved region” and “conserved region of a gene in a
multigene family” refers to a segment of a gene or amino acid sequence that is significantly
similar between members of gene families. The degree of similarity can vary and in some
embodiments, the conserved regions will be identical between family members. In other
embodiments, the nucleotide sequence may vary significantly, but will still encode for

amino acid segments that are conserved between family members.

[0027] Asused herein, the term “cycle” refers to the process which results in the
production of a copy of a target nucleic acid. A cycle includes a denaturing step, an

annealing step and an extending step, i.e., during PCR.

[0028] As used herein, the term “degenerate” sequence refers to the nucleotide sequence
that is deduced from an amino acid sequence. Accordingly, a degenerate sequence can form
a pool of the nucleotide sequences from one amino acid sequence due to the degeneracy of

the genetic code.

[0029] As used herein, the term “excess” refers to an amount of a component(s) in a
reaction, such that the ability to achieve a desired amplification is not limited by the

concentration of that component.

[0030] As used herein, the term DNA or RNA “fingerprinting” refers to a set of discrete
DNA amplicon products characteristic of a genome or a set of discrete cDNA segments

characteristic of a mRNA sample.
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[0031] As used herein, the term “genomic DNA” or “gDNA” refers to a population of
DNA that includes the complete genetic component of a species. Thus, genomic DNA
includes the complete set of genes present in a pre-selected species. The complete set of

genes in a species is also referred to as the “genome.”

[0032] As used herein, the term “high resolution melt analysis” or “HRM” refers to the
technique of oligonucleotide identification that utilizes post-PCR melt analysis, i.e., strand
separation or denaturation, to determine the temperature at which specific PCR amplicons
melt or separate. In this regard, the amplicon sequence can be confirmed or determined

based on melting temperature, in addition to other factors, if necessary.

[0033] As used herein, the terms “hybridization” or “annealing” are used in reference to
the pairing of complementary nucleic acids. Hybridization and the strength of hybridization
(i.e., the strength of the association between the nucleic acids) is influenced by the degree of
complementarity between the nucleic acids, stringency of the hybridization conditions
involved, the melting temperature of the formed hybrid, the G/C ratio within the nucleic

acids, and other annealing factors.

[0034] As used herein, the term “interrogation position” refers to the location of a specific
nucleotide base of interest within a target nucleic acid. For example, in the analysis of
single nucleotide polymorphisms, the interrogation position in the target nucleic acid is the
position which would be different from the wild type position. The interrogation position
also includes the location of a nucleotide sequence within a primer which is complementary

to an interrogation position of the target sequence.

[0035] Asused herein, the acronym “IAP” refers to an Iso-base Amplification Primer.
IAPs are a set of primers containing an iso-region which separates a 3'-segment from a 5'-

segment.

[0036] As used herein, the term “iso-region” refers to the segment of an TAP between the
3’- and 5'- target binding segments which includes at least two contiguous or non-
contiguous non-standard bases, such as i1so-C and/or is0-G. The iso-region is responsible
for the specified annealing function of an IAP in association with annealing temperature,
length of the primer, G/C content, pH, and secondary or tertiary structures which may be
present. The iso-region also defines the 3'- and 5’-segments of the IAP.
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[0037] As used herein, the term “mRNA” refers to messenger RNA. Messenger RNA is

ribonucleic acid which is transcribed from a template DNA sequence.

[0038] As used herein, the term “multiplex PCR” refers to the simultaneous amplification

of multiple DNA targets in a single reaction vessel.

[0039] As used herein, “nucleic acids” include polymeric molecules such as
deoxyribonucleic acid (DNA), ribonucleic acid (RNA), peptide nucleic acid (PNA), or any
sequence of what are commonly referred to as bases joined by a chemical backbone where
the bases have the ability to form base pairs or hybridize with a complementary chemical
structure. Suitable non-nucleotidic backbones include, for example, polyamide and
polymorpholino backbones. The term “nucleic acids” includes oligonucleotide, nucleotide,
or polynucleotide sequences, and fragments or portions thercof. The nucleic acid can be
provided in any suitable form, e.g., isolated from natural sources, recombinantly produced,
or artificially synthesized, can be single- or double-stranded, and can represent the sense or

antisense strand.

[0040] As used herein, the term “oligonucleotide” refers generally to short chain (e.g., less
than 100 nucleotides in length, and typically about 6 to 60 nucleotides in length) nucleic
acids that can be prepared using techniques presently available in the art such as, solid
support nucleic acid synthesis, DNA replication, reverse transcription, restriction digest,
run-off transcription, or the like. The exact size of the oligonucleotide will depend upon
many factors, which in turn will depend upon the ultimate function or use of the

oligonucleotide.

[0041] As used herein, the term “polymorphic” refers to the condition in which two or

more variants of a specific genomic sequence can be found in a population.

[0042] As used herein, the term “polymorphic site” is the locus at which a genetic or
proteomic variation occurs. A “single nucleotide polymorphism,” or “SNP,” is a single
base-pair variant, typically, when one nucleotide is substituted for another nucleotide at a
polymorphic site. Deletion of a single nucleotide or insertion of a single nucleotide may
also give rise to single nucleotide polymorphisms. The polymorphic site may be occupied

by two different nucleotides.
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[0043] Asused herein, the term “polymorphism” refers to the presence of two or more
alternative genomic sequences or alleles between or among different genomes or

individuals.

[0044] As used herein, the term “pre-selected arbitrary nucleotide sequence” refers to any
defined or pre-selected deoxyribonucleotide, ribonucleotide, or mixed deoxyribonucleotide
and/or ribonucleotide sequence which contains a particular sequence of natural and/or non-

standard bases.

[0045] As used herein, the term “primer” refers to an oligonucleotide, whether occurring
naturally or produced synthetically, which is capable of acting as a point of initiation for
nucleotide synthesis. In general, the primer is a single-stranded oligonucleotide which may
contain naturally occurring nucleotides, modified nucleotides, or non-standard bases.
Additionally, a “standard primer”, as referred to in the context of IAP amplification
reactions, or any other reaction, refers to any primer that is not an IAP primer, e.g., the

standard primer includes only natural oligonucleotides or other bases that are not iso-bases.

[0046] As used herein, the term “priming” refers to the positioning of an oligonucleotide
or nucleic acid to a template sequence whereby the positioning enables a polymerase to
polymerize nucleotides into a nucleic acid molecule which is complementary to the

template sequence or region thereof.

[0047] Asused herein, the term “sample” is used in its broadest sense. The term includes
a specimen or culture (e.g., microbiological cultures), as well as biological and non-

biological samples.

[0048] As used herein, the term “segment” is used in conjunction with an TAP which
refers to a nucleotide sequence separated by an iso-region. As used herein, the term “3'-
segment” or “5’-segment” refers to a nucleotide sequence at the 3’-end or 5’-end of an IAP,
respectively, which is separated by an iso-region, and which is capable of specifically

hybridizing to a complementary region of a target nucleic acid.

[0049] As used herein, the term “sequence” refers to an ordered arrangement of nucleic

acids.
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[0050] As used herein, the term “target nucleic acid”, “target sequence” or “target
nucleotide sequence” refers to a nucleotide sequence of interest which is the subject of

amplification or detection under the parameters described.

[0051] As used herein, the term “template” refers to nucleic acids or polymers thereof.
The IAP can be employed in nucleic acid amplification using single or double-stranded

nucleic acids as a template.

[0052] Asused herein, “Tm” refers to the melting temperature at which half of the

designated primers are annealed to a target nucleic acid or region.

I. Methods for Increased Amplification Reactions using Non-Standard Bases and
Applications Thereof

[0053] One aspect of the present technology relates to IAPs for use in amplification of
nucleic acid sequences and applications thercof. IAPs allow for primer annealing to be
controlled in association with numerous factors, e.g., annealing temperature, primer length,
G/C content, pH, and secondary or tertiary structures which may be formed, i.e., “annealing
factors”, wherein the specificity of nucleic acid amplification is significantly improved.

The principle behind an IAPs increased annealing specificity is based on the composition of
an oligonucleotide primer having distinct 3'- and 5’-segments separated by an iso-region
(See FIG. 1). The iso-region positioned between the 3'- and 5'-segments acts as a regulator
which controls template annealing in association with the annealing factors described
herein. The presence of the iso-region precludes annealing of the 5'-segment and
concomitantly restricts IAP annealing to the 3'-segment which results in a dramatic
improvement of annealing specificity. Non-standard bases, i.e., iso-bases, positioned
between the 3'- and 5'-segments define the iso-region which coordinately defines each
segment. Accordingly, IAPs are fundamentally different from conventional primers
whereby IAPs have a greater annealing specificity, compared to conventional primers, in
association with annealing factors. Similarly, IAPs also have increased sensitivity in
subsequent amplification cycles, compared to conventional primers, wherein iso-bases more
favorably base-pair with their complementary iso-base compared to any other base or base

substitution.

[0054] In one embodiment, the presence of one or more non-standard bases positioned

between the 3'- and 5'-segments restricts IAP annealing to the 3’-segment. Accordingly, the

10
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annealing sequence of a primer can be precisely controlled which makes it possible to
design a primer with a desired annealing sequence. In another embodiment, IAPs are useful
when an annealing segment of a primer must be specifically limited, e.g., SNP genotyping,

DNA microarray screening, and detection of differentially expressed genes.

[0055] In another embodiment, the presence of non-standard bases positioned between the
3’- and 5'-segment precludes the 5’-segment from annealing to a template under conditions
allowing for the 3’-segment to anneal to the template sequence. Accordingly, the 5'-
segment does not form nucleation sites with complementary nucleotides from the template
thereby increasing the annealing specificity of the 3’-segment. Consequently, the specificity
of primer annealing is highly sensitive whereas even a single-base mismatch can be
discerned. In one embodiment, IAPs are particularly useful for the identification of a

nucleotide variation in a target nucleic acid including SNPs and point mutations.

A. General Application of IAPs to Amplification

[0056] In one aspect of the present technology, the disclosure contemplates a method for
increasing the annealing specificity of an amplification reaction which includes, but is not
limited to:

(a) a 3'-segment complementary to a template sequence; and

(b) an iso-region at the 5'-end of the 3’-segment, wherein the iso-region includes at
least two contiguous or non-contiguous non-standard bases, wherein the iso-region restricts
the primer’s annealing locus to the 3'-segment thereby increasing the annealing specificity
of the 3’-segment compared to a primer having only the 3’-segment, and wherein the at least
two contiguous or non-contiguous non-standard bases are independently selected from the
group of: iso-C and iso-G; and

(c) a 5'-segment at the 5"-end of the iso-region, wherein the 5’-segment contains a
nucleotide sequence complementary to any region of a template containing the template
sequence, wherein the primer has increased annealing specificity for the template sequence

compared to the primer having only the 3'-segment.

[0057] In one embodiment, IAPs comprise an oligonucleotide primer having distinct 3'-
and 5'-segments separated by an iso-region containing at least two contiguous or non-
contiguous non-standard bases, i.e., 180-C and/or iso-G. The presence of iso-C and/or is0-G
in an IAP generates lower annealing temperatures compared to conventional primers,

whereby the non-standard bases have weaker hydrogen bonding interactions with natural

11
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bases. However, the presence of contiguous or noncontiguous non-standard bases within an
iso-region forms a boundary between the 3'- and 5’-segments thereby affecting the
anncaling specificity of each region. Accordingly, the 3’-segment can specifically anneal to
a target nucleic acid whereas the iso-region precludes the 5'-segment from annealing.
Consequently, the annealing specificity of the IAP is increased compared to a conventional

primer.

[0058] In one embodiment, the IAP contains at least 1, at least 2, at lcast 3, at lcast 4, at
least 5, at least 6, at lcast 7, at least 8, at least 9, or at least 10 non-standard bases between
the 3'- and 5'-segments, i.e., the iso-region. In one embodiment, a minimum number of
non-standard bases within the iso-region may be required to disrupt the annealing of the 5'-
segment to the template. In another embodiment, the iso-region contains up to 15 non-
standard bases. In some embodiments, the iso-region contains only iso-C or iso-G. In other
embodiments, the iso-region contains both iso-C and iso-G. In other embodiments, the iso-
region may contain one or more standard bases that are not capable of binding to the target
sequence. In one embodiment, the iso-region may contain natural bases separating the iso-
bases, i.e., to form the non-contiguous IAP primers. In one embodiment, at least about 1, 2,
3,4,5,6,7,8,9, or 10 natural bases separate one or more iso-bases in a non-contiguous
IAP primer. In one embodiment, a single natural base, e.g., G, A, T, C, or U, separates one

or more iso-bases in a non-contiguous IAP primer.

[0059] The iso-region may have a particular configuration of standard and non-standard
bases, which include, but are not limited to, the following embodiments, wherein “I”’
denotes a non-standard base, i.e., an iso-base, and “N” denotes any standard base, i.e., G, A,

T, C, or U:

-I-I-; -I-N-I-; -I-I-N-; -N-I-I-; -I-I-I-; -I-N-I-N-; -N-I-N-I-; -N-
I-I-N-; -N-N-I-I-; -I-I-N-N-; -I-I-I-N-; -I-N-I-I-; -I-I-N-I-; -N-
I-1-1I-; -I-I-I-1-, efc.

[0060] In one embodiment, the length of an IAP or oligonucleotide primer may be
restricted by determining the desired annealing specificity required to hybridize to a
template. In one embodiment, a 20 nucleotide IAP or oligonucleotide primer is more
specific than an IAP or oligonucleotide primer containing 10 nucleotides, and the addition

of each nucleotide to an IAP or oligonucleotide primer increases the annealing temperature.
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[0061] In one embodiment, the 3'- and 5'-segment lengths may vary depending on the
objective of each application. In another embodiment, the 3'-segment is the minimal
required length for primer annealing, i.e., 6 nucleotides. Additionally, the 3'-segment
sequence may vary from 10 to 25 nucleotides and may contain up to 60 nucleotides in
length. In another embodiment, the 3’-segment may include ribonucleotides or

deoxyribonucleotides.

[0062] In one embodiment, the 5'-segment is the minimal required length for primer
annealing, i.e., 6 nucleotides. In another embodiment, the 5'-segment may be up to 60
nucleotides in length. In one embodiment, the 5'-segment includes 6 to 60 nucleotides. In
one embodiment, the entire IAP may contain 35 to 50 nucleotides, but may also contain up

to about 100 nucleotides in length.

[0063] In one embodiment, the 5'-segment contains a pre-selected arbitrary nucleotide
sequence not complementary to any site on a template. Consequently, the pre-selected
sequence serves as a priming site for subsequent amplification. In one embodiment, the 5'-
segment pre-selected arbitrary nucleotide sequence is composed of a T3 promoter sequence,
T7 promoter sequence, SP6 promoter sequence, or a M13 forward or reverse sequence. In
another embodiment, a longer arbitrary sequence is used, i.e., approximately 10 to 60 bases,
at the 5'-segment. Longer sequences may reduce the amplification efficiency of an IAP,
however, shorter sequences, i.e., approximately 15 to 17 bases, may reduce the efficiency of

annealing under stringent conditions.

[0064] In one embodiment of the present technology, design modifications of the 5'-
segment are contemplated unless the modifications negate the advantages of the IAP, i.e.,
improvement in annealing specificity. For example, the 5'-segment may include, but is not
limited to, sequences recognized by restriction endonucleases making it possible to clone an
amplified product. In one embodiment, the 5'-segment may contain at least one nucleotide
with a label for detection or isolation of an amplified product. Labels may include, but are
not limited to, fluorophores, chromophores, chemiluminescers, magnetic particles,
radioisotopes, mass labels, electron dense particles, enzymes, cofactors, substrates for
enzymes, and haptens having specific binding partners, e.g., an antibody, streptavidin,
biotin, digoxigenin, and chelating groups. In one embodiment, the 5’-segment may also

include a bacteriophage RNA polymerase promoter region.
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[0065] The advantageous properties of IAPs may be applied to various amplification
methods and include, but are not limited to: amplifying a nucleic acid sequences;
amplifying a target nucleic acid sequence; multiplex DNA amplification; the identification
of differentially expressed genes; rapid amplification of cDNA ends (RACE); amplifying
full-length cDNA; amplifying 5"-enriched cDNA; DNA or RNA fingerprinting; the
identification of conserved homology segments in multigene families; identification of
nucleotide sequence variations; application to mutagenesis; primer extension reactions; and

other applications.

B. Applications for Amplifying a Target Nucleic Acid

[0066] In one embodiment, IAPs are applied to Polymerase Chain Reaction (“PCR”)
amplification techniques. PCR may be performed under a first and a second annealing
temperature, i.e., under different stringencies. In one embodiment, the first annealing
temperature may be equal to or lower than the second annealing temperature. Accordingly,
the second annealing temperature may be higher than the first annealing temperature. In a
PCR process performed under two different annealing temperatures, the 3'-segment is
anncaled to a template sequence at the first annealing temperature and the incorporated 5'-
segment serves as a priming site during the second amplification stage, i.e., second

annealing temperature.

[0067] In one embodiment, the iso-region is composed of at least two contiguous or non-
contiguous non-standard bases. The iso-region has a lower melting temperature (“Tm”)
than the 3'- or 5’-segments due to weaker hydrogen bonding between the iso-bases and the
standard base pairs of the template. It is not energetically favorable for the iso-region to
anneal to the template under conditions allowing for the 3’-segment to anneal at the first
annealing temperature. Consequently, the presence of the iso-region restricts primer
annealing to the 3'-segment at the first annealing temperature. Accordingly, the 5'-segment
does not form nucleation sites with complementary nucleotides from the template at the first
annealing temperature, thereby hindering the 3'-segment from annealing. Thus, the 3'-
segment anneals more specifically in the presence of the 5'-segment at the first annealing

temperature because the 3’-segment is selectively bound to its complementary sequence.

[0068] In one embodiment, the 5'-segment includes a pre-selected arbitrary nucleotide
sequence which serves as a priming site during the second stage of amplification, i.e., the

second annealing temperature. These conditions allow for subsequent amplification of
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reaction products generated from annealing and extension of the 3’-segment. Accordingly,
only the reaction products generated from annealing and extension of the 3’-segment
sequence can be amplified at a theoretical optimum, i.e., a two-fold product increase for
cach PCR cycle under the second annealing temperature. Thus, the 3’-segment serves as an
annealing site to the template sequence at the first annealing temperature and the 5'-segment
is used as a priming site at the second annealing temperature for subsequent amplification of
the product. It will be readily apparent to the skilled artisan that IAPs are useful in a variety
of primer-based nucleic acid amplification methods including, but not limited to, Ligase
Chain Reaction (“LCR”); Polymerase Ligase Chain Reaction; Gap-LCR; Repair Chain
Reaction; and Nucleic Acid Sequence Based Amplification (“NASBA”).

[0069] In another aspect of the present technology, the disclosure provides for a method
of amplifying a target nucleic acid from a mixture of nucleic acids using at least one IAP.
In one embodiment, the 3"-segment contains a sequence complementary to the target nucleic

acid to hybridize therewith.

[0070] In one embodiment, the disclosure contemplates a method using a two-stage
amplification procedure, wherein a target nucleic acid is amplified from a mixture of
nucleic acids, which includes, but is not limited to, the steps of:

(a) performing a first-stage amplification of the target nucleic acid at a first
anncaling temperature including at least two cycles of primer annealing, primer extending,
and denaturing, whereby the first IAPs contain a 3'-segment complementary to the target
nucleic acid under conditions in which the first IAPs anneal to the target nucleic acid
thereby producing amplified products; and

(b) performing a second-stage amplification of the products generated from step (a)
at a second annealing temperature including at least one cycle of primer annealing, primer
extending, and denaturing, using the same primers, i.e., IAPs, from step (a) or primers
containing a pre-selected arbitrary nucleotide sequence corresponding to each 5'-segment of
the primers used in step (a) under conditions allowing for the primers to anneal to the 3'-
and 5’-ends of the amplification products, respectively. Accordingly, the amplified products

from step (a) are re-amplified.

[0071] In one embodiment, a method is provided for employing a two-stage amplification
process for selectively amplifying a target mRNA sequence which includes, but is not

limited to, the steps of:
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(a) contacting the mRNA with an oligonucleotide dT (“oligo dT”) primer or an
anchored oligo dT primer, which may be an IAP, for hybridization to the mRNA poly-A
tails under conditions sufficient for template driven DNA synthesis to occur; and

(b) reverse transcribing the mRNA to produce a first cDNA strand; and

(c) performing a first-stage amplification of the target nucleic acid from the first
cDNA strand obtained from step (b) at a first annealing temperature including at least two
cycles of primer annealing, primer extending, and denaturing, wherein the IAPs contain a
3’-segment complementary to a region of the target nucleic acid to hybridize therewith; and

(d) performing a second-stage amplification of the amplification products generated
from step (c) at a second annealing temperature including at least one cycle of primer
annealing, primer extending, and denaturing, using the same primers, i.e., [APs, as used in
step (¢) or primers containing a pre-selected arbitrary nucleotide sequence corresponding to
cach 5'-segment of the primers used in step (c), under conditions allowing for the primers to
anneal to the 3'- and 5’-ends of the amplification products, respectively. Accordingly, the

amplified products from step (c) are re-amplified.

[0072] In one embodiment, the present technology discloses methods for amplifying a
target nucleic acid from any desired nucleic acid molecule, i.e., DNA or RNA. The DNA or
RNA molecule may be in double-stranded or single-stranded form. Where the nucleic acid
starting material is double-stranded, the two strands may be separated into single-strands or
partially single-stranded form. In one embodiment, methods for separating nucleotide
strands include, but are not limited to, heating, alkali, formamide, urea and glycoxal
treatment, enzymatic methods, e.g., helicase action, and/or applying single-stranded binding
proteins, i.e., SSB or RPA. For example, strand separation can be achieved by heating a
nucleotide molecule at temperatures ranging from 80 C to 105°C. See e.g., Sambrook, et
al., Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY (2001). In one embodiment, target nucleic acids are not required to

contain any particular sequence or length.

[0073] In another embodiment, molecules which may be amplified include, but are not
limited to, any naturally occurring prokaryotic, eukaryotic (i.e., protozoans, parasites, fungi,
yeast, higher plants, lower and higher animals, including mammals and humans), viral (i.e.,

herpes viruses, HIV, influenza virus, Epstein-Barr virus, hepatitis virus, polio virus, efc.), or
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viroid nucleic acid. In one embodiment, the nucleic acid molecule may contain any

sequence which has been or can be chemically synthesized.

[0074] In one embodiment, IAPs are hybridized to a template region forming a double-
stranded structure. See e.g., Sambrook, et al., Molecular Cloning, A Laboratory Manual,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY (2001); Haymes et al.,
Nucleic Acid Hybridization, A Practical Approach, IRL Press, Washington, DC (1985). In
one embodiment, the 3’-segment is only capable of forming a stable double-stranded
structure. Accordingly, a fully complementary 3’-segment sequence is not required as long
as hybridization occurs thereby forming a double-stranded structure. However, IAP
hybridization to a target nucleic acid is a prerequisite for template-dependent
polymerization. See e.g., Sambrook, et al., Molecular Cloning, A Laboratory Manual, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, NY (2001); Haymes et. al., Nucleic
Acid Hybridization, A Practical Approach, IRL Press, Washington, DC (1985). In one
embodiment, the nucleotide composition of the IAP can affect the temperature at which

annealing is optimal, thereby affecting its priming efficiency.

[0075] A variety of DNA polymerases can be used in the amplification step of the present
methods. In one embodiment, Klenow fragment of E. coli DNA polymerase I or
bacteriophage T7 DNA polymerase may be used. In another embodiment, the polymerase
is a thermostable DNA polymerase selected from the group which includes, but is not
limited to: Thermus aquaticus (Taq); Thermus thermophilus (Tth); Thermus filiformis;
Thermis flavus; Thermococcus literalis; or Pyrococcus furiosus (Pfu). The polymerases can
be isolated from bacteria or commercially obtained. In one embodiment, the polymerases
can be obtained from cells expressing the polymerase. In one embodiment, when
performing a polymerization reaction, the required components are supplied in excess for
cach reaction. In one embodiment, the reaction mixture contains a required amount of
cofactors such as Mg2+, dATP, dCTP, dGTP, dTTP, and/or non-standard nucleotide
triphosphates complementary to the non-standard bases present in the iso-region in

sufficient quantities to support the degree of amplification desired.

[0076] It will be readily understood by the skilled artisan that the 5'-segments used in the
first-stage amplification may contain identical or different sequences. In one embodiment,
the 5’-segment sequences are identical and one primer corresponding to the 5’-segment

sequence will be used in the second-stage amplification. In another embodiment, the 5'-
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segment sequences differ and two primers, each corresponding to the sequence of each 5'-

segment, will be used during the second-stage amplification.

[0077] In another embodiment, the present technology includes a process for selectively
amplifying a target nucleic acid or a template or mixture thereof, using an IAP, wherein a
set of primers containing an IAP and a conventional or standard primer may be used in the
first amplification step. Accordingly, the conventional or standard primer is added with the
IAP only to the first amplification step. Consequently, only one pre-selected arbitrary
primer corresponding to the 5'-segment sequence of the IAP is added to the second
amplification step. In one embodiment, this process may be used when the IAP 3’-segments

used in the first amplification step have different melting temperatures.

[0078] In one embodiment, the second-stage amplification step entails using the complete
IAP sequences used in the first-stage amplification step opposed to primers corresponding
to the 5'-segments of the IAPs. In this regard, the present embodiment does not require
further addition of the primers corresponding to the IAP 5'-segments to the reaction mixture

at the time of, or subsequent to, the first-stage amplification step.

[0079] 1In one embodiment, the first annealing temperature ranges from 30 C to 68 C or
from 40 C to 65 C. In one embodiment, the second annealing temperature ranges from 50 C
to 72'C. In another embodiment, the first annealing temperature is equal to or lower than
the second annealing temperature. In one embodiment, the length or Tm of the 3'-segment

will determine the annealing temperature for the first-stage amplification.

[0080] In one embodiment, the first-stage amplification is performed for at least 2 cycles
of annealing, extending, and denaturing to improve the specificity of primer annealing
during the first-stage amplification, and through subsequent cycles. Accordingly, the
second-stage amplification effectively proceeds under high stringent conditions, i.e., under
higher temperatures. In one embodiment, the first-stage amplification can be performed for
2 to 30 cycles. In another embodiment, the second-stage amplification can be performed for
at least one cycle and up to 45 cycles, wherein the first-stage product is amplified. In one
embodiment, the second-stage amplification is performed for 25-35 cycles. It will be
readily apparent to the skilled artisan that high and low stringency conditions may be varied

for a desired application.
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[0081] The present technology may be combined with other processes known in the art to
achieve a specific aim. In one embodiment, following the second-stage amplification,
amplified products may be isolated or purified by gel electrophoresis, column
chromatography, affinity chromatography, or hybridization. In one embodiment, the
amplified product may be inserted into a suitable cloning vector for applications thereof. In
another embodiment, the amplified product may be expressed in a suitable host harboring
an expression vector. In one embodiment, the amplified product may be placed under the
control of a promoter. Accordingly, the promoter may be originated from the vector itself
or a segment of the amplified product, i.e., the IAP 5'-segment. In one embodiment, a
prokaryotic host promoter includes, but is not limited to, a lambda promoter, tryptophan
promoter, lactose promoter and/or the T7 promoter. In another embodiment, a eukaryotic
host promoter includes, but is not limited to, a metallothionein promoter, adenovirus late
promoter, vaccinia virus 7.5K promoter, and promoters derived from polyoma, adenovirus
2, SV40, and/or cytomegalovirus. In one embodiment, examples of prokaryotic hosts
include, but are not limited to, E. coli, B. subtilis, and enterobacteriaceae such as,
Salmonella typhimurium, Serratia marcescens, and Pseudomonas. In addition to
microorganisms, cell cultures derived from multicellular organisms may also be employed
as hosts. In one embodiment, and in addition to mammalian cell hosts, insect cell systems
infected with recombinant virus expression vectors, e.g., baculovirus, and plant cell systems
infected with recombinant virus expression vectors, e.g., cauliflower mosaic virus or
tobacco mosaic virus, or transformed with recombinant plasmid expression vectors, e.g., Ti
plasmid, containing one or more coding sequences may be used. Accordingly, the
expressed polypeptide from an amplified product may be purified in accordance with

methods well known in the art.

C. Application to Multiplex DNA Amplification

[0082] Another aspect of the present technology discloses a method for amplifying more
than one target nucleic acid, wherein more than one pair of primers are used in the same
reaction. In one embodiment, annealing occurs at various temperatures to allow for DNA-
DNA hybridization to occur. Accordingly, IAPs are ideal for the optimization of multiplex
DNA amplification due to the high specificity of annealing/amplification at high

temperatures.
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[0083] In one embodiment, a method is disclosed for simultaneously amplifying more
than one target nucleic acid by using more than one pair of primers in the same reaction.
Accordingly, the present method includes an amplification reaction wherein at least one IAP
is used. In another embodiment, the two-stage amplification procedure, as described herein,
is applied to multiplex PCR. It will be readily apparent to the skilled artisan how to vary the

procedure to suit the required use.

[0084] In another embodiment, the amplified products from each target nucleic acid have
different molecular weights. Accordingly, the amplification products of multiplex target
nucleic acids may be analyzed via size separation. In one embodiment, size separation may
be performed using a variety of methods known in the art such as, but not limited to,
polyacrylamide gel electrophoresis (“PAGE”) or agarose gel electrophoresis, followed by

nucleotide sequencing, capillary electrophoresis, and/or mass spectrometry.

D. Application to Identification of Differentially Expressed Genes

[0085] In one embodiment, the present technology discloses a method using IAPs for
detecting and cloning cDNA from differentially expressed mRNAs in two or more nucleic
acid samples. In another aspect of the technology, the method entails reverse transcribing
the mRNA and performing an amplification reaction using at least one IAP. In one
embodiment, the IAP is complementary to a region of the cDNA strand generated from
reverse transcription. In another embodiment, the technology employs the two-stage
amplification procedure, described herein, as applied to identification of differentially

expressed genes.

[0086] In one embodiment, a method of using two-stage amplification for the
identification of differentially expressed genes includes, but is not limited to:

(a) a first sample of nucleic acids representing a first population of mRNA
transcripts and a second sample of nucleic acids representing a second population of mRNA
transcripts; and

(b) separately contacting each of the first and second nucleic acid samples with
IAPs, wherein the 3'-segment of the first primer, i.e., the first IAP, contains a
complementary sequence to a first site in the differentially expressed mRNA to hybridize
therewith, under conditions sufficient for template driven DNA synthesis to occur; and

(c) reverse transcribing the differentially expressed mRNAs whereby the first primer

hybridizes to produce a population of first cDNA strands that are complementary to the
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differentially expressed mRNA in the first nucleic acid sample to which the first primer
hybridizes, and a second population of first cDNA strands that are complementary to the
differentially expressed mRNA in the second nucleic acid sample to which the first primer
hybridizes; and

(d) purifying and quantifying each of the first and second populations of first cDNA
strands; and

(e) performing a first-stage amplification of each of the first and second populations
of first cDNA strands obtained from step (d) at a first annealing temperature including at
least one cycle of primer annealing, primer extending, and denaturing, and using a second
IAP wherein its 3'-segment is complementary to a second site in the first and second
populations of first cDNA strands under conditions in which the second primer, i.e., the
second IAP, anneals to the second site in each population of the first cDNA strands whereby
first and second populations of second cDNA strands are generated; and

(f) performing a second-stage amplification of each second cDNA strand generated
from step (¢) at a second annealing temperature, including at least two cycles of primer
annealing, primer extending, and denaturing, using the same first and second primers, i.e.,
first and second IAPs, from steps (b) and (e), respectively, or a primers containing a pre-
selected arbitrary nucleotide sequence corresponding to each 5'-segment of the first and
second primers used in steps (b) and (e), respectively, under conditions in which the primers
anneal to the 3'- and 5'-end sequences of each second cDNA strand, respectively, whereby
amplification products of the second cDNA strands are generated; and

(g) comparing the presence or level of individual amplification products in the first

and second populations of amplification products obtained from step (f).

[0087] In one embodiment, the nucleic acid sample representing a population of mRNA
transcripts can be obtained from a wide variety of biological materials. In one embodiment,
the first nucleic acid sample contains mRNA expressed in a first cell and the second nucleic
acid sample contains mRNA expressed in a second cell. In another embodiment, the first
nucleic acid sample contains mRNA expressed in a cell at a first developmental stage and
the second nucleic acid sample contains mRNA expressed in a cell at a second
developmental stage, i.e., a later stage. In one embodiment, the first nucleic acid sample
contains mRNA expressed in a tumorigenic cell and the second nucleic acid sample

contains mRNA expressed in a normal cell.
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[0088] In one embodiment, steps (¢) and (f) as described above, may be performed in a
single tube using the same reaction mixture except for the primers. Accordingly, steps (¢)
and (f) differ only with respect to time. It will be understood by the skilled artisan that
primers corresponding to the 5’-segment can be added to the reaction mixture during or after
second cDNA strand synthesis. In one embodiment, the primers corresponding to the 5'-
segment are added to the reaction mixture immediately following step (e), followed by PCR
amplification of the second cDNA strands. It will be readily understood by the skilled
artisan that the 5’-segment sequences of the first and second IAPs used in steps (b) and (e),

respectively, can be identical or different sequences, as previously described herein.

[0089] In one embodiment, the cDNA pools synthesized by the first IAP in step (d) can be
purified and quantified by techniques well known in the art. In one embodiment,
quantifying the products is necessary to control the input of the amplification step which
may subsequently be compared to the final amplified products, i.e., comparison between
two or more samples. In one embodiment, the amount of cDNA is measured via ultraviolet

(“UV?”) spectroscopy or other spectrophotometric techniques known in the art.

[0090] In one embodiment, comparing the presence or level of amplified products
obtained from step (f) may be performed in accordance with various methods known in the
art. In one embodiment, each of the first and second populations of amplified product from
step (f) are resolved by electrophoresis to identify differentially expressed mRNAs. In
another embodiment, the resultant PCR-cDNA fragments are detected on an ethidium
bromide-stained agarose gel. It will be readily understood by the skilled artisan that the
methods disclosed herein relating to: increasing primer annealing specificity; detecting rare
mRNAs; generating long-distance PCR products; increasing the speed of analysis; and
allowing the rational design of a representative set of primers may be adjusted for an
intended use, such as, but not limited to, mMRNA, micro-RNA (miRNA), pre-miRNA,
primary miRNA, rRNA, and/or snRNA amplification and detection.

II. Non-Standard Bases

[0091] As contemplated by the present technology, an IAP contains at least two
contiguous or non-contiguous non-standard bases in addition to standard bases, i.e., natural
bases. Natural bases, i.e., DNA and/or RNA, can form oligonucleotide templates which

include deoxyriboses or riboses, respectively, coupled by phosphodiester bonds. Each
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deoxyribose or ribose includes a base coupled to a sugar. The natural bases incorporated in
naturally-occurring DNA and RNA are adenosine (A), guanosine (G), thymidine (T),
cytidine (C), and uridine (U). According to the rules of base pairing elaborated by Watson
and Crick, the natural bases can hybridize to form purine-pyrimidine base pairs, wherein G
pairs with C and A pairs with T or U. These pairing rules facilitate specific hybridization of

an oligonucleotide with a complementary oligonucleotide.

[0092] The formation of these base pairs by the natural bases is facilitated by the
generation of two or three hydrogen bonds between the two bases of each base pair. Each
of the bases includes two or three hydrogen bond donors and hydrogen bond acceptors. The
hydrogen bonds of the base pair are each formed by the interaction of at least one hydrogen
bond donor on one base with a hydrogen bond acceptor on the other base. Hydrogen bond
donors include heteroatoms, e.g., oxygen or nitrogen, which have at least one attached
hydrogen. Hydrogen bond acceptors include heteroatoms, e.g., oxygen or nitrogen, which

have a lone pair of electrons.

[0093] The natural bases, A, G, C, T, and U, can be derivatized by substitution at non-
hydrogen bonding sites to form modified natural bases. For example, a natural base can be
derivatized for attachment to a support by coupling a reactive functional group, e.g., thiol,
hydrazine, alcohol, amine, and the like, to a non-hydrogen bonding atom of the base. Other
possible substituents include, e.g., biotin, digoxigenin, fluorescent groups, alkyl groups

(methyl or ethyl), and the like.

[0094] Non-natural bases, which form hydrogen-bonding base pairs, can also be
constructed as described, for example, in U.S. Patents Nos. 5,432,272; 5,965,364;
6,001,983; 6,037,120, U.S. published application no. 2002/0150900; and U.S. Patent
Application Serial No. 08/775,401, all of which are incorporated herein by reference.
Suitable bases and their corresponding base pairs may include the following bases in base

pair combinations (iso-C/iso-G, K/X, H/J, and M/N):
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[0095] where A is the point of attachment to the sugar or other portion of the polymeric

backbone and R is H or a substituted or unsubstituted alkyl group. It will be recognized that

other non-natural bases utilizing hydrogen bonding can be prepared, as well as

modifications of the above-identified non-natural bases by incorporation of functional

groups at the non-hydrogen bonding atoms of the bases.

[0096] In another embodiment, the hydrogen bonding of the non-standard base pairs is

similar to those of the natural bases where two or three hydrogen bonds are formed between

hydrogen bond acceptors and hydrogen bond donors of the pairing non-standard bases. One

of the differences between the natural bases and non-standard bases is the number and

position of hydrogen bond acceptors and hydrogen bond donors. For example, cytosine can

be considered a donor/acceptor/acceptor base with guanine being the complementary

acceptor/donor/donor base. Iso-C is an acceptor/acceptor/donor base and iso-G is the

complementary donor/donor/acceptor base, as illustrated in U.S. Pat. No. 6,037,120,

incorporated herein by reference.
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[0097] In one embodiment, the use of non-standard bases according to this disclosure is
extendable beyond preparation and use of IAPs for increasing the annealing specificity of an
amplification reaction. For example, non-standard bases can be recognized by many
enzymes that catalyze reactions associated with nucleic acids. While a polymerase requires
a complementary nucleotide to continue polymerizing an extending oligonucleotide chain,
other enzymes do not require a complementary nucleotide. If a non-standard base is present
in the template and its complementary non-standard base is not present in the reaction mix,
a polymerase will typically stall, or misincorporate a base when given a sufficient amount of
time, when attempting to extend an elongating primer past the non-standard base. However,
other enzymes that catalyze reactions associated with nucleic acids, such as ligases, kinases,
nucleases, polymerases, topoisomerases, helicases, and the like, can catalyze reactions
involving non-standard bases. Such features of non-standard bases can be taken advantage

of, and are within the scope of the present technology.

[0098] As mentioned above, the polymerase can in some instances misincorporate a base
opposite a non-standard base. In this embodiment, the misincorporation takes place because
the reaction mix does not include a complementary non-standard base. Thus, if given
sufficient amount of time, the polymerase can in some cases misincorporate a base that is

present in the reaction mixture opposite the non-standard base.

III.  TAP Kits

[0099] One aspect of the present technology discloses a kit containing reagents and
instructions for performing amplification reactions with increased annealing specificity. In
one embodiment, the kit contains IAPs including a 5'-segment complementary to a nucleic
acid template, which is separated from a specific 3'-segment sequence complementary to a
template nucleic acid, by an iso-region. In one embodiment, the kit contains an IAP
composed of an iso-region with at least two contiguous or non-contiguous non-standard
bases. In another embodiment, the kit contains non-standard nucleotide triphosphates, i.e.,
180-C and/or i1s0-G. The kits of the present technology may also include reagents for
performing PCR reactions such as buffers, DNA polymerase(s), DNA polymerase cofactors,
and deoxyribonucleotide-5'-triphosphates, i.e., dNTPs, or ribonucleotide-5'-triphosphates,
i.e., NTPs. In one embodiment, the kits may also include various polynucleotide molecules

such as reverse transcriptase and/or antibodies that inhibit DNA polymerase activity.
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[0100] In one embodiment, the kits contain reagents necessary for performing positive
and negative control reactions. In another embodiment, the kits are adapted to contain in
separate compartments the constituents as described herein. The kit may also disclose
instructions for the diagnosis of genetic and infectious diseases, gender determination,
genetic linkage analysis, and additional forensic studies. In another embodiment, reagents
employed in the methods of the present technology can be packaged into diagnostic kits.
Diagnostic kits may include labeled templates or sequences thereof, IAPs, and conventional
primers. In one embodiment the kit includes non-standard bases capable of being
incorporated into an elongating oligonucleotide by a polymerase. In another embodiment,
the kit contains non-standard bases which are labeled. If the oligonucleotide and non-
standard bases are unlabeled, the specific labeling reagents may also be included in the kit.
In one embodiment, the kit discloses reagents and instructions for performing or producing

any of the methods, steps, procedures or embodiments described herein.

EXAMPLES

[0101] The present technology is further illustrated by the following examples, which

should not be construed as limiting in any way.

Methods for Amplifying a Target Nucleic Acid Sequence Using IAP Primers

[0102] The IAPs disclosed herein are applied to amplify a target nucleic acid. The
following experiments are conducted in single-stage PCR amplifications. The IAPs are
adapted from conventional or standard primer sets to demonstrate that the IAP system can
overcome the main problems arising from these conventional or standard primer sets, such
as background and non-specific product amplification. As such, IAP primers were designed
to have various melting temperatures (Tm) and contain at least 2 contiguous or non-
contiguous iso-bases, with or without interspersed standard bases. The 5’ segments contain
a variable number of bases to produce an IAP possessing a Tm between about 50°C-65°C.

The 3’ segment of the following IAP primers contains between about 4 to 10 bases.

[0103] During PCR amplification, an IAP primer set is used to generate and/or detect
fragments of a target nucleic acid. Specifically, single-stage PCR amplifications were
performed by adding 1 pl of 5" IAP (10 uM) and 1 pl of 3' IAP (10 M) to a reaction
mixture containing, in a final volume of 25 pul, 10 mM of BTP buffer (50 mM KCI, 2.5 mM
MgCl,, 0.1 mM of dNTPs, 80 uM of iso-CTP) at pH 9.1, and 1X of TiTaq polymerase
(Clontech, Palo Alto, CA). The PCR cycling conditions included pre-heating the reaction
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for 2 minutes at 94°C followed by 50-70 reaction cycles that included a 5 second (s)
denaturation at 95°C, annealing for 20s at 45°C or 55°C, and extension for 30s at 72°C.

[0104] As demonstrated by the examples that follow, target nucleotide amplification was
indicated, in real time, by a change in fluorescence (denoted as counts in the Tables that
follow) due to the production of quenched amplification products or intercalation of SYBR
Green into the amplicons. Following amplification, the resulting products were subjected to
strand separation, via thermal denaturation, resulting in regeneration of the fluorescent
signal. Additionally, the specific temperature at which the melting occurred was used to
confirm the identity of the amplification products, i.e., using high resolution melt analysis
(see Tables 1-10). Target DNA or RNA was also amplified using standard primers as a

control.

Example 1 - Detection of Target DNA using IAPs with Contiguous Iso-bases
[0105] Amplification of a 10,000X LoD Flu A (Flu A) DNA target occurred in the

presence of a forward IAP primer with two contiguous iso-G bases and a standard Flu A
reverse primer conjugated to FAM (fluorescein). The IAP primer had a 5’ segment Tm of
60°C and varying number of bases, ranging from 4 to 7, at the 3’ end (see Table 1). The
cycling conditions for the PCR amplification reaction included pre-heating the reaction at
94°C for 2 minutes followed by 70 reaction cycles including a 5s denaturation at 95°C,
annealing for 20s at 45°C, and extension for 30s at 72°C. As shown in Table 1, the
decrease in fluorescence (counts) was due to the production of quenched amplicons with
each amplification cycle, measured in real-time, and served as an indicator of target DNA
amplification. Following amplification, the resulting amplicons were subject to strand
separation, via thermal denaturation, resulting in regeneration of fluorescent signal. The
specific temperature at which the melting occurred was used to confirm the identity of the

amplification products (see Table 1 “Tm”).
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Table 1 — TAP primers with a 60°C Tm at the 5’ end

Sample ID Primer ID Primer Sequences # of 3' Bases Cr Ta

1 FluA-F 4-60 CAGTGAGCGAGGACTGCYYCGTA 4 32.5 81.2
(SEQ ID NO: 1)

2 FluA-F 4-60 CAGTGAGCGAGGACTGCYYCGTA 4 32.6 81.0
(SEQ ID NO: 1)

3 FluA-F 5-60 CCAGTGAGCGAGGACTGYYGCGTA 5 37.1 81.0
(SEQ ID NO: 2)

4 FluA-F 5-60 CCAGTGAGCGAGGACTGYYGCGTA 5 379 81.0
(SEQ ID NO: 2)

5 FluA-F 6-60 CCCAGTGAGCGAGGACTYYAGCGTA 6 41.9 80.7
(SEQ ID NO: 3)

6 FluA-F 6-60 CCCAGTGAGCGAGGACTYYAGCGTA 6 40.0 80.8
(SEQ ID NO: 3)

7 FluA-F 7-60 GCCCAGTGAGCGAGGACYYCAGCGTA 7 30.2 82.2
(SEQ ID NO: 4)

8 FluA-F 7-60 GCCCAGTGAGCGAGGACYYCAGCGTA 7 30.1 82.2
(SEQ ID NO: 4)

9 FluA-Forward | GCGAGGACTGCAGCGTA All standard bases | 27.4 78.5
(SEQ ID NO: 5)

10 FluA-Forward | GCGAGGACTGCAGCGTA All standard bases | 27.4 78.6
(SEQ ID NO: 5)

Reverse FAM-XAGGGCATTTTGGACAAAGC For All Reactions

Primer (SEQ ID NO: 6)

Note: X =1IsoC, Y = IsoG, FAM = Fluorescein

[0106]

Amplification of a Flu A DNA target was also performed in the presence of a

standard Flu A forward primer and a reverse IAP primer containing two contiguous iso-G

bases and an is0-C base conjugated to FAM. The IAP primer had a 5’ segment Tm of 55°C

and varying number of bases, ranging from 4 to 7, at the 3’ end (see Table 2). The cycling

conditions, detection, and amplicon confirmation were performed as outlined above.

Table 2 — TAP primers with a 55°C Tm at the §' end

Sa;;n)ple Primer ID Primer Sequences # of 3’ Bases Cr Tu
| FluA-R 3'-5- | FAM-XCCATTGAGGGCATTTTGGYYARAGC s 461 | 810
55C (SEQ ID NO: 7) : :
FluA-R 3'-5- | FAM-XCCATTGAGGGCATTTTGGYYARAGC
2 55C (SEQ ID NO: 7) > 46.0 | 80.9
3 FluA-R 3'-6- | FAM-XCCCATTGAGGGCATTTTGYYCARAGC 6 406 | 815
55C (SEQ ID NO: 8) : :
4 FluA-R 3'-6- | FAM-XCCCATTGAGGGCATTTTGYYCARAGC 6 396 | 8.0
55C (SEQ ID NO: 8)

s FluA- FAM-XAGGGCATTTTGGACARAGC Standard FAM 283 | 787
Reverse (SEQ ID NO: 6) labeled ) )
6 FluA- FAM-XAGGGCATTTTGGACARAGC Standard FAM 275 | 787
Reverse (SEQ ID NO: 6) labeled ) )

F;;:Vnaerrd GCGAGGACTGCAGCGTA (SEQ ID NO: 5) For All Reactions

Note: X =1IsoC, Y = IsoG, FAM = Fluorescein

[0107]

IAP primers containing contiguous iso-bases are capable of specifically and efficiently
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amplifying target DNA in real time. These results indicate that IAP primers containing
contiguous iso-bases are capable of specifically and efficiently amplifying target DNA in
real time, irrespective of whether they are used as the forward primer or as the reverse

primer in a PCR reaction.

Example 2 - Detection of Target RNA using IAPs with Contiguous Iso-bases
[0108] Amplification of a Flu A RNA target occurred in the presence of a forward IAP

primer with two contiguous is0-G bases and a standard Flu A reverse primer conjugated to
FAM. The IAP primer had a 5’ segment Tm of 50°C and varying number of bases, ranging
from 4 to 7, at the 3’ end (see Table 3). RNA was reverse transcribed using MMLV-RT
(Promega, Madison, WI) at 50°C for 15 min prior to amplification. The cycling conditions
for the PCR amplification reaction included pre-heating the reaction at 94°C for 2 minutes
followed by 70 reaction cycles including a 5s denaturation at 95°C, annealing for 20s at
45°C, and extension for 30s at 72°C. As shown in Table 3, the decrease in fluorescence
(counts) was due to the production of quenched amplicons. Confirmation of amplicon

identification was also performed, as described above.

Table 3 — IAP primers with a 50°C Tm at the §' end

Sample ID Primer ID Primer Sequences # of 3’ Bases Crp Tu
1 FIUA-F 3'4-50C | o &m0 CE FECYEEETE 4 278 | 817
2 FIUA-F 3'4-50C | g &m0 R FECHEEETE 4 282 | 813
3 L o 5 355 | 815
4 FIuA-F 3'-5-50C TGAGCGAGGACTGYYGCGTA 5 356 | 814

(SEQ ID NO: 10)

, GTGAGCGAGGACTYYAGCGTA
5 FluA-F 3'-6-50C (SEQID NO: 11) 6 37.4 | 80.9

, GTGAGCGAGGACTYYAGCGTA
6 FluA-F 3'-6-50C (SEQ ID NO: 11) 6 37.8 | 80.9

, AGTGAGCGAGGACYYCAGCGTA
7 FluA-F 3'-7-50C (SEQ ID NO: 12) 7 26.7 | 82.0

AGTGAGCGAGGACYYCAGCGTA

8 FluA-F 3'-7-50C (SEQ ID NO: 12) 7 26.2 | 82.0
GCGAGGACTGCAGCGTA All standard

9 FluA Forward (SEQID NO: 5) bases 232 | 783
GCGAGGACTGCAGCGTA All standard

10 FluA Forward (SEQ ID NO: 5 bases 234 | 783
FAM-XAGGGCATTTTGGACARAGC FAM labeled primer - For

Reverse Primer

(SEQ ID NO: 6) All Reactions

Note: X =1IsoC, Y = IsoG, FAM = Fluorescein

[0109] Amplification of a Flu A RNA target was also performed in the presence of a

standard Flu A forward primer and a reverse IAP primer containing two contiguous iso-G
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bases and an is0-C base conjugated to FAM. The IAP primer had a 5’ segment Tm of 55°C

and varying number of bases, ranging from 5 to 7, at the 3’ end (see Table 4). The cycling

conditions, detection, and amplicon confirmation were performed as outlined above.

Table 4 — IAP primers with a 55°C Tm at the §' end

S[?lgl Primer ID Primer Sequences # of 3' Bases Cr Tn
I? FluA-R 3'-5-55C ;FSAED(/E—I}BCD?S:T%‘GAGGGCATTTTGGYYAAAGC 5 394 | 807
) FluA-R 3'-5-55C ;FSAEI\(/IQ—I}]()CISST%‘GAGGGCATTTTGGYYAAAGC 5 389 | 806
3 FluA-R 3'-5-55C ;FSAED(/E—I}BCD?S:T%‘GAGGGCATTTTGGYYAAAGC 5 395 | 806
4 FluA-R 3'-6-55C ;FSAEI\(/IQ—I}]()CI\C];SZAST)‘TGAGGGCATTTTGYYCAAAGC 6 334 | 813
5 FluA-R 3'-6-55C ;FSAEI\(/IQ—I}]()CI\C];SZAST)‘TGAGGGCATTTTGYYCAAAGC 6 339 | 813
6 FluA-R 3'-6-55C ;FSAEI\(/IQ—I}]()CI\C];SZAST)‘TGAGGGCATTTTGYYCAAAGC 6 335 | 812
7| FuAReerse | PR KRCOGCATTTIGGACARAGS Sandard EAVC T 5 14
8 FluA Reverse é‘%%}’?ﬁg?g‘wTTTGGACAAAGC Stal}i;i?eﬂAM 23.1 | 78.4
o | FluaReverse | Fl KACGGCATTTIGOACARAGE Standard EAM [, 5 15

Forward Primer

GCGAGGACTGCAGCGTA (SEQID NO: 5)

All standard bases - For All
Reactions

Note: X =1IsoC, Y = IsoG, FAM = Fluorescein

[0110]
IAP primers containing contiguous iso-bases are capable of specifically and efficiently

amplifying target RNA in real time. These results indicate that IAP primers containing

These results indicate that, in the presence of a standard primer, forward or reverse

contiguous iso-bases are capable of specifically and efficiently amplifying target RNA in

real time, irrespective of whether they are used as the forward primer or as the reverse

primer in a PCR reaction. In addition, these results indicate that the IAP primer (forward

primer) is capable of priming the RNA for the reverse transcriptase reaction.

Example 3 - SYBR Green Detection of Target DNA using IAPs

[0111]

Amplification of a Flu A DNA target occurred in the presence of a forward IAP

primer with two contiguous is0-G bases and a standard reverse primer. The IAP primers

had a 5’ segment Tm of 55°C and varying number of bases, ranging from 4 to 7, at the 3’

end (see Table 5). The PCR amplification reactions employed the double-stranded (ds)

DNA intercalating dye SYBR Green and cycling conditions that included pre-heating the

reaction at 94°C for 2 minutes followed by 70 reaction cycles including a 5s denaturation at

95°C, annealing for 20s at 55°C, and extension for 30s at 72°C. As shown in Table 5,
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changes in fluorescence (counts) were due to SYBR Green intercalation into the ds
amplicon, as measured in real-time, and served as an indicator of target DNA amplification.

Confirmation of amplicon identification was also performed, as described above.

Table S — IAP primers with a 55°C Tm at the 5’ end and SYBR

Sa;;n)ple Primer ID Primer Sequences # of 3’ Bases Cr Tn
. TGAGCGAGGACTGCYYCGTA

1 FluA-F 3'-4-55C (SEQ ID NO: 13) 4 415 | 81.4

) FluAF 3-4-55C | TGAGCGAGGACTGCYYCGTA 4 a8 | 814

(SEQ ID NO: 13)

, AGTGAGCGAGGACTGYYGCGTA
3 FluA-F 3'-5-55C (SEQ ID NO: 14) 5 41.2 81.4

, AGTGAGCGAGGACTGYYGCGTA
4 FluA-F 3'-5-55C (SEQ ID NO: 14) 5 40.7 81.6

) CAGTGAGCGAGGACTYYAGCGTA
5 FluA-F 3'-6-55C (SEQ ID NO: 15) 6 47.4 80.8

) CAGTGAGCGAGGACTYYAGCGTA
6 FluA-F 3'-6-55C (SEQ ID NO: 15) 6 45.5 80.5

) CCAGTGAGCGAGGACYYCAGCGTA
7 FluA-F 3'-7-55C (SEQ ID NO: 16) 7 28.6 81.6

CCAGTGAGCGAGGACYYCAGCGTA

8 FluA-F 3'-7-55C (SEQ ID NO: 16) 7 290 | 81.6
GCGAGGACTGCAGCGTA All Standard
9 FluA Forward (SEQ ID NO: 5) bascs 239 78.5
Reverse Primer XAGGGCATTTTGGACAAAGC For All Reactions

(SEQ ID NO: 6)

Note: X =1Is0C, Y = IsoG

Example 4 - SYBR Green Detection of DNA using IAPs with Non-contiguous Iso-bases

[0112] Amplification of a Flu A DNA target occurred in the presence of a reverse IAP
primer with two non-contiguous iso-G bases, separated by one natural base, and a standard
forward primer. The IAP primers had a 5’ segment Tm of 60°C and 4 bases at the 3" end
(see Table 6). The PCR amplification reactions used the ds DNA intercalating dye SYBR
Green and cycling conditions that included pre-heating the reaction at 94°C for 2 minutes
followed by 70 reaction cycles including a 5s denaturation at 95°C, annealing for 20s at
55°C, and extension for 30s at 72°C. As shown in Table 6, changes in fluorescence
(counts) were due to SYBR Green intercalation into the ds amplicon, as measured in real-
time, and served as an indicator of target DNA amplification. Confirmation of amplicon

identification was also performed, as described above.
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Table 6 — IAP primers with a 60°C Tm at the 5’ end and SYBR

Sample #0f3 Cy T,

D Primer ID Primer Sequences Bases
. GGATCCCCATTCCCATTGYTYGCAT
1 FluA-R-3'-4-GYTYG (SEQ ID NO: 17) 4 39.6 | 819

) GGATCCCCATTCCCATTGYTYGCAT
2 FluA-R-3'-4-GYTYG (SEQ ID NO: 17) 4 40.5 81.9

) GGATCCCCATTCCCATTGYTYGCAT
3 FluA-R-3'-4-GYTYG (SEQ ID NO: 17) 4 40.1 81.8

GGATCCCCATTCCCATTGYTYGCAT

4 FluA-R-3'-4-GYTYG (SEQ ID NO: 17) 4 38.1 81.8
XAGGGCATTTTGGACAAAGC

5 FluA Reverse (SEQ ID NO: 6) Standard | 24.1 78.1
XAGGGCATTTTGGACAAAGC

6 FluA Reverse (SEQ ID NO: 6) Standard | 24.7 | 78.3

GCGAGGACTGCAGCGTA

(SEQ ID NO: 5) For All Reactions

Forward Primer

Note: X =1Is0C, Y = IsoG

[0113] These results indicate that, in the presence of a standard primer, IAP primers
containing non-contiguous iso-bases are capable of specifically and efficiently amplifying
target DNA in real time. These results indicate that intercalating dyes can be used as
suitable detection agents in amplification reactions and for high resolution melt analyses.
Specifically, the results indicate that intercalating dyes such as SYBR Green is a suitable

detection agent for use in the IAP amplification reactions.

Example 5 - SYBR Green Detection of DNA using forward and reverse 1APs

[0114] Amplification of a Flu A DNA target occurred in the presence of forward and
reverse IAP primers each with two contiguous iso-G bases. The IAP primers had 5’
segment Tm’s of 50°C, 55°C, and 60°C, and varying number of bases, ranging from 4 to 7,
at the 3’ end (see Tables 7-9, respectively). The PCR amplification reactions used the ds
DNA intercalating dye SYBR Green and cycling conditions that included pre-heating the
reaction at 94°C for 2 minutes followed by 70 reaction cycles including a 5s denaturation at
95°C, annealing for 20s at 55°C, and extension for 30s at 72°C. As shown in Tables 7-9,
changes in fluorescence (counts) were due to SYBR Green intercalation into the ds
amplicon, as measured in real-time, and served as an indicator of target DNA amplification.

Confirmation of amplicon identification was also performed, as described above.
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SpeIcll)men Primer ID Primer Sequences # of 3’ Bases Cr Tn
, GAGCGAGGACTGCYYCGTA
1 FluA-F-3'-4-50C (SEQ ID NO: 9) 4 42.4 84.7
, GAGCGAGGACTGCYYCGTA
2 FluA-F-3'-4-50C (SEQ ID NO: 9) 4 43 .4 84.7
, TGAGCGAGGACTGYYGCGTA
3 FluA-F-3'-5-50C (SEQ ID NO: 10) 5 41.9 84.5
, TGAGCGAGGACTGYYGCGTA
4 FluA-F-3'-5-50C (SEQ ID NO: 10) 5 40.3 84.5
, GTGAGCGAGGACTYYAGCGTA
5 FluA-F-3'-6-50C (SEQID NO: 11) 6 45.6 84.0
, GTGAGCGAGGACTYYAGCGTA
6 FluA-F-3'-6-50C (SEQ ID NO: 11 6 42.9 84.1
, AGTGAGCGAGGACYYCAGCGTA
7 FluA-F-3'-7-50C (SEQ ID NO: 12) 7 31.9 85.0
, AGTGAGCGAGGACYYCAGCGTA
8 FluA-F-3'-7-50C (SEQ ID NO: 12) 7 32.3 85.0
GCGAGGACTGCAGCGTA
FluA Forward (SEQID NO: 5)
? Flu A Reverse | XAGGGCATTTTGGACAAAGC Standard 300 | 82.2
(SEQ ID NO: 6)
GCGAGGACTGCAGCGTA
FluA Forward (SEQ ID NO: 5)
10 Flu A Reverse | XAGGGCATTTTGGACAAAGC Standard 297 | 822
(SEQ ID NO: 6)
FluA-R-3'-4-CT- CCCATTCCCATTGAGGGCYYTTTG For All Reactions with IAP

Reverse Primer

(SEQ ID NO: 18)

primer

Note: X =1Is0C, Y = IsoG
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Table 8§ — IAP primers with a 55°C Tm at the 5’ end and SYBR

Specimen . . #of3'
D Primer ID Primer Sequences Bases Cr Tm
, TGAGCGAGGACTGCYYCGTA
1 FluA-F-3'-4-55C (SEQ ID NO: 13) 4 46.5 84.5
, TGAGCGAGGACTGCYYCGTA
2 FluA-F-3'-4-55C (SEQ ID NO: 13) 4 47.2 84.3
, AGTGAGCGAGGACTGYYGCGTA
3 FluA-F-3'-5-55C (SEQ ID NO: 14) 5 42.8 84.2
, AGTGAGCGAGGACTGYYGCGTA
4 FluA-F-3'-5-55C (SEQ ID NO: 14) 5 41.3 84.1
, CAGTGAGCGAGGACTYYAGCGTA
5 FluA-F-3'-6-55C (SEQ ID NO: 15) 6 459 83.5
, CAGTGAGCGAGGACTYYAGCGTA
6 FluA-F-3'-6-55C (SEQ ID NO: 15) 6 42.6 83.3
, CCAGTGAGCGAGGACYYCAGCGTA
7 FluA-F-3'-7-55C (SEQ ID NO: 16) 7 33.2 84.1
, CCAGTGAGCGAGGACYYCAGCGTA
8 FluA-F-3'-7-55C (SEQ ID NO: 16) 7 33.1 84.1
GCGAGGACTGCAGCGTA
FluA Forward (SEQID NO: 5)
? FluA Reverse XAGGGCATTTTGGACAAAGC Standard | 30.0 | 82.2
(SEQ ID NO: 6)
GCGAGGACTGCAGCGTA
FluA Forward (SEQ ID NO: 5)
10 FluA Reverse XAGGGCATTTTGGACAAAGC Standard | 29.7 | 82.2
(SEQ ID NO: 6)

FluA-R-3'-4-CT-Reverse
Primer

CCCATTCCCATTGAGGGCYYTTTG
(SEQ ID NO: 18)

For All Reactions with IAP

primer

Note: X =1Is0C, Y = IsoG
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Table 9 — IAP primers with a 60°C Tm at the 5’ end and SYBR

Specimen Primer ID Primer Sequences # of 3’ Bases Cr T

1D
) CAGTGAGCGAGGACTGCYYCGTA
1 FluA-F-3'-4-60C (SEQ ID NO: 1) 4 58.6

) CAGTGAGCGAGGACTGCYYCGTA
2 FluA-F-3'-4-60C (SEQ ID NO: 1) 4 48.7 83.6

) CCAGTGAGCGAGGACTGYYGCGTA
3 FluA-F-3'-5-60C (SEQ ID NO: 2) 5 43.1 83.7

) CCAGTGAGCGAGGACTGYYGCGTA
4 FluA-F-3'-5-60C (SEQ ID NO: 2) 5 45.0 83.7

) CCCAGTGAGCGAGGACTYYAGCGTA
5 FluA-F-3'-6-60C (SEQ ID NO: 3) 6 47.1 83.1

) CCCAGTGAGCGAGGACTYYAGCGTA
6 FluA-F-3'-6-60C (SEQ ID NO: 3) 6 47.7 83.1

) GCCCAGTGAGCGAGGACYYCAGCGTA
7 FluA-F-3'-7-60C (SEQ ID NO: 4) 7 34.8 84.3

GCCCAGTGAGCGAGGACYYCAGCGTA

8 FA-F-3-7-60C | i1 0. 7 350 | 843
GCGAGGACTGCAGCGTA
FluA Forward (SEQ ID NO: 5)
? FluA Reverse XAGGGCATTTTGGACAAAGC Standard 30.0 | 822
(SEQ ID NO: 6)
GCGAGGACTGCAGCGTA
FluA Forward | (SEQ ID NO: 5)
10 FluA Reverse XAGGGCATTTTGGACAAAGC Standard 29.7 | 822
(SEQ ID NO: 6)
FluA-R-3'-4-CT- CCCATTCCCATTGAGGGCYYTTTG For All Reactions with IAP
Reverse Primer (SEQ ID NO: 18) primer

Note: X =1Is0C, Y = IsoG

Example 6 — IAPs Decrease Non-specific Interactions

[0115] Amplification of a Flu A DNA target was performed in the presence of forward
and reverse IAP primers each with two contiguous iso-G bases and compared to a control
reaction using standard primers. The IAP primers had a 5’ segment Tm of 50°C and 5 bases
at the 3" end. The PCR amplification reactions used the ds DNA intercalating dye SYBR
Green and cycling conditions that included pre-heating the reaction at 94°C for 2 minutes
followed by 50 reaction cycles including a 5s denaturation at 95°C, annealing for 20s at
55°C, and extension for 30s at 72°C. As shown in Table 10, changes in fluorescence
(counts) were due to SYBR Green intercalation into the ds amplicon, as measured in real-
time, and served as an indicator of target DNA amplification. Confirmation of amplicon
identification was also performed, as described above. It is noted that the amplification
performed in the presence of the IAP primers (see Table 10) had fewer non-specific
interactions compared to the control reaction using standard Flu A forward and reverse

primers (see Table 10).
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Table 10 — SYBR Green-based PCR reactions with IAP primers compared to
reactions using standard primers

FluA # of Dimers Avg,

Set Primer ID Primer Sequences
Target/Avg. Ct in NTC Rxn | Dimer Ct
TGAGCGAGGACTGYYGCGTA
FluA-F-3'-5-50C
(SEQ ID NO: 10)
A 36.3 1 42.5
CCCATTCCCATTGAGGGCYYTTTG
FluA-R-3"-4-CT
(SEQ ID NO: 18)
GCGAGGACTGCAGCGTA
Flu A For
(SEQ ID NO: 5)
B 24 6 31.9
XAGGGCATTTTGGACAAAGC
Flu A Rev

(SEQ ID NO: 6)

[0116] The foregoing examples illustrate that IAPs are capable of detecting target
nucleotide sequences that are essentially free of non-specific background products, thus
ameliorating problems such as non-specificity, which arise when using conventional
primers. It is also understood that the IAP assays allow for the generation specific products

regardless of the design of gene-specific primers.

[0117] The present disclosure is not to be limited in terms of the particular embodiments
described in this application, which are intended as single illustrations of individual aspects
of. Many modifications and variations can be made without departing from its spirit and
scope, as will be apparent to those skilled in the art. Functionally equivalent methods and
compositions within the scope of the disclosure, in addition to those enumerated herein, will
be apparent to those skilled in the art from the foregoing descriptions. Such modifications
and variations are intended to fall within the scope of the appended claims. The present
disclosure is to be limited only by the terms of the appended claims, along with the full
scope of equivalents to which such claims are entitled. It is to be understood that this
disclosure is not limited to particular methods, reagents, compounds compositions or
biological systems, which can, of course, vary. It is also to be understood that the
terminology used herein is for the purpose of describing particular embodiments only, and

is not intended to be limiting.

[0118] As will be understood by one skilled in the art, for any and all purposes,
particularly in terms of providing a written description, all ranges disclosed herein also

encompass any and all possible subranges and combinations of subranges thereof. Any
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listed range can be easily recognized as sufficiently describing and enabling the same range
being broken down into at least equal halves, thirds, quarters, fifths, tenths, etc. As a non-
limiting example, each range discussed herein can be readily broken down into a lower

third, middle third and upper third, etc. As will also be understood by one skilled in the art

EE Y 2% ¢

all language such as “up to,” “at least,” “greater than,” “less than,” and the like include the
number recited and refer to ranges which can be subsequently broken down into subranges
as discussed above. Finally, as will be understood by one skilled in the art, a range includes
cach individual member. Thus, for example, a group having 1-3 “X” refers to groups
having 1, 2, or 3 “X’s”. Similarly, a group having 1-5 “X’s” refers to groups having 1, 2, 3,

4, or 5 “X’s”, and so forth.

[0119] While various aspects and embodiments have been disclosed herein, other aspects
and embodiments will be apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustration and are not intended to be

limiting, with the true scope and spirit being indicated by the following claims.
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CLAIMS

What 1s claimed is:

1. A method for increasing the annealing specificity of an amplification reaction,
comprising contacting a nucleic acid sample under amplifying conditions with at
least one primer comprising:

(a) a 3'-segment complementary to a template sequence;

(b) an iso-region at the 5'-end of the 3’-segment, wherein the iso-region
comprises at least two contiguous or non-contiguous non-standard bases, wherein
the iso-region restricts the at least one primer’s annealing locus to the 3'-segment,
and wherein the at least two contiguous or non-contiguous non-standard bases are
independently selected from the group consisting of: iso-C and iso-G;

(c) a 5'-segment at the 5’-end of the iso-region, wherein the 5’-segment
comprises a nucleotide sequence complementary to the template sequence, wherein
the at least one primer has increased annealing specificity for the template sequence

compared to the primer having only the 3'-segment.

2. The method according to claim 1, wherein the at least one primer is 6 to 60

nucleotides long.

3. The method according to claim 1, wherein the iso-region comprises from about 1 to

about 15 non-standard bases.

4. The method according to claim 1, wherein the amplification reaction is selected
from the group consisting of: PCR; Reverse Transcriptase-PCR; Real-Time PCR;
Differential Display-PCR; PCR-based genomic analysis; Arbitrary Primed-PCR;
Multiplex-PCR; long-range PCR; linear PCR; inverse PCR; quantitative PCR;
touchdown PCR; in situ PCR; vectorette PCR; thermal asymmetric interlaced PCR;
mixed oligonucleotide-primed amplification of cDNA; 3'-Rapid Amplification of
cDNA Ends; 5'-Rapid Amplification of cDNA Ends, high resolution melt analysis,

and primer extension reactions.

5. The method according to claim 1, wherein an annealing step is conducted at
temperatures sufficient for increasing the annealing specificity of the at least one

primer compared to a primer having only the 3'-segment.
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A method for amplifying a target nucleic acid in a two-stage reaction comprising:
(a) performing a first-stage amplification of a template sequence at a first
annealing temperature to form a first amplification product, comprising at least two
cycles of denaturing the template sequence, annealing at least one primer, and
extending the at least one primer, wherein the at least one primer comprises:

(1) a 3"-segment complementary to a template sequence;

(i1) an iso-region at the 5’-end of the 3'-segment, wherein the iso-
region comprises at least two contiguous or non-contiguous non-standard bases,
wherein the iso-region restricts the at least one primer’s annealing locus to the 3'-
segment, and wherein the at least two contiguous or non-contiguous non-standard
bases are independently selected from the group consisting of: iso-C and iso-G; and

(iii) a 5'-segment at the 5’-end of the iso-region, wherein the 5'-
segment comprises a nucleotide sequence complementary to the template sequence;
and

(b) performing a second-stage amplification of the first amplification product
at a second annealing temperature comprising at least one cycle of:

(1) denaturing the amplification product generated from step (a),
anncaling the at least one primer, and extending the at least one primer; or

(i1) denaturing the amplification product generated from step (a), and
annealing and extending a primer comprising a sequence corresponding to the 5'-

segment of the at least one primer.

The method according to claim 6, wherein the target nucleic acid is a cDNA formed
by (a) hybridizing an oligonucleotide dT primer or an anchored oligonucleotide dT
primer to a poly-A tail region of a target mRNA, or hybridizing random hexamer,
heptamer, and/or octomer oligonucleotides to a target mRNA; and (b) reverse

transcribing the target mRNA to produce a cDNA.

The methods according to claim 6, wherein the two-stage amplification procedure is
applied to methods comprising the group of: PCR; multiplex DNA amplification;
identification of differentially expressed genes; 3'-Rapid Amplification of cDNA
Ends; primer extension reactions; 5'-Rapid Amplification of cDNA Ends;
amplifying full-length cDNA; amplifying 5'-enriched cDNA; DNA fingerprinting;

RNA fingerprinting; identification of conserved homology segments in multigene
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10.

11.

12.

13.

families; identification of nucleotide sequence variations; pre-miRNA amplification;

rRNA amplification; high resolution melt analysis following PCR; and mutagenesis.

A method for increasing the annealing specificity of at least one primer, comprising
the steps of:

(a) synthesizing the at least one primer, wherein a 3'-segment is
complementary to a template sequence;

(b) incorporating at the 5'-end of the 3'-segment an iso-region comprising at
least two contiguous or non-contiguous non-standard bases, wherein the iso-region
restricts the at least one primer’s annealing locus to the 3'-segment thereby
increasing the annealing specificity of the 3’-segment compared to a primer having
only the 3'-segment, and wherein the at least two contiguous or non-contiguous non-
standard bases are independently selected from the group consisting of: iso-C and
1s0-G;

(c) incorporating at the 5'-end of the iso-region a 5'-segment comprising a
nucleotide sequence complementary to any region of a template containing the
template sequence, whereby the at least one primer has increased annealing
specificity for the template sequence compared to the primer having only the 3'-

segment.

The method according to claim 9, wherein the synthesizing comprises a method
selected from the group consisting of: solid state synthesis; DNA replication; reverse
transcription; restriction digestion; run-off transcription; PCR; PCR-based methods;

primer extension reactions; and ligation.

The method according to claim 9, wherein the at least one primer sequence is 6 to 60

deoxyribonucleotides or ribonucleotides long.

The method according to claim 11, wherein the iso-region comprises from about 1 to

about 15 of the non-standard bases.

The method according to claim 9, wherein the at least one primer is used in an

amplification reaction or a two-stage amplification reaction.
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