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Description

TECHNICAL FIELD

[0001] The invention relates to the field of generating multiple copies, quantification and detection of specific nucleic
acid sequences. More particularly, the invention provides methods, which employ composite primers for copying, quan-
tifying and detecting nucleic acid sequences of interest.

BACKGROUND ART

[0002] The development of methods for nucleic acid amplification and detection of amplification products have ad-
vanced the detection, identification, quantification, and sequence analyses of nucleic acid sequences in recent years.
[0003] Nucleic acid analysis is useful for detection and identification of pathogens, detection of gene alteration leading
to defined phenotypes, diagnosis of genetic diseases or the susceptibility to a disease, assessment of gene expression
in development, disease and in response to defined stimuli, as well as the various genome projects. Other applications
of nucleic acid amplification methods are the detection of rare cells, detection of pathogens, and the detection of altered
gene expression in malignancy, and the like. Nucleic acid amplification is potentially useful for both qualitative analysis,
such as the detection of the presence of defined nucleic acid sequences, and quantification, of defined gene sequences.
The latter is useful for assessment of the amount of pathogenic sequences as well as the determination of gene multi-
plication or deletion, as often found in cell transformation from normal to malignant cell type.
[0004] US-A-5824517 describes a method of nucleic acid amplification in an enzymatic system including DNA polymer-
ase, strand translocation and RNAse H activities by using a chimeric primer having an RNA type segment and a DNA
type segment.
[0005] The detection of sequence alterations, such as single nucleotide polymorphisms, in a nucleic acid sequence
is important for the detection of mutant genotypes, as relevant for genetic analysis, the detection of mutations leading
to drug resistance, pharmacogenomics, etc. Various methods for the detection of specific defined sequences include
methods based on allele specific primer extension, allele specific probe ligation, differential probe hybridization, and
limited primer extension. See, for example, U.S. Patent Nos. 5,888,819; 6,004,744; 5,882,867; 5, 854, 033; 5,710,028;
6,027,889; 6,004,745; 5,763,178; 5,011,769; 5,185,243; 4,876,187; 5,882,867; 5,731,146; WO US88/02746; WO
99/55912; WO92115712; WO 00/09745; WO 97/32040; WO 00/56925.
[0006] Although detection of the presence of a defined nucleic acid sequence, and its sequence analysis, can be
carried out by probe hybridization, the method generally lacks sensitivity when low amounts of the nucleic acid sequence
is present in the test sample, such as a few molecules. One solution to this obstacle is the development of methods for
generation of multiple copies of the defined nucleic acid sequence, which are suitable for further analysis. See, e.g.,
WO 01/20035. Other methods for increasing the sensitivity of detection of hybridization analysis are based on the
generation of multiple products from the hybridized probe, or probes, for example cleavage of the hybridized probe to
form multiple products or the ligation of adjacent probes to form a unique hybridization dependent product. Similarly,
increased sensitivity of hybridization reaction was achieved by methods for amplification of signals generated by the
hybridization event, such as the method based on hybridization of branched DNA probes.
[0007] Recent progress in the elucidation of nucleic acid sequences of various genomes has contributed to the iden-
tification of sequence alterations which defme mutations leading to altered phenotypes and the uncovering of a vast
number of single nucleotide polymorphisms (SNP) that are suspected of underlying important biological and clinical
manifestations. Thus, there is a serious need for methods of generating multiple copies of specific nucleic acid sequences
that provide a means for detection and quantification of specific nucleic acid sequences of interest. The invention provided
herein fulfills this need and provides additional benefits. Among other advantages, these methods can be performed
isothermally, and detection and quantification of nucleic acid sequences can be achieved without the need for prior
nucleic acid sequence amplification.

DISCLOSURE OF THE INVENTION

[0008] The invention provides methods for generating multiple copies of nucleic acid sequences of interest, and
quantification and detection of these sequences.
[0009] Accordingly, in one aspect, the invention provides methods of generating multiple copies of and/or quantifying
a nucleic acid sequence of interest, said method comprising the steps of: (a) hybridizing an excess of a composite primer
to a target polynucleotide, wherein the composite primer comprises an RNA portion and a 3’ DNA portion, the 3’ DNA
portion comprising a 3’ most nucleotide, such that the 3’ most nucleotide of the 3’ DNA portion hybridizes from about 1
to about 10 nucleotides from the sequence of interest; (b) extending the composite primer with DNA polymerase under
conditions that permit limited primer extension, whereby a primer extension product is produced; and (c) cleaving the



EP 1 427 847 B1

3

5

10

15

20

25

30

35

40

45

50

55

RNA portion of the primer extension product of (b) with an enzyme that cleaves RNA from an RNA/DNA hybrid such
that the cleaved primer extension product dissociates from the target polynucleotide, wherein the primer extension
product is of a size that when the RNA is cleaved the cleaved primer extension product dissociates from the target
polynucleotide under essentially the same conditions as those for primer extension, whereby multiple copies of the
sequence of interest are produced from multiple cycles of primer extension.
[0010] In one aspect, a single stranded target polynucleotide is present, such that cleavage of the primer extension
product and dissociation of the cleaved product, followed by repetition of steps (a), (b) and (c) results in cycling of the
process and accumulation of multiple copies of polynucleotides comprising the complement of the sequence of interest.
[0011] In one aspect, the invention provides methods of determining whether a nucleic acid sequence of interest is
present or absent in a sample using the method of the invention, whereby detection of the cleaved primer extension
product comprising the detectable identifying characteristic indicates the presence of the sequence of interest.
[0012] Conversely, lack of detection of the cleaved primer extension product, or insignificant levels of cleaved primer
extension product, indicates absence of the sequence of interest.
[0013] In one aspect, the method comprises incubating a reaction mixture, said reaction mixture comprising: (a) a
target polynucleotide; (b) a composite primer that hybridizes to the target polynucleotide, said composite primer com-
prising an RNA portion and a 3’ DNA portion, the 3’ DNA portion comprising a 3’ most nucleotide, such that the 3’ most
nucleotide of the 3’ DNA portion of the primer hybridizes from about 1 nucleotide to about 10 nucleotides from the
sequence of interest; (c) a DNA polymerase; and (d) an enzyme that cleaves RNA from an RNA/DNA hybrid, wherein
the incubation is under conditions that permit primer hybridization, primer extension and RNA cleavage, such that a
primer extension product is produced, and wherein the primer extension product is of a size such that cleavage of RNA
from the primer extension product results in dissociation of the cleaved primer extension product from the target poly-
nucleotide.
[0014] In this aspect, the method may comprise incubating the reaction mixture under conditions that permit primer
hybridization, primer extension and RNA cleavage, said conditions including the necessary substrates and buffer con-
ditions for primer hybridization, primer extension such that a primer extension product comprising the RNA, portion of
the composite primer is produced, and RNA cleavage, wherein primer extension product is of a size that when the RNA
portion is cleaved the product dissociates from the target polynucleotide under said conditions. Cleavage of RNA from
the RNA/DNA hybrid of the primer extension product results in dissociation of the product from the target polynucleotide.
Dissociation of the cleaved product results in cycling of the process and accumulation of multiple copies of polynucleotides
comprising the complement of the sequence of interest.
[0015] In another aspect, the invention provides methods of generating multiple copies of and/or quantifying a nucleic
acid sequence of interest, said method comprising the steps of: (a) hybridizing an excess of a first oligonucleotide and
a second oligonucleotide to non-overlapping portions of a target polynucleotide, wherein the portion of the target poly-
nucleotide that is hybridizable to the first oligonucleotide is 3’ with respect to the portion of the target nucleotide that is
hybridizable to the second oligonucleotide, wherein at least one of said oligonucleotides is a composite primer comprising
an RNA portion and a DNA portion, and wherein at least one of said oligonucleotides comprises a sequence that is
hybridizable to at least one nucleotide of the sequence of interest; (b) optionally extending the first oligonucleotide; c)
attaching the first oligonucleotide and second oligonucleotide to each other when hybridized to said target polynucleotide
to generate an attached oligonucleotide combination product; and (d) cleaving the RNA portion of the attached oligonu-
cleotide combination product of (c) with an enzyme that cleaves RNA from an RNA/DNA hybrid such that the cleaved
oligonucleotide combination product dissociates from the target polynucleotide, wherein the attached oligonucleotide
combination product is of a size that when the RNA is cleaved from the attached oligonucleotide combination product,
the cleaved attached oligonucleotide product dissociates from the target polynucleotide under essentially the same
conditions as those for attachment of the oligonucleotides, whereby multiple copies of the sequence of interest are
produced.
[0016] In one aspect, the first oligonucleotide comprises a sequence hybridizable to at least one nucleotide of the
sequence of interest; or wherein the sequence of interest is a single nucleotide base; or wherein the second oligonucleotide
comprises a sequence hybridizable to at least one nucleotide of the sequence of interest; or wherein each sequence is
hybridizable to a portion of the sequence of interest. Cleavage of the primer extension product and dissociation of the
cleaved product, followed by repetition of steps (a)- (d) results in cycling of the process and accumulation of multiple
copies of polynucleotides comprising the complement of the sequence of interest. Attachment may or may not be covalent.
[0017] In yet another aspect, the invention provides methods of determining whether a nucleic acid sequence of
interest is present or absent in a sample, said method comprising carrying out the method of the invention as above,
whereby detection of the cleaved attached oligonucleotide combination product comprising the detectable identifying
characteristic indicates the presence of the sequence of interest.
[0018] Conversely, lack of detection of cleaved attached oligonucleotide combination product, or insignificant levels
of cleaved attached oligonucleotide product, indicates absence of the sequence of interest.
[0019] In one aspect, the method comprises incubating a reaction mixture, said reaction mixture comprising: (a) a
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target polynucleotide; (b) a first oligonucleotide and a second oligonucleotide that hybridize to non-overlapping portions
of a target polynucleotide, wherein the portion of the target polynucleotide that is hybridizable to the first oligonucleotide
is 3’ with respect to the portion of the target nucleotide that is hybridizable to the second oligonucleotide, wherein at
least one of said oligonucleotides is a composite primer comprising an RNA portion and a DNA portion, and wherein at
least one of said oligonucleotides comprises a sequence that is hybridizable to at least one nucleotides of the sequence
of interest; (c) optionally a DNA polymerase; (d) an enzyme that cleaves RNA from an RNA/DNA hybrid; and (e) an
agent that effects attachment of the first oligonucleotide and second oligonucleotide to each other when said oligonu-
cleotides are hybridized to the target polynucleotide, wherein the incubation is under conditions that permit oligonucleotide
hybridization, optionally oligonucleotide extension, RNA, cleavage and attachment of the first oligonucleotide and the
second oligonucleotide, such that an attached oligonucleotide combination product is produced, and wherein the attached
oligonucleotide combination product is of a size such that cleavage of RNA from the attached oligonucleotide combination
product results in dissociation of the cleaved attached oligonucleotide product.
[0020] In another aspect, the methods of determining whether a nucleic acid sequence of interest is present or absent
in a sample further comprise determining whether two or more sequences of interest are present or absent in a sample,
said method comprising using one or more different composite primers, wherein the detectable identifying characteristics
of the cleaved primer extension products corresponding to two different sequences of interest are different from each
other.
[0021] In another aspect, the methods of determining whether a nucleic acid sequence of interest is present or absent
in a sample further comprise determining whether two or more different sequences of interest are present or absent in
a sample, said method using a two or more sets of first and second oligonucleotides, wherein the detectable identifying
characteristics of the cleaved oligonucleotide attachment products corresponding to two or more different sequences of
interest are different from each other.
[0022] In another aspect, the invention provides methods in accordance with the invention for identifying an altered
sequence of interest in a sample comprising incubating a reaction mixture, said reaction mixture comprising: (a) a target
polynucleotide; (b) a composite primer that hybridizes to the target polynucleotide, said composite primer comprising
an RNA portion and a 3’DNA portion, the 3’ DNA portion comprising a 3’ most nucleotide, such that the 3’ most nucleotide
of the 3’ DNA portion of the primer hybridizes from about 1 nucleotide to about 10 nucleotides from the altered sequence
of interest; (c) a DNA polymerase; and (d) an enzyme that cleaves RNA from an RNA/DNA hybrid, wherein the incubation
is under conditions that permit primer hybridization and primer extension to generate a primer extension product com-
prising a detectable identifying characteristic, and RNA cleavage, such that a primer extension product comprising a
detectable identifying characteristic is produced, and wherein the primer extension product is of a size that when RNA
is cleaved from the primer extension product, the cleaved primer extension product dissociates from the target polynu-
cleotide, whereby the cleaved primer extension product is characterized to identify the altered sequence of interest,
and/or wherein production of detectably fewer cleaved primer extension products from the target as compared to the
amount of cleaved primer extension products produced from a reference template comprising the sequence of interest
indicates that the target polynucleotide contains an altered sequence of interest.
[0023] In another aspect, the invention provides methods in accordance with the invention of identifying an altered
sequence of interest in a sample, said method comprising incubating a reaction mixture, said reaction mixture comprising:
(a) a target polynucleotide; (b) a first oligonucleotide and a second oligonucleotide that hybridize to non-overlapping
portions of a target polynucleotide, wherein the portion of the target polynucleotide that is hybridizable to the first oligo-
nucleotide is 3’ with respect to the portion of the target nucleotide that is hybridizable to the second oligonucleotide,
wherein at least one of said oligonucleotides is a composite primer comprising an RNA portion and a DNA portion, and
wherein at least one of said oligonucleotides comprises a sequence that is hybridizable to at least one nucleotide of the
sequence of interest; (c) optionally a DNA polymerase; (d) an enzyme that cleaves RNA from an RNA/DNA hybrid; and
(e) an agent that effects attachment of the first oligonucleotide and second oligonucleotide to each other when said
oligonucleotides are hybridized to the target polynucleotide, wherein the incubation is under conditions that permit
oligonucleotides hybridization, optionally oligonucleotide extension, RNA cleavage and attachment of the first oligonu-
cleotide and the second oligonucleotide, such that an attached oligonucleotide combination product comprising a de-
tectable identifying characteristic is produced, and wherein the attached oligonucleotide combination product is of a size
that when RNA is cleaved from the attached oligonucleotide combination product, the cleaved attached oligonucleotide
combination product dissociates from the target polynucleotide, wherein production of detectably fewer cleaved oligo-
nucleotide attachment products from the target as compared to the amount of cleaved oligonucleotide attachment
products produced from a reference template comprising the sequence of interest indicates that the target polynucleotide
contains an altered sequence of interest.
[0024] Various exemplary embodiments of conditions that permit primer extension to produce primer extension prod-
ucts of suitable sizes are described herein. For example, in some embodiments, conditions that permit primer extension
comprise the presence of at least one terminator deoxyribonucleotide triphosphate or analog thereof. In other embodi-
ments, conditions that permit primer extension comprise the absence of an essential nucleotide.
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[0025] The enzymes and agents which may be used in the methods and compositions are described herein. For
example, the enzyme that cleaves RNA may be RNase H. In another example, the agent that effects attachment of
hybridized oligonucleotides may be DNA ligase. In another example, the DNA polymerase may lack strand displacement
activity.
[0026] Examples of detectable identifying characteristic of the primer extension product and attached oligonucleotide
combination product are also described herein. Examples for primer extension products include size of the product,
sequence of the non-primer portion of the product, and detectable signal associated with the product. Examples for
attached oligonucleotide combination products include size of the attached oligonucleotide combination product, se-
quence of the attached oligonucleotide combination product, and detectable signal associated with the attached oligo-
nucleotides combination product. Detectable signal may be associated with a label on a deoxyribonucleotide triphosphate
or analog thereof that is incorporated during primer extension. Detectable signal may also be associated with interaction
of two labels. For example, in primer extension products, one label may be on a deoxyribonucleotide triphosphate or
analog thereof that is incorporated during primer extension and another label is on a deoxyribonucleotide triphosphate
or analog thereof located in the primer portions of the primer extension product. In another example, in attached oligo-
nucleotide combination products, one label may be on one oligonucleotide and another label on another oligonucleotide.
[0027] Various embodiments of the composite primer used in the methods of the invention are described herein. For
example, in some embodiments, a composite primer comprises a 5’-RNA portion and a 3’ DNA portion. In embodiments
involving attachment of oligonucleotide pairs, the second oligonucleotide may be a composite primer comprising a 3’-
RNA portion and a 5’-DNA portion.
[0028] We also describe compositions, kits, complexes, reaction mixtures and systems comprising various components
(and various combinations of the components) for use in the methods described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]

FIGURE 1 illustrates a first mechanism of dissociation of a primer extension product.
FIGURE 2 illustrates a second mechanism of dissociation of a primer extension product.
FIGURE 3 illustrates an oligonucleotide attachment-based method of generating multiple copies of a nucleic acid
sequence.
FIGURE 4 shows results demonstrating that a single nucleotide sequence of interest in a template can be detected
using limited primer extension.
FIGURE 5 shows electropherograms from limited primer extension reactions in which multiple differing sequences
of interest contained in a single template polynucleotide are detected.

MODES FOR CARRYING OUT THE INVENTION

[0030] The invention provides methods, for generating multiple copies of and/or detecting and/or quantifying nucleic
acid sequences of interest and/or alterations in nucleic acid sequences of interest. The methods generally comprise
using RNA/DNA composite primers for limited primer extension or attachment, preferably covalent attachment, of pairs
of oligonucleotides, wherein cleavage of the composite primer component in the primer extension or attached oligonu-
cleotide combination product results in uninduced dissociation of the product from a target polynucleotide in the sense
that an additional reaction step and/or condition generally is not performed (upon cleavage) in order to effect dissociation
(such as increasing temperature). Thus, these methods provide for generation of multiple copies and quantification of
a sequence of interest Furthermore, these methods can be used for detecting the presence or absence of a sequence
of interest (which can, for example, be a single nucleotide base or more than one nucleotide basses). Thus, in some
embodiments, these methods can be used for detecting variant sequences such as single nucleotide polymorphisms.
These methods can also be used to detect and/or identify alteration(s) in sequences of interest (or a portion of a sequence
of interest).
[0031] In one aspect, as a general summary, the methods of generating multiple copies of and/or quantifying nucleic
acid sequences of interest work as follows. A composite primer binds to a target polynucleotide at a position in close
proximity to a sequence of interest. Primer extension is allowed to occur to include a copy of (generally a complementary
sequence of) the sequence of interest. Cleavage of the composite primer that has been extended causes a significant
shortening of the primer extension product, resulting in dissociation of the primer extension product from the target
polynucleotide, thus allowing accumulation of primer extension products in the reaction mixture. Quantification of accu-
mulated primer extension product further permits quantification of the sequence of interest in a sample.
[0032] In another aspect, as a general summary, the detection methods work as follows. Accumulated cleaved primer
extension product produced by the methods of the present invention are characterized to determine the presence or
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absence of the sequence of interest in a sample.
[0033] In another aspect, as a general summary, the methods of identifying or detecting an altered sequence of interest
work as follows. Accumulated cleaved primer extension product produced by the methods of the present invention is
characterized to determine the whether an altered sequence of interest is present or absent in a sample. In another
aspect, lack of, or insignificant amounts of, accumulated cleaved primer extension product indicates the presence of an
altered sequence of interest in a sample. Absence, or insignificant amounts of, accumulated cleaved primer extension
product can also indicate the absence of the sequence of interest.
[0034] In yet another aspect, as a general summary, the methods of generating multiple copies of and/or quantifying
nucleic acid sequences of interest work as follows. A first oligonucleotide and a second oligonucleotide are hybridized
to two non-overlapping sequences of a target polynucleotide, wherein the portion of the target polynucleotide that is
hybridizable to the first oligonucleotide is 3’ with respect to the portion of the target nucleotide that is hybridizable to the
second oligonucleotide, wherein at least one of said oligonucleotides is a composite primer comprising an RNA and a
DNA portion. At least one oligonucleotide comprises a sequence hybridizable to at least one nucleotide of a sequence
of interest. At least one of the oligonucleotides is a composite primer. The first oligonucleotide is extended by polymer-
ization if there is a gap of at least one nucleotide between the two oligonucleotides. The two oligonucleotides are then
attached to each other if they are hybridized to the same target polynucleotide strand. Cleavage of the composite primer
(s) in the covalently attached oligonucleotide combination product causes a shortening of the attached oligonucleotide
combination product, resulting in dissociation of the combination product from the target polynucleotide, thus allowing
accumulation of the product in the reaction mixture. Quantification of accumulated oligonucleotide combination product
further permits quantification of the sequence of interest in a sample.
[0035] In still another aspect, as a general summary, the detection methods work as follows. Accumulated cleaved
attached oligonucleotide combination product generated by the methods of generating multiple copies of a nucleic acid
sequence of interest of the present invention are characterized to determine the presence or absence of the sequence
of interest in a sample. Conversely, lack of, or insignificant amounts of, accumulated cleaved attachment product indicates
absence of the sequence of interest in a sample. In another aspect, absence or reduction of accumulated cleaved
attached oligonucleotide combination product indicates the presence of an altered sequence of interest in a sample.
The methods of the invention are further useful for copying and/or quantifying and/or determining whether a plurality of
sequences of interest are present or absent in a sample. Sequence(s) of interest may be present in one target polynu-
cleotide or in a plurality of target polynucleotides. In one aspect, a plurality of sequences of interest are present on a
single target polynucleotide, for example, as when more than one locus on a single genomic polynucleotide are analyzed,
or for example, as when a plurality of sequences of interest are present on a single cDNA polynucleotide. In another
aspect, a plurality of sequences of interest are present on a single or a plurality of target polynucleotides, for example,
as when a plurality of sequences of interest are present in a plurality of genomic polynucleotides or a plurality of cDNA
polynucleotides. In another aspect, a plurality of sequences of interest present on a plurality of target polynucleotides
comprise sequences of interest that are variant sequences to one another, as, for example, when the sequences of
interest comprise different alleles, or a wildtype (native) and mutant (non-wildtype) sequences, or for example, different
polymorphic sequences.
[0036] It is understood that, with respect to all embodiments described herein, as generally "comprising" components
or aspects, the invention also includes embodiments which "consist essentially of’ these components or aspects. The
invention also includes embodiments which "consist of" these components or aspect. This applies to all embodiments
described herein.
[0037] "Absent" or "absence" of product, and "lack of detection of product" as used herein includes insignificant, or
de minimus levels, generally due to lack of significant accumulation of product due to cycling.

Advantages of the invention

[0038] The methods of copying and/or quantifying and/or determining (detecting) whether a sequence of interest is
present (i.e. presence or absence of a sequence of interest) or absent and/or identifying an altered sequence of interest
provide several significant advantages over other known methods.
[0039] The requirement of cleavage of the RNA portion of the composite primer in the hybridized and extended and/or
attached form, by a ribonuclease such as RNaseH, whereby dissociation of the cleaved product occurs, results in the
copying and/or quantifying and/or detection and/or identification of sequences of interest on DNA exclusively. Thus, it
is possible to use the methods of the invention with DNA target polynucleotides, e.g., genomic DNA, in the presence of
excess mRNA. This feature is useful for the accurate quantification of gene dosage. When the target polynucleotide is
RNA, the target is first transcribed to produce cDNA which can serve as a target polynucleotide in the methods of the
invention.
[0040] The methods of the invention do not require thermocycling in that extension, hybridization, and/or attachment
can be performed isothermally, and the cleaved primer extension product and cleaved oligonucleotide-attachment prod-
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uct are of a size that when the RNA component is cleaved the product disassociates from the target polynucleotide
generally under essentially the same conditions as those for primer extension, hybridization, and/or attachment. This
feature provides numerous advantages, including facilitating automation and adaptation for high through-put procedures.
For example, other methods that have been reported that require thermal cycling for the separation of primer extension
and/or attachment products from the target sequence. The isothermal reaction is faster than that afforded by thermal
cycling and is suitable for performing the methods of the invention in miniaturized devices.
[0041] The amount of cleaved primer extension or attachment product produced is linearly related to the amount of
nucleic acid sequence of interest in the sample. Thus, the methods of the invention are useful for quantification of the
sequence of interest in a sample. For example, amount of cleaved primer extension or attachment product is compared
to the amount of product obtained in a reference sample comprising a known amount of a sequence of interest. The
method is also useful for quantification of the amounts of two sequences of interest in a sample, for example, determining
the relative amount of two alleles in a sample.
[0042] In primer-extension-based methods of the invention, the composite primer binds to a target polynucleotide at
a position in close proximity to a sequence of interest. This feature permits the use of a single composite primer with
template polynucleotides comprising different sequences of interest, for example, that are variant sequences with respect
to each other, for example, template polynucleotides comprising different alleles. This method is further useful for iden-
tifying alterations in a sequence of interest without previous knowledge of the identity of the altered sequences of interest.
By contrast, other methods known in the art require primers that specifically hybridize to the sequence of interest,
necessitating the use of sets of primers that are each specific to particular sequences of interest.
[0043] The cleaved primer extension product is of a size that when the RNA component is cleaved the product
disassociates from the target polynucleotide under essentially the same conditions as those for primer extension. Thus,
the primer extension-based methods do not require use of DNA polymerase possessing strand displacement activity.
Thus, for example, polymerases lacking strand displacement activity, but specialized for increased incorporation of
modified polynucleotides (analogs), including labeled polynucleotides, may be used in the primer extension-based meth-
ods of the invention.
[0044] In attachment-based methods, at least one oligonucleotide comprises a sequence hybridizable to a sequence
of interest. This feature provides specificity because in the absence of the sequence of interest, substantial oligonucleotide
hybridization is absent and accumulation of cleaved attachment product is absent. "Absent" or "absence" of product,
and "lack of detection of product" as used herein includes insignificant, or de minimus levels, generally due to lack of
significant accumulation of product due to cycling. Thus, attachment-based methods of the invention are useful for
detection and/or copying and/or quantifying a sequence of interest, wherein accumulation of cleaved attachment product
indicates presence of a sequence of interest. Attachment-based methods of the invention are also useful for identifying
the presence of an altered sequence of interest, wherein absence or reduction of accumulated cleaved attachment
product may indicate presence of an altered sequence of interest.
[0045] The methods of the invention are further useful for analysis of a plurality of sequences of interest in a given
reaction mixture (multiplex analysis). The sequences of interest may be part of a single target polynucleotide, or may
be part of different target polynucleotides, which may be present in a single test sample. For example, the methods of
the invention are useful for the copying, quantification, and/or detection of multiple sequences of interest in a single
genomic DNA sample in a single reaction. Similarly, a plurality of polymorphisms present at a single site, for example,
a plurality of alleles or a heterozygous mixture of alleles, can be copied, quantified and/or detected in a single reaction.
[0046] It is understood that, generally, "detection" of a product (such as a cleaved product comprising a detectable
identifying characteristic) means detection of significant amounts of product arising from cycling (.e., repeated cycles of
a reaction). The cycling results in accumulated product. Lack of cycling (due to, or example, absence of sequence of
interest) results in de minimus, or insignificant amount of product which, for purposes of the methods of the invention,
is not "detected".

General Techniques

[0047] The practice of the present invention will employ, unless otherwise indicated, conventional techniques of mo-
lecular biology (including recombinant techniques), microbiology, cell biology, biochemistry, and immunology, which are
within the skill of the art. Such techniques are explained fully in the literature, such as, "Molecular Cloning: A Laboratory
Manual", second edition (Sambrook et al., 1989); "Oligonucleotide Synthesis" (M.J. Gait, ed., 1984); "Animal Cell Culture"
(R.I. Freshney, ed., 1987); "Methods in Enzymology" (Academic Press, Inc.); "Current Protocols in Molecular Biology"
(F.M. Ausubel et al., eds., 1987, and periodic updates); "PCR: The Polymerase Chain Reaction", (Mullis et al., eds., 1994).
[0048] Primers, oligonucleotides and polynucleotides employed in the present invention can be generated using stand-
ard techniques known in the art.
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Definition

[0049] "Multiple copies,"as used herein, means at least 2 copies. A "copy" does not necessarily mean perfect sequence
complementarity or identity to the template sequence. A "copy" includes a nucleic acid sequence that is hybridizable
(preferably complementary) to the sequence of interest. Copies can include nucleotide analogs such as deoxyinosine,
intentional sequence alterations (such as sequence alterations introduced through a primer comprising a sequence that
is hybridizable, but not complementary, to the template), and/or sequence errors that occur during DNA polymerization.
[0050] A "sequence of interest," as used herein, is a nucleic acid sequence (including one or more nucleic acid
sequences) the copying and/or quantification, and/or the detection of the presence or absence of which is desired. The
identity of a sequence of interest is known. A sequence of interest may be, for example, a native (e.g. wildtype) or
nonnative (e.g., mutant) nucleotide sequence. Examples of mutant sequence include, for example, a substitution, de-
letion, insertion, transversion of one or more nucleotides, or any combination thereof. As used herein, a sequence of
interest can be a single nucleotide base or more than a single nucleotide base. A sequence of interest can be a known
polymorphic sequence, including, for example, single nucleotide polymorphism. A sequence of interest could be a variant
sequence with respect to another sequence of interest (which in this context, could be considered a reference sequence),
termed an "altered" sequence of interest. The differences between the sequence of interest (reference sequence) and
the altered sequence of interest may comprise the addition, deletion, substitution, and/or transversion of one or more
nucleotides, or any combination thereof. The sequence of an altered sequence of interest may or may not be known. A
sequence of interest also includes the complementary sequence. For example, reference to generating multiple copies
of a sequence of interest using the methods described herein refers to and includes making copies of the complementary
sequence.
[0051] A "variant" sequence, as used herein, includes naturally or nonnaturally occurring variants of the polynucleotide
sequence (e.g. degenerate variants, allelic variants, single nucleotide polymorphisms ("SNPs"), etc.). In general, allelic
variants contain 15-25% base pair (bp) mismatches and can contain as little as 5-15%, or 2-5%, or 1-2% bp mismatch,
as well as a single bp mismatch.
[0052] A "target polynucleotide," as used herein, is a polynucleotide known or suspected to comprise a sequence of
interest. The terms "target sequence," "template", "template DNA," "template polynucleotide," "target nucleic acid,"
"target polynucleotide," and variations thereof, are used interchangeably.
[0053] In some embodiments, e.g., detection of an altered sequence of interest, the target nucleic acid sequence may
be a sequence which is suspected of having alterations (i.e., differences) from a reference nucleic acid sequence. In
these embodiments, the sequence of the target nucleic acid may or may not be known, and the "sequence of interest"
is a nucleic acid whose sequence is known and to which the target nucleic acid sequence or sequences may be compared,
e.g., a wild-type sequence.
[0054] "Polynucleotide," or "nucleic acid," as used interchangeably herein, refer to polymers of nucleotides of any
length, and include DNA and RNA. The nucleotides can be deoxyribonucleotides, ribonucleotides, modified nucleotides
or bases, and/or their analogs, or any substrate that can be incorporated into a polymer by DNA or RNA polymerase.
As used herein, "DNA" and "RNA" include modified nucleotide or ribonucleotides, linakes, etc. as described herein. A
polynucleotide may comprise modified nucleotides, such as methylated nucleotides and their analogs. If present, mod-
ification to the nucleotide structure may be imparted before or after assembly of the polymer. The sequence of nucleotides
may be interrupted by non-nucleotide components. A polynucleotide may be further modified after polymerization, such
as by conjugation with a labeling component. Other types of modifications include, for example, "caps", substitution of
one or more of the naturally occurring nucleotides with an analog, internucleotide modifications such as, for example,
those with uncharged linkages (e.g., methyl phosphonates, phosphotriesters, phosphoamidates, cabamates, etc.) and
with charged linkages (e.g., phosphorothioates, phosphorodithioates, etc.), those containing pendant moieties, such as,
for example, proteins (e.g., nucleases, toxins, antibodies, signal peptides, ply-L-lysine, etc.), those with intercalators
(e.g., acridine, psoralen, etc.), those containing chelators (e.g., metals, radioactive metals, boron, oxidative metals, etc.),
those containing alkylators, those with modified linkages (e.g., alpha anomeric nucleic acids, etc.), as well as unmodified
forms of the polynucleotide(s). Further, any of the hydroxyl groups ordinarily present in the sugars may be replaced, for
example, by phosphonate groups, phosphate groups, protected by standard protecting groups, or activated to prepare
additional linkages to additional nucleotides, or may be conjugated to solid supports. The 5’ and 3’ terminal OH can be
phosphorylated or substituted with amines or organic capping groups moieties of from 1 to 20 carbon atoms. Other
hydroxyls may also be derivatized to standard protecting groups. Polynucleotides can also contain analogous forms of
ribose or deoxyribose sugars that are generally known in the art, including, for example, 2’-O-methyl-, 2’-O-allyl, 2’-
fluoro- or 2’-azido-ribose, carbocyclic sugar analogs, α-anomeric sugars, epimeric sugars such as arabinose, xyloses
or lyxoses, pyranose sugars, furanose sugars, sedoheptuloses, acyclic analogs and abasic nucleoside analogs such
as methyl riboside. One or more phosphodiester linkages may be replaced by alternative linking groups. These alternative
linking groups include, but are not limited to, embodiments wherein phosphate is replaced by P(O)S("thioate"), P(S)S
("dithioate"), "(O)NR2 ("amidate"), P(O)R, P(O)OR’, CO or CH2 ("formacetal"), in which each R or R’ is independently
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H or substituted or unsubstituted alkyl (1-20 C) optionally containing an ether (-O-) linkage, aryl, alkenyl, cycloalkyl,
cycloalkenyl or araldyl. Not all linkages in a polynucleotide need be identical. In addition, "polynucleotides" include
peptide nucleic acid (PNA), lacking pentose sugar phosphate groups, in which the monomeric unit is 2-aminoethyl glycine
linked by a methylenecarbonyl linkage to a base found in DNA. Not all linkages in a polynucleotide need be identical.
The preceding description applies to all polynucleotides referred to herein, including RNA and DNA.
[0055] A "primer" is generally a short single-stranded polynucleotide (often referred to as an oligonucleotide), generally
with a free 3’-OH group, that binds to a target polynucleotide and/or a sequence of interest. It can be used to promote
polymerization of a polynucleotide complementary to the target. It can also be used for attachment to another polynu-
cleotide or oligonucleotide (such as another primer).
[0056] A "complex" is an assembly of components. A complex may or may not be stable and may be directly or
indirectly detected. For example, as is described herein, given certain components of a reaction, and the type of product
(s) of the reaction, existence of a complex can be inferred. For purposes of this invention, a complex is generally an
intermediate with respect to the final reaction product(s).
[0057] A "system," as used herein, includes a device, apparatus or machinery (e.g., automated) for carrying out the
methods of the invention.
[0058] A "portion" or "region," used interchangeably herein, of a polynucleotide or oligonucleotide is a contiguous
sequence of 2 or more bases. In other embodiments, a region or portion is at least about any of 3, 5, 10, 15, 20, 25
contiguous nucleotides.
[0059] A region, portion, or sequence which is "adjacent" to another sequence directly abuts that region, portion, or
sequence. For example, an RNA portion which is adjacent to a 5’ DNA portion of a composite primer directly abuts that
region.
[0060] A "reaction mixture" is an assemblage of components, which, under suitable conditions, react to form a complex
(which may be an intermediate) and/or a product(s).
[0061] "A", "an" and "the", and the like, unless otherwise indicated include plural forms. For example, a method of
copying and/or quantifying and/or determining whether a sequence of interest is present or absent, as described herein
includes copying and/or quantifying and/or determining one as well as more than one sequence of interest.
[0062] "Comprising" means including.
[0063] Conditions that "allow" or "permit" an event to occur or conditions that are "suitable" for an event to occur, such
as hybridization, primer extension, oligonucleotide ligation and the like, or "suitable" conditions are conditions that do
not prevent such events from occurring. Thus, these conditions permit, enhance, facilitate, and/or are conducive to the
event. Such conditions, known in the art and described herein, depend upon, for example, the nature of the nucleotide
sequence, temperature, and buffer conditions. These conditions also depend on what event is desired, such as hybrid-
ization, cleavage, primer extension or ligation.
[0064] "Essentially the same conditions," as used herein, refer to conditions that are similar, but not necessarily identical
(although the term does include identical conditions), in their chemical, physical, and/or physicochemical properties and
characteristics. Conditions are essentially the same if variances between the conditions in question are within variance
ranges that one of skill in the art would not expect to substantially alter the primary function or effect of the conditions
with respect to the reactions for which the conditions are used. The reactions for which the conditions are used include
primer extension (polymerization), oligonucleotide attachment (such as ligation by DNA ligase), primer or oligonucleotide
hybridization, and dissociation of cleaved primer extension and attached oligonucleotide combination products.
[0065] "Conditions that permit limited primer extension," as used herein, are conditions that permit, enhance, facilitate,
and/or are conducive to limited polymerization of deoxyribonucleotide triphosphates (dNTPs) and/or analogs thereof
from a primer that is hybridized to a target polynucleotide. Such conditions are known in the art, and are discussed
herein. Likewise, conditions that "permit" primer extension are conditions that are conducive to polymerization of deox-
yribonucleotide triphosphates (dNTPs) and/or analogs thereof from a primer that is hybridized to a target polynucleotide.
[0066] "Microarray" and "array," as used interchangeably herein, refer to an arrangement of a collection of nucleotide
sequences in a centralized location. Arrays can be on a surface, for example, a solid substrate, such as a glass slide,
or on a semi-solid substrate, such as nitrocellulose membrane. The nucleotide sequences can be DNA, RNA, or any
permutations thereof.
[0067] The term "3’" generally refers to a region or position in a polynucleotide or oligonucleotide 3’ (downstream)
from another region or position in the same polynucleotide or oligonucleotide.
[0068] The term "5’" generally refers to a region or position in a polynucleotide or oligonucleotide 5’ (upstream) from
another region or position in the same polynucleotide or oligonucleotide.
[0069] The term "3’-DNA portion," "3’-DNA region," "3’-RNA portion," and "3’-RNA region," refer to the portion or region
of a polynucleotide or oligonucleotide located towards the 3’ end of the polynucleotide or oligonucleotide, and may or
may not include the 3’ most nucleotide(s) or moieties attached to the 3’ most nucleotide of the same polynucleotide or
oligonucleotide. The "3’ most nucleotide" (singular form) refers to the 3’ last nucleotide of a polynucleotide or oligonu-
cleotide. The 3’ most nucleotides (plural form) includes the 3’ most nucleotide and can be preferably from about 1 to
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about 20, more preferably from about 3 to about 18, even more preferably from about 5 to about 15 nucleotides.
[0070] The term "5’-DNA portion," "5’-DNA region," "5’-RNA portion," and "5’-RNA region," refer to the portion or region
of a polynucleotide or oligonucleotide located towards the 5’ end of the polynucleotide or oligonucleotide, and may or
may not include the 5’ most nucleotide(s) or moieties attached to the 5’ most nucleotide of the same polynucleotide or
oligonucleotide. The "5’ most nucleotide" (singular form) refers to the 5’ first nucleotide of a polynucleotide or oligonu-
cleotide. The 5’ most nucleotides (plural form) includes the 5’ most nucleotide and can be preferably from about 1 to
about 20, more preferably from about 3 to about 18, even more preferably from about 5 to about 15 nucleotides.
[0071] "Non-primer portion of a primer extension product," as used herein, refers to the portion of a primer extension
product that is the result of polymerization (extension) from a primer.
[0072] "Dissociation" of a product from a polynucleotide, as used herein, refers to dissociation of a product (generally
cleaved primer extension or cleaved attached oligonucleotide combination product) from a target polynucleotide due to
decreased affinity of hybridization to the target polynucleotide following cleavage of the cleavable component of the
product.
[0073] As is well understood in the art, "affinity" or "binding affinity" means a measure of the strength of binding between
two or more moieties; non-limiting examples of such bonding are hydrogen bonding, electrostatic interactions and hy-
drophobic interactions. In particular, "affinity" when used in reference to hybridized nucleic acids refers to hydrogen
bonding between at least partly complementary nucleic acid strands under defined nucleic acid hybridization conditions.
A convenient measure of binding affinity is the melting temperature Tm, which is the temperature at which 50% of said
nucleic acid strands are in the double-stranded or hybridized form, under given hybridization conditions.
[0074] "Hybridizable," as used herein, refers to the capability and/or ability of two polynucleotide sequences to hybridize
through complementary base pairing, under conditions used in any of the methods described herein; i.e., at the temper-
ature, pH, ionic concentrations, and the like, used in carrying out the methods of the invention. As such, a sequence
(such as a primer) which is hybridizable to another sequence (such as a target polynucleotide) hybridizes to that sequence
under suitable conditions.
[0075] "Uninduced dissociation" of a product from a polynucleotide, as used herein, refers to dissociation of a product
(generally cleaved primer extension or cleaved attached oligonucleotide combination product) from a target polynucle-
otide due to decreased affinity of hybridization to the target polynucleotide following cleavage of the cleavable component
of the product. Uninduced dissociation includes displacement of a cleaved product by the binding of an uncleaved primer
(oligonucleotides) to the sequence of target polynucleotide that is complementary to the cleaved portion of the product.
Uninduced dissociation is not caused by a separate reaction step that is aimed primarily at causing dissociation of the
product. Such separate reaction steps are known in the art, and include, for example, increasing the temperature of
reaction and adding material known to reduce nucleic acid binding affinity.
[0076] "Non-overlapping portions" of a sequence, as used herein, refers to two or more sequences of a sequence of
interest or polynucleotide that are located in distinctly separate locations within the sequence of interest or polynucleotide.
Non-overlapping portions of a sequence can be contiguous with each other or separated by one or more nucleotides.
[0077] "Covalent attachment" or "covalently-attached" as used herein refers to linkage of two nucleic acid molecules
(generally oligonucleotides) by a covalent bond. "Attachment" or "attached" as used herein refers to linkage of two nucleic
acid molecules (generally oligonucleotides), which may be covalent or non-covalent.
[0078] "Attached oligonucleotide combination product" refers to a product comprising two oligonucleotides, wherein,
the 3’ end of a first oligonucleotide is attached to the 5’ end of a second oligonucleotide. "Covalently-attached oligonu-
cleotide combination product" refers to a product comprising two oligonucleotides, wherein the 3’ end of a first oligonu-
cleotide is covalently attached to the 5’ end of a second oligonucleotide.
[0079] "Detectable identifying characteristic," as used herein, refers to one or more characteristics of a reaction product
that indicates its identity, wherein the characteristic is detectable by methods known in the art.
[0080] "Terminator nucleotide," or "terminator dNTP," as used herein, refers to an enzymatically-incorporable nucle-
otide, or analog thereof, in which the sugar moiety does not support incorporation of subsequent nucleotides or analogs
thereof. Examples of terminator nucleotides include those in which the nucleobase is a purine, a 7-deaza-purine, a
pyrimidine, a normal nucleobase or a common analog thereof and the sugar moiety is a pentose which includes a 3’-
substituent that blocks further synthesis, such as a dideoxyribonucleotide triphosphate (ddNTP). Substituents that block
further synthesis include, but are not limited to, amino, deoxy, halogen, alkoxy and aryloxy groups. Exemplary terminators
include, but are not limited to, those in which the sugar-phosphate ester moiety is 3’-(C1-C6) alkylribose-5’-triphosphate,
2’-deoxy-3’-(C1-C6)alkylribose-5’-triphosphate, 2’-deoxy-3’-(C1-C6) alkoxyribose-5’-triphosphate, 2’-deoxy-3’-(C5-C14)
aryloxyribose-5’-triphosphate, 2’-deoxy-3’-(C1-C6) alkoxyribose-5’-triphosphate, 2’-deoxy-3’-(C5-C14)aryloxyribose-5’-
triphosphate, 2’-deoxy-3’-haloribose-5’-triphosphate, 2’-deoxy-3’-aminoribose-5’-triphosphate, 2’,3’-dideoxyriose-5’-tri-
phosphate or 2’,3’-didehydroribose-5’-triphosphate.
[0081] "Essential nucleotide" or "essential dNTP," as used herein, refers to a dNTP, or analog thereof, that must be
provided in a reaction mixture for primer extension to continue unlimited primer extension. Whether a nucleotide or dNTP
is essential is determined within the context of the nucleic acid sequence that serves as the template for polymerization
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(primer extension).
[0082] "Analyte", as used herein, refers to a compound which is desired to be analyzed, for example, a compound for
which the properties, location, quantity and/or identity of which is desired to be characterized.

Methods of the invention

Methods of generating multiple copies of and/or quantifying a nucleic acid sequence of interest

Primer extension-based methods of generating multiple copies of and/or quantifying nucleic acid sequences

[0083] The invention provides methods of generating multiple copies of and/or quantifying a sequence of interest in
a target polynucleotide, comprising reacting the following combination: (a) a single-stranded target polynucleotide com-
prising a nucleic acid sequence of interest; (b) a composite primer comprising an RNA portion and a 3’ DNA portion; (c)
a DNA polymerase; (d) deoxyribonucleoside triphosphosphates (dNTPs), or suitable analogs that singly or in combination
permits only limited primer extension; and (e) an enzyme, such as RNase H, which cleaves RNA from an RNA/DNA
duplex. The combination is subjected to suitable conditions such that (a) the composite primer hybridizes to the target
polynucleotide; (b) limited primer extension occurs from the composite primer, to form a duplex; (c) an enzyme such as
RNase H cleaves RNA of the composite primer from the RNA/DNA duplex; (d) the cleaved primer extension product
dissociates from the target polynucleotide; (e) another composite primer hybridizes to the target polynucleotide, and
another round of primer extension occurs; and (f) cleaved primer extension product accumulates. This method is illustrated
in Figures 1 and 2.
[0084] In one embodiment, the sequence of interest that is copied is a single nucleotide base. Examples of a sequence
of interest that is a single nucleotide base is a single nucleotide polymorphic sequence, or a mutant sequence due to a
mutation such as a nucleotide substitution, deletion or insertion. In another embodiment, the sequence of interest that
is copied comprises more than one nucleotide base, which can be a mutant sequence due to nucleotide substitution,
deletion, insertion, transversion, or any combination thereof. In embodiments wherein the sequence of interest comprises
more than one nucleotide base, the sequence of interest comprises preferably from about 2 to about 15 nucleotides,
more preferably from about 2 to about 13 nucleotides, even more preferably from about 2 to about 11 nucleotides, and
most preferably from about 2 to about 10 nucleotides.
[0085] The composite primers are designed to hybridize to a sequence on a target polynucleotide that is in close
proximity to the sequence of interest. Accordingly, methods of the invention comprise hybridizing a composite primer to
a single stranded target polynucleotide such that the 3’ most nucleotide of the primer is from preferably about 1 nucleotide
to about 10 nucleotides, more preferably about 1 nucleotide to about 8 nucleotides, even more preferably about 1 to
about 6 nucleotides, and most preferably about 1 to about 4 nucleotides from the sequence of interest.
[0086] The hybridized primer is extended to include at least the sequence of interest. Generally, the amount of primer
extension is limited to minimize the size of the primer extension product. The primer extension product should be of a
size that when the RNA component is cleaved (either partially or comletely) the product dissociates from the target
polynucleotide under essentially the same conditions as those for primer extension. Thus, a preferred size of primer
extension product is one that when its RNA component is cleaved results in a product that binds to the target polynucleotide
with less affinity, such that the frequency of dissociation from the target polynucleotide is increased compared to the
uncleaved primer extension product. The frequency of dissociation is increased if there is an increase of preferably at
least about 20%, more preferably at least about 40%, even more preferably at least about 60%, and most preferably at
least about 80% increase of uninduced dissociation of cleaved product relative to uncleaved product. It is to be understood
that the dissociation frequency is generally measured under essentially the same conditions as those for primer extension.
In one embodiment, the reaction is performed isothermally (at a single temperature or about the same temperature). In
another embodiment, the temperature is a temperature that permits specific hybridization of the composite primer but
is too high for significant hybridization of the cleaved primer extension product.
[0087] Limited primer extension can be achieved by any of a variety of methods known in the art. Generally and
preferably, the extent of primer extension is limited by providing at least one terminator dNTP and/or by not providing
at least one essential dNTP. Terminator dNTPs are known in the art, and include, for example, dideoxyriboncleotide
triphosphates. An essential deoxyribonucleotide is a deoxyribonucleotide the presence of which in a reaction is required
for unlimited primer extension. Thus, a deoxyribonucleotide is essential within the context of a particular sequence
identity of the target polynucleotide.
[0088] In some embodiments, limited primer extension comprises addition of only one nucleotide to the 3’ end of the
primer. In these embodiments, the sequence of interest is a single base nucleotide, which is located in the target
polynucleotide immediately 5’ and adjacent to the nucleotide of the target polynucleotide to which the 3’-most nucleotide
of the primer is hybridized. Primer extension can be limited by not providing at least one essential dNTP, or by providing
a suitable terminator dNTP the incorporation of which into the primer extension product results in termination of primer
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extension.
[0089] In other embodiments, limited primer extension comprises addition of more than one nucleotide. In these
embodiments, primer extension comprises addition of preferably from about 2 to about 15 nucleotides, more preferably
from about 2 to about 12 nucleotides, even more preferably from about 2 to about 10 nucleotides, and most preferably
from about 2 to about 8 nucleotides. In these embodiments, primer extension can be limited by not providing at least
one essential dNTP, by providing at least one terminator nucleotide, or by both not providing at least one essential dNTP
and providing at least one terminator nucleotide in a single reaction mixture. One of skill in the art would be able to
determine the necessary combination based on the identity of target polynucleotide sequence adjacent to the hybridization
site of the primer.
[0090] A reaction mixture can comprise a variety of dNTP configurations, such as a single terminator dNTP, a com-
bination of terminator dNTPs, at least one terminator dNTP and at least one but not all of the four dNTPs (which can
include non-terminator forms of a terminator dNTP that is included), or at least one but not all of the four dNTPs (without
any terminator dNTPs). The choice of what types of dNTPs to provide in a reaction is governed by factors that are evident
to one skilled in the art. Among these factors are the sequence of interest, and knowledge and identity of the sequence
flanking the sequence of interest.
[0091] A DNA polymerase capable of effecting extension of the hybridized primer along the target polynucleotide is
used to generate primer extension product. Suitable polymerases are known in the art, including, for example Bst DNA
polymerase, Bca DNA polymerase, E. coli DNA polymerase I, the Klenow fragment of E. coli DNA polymerase I, Taq
DNA polymerase, T7 DNA polymerase (Sequenase), or recombinant derivatives (or mutants) thereof, which are selected
for improved utilization of modified dNTPs and their analog, for example, AcycloPol-DNA polymerase. DNA polymerases
with or without strand displacement activity are suitable for the primer extension-based methods of the invention. Factors
that determine suitability of a polymerase are known to one skilled in the art, and include the temperature used to effect
primer hybridization. For example, the availability of thermostable DNA polymerases can be used where primer hybrid-
ization at elevated temperatures enables greater specificity of primer hybridization to the target polynucleotide.
[0092] The use of composite primers in primer extension renders at least a portion of the primer extension product
cleavable when hybridized to a target polynucleotide. A suitable cleaving reagent is provided in the reaction mixture to
effect cleavage of the primer extension product. Cleavage of the product permits accumulation of cleaved primer extension
product. Generally and preferably, this reaction occurs under essentially the same conditions as those for primer exten-
sion. Thus, suitable cleaving agents are agents that are active in these conditions. In preferred embodiments, the
cleavable portion is RNA, in which case suitable cleaving agents are those that specifically cleave RNA in a RNA/DNA
duplex, such as RNase H.
[0093] Without intending to be bound by theory, it is expected that uninduced dissociation of cleaved primer extension
product leading to accumulation of said product occurs due to the lower affinity (due to reduced melting temperature of
hybrid formation) of the smaller (cleaved) primer extension product (see Figure 1). The skilled practitioner will appreciate,
however, that some uninduced dissociation of the uncleaved portion of the cleaved primer extension product from the
target polynucleotide may result from binding of an uncleaved primer to the target polynucleotide (see Figure 2).
[0094] In a preferred embodiment, the resultant cleaved primer extension products in a reaction mixture are separated
for analysis on a suitable matrix. Any of a number of methods can be used to effect the separation, as described in, for
example, McIntosh et al. (PCT Pub. No. WO98/59066). Such methods include, but are not limited to, oligonucleotide
array hybridization, mass spectrometry, flow cytometry, HPLC, FPLC, size exclusion chromatography, affinity chroma-
tography, and gel electrophoresis. The amount of the product(s) is linearly related to the amount of the target polynu-
cleotide comprising a sequence of interest in the sample. Thus, comparison of the amount of cleaved primer extension
product obtained in a test sample with the amount of product obtained in a reference sample comprising a known amount
of the sequence of interest provides quantification of the sequence of interest in the test sample. Methods of making
such comparisons are known in the art.
[0095] It is appreciated that the methods of the invention are suitable for generating copies and/or quantifying more
than one sequence of interest in a sample. That is to say, more than one sequence of interest may be copied and/or
quantified simultaneously in a single reaction mixture. The different sequences of interest may be on the same or different
target polynucleotides.
[0096] Reaction conditions, components, and other experimental parameters as well as illustrative embodiments in
this section are generally as described herein.

Oligonucleotide attachment-based methods of generating multiple copies of and/or quantifying nucleic acid sequences

[0097] The invention provides methods of generating multiple copies of and/or quantifying a sequence of interest in
a target polynucleotide, comprising reacting the following combination: (a) a single-stranded target polynucleotide com-
prising a nucleic acid sequence of interest; (b) a first oligonucleotide and a second oligonucleotide that are hybridizable
to non-overlapping sequences of a target polynucleotide, wherein at least one of the oligonucleotide comprises an RNA
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portion, wherein the portion of the target polynucleotide that is hybridizable to the first oligonucleotide is 3’ with respect
to the portion of the target polynucleotide that is hybridizable to the second oligonucleotide, and wherein at least one
oligonucleotide comprises a sequence that is hybridizable to at least one nucleotide of the sequence of interest; (c)
optionally a DNA polymerase; (d) an agent capable of effecting attachment, preferably covalent attachment, of the two
oligonucleotides when the oligonucleotides are hybridized to the same target polynucleotide strand; (e) optionally dNTPs,
or suitable analogs; and (f) an enzyme, such as RNase H, which cleaves RNA from an RNA/DNA duplex. The combination
is subjected to suitable conditions such that (a) the oligonucleotides (at least one of which is a composite primer) hybridize
to a target polynucleotide comprising the sequence of interest; (b) oligonucleotide extension from the first oligonucleotide
by DNA polymerase occurs if there is a gap of at least one nucleotide between the 3’ end of the first oligonucleotide and
5’ end of the second oligonucleotide; (c) attachment of hybridized first oligonucleotide (or oligonucleotide extension
product thereof) and second oligonucleotide occurs to form an attached oligonucleotide combination product which
comprises an RNA portion (from a composite primer); (d) an enzyme such as RNaseH cleaves RNA of the composite
primer(s) from the RNA/DNA duplex of the hybridized product; (e) the cleaved attached oligonucleotide combination
product dissociates from the target polynucleotide; (f) another pair of oligonucleotides hybridize to the target polynucle-
otide, optionally another round of polymerization occurs, and attachment and cleavage occurs; and (g) cleaved attached
oligonucleotide combination product accumulates. This method is illustrated in Figure 3.
[0098] In this and other sections describing embodiments using oligonucleotide attachment, generally covalent at-
tachment is exemplified. However, non-covalent methods are contemplated and included in this invention.
[0099] In one embodiment, the sequence of interest that can be copied and/or quantified by these methods is a single
nucleotide base. Examples of a sequence of interest that is a single nucleotide base is a single nucleotide polymorphic
sequence. In this embodiment, either the 3’ most nucleotide of the first oligonucleotide or the 5’ most nucleotide of the
second oligonucleotide is capable of hybridizing to the sequence (single nucleotide base) of interest. Amplification of
the sequence of interest is achieved as follows. If the 3’ most nucleotide of the first oligonucleotide is designed to hybridize
to the sequence of interest, hybridization of the 3’ most nucleotide of the first oligonucleotide to a target nucleic acid is
required for primer extension(if there is a gap of at least one nucleotide between the 3’ end of the first oligonucleotide
and 5’ end of the second oligonucleotide)) or attachment, such as with DNA ligase, of the extended or unextended
product of the first oligonucleotide. If the 5’ most nucleotide of the second oligonucleotide is designed to hybridize to the
sequence of interest, hybridization of the 5’ most nucleotide of the second oligonucleotide to a target nucleic acid is
required for attachment, such as with DNA ligase, of the extended or unextended product. In both cases, generation of
attached oligonucleotide combination product reflects generation of multiple copies of the sequence of interest.
[0100] In another embodiment, the sequence of interest comprises more than 1 nucleotide base. A sequence of interest
that comprises more than 1 nucleotide base comprises preferably from about 2 to about 15 nucleotides, more preferably
from about 2 to about 13 nucleotides, even more preferably from about 2 to about 11 nucleotides, and most preferably
from about 2 to about 10 nucleotides.
[0101] In embodiments wherein the sequence of interest comprises more than 1 nucleotide base, at least one oligo-
nucleotide of the oligonucleotide pair (first oligonucleotide and second oligonucleotide) comprises a sequence that does
not permit substantial hybridization to a target polynucleotide in the absence of a substantial portion of a sequence of
interest in the target polynucleotide. Substantial hybridization of an oligonucleotide to a target polynucleotide can be at
least preferably 50%, more preferably 60%, even more preferably 75%, and most preferably 90% of the efficiency of
hybridization of the oligonucleotide to a target polynucleotide in the presence of a substantial portion of a sequence of
interest in the target polynucleotide. Absence or presence of a substantial portion of a sequence of interest refers to
absence or presence, respectively, of at least preferably 50%, more preferably 60%, even more preferably 75% and
most preferably 90% of the sequence of interest in a target polynucleotide.
[0102] In one embodiment, the RNA portion(s) of the first and/or second oligonucleotide are designed to be substantially
hybridizable to at least one nucleotide of the sequence of interest. Generally, a suitable oligonucleotide sequence is
designed such that the oligonucleotide preferentially hybridizes to at least one nucleotide of a sequence of interest.
[0103] At least one of the oligonucleotides in the oligonucleotide pair (first oligonucleotide and second oligonucleotide)
is a composite primer. Thus, in one embodiment, the first oligonucleotide is a composite primer. In another embodiment,
the second oligonucleotide is a composite primer. In yet another embodiment, both oligonucleotides are composite
primers.
[0104] The overall size of oligonucleotides, and the size of the cleavable portions, are selected to ensure that the
attached oligonucleotide combination product is of a size that when the cleavable component is cleaved the product
dissociates from the target polynucleotide under essentially the same conditions as those for attachment. Suitable sizes
are determined according to the specific reaction conditions, and can be determined empirically by one skilled in the
art. Generally, the cleaved product is substantially smaller than an uncleaved oligonucleotide. In one embodiment, the
reaction is performed isothermally (at a single temperature or about the same temperature). In another embodiment,
the temperature is a temperature that permits specific hybridization of the composite primer but is too high for significant
hybridization of the cleaved primer extension product.
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[0105] At least one of the oligonucleotides in an oligonucleotide pair (first oligonucleotide and second oligonucleotide)
comprises a sequence hybridizable to the sequence of interest, or at least one nucleotide thereof. Thus, in one embod-
iment, the first oligonucleotide comprises a 3’ most nucleotide which is hybridizable to the sequence of interest, and
wherein the sequence of interest is a single nucleotide base. In another embodiment, the first oligonucleotide comprises
a sequence hybridizable to the sequence of interest, or to at least one nucleotide of the sequence of interest. In another
embodiment, the sequence hybridizable to at least one nucleotide of the sequence of interest further comprises a 3’
most nucleotide of the first oligonucleotide. In yet another embodiment, the second oligonucleotide comprises a 5’ most
nucleotide which is hybridizable to the sequence of interest, and wherein the sequence of interest is a single nucleotide
base. In yet another embodiment, the second oligonucleotide comprises a sequence hybridizable to the sequence of
interest, or to at least one nucleotide of the sequence of interest. In another embodiment, the sequence hybridizable to
at least one nucleotide of the sequence of interest further comprises a 5’ most nucleotide of the second oligonucleotide.
In still another embodiment, each oligonucleotide is hybridizable to a portion (or at least one polynucleotide) of the
sequence of interest. In another embodiment, the oligonucleotides in combination further comprise the entire sequence
of interest.
[0106] If there is a gap of at least one nucleotide between the 3’ end of the first oligonucleotide and the 5’ end of the
second oligonucleotide, the gap is filled by oligonucleotide extension, which can be achieved using polymerization
methods known in the art. Thus, for example, a DNA polymerase and the necessary dNTPs (corresponding to the gap
sequence) would be provided under conditions that permit DNA polymerization.
[0107] Attachment of hybridized first oligonucleotide and second oligonucleotide can occur only if the 3’ most nucleotide
of the first oligonucleotide and the 5’ most nucleotide of the second oligonucleotide are located adjacent to each other
on a target polynucleotide. Thus, suitable agents or means for effecting attachment of the oligonucleotide pair are those
that function only when this requirement is met. An example of such an agent is DNA ligase. Other examples of agents
and means for effecting covalent attachment include those described in U.S. Pat. No. 5,185,243.
[0108] At least one of the two oligonucleotides (first oligonucleotide and second oligonucleotide) is a composite primer.
A first oligonucleotide that is a composite primer comprises an RNA portion and a DNA portion. A second oligonucleotide
that is a composite primer comprises a DNA portion and an RNA portion. In one embodiment, both the first oligonucleotide
and second oligonucleotide are composite primers. In another embodiment, only one of the two oligonucleotides is a
composite primer.
[0109] The use of composite primers as described herein renders at least a portion of the attached oligonucleotide
combination product cleavable when hybridized to a target polynucleotide. Thus, in a reaction mixture comprising a
suitable cleaving agent, cleavage of the product results in accumulation of cleaved covalently-attached oligonucleotide
combination product. Generally and preferably, this reaction occurs under essentially the same conditions as those for
oligonucleotide attachment. Suitable cleaving agents are agents that are active in these conditions. Preferably, suitable
cleaving agents are those that specifically cleave RNA in a RNA/DNA duplex, such as RNase H.
[0110] Without intending to be bound by theory, it is expected that dissociation of cleaved attached oligonucleotide
combination product leading to accumulation of said product occurs due to the lower affinity (due to reduced melting
temperature of hybrid formation) of the smaller (cleaved) attached oligonucleotide combination product. It is appreciated,
however, that some uninduced dissociation of the uncleaved portion of the cleaved primer extension product from the
target polynucleotide may result from binding of an uncleaved primer to the target polynucleotide.
[0111] In a preferred embodiment, the resultant cleaved attached oligonucleotide combination products in a reaction
mixture are separated for analysis on a suitable matrix. Any of a number of methods can be used to effect the separation,
as described in, for example, McIntosh et al., supra. Such methods include, but are not limited to, oligonucleotide array
hybridization, mass spectrometry, flow cytometry, HPLC, FPLC, size exclusion chromatography, affinity chromatography,
and gel electrophoresis. The amount of the products is linearly related to the amount of the nucleic acid sequence of
interest in the sample. Thus, comparison of the amount of cleaved attached oligonucleotide combinations product ob-
tained in a test sample with the amount of product obtained in a reference sample comprising a known amount of the
sequence of interest provides quantification of the sequence of interest in the test sample. Methods of making such
comparisons are known in the art.
[0112] It is appreciated that the oligonucleotide attachment-based methods of the invention are also suitable for
generating copies of a plurality of sequences of interest in a sample. That is to say, a plurality of target sequences may
be copied and/or quantified in a single reaction mixture. Different sequences of interest may be present on a single
target polynucleotide or on different target polynucleotides. These methods employ two or more sets of first and second
oligonucleotides, with each set of oligonucleotides being substantially hybridizable to each target nucleic acid sequence.
[0113] Reaction conditions, components, and other experimental parameters as well as illustrative embodiments in
this section are generally as described herein.
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Methods of determining whether a nucleic sequence of interest is present or absent in a sample

Primer extension-based detection of nucleic acid sequence

[0114] The invention provides methods of determining whether a nucleic acid sequence of interest is present or absent
in a sample, comprising reacting the following combination: (a) a single-stranded target polynucleotide suspected of
comprising a nucleic acid sequence of interest; (b) a composite primer comprising an RNA portion and a 3’ DNA portion;
(c) a DNA polymerase; (d) labeled or unlabeled deoxyribonucleoside triphosphosphates, or suitable analogs that singly
or in combination permit only limited primer extension; and (e) an enzyme, such as RNase H, which cleaves RNA from
an RNA/DNA duplex. The combination is subjected to suitable conditions such that (a) the composite primer hybridizes
to the target polynucleotide; (b) limited primer extension occurs from the composite primer, to form a duplex; (c) RNase
H cleaves RNA of the composite primer from the RNA/DNA duplex; (d) the cleaved primer extension product comprising
a detectable identifying characteristic dissociates from the target polynucleotide; (e) another composite primer hybridizes
to the target polynucleotide, and another round of primer extension occurs; and (f) cleaved primer extension product
accumulates, whereby detection of a detectable identifying characteristic of the primer extension product (and thus,
detection of the primer extension product comprising a detectable identifying characteristic) indicates the presence of
the sequence of interest. Conversely, lack of detection of the cleaved primer extension product is indicates absence of
the sequence of interest.
[0115] In one embodiment, the sequence of interest that is detected is a single nucleotide base. Examples of a
sequence of interest that is a single nucleotide base is a single nucleotide polymorphic sequence, or a mutation such
as a nucleotide substitution, deletion or insertion. In another embodiment, the sequence of interest that is detected
comprises more than one nucleotide base, which can be a mutant sequence due to nucleotide substitution, deletion or
insertion, or any combination thereof. In embodiments wherein the sequence of interest comprises more than one
nucleotide base, the sequence of interest comprises preferably from about 2 to about 15 nucleotides, more preferably
from about 2 to about 13 nucleotides, even more preferably from about 2 to about 11 I nucleotides, and most preferably
from about 2 to about 10 nucleotides. It is understood that a sequence of interest comprising more than one base can
also be detected by detection of a single base (or less than the total number of bases of the sequence of interest),
provided that the detection of a single base (or less than the total number of bases) indicates that the larger sequence
of interest is present.
[0116] The composite primers are designed to hybridize to a sequence on a target polynucleotide that is in close
proximity to the sequence of interest. Accordingly, methods of the invention comprise hybridizing a composite primer to
a single stranded target polynucleotide such that the 3’ most nucleotide of the primer is from preferably about 1 nucleotide
to about 10 nucleotides, more preferably about 1 nucleotide to about 8 nucleotides, even more preferably about 1 to
about 6 nucleotides, and most preferably about 1 to about 4 nucleotides from the sequence of interest.
[0117] The hybridized primer is extended to include at least the sequence of interest. Generally, the amount of primer
extension is limited to minimize the size of the primer extension product. The primer extension product should be of a
size that when the RNA component is cleaved the product dissociates from the target polynucleotide under essentially
the same conditions as those for primer extension. Thus, a preferred size of primer extension product is one that when
its RNA component is cleaved results in a product that binds to the target polynucleotide with less affinity, such that the
frequency of dissociation from the target polynucleotide is increased compared to the uncleaved primer extension product.
The frequency of dissociation is increased if there is an increase of preferably at least about 20%, more preferably at
least about 40%, even more preferably at least about 60%, and most preferably at least about 80% increase of dissociation
of cleaved product relative to uncleaved product. It is to be understood that the dissociation frequency is generally
measured under essentially the same condition as those for primer extension. In one embodiment, the reaction is
performed isothermally (at a single temperature or about the same temperature). In another embodiment, the temperature
is a temperature that permits specific hybridization of the composite primer but is too high for significant hybridization
of the cleaved primer extension product.
[0118] Limited primer extension can be achieved by any of a variety of methods known in the art. Generally and
preferably, the extent of primer extension is limited by providing at least one terminator dNTP or by not providing at least
one essential dNTP. Terminator dNTPs are known in the art, and include, for example, dideoxyribonucleotide triphos-
phates. An essential dNTP is a deoxyribonucleotide the presence of which in a reaction is required for unlimited primer
extension. Thus, a deoxyribonucleotide is essential within the context of a particular sequence identity of the target
polynucleotide.
[0119] In some embodiments, limited primer extension comprises addition of only one nucleotide to the 3’ end of the
primer. In these embodiments, the sequence of interest is a single base nucleotide, which is located in the target
polynucleotide immediately 5’ and adjacent to the nucleotide of the target polynucleotide to which the 3’-most nucleotide
of the primer is hybridized. Primer extension can be limited to only one nucleotide by providing in the reaction mixture
terminator deoxyribonucleotide(s) that corresponds to the next nucleotide that can be added to the primer based on the
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identity of the sequence of interest. Thus, for example, if the sequence of interest is an adenine, providing only terminator
dTTPs in the reaction mixture would result in a single nucleotide primer extension only if the sequence of interest is
present. Thus, generation of a primer extension product that incorporates the terminator dTTP would be indicative of
the presence of the sequence of interest. On the other hand, lack of expected primer extension product would indicate
the absence of the sequence of interest.
[0120] In another embodiment, the sequence of interest is the deletion of a single nucleotide base which is located in
the target polynucleotide immediately 5’ and adjacent to the nucleotide of the target polynucleotide to which the 3’-most
nucleotide of the primer is hybridized. Primer extension can be limited to only one nucleotide by providing in the reaction
mixture terminator deoxyribonucleotide(s) that corresponds to the next nucleotide that can be added to the primer based
on the identity of the nucleotide 3’ of the sequence of interest (which is a deleted base). Thus, for example, if the nucleotide
expected to be deleted is an adenine, and the nucleotide 3’ of the sequence of interest is a cytosine, providing only
terminator dGTPs in the reaction mixture would result in a single nucleotide primer extension only if the adenine is
absent. Thus, generation of a primer extension product that incorporates the terminator dGTP would be indicative of the
presence of the sequence of interest. On the other hand, lack of expected primer extension product would indicate the
absence of the sequence of interest.
[0121] In other embodiments, limited primer extension comprises addition of more than one nucleotide. In these
embodiments, primer extension comprises addition of preferably from about 2 to about 15 nucleotides, more preferably
from about 2 to about 12 nucleotides, even more preferably from about 2 to about 10 nucleotides, and most preferably
from about 2 to about 8 nucleotides. In these embodiments, primer extension can be limited by not providing at least
one essential dNTP, by providing at least one terminator nucleotide, or by both not providing at least one essential dNTP
and providing at least one terminator nucleotide in a single reaction mixture. One of skill in the art would be able to
determine the necessary combination based on the identity of target polynucleotide sequence adjacent to the hybridization
site of the primer.
[0122] It is understood that the methods of the invention may be used to determine whether multiple sequences of
interest are present or absent in a sample, as further described herein and in Examples 1 and 6-9. That is to say, multiple
of sequences of interest may be detected simultaneously in a single reaction mixture. The different sequences of interest
may be on the same or different target polynucleotides. In one aspect, multiple of sequences of interest are present on
different target polynucleotides, for example, as when a plurality of sequences of interest are present in different genomic
polynucleotides or different cDNA polynucleotides. In another aspect, multiple sequences of interest are present on
multiple target polynucleotides, for example, different alleles, or a wildtype (native) and mutant (non-wildtype) sequences,
or polymorphic sequences. In another aspect, multiple sequences of interest are present on a single target polynucleotide,
for example, as when more than one locus on a single polynucleotide are analyzed, or for example, as when multiple
interest are present on a single cDNA polynucleotide. Detection of accumulated primer extension products comprising
multiple sequence of interest is described below.
[0123] A reaction mixture can comprise a variety of dNTP configurations, such as a single terminator dNTP, a com-
bination of terminator dNTPs, at least one terminator dNTP and at least one but not all of the four dNTPs (which can
include non-terminator forms of a terminator dNTP that is included), or at least one but not all of the four dNTPs (without
any terminator dNTPs). These dNTPs can be labeled or unlabeled. The choice of what form (e.g., labeled, unlabeled,
type of label) and type of dNTPs is governed by factors that are evident to one skilled in the art. Among these factors
are the sequence of interest, knowledge and identity of the sequence flanking the sequence of interest, and the choice
of detectable identifying characteristic(s) (described below) that the practitioner wishes to incorporate in the primer
extension product.
[0124] A DNA polymerase capable of effecting extension of the hybridized primer along the target polynucleotide is
used to generate primer extension product. Suitable polymerases are known in the art, including, for example Bst DNA
polymerase, Bca DNA polymerase, E. coli DNA polymerase I, the Klenow fragment of E. coli DNA polymerase I, Taq
DNA polymerase, T7 DNA polymerase (Sequenase), or recombinant derivatives thereof, which are selected for improved
utilization of modified dNTPs and their analog. DNA polymerases with or without strand displacement activity are suitable
for the primer extension-based methods of the invention. Factors that determine suitability of a polymerase are known
to one skilled in the art, and include the temperature used to effect primer hybridization. For example, the availability of
thermostable DNA polymerases can be used where primer hybridization at elevated temperatures enables greater
specificity of primer hybridization to the target polynucleotide.
[0125] The use of composite primers in primer extension renders at least a portion of the primer extension product
cleavable when hybridized to a target polynucleotide. A suitable cleaving reagent is provided in the reaction mixture to
effect cleavage of the primer extension product. Cleavage of the product permits accumulation of cleaved primer extension
product. Generally and preferably, this reaction occurs under essentially the same conditions as those for primer exten-
sion. Thus, suitable cleaving agents are agents that are active in these conditions. In preferred embodiments, the
cleavable portion is RNA, in which case suitable cleaving agents are those that specifically cleave RNA in a RNA/DNA
duplex, such as RNase H.



EP 1 427 847 B1

17

5

10

15

20

25

30

35

40

45

50

55

[0126] Preferred detectable identifying characteristics include size of the primer extension product, sequence of the
non-primer portion of the primer extension product (which may or may not be considered in the context of the sequence
of the primer portion of the primer extension product), detectable signal associated with the primer extension product.
It is understood by one skilled in the art that while the preceding discussion addresses detection of accumulated cleaved
primer extension products comprising a detectable identifying characteristic(s), absence of accumulated primer extension
product comprising a detectable identifying characteristic(s) is also informative. For example, if the sequence of interest
is a native (e.g., wildtype) sequence, primer extension product comprising a detectable identifying characteristic corre-
sponding to the native sequence will not accumulate in the presence of a nonnative (e.g., mutant) sequence of interest.
In one embodiment, absence of primer extension product specific to the wildtype sequence of interest indicates presence
of a mutant sequence of interest. In another embodiment, absence of primer extension product indicates presence of
an altered sequence of interest, as discussed below.
[0127] Appropriate detectable identifying characteristics to be incorporated in a primer extension product can be
determined by one skilled in the art, in view of and based on the context of the components (such as type and/or form
of the dNTP(s) provided, and/or type of label associated with the dNTPs provided and the primer), the identity of the
sequence of interest, and the sequences that flank the sequence of interest in a target polynucleotide. It is appreciated
that one or more detectable identifying characteristics may be used to characterize a primer extension product, and that
characterization may be performed iteratively.
[0128] For example, characterization of primer extension product based on size of the product is generally employed
when the dNTPs are unlabeled. In one illustrative scenario, primer extension is terminated due to the presence of a
sequence of interest and a terminator dNTP corresponding to that sequence. Thus, in the absence of that sequence
and any other dNTP other than the terminator dNTP corresponding to that sequence in a sample, the product would be
smaller than if the sequence is present. In another illustrative scenario where (i) the sequence of interest comprises a
single nucleotide, (ii) the same nucleotide base is present in the intervening sequence of the target polynucleotide
between the 3’ end of the primer hybridization site and the sequence of interest, (iii) the only terminator dNTP type
provided is that which corresponds to the sequence of interest, and (iv) a non-terminator form of the terminator dNTP
is also provided, presence of the sequence of interest is indicated by detection of products of 3 distinct sizes: 1 size
resulting from incorporation of terminator dNTP in the intervening site, 1 size resulting from incorporation of terminator
dNTP at the single nucleotide site (sequence) of interest, and 1 size due to conditions that permit only limited extension
resulting in termination at a site downstream from the sequence of interest.
[0129] In another example, characterization of primer extension products based on size may be used when determining
whether a plurality of sequences of interest are present or absent in a sample (for example, multiplexing). Depending
on the sequence of interest, the sequence of the template nucleic acid and the mixture of dNTPs and/or terminator
dNTPs included in the mixture, limited primer extension can results in the creation of different sized products (or patterns
of products as described above) for each sequence of interest.
[0130] In another example, characterization of primer extension product can be based on determining the sequence
of the primer extension product. Each primer extension product generally has a unique sequence. Methods of determining
sequence are well known in the art. Sequence-based detection methods include hybridization of the primer extension
product to specific oligonucleotides, for example, immobilized on an array. This method is particularly useful when a
plurality of primer extension products are produced.
[0131] In yet another example, characterization of primer extension product can be based on detection of a signal, or
lack thereof, associated with incorporation of a labeled dNTP, or an analog thereof into the product. For example, in the
scenarios illustrated above, a labeled dNTP corresponding to a sequence of interest could be incorporated into a primer
extension product. Detection of product with the signal generated by the label indicates the presence of that sequence.
[0132] In another illustrative scenario, (i) each sequence of interest comprises at least a single nucleotide, for example,
target polynucleotides possessing two genotypes (alleles) of a defined sequence, or target polynucleotides possessing
both a wildtype and a mutant allele of a defined sequence, and (ii) two target polynucleotides comprise sequence of
interest that are variant sequences with respect to each other. Limited primer extension is conducted in the presence
of two or more distinguishably labeled terminator dNTPs corresponding to the two sequences of interest. Detection of
product with the signal generated by each label associated with each dNTP indicates the presence of each variant
sequences of interest.
[0133] Labels suitable for use in the methods of this invention are known in the art, and include, for example, fluorescent
dye labels and isotopic labels. Homogeneous detection of the primer extension product can also be employed. For
example, the optical properties of a label associated with a dNTP can be altered subsequent to incorporation of the
labeled dNTP into a primer extension product. Such a label includes fluorescent dyes that undergo fluorescence polar-
ization between being attached to free dNTPs and being incorporated in a polynucleotide. See, e.g. U.S. patent No.
6,326,142, and references cited therein.
[0134] Another example of homogeneous detection is based on alteration of spectral properties of a label by means
of energy transfer. When a primer is labeled by a donor or acceptor dye, for example, and the dNTPs, or their analogs,
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are labeled with acceptor or donor dyes, respectively, incorporation of the labeled dNTPs into the product (i.e., linkage
to the primer) enables energy transfer between the donor-acceptor dyes, thus resulting in specific detectable spectral
properties of the attached dyes. These dyes are known in the art, as described in, for example, U.S. Pat. No. 4,996,143
(e.g., fluorescein and Texas Red donor acceptor dye pair), and U.S. Pat. No. 5,688,648. Other label combinations are
also possible. For example, two ligands (such as digoxigenin and biotin) each attached to different parts of a primer
extension product (generally, primer and non-primer portion) can be brought into close proximity in the context of a
primer extension product. Binding of the two ligands with their corresponding antibodies which are differentially labeled
can be detected due to the interaction of the labels. For instance, if the two different labels are a photosensitizer and a
chemiluminescent acceptor dye, the interaction of the labels can be detected by the luminescent oxygen channeling
assay as described in U.S. Pat. No. 5,340,716. Other interacting label pairs useful in the present invention are known
in the art, see, e.g., 5,340,716; 3,999,345; 4,174,384; and 4,261,968 (Ullman et al.); and 5,565,322 (Heller et al.);
5,709,994 (Pease et al.); and 5,925,517 (Tyagi et al.). Examples of ligands in which one member quenches another
include a fluorescent label, a radioluminescent label, a chemiluminescent label, a bioluminescent label, an electrochem-
iluminescent label, and an enzyme-inhibitor combination. In some embodiments, the ligands produce little or no signal
when in close proximity, and a greater signal when separated. In other embodiments, the ligands may generate a signal
when in close proximity and generate less or no signal when separated. Examples of the latter ligands are an enzyme
and its cofactor and fragments or subunits of enzymes that must be close to each other for the enzyme to be active.
[0135] The detectable identifying characteristics described above can be detected by methods known in the art. Size
of a polynucleotide (primer extension product) can be determined by, for example, gel electrophoresis sizing and mass
spectrometry (see, for example, Monforte et al., U.S. Pat. Nos. 5,830,655 and 5,700,642). Methods of sequencing a
polynucleotide (primer extension product) are well-known in the art. Methods of specific hybridization of a polynucleotide
(primer extension product) are well known in the art, and include, for example, hybridization to polynucleotides immobilized
on an array. As is known in the art, a microarray refers to an assembly of distinct polynucleotides or oligonucleotides
immobilized at defined positions on a substrate (surface). Arrays are formed on substrates fabricated with materials
such as paper, glass, plastic (e.g., polypropylene, nylon), polyacrylamide, nitrocellulose, silicon, optical fiber, polystyrene,
or any other suitable solid or semi-solid support, and configured in a planar (e.g., glass plates, silicon chips) or three-
dimensional (e.g., pins, fibers, beads, particles, microtiter wells, capillaries) configuration. Polynucleotides or oligonu-
cleotides forming arrays may be attached to the substrate by any number of ways including (i) in situ synthesis (e.g.,
high-density oligonucleotide arrays) using photolithographic techniques (see, Fodor et al., Science (1991), 251:767-773;
Pease et al., Proc. Natl. Acad. Sci. U.S.A. (1994), 91:5022-5026; Lockhart et al., Nature Biotechnology (1996), 14:1675;
U.S. Pat. Nos. 5,578,832; 5,556,752; and 5,510,270); (ii) spotting/printing at medium to low-density (e.g., cDNA probes)
on glass, nylon or nitrocellulose (Schena et al, Science (1995), 270:467-470, DeRisi et al, Nature Genetics (1996), 14:
457-460; Shalon et al., Genome Res. (1996), 6:639-645; and Schena et al., Proc. Natl. Acad. Sci. U.S.A. (1995), 93:
10539-11286); (iii) by masking (Maskos and Southern, Nuc. Acids. Res. (1992), 20:1679-1684) and (iv) by dot-blotting
on a nylon or nitrocellulose hybridization membrane (see, e.g., Sambrook et al., Eds., 1989, Molecular Cloning: A
Laboratory Manual, 2nd ed., Vol. 1-3, Cold Spring Harbor Laboratory (Cold Spring Harbor, N.Y.)). Polynucleotides or
oligonucleotides may also be noncovalently immobilized on the substrate by hybridization to anchors, by means of
magnetic beads, or in a fluid phase such as in microtiter wells or capillaries. Arrays or microarrays of polynucleotides
are generally nucleic acids such as DNA, RNA, PNA, and cDNA but may also include proteins, polypeptides, oligosac-
charides, cells, tissues and any permutations thereof which can specifically bind the target molecules.
[0136] Methods of detecting detectable signals are known in the art. Signal detection may be visual or utilize a suitable
instrument appropriate to the particular label used, such as a spectrometer, fluorimeter, or microscope. For example,
where the label is a radioisotope, detection can be achieved using, for example, a scintillation counter, or photographic
film as in autoradiography. Where a fluorescent label is used, detection may be by exciting the fluorochrome with the
appropriate wavelength of light and detecting the resulting fluorescence, such as by microscopy, visual inspection or
photographic film. Where enzymatic labels are used, detection may be by providing appropriate substrates for the enzyme
and detecting the resulting reaction product. Simple colorimetric labels can usually be detected by visual observation of
the color associated with the label; for example, conjugated colloidal gold is often pink to reddish, and beads appear the
color of the bead.
[0137] In a preferred embodiment, the resultant cleaved primer extension products in a reaction mixture are separated
for analysis on a suitable matrix. Any of a number of methods can be used to effect the separation, as described in, for
example, McIntosh et al. (PCT Pub. No. WO98/59066). Such methods include, but are not limited to, oligonucleotide
array hybridization, mass spectrometry, flow cytometry, HPLC, FPLC, size exclusion chromatography, affinity chroma-
tography, and gel electrophoresis.
[0138] Reaction conditions, components, and other experimental parameters as well as illustrative embodiments in
this section are generally as described herein.
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Primer extension-based methods of quantifying a sequence of interest in a sample, if present

[0139] It is apparent that the primer extension-based methods described herein may also be used to quantify a se-
quence of interest in a sample. The amount of product produced is linearly related to the amount of nucleic acid of
interest in the sample. Thus, in some embodiments, comparison of amount of cleaved primer extension product obtained
in a test sample with the amount of product obtained in a reference sample comprising a known amount of a sequence
of interest provides quantification of the sequence of interest in the test sample. Methods of making such comparisons
are known in the art. As is evident, as used herein, "quantification" refers to the determination of an absolute level of a
sequence of interest (for example, amount of a sequence of interest in a sample as measured by number of copies or
weight), as well as a relative levels of a sequence of interest in a sample. In one embodiment, amount of a sequence
of interest is compared to amount of another sequence of interest. In another embodiment, amount of a sequence of
interest is compared to amount of target polynucleotide. Thus, quantification of a sequence of interest also includes the
determination of the relative level of two or more sequences of interest, for example, of two polymorphic alleles, or a
wildtype verses a polymorphic (mutant) allele. Comparison of the amount of cleaved primer extension product containing
a first detectable identifying characteristic obtained in a test sample and the amount of cleaved primer extension product
containing a second detectable identifying characteristic obtained in the same test sample permits quantification of the
relative amounts of each sequence of interest. Methods of making such comparisons are known in the art and further
described in Example 8. It is further appreciated that a reference label is desirably used, for example, to normalize signal
intensity for incorporated labeled dNTPs (or ddNTPs) and to control for variation in experimental and/or detection con-
ditions. A non-limiting example of a reference dye includes LIZ (ABI).
[0140] Reaction conditions, components, and other experimental parameters as well as illustrative embodiments in
this section are generally as described herein.

Primer extension-based methods of identifying an altered sequence of interest and/or determining whether an altered 
sequence of interest is present in a sample

[0141] It is to be understood that the primer extension based methods of the invention are also useful for identifying
altered sequences of interest, including, for example, a deletion, insertion, substitution, transversion, or any combination
thereof, of one or more nucleotides of a sequence of interest. In general summary, a composite primer suitable for
determining whether a sequence of interest is present or absent in a target polynucleotide is used in the primer extension-
based methods of the invention with a target polynucleotide suspected of comprising an altered sequence of interest.
[0142] For example, in one illustrative scenario, a composite primer are designed to hybridize in close proximity to a
sequence of interest. The composite primer binds to a target polynucleotide suspected of comprising an altered sequence
of interest, in close proximity to the suspected altered sequence of interest. Primer extension is allowed to occur. Cleavage
of the composite primer results in dissociation of the primer extension product from the target polynucleotide, thus
allowing accumulation of primer extension products. Accumulated cleaved primer extension products are characterized
to determine the presence or absence of the sequence of interest in a sample. In one embodiment, absence of primer
extension product comprising the sequence of interest indicates the presence of an altered sequence of interest (the
sequence of which may or may not be previously unknown). The altered sequence of interest can be further characterized
as described herein. In another embodiment, absence of primer extension product comprising the sequence of interest
indicates the presence of a previously characterized altered sequence of interest.
[0143] In one illustrative scenario, a wildtype polynucleotide sequence is known, for example, in a gene of interest or
in a portion of a gene known to possess a "hot spot" for mutation. The target polynucleotide can be screened for alteration
in the sequence as follows: composite primers are designed that hybridize to the target polynucleotide, such that primer
extension is occurs creating a primer extension product complementary to the portions of the target polynucleotide
suspected of comprising an altered sequence of interest. Primer extension is allowed to occur, and cleaved primer
extension product accumulates as described herein. Analysis (characterization) of cleaved primer extension product
reveals the presence or absence of an altered sequence of interest.
[0144] It is also to be understood that the primer extension-based methods of the invention are useful for identifying
whether an altered sequence of interest is present or absent in a sample, as described herein. Thus, the methods
described herein are applicable to determining whether a sequence of interest or an altered sequence of interest is
present in a sample. Presence of an altered sequence of interest may be indicated, for example, by absence of a
sequence of interest. Reaction conditions, components, and other experimental parameters as well as illustrative em-
bodiments in this section are generally as described herein.

Oligonucleotide attachment-based detection of nucleic acid sequence

[0145] The invention provides methods for detecting whether a sequence of interest is present or absent in a target
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polynucleotide, comprising reacting the following combination: (a) a single-stranded target polynucleotide suspected of
comprising a nucleic acid sequence of interest; (b) a first oligonucleotide and a second oligonucleotide that are hybrid-
izable to non-overlapping sequences of a target polynucleotide, wherein at least one of the oligonucleotides comprises
an RNA portion, wherein the portion of the target polynucleotide that is hybridizable to the first oligonucleotide is 3’ with
respect to the portion of the target polynucleotide that is hybridizable to the second oligonucleotide, and wherein at least
one oligonucleotide comprises a sequence hybridizable to at least one nucleotide of the sequence of interest; (c) optionally
a DNA polymerase; (d) an agent, such as DNA ligase, capable of effecting attachment, preferably covalent attachment,
of the two oligonucleotides when the oligonucleotides are hybridized to the same target polynucleotide strand; (e)
optionally dNTPs, or suitable analogs; and (f) an enzyme, such as RNase H, which cleaves RNA from an RNA/DNA
duplex. The combination is subjected to suitable conditions such that (a) the oligonucleotides (at least one of which is
a composite primer) hybridize to a target polynucleotide comprising the sequence of interest; (b) oligonucleotide extension
from the first oligonucleotide by DNA polymerase occurs if there is a gap of at least one nucleotide between the 3’ end
of the first oligonucleotide and 5’ end of the second oligonucleotide; (c) attachment, preferably covalent attachment, of
hybridized first oligonucleotide (or oligonucleotide extension product thereof) and second oligonucleotide occurs to form
an attached oligonucleotide combination product that comprises an RNA portion (from a composite primer); (d) an
enzyme such as RNaseH cleaves RNA of the composite primer(s) from the RNA/DNA duplex of the hybridized product;
(e) the cleaved attached oligonucleotide combination product comprising a detectable identifying characteristic disso-
ciates from the target polynucleotide; (f) another pair of oligonucleotides hybridize to the target polynucleotide, optionally
another round of polymerization occurs, and attachment and cleavage occurs; and (g) cleaved attached oligonucleotide
combination product accumulates, whereby detection of a detectable identifying characteristic of the oligonucleotide
attachment product indicates the presence of the sequence of interest. Conversely, lack of detection of the attached
oligonucleotide combination product is indicates absence of the sequence of interest.
[0146] In this and other sections describing embodiments using oligonucleotide attachment, generally covalent at-
tachment is exemplified. However, non-covalent attachment methods are contemplated and included in this invention.
[0147] In one embodiment, the sequence of interest that can be detected by these methods is a single nucleotide
base. Examples of a sequence of interest that is a single nucleotide base is a single nucleotide polymorphic sequence,
or a mutation such as nucleotide substitution, deletion or insertion. In this embodiment, either the 3’ most nucleotide of
the first oligonucleotide or the 5’ most nucleotide of the second oligonucleotide is capable of hybridizing to the sequence
(single nucleotide base) of interest. The presence of the sequence of interest is indicated as follows. If the 3’ most
nucleotide of the first oligonucleotide is designed to hybridize to the sequence of interest, hybridization of the 3’ most
nucleotide of the first oligonucleotide to a target nucleic acid is required for primer extension (if there is a gap of at least
one nucleotide between the 3’ end of the first oligonucleotide and 5’ end of the second oligonucleotide) or attachment,
such as with DNA ligase, of the extended or unextended product. Therefore, production of attachment product indicates
that the target nucleic acid contains the sequence defined by the 3’ most nucleotide of the first oligonucleotide. Reduction
or absence of product amplification, on the other hand, indicates that the target nucleic acid contains a sequence alteration
that includes at least the base complementary to the 3’ most nucleotide of the composite primer. If the 5’ most nucleotide
of the second oligonucleotide is designed to hybridize to the sequence of interest, hybridization of the 5’ most nucleotide
of the second oligonucleotide to a target nucleic acid is required for attachment, such as with DNA ligase, of the extended
or unextended product. Therefore, production of cleaved attachment product indicates that the target nucleic acid contains
the sequence defined by the 5’ most nucleotide of the second oligonucleotide. Reduction or absence of product ampli-
fication, on the other hand, indicates that the target nucleic acid contains a sequence alteration that includes at least
the base complementary to the 5’ most nucleotide of the second oligonucleotide.
[0148] In another embodiment, the sequence of interest comprises more than 1 nucleotide base. A sequence of interest
can be a mutant sequence due to nucleotide substitution, deletion or insertion. The sequence of interest that can be
detected by these methods comprises preferably from about 2 to about 15 nucleotides, more preferably from about 2
to about 13 nucleotides, even more preferably from about 2 to about 11 nucleotides, and most preferably from about 2
to about 10 nucleotides. It is understood that a sequence of interest comprising more than one base can also be detected
by detection of a single base (or less than the total number of bases of the sequence of interest), provided that the
detection of a single base (or less than the total number of bases) indicates that the larger sequence of interest is present.
[0149] In embodiments wherein the sequence of interest comprises more than 1 nucleotide base, at least one of the
oligonucleotide pair (first oligonucleotide and second oligonucleotide) comprises a sequence that does not permit sub-
stantial hybridization to a target polynucleotide in the absence of a substantial portion of a sequence of interest in the
target polynucleotide. Substantial hybridization of a oligonucleotide to a target polynucleotide can be at least preferably
50%, more preferably 60%, even more preferably 75%, and most preferably 90% of the efficiency of hybridization of the
oligonucleotide to a target polynucleotide in the presence of a substantial portion of a sequence of interest in the target
polynucleotide. Absence or presence of a substantial portion of a sequence of interest refers to absence or presence,
respectively, of at least preferably 50%, more preferably 60%, even more preferably 75% and most preferably 90% of
the sequence of interest in a target polynucleotide. Hybridization of the first oligonucleotide and the second oligonucleotide
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to a target polynucleotide, thus allowing attachment (after oligonucleotide extension to fill any gap as necessary) of the
two bound oligonucleotides, would be indicative of the presence of a substantial portion of the sequence of interest. In
one embodiment, the reaction is performed isothermally (at a single temperature or about the same temperature). In
another embodiment, the temperature is a temperature that permits specific hybridization of the composite primer but
is too high for significant hybridization of the cleaved primer extension product. In one embodiment, the RNA portion(s)
of the first and/or second oligonucleotide are designed to be substantially hybridizable to the sequence of interest.
Generally, a suitable oligonucleotide sequence is designed such that the oligonucleotide preferentially hybridizes to a
sequence of interest. In the presence of an altered sequence of interest (which may be a previously unidentified sequence
of interest, or an allele, or wildtype sequence if the oligonucleotide is designed to hybridize to a mutant sequence), a
mismatch is formed which results in reduced efficiency of cleavage of the RNA portion of the oligonucleotide primer, in
which case formation of cleaved attachment product will be inhibited.
[0150] At least one of the oligonucleotides in the oligonucleotide pair (first oligonucleotide and second oligonucleotide)
is a composite primer. Thus, in one embodiment, the first oligonucleotide is a composite primer. In another embodiment,
the second oligonucleotide is a composite primer. In yet another embodiment, both oligonucleotides are composite
primers.
[0151] The overall size of oligonucleotides, and the size of the cleavable portions, are selected to ensure that the
attached oligonucleotide combination product is of a size that when the cleavable component is cleaved the product
dissociates from the target polynucleotide under essentially the same conditions as those for attachment. Suitable sizes
are determined according to the specific reaction conditions, and can be determined empirically by one skilled in the
art. Generally, the cleaved product is substantially smaller than an uncleaved oligonucleotide.
[0152] At least one of the oligonucleotides in an oligonucleotide pair (first oligonucleotide and second oligonucleotide)
comprises a sequence hybridizable to the sequence of interest, or to at least one nucleotide thereof. Thus, in one
embodiment, the first oligonucleotide comprises a 3’ most nucleotide which is hybridizable to the sequence of interest,
and wherein the sequence of interest is a single nucleotide base. In another embodiment, the first oligonucleotide
comprises a sequence hybridizable to the sequence of interest, or to at least one nucleotide of the sequence of interest.
In another embodiment, the sequence hybridizable to a portion of the sequence of interest further comprises a 3’ most
nucleotide of the first oligonucleotide. In yet another embodiment, the second oligonucleotide comprises a 5’ most
oligonucleotide which is hybridizable to the sequence of interest, and wherein the sequence of interest is a single
nucleotide base. In yet another embodiment, the second oligonucleotide comprises a sequence hybridizable to the
sequence of interest or at least one nucleotide of the sequence of interest. In another embodiment, the sequence
hybridizable to a portion of the sequence of interest further comprises a 5’ most nucleotide of the second oligonucleotide.
In still another embodiment, each oligonucleotide is hybridizable to a portion (or to at least one nucleotide) of the sequence
of interest. In another embodiment, the oligonucleotides in combination further comprise the entire sequence of interest.
[0153] Another embodiment of the invention provides methods of determining whether a plurality of target nucleic acid
sequences are present or absent in a sample. These methods employ two or more sets of first and second oligonucle-
otides, with each set of oligonucleotides being specific to each target nucleic acid sequence of interest.
[0154] If there is a gap of at least one nucleotide between the 3’ end of the first oligonucleotide and the 5’ end of the
second oligonucleotide, the gap is filled by oligonucleotide extension, which can be achieved using polymerization
methods known in the art. Thus, for example, a DNA polymerase and the necessary dNTPs (corresponding to the gap
sequence) would be provided under conditions that permit DNA polymerization. It is appreciated that the sequence
added during extension can comprise a detectable identifying characteristic, including, for example, its size, sequence
or incorporation of suitably labeled nucleotides.
[0155] Attachment of hybridized first oligonucleotide and second oligonucleotide can occur only if the 3’ most nucleotide
of the first oligonucleotide and the 5’ most nucleotide of the second oligonucleotide are located adjacent to each other
on a target polynucleotide. Thus, suitable agents or means for effecting attachment of the oligonucleotide pair are those
that function only when this requirement is met. An example of such an agent is DNA ligase. Other examples of agents
or means for effecting covalent attachment include those described in U.S. Pat. No. 5,185,243.
[0156] Although the preceding discussion refers to the attachment as covalent, it is appreciated that methods of non-
covalent attachment are suitable for use with the oligonucleotide attachment-based methods of the invention.
[0157] At least one of the two oligonucleotides (first oligonucleotide and second oligonucleotide) is a composite primer.
A first oligonucleotide that is a composite primer comprises an RNA portion and a DNA portion. A second oligonucleotide
that is a composite primer comprises a DNA portion and an RNA portion. In one embodiment, both the first oligonucleotide
and second oligonucleotide are composite primers. In another embodiment, only one of the two oligonucleotides is a
composite primer.
[0158] The use of composite primers as described herein renders at least a portion of the attached oligonucleotide
combination product cleavable when hybridized to a target polynucleotide. Thus, in a reaction mixture comprising a
suitable cleaving agent, cleavage of the product results in accumulation of cleaved attached oligonucleotide combination
product. Generally and preferably, this reaction occurs under essentially the same conditions as those for oligonucleotide
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attachment. Suitable cleaving agents are agents that are active in these conditions. Preferably, suitable cleaving agents
are those that specifically cleave RNA in a RNA/DNA duplex, such as RNase H.
[0159] The attached oligonucleotide combination products generated in the methods of this invention possess one or
more detectable identifying characteristics. The formation of the product is characterized by the joining of the DNA
sequences of the two oligonucleotides. Thus, detectable identifying characteristics of these products include, for example,
the sequence of the product (since the sequences of the oligonucleotides are known), the size of the product (since the
size of the oligonucleotides are known), and detectable signal on the product due to the presence of label(s) in the
oligonucleotide(s), or presence of label on polynucleotides incorporated during primer extension (if there is a gap of at
least one nucleotide between the first and second primer).
[0160] For example, in the case of detectable signal as a detectable identifying characteristic, the combination of the
two oligonucleotides in a single polynucleotide product can be detected by virtue of alteration of spectral properties of
a label by means of energy transfer. In one illustration, one oligonucleotide could be labeled by a donor or acceptor dye,
and the other oligonucleotide could be labeled with acceptor or donor dye, respectively. The attachment of the two
oligonucleotides would bring the two labels into close proximity to enable energy transfer between the dyes, thus resulting
in specific detectable spectral properties of the attached dyes. These dyes are known in the art, as described in, for
example U.S. Pat. No. 4,996,143 (e.g., fluorescein and Texas Red donor acceptor dye pair), and U.S. Pat. No. 5,688,648.
Other label combinations are also possible. For example, two ligands (such as digoxigenin and biotin) each attached to
one of the oligonucleotides in the oligonucleotide pair can be brought into close proximity following attachment of the
oligonucleotide pair. Binding of the two ligands with their corresponding antibodies which are differentially labeled can
be detected due to the interaction of the labels. For instance, if the two different labels are a photosensitizer and a
chemiluminescent acceptor dye, the interaction of the labels can be detected by the luminescent oxygen channeling
assay as described in U.S. Pat. No. 5,340,716. Other interacting label pairs useful in the present invention are known
in the art, see, e.g., U.S. Patents Nos. 5,340,716; 3,999,345; 4,174,384; and 4,261,968 (Ullman et al.); and 5,565,322
(Heller et al.); 5,709,994 (Pease et al.); and 5,925,517 (Tyagi et al.). Examples of ligands in which one member quenches
another include a fluorescent label, a radioluminescent label, a chemiluminescent label, a bioluminescent label, an
electrochemiluminescent label, and an enzyme-inhibitor combination. In some embodiments, the ligands produce little
or no signal when in close proximity, and a greater signal when separated. In other embodiments, the ligands may
generate a signal when in close proximity and generate less or no signal when separated. Examples of the latter such
ligands are an enzyme and its cofactor and fragments or subunits of enzymes that must be close to each other for the
enzyme to be active. Incorporation of label during primer extension is additionally detectable as described above.
[0161] In addition, the product can be detected by hybridizing it to a labeled oligonucleotide under conditions which
are not suitable for hybridization of the either the first or the second oligonucleotide individually (i.e., when not ligated
to each other). In another embodiment, one member of an interacting label pair is used in the attachment product and
the other member is used in the labeled (third) olignucleotide. The third oligonucleotide may be immobilized on a solid
surface and the hybridization of the labeled ligation product to the oligonucleotide results in an altered detectable signal
due to the interaction of the labels on the ligation product and the third (immobilized) oligonucleotide. The immobilized
oligonucleotide may be a part of an array of a plurality of oligonucleotides, each oligonucleotide being specific for a
ligation product comprising a distinct sequence.
[0162] Detection of these detectable identifying characteristics can be achieved by a variety of methods evident to
one skilled in the art. Methods of determining size and sequencing of polynucleotides (such as an attached oligonucleotide
combination product) are known in the art. Methods of detecting detectable signals are known in the art, and are described
above.
[0163] In a preferred embodiment, the resultant cleaved attached oligonucleotide combination products in a reaction
mixture are separated for analysis on a suitable matrix. Any of a number of methods can be used to effect the separation,
as described in, for example, McIntosh et al., supra. Such methods include, but are not limited to, oligonucleotide array
hybridization, mass spectrometry, flow cytometry, HPLC, FPLC, size exclusion chromatography, affinity chromatography,
and gel electrophoresis.
[0164] It is appreciated that while the preceding discussion describes detection of attachment product comprising a
detectable identifying characteristic(s), the absence of accumulation of a attachment product comprising a detectable
identifying characteristic(s) is also informative. For example, if the sequence of interest is a native (wildtype sequence),
attachment product comprising a detectable identifying characteristic corresponding to the native sequence will not
accumulate in the presence of a nonnative (mutant) sequence of interest. Absence of attachment product can be a
detectable identifying characteristic for a mutant sequence of interest. Absence of attachment product comprising a
detectable identifying characteristic can also be indicative of the presence of an altered sequence of interest, as discussed
below.
[0165] Reaction conditions, components, and other experimental parameters as well as illustrative embodiments in
this section are generally as described herein.
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Oligonucleotide attachment-based methods of identifying an altered sequence of interest and/or determining whether 
an altered sequence of interest is present in a sample

[0166] It is apparent that the oligonucleotide attachment-based methods of the invention are also useful for identifying
altered sequences of interest, including, for example, a deletion, insertion, substitution, transversion, or any combination
thereof, of one or more nucleotides of a sequence of interest. In general summary, first and/or second oligonucleotides
(or sets of first and second oligonucleotides) suitable for determining whether a sequence of interest is present in a
target polynucleotide is used in the oligonucleotide attachment-based methods of the invention with a target polynucle-
otide suspected of comprising an altered sequence of interest. For example, in one illustrative scenario, first and second
oligonucleotides are designed, wherein at least one oligonucleotide hybridizes to the sequence of interest. The first and
second oligonucleotides bind to a target polynucleotide suspected of comprising an altered sequence of interest. Optional
primer extension is allowed to occur (if a gap of one or more nucleotide exists between the first and second oligonucle-
otides). Attachment is effected by an agent capable of attachment. Cleavage of the covalently attached oligonucleotide
product results in dissociation of the product from the target polynucleotide, thus allowing accumulation of primer extension
products. Presence or absence of accumulated cleaved oligonucleotide attachment product indicates presence or ab-
sence of the sequence of interest in a sample. In one embodiment, absence of cleaved attachment product indicates
the presence of an altered sequence of interest (the sequence of which was previously unknown). In another embodiment,
absence of cleaved attachment product indicates the presence of a previously identified altered sequence of interest.
In another embodiment, primer extension adds sequence comprising an altered sequence of interest (or portion of an
altered sequence of interest). Detection of an altered sequence of interest added by primer extension is described herein.
[0167] It is also understood that the oligonucleotide attachment-based methods of the invention are useful for identifying
whether an altered sequence of interest is present or absent in a sample, as described herein. Thus, the methods
described here are applicable to determining whether a sequence or interest or an altered sequence of interest is present
in a sample. Presence of an altered sequence of interest may be indicated, for example, by absence of a sequence of
interest.
[0168] Reaction conditions, components, and other experimental parameters as well as illustrative embodiments in
this section are generally as described herein.

Components and reaction conditions used in the methods of the invention Target polynucleotide

[0169] A target polynucleotide includes nucleic acids from any source in purified or unpurified form, which can be DNA
(dsDNA and ssDNA), mitochondrial DNA, chloroplast DNA, DNA-RNA hybrids, or mixtures thereof, genes, chromosomes,
plasmids, the genomes of biological material such as microorganisms, e.g., bacteria, yeasts, viruses, viroids, molds,
fungi, plants, animals, humans, and fragments thereof. Obtaining and purifying nucleic acids use standard techniques
in the art. If a sample contains RNA which comprises a sequence of interest, cDNA can be generated from it by cDNA
synthesis, as known in the art. The use of a DNA-RNA hybrid would require denaturation of the hybrid to obtain a ssDNA,
or denaturation followed by reverse transcription to obtain a cDNA. The target nucleic acid can be only a minor fraction
of a complex mixture such as a biological sample and can be obtained from, for example, various biological material by
procedures well known in the art.
[0170] The initial step of the methods of the invention is rendering the target polynucleotide single stranded. If the
target polynucleotide is a double stranded (ds) DNA, the initial step is target denaturation. The denaturation step may
be thermal denaturation or any other method known in the art, such as alkali treatment. The target polynucleotide may
be a copy of another polynucleotide, for example, copy(ies) produced using nucleic acid amplification techniques which
are known in the art. Any method of nucleic acid sequence amplification may be used for the amplification of a target
nucleic acid sequence. These methods include PCR (Mullis et al. U.S. Pat. No. 4,582,788), isothermal exponential
amplification methods such as nucleic acid sequence-based amplification (U.S. Patent No. 5,654,142), transcription-
mediated amplification (U.S. Patent No. 5,766,849, or strand-displacement amplification (U.S. Patent No. 5,648,211),
or isothermal linear amplification (U.S. Patent No. 6,251,639), linked linear amplification (Wallace et al., U.S. Pat. No.
6,027,923), ligation-based amplification (Wu et al., Genomics 4:560, 1989). For a discussion of methods of amplification,
see U.S. Patent No. 6,251,639, and references therein. The detection and quantification of the amplification products
may be carried out simultaneously with the amplification reactions, or in a separate step following the amplification
reaction. Example 9 shows the use of a primer extension-based method of the invention in conjunction with single primer
isothermal linear amplification of target polynucleotide sequences.
[0171] The target nucleic acid may be free in solution, or, in other embodiments, immobilized on a surface, e.g., as
part of an array as discussed herein. Target nucleic acid sequence(s) may be immobilized on a surface (substrate)
fabricated from a material such as paper, glass, plastic, polypropylene, nylon, polyacrylamide, nitrocellulose, polystyrene,
silicon, and optical fiber. Alternatively, the target nucleic acid sequence may be immobilized on the surface (substrate)
in a two-dimensional configuration or a three-dimensional configuration comprising pins, rods, fibers, tapes, threads,



EP 1 427 847 B1

24

5

10

15

20

25

30

35

40

45

50

55

beads, particles, microtiter wells, capillaries, and/or cylinders.
[0172] In another aspect of the invention, the target nucleic acid sequence is associated with an analyte. In one
embodiment, the target nucleic acid sequence may be attached to an analyte, e.g., an antibody, polypeptide, or chemical
compound, the presence, location, or quantity of which is desired to be known. It is understood that an analyte may be
a member(s) of a binding pair. Non-limiting examples of a binding pair include a protein:protein binding pair, and a
protein: antibody binding pair. In another embodiment, a target polynucleotides are attached to (tag) a molecular library
of analytes, e.g., a molecular library of chemical compounds, a phage peptide display library, or a library of antibodies.
Methods of attaching a target polynucleotide (tagging or addressing) to analytes are known in the art. See, e.g. U.S.
Patent Nos. 6,309,843; 6,306,365; 6,280,935; 6,087,103 (and methods discussed therein).

Composite primer

[0173] In preferred embodiments of the methods of the invention, composite primers composed of RNA and DNA
portions are used. The composite design of the primer is critical for subsequent dissociation of the primer extension
product or attached oligonucleotide combination product from a target polynucleotide. An essential feature of the com-
posite primers used in the methods of the invention is that cleavage of the cleavable portion of the primer in a primer
extension or attached oligonucleotide combination product results in a marked decrease in the size of the product
compared to the size of intact primers. A marked decrease in the product compared to primer size is defined as a cleaved
product that is preferably at least about 2 nucleotides, more preferably at least about 4 nucleotides, even more preferably
at least about 6 nucleotides, and most preferably at least about 8 nucleotides shorter than an uncleaved composite primer.
[0174] Composite primers for use in the methods and compositions of the present invention comprise at least one
RNA portion that is (a) capable of being cleaved with a ribonuclease when hybridized to the target DNA; and (b) preferably
capable of binding (hybridizing) to a sequence on the target polynucleotide independent of hybridization of the DNA
portion(s) to a sequence on the target polynucleotide. The composite primers bind to the target polynucleotide to form
a partial heteroduplex in which only the RNA portion of the primer is cleaved upon contact with a ribonuclease such as
RNase H, while the target strand remains intact, thus enabling annealing of another composite primer.
[0175] To achieve hybridization (which, as is well known and understood in the art, depends on other factors such as,
for example, ionic strength and temperature), composite primers for use in the methods and compositions of the present
invention are preferably of at least about 60%, more preferably at least about 75%, even more preferably at least about
90%, and most preferably at least about 95% complementarity to the target nucleic acid. The individual DNA and RNA
portions of the composite primers are preferably of at least about 60%, more preferably at least about 75%, even more
preferably at least about 90%, and most preferably at least about 95% complementarity to the target polynucleotide.
[0176] The hybridization conditions chosen depend on a variety of factors known in the art, for example the length
and type (e.g., RNA, DNA, PNA) of primer and target nucleic acids. General parameters for specific (i.e., stringent)
hybridization conditions for nucleic acids are described in Sambrook (1989), supra, and in Ausubel (1987), supra. Useful
hybridization conditions are also provided in, e.g., Tijessen, 1993, Hybridization With Nucleic Acid Probes, Elsevier
Science Publishers B.V. and Kricka, 1992, Nonisotopic DNA Probe Techniques, Academic Press San Diego, Calif. For
a given set of reaction conditions, the ability of two nucleotide sequences to hybridize with each other is based on the
degree of complementarity of the two nucleotide sequences, which in turn is based on the fraction of matched comple-
mentary nucleotide pairs. The more nucleotides in a given sequence that are complementary to another sequence, the
more stringent the conditions can be for hybridization and the more specific will be the binding of the two sequences.
Increased stringency is achieved by any one or more of the following: elevating the temperature, increasing the ratio of
cosolvents, lowering the salt concentration, and the like.
[0177] One factor in designing and constructing primers is the free energy parameters of hybridization of given se-
quences under a given set of hybridization conditions. The free energy parameters for the formation of a given hybrid
may be calculated by methods known in the art (see, e.g., Tinoco et al., 1973, Improved Estimation of Secondary
Structure in Ribonucleic Acids, Nature, 246, 40-41. and Freier et al., 1986, Improved free-energy parameters for pre-
dictions of RNA duplex stability, Proc. Natl. Acad. Sci. U.S.A., 83, 9373-9377; computer programs, e.g., Oligo Primer
Analysis Software from Molecular Biology Insight, and references therein), and it is possible to predict, for a given target
nucleic acid sequence, primer sequences for which the required free energy changes for formation of various complexes
will be met.
[0178] One of skill in the art will understand that other factors affect nucleic acid hybridization affinities. For example,
any and all of the guanosine-cytosine content of the primer-target and primer-primer duplexes, minor groove binders,
O-methylation or other modification of nucleotides, temperature, and salt are potentially important factors in constructing
primers with the requisite differences in binding energies.
[0179] As described herein, one or more composite primers may be used in a reaction.
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Composite primers for use in primer extension-based methods and as first oligonucleotides in oligonucleotide attach-
ment-based methods

[0180] The following is a description of some of the embodiments of composite primers suitable for use in primer
extension-based methods and as first oligonucleotides in attachment-based methods of the invention.
[0181] The composite primers comprise a 3’ DNA portion that is preferably capable of hybridization to a sequence on
the target polynucleotide such that its hybridization to the target polynucleotide is favored over that of the product that
dissociates from the target polynucleotide. Such primers can be rationally designed based on well known factors that
influence nucleic acid binding affinity, such as sequence length and/or identity, as well as hybridization conditions. In a
preferred embodiment, hybridization of the 3’ DNA portion of the composite primer to its complementary sequence in
the target polynucleotide is favored over the hybridization of the homologous sequence in the 5’ end of the dissociated
product to the target polynucleotide.
[0182] Generation of primers suitable for extension by polymerization is well known in the art, such as described in
PCT Pub. No. WO99/42618 (and references cited therein). The composite primer comprises a combination of RNA and
DNA (see definition above), with the 3’-end nucleotide being a nucleotide suitable for nucleic acid extension and/or
attachment to another nucleotide. The 3’-end nucleotide can be any nucleotide or analog that when present in a primer,
is extendable by a DNA polymerase or, in some embodiments, capable of being covalently attached to another nucleotide.
Generally, the 3’-end nucleotide has a 3’-OH. Suitable primers include those that comprise at least one portion of RNA
and at least one portion of DNA. Composite primers can comprise a 5’-RNA portion and a 3’-DNA portion (in which the
RNA portion is adjacent to the 3’-DNA portion); or 5’- and 3’-DNA portions with an intervening RNA portion. Accordingly,
in one embodiment, the composite primer comprises a 5’ RNA portion and a 3’-DNA portion, preferably wherein the
RNA portion is adjacent to the 3’-DNA portion. In another embodiment, the composite primer comprises 5’- and 3’-DNA
portions with at least one intervening RNA portion (i.e., an RNA portion between the two DNA portions). In yet another
embodiment, the composite primer of the present invention comprises a 3’-DNA portion and at least one intervening
RNA portion (i.e., an RNA portion between DNA portions).
[0183] The length of an RNA portion in a composite primer comprising a 3’-DNA portion and an RNA portion can be
preferably from about 1 to about 30, more preferably from about 3 to about 20, even more preferably from about 4 to
about 15, and most preferably from about 5 to about 10 nucleotides. In some embodiments of a composite primer
comprising a 3’-DNA portion and an RNA portion, an RNA portion can be at least about any of 1, 3, 4, 5 nucleotides,
with an upper limit of about any of 10, 15, 20, 30, 35 nucleotides.
[0184] The length of the 5’-RNA portion in a composite primer comprising a 5’-RNA portion and a 3’-DNA portion can
be preferably from about 3 to about 30 nucleotides, more preferably from about 5 to about 20 nucleotides, even more
preferably from about 7 to about 18 nucleotides, preferably from about 8 to about 17 nucleotides, and most preferably
from about 10 to about 15 nucleotides. In other embodiments of a composite primer comprising a 5’-RNA portion and
a 3’-DNA portion, the 5’-RNA portion can be at least about any of 3, 5, 7, 8, 10 nucleotides, with an upper limit of about
any of 15, 17, 18, 20, 30, 35 nucleotides.
[0185] In embodiments of a composite primer comprising a 5’-RNA portion and a 3’-DNA portion further comprising
non-5’-RNA portion(s), a non-5’-RNA portion can be preferably from about 1 to about 7 nucleotides, more preferably
from about 2 to about 6 nucleotides, and most preferably from about 3 to about 5 nucleotides. In certain embodiments
of a composite primer comprising a 5’-RNA portion and a 3’-DNA portion further comprising non-5’-RNA portion(s), a
non-5’-RNA portion can be at least about any of 1, 2, 3, 5, with an upper limit of about any of 5, 6, 7, 10 nucleotides.
[0186] In embodiments of a composite primer comprising a 5’-RNA portion and a 3’-DNA portion, in which the 5’-RNA
portion is adjacent to the 3’-DNA portion, the length of the 5’-RNA portion can be preferably from about 3 to about 30
nucleotides, more preferably from about 5 to about 20 nucleotides, even more preferably from about 7 to about 18
nucleotides, preferably from about 8 to about 17 nucleotides, and most preferably from about 10 to about 15 nucleotides.
In certain embodiments of a composite primer comprising a 5’-RNA portion and a 3’-DNA portion, in which the 5’-RNA
portion is adjacent to the 3’-DNA portion, the 5’-RNA, portion can be at least about any of 3, 5, 7, 8, 10 nucleotides, with
an upper limit of about any of 15, 17, 18, 20, 30 or 35 nucleotides.
[0187] The length of an intervening RNA portion in a composite primer comprising 5’- and 3’-DNA portions with at
least one intervening RNA portion can be preferably from about 1 to about 7 nucleotides, more preferably from about 2
to about 6 nucleotides, and most preferably from about 3 to about 5 nucleotides. In some embodiments of a composite
primer comprising 5’- and 3’-DNA portions with at least one intervening RNA portion, an intervening RNA portion can
be at least about any of 1, 2, 3, 5 nucleotides, with an upper limit of about any of 5, 6, 7, 10 nucleotides. The length of
an intervening RNA portion in a composite primer comprising a 3’-DNA portion and at least one intervening RNA portion
can be preferably from about 1 to about 7 nucleotides, more preferably from about 2 to about 6 nucleotides, and most
preferably from about 3 to about 5 nucleotides. In some embodiments of a composite primer comprising a 3’-DNA portion
and at least one intervening RNA portion, an intervening RNA portion can be at least about any of 1, 2, 3, 5 nucleotides,
with an upper limit of about any of 5, 6, 7, 10 nucleotides. In a composite primer comprising a 3’-DNA portion and at
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least one intervening RNA portion, further comprising a 5’-RNA portion, the 5’-RNA portion can be preferably from about
3 to about 30 nucleotides, more preferably from about 5 to about 20 nucleotides, even more preferably from about 7 to
about 18 nucleotides, preferably from about 8 to about 17 nucleotides, and most preferably from about 10 to about 15
nucleotides. In some embodiments of a composite primer comprising a 3’-DNA portion and at least one intervening RNA
portion, further comprising a 5’-RNA portion, the 5’-RNA portion can be at least about any of 3, 5, 7, 8, 10 nucleotides,
with an upper limit of about any of 15, 17, 18, 20, 30, 35 nucleotides.
[0188] The length of the 3’-DNA portion in a composite primer comprising a 3’-DNA portion and an RNA portion can
be preferably from about 1 to about 30, more preferably from about 3 to about 18, even more preferably from about 5
to about 15, and most preferably from about 7 to about 12 nucleotides. In some embodiments of a composite primer
comprising a 3’-DNA portion and an RNA portion, the 3’-DNA portion can be at least about any of 1, 3, 5, 7, 10 nucleotides,
with an upper limit of about any of 10, 12, 15, 18, 30, 35 nucleotides.
[0189] The length of the 3’-DNA portion in a composite primer comprising a 5’-RNA portion and a 3’-DNA portion can
be preferably from about 1 to about 30 nucleotides, more preferably from about 3 to about 18 nucleotides, even more
preferably from about 5 to about 15 nucleotides, and most preferably from about 7 to about 12 nucleotides. In some
embodiments of a composite primer comprising a 5’-RNA portion and a 3’-DNA portion, the 3’ DNA portion can be at
least about any of 1, 3, 5, 7, 10 nucleotides, with an upper limit of about any of 10, 12, 15, 18, 30, 35 nucleotides.
[0190] In embodiments of a composite primer comprising a 5’-RNA portion and a 3’-DNA portion, further comprising
non-3’-DNA portion(s), a non-3’-DNA portion can be preferably from about 1 to about 10 nucleotides, more preferably
from about 2 to about 8 nucleotides, and most preferably from about 3 to about 6 nucleotides. In some embodiments of
a composite primer comprising a 5’-RNA portion and a 3’-DNA portion, further comprising non-3’-DNA portion(s), a non-
3’-DNA portion can be at least about any of 1, 2, 3, 5 nucleotides, with an upper limit of about any of 6, 8, 10, 12 nucleotides.
[0191] In embodiments of a composite primer comprising a 5’-RNA portion and a 3’-DNA portion in which the 5’-RNA
portion is adjacent to the 3’-DNA portion, the length of the 3’-DNA portion can be preferably from about 1 to about 30
nucleotides, more preferably from about 3 to about 18 nucleotides, even more preferably from about 5 to about 15
nucleotides, and most preferably from about 7 to about 12 nucleotides. In certain embodiments of the primer comprising
a 5’-RNA portion and a 3’-DNA portion in which the 5’-RNA portion is adjacent to the 3’-DNA portion, the 3’-DNA portion
can be at least about any of 1, 3, 5, 7, 10 nucleotides, with an upper limit of about any of 10, 12, 15, 18, 30, 35 nucleotides.
[0192] The length of a non-3’-DNA portion in a composite primer comprising 5’- and 3’-DNA portions with at least one
intervening RNA portion can be preferably from about 1 to about 10 nucleotides, more preferably from about 2 to about
8 nucleotides, and most preferably from about 3 to about 6 nucleotides. In some embodiments of a primer comprising
5’- and 3’-DNA portions with at least one intervening RNA portion, a non-3’-DNA portion can be at least about any of 1,
2, 3, 5 nucleotides, with an upper limit of about any of 6, 8, 10, 12 nucleotides.
[0193] The length of the 3’-DNA portion in a composite primer comprising 5’- and 3’-DNA portions with at least one
intervening RNA portion can be preferably from about 1 to about 30 nucleotides, more preferably from about 3 to about
18 nucleotides, even more preferably from about 5 to about 15 nucleotides, and most preferably from about 7 to about
12 nucleotides. In some embodiments of a composite primer comprising 5’- and 3’-DNA portions with at least one
intervening RNA portion, the 3’-DNA portion can be at least about any of 1, 3, 5, 7, 10 nucleotides, with an upper limit
of about any of 10, 12, 15, 18, 30, 35 nucleotides.
[0194] The length of a non-3’-DNA portion (i.e., any DNA portion other than the 3’-DNA portion) in a composite primer
comprising a 3’-DNA portion and at least one intervening RNA portion can be preferably from about 1 to about 10
nucleotides, more preferably from about 2 to about 8 nucleotides, and most preferably from about 3 to about 6 nucleotides.
In some embodiments of a composite primer comprising a 3’-DNA portion and at least one intervening RNA portion, a
non-3’-DNA portion can be at least about any of 1, 3, 5, 7, 10 nucleotides, with an upper limit of about any of 6, 8, 10,
12 nucleotides. The length of the 3’-DNA portion in a composite primer comprising a 3’-DNA portion and at least one
intervening RNA portion can be preferably from about 1 to about 30 nucleotides, more preferably from about 3 to about
18 nucleotides, even more preferably from about 5 to about 15 nucleotides, and most preferably from about 7 to about
12 nucleotides. In some embodiments of a composite primer comprising a 3’-DNA portion and at least one intervening
RNA portion, the 3’-DNA portion can be at least about any of 1, 3, 5, 7, 10 nucleotides, with an upper limit of about any
of 10, 12, 15, 18, 30, 35 nucleotides. It is understood that the lengths for the various portions can be greater or less, as
appropriate under the reaction conditions of the methods of this invention.
[0195] In some embodiments, the 5’-DNA portion of a composite primer includes the 5’-most nucleotide of the primer.
In some embodiments, the 5’-RNA portion of a composite primer includes the 5’ most nucleotide of the primer. In other
embodiments, the 3’-DNA portion of a composite primer includes the 3’ most nucleotide of the primer. In other embod-
iments, the 3’-DNA portion is adjacent to the 5’-RNA portion and includes the 3’ most nucleotide of the primer (and the
5’-RNA portion includes the 5’ most nucleotide of the primer).
[0196] The total length of the composite primer can be preferably from about 10 to about 50 nucleotides, more preferably
from about 15 to about 40 nucleotides, and most preferably from about 20 to about 25 nucleotides. In some embodiments,
the length can be at least about any of 10, 15, 20, 25 nucleotides, with an upper limit of about any of 25, 40, 50, 60
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nucleotides. It is understood that the length can be greater or less, as appropriate under the reaction conditions of the
methods of this invention.

Composite primers for use as second oligonucleotide in attachment-based methods

[0197] The following is a description of some of the embodiments of composite primers suitable for use as second
oligonucleotides in attachment-based methods of the invention.
[0198] The composite primers comprise a 5’ DNA portion that is preferably capable of hybridization to a sequence on
the target polynucleotide such that its hybridization to the target polynucleotide is favored over that of the product that
dissociates from the target polynucleotide. Such primers can be rationally designed based on well known factors that
influence nucleic acid binding affinity, such as sequence length and/or identity, as well as hybridization conditions. In a
preferred embodiment, hybridization of the 5’ DNA portion of the composite primer to its complementary sequence in
the target polynucleotide is favored over the hybridization of the homologous sequence in the 3’-end of the dissociated
product to the target polynucleotide.
[0199] The composite primer comprises a combination of RNA and DNA (see definition above), with the 5’-end nu-
cleotide being a nucleotide suitable for attachment to another nucleotide. The 5’-end nucleotide can be any nucleotide
or analog that when present in a primer, is capable of being covalently attached to another nucleotide. Generally, the
5’-end nucleotide has a phosphate group. Suitable primers include those that comprise at least one portion of RNA and
at least one portion of DNA. Composite primers can comprise a 3’-RNA portion and a 5’-DNA portion (in which the RNA
portion is adjacent to the 5’-DNA portion); or 3’- and 5’-DNA portions with an intervening RNA portion. Accordingly, in
one embodiment, the composite primer comprises a 3’ RNA portion and a 5’-DNA portion, preferably wherein the RNA
portion is adjacent to the 5’-DNA portion. In another embodiment, the composite primer comprises 3’- and 5’-DNA
portions with at least one intervening RNA portion (i.e., an RNA portion between the two DNA portions). In yet another
embodiment, the composite primer of the present invention comprises a 5’-DNA portion and at least one intervening
RNA portion (i.e., an RNA portion between DNA portions).
[0200] The length of an RNA portion in a composite primer comprising a 5’-DNA portion and an RNA portion can be
preferably from about 1 to about 30, more preferably from about 3 to about 20, even more preferably from about 4 to
about 15, and most preferably from about 5 to about 10 nucleotides. In some embodiments of a composite primer
comprising a 5’-DNA portion and an RNA portion, an RNA portion can be at least about any of 1, 3, 4, 5 nucleotides,
with an upper limit of about any of 10, 15, 20, 30, 35 nucleotides.
[0201] The length of the 3’-RNA portion in a composite primer comprising a 3’-RNA portion and a 5’-DNA portion can
be preferably from about 3 to about 30 nucleotides, more preferably from about 5 to about 20 nucleotides, even more
preferably from about 7 to about 18 nucleotides, preferably from about 8 to about 17 nucleotides, and most preferably
from about 10 to about 15 nucleotides. In other embodiments of a composite primer comprising a 3’-RNA portion and
a 5’-DNA portion, the 3’-RNA portion can be at least about any of 3, 5, 7, 8, 10 nucleotides, with an upper limit of about
any of 15, 17, 18, 20, 30, 35 nucleotides.
[0202] In embodiments of a composite primer comprising a 3’-RNA portion and a 5’-DNA portion further comprising
non-3’-RNA portion(s), a non-3’-RNA portion can be preferably from about 1 to about 7 nucleotides, more preferably
from about 2 to about 6 nucleotides, and most preferably from about 3 to about 5 nucleotides. In certain embodiments
of a composite primer comprising a 3’-RNA portion and a 5’-DNA portion further comprising non-3’-RNA portion(s), a
non-3’-RNA portion can be at least about any of 1, 2, 3, 5, with an upper limit of about any of 5, 6, 7, 10 nucleotides.
[0203] In embodiments of a composite primer comprising a 3’-RNA portion and a 5’-DNA portion, in which the 3’-RNA
portion is adjacent to the 5’-DNA portion, the length of the 3’-RNA portion can be preferably from about 3 to about 30
nucleotides, more preferably from about 5 to about 20 nucleotides, even more preferably from about 7 to about 18
nucleotides, preferably from about 8 to about 17 nucleotides, and most preferably from about 10 to about 15 nucleotides.
In certain embodiments of a composite primer comprising a 3’-RNA portion and a 5’-DNA portion, in which the 3’-RNA
portion is adjacent to the 5’-DNA portion, the 3’-RNA portion can be at least about any of 3, 5, 7, 8, 10 nucleotides, with
an upper limit of about any of 15, 17, 18, 20, 30 or 35 nucleotides.
[0204] The length of an intervening RNA portion in a composite primer comprising 3’- and 5’-DNA portions with at
least one intervening RNA portion can be preferably from about 1 to about 7 nucleotides, more preferably from about 2
to about 6 nucleotides, and most preferably from about 3 to about 5 nucleotides. In some embodiments of a composite
primer comprising 3’- and 5’-DNA portions with at least one intervening RNA portion, an intervening RNA portion can
be at least about any of 1, 2, 3, 5 nucleotides, with an upper limit of about any of 5, 6, 7, 10 nucleotides. The length of
an intervening RNA portion in a composite primer comprising a 5’-DNA portion and at least one intervening RNA portion
can be preferably from about 1 to about 7 nucleotides, more preferably from about 2 to about 6 nucleotides, and most
preferably from about 3 to about 5 nucleotides. In some embodiments of a composite primer comprising a 5’-DNA portion
and at least one intervening RNA portion, an intervening RNA portion can be at least about any of 1, 2, 3, 5 nucleotides,
with an upper limit of about any of 5, 6, 7, 10 nucleotides. In a composite primer comprising a 5’-DNA portion and at



EP 1 427 847 B1

28

5

10

15

20

25

30

35

40

45

50

55

least one intervening RNA portion, further comprising a 3’-RNA portion, the 3’-RNA portion can be preferably from about
3 to about 30 nucleotides, more preferably from about 5 to about 20 nucleotides, even more preferably from about 7 to
about 18 nucleotides, preferably from about 8 to about 17 nucleotides, and most preferably from about 10 to about 15
nucleotides. In some embodiments of a composite primer comprising a 5’-DNA. portion and at least one intervening
RNA portion, further comprising a 3’-RNA portion, the 3’-RNA portion can be at least about any of 3, 5, 7, 8, 10 nucleotides,
with an upper limit of about any of 15, 17, 18, 20, 30, 35 nucleotides.
[0205] The length of the 5’-DNA portion in a composite primer comprising a 5’-DNA portion and an RNA portion can
be preferably from about 1 to about 20, more preferably from about 3 to about 18, even more preferably from about 5
to about 15, and most preferably from about 7 to about 12 nucleotides. In some embodiments of a composite primer
comprising a 5’-DNA portion and an RNA portion, the 5’-DNA portion can be at least about any of 1, 3, 5, 7, 10 nucleotides,
with an upper limit of about any of 10, 12, 15, 18, 20, 22 nucleotides.
[0206] The length of the 5’-DNA portion in a composite primer comprising a 3’-RNA portion and a 5’-DNA portion can
be preferably from about 1 to about 20 nucleotides, more preferably from about 3 to about 18 nucleotides, even more
preferably from about 5 to about 15 nucleotides, and most preferably from about 7 to about 12 nucleotides. In some
embodiments of a composite primer comprising a 3’-RNA portion and a 5’-DNA portion, the 5’ DNA portion can be at
least about any of 1, 3, 5, 7, 10 nucleotides, with an upper limit of about any of 10, 12, 15, 18, 20, 22 nucleotides.
[0207] In embodiments of a composite primer comprising a 3’-RNA portion and a 5’-DNA portion, further comprising
non-5’-DNA portion(s), a non-5’-DNA, portion can be preferably from about 1 to about 10 nucleotides, more preferably
from about 2 to about 8 nucleotides, and most preferably from about 3 to about 6 nucleotides. In some embodiments of
a composite primer comprising a 3’-RNA portion and a 5’-DNA portion, further comprising non-5’-DNA portion(s), a non-
5’-DNA portion can be at least about any of 1,2, 3, 5 nucleotides, with an upper limit of about any of 6, 8, 10, 12 nucleotides.
[0208] In embodiments of a composite primer comprising a 3’-RNA portion and a 5’-DNA portion in which the 3’-RNA
portion is adjacent to the 5’-DNA portion, the length of the 5’-DNA portion can be preferably from about 1 to about 20
nucleotides, more preferably from about 3 to about 18 nucleotides, even more preferably from about 5 to about 15
nucleotides, and most preferably from about 7 to about 12 nucleotides. In certain embodiments of the primer comprising
a 3’-RNA portion and a 5’-DNA portion in which the 3’-RNA portion is adjacent to the 5’-DNA portion, the 3’-DNA portion
can be at least about any of 1, 3, 5, 7, 10 nucleotides, with an upper limit of about any of 10, 12, 15, 18, 20, 22 nucleotides.
[0209] The length of a non-5’-DNA portion in a composite primer comprising 3’-and 5’-DNA portions with at least one
intervening RNA portion can be preferably from about 1 to about 10 nucleotides, more preferably from about 2 to about
8 nucleotides, and most preferably from about 3 to about 6 nucleotides. In some embodiments of a primer comprising
3’- and 5’-DNA portions with at least one intervening RNA portion, a non-5’-DNA portion can be at least about any of 1,
2, 3, 5 nucleotides, with an upper limit of about any of 6, 8, 10, 12 nucleotides.
[0210] The length of the 5’-DNA portion in a composite primer comprising 3’-and 5’-DNA portions with at least one
intervening RNA portion can be preferably from about 1 to about 20 nucleotides, more preferably from about 3 to about
18 nucleotides, even more preferably from about 5 to about 15 nucleotides, and most preferably from about 7 to about
12 nucleotides. In some embodiments of a composite primer comprising 3’- and 5’-DNA portions with at least one
intervening RNA portion, the 5’-DNA portion can be at least about any of 1, 3, 5, 7, 10 nucleotides, with an upper limit
of about any of 10, 12, 15, 18, 20, 22 nucleotides.
[0211] The length of a non-5’-DNA portion (i.e., any DNA portion other than the 5’-DNA portion) in a composite primer
comprising a 5’-DNA portion and at least one intervening RNA portion can be preferably from about 1 to about 10
nucleotides, more preferably from about 2 to about 8 nucleotides, and most preferably from about 3 to about 6 nucleotides.
In some embodiments of a composite primer comprising a 5’-DNA portion and at least one intervening RNA portion, a
non-5’-DNA portion can be at least about any of 1, 3, 5, 7, 10 nucleotides, with an upper limit of about any of 6, 8, 10,
12 nucleotides. The length of the 5’-DNA portion in a composite primer comprising a 5’-DNA portion and at least one
intervening RNA portion can be preferably from about 1 to about 20 nucleotides, more preferably from about 3 to about
18 nucleotides, even more preferably from about 5 to about 15 nucleotides, and most preferably from about 7 to about
12 nucleotides. In some embodiments of a composite primer comprising a 5’-DNA portion and at least one intervening
RNA portion, the 5’-DNA portion can be at least about any of 1, 3, 5, 7, 10 nucleotides, with an upper limit of about any
of 10, 12, 15, 18, 20, 22 nucleotides. It is understood that the lengths for the various portions can be greater or less, as
appropriate under the reaction conditions of the methods of this invention.
[0212] In some embodiments, the 3’-DNA portion of a composite primer includes the 3’-most nucleotide of the primer.
In some embodiments, the 3’-RNA portion of a composite primer includes the 3’ most nucleotide of the primer. In other
embodiments, the 5’-DNA portion of a composite primer includes the 5’ most nucleotide of the primer. In other embod-
iments, the 5’-DNA portion is adjacent to the 3’-RNA portion and includes the 5’ most nucleotide of the primer (and the
3’-RNA portion includes the 3’ most nucleotide of the primer).
[0213] The total length of the composite primer can be preferably from about 10 to about 50 nucleotides, more preferably
from about 15 to about 40 nucleotides, and most preferably from about 20 to about 25 nucleotides. In some embodiments,
the length can be at least about any of 10, 15, 20, 25 nucleotides, with an upper limit of about any of 25, 40, 50, 60
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nucleotides. It is understood that the length can be greater or less, as appropriate under the reaction conditions of the
methods of this invention.

Other oligomers for use in the methods of the invention

[0214] The following is a description of oligomers and primers suitable for use as a first or second oligonucleotide (in
combination with a composite oligomer as described herein) in the oligonucleotide-attachment based methods of the
invention. Characteristics of suitable oligomers are evident to one skilled in the art. A primer suitable for use as the first
oligonucleotide has a 3’-end nucleotide suitable for nucleic acid extension and/or attachment to another nucleotide. The
3’-end nucleotide can be any nucleotide or analog that when present in a primer, is extendable by DNA polymerase or
capable of being covalently attached to another nucleotide. Generally, the 3’-end nucleotide has a 3’-OH. A primer
suitable for use as the second oligonucleotide has a 5’-end nucleotide being a nucleotide suitable for attachment to
another nucleotide, preferably covalent attachment. The 5’-end nucleotide can be any nucleotide or analog that when
present in a primer, is capable of being covalently attached to another nucleotide. Generally, the 5’-end nucleotide has
a phosphate group. In another embodiment, the 3’-end nucleotide of the second oligonucleotide is not capable of being
extended by a polymerase. Such nucleotides are known in the art and include, for example, a nucleotide or analog
thereof lacking a -OH group.
[0215] Labeled or unlabeled primers (oligonucleotides) are available commercially, and are usually prepared according
to any one of a variety of methods known to those skilled in the art. An oligonucleotide can be prepared by any suitable
method, including, for example, cloning and isolation of appropriate sequences using restriction enzymes and direct
chemical synthesis by a method such as the phosphotriester method ofNarang et al., Meth. Enzymol. (1979), 68:90-99;
the phosphodiester method of Brown et al., Meth. Enzymol. 1979, 68:109-151; the diethylphosphoramidite method of
Beaucage et al., Tetrahedron Lett. 1981, 22:1859-1862; and the solid support method of U.S. Pat. No.4,458,066. Methods
for synthesizing labeled oligonucleotides are described in, for example, Agrawal and Zamecnik, Nucl. Acids. Res. (1990),
18(18):5419-5423; MacMillan and Vetdine, J. Org. Chem. (1990), 55:5931-5933; Pieles et al., Nucl. Acids. Res. (1989),
17(22):8967-8978; Roger et al., Nucl. Acids. Res. (1989), 17(19):7643-7651; Fisher and Watson, U.S. Pat. No. 5491063;
and Tesler et al., J. Am. Chem. Soc. (1989), 111:6966-6976. A review of synthesis methods is provided in, for example,
Goodchild, Bioconjugate Chemistry (1990), 1(3):165-187.

DNA polymerase, ribonuclease and agent that cleaves RNA from a RNA/DNA hybrid

[0216] DNA polymerases for use in the methods and compositions of the present invention are capable of effecting
extension of the composite primer and oligonucleotide according to the methods of the present invention. Accordingly,
a preferred polymerase is one that is capable of extending a nucleic acid primer along a nucleic acid template that is
comprised at least predominantly of deoxynucleotides. Preferably, the DNA polymerase has high affinity for binding at
the 3’-end of an oligonucleotide hybridized to a nucleic acid strand. Preferably, the DNA polymerase does not possess
substantial nicking activity. Preferably, the polymerase has little or no 5’->3’ exonuclease activity so as to minimize
degradation of primer, or primer extension polynucleotides. Generally, this exonuclease activity is dependent on factors
such as pH, salt concentration, whether the template is double stranded or single stranded, and so forth, all of which
are familiar to one skilled in the art. Mutant DNA polymerases in which the 5’->3’ exonuclease activity has been deleted,
are known in the art and are suitable for the amplification methods described herein. Suitable DNA polymerases for use
in the methods and compositions of the present invention include those disclosed in U.S. Pat. Nos. 5648211 and 5744312,
which include exo- Vent (New England Biolabs), exo- Deep Vent (New England Biolabs), Bst (BioRad), exo- Pfu (Strat-
agene), Bca (Panvera), sequencing grade Taq (Promega), thermostable DNA polymerases from thermoanaerobacter
thermohydrosulfuricus, or recombinant derivatives (or mutants) thereof, which are selected for improved utilization of
modified dNTPs and their analogs, for example, AcycloPol-DNA polymerase. DNA polymerases with or without strand
displacement activity are suitable for the primer extension-based methods of the invention. Preferably, the DNA polymer-
ase has little to no proofreading activity.
[0217] The agent for cleaving RNA from a RNA/DNA hybrid may be an enzyme, for example, a ribonuclease. Preferably,
the ribonuclease cleaves ribonucleotides regardless of the identity and type of nucleotides adjacent to the ribonucleotide
to be cleaved. It is preferred that the ribonuclease cleaves independent of sequence identity. Examples of suitable
ribonucleases for the methods and compositions of the present invention are well known in the art, including RNase H.
[0218] The ligase for use in the methods and compositions of the present invention is capable of effecting attachment
of two polynucleotides when the polynucleotides are hybridized immediately adjacent to each other on a target polynu-
cleotide, preferably, capable of effecting attachment of two pieces of DNA when the DNA pieces are hybridized imme-
diately adjacent to each other on a target polynucleotide. A variety of ligases can be used including T4 DNA ligase, E.
coli DNA ligase, and thermostable DNA ligase.
[0219] In general, the enzymes used in the methods and compositions of the present invention should not produce
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substantial degradation of the nucleic acid components of said methods and compositions.
[0220] Single-stranded nucleic acid or DNA binding protein ("SSB") can be used to enhance the efficiency of the
hybridization and the denaturation of the primer and the target nucleic acid molecule. Examples of SSBs suitable for
use in the present invention include E. coli SSB ("EcoSSB"), T4 gene 32 protein, T7 SSB, Coliphage N4 SSB, calf thymus
unwinding protein and adenovirus DNA binding protein. SSBs may decrease or remove secondary structure in ssDNA.
EcoSSB is stable up to 100°C, and appears to be less sensitive to salt concentrations than SSB32. EcoSSB also has
a lower tendency to aggregate than SSB32. Generally, EcoSSB, SSB32 and phage T7 SSB may improve hybridization
of polynucleotides with complementary nucleic acid sequences. SSB32 may be useful for improving the specificity of
hybridization, and can be used with mispairing for the identification of point mutations. EcoSSB also may reduce artifacts
during deletion mutagenesis when used with Taq DNA polymerase.

Reaction conditions and detection

[0221] Appropriate reaction media and conditions for carrying out the methods of the present invention are those that
permit nucleic acid copying and/or generation of products comprising unique identifying characteristics according to the
methods of the present invention. Such media and conditions are known to persons of skill in the art, and are described
in various publications, such as U.S. Pat. Nos. 5,679,512, 6,107,061, 5,185,243, 6,004,744, 5,679,524, 6,013,431 &
5,888,819, and PCT Pub. Nos. WO99/42618, WO95/21271. For example, a buffer may be Tris buffer, although other
buffers can also be used as long as the buffer components are non-inhibitory to enzyme components of the methods of
the invention. The pH is preferably from about 5 to about 11, more preferably from about 6 to about 10, even more
preferably from about 7 to about 9, and most preferably from about 7.5 to about 8.5. The reaction medium can also
include bivalent metal ions such as Mg2+ or Mn2+, at a final concentration of free ions that is within the range of from
about 0.01 to about 10 mM, and most preferably from about 1 to 5 mM. The reaction medium can also include other
salts, such as KCl, that contribute to the total ionic strength of the medium. For example, the range of a salt such as KCl
is preferably from about 0 to about 100 mM, more preferably from about 0 to about 75 mM, and most preferably from
about 0 to about 50 mM. The reaction medium can further include additives that could affect performance of the polym-
erization and/or ligation reactions, and/or generation of products with unique identifying characteristics, but that are not
integral to the activity of the enzyme components of the methods. Such additives include proteins such as BSA, and
non-ionic detergents such as NP40 or Triton. Reagents, such as DTT, that are capable of maintaining enzyme activities
can also be included. Such reagents are known in the art. Where appropriate, an RNase inhibitor (such as Rnasine)
that does not inhibit the activity of the RNase employed in the method can also be included. Any aspect of the methods
of the present invention can occur at the same or varying temperatures. Preferably, the reactions are performed iso-
thermally, which avoids the cumbersome thermocycling process. The reaction is carried out at a temperature that permits
hybridization of the primers of the present invention to the target polynucleotide and that does not substantially inhibit
the activity of the enzymes employed. The temperature can be in the range of preferably about 25°C to about 85°C,
more preferably about 30°C to about 75°C, and most preferably about 37°C to about 70°C.
[0222] Nucleotide and/or nucleotide analogs, such as deoxyribonucleoside triphosphates, that can be employed for
synthesis of the primer (or oligonucleotide) extension products in the methods of the invention are provided in the amount
of from preferably about 50 to about 2500 PM, more preferably about 50 to about 2000 PM, even more preferably about
50 to about 1700 PM, and most preferably about 50 to about 1000 PM. In some embodiments, terminator and non-
terminator forms of the same dNTP type are included in the same reaction.
[0223] The primer or oligonucleotide components of the reactions of the invention are generally in excess of the amount
of nucleic acid sequence of interest that is to be copied, quantified and/or detected. They can be provided at about or
at least about any of the following: 10, 102, 104, 106, 108, 1010, 1012 times the amount of target polynucleotide. Composite
primers and oligonucleotides can be provided at about or at least about any of the following concentrations: 50 nM, 100
nM, 500 nM, 1000 nM, 2500 nM, 5000 nM.
[0224] In one embodiment, the foregoing components are added simultaneously at the initiation of the copying, quan-
tification and/or detection process. In another embodiment, components are added in any order prior to or after appropriate
timepoints during the process, as required and/or permitted by the reaction. Such timepoints, some of which are noted
below, can be readily identified by a person of skill in the art. For example, in some cases the target oligonucleotide may
be denatured first prior to the addition of the one or more primers of the invention, the primer or primers of the invention
may be added to the sample following denaturation and the enzymes may be added with or following the addition of the
primer or primers of the invention. In addition, or alternatively, the polynucleotides may be added following the addition
of the enzymes. The enzymes used in the methods of the present invention can be added to the reaction mixture either
prior to the nucleic acid denaturation step, following the denaturation step, if any, or following hybridization of the primer
or oligonucleotide to the target polynucleotide, as determined by their thermal stability and/or other considerations known
to the person of skill in the art.
[0225] The reactions can be stopped at various timepoints, and resumed at a later time. Said timepoints can be readily
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identified by a person of skill in the art. Methods for stopping the reactions are known in the art, including, for example,
cooling the reaction mixture to a temperature that inhibits enzyme activity. Methods for resuming the reactions are also
known in the art, including, for example, raising the temperature of the reaction mixture to a temperature that permits
enzyme activity. In some embodiments, one or more of the components of the reactions is replenished prior to, at, or
following the resumption of the reactions. Alternatively, the reaction can be allowed to proceed (i.e., from start to finish)
without interruption.

Examples of methods of generating multiple copies, quantifying and detecting nucleic acid sequences of the 
present invention.

[0226] The following are examples of the primer extension-based and oligonucleotide attachment-based methods of
the invention. It is understood that various other embodiments may be practiced, given the general description provided
above. For example, reference to using a composite primer means that any of the composite primers described herein
may be used.

Primer extension-based methods

[0227] A sample comprising target polynucleotide suspected to comprise a nucleic acid of interest is combined with
a composite primer, a DNA polymerase and RNase H, in a reaction mixture containing 1, 2, or 3 dNTPs and one of four
possible terminators (dideoxynucleotides), and buffer suitable for polymerase and RNase H activity. The combination
is heated to a temperature suitable for denaturation of the target polynucleotide (if in double stranded form), and cooled
to a temperature which permits specific hybridization of the composite primer to the target polynucleotide, and is further
incubated at this temperature for carrying out the method of the invention.
[0228] The composite primer is composed of a 3’-DNA portion, and a 5’-RNA portion. The sequence of the composite
primer is complementary to a sequence of the target polynucleotide which is immediately adjacent to the sequence of
interest (i.e. the sequence which varies between the various genotypes to be determined).
[0229] The 3’-end of the hybridized composite primer is extended along the target polynucleotide strand by DNA
polymerase. The nucleotide attached to the 3’-end of the hybridized primer is complementary to the corresponding
nucleotide of the target polynucleotide to which the primer is hybridized. The incorporation of either labeled nucleotide
or labeled terminator to the primer by primer extension is detectable. The extension of the hybridized primer is limited
by the nature of available (provided) dNTPs and is stopped following incorporation of a terminator.
[0230] RNase H degrades the RNA strand of the primer-target polynucleotide complex. The cleavage of the hybridized
composite primer results in reduction of the size of the non cleaved portion of the primer extension product which leads
to the dissociation of the primer extension product from the target polynucleotide (as illustrated in Figure 1), and/or
creation of a free site for a new primer to hybridize to the target polynucleotide by hybridization of the 5’ end of the new
primer to the corresponding target polynucleotide sequence (as illustrated in Figure 2). As illustrated in Figure 2, the 3’
DNA portion of the newly hybridized primer could also displace the 5’ DNA portion of the cleaved primer extension
product to initiate extension of the newly hybridized primer along the template strand by the polymerase. The extended
portion of the cleaved primer dissociates from the template. Another composite primer then hybridizes to the target
polynucleotide following cleavage of the primer extension product. This sequence of steps is repeated and results in the
accumulation of multiple copies of the cleaved primer extension product in the reaction mixture.
[0231] The reactions are carried out at a single temperature (isothermally), which is a temperature that permits specific
hybridization of the two primers but is too high for hybridization of the digested ligation product. Either the terminator or
non-terminator dNTPs may be labeled with a distinct label. The cleaved primer extension product could be labeled by
the incorporation of labeled nucleotide, which would be indicative of the nucleotide sequence of the target polynucleotide
immediately adjacent to the sequence complementary to the 3’-end of the primer.
[0232] Various methods for the detection of the reaction product are envisioned. The multiple copies of the products
of the reaction may be detected by hybridization to complementary oligonucleotide(s) immobilized on a solid support.
When the reaction product is labeled, the immobilization of the primer extension product on the solid support and detection
of the label indicates the presence of the product in the reaction mixture. The amount of the label immobilized on the
support as a result of hybridization of the primer extension product to a complementary oligonucleotide immobilized on
the support can be directly related to the amount of the product in the reaction mixture. When different labels are used
for the different dNTPs or their analogs, the detection of a specific label can be indicative of the presence or absence
of the nucleic acid sequence of interest in the sample.
[0233] Homogeneous detection of the primer extension product can also be used. The optical properties of a label
may be altered subsequent to attachment to the primer. For example, fluorescence polarization of fluorescent dyes
attached to free nucleotide triphosphates has been shown to change upon attachment to a primer by a polymerase.
[0234] It is also possible to detect altered spectral properties of a label by means of energy transfer. When the primer



EP 1 427 847 B1

32

5

10

15

20

25

30

35

40

45

50

55

is labeled by a donor or acceptor dye, and the nucleotide triphosphates, or their analogs, are labeled with acceptor or
donor dyes, respectively, the incorporation of the dyes into a primer extension product enables energy transfer between
the donor and acceptor dyes, thus resulting in specific spectral properties of the attached dyes. Fluorescence dyes
useful for this detection mode are known in the art and described herein.
[0235] Detection of the primer extension product by hybridization to specific oligonucleotides immobilized on an array
is useful for multiplexing. Simultaneous extension of a plurality of primers according to the methods of the invention
results in formation of a plurality of primer extension products, each indicative of the presence/absence and/or quantity
of multiple sequences of interest in a sample. The reaction products may be hybridized to a plurality of oligonucleotides
which are immobilized, preferably at spacially defined sites.

Oligonucleotide attachment-based methods

[0236] This example is illustrated in Figure 3. A polynucleotide suspected of comprising a nucleic acid sequence of
interest, a first composite primer comprising a 3’ DNA portion and an RNA portion 5’ to the DNA portion, a second
composite primer comprising a 5’ end DNA portion and an RNA portion 3’ to the DNA portion, a ligase, RNaseH and
buffer components are combined in a reaction mixture. The reaction mixture is subjected to conditions that support
hybridization of the two composite primers to the respective sequences of interest on the target polynucleotide, to form
a trimolecular complex. The two hybridized primers are ligated by the ligase. RNaseH digests the RNA portion of the
primer in the RNA/DNA heteroduplex portions of the primer-target polynucleotide hybrid. The resultant ligation product
comprising the DNA portions of the two primers dissociates from the target polynucleotide due to the reduced affinity of
the smaller ligation product relative to that of the nondigested primers. The steps of hybridization of the primers to the
target sequences, ligation of the DNA portions and digestion of the RNA portions by RNase H are repeated to product
multiple copies of the ligation product.
[0237] The reactions are carried out at a single temperature (isothermally), which is a temperature that permits specific
hybridization of the two primers but is too high for hybridization of the digested ligation product. The choice of temperature
and length of the DNA portions of the two primers can be defined based on known parameters for hybridization of nucleic
acid sequences. When the reaction is carried out at an elevated temperature, for example between 37°C to 70°C, the
ligase and RNaseH used are of the thermostable variety, which are known in the art.
[0238] The detection of the ligation product indicates the presence of the nucleic acid sequence of interest in a sample.
The accumulation of the reaction product is linear, and can be used for quantification of the amount of the nucleic acid
sequence of interest in the sample.
[0239] Insofar as ligation of the two oligonucleotides requires hybridization of the respective 3’ and 5’ most nucleotides
of the first and second oligonucleotides, the method can also be used for the detection and quantification of specific
genotypes. Any sequence alteration in the nucleic acid sequence of interest relative to a reference (control) sequence,
which prevents hybridization of 3’ and/or 5’ end of the respective oligonucleotides, also prevents the production of the
ligation product. Thus, genotype-specific primers can be used for detection of specific alleles.
[0240] The accumulated ligation product is detectable by various means. The ligation product is characterized by
joining of the DNA sequence portions of the two primers. The formation of the ligation product may be detectable by
association of two labels. Alternatively, only one label can used in which case the product is detected by hybridizing it
to a labeled oligonucleotide under conditions which are not suitable for hybridization of the either the first or the second
oligonucleotide individually (i.e., when not ligated to each other). The third oligonucleotide may be immobilized on a solid
surface and the hybridization of the labeled ligation product to the oligonucleotide results in an altered detectable signal
due to the interaction of the labels on the ligation product and the third (immobilized) oligonucleotide. The immobilized
oligonucleotide may be a part of an array of multiple oligonucleotides, each oligonucleotide being specific for a ligation
product comprising a distinct sequence. Use of an array of multiple oligonucleotides allows for the detection and quan-
tification of multiple nucleic acid sequences of interest within a sample (i.e., multiplexing), through the detection and/or
quantification of multiple ligation products from a single reaction mixture.
[0241] The following Examples are provided to illustrate, but not limit, the invention.

EXAMPLES

Example 1: Detection of sequence of interest by limited primer extension Overview

[0242] A DNA sample suspected of comprising a sequence of interest is combined in a reaction mixture with a composite
primer. The reaction mixture comprises labeled primer extension terminators, with or without one, two or three dNTPs,
buffer components, divalent ions such as Mg2+ or Mn2+ required for enzyme activity and specific primer hybridization,
an RNase inhibitor and additives which enhance enzyme activity. The reaction mixture is incubated at a temperature
that is sufficiently high to denature all secondary structures in the target. Following incubation for about 2 minutes, the
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mixture is incubated further at 50°C to 65°C. A mixture of a DNA polymerase and RNase H is added to the reaction
mixture and the reaction mixture is further incubated for about 30 to 120 min. The reaction mixture is cooled to room
temperature and an aliquot of the mixture is subjected to analysis by gel electrophoresis, using denaturing 15 to 20%
polyacrylamide gel.
[0243] The incorporation of a label into the primer extension product is detected by means that are suitable for detection
of the label. When the primer extension terminators are labeled by a flourophore, each specific to a specific terminator,
fluorescence detectors are employed to determine the specific label attached to the primer extension product. The
method allows the determination of the specific nucleotide in the target oligonucleotide sequence at the position adjacent
to the site of hybridization of the 3’-end of the composite primer.
[0244] The reaction mixture may contain each of the labeled primer extension terminators, ddATP, ddCTP, ddGTP
and ddTTP, either individually or combination thereof.
[0245] When the primer extension terminators are labeled with a fluorophore, the attachment of specific terminator to
the truncated primer extension product can be measured by fluorescence polarization, a homogeneous detection method
which does not require separation of the reaction products. The measure of change in fluorescence polarization is directly
related to the attachment of the specific nucleotide and the amount of the target nucleic acid sequence in the sample to
be tested, in so far as the formation of truncated primer extension product is linear with respect to the target concentration.
[0246] Two synthetic target polynucleotides (GT01 & GT02) that differ in sequence from each other at two single
nucleotide positions (hereinafter "variant sequence"; marked by bold, italic letter in the sequences listed below) are
prepared.

Experimental details

Synthetic target 1: GT01

[0247]

Synthetic target 2: GT02

[0248]

[0249] Underlined sequence: complementary to primer 1.
[0250] Double underlined sequence: complementary to primer 2.
[0251] Two composite primers (primer 1 and primer 2) comprising a sequence complementary to the target polynu-
cleotide immediately adjacent to either one of the variant sequences in the two target are employed.

Primer 1:

[0252]

5’-gaagacagatggtgcaGCCAGCA-3’ (SEQ ID NO:3)
Italics: ribonucleotides

Primer 2:

[0253]
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5’-gacggatgcggtctCCAGTCT (SEQ ID NO:4)
Italics: ribonucleotides

[0254] Each of the composite primers comprises a 3’-end of 7 deoxynucleotides. The 5’-portion of primer 1 comprises
15 ribonucleotides and that of primer 2 comprises 14 ribonucleotides.
[0255] Reactions for the determination of the sequence identity at the sites marked using the two primers are carried
out as follows. Target polynucleotides are combined with primers at a final concentration of 1 uM in a reaction mixture
containing buffer (20 mM Tris, 5 mM MgCl2, 0.1% NP40) and one dye-labeled terminator dNTP (final concentration of
100 mM). The reaction mixture is heated to 90°C for 1 min. and then incubated at 55°C for 5 min. A mixture of DNA
polymerase (Bca, 2.5 units), RNase H (0.25 units) in the same buffer is added to a total volume of 20 ul. All mixtures
contain 0.6 Units/ul recombinant ribonuclease inhibitor (rRNasin, Promega, Madison, WI). The mixture is further incubated
for 30 min. Aliquots of each reaction (containing the individual dye-labeled terminator) are analyzed by gel electrophoresis
on a commercial sequencing apparatus. The GT01 polynucleotide tested with primer 1 results in the formation of a
labeled truncated primer extension product comprising the sequence: 5’-GCCAGCAA*-3, where A* denotes target-
directed incorporation of a labeled ddATP. The GT02 polynucleotide results in the production of a truncated primer
extension product comprising the sequence: 5’- GCCAGCAC*-3, where C* denotes target-directed incorporation of
labeled ddCTP.
[0256] Similar experiments using primer 2 and target polynucleotide GT01 results in the production of a truncated
extension product comprising the sequence 5-CCAGTCTT*-3’, where T* denotes target-directed incorporation of labeled
ddTTP. Similarly, when polynucleotide GT02 is tested with primer 2, the reaction results in the production of a truncated
primer extension product comprising the sequence 5’-CCAGTCTG*-3’, where G* denotes target-dependent incorporation
of labeled ddGTP. A sequence detection reaction that is carried out in the presence of the two target polynucleotides
and one of the primers mimics the testing for a heterozygote genotype, where both alleles are present in a sample, and
would result in the production of two truncated primer extension products with distinctive labels (detectable identifying
characteristics).

General methods and material description

[0257] These general methods and materials are used in Examples 2-9 provided herein.

Use ofprimer-extension based methods of the invention to determine whether a single based pair polymorphism (SNP) 
is present in a sample

[0258] Target polynucleotide(s) suspected of comprising a sequence(s) of interest was combined in a reaction mixture
with a composite primer. The reaction was performed in 20ul reactions containing isothermal buffer (20mM Tris-Cl, PH
8.5 and 5mM MgCl2) or AcycloPrime-FP reaction buffer (PerEnElmer Life Sciences AcycloPrime-FP SNP Detection
Kit), target DNA (various copy numbers of DNA target as noted in the descriptions of experiments), composite primer
at final concentration of 1PM, ribonuclease inhibitor (6 units of Rnasin from Promega), fluorescence-tagged DNA termi-
nator nucleotide (also called "ddNTP" herein) (5 pmol of Rox-ddUTP or R110-ddGTP obtained from Amersham; or 1Pl
of acyNTP terminators obtained from PerkinElmer Life Sciences AcycloPrime-FP SNP Detection Kit), DNA polymerases
(4 units of Bst from New England Biolab or 0.005 Pl of AcycloPol from PerkinElmer Life Sciences AcycloPrime-FP SNP
Detection Kit), Hybridase (RNase H, 0.05 unit unless noted otherwise, Epicentre), BSA (2mg, New England Biolab), and
DTT (0.5mM final, Life Technologies Inc.). Reaction buffer, DNase-RNase free H2O, target DNA, Rnasin, and composite
primer were combined in total of 12Pl in 0.2 ml thin-wall polypropylene PCR tubes. These pre-reaction mixtures were
denatured at 95°C for 5 min, cooled to 0°C rapidly, and placed on ice. Eight Pl of enzyme mixture containing reaction
buffer, DNase-RNase free H2O, DNA polymerase, Hybridase, BSA, and DTT was dispensed to each pre-reaction mixture
tubes on ice. The reactions were carried out at 65°C for 40 min and stopped by heat inactivation at 95°C for 5 min.
[0259] Reaction products were treated with Shrimp Alkaline Phosphatase (at final concentration of 0.2 unit/Pl, United
States Biochemical) at 37°C for 60 min to hydrolyze unincorporated ddNTPs remaining in the reaction mixture, followed
by phosphatase inactivation by incubation at 75°C for 15 min. Two Pl of shrimp alkaline phosphatase-treated reaction
product was diluted with 18 Pl of Hi-Di formamide (Applied Biosystems). The samples were analyzed by capillary elec-
trophoresis (ABI 310 Genetic Analyzer, Applied Biosystems) following the manufacturer’s instructions. Briefly, oligonu-
cleotides of different lengths were separated by capillary electrophoresis, then incorporation of fluorescently labeled
nucleotides was detected using fluorescence detection. In some cases, fluorescence intensity was quantified, permitting
quantification of fluorescently labeled cleaved primer extension product. In some cases, a set of length markers were
included and the size of the products was analyzed. Further dilutions were made with Hi-Di formamide for re-analyzed
when the signal intensity was too strong. Data analyses and electropherograms were processed and generated with
GeneScan 3.1.2 software from Applied Biosystems.
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Nucleotide sequence of composite primers and template polynucleotides used in the Examples 2-9

Composite primers

[0260]

IA20 5’- gac gga ugc ggu cuC CAG TGT (SEQ ID NO:5)
Italics: ribonucleotides
IA30 5’-aau acg acu cac uau AGG CAG A (SEQ ID NO:6)
Italics: ribonucleotides
IA21.2 5’-gaa gac aga ugg ugc AGC CAC A (SEQ ID NO:7)
Italics: ribonucleotides
221s 5’-ccc ucc aag gcu ccc CAG TAT C (SEQ ID NO:8)
Italics: ribonucleotides
241r 5’-aug gua ggu ggc agG ATT CAG (SEQ ID NO:9)
Italics: ribonucleotides

Template DNA sequences

VL target sequence

[0261]
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Notes relating to template sequences:

[0262]

1. Larger underlined letter: the single nucleotide sequence of interest (the nucleotide immediately adjacent to the
site of hybridization of the composite primer).
2. Double underlined sequences: complementary to primer used in primer extension-based method.
3. For GT03 target polynucleotide: Single underlined sequence in Italics:

complementary to primer used for single primer isothermal amplification of the template. Double underlined
sequence: corresponds to primer extension primer sequence. Larger underlined letter is the nucleotide that will
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be incorporate during single base extension.
During the reaction, the primer extension primer binds to the complement of the double underlined sequence
(contained in the copies of the target sequence produced during single primer isothermal amplification).

Example 2: Detection of a single nucleotide sequence of interest using limited primer extension

[0263] This Example demonstrates that a single nucleotide sequence of interest in a single template can be detected
using limited primer extension methods described herein.
[0264] An estimated 108 copies of VL were used as DNA template. Composite primer IA21.2 was used at final con-
centration of 1 PM. Composite primer IA21.2 comprises a sequence complementary to the target sequence immediately
adjacent to the nucleotide of interest, C. Limited primer extension in the presence of a terminator GTP (ddGTP) is
expected to produce a limited primer extension product incorporating a single terminator dGTP nucleotide (ddGTP).
[0265] Incorporation of the labeled termination nucleotide analog R110-ddGTP (Amersham) was tested. Limited primer
extension was conducted using either Bst- or AcycloPol-DNA polymerases, in either isothermal buffer or AcycloPrime-
FP reaction buffer. Bst polymerase exhibits strong strand displacement activity, while AcycloPol-DNA polymerase lacks
strand displacement activity. The reactions were carried out as described above, and cleavage primer extension products
were analyzed by capillary electrophoresis, as described above.
[0266] The results are shown in Figure 4. Panel A is an electropherogram from the reaction performed with Bst
polymerase in AcycloPrime-FP reaction buffer. Panel B is an electropherogram from the reaction performed with Acy-
cloPol in AcycloPrime-FP reaction buffer. Panel C is an electropherogram from the reaction performed with Bst polymer-
ase in isothermal buffer. Panel D is an electropherogram from the reaction performed with AcycloPol in isothermal buffer.
Signals of high intensity were observed in panels A and C, indicating that R110-ddGTP can be incorporated effectively
by Bst polymerase with limited primer extension performed in either isothermal buffer or AcycloPrime-FP reaction buffer.

Example 3: Optimization of single base limited primer extension using Acycloterminators

[0267] An estimated 108 copies of VL were used as DNA template. Composite primer IA21.2 was used at a final
concentration of 1PM. As noted above, composite primer IA21.2 comprises a sequence complementary to the target
sequence immediately adjacent to the nucleotide of interest, C. Limited primer extension in the presence of a terminator
GTP (ddGTP) is expected to produce a limited primer extension product incorporating a single terminator dGTP nucleotide
(ddGTP).
Limited primer extension was performed as described above, except that it was performed in the presence of an acy-
cloterminator mixture containing two labeled terminator nucleotide analogs, R110-acyGTP and Tamra-acyATP (Perk-
inElmer, acycloterminator mixture), either Bst- or AcycloPol-DNA polymerase, in either isothermal buffer or AcycloPrime-
FP reaction buffer. In reaction A, the limited primer extension reaction was performed with Bst DNA polymerase in
AcycloPrime-FP reaction buffer. In reaction B, the limited primer extension reaction was performed with AcycloPol DNA
polymerase in AcycloPrime-FP reaction buffer. In reaction C, the limited primer extension reaction was performed with
Bst DNA polymerase in isothermal buffer. In reaction D, the limited primer extension was performed with AcycloPol DNA
polymerase in isothermal buffer. Cleaved primer extension product was analyzed as described above.
[0268] Analysis of electropherograms indicated that signals of high intensity were observed only in panel B and that
the cleaved primer extension product incorporated R110-acyGTP (the expected terminator according to the target se-
quence). As expected, no cleaved primer extension product incorporating Tamra-acyATP was observed. This example
demonstrates that the correct acycloterminator can be incorporated effectively by AcycloPol DNA polymerase using
AcycloPrime-FP reaction buffer.

Example 4: Limited primer extension performed in the presence and absence of single stranded DNA binding protein 
and RNase H activity

[0269] This example describes testing whether cleavage of the RNA portion of a composite primer in the primer
extension product is required for the primer extension-based limited primer extension method of the invention and
whether the use of single stranded DNA binding protein enhances limited primer extension.
[0270] An estimated 1010 copies of synthetic oligonucleotide synthetic target Syn221 were used as DNA template.
Composite primer 221s was used at final concentration of 1PM. Composite primer 221 s comprises a sequence com-
plementary to the target sequence Syn221 immediately adjacent to the nucleotide of interest, A. Limited primer extension
in the presence of a complementary terminator nucleotide is expected to produce a limited primer extension product
incorporating the complementary terminator nucleotide. Rox-ddUTP was used as a terminator, as it is expected to be
incorporated during limited primer extension. Limited primer extension reactions were performed as described above,
with or without single stranded DNA binding protein T4 gp32 (1.5 Pg), and with or without Hybidase (RNase H, 0.05
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unit). Reaction products were analyzed as described above.
[0271] Analysis of electropherograms indicated that the production of accumulated dissociated labeled cleaved primer
extension product occurred only in samples containing RNase H, indicating that cleavage of the RNA portion of a
composite primer in the primer extension product is required for the primer extension-based methods of the invention.
The presence of the single stranded binding protein, T4gp32, resulted in a slight, insignificant, decrease in signal com-
pared to the signal in reaction mixtures lacking T4gp32.

Example 5: Optimization of limited primer extension.reaction for RNase activity

[0272] An estimated 1010 copies of synthetic oligonucleotide target Syn221 were used as DNA template. Composite
primer 221s was used at the final concentration of 1PM. Composite primer 221s comprises a sequence complementary
to the target sequence Syn221 immediately adjacent to the nucleotide of interest, A. Limited primer extension in the
presence of a complementary terminator nucleotide is expected to produce a limited primer extension product incorpo-
rating the complementary terminator nucleotide. Rox-ddUTP was used as a terminator, as it is expected to be incorporated
during limited primer extension.
[0273] Limited primer extension reactions were performed as described above, except that different amounts of Hy-
bridase (RNase H) were included in the reaction mixtures as follows: 0.2 Unit of Hybridase; 0.1 Unit of Hybridase; 0.05
Unit of Hybridase; 0.0125 Unit of Hybridase; 0.00315 Unit Hybridase; and a control reaction lacking Hybridase. Reaction
products were analyzed as described above. Analysis of electropherograms revealed that no cleaved primer extension
product (i.e., no accumulation of dissociated product) was produced if Hybridase was omitted. Cleaved reaction products
were produced in all samples in which Hybridase was included; however, signal intensity dropped significantly between
reactions carried out with 0.05 and 0.0125 Units of Hybridase.

Example 6: Multiplexed limited primer extension

[0274] This example demonstrates that limited primer extension using two composite primers can be used to detect
multiple sequences of interest in a single template.
[0275] Limited primer extension reactions were performed with two composite primers (221s and 241r) using a defined
target sequence 41r21sGA (estimated 109 copies) comprising binding sites for both composite primers. Composite
primer 221s comprises a sequence complementary to the target sequence 41r21sGA immediately adjacent to the
nucleotide of interest, A. Limited primer extension in the presence of a complementary terminator nucleotide is expected
to produce a limited primer extension product incorporating the complementary nucleotide, T (ddTTP). Composite primer
241r comprises a sequence complementary to the target sequence 41r21sGA immediately adjacent to the nucleotide
of interest, G. Limited primer extension in the presence of a complementary terminator nucleotide is expected to produce
a limited primer extension product incorporating the complementary nucleotide, C (ddCTP).
[0276] Limited primer extension reactions were carried out as described above using AcycloPro DNA polymerase
(which lacks strand displacement activity), in the presence of either composite primer 221s or composite primer 241r,
or in the presence of both composite primers. The reaction mixtures included a mixture of acycloterminators R110-
acyCTP and Tamra-acyTTP, or a control mixture of R110-acyGTP and Tamra-acyATP. A control reaction was performed
in the presence of both composite primers, but omitting fluorescent acycloterminators. Reaction mixtures containing
template and reaction products were analyzed as described above.
[0277] The results are shown in Figure 5. Panels A, B, and C show electropherograms of cleaved primer extension
products from reactions containing R110-acyCTP and Tamra-acyTTP acycloterminators. Panel D shows an electroph-
erogram of product from a reaction containing R110-acyGTP and Tamra-acyATP acycloterminators. Reaction A was
carried out in the presence of composite primer 221 s, and cleaved primer extension product was produced that correctly
incorporated acycloterminator Tamra-acyTTP (marked by arrow 1). Reaction C was carried out in the presence of
composite primer 241r, and cleaved primer extension product was produced that correctly incorporated acycloterminator
Tamra-acyCTP (marked by arrow 2). Reaction B was carried out in the presence of both composite primers 221s and
241r and cleaved primer extension product was produced that correctly incorporated either acycloterminator Tamra-
acyTTP or acycloterminator Tamra-acyCTP (marked by arrows 1 and 2, respectively). Reaction D was carried out in
the presence of both composite primers 221s and 241r and a mixture of R110-acyGTP and Tamra-acyATP acycloter-
minators, and, as expected, no fluorescently labeled product was produced.
[0278] This example shows that single nucleotide limited primer extension of the invention may be used to detect a
plurality of sequence of interest on a single template, thus permitting the determination of multiple genotypes of a single
template in a single reaction.
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Example 7: Limited primer extension reactions for the determination of a mixture of targets of different polymorphic 
genotypes (e.g., homozygous, heterozygous), as simulated by a mixture of defined genotype synthetic targets

[0279] This example demonstrates that that limited primer extension method as described herein can be used to detect
two variant sequences of interest (polymorphic genotypes) in a mixture of two target polynucleotides.
[0280] Limited primer extension reactions were performed with composite primer 221s using a mixture of two target
sequences which differ at a single defined polynucleotide. Defined target sequence 41r21sGA (Reaction A) possesses
an A at the sequence of interest and thus simulates a A/A genotype at the sequence of interest. Defined target sequence
41r21sTG (Reaction C) possesses a G at the sequence of interest, and thus simulates a G/G genotype at the sequence
of interest). A mixture of 50% 41r21sGA plus 50% 41r21sTG (Reaction B) contains template polynucleotide possessing
an A at the sequence of interest (which is a single nucleotide), and template possessing a G at the sequence of interest
(which is a single nucleotide), thus simulating a A/G genotype at the sequence of interest.
[0281] Composite primer 221s comprises a sequence complementary to the target sequence 41r21sGA immediately
adjacent to the nucleotide of interest, A.
Limited primer extension in the presence of a complementary terminator nucleotide is expected to produce a limited
primer extension product incorporating the complementary nucleotide, T (ddTTP). Composite primer 221s comprises a
sequence complementary to the target sequence 41r21sTG immediately adjacent to the nucleotide of interest, G. Limited
primer extension in the presence of a complementary terminator nucleotide is expected to produce a limited primer
extension product incorporating the complementary nucleotide, C (ddCTP).
[0282] Limited primer extension was performed as described above, in the presence of R110-acyCTP and Tamra-
acyTTP acycloterminators. Cleaved primer extension products were analyzed as described above.
[0283] Reaction A contained template polynucleotide that simulated a homozygous A/A genotype at the sequence of
interest), and, as expected, limited primer extension cleavage product was produced that incorporated Tamra-acyTTP.
Reaction C contained template polynucleotides that simulated a homozygous G/G genotype at the sequence of interest
and, as expected, limited primer extension cleavage product was produced that incorporated Tamra-acyCTP. Reaction
B contained template polynucleotides that simulated heterozygous A/G genotype at the sequence of interest and, as
expected, two limited primer extension cleavage products were produced that incorporated either Tamra-acyTTP or
Tamra-acyCTP. No labeled limited primer extension cleavage product was produced in control reactions performed in
the absence of a composite primer, or in the absence of template DNA. These results clearly demonstrate that the single
nucleotide limited primer extension method may be used to analyze a mixture of target sequences which differ at defined
single polynucleotides, and to detect multiple sequence of interest at a defined single polynucleotide. Put another way,
the limited primer extension method may be used to correctly determine the presence of either a homozygous or het-
erozygous genotype.

Example 8: Quantification of genotypes in a single sample using single nucleotide limited primer extension

[0284] This example demonstrate that different genotypes (target polynucleotides) present in a single sample can be
quantified using single nucleotide limited primer extension.
[0285] Limited primer extension reactions using composite primer IA20 were performed on mixtures of target sequenc-
es GT01 and GT02 at different ratios. The two targets simulate two genotypes of a defined sequence. Composite primer
IA20 is expected to incorporate T when reacted with template GT01 and C when reacted with template GT02. Single
nucleotide limited primer extension was performed in the presence of various templates and either acycloterminators
R110-acyCTP and Tamra-acyTTP or acycloterminators R110-acyGTP and Tamra-acyATP. The reactions were carried
out as described above, except that two different concentrations of AcycloPol DNA polymerase were used: either 0.05
ul of polymerase solution (Perkin Elmer) or a 1:16 dilution of this amount. Reactions A1, B1, C1, D1, and E1 were
performed with acycloterminators R110-acyCTP and Tamra-acyTTP. Reactions A2, B2, C2, D2, and E2 were performed
with acycloterminators R110-acyGTP and Tamra-acyATP. Reactions mixtures for A1 and A2 contained only GT01 target
(100% GT0). Reaction mixtures for B1 and B2 contained 75% GT01 and 25% GT02. Reaction mixtures for C1 and C2
contained 50% GT01 and 50% GT02. Reaction mixtures for D1 and D2 contained 25% GT01 and 75% GT02, and
reaction mixtures for E1 and E2 contained 100% GT02. The reaction products were analyzed as described above, and
further quantification of the two genotypes in the sample was assisted by incorporation of a reference dye, LIZ (ABI), to
each injected reaction mixture, which served to normalized signal intensity for the two incorporated dyed terminators
and variation of injection conditions.
[0286] Analysis of electropherograms indicated that single nucleotide primer extension using composite primer IA20
resulted in the correct incorporation of either Tamra-acyTTP or R110-acyGTP into the cleaved primer extension product
when target GT01 and GT02 were used as templates, respectively. Correct incorporation of one or both labeled nucle-
otides was observed when each template was present alone in a sample or when the sample contained mixtures of the
two templates. These results are shown in Table 1. Quantification of amount of cleaved primer extension product in
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each reaction was performed, and the ratios of fluorescence intensities and internal fluorescence references were
tabulated in Table 1. These results demonstrate that the signal intensities of each cleaved primer extension product
were proportional to the mixtures of GT01 and GT02 target templates. Thus, quantification of the relative proportion of
each cleaved primer extension product permits the quantification of the relative proportion of each template polynucleotide
in the sample mixture. Further quantification of the two genotypes in the sample was assisted by incorporation of a
reference dye to each injected reaction mixture, which served to normalized signal intensity for the two incorporated dye
terminators and variation of analysis conditions. As shown in Table 1, the ratio of the specific dye terminator signal to
the internal reference signal (normalized value) is proportional to the ratio of the two genotypes in the samples. RFU
denotes "reference fluorescence units".

Example 9: Single primer isothermal linear amplification of target nucleic acid sequence (template pre-amplification) 
and genotyping of amplification product by the limited primer extension method of the invention

[0287] This Example demonstrates that a template polynucleotide can be preamplified using single primer isothermal
linear amplification, then limited primer extension can be used to detect a sequence of interest on the target polynucleotide
produced by amplification of the template.

Single primer isothermal amplification pre-amplification of target polynucleotide GT03

[0288] Single primer isothermal linear amplification (hereinafter, "SPIA") of target polynucleotide GT03 was carried
out as follows: composite primer IA30, comprising a 3’ DNA portion and a 5’ RNA portion, was used for amplification of
a defined target DNA sequence. The reaction was carried out in Tris buffer at pH 8.5, 0 to 50 mM KCl, 2 to 5 mM MgCl2,
0.25 to 0.5 mM dNTPs, 3 ug T4gp32 (USB), Bst DNA polymerase, RNase H , and 1 to 5 mM DTT. Reactions A, C, D,
E, and F contained 104 molecules of template polynucleotide GT03, and Reaction B contained 103 molecules of template
polynucleotide GT03.
[0289] The reaction mixtures containing the composite primer and the template polynucleotide were first denatured
by incubation at 95°C for 2 to 5 min., and the primer was allowed to anneal to the respective target by incubation at 55°C

Table 1

Template Genotype mixture (GT01+GT02=100%)
GT01: 100% 75% 50% 25% 0%
GT02: 0% 25% 50% 75% 100%

(sample number) (A1, A2) (B1, B2) (C1, C2) (D1, D2) (E1, E2)

Terminators
1/16x Polymerase

C, T T Signal (RFU) 656.0 461.0 348.0 201.0 0.0
Reference 128.0 126.0 121.0 126.0 123.0

Ratio 5.1 3.7 2.9 1.6 0.0

G Signal
G, A (RFU) 0.0 1208.0 2500.0 3415.0 4465.0

Reference 113.0 109.0 125.0 115.0 118.0
Ratio 0.0 11.1 20.0 29.7 37.8

1x
Polymerase

C, T T Signal (RFU) 1023.0 817.0 560.0 296.0 0.0
Reference 122.0 124.0 114.0 118.0 122.0

Ratio 8.4 6.6 4.9 2.5 0.0

G, A G Signal 0.0 1956.0 3780.0 4840.0 5325.0
(RFU)
Reference 117.0 115.0 112.0 114.0 116.0

Ratio 0.0 17.0 33.8 42.5 45.9
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for 5 min. The enzyme mixture was then added to the reaction tubes and incubated at 55°C for 30 min., permitting
amplification of the template.

Single base-pair limited primer extension

[0290] Amplification reaction products were treated with shrimp alkaline phosphatase to hydrolyze residual dNTPs.
For some of the samples, reaction products were diluted at a 1:10 ratio with water prior to shrimp alkaline phosphatase
treatment. Amplification product was then diluted into limited primer extension reaction mixture containing composite
primer IA20 and a mixtures of acycloterminators R110-acyGTP and Tamra-acyATP. Composite primer IA20 is expected
to incorporate G (dGTP) when reacted with single stranded polynucleotide complementary to template polynucleotide
GT03 (produced by SPIA amplification of template GT03 as described above). Negative controls of no Hybridase (D),
wrong terminators (R110-acyCTP and Tamra-acyTTP) (E), and no composite primer (F) were also included.
[0291] The products of limited primer extension were analyzed by capillary electrophoresis (ABI 310) as described
above. Cleaved primer extension product containing correctly incorporated R110-acyGTP was observed in Reactions
A, B, and C. As expected, tamra-acyATP was not incorporated into the cleaved primer extension product. No labeled
cleaved primer extension product was observed in Reactions D (no Hybridase control), E (wrong terminators) and F (no
composite primer).
[0292] These results clearly demonstrate that very sensitive and specific genotyping (sequence identification) is pos-
sible using single base pair limited primer extension according the primer extension-based method of the invention, with
single primer linear amplification pre-amplification of the target nucleic acid sequence.

Claims

1. A method of generating multiple copies of a nucleic acid sequence of interest, said method comprising:

(a) hybridizing an excess of composite primer to a target polynucleotide, wherein the composite primer comprises
an RNA portion and a 3’ DNA portion, the 3’ DNA portion comprising a 3’ most nucleotide, such that the 3’ most
nucleotide of the 3’ DNA portion hybridizes from about 1 to about 10 nucleotides from the sequence of interest;
(b) extending the composite primer with DNA polymerase under conditions that permit limited primer extension,
whereby a primer extension product is produced; and
(c) cleaving the RNA portion of the primer extension product of (b) with an enzyme that cleaves RNA from an
RNA/DNA hybrid such that the cleaved primer extension product dissociates from the target polynucleotide,

wherein the primer extension product is of a size that when the RNA is cleaved the cleaved primer extension product
dissociates from the target polynucleotide under the same conditions as those for primer extension, whereby multiple
copies of the sequence of interest are produced from multiple cycles of primer extension.

2. A method of determining whether a nucleic acid sequence of interest is present or absent in a sample, said method
comprising carrying out the method of claim 1, wherein a primer extension product is produced if the sequence of
interest is present, said primer extension product comprising a detectable identifying characteristic, and wherein
detection of the cleaved primer extension product comprising the detectable identifying characteristic indicates the
presence of the sequence of interest.

3. The method according to claim 1, comprising:

incubating a reaction mixture, said reaction mixture comprising:

(a) a target polynucleotide;
(b) a composite primer that hybridizes to the target polynucleotide, said composite primer comprising an
RNA portion and a 3’ DNA portion, the 3’ DNA portion comprising a 3’ most nucleotide, such that the 3’
most nucleotide of the 3’ DNA portion of the primer hybridizes from 1 nucleotide to 10 nucleotides from the
sequence of interest;
(c) a DNA polymerase; and
(d) an enzyme that cleaves RNA from an RNA/DNA hybrid,

wherein the incubation is under conditions that permit primer hybridization, primer extension and RNA cleavage,
such that a primer extension product is produced, and wherein the primer extension product is of a size such
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that cleavage of RNA from the primer extension product results in dissociation of the cleaved primer extension
product from the target polynucleotide.

4. A method of determining whether a nucleic acid sequence of interest is present or absent in a sample comprising
incubating a reaction mixture according to claim 3, wherein the primer extension product produced comprises a
detectable identifying characteristic and whereby detection of the cleaved primer extension product comprising the
detectable identifying characteristic indicates presence of the nucleotide sequence of interest.

5. The method of any one of the preceding claims, wherein said conditions that permit primer extension comprise at
least one terminator deoxyribonucleotide triphosphate or analog thereof.

6. The method of any one of the preceding claims, wherein said conditions that permit primer extension comprise the
absence of a nucleotide that must be provided for primer extension to continue.

7. The method of any one of the preceding claims, wherein the 3’ most nucleotide of the 3’ DNA portion of the composite
primer hybridizes 1 nucleotide from the sequence of interest.

8. The method of any one of the preceding claims, wherein the RNA portion of the composite primer is 5’ with respect
to the 3’ DNA portion.

9. The method of claim 8, wherein the 5’ RNA portion is adjacent to the 3’ DNA portion.

10. A method of generating multiple copies of a nucleic acid sequence of interest, said method comprising:

(a) hybridising an excess of a first oligonucleotide and a second oligonucleotide to non-overlapping portions of
a target polynucleotide, wherein the portion of the target polynucleotide that is hybridizable to the first oligonu-
cleotide is 3’ with respect to the portion of the target nucleotide that is hybridizable to the second oligonucleotide,
wherein at least one of said oligonucleotides is a composite primer comprising an RNA portion and a DNA
portion, and wherein at least one of said oligonucleotides comprises a sequence that is hybridizable to at least
one nucleotide of the sequence of interest;
(b) optionally extending the first oligonucleotide;
(c) attaching the first oligonucleotide and second oligonucleotide to each other when hybridized to said target
polynucleotide to generate an attached oligonucleotide combination product; and
(d) cleaving the RNA portion of the attached oligonucleotide combination product of (c) with an enzyme that
cleaves RNA from an RNA/DNA hybrid such that the cleaved oligonucleotide combination product dissociates
from the target polynucleotide,

wherein the attached oligonucleotide combination product is of a size that when the RNA is cleaved from the attached
oligonucleotide combination product, the cleaved attached oligonucleotide product dissociates from the target poly-
nucleotide under the same conditions as those for attachment of the oligonucleotides, whereby multiple copies of
the sequence of interest are produced.

11. The method of claim 10, further comprising determining whether a nucleic acid sequence of interest is present or
absent in a sample, said method comprising carrying out the method of claim 10, wherein an attached oligonucleotide
combination product is produced if the sequence of interest is present, said attached oligonucleotide combination
product comprising a detectable identifying characteristic, and wherein the attached oligonucleotide combination
product is of a size that when the RNA is cleaved the cleaved attached oligonucleotide combination product disso-
ciates from the target polynucleotide under the same conditions as those for attachment of the oligonucleotides,
whereby detection of the cleaved attached oligonucleotide combination product comprising the detectable identifying
characteristic indicates the presence of the sequence of interest.

12. The method of any one of claims 10 to 11, wherein the first and/or second oligonucleotide comprises a sequence
hybridizable to at least one nucleotide of the sequence of interest.

13. The method of any one of claims 10 to 12, wherein the 3’ most nucleotide of the first oligonucleotide is hybridizable
to the sequence of interest.

14. The method of any one of claims 10 to 13, wherein the 5’ most nucleotide of the second oligonucleotide is hybridizable
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to at least one nucleotide of the sequence of interest.

15. The method of any one of claims 10 to 14, wherein the attaching is covalent attachment.

16. The method of claim 15, wherein the covalent attachment is effected by ligase.

17. The method of any one of claims 2, 4 or 11, wherein the target polynucleotide is attached to an analyte.

18. The method of claim 17, wherein the analyte is selected from a peptide, an antibody, an organic and an inorganic
molecule.

19. The method of claim 2 or 4, wherein said detectable identifying characteristic is selected from size of the cleaved
primer extension product, sequence of the cleaved primer extension product, and detectable signal associated with
the cleaved primer extension product.

20. The method of claim 11, wherein said detectable identifying characteristic is selected from size of the cleaved
attached oligonucleotide combination product, sequence of the cleaved attached oligonucleotide combination prod-
uct, and detectable signal associated with the cleaved attached oligonucleotide combination product.

21. The method of claim 19 or 20, wherein the detectable identifying characteristic comprises the sequence of the
cleaved primer extension product or the cleaved attached oligonucleotide product, and wherein the sequence is
detected by hybridizing the cleaved primer extension product or the cleaved attached oligonucleotide product with
a nucleic acid probe that is hybridizable to the cleaved primer extension product or the cleaved attached oligonu-
cleotide product.

22. The method of claim 21, wherein said nucleic acid probe comprises DNA.

23. The method of claim 21 or 22, wherein the nucleic acid probe is provided as an array or is immobilized on a surface.

24. The method of claim 23, wherein said array comprises the probe immobilized on a substrate or wherein said surface
comprises a substrate, and wherein said substrate is fabricated from a material selected from paper, glass, plastic,
polypropylene, nylon, polyacrylamide, nitrocellulose, silicon, polystyrene and optical fiber.

25. The method of claim 19 or 20, wherein said detectable signal is associated with a label on a deoxyribonucleotide
triphosphate or analog thereof that is incorporated during primer extension.

26. The method of any one of claims 19 and 21 to 24, wherein said detectable signal is associated with interaction of
two labels, wherein one label is on a deoxyribonucleotide triphosphate or analog thereof that is incorporated during
primer extension and another label is on a deoxyribonucleotide triphosphate or analog thereof located in the primer
portion of the primer extension product.

27. The method of any one of claims 20 to 24, wherein said detectable signal is associated with interaction of two labels,
wherein one label is located in the first oligonucleotide and a second label is located in the second oligonucleotide.

28. The method of any one of claims 20 to 24, wherein said detectable signal is associated with interaction of two labels,
wherein one label is located in either the first or second oligonucleotide, and a second label is located on a deox-
yribonucleotide triphosphates or analog thereof that is incorporated during primer extension.

29. The method of claim 2 or 4, wherein said method comprises determining whether two or more sequence of interest
are present or absent in a sample, said method comprising using one or more different composite primers, wherein
the detectable identifying characteristics of the cleaved primer extension products corresponding on two different
sequences of interest are different from each other.

30. The method of claim 29, wherein said method comprises at least two different composite primers.

31. The method of claim 11, wherein said method comprises determining whether two or more different sequences of
interest are present or absent in a sample, said method using two or more sets of first and second oligonucleotides,
wherein the detectable identifying characteristics of the cleaved oligonucleotide attachment products corresponding
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to two or more different sequences of interest are different from each other.

32. The method of any one of claims 29 to 31, wherein at least one of the sequences of interest is a variant of the
sequence of interest.

33. The method of any one of the preceding claims, wherein the sequence of interest is a single nucleotide base or
more than a single nucleotide base.

34. The method of any one of the preceding claims, wherein the enzyme that cleaves RNA is RNase H.

35. The method of any one of the preceding claims, wherein the DNA polymerase lacks strand displacement activity.

36. The method of any one of the preceding claims, wherein the target polynucleotide is DNA or cDNA.

37. The method of any one of the preceding claims, wherein the target polynucleotide is amplified.

38. The method of claim 37, wherein amplification occurs simultaneously with or prior to generating multiple copies of
a sequence of interest.

39. A method for identifying an altered sequence of interest in a sample comprising incubating a reaction mixture
according to claim 3, wherein the primer extension product produced comprises a detectable identifying characteristic
and whereby the cleaved primer extension product is characterized to identify the altered sequence of interest.

40. The method of claim 39, wherein the cleaved primer extension product produced from the target polynucleotide
comprises a different detectable identifying characteristic as compared with a detectable identifying characteristic
of a cleaved primer extension product produced from a reference template containing the sequence of interest,
wherein the characterization comprises comparing the detectable identifying characteristics.

41. A method according to claim 3, further comprising identifying an altered sequence of interest in a sample, said
method comprising incubating a reaction mixture according to claim 3, wherein the primer extension product produced
comprises a detectable identifying characteristic and wherein production of detectably fewer cleaved primer exten-
sion products from the target as compared to the amount of cleaved primer extension products produced from a
reference template comprising the sequence of interest indicates that the target polynucleotide contains an altered
sequence of interest.

42. The method of claim 41, further comprising characterizing the sequence of the template polynucleotide 1 to 10
nucleotides 5’ from the sequence hybridizable to the composite primer.

43. A method according to claim 10, further comprising identifying an altered sequence of interest in a sample, said
method comprising carry out the method of claim 10, wherein the attached oligonucleotide combination product
produced comprises a detectable identifying characteristic and wherein production of detectably fewer cleaved
oligonucleotide attachment products from the target as compared to the amount of cleaved oligonucleotide attach-
ment products produced from a reference template comprising the sequence of interest indicates that the target
polynucleotide contains an altered sequence of interest.

44. The method of claim 43, further comprising characterizing the sequence of the target polynucleotide.

Patentansprüche

1. Verfahren zum Erzeugen von mehrfachen Kopien einer Nukleinsäuresequenz von Interesse, wobei das Verfahren
folgendes umfasst:

(a) Hybridisieren eines Überschusses von zusammengesetztem Primer bzw. Kompositprimer an ein Ziel-Po-
lynukleotid, wobei der zusammengesetzte Primer einen RNA-Teil und einen 3’-DNA-Teil umfasst, wobei der
3’-DNA-Teil ein am meisten 3’-gelegenes Nukleotid umfasst, so dass das am meisten 3’-gelegene Nukleotid
des 3’-DNA-Teils an etwa 1 bis etwa 10 Nukleotide von der Sequenz von Interesse hybridisiert;
(b) Verlängern des zusammengesetzten Primers mit DNA-Polymerase unter Bedingungen, die eine begrenzte
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Primerverlängerung erlauben, wobei ein Primerverlängerungsprodukt erzeugt wird; und
(c) Abspalten des RNA-Teils des Primerverlängerungsproduktes von (b) mit einem Enzym, das RNA von einem
RNA/DNA-Hybrid abspaltet, so dass das gespaltene Primerverlängerungsprodukt vom Ziel-Polynukleotid dis-
soziiert,

wobei das Primerverlängerungsprodukt von einer Größe ist, dass, wenn die RNA abgespalten wird, das gespaltene
Primerverlängerungsprodukt von dem Ziel-Polynukleotid unter den gleichen Bedingungen wie jene für die Primer-
verlängerung dissoziiert, wobei mehrfache Kopien der Sequenz von Interesse aus mehrfachen Primerverlänge-
rungszyklen erzeugt werden.

2. Verfahren zur Bestimmung, ob eine Nukleinsäuresequenz von Interesse in einer Probe anwesend oder abwesend
ist, wobei das Verfahren die Durchführung des Verfahrens von Anspruch 1 umfasst, worin ein Primerverlängerungs-
produkt erzeugt wird, wenn die Sequenz von Interesse vorhanden ist, wobei das Primerverlängerungsprodukt ein
detektierbares identifizierendes Merkmal umfasst, und wobei die Detektion des gespaltenen Primerverlängerungs-
produktes, welches das detektierbare identifizierende Merkmal umfasst, die Anwesenheit der Sequenz von Interesse
anzeigt.

3. Verfahren gemäß Anspruch 1, das folgendes umfasst:

Inkubieren einer Reaktionsmischung, wobei die Reaktionsmischung folgendes umfasst:

(a) ein Ziel-Polynukleotid
(b) einen zusammengesetzten Primer, der an das Ziel-Polynukleotid hybridisiert, wobei der zusammenge-
setzte Primer einen RNA-Teil und einen 3’-DNA-Teil umfasst, wobei der 3’-DNA-Teil ein am meisten 3’-
gelegenes Nukleotid umfasst, so dass das am meisten 3’-gelegene Nukleotid des 3’-DNA-Teils des Primers
an 1 Nukleotid bis 10 Nukleotiden von der Sequenz von Interesse hybridisiert;
(c) eine DNA-Polymerase; und
(d) ein Enzym, das RNA von einem RNA/DNA-Hybrid abspaltet,

wobei die Inkubation unter Bedingungen stattfindet, die eine Primerhybridisierung, Primerverlängerung und
RNA-Spaltung erlauben, so dass ein Primerverlängerungsprodukt erzeugt wird, und wobei das Primerverlän-
gerungsprodukt von einer Größe ist, so dass die Spaltung der RNA von dem Primerverlängerungsprodukt zu
einer Dissoziation des gespaltenen Primerverlängerungsproduktes von dem Ziel-Polynukleotid führt.

4. Verfahren zur Bestimmung, ob eine Nukleinsäuresequenz von Interesse in einer Probe anwesend oder abwesend
ist, welches das Inkubieren einer Reaktionsmischung gemäß Anspruch 3 umfasst, wobei das erzeugte Primerver-
längerungsprodukt ein detektierbares identifizierendes Merkmal umfasst und wobei die Detektion des gespaltenen
Primerverlängerungsproduktes, welches das detektierbare identifizierende Merkmal umfasst, die Anwesenheit der
Nukleotidsequenz von Interesse anzeigt.

5. Verfahren von einem beliebigen der vorhergehenden Ansprüche, wobei die Bedingungen, die eine Primerverlän-
gerung erlauben, mindestens ein Terminatordesoxyribonukleotid-triphosphat oder Analogon davon umfassen.

6. Verfahren von einem beliebigen der vorhergehenden Ansprüche, wobei die Bedingungen, die eine Primerverlän-
gerung erlauben, die Abwesenheit eines Nukleotids umfassen, das für die Fortsetzung der Primerverlängerung
bereit gestellt werden muss.

7. Verfahren von einem beliebigen der vorhergehenden Ansprüche, wobei das am meisten 3’-gelegene Nukleotid des
3’-DNA-Teils des zusammengesetzten Primers an 1 Nukleotid von der Sequenz von Interesse hybridisiert.

8. Verfahren von einem beliebigen der vorhergehenden Ansprüche, wobei sich der RNA-Teil des zusammengesetzten
Primers 5’ in Bezug auf den 3’-DNA-Teil befindet.

9. Verfahren von Anspruch 8, wobei der 5’-RNA-Teil benachbart zu dem 3’-DNA-Teil ist.

10. Verfahren zum Erzeugen von mehrfachen Kopien einer Nukleinsäuresequenz von Interesse, wobei das Verfahren
folgendes umfasst:
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(a) Hybridisieren eines Überschusses von einem ersten Oligonukleotid und einem zweiten Oligonukleotid an
nicht überlappende Teile eines Ziel-Polynukleotids, wobei der Teil des Ziel-Polynukleotids, der zu dem ersten
Oligonukleotid hybridisierbar ist, sich 3’ in Bezug auf den Teil des Zielnukleotids befindet, der zu dem zweiten
Oligonukleotid hybridisierbar ist, wobei mindestens eines der Oligonukleotide ein zusammengesetzter Primer
ist, welcher einen RNA-Teil und einen DNA-Teil umfasst, und wobei mindestens eines der Oligonukleotide eine
Sequenz umfasst, die an mindestens einem Nukleotid der Sequenz von Interesse hybridisierbar ist;
(b) wahlweises Verlängern des ersten Oligonukleotids;
(c) Binden des ersten Oligonukleotids und des zweiten Oligonukleotids aneinander, wenn sie an das Ziel-
Polynukleotid hybridisiert sind, um ein gebundenes Oligonukleotid-Kombinationsprodukt zu erzeugen; und
(d) Abspalten des RNA-Teils des gebundenen Oligonukleotid-Kombinationsproduktes von (c) mit einem Enzym,
das RNA aus einem RNA/DNA-Hybrid abspaltet, so dass das gespaltene Oligonukleotid-Kombinationsprodukt
von dem Ziel-Polynukleotid dissoziiert,

wobei das gebundene Oligonukleotid-Kombinationsprodukt von einer Größe ist, dass, wenn die RNA von dem
gebundenen Oligonukleotid-Kombinationsprodukt abgespalten wird, das gespaltene gebundene Oligonukleotid-
Produkt von dem Ziel-Polynukleotid unter den gleichen Bedingungen wie jenen für die Bindung der Oligonukleotide
dissoziiert, wobei mehrfache Kopien der Sequenz von Interesse erzeugt werden.

11. Verfahren von Anspruch 10, das ferner das Bestimmen umfasst, ob eine Nukleinsäuresequenz von Interesse in
einer Probe anwesend oder abwesend ist, wobei das Verfahren die Durchführung des Verfahrens von Anspruch
10 umfasst, wobei ein gebundenes Oligonukleotid-Kombinationsprodukt erzeugt wird, wenn die Sequenz von In-
teresse vorhanden ist, wobei das gebundene Oligonukleotid-Kombinationsprodukt ein detektierbares identifizieren-
des Merkmal umfasst, und worin das gebundene Oligonukleotid-Kombinationsprodukt von einer Größe ist, dass,
wenn die RNA abgespalten wird, das gespaltene gebundene Oligonukleotid-Kombinationsprodukt von dem Ziel-
Polynukleotid unter den gleichen Bedingungen wie jenen für die Bindung der Oligonukleotide dissoziiert, wobei die
Detektion des gespaltenen gebundenen Oligonukleotid-Kombinationsproduktes, welches das detektierbare identi-
fizierende Merkmal umfasst, die Anwesenheit der Sequenz von Interesse anzeigt.

12. Verfahren von einem beliebigen der Ansprüche 10 bis 11, wobei das erste und/oder das zweite Oligonukleotid eine
Sequenz umfasst, die an mindestens einem Nukleotid der Sequenz von Interesse hybridisierbar ist.

13. Verfahren von einem beliebigen der Ansprüche 10 bis 12, wobei das am meisten 3’-gelegene Nukleotid des ersten
Oligonukleotids an der Sequenz von Interesse hybridisierbar ist.

14. Verfahren von einem beliebigen der Ansprüche 10 bis 13 wobei das am meisten 5’-gelegene Nukleotid des zweiten
Oligonukleotids an mindestens einem Nukleotid der Sequenz von Interesse hybridisierbar ist.

15. Verfahren von einem beliebigen der Ansprüche 10 bis 14, wobei das Binden eine kovalente Bindung bzw. Verknüp-
fung ist.

16. Verfahren von Anspruch 15, wobei die kovalente Bindung durch ein Ligase bewerkstelligt wird.

17. Verfahren von einem beliebigen der Ansprüche 2, 4 oder 11, wobei das Ziel-Polynukleotid an einen Analyten ge-
bunden ist.

18. Verfahren von Anspruch 17, wobei der Analyt aus einem Peptid, einem Antikörper, einem organischen und einem
anorganischen Molekül gewählt wird.

19. Verfahren von Anspruch 2 oder 4, wobei das detektierbare identifizierende Merkmal von der Größe des gespaltenen
Primerverlängerungsproduktes, der Sequenz des gespaltenen Primerverlängerungsproduktes und dem mit dem
gespaltenen Primerverlängerungsprodukt in Zusammenhang stehenden detektierbaren Signal gewählt wird.

20. Verfahren von Anspruch 11, wobei das detektierbare identifizierende Merkmal von der Größe des gespaltenen
gebundenen Oligonukleotid-Kombinationsproduktes, der Sequenz des gespaltenen gebundenen Oligonukleotid-
Kombinationsproduktes und dem mit dem gespaltenen gebundenen Oligonukleotid-Kombinationsprodukt in Zusam-
menhang stehenden detektierbaren Signal gewählt wird.

21. Verfahren von Anspruch 19 oder 20, wobei das detektierbare identifizierende Merkmal die Sequenz des gespaltenen
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Primerverlängerungsproduktes oder des gespaltenen gebundenen Oligonukleotid-Produktes umfasst, und worin
die Sequenz durch Hybridisieren des gespaltenen Primerverlängerungsproduktes oder des gespaltenen gebunde-
nen Oligonukleotid-Produktes mit einer Nukleinsäuresonde nachgewiesen wird, welche zu dem gespaltenen Pri-
merverlängerungsprodukt oder dem gespaltenen gebundenen Oligonukleotid-Produkt hybridisierbar ist.

22. Verfahren von Anspruch 21, wobei die Nukleinsäuresonde DNA umfasst.

23. Verfahren von Anspruch 21 oder 22, wobei die Nukleinsäuresonde als ein Array bereitgestellt wird oder auf einer
Oberfläche immobilisiert ist.

24. Verfahren von Anspruch 23, wobei das Array die Sonde umfasst, die auf einem Substrat immobilisiert ist, oder wobei
die Oberfläche ein Substrat umfasst, und wobei das Substrat aus einem Material gefertigt ist, das aus Papier, Glas,
Kunststoff, Polypropylen, Nylon, Polyacrylamid, Nitrocellulose, Silizium, Polystyrol und optischer Faser gewählt wird.

25. Verfahren von Anspruch 19 oder 20, wobei das detektierbare Signal mit einer Markierung auf einem Desoxyribo-
nukleotid-triphosphat oder einem Analogon davon in Zusammenhang steht, welches während der Primerverlänge-
rung eingebaut wird.

26. Verfahren von einem beliebigen der Ansprüche 19 und 21 bis 24, wobei das detektierbare Signal mit der Wechsel-
wirkung von zwei Markierungen in Zusammenhang steht, wobei sich eine Markierung auf einem Desoxyribonukleo-
tid-triphosphat oder einem Analogon davon befindet, welches während der Primerverlängerung eingebaut wird, und
eine andere Markierung an einem Desoxyribonukleotid-triphosphat oder einem Analogon davon ist, welches sich
im Primerteil des Primerverlängerungsproduktes befindet.

27. Verfahren von einem beliebigen der Ansprüche 20 bis 24, wobei das detektierbare Signal mit der Wechselwirkung
von zwei Markierungen in Zusammenhang steht, wobei sich eine Markierung im ersten Oligonukleotid befindet und
sich eine zweite Markierung im zweiten Oligonukleotid befindet.

28. Verfahren von einem beliebigen der Ansprüche 20 bis 24, wobei das detektierbare Signal mit der Wechselwirkung
von zwei Markierungen in Zusammenhang steht, wobei sich eine Markierung entweder im ersten oder im zweiten
Oligonukleotid befindet und sich eine zweite Markierung auf einem Desoxyribonukleotid-triphosphat oder einem
Analogon davon befindet, welches während der Primerverlängerung eingebaut wird.

29. Verfahren von Anspruch 2 oder 4, wobei das Verfahren das Bestimmen umfasst, ob zwei oder mehr Sequenzen
von Interesse in einer Probe anwesend oder abwesend sind, wobei das Verfahren die Verwendung von einem oder
mehreren verschiedenen zusammengesetzten Primern umfasst, worin die detektierbaren identifizierenden Merk-
male der gespaltenen Primerverlängerungsprodukte, die zwei verschiedenen Sequenzen von Interesse entspre-
chen, voneinander verschieden sind.

30. Verfahren von Anspruch 29, wobei das Verfahren mindestens zwei verschiedene zusammengesetzte Primer um-
fasst.

31. Verfahren von Anspruch 11, wobei das Verfahren das Bestimmen umfasst, ob zwei oder mehr verschiedene Se-
quenzen von Interesse in einer Probe anwesend oder abwesend sind, wobei das Verfahren zwei oder mehr Sätze
von ersten und zweiten Oligonukleotiden verwendet, worin die detektierbaren identifizierenden Merkmale der ge-
spaltenen Oligonukleotid-Bindungsprodukte, die zwei oder mehreren verschiedenen Sequenzen von Interesse ent-
sprechen, voneinander verschieden sind.

32. Verfahren von einem beliebigen der Ansprüche 29 bis 31, wobei mindestens eine der Sequenzen von Interesse
eine Variante der Sequenz von Interesse ist.

33. Verfahren von einem beliebigen der vorhergehenden Ansprüche, wobei die Sequenz von Interesse eine einzelne
Nukleotidbase oder mehr als eine einzelne Nukleotidbase ist.

34. Verfahren von einem beliebigen der vorhergehenden Ansprüche, wobei das Enzym, das die RNA spaltet, RNase
H ist.

35. Verfahren von einem beliebigen der vorhergehenden Ansprüche, wobei die DNA-Polymerase keine Strangverdrän-
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gungsaktivität besitzt.

36. Verfahren von einem beliebigen der vorhergehenden Ansprüche, wobei das Ziel-Polynukleotid DNA oder cDNA ist.

37. Verfahren von einem beliebigen der vorhergehenden Ansprüche, wobei das Ziel-Polynukleotid amplifiziert wird.

38. Verfahren von Anspruch 37, wobei die Amplifikation gleichzeitig mit oder vor der Erzeugung von mehrfachen Kopien
einer Sequenz von Interesse erfolgt.

39. Verfahren zur Identifizierung einer veränderten Sequenz von Interesse in einer Probe, welches das Inkubieren einer
Reaktionsmischung gemäß Anspruch 3 umfasst, wobei das erzeugte Primerverlängerungsprodukt ein detektierba-
res identifizierendes Merkmal umfasst und wobei das gespaltene Primerverlängerungsprodukt charakterisiert wird,
um die veränderte Sequenz von Interesse zu identifizieren.

40. Verfahren von Anspruch 39, wobei das gespaltene Primerverlängerungsprodukt, das aus dem Ziel-Polynukleotid
erzeugt wurde, ein anderes detektierbares identifizierendes Merkmal umfasst, im Vergleich zu einem detektierbaren
identifizierenden Merkmal eines gespaltenen Primerverlängerungsproduktes, das aus einer Referenzmatrize er-
zeugt wurde, welche die Sequenz von Interesse enthält, wobei die Charakterisierung das Vergleichen der detek-
tierbaren identifizierenden Merkmale umfasst.

41. Verfahren gemäß Anspruch 3, welches ferner das Identifizieren einer veränderten Sequenz von Interesse in einer
Probe umfasst, wobei das Verfahren das Inkubieren einer Reaktionsmischung gemäß Anspruch 3 umfasst, worin
das erzeugte Primerverlängerungsprodukt ein detektierbares identifizierendes Merkmal umfasst, und worin die
Erzeugung von nachweislich wenigeren gespaltenen Primerverlängerungsprodukten aus dem Ziel bzw. Target im
Vergleich zu der Menge an gespaltenen Primerverlängerungsprodukten, die aus einer Referenzmatrize erzeugt
wurde, welche die Sequenz von Interesse umfasst, darauf hindeutet, dass das Ziel-Polynukleotid eine veränderte
Sequenz von Interesse enthält.

42. Verfahren von Anspruch 41, das ferner das Charakterisieren der Sequenz des Matrizen-Polynukleotids 1 bis 10
Nukleotide 5’ von der Sequenz umfasst, die an den zusammengesetzten Primer hybridisierbar ist.

43. Verfahren gemäß Anspruch 10, welches ferner das Identifizieren einer veränderten Sequenz von Interesse in einer
Probe umfasst, wobei das Verfahren die Durchführung des Verfahrens von Anspruch 10 umfasst, worin das erzeugte
gebundene Oligonukleotid-Kombinationsprodukt ein detektierbares identifizierendes Merkmal umfasst, und worin
die Erzeugung von nachweislich wenigeren gespaltenen Oligonukleotid-Bindungsprodukten aus dem Ziel im Ver-
gleich zu der Menge an gespaltenen Oligonukleotid-Bindungsprodukten, die aus einer Referenzmatrize erzeugt
wurde, welche die Sequenz von Interesse umfasst, darauf hindeutet, dass das Ziel-Polynukleotid eine veränderte
Sequenz von Interesse enthält.

44. Verfahren von Anspruch 43, das ferner das Charakterisieren der Sequenz des Ziel-Polynukleotids umfasst.

Revendications

1. Procédé de génération de copies multiples d’une séquence d’acide nucléique d’intérêt, ledit procédé comprenant :

(a) l’hybridation d’un excès d’amorce composite avec un polynucléotide cible, dans laquelle l’amorce composite
comprend une portion ARN et une portion ADN 3’, la portion ADN 3’ comprenant un nucléotide le plus en 3’,
de sorte que le nucléotide le plus en 3’ de la portion ADN 3’ s’hybride d’environ 1 à environ 10 nucléotides de
la séquence d’intérêt ;
(b) l’allongement de l’amorce composite avec une ADN polymérase dans des conditions qui permettent un
allongement d’amorce limité, lequel un produit d’allongement d’amorce est produit ; et
(c) le clivage de la portion ARN du produit d’allongement d’amorce de (b) avec une enzyme qui clive l’ARN à
partir d’un hybride ARN/ADN de sorte que le produit d’allongement d’amorce clivé se dissocie du polynucléotide
cible,

dans lequel le produit d’allongement d’amorce est d’une taille telle que, lorsque l’ARN est clivé, le produit d’allon-
gement d’amorce clivé se dissocie du polynucléotide cible dans les mêmes conditions que celles de l’allongement
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d’amorce, par lequel des copies multiples de la séquence d’intérêt sont produites à partir de cycles multiples d’al-
longement d’amorce.

2. Procédé pour déterminer si une séquence d’acide nucléique d’intérêt est présente ou absente dans un échantillon,
ledit procédé comprenant la réalisation du procédé de la revendication 1, dans lequel un produit d’allongement
d’amorce est produit si la séquence d’intérêt est présente, ledit produit d’allongement d’amorce comprenant une
caractéristique d’identification détectable, et dans lequel la détection du produit d’allongement d’amorce clivé com-
prenant la caractéristique d’identification détectable indique la présence de la séquence d’intérêt.

3. Procédé selon la revendication 1, comprenant :

l’incubation d’un mélange réactionnel, ledit mélange réactionnel comprenant :

(a) un polynucléotide cible ;
(b) une amorce composite qui s’hybride avec le polynucléotide cible, ladite amorce composite comprenant
une portion ARN et une portion ADN 3’, la portion ADN 3’ comprenant un nucléotide le plus en 3’, tel que
le nucléotide le plus en 3’ de la portion ADN 3’ s’hybride de l’amorce de 1 à 10 nucléotides de la séquence
d’intérêt ;
(c) une ADN polymérase ; et
(d) une enzyme qui clive l’ARN à partir d’un hybride ARN/ADN,

dans lequel l’incubation a lieu dans des conditions qui permettent l’hybridation d’amorce, l’allongement d’amorce
et le clivage d’ARN, de sorte qu’un produit d’allongement d’amorce soit produit, et dans lequel le produit d’al-
longement d’amorce est d’une taille telle que le clivage d’un ARN du produit d’allongement d’amorce résulte
en la dissociation du produit d’allongement d’amorce clivé à partir du polynucléotide cible.

4. Procédé pour déterminer si une séquence d’acide nucléique d’intérêt est présente ou absente dans un échantillon
comprenant l’incubation d’un mélange réactionnel selon la revendication 3, dans lequel le produit d’allongement
d’amorce produit comprend une caractéristique d’identification détectable et ce par quoi la détection du produit
d’allongement d’amorce clivé comprenant la caractéristique d’identification détectable indique la présence de la
séquence nucléotidique d’intérêt.

5. Procédé de l’une quelconque des revendications précédentes, dans lequel lesdites conditions qui permettent l’al-
longement d’amorce comprennent au moins un désoxyribonucléotide triphosphate terminateur ou un analogue de
celui-ci.

6. Procédé de l’une quelconque des revendications précédentes, dans lequel lesdites conditions qui permettent l’al-
longement d’amorce comprennent l’absence d’un nucléotide qui doit être fourni pour que l’allongement d’amorce
se poursuive.

7. Procédé de l’une quelconque des revendications précédentes, dans laquelle le nucléotide le plus en 3’ de la portion
ADN 3’ de l’amorce composite s’hybride avec 1 nucléotide de la séquence d’intérêt.

8. Procédé de l’une quelconque des revendications précédentes, dans laquelle la portion ARN de l’amorce composite
est en 5’ par rapport à la portion ADN 3’.

9. Procédé selon la revendication 8, dans laquelle la portion ARN 5’ est adjacente à la portion ADN 3’.

10. Procédé de génération de copies multiples d’une séquence d’acide nucléique d’intérêt, ledit procédé comprenant :

(a) l’hybridation d’un excès d’un premier oligonucléotide et d’un second oligonucléotide avec des portions non
chevauchantes d’un polynucléotide cible, dans lequel la portion du polynucléotide cible qui est hybridable avec
le premier oligonucléotide est en 3’ par rapport à la portion du nucléotide cible qui est hybridable avec le second
oligonucléotide, dans lequel au moins un desdits oligonucléotides est une amorce composite comprenant une
portion ARN et une portion ADN, et dans lequel au moins un desdits oligonucléotides comprend une séquence
qui est hybridable avec au moins un nucléotide de la séquence d’intérêt ;
(b) l’allongement éventuel du premier oligonucléotide ;
(c) l’attachement du premier oligonucléotide et du second oligonucléotide l’un à l’autre lorsqu’ils sont hybridés
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avec ledit polynucléotide cible pour générer un produit de combinaison oligonucléotidique attaché ; et
(d) le clivage de la portion ARN du produit de combinaison oligonucléotidique attaché de (c) avec une enzyme
qui clive l’ARN d’un hybride ARN/ADN de telle sorte que le produit de combinaison oligonucléotidique clivé se
dissocie du polynucléotide cible,

dans lequel le produit de combinaison oligonucléotidique attaché est d’une taille telle que, lorsque l’ARN est clivé
à partir du produit de combinaison oligonucléotidique attaché, le produit oligonucléotidique attaché clivé se dissocie
du polynucléotide cible dans les mêmes conditions que celles utilisées pour l’attachement des oligonucléotides, ce
par quoi des copies multiples de la séquence d’intérêt sont produites.

11. Procédé selon la revendication 10, comprenant en outre le fait de déterminer si une séquence d’acide nucléique
d’intérêt est présente ou absente dans un échantillon, ledit procédé comprenant la réalisation du procédé de la
revendication 10, dans lequel un produit de combinaison oligonucléotidique attaché est produit si la séquence
d’intérêt est présente, ledit produit de combinaison oligonucléotidique attaché comprenant une caractéristique d’iden-
tification détectable, et dans lequel le produit de combinaison oligonucléotidique attaché est d’une taille telle que,
lorsque l’ARN est clivé, le produit de combinaison oligonucléotidique attaché clivé se dissocie du polynucléotide
cible dans les mêmes conditions que celles utilisées pour l’attachement des oligonucléotides, ce par quoi la détection
du produit de combinaison oligonucléotidique attaché clivé comprenant la caractéristique d’identification détectable
indique la présence de la séquence d’intérêt.

12. Procédé de l’une quelconque des revendications 10 à 11, dans lequel le premier et/ou le second oligonucléotide
comprend une séquence hybridable avec au moins un nucléotide de la séquence d’intérêt.

13. Procédé de l’une quelconque des revendications 10 à 12, dans lequel le nucléotide le plus en 3’ du premier oligo-
nucléotide est hybridable avec la séquence d’intérêt.

14. Procédé de l’une quelconque des revendications 10 à 13, dans lequel le nucléotide le plus en 5’ du second oligo-
nucléotide est hybridable avec au moins un nucléotide de la séquence d’intérêt.

15. Procédé de l’une quelconque des revendications 10 à 14, dans lequel l’attachement est un attachement covalent.

16. Procédé de la revendication 15, dans lequel l’attachement covalent est effectué par une ligase.

17. Procédé de l’une quelconque des revendications 2, 4 ou 11, dans lequel le polynucléotide cible est attaché à un
analyte.

18. Procédé de la revendication 17, dans lequel l’analyte est choisi parmi un peptide, un anticorps, une molécule
organique ou inorganique.

19. Procédé de la revendication 2 ou 4, dans lequel ladite caractéristique d’identification détectable est choisie à partir
de la taille du produit d’allongement d’amorce clivé, de la séquence du produit d’allongement d’amorce clivé, et du
signal détectable associé au produit d’allongement d’amorce clivé.

20. Procédé de la revendication 11, dans lequel ladite caractéristique d’identification détectable est choisie à partir de
la taille du produit de combinaison oligonucléotidique attaché clivé, de la séquence du produit de combinaison
oligonucléotidique attaché clivé et du signal détectable associé au produit de combinaison oligonucléotidique attaché
clivé.

21. Procédé de la revendication 19 ou 20, dans lequel la caractéristique d’identification détectable comprend la séquence
du produit d’allongement d’amorce clivé ou du produit oligonucléotidique attaché clivé, et dans lequel la séquence
est détectée en hybridant le produit d’allongement d’amorce clivé ou le produit oligonucléotidique attaché clivé avec
une sonde d’acide nucléique qui est hybridable avec le produit d’allongement d’amorce clivé ou le produit oligonu-
cléotidique attaché clivé.

22. Procédé de la revendication 21, dans lequel ladite sonde d’acide nucléique comprend un ADN.

23. Procédé de la revendication 21 ou 22, dans lequel la sonde d’acide nucléique est fournie sous forme de puce ou
est immobilisée sur une surface.
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24. Procédé de la revendication 23, dans lequel ladite puce comprend la sonde immobilisée sur un substrat ou dans
lequel ladite surface comprend un substrat, et dans lequel ledit substrat est fabriqué à partir d’un matériau choisi
parmi du papier, du verre, du plastique, du polypropylène, du nylon, du polyacrylamide, de la nitrocellulose, du
silicone, du polystyrène et d’une fibre optique.

25. Procédé de la revendication 19 ou 20, dans lequel ledit signal détectable est associé à un marqueur sur un désoxy-
ribonucléotide triphosphate ou un analogue de celui-ci qui est incorporé durant l’allongement d’amorce.

26. Procédé de l’une quelconque des revendications 19 et 21 à 24, dans lequel ledit signal détectable est associé à
l’interaction de deux marqueurs, dans lequel un marqueur est sur un désoxyribonucléotide triphosphate ou un
analogue de celui-ci qui est incorporé durant l’allongement d’amorce et un autre marqueur est sur un désoxyribo-
nucléotide triphosphate ou un analogue de celui-ci situé dans la partie amorce du produit d’allongement d’amorce.

27. Procédé de l’une quelconque des revendications 20 à 24, dans lequel ledit signal détectable est associé à l’interaction
de deux marqueurs, dans lequel un marqueur est situé dans le premier oligonucléotide et un second marqueur est
situé dans le second oligonucléotide.

28. Procédé de l’une quelconque des revendications 20 à 24, dans lequel ledit signal détectable est associé à l’interaction
de deux marqueurs, dans lequel un marqueur est situé soit dans le premier soit dans le second oligonucléotide, et
un second marqueur est situé sur un désoxyribonucléotide triphosphate ou un analogue de celui-ci qui est incorporé
durant l’allongement d’amorce.

29. Procédé de la revendication 2 ou 4, dans lequel ledit procédé comprend le fait de déterminer si deux ou plusieurs
séquences d’intérêt sont présentes ou absentes dans un échantillon, ledit procédé comprenant l’utilisation d’une
ou plusieurs amorces composites différentes, dans lequel les caractéristiques d’identification détectables des pro-
duits d’allongement d’amorce clivés correspondant à deux séquences différentes d’intérêt sont différentes l’une de
l’autre.

30. Procédé de la revendication 29, dans lequel ledit procédé comprend au moins deux amorces composites différentes.

31. Procédé de la revendication 11,’dans lequel ledit procédé comprend le fait de déterminer si deux ou plusieurs
séquences différentes d’intérêt sont présentes ou absentes dans un échantillon, ledit procédé utilisant deux ou
plusieurs ensembles de premier et second oligonucléotides, dans lequel les caractéristiques d’identification détec-
tables des produits d’attachement oligonucléotidiques clivés correspondant à deux ou plusieurs séquences diffé-
rentes d’intérêt sont différentes l’une de l’autre.

32. Procédé de l’une quelconque des revendications 29 à 31, dans lequel au moins une des séquences d’intérêt est
un variant de la séquence d’intérêt.

33. Procédé de l’une quelconque des revendications précédentes, dans lequel la séquence d’intérêt est une seule base
nucléotidique ou plus d’une seule base nucléotidique.

34. Procédé de l’une quelconque des revendications précédentes, dans lequel l’enzyme qui clive l’ARN est la RNaseH.

35. Procédé de l’une quelconque des revendications précédentes, dans lequel l’ADN polymérase est dépourvue d’ac-
tivité de déplacement de brin.

36. Procédé de l’une quelconque des revendications précédentes, dans lequel le polynucléotide cible est un ADN ou
un ADNc.

37. Procédé de l’une quelconque des revendications précédentes, dans lequel le polynucléotide cible est amplifié.

38. Procédé de la revendication 37, dans lequel l’amplification a lieu simultanément ou avant la génération de copies
multiples d’une séquence d’intérêt.

39. Procédé d’identification d’une séquence modifiée d’intérêt dans un échantillon comprenant l’incubation d’un mélange
réactionnel selon la revendication 3, dans lequel le produit d’allongement d’amorce comprend une caractéristique
d’identification détectable et ce par quoi le produit d’allongement d’amorce clivé est caractérisé pour identifier la
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séquence modifiée d’intérêt.

40. Procédé de la revendication 39, dans lequel le produit d’allongement d’amorce clivé produit à partir du polynucléotide
cible comprend une caractéristique d’identification détectable différente en comparaison d’une caractéristique d’iden-
tification détectable d’un produit d’allongement d’amorce clivé produit à partir d’une matrice de référence contenant
la séquence d’intérêt, dans lequel la caractérisation comprend la comparaison des caractéristiques d’identification
détectables.

41. Procédé selon la revendication 3, comprenant en outre l’identification d’une séquence modifiée d’intérêt dans un
échantillon, ledit procédé comprenant l’incubation d’un mélange réactionnel selon la revendication 3, dans lequel
le produit d’allongement d’amorce produit comprend une caractéristique d’identification détectable et dans lequel
la production de produits d’allongement d’amorce clivés détectables en moins grand nombre à partir de la cible en
comparaison de la quantité de produits d’allongement d’amorce clivés produits à partir d’une matrice de référence
comprenant la séquence d’intérêt indique que le polynucléotide cible contient une séquence modifiée d’intérêt.

42. Procédé de la revendication 41, comprenant en outre la caractérisation de la séquence des nucléotides en 5’ 1 à
10 du polynucléotide matrice à partir de la séquence hybridable avec l’amorce composite.

43. Procédé selon la revendication 10, comprenant en outre l’identification d’une séquence modifiée d’intérêt dans un
échantillon, ledit procédé comprenant la réalisation du procédé de la revendication 10, dans lequel le produit de
combinaison oligonucléotidique attaché produit comprend une caractéristique d’identification détectable et dans
lequel la production de produits d’attachement oligonucléotidiques clivés en moins grand nombre à partir de la cible
en comparaison de la quantité de produits d’attachement oligonucléotidiques clivés produits à partir une matrice
de référence comprenant la séquence d’intérêt indique que le polynucléotide cible contient une séquence modifiée
d’intérêt.

44. Procédé de la revendication 43, comprenant en outre la caractérisation de la séquence du polynucléotide cible.
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