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The invention is directed to a variety of multiplexing methods
used to amplify and/or genotype a variety of samples simul-
taneously.
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Extension-Trapping SNP Assay
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Reduced Genome Single Base Extension Assay
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Complexity Reduction and Multiplex Assay
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Complexity Reduction and Multiplex Assay
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Complexity Reduction and Multiplex Assay
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Complexity Reduction and Multiplex Assay
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Solid Phase Locus-Specific Primer Extension
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Alternate Labeling Scheme for Primer Extension (High Signal)
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Simplified OLA-PCR Assay Format
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Principle of ICAN Method
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MULTIPLEX NUCLEIC ACID REACTIONS

[0001] The present application is a continuation of U.S.
application Ser. No. 10/194,958, filed on Jul. 12, 2002, which
is a continuation-in-part of U.S. application Ser. No. 10/177,
727, filed Jun. 20, 2002, which claims the benefit of priority to
U.S. Provisional Application Nos. 60/305,118, filed Jul. 12,
2001, 60/311,271, filed Aug. 9, 2001, 60/336,958, filed Dec.
3,2001 and 60/341,827, filed Dec. 17, 2001, and is a continu-
ation-in-part of each of the following:

[0002] U.S.application Ser. No.09/779,376, filed Feb. 7,
2001, now abandoned, which claims the benefit of pri-
ority to U.S. Provisional Application Ser. Nos. 60/180,
810, filed Feb. 7, 2000 and 60/234,732, filed Sep. 22,
2000,

[0003] U.S. application Ser. No. 09/915,231, filed Jul.
24,2001, now U.S. Pat. No. 6,890,741, which claims the
benefit of priority to U.S. Provisional Application Ser.
Nos. 60/234,143, filed Sep. 21, 2000 and 60/297,609,
filed on Jun. 11, 2001 and is a continuation-in-part of
U.S. application Ser. No. 09/779,376, filed Feb. 7, 2001,
now abandoned, which claims the benefit of priority to
U.S. Provisional Application Ser. Nos. 60/180,810, filed
Feb. 7, 2000 and 60/234,732, filed Sep. 22, 2000; and

[0004] U.S. application Ser. No. 09/931,285, filed Aug.
16, 2001, now U.S. Pat. No. 6,913,884,

all of which are expressly incorporated herein by reference.
[0005] Portions of this invention were made with govern-
ment support under HG02003 awarded by the National
Human Genome Research Institute and CA81952 awarded
by the National Cancer Institute. The government has certain
rights in the invention.

FIELD OF THE INVENTION

[0006] Theinvention is directed to a variety of multiplexing
methods used to amplify and/or genotype a variety of samples
simultaneously.

BACKGROUND OF THE INVENTION

[0007] The detection of specific nucleic acids is an impor-
tant tool for diagnostic medicine and molecular biology
research. Gene probe assays currently play roles in identify-
ing infectious organisms such as bacteria and viruses, in
probing the expression of normal genes and identifying
mutant genes such as oncogenes, in typing tissue for compat-
ibility preceding tissue transplantation, in matching tissue or
blood samples for forensic medicine, and for exploring
homology among genes from different species.

[0008] Ideally, a gene probe assay should be sensitive, spe-
cific and easily automatable (for a review, see Nickerson,
Current Opinion in Biotechnology 4:48-51 (1993)). The
requirement for sensitivity (i.e. low detection limits) has been
greatly alleviated by the development of the polymerase
chain reaction (PCR) and other amplification technologies
which allow researchers to amplify exponentially a specific
nucleic acid sequence before analysis as outlined below (for
a review, see Abramson et al., Current Opinion in Biotech-
nology, 4:41-47 (1993)).

[0009] Currently, a variety of biochips comprising sub-
strates with associated nucleic acids are used in a variety of
nucleic acid detection systems, including the detection, quan-
tification, sequence determination and genotyping of a
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nucleic acid target sequences. However, sample preparation
for these high density chips remains an issue.

[0010] Accordingly, it is an object of the invention to pro-
vide a number of methods directed to the multiplexing ampli-
fication and/or genotyping reactions of target sequences to
create amplicons that can subsequently be detected on an
array.

SUMMARY OF THE INVENTION

[0011] In accordance with the objects outlined above, the
present invention provides a method of detecting target
sequences in a sample comprising providing a first solid
support comprising at least a first and a second target
sequence, contacting the first and second target sequences
with first and second probes, respectively, wherein each of the
first and second probes comprise a first universal priming site,
a target specific domain substantially complementary to at
least a portion of the target sequence, to form first and second
hybridization complexes, respectively, removing unhybrid-
ized probes, contacting the first and second hybridization
complexes with a first enzyme to form modified first and
second probes, respectively contacting the modified first and
second probes with at least a first primer that hybridizes to the
universal priming site NTPs, and an extension enzyme,
wherein the first and second modified probes are amplified to
form first and second amplicons, respectively, and detecting
the amplicons.

[0012] In addition the invention provides a method of
detecting target sequences in a sample comprising providing
a first solid support comprising at least a first and a second
target sequence, contacting the first and second target
sequences with first and second probes, respectively, wherein
each of'the first and second probes comprise a first universal
priming site, a target specific domain substantially comple-
mentary to at least a portion of the target sequence, to form
first and second hybridization complexes, respectively,
removing unhybridized probes, contacting the first and sec-
ond probes with at least a first universal primer that hybridizes
to the universal priming site, NTPs and an extension enzyme,
wherein the first and second probes are extended to form first
and second modified probes, respectively, contacting the first
and second modified probes with at least third and fourth
probes, respectively, wherein the modified first and second
probes comprise a detection position, the third and fourth
probes each comprise an interrogation position, and a second
enzyme, wherein the second enzyme only modifies the third
and fourth probes ifthere is perfect complementarity between
the bases at the interrogation position and the detection posi-
tion, forming third and fourth modified probes, and detecting
the third and fourth modified probes.

[0013] In addition the invention provides a method com-
prising providing a plurality of target nucleic acid sequences
each comprising from 3'to 5' a first, second and third target
domain, the first target domain comprising a detection posi-
tion, the second target domain being at least one nucleotide
contacting the target nucleic acid sequences with sets of
probes for each target sequence, each set comprising a first
probe comprising from 5' to 3' a first domain comprising a
first universal priming sequence, and a second domain com-
prising a sequence substantially complementary to the first
target domain of a target sequence, and an interrogation posi-
tion within the 3' four terminal bases, a second probe com-
prising a first domain comprising a sequence substantially
complementary to the third target domain of a target
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sequence, to form a set of first hybridization complexes, con-
tacting the first hybridization complexes with an extension
enzyme and dNTPs, under conditions whereby if the base at
the interrogation positions is perfectly complementary with
the bases at the detection positions, extension of the first
probes occurs through the second target domains to form
second hybridization complexes, contacting the second
hybridization complexes with a ligase to ligate the extended
first probes to the second probes to form amplification tem-
plates.

[0014] In addition the invention provides a multiplex reac-
tion method comprising providing a sample comprising at
least first and second targets hybridizing the first and second
targets with first and second probes, respectively forming first
and second hybridization complexes, respectively, immobi-
lizing the first and second hybridization complexes, washing
to remove unhybridized nucleic acids, contacting the first and
second hybridization complexes with an enzyme, whereby
the first and second probes are modified forming modified
first and second probes, respectively, whereby the modified
first and second probes are modified to contain first and sec-
ond interrogation nucleotides that are complementary to first
and second detection nucleotides in the first and second tar-
gets, respectively, contacting the modified first and second
probes with first and second allele specific primers, respec-
tively, whereby the first and second allele specific primers
hybridize to the modified first and second probes, respec-
tively, 5' to the first and second interrogation nucleotides,
dNTPs, polymerase, whereby the first and second allele spe-
cific primers are modified when a target domain of the allele
specific primers is perfectly complementary to the modified
target probes to form modified first and second allele specific
probes, amplifying the modified first and second allele spe-
cific probes to form first and second amplicons, and detecting
the first and second amplicons.

[0015] In addition the invention provides a method com-
prising providing a plurality of target nucleic acid sequences
each comprising from 3' to 5' a first, second and third target
domain, the first target domain comprising a detection posi-
tion, the second target domain being at least one nucleotide,
contacting the target nucleic acid sequences with sets of
probes for each target sequence, each set comprising:

[0016] a first probe comprising from 5' to 3', a first domain
comprising a first universal priming sequence, and a second
domain comprising a sequence substantially complementary
to the first target domain of a target sequence, and an interro-
gation position within the 3' four terminal bases, a second
probe comprising a first domain comprising a sequence sub-
stantially complementary to the third target domain of a target
sequence, to form a set of first hybridization complexes, con-
tacting the first hybridization complexes with at least a first
universal primer that hybridize to the first universal priming
sequence, an extension enzyme and dNTPs, under conditions
whereby if the base at the interrogation positions are perfectly
complementary with the bases at the detection positions,
extension of the first probes occurs through the second target
domains to form second hybridization complexes, contacting
the second hybridization complexes with a ligase to ligate the
extended first probes to the second probes to form amplifica-
tion templates.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIGS. 1A and 1B depict a schematic of a preferred
embodiment of the invention. The primary steps of the
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method include annealing oligonucleotides to immobilized
target (e.g. genomic) DNA, a chain extension reaction that is
terminated by tagged (e.g. biotinylated) ddNTPs, isolation
and amplification of the tagged extension products.

[0018] FIG. 2 depicts a preferred method of obtaining tem-
plates for single base extension reaction analysis. The four
major phases are 1) First Extension from target (gDNA), 2)
Second Extension, 3) PCR Amplification, and 4) Allele Spe-
cific 4-Dye Single Base Extension.

[0019] FIG. 3 depicts a preferred method for complexity
reduction and allele selectivity. The locus specific primer
hybridizes upstream of the interrogation site. It does not have
to be directly adjacent to the interrogation site. The locus
specific primer also contains an adapter sequence and univer-
sal PCR primer hybridization site. The allele specific primers
are designed to the opposite strand of DNA (see diagram) and
the 3' ends of the primers correspond to the alleles that are
interrogated. The 5' ends of the allele specific primers are
hybridization sites for universal PCR primers.

[0020] Tagged locus specific primers are annealed to the
genomic DNA and washed. DNA polymerase (Taqg DNA
polymerase), dNTPs, ddNTPs and buffer is added to the
hybridized primers. The DNA polymerase will extend the
locus specific primers that have hybridized and are matched
exactly at the 3' end to DNA. In this first primer extension
reaction, the primer extended product has captured the locus
allele information and also adjacent DNA sequence informa-
tion. The primer extension products are eluted away from the
genomic DNA. The eluted primer extension products are
captured onto another set of streptavidin coated beads
through the biotin molecule on the locus specific primer. This
capture process purifies the primer extension product and
reduces the complexity of DNA going into the second hybrid-
ization and extension process. The second capture process
may improve the multiplexability of this assay through the
reduction of complexity.

[0021] Allele specific primers for each interrogated locus
are added to the captured DNA and a second hybridization
and wash is performed (at high stringency). DNA polymerase
(Taq DNA polymerase), dNTPs, and buffer are added to the
hybridized primers. An extension reaction is carried out. The
extended products are eluted and used in a PCR amplification
reaction (using the universal PCR primers specific for these
oligos U1, U2 and U3). U2 and U3 are labeled with different
fluorescent tags. The ratio in the amount of one allele relative
to another is determined by the ratio of the fluorescent tags.
[0022] FIG. 4 depicts an alternative embodiment of the
method outlined in FIG. 3. An allele specific hybridization
approach for allele determination may be used in conjunction
with the first hybridization, wash and extension. In this pro-
cess, the locus specific primer is hybridized, washed and
extended as above. The locus specific primer does not contain
adapter sequences or universal primer sequences. The allele
specific oligonucleotide contains the universal PCR primer
sequences. Allele specific oligonucleotides are added to the
extended products, hybridized and washed under stringent
conditions. Allele specifically hybridized sequences are
retained and later eluted for a PCR reaction.

[0023] FIG. 5 depicts an alternative embodiment of the
method outlined in FIG. 3. In this embodiment allele specific
extension is followed by locus specific extension.

[0024] FIG. 6 depicts an alternative embodiment of the
method outlined in FIG. 3. A second level of allele specificity
along with locus specificity may be obtained by using allele
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specific extension primers in the second extension step of
FIG. 5. Using allele specific extension primers (on alternate
strands) in both extension steps would protect against any 3'
to 5' exonuclease activity acting in the first allele specific
extension step. The extension products from this approach
would be placed into two separate PCR reactions containing
universal PCR primers specific for each allele set. Misexten-
sions due to exonuclease activity in the first or second exten-
sion steps would not be amplified.

[0025] FIG. 7 depicts a preferred method of solid-phase
allele-specific primer extension genotyping. For each locus,
two allele specific oligonucleotides are designed with each
allele represented by a unique adapter. The 3' end of the allele
specific oligonucleotides extend one or more bases beyond
the query site. The oligonucleotides are hybridized to the
template on solid phase under stringent conditions. The solid
phase is washed to remove improperly hybridized oligonucle-
otides. The resulting complex is then extended by a poly-
merase in an allele specific manner. That is a mismatch at the
query site will prevent efficient extension.

[0026] FIG. 8 depicts an alternative method of labeling as
compared to FIG. 7.

[0027] FIG. 9 depicts a schematic of universal allele spe-
cific oligonucleotides.

[0028] FIG. 10 depicts a method using the universal allele
specific oligonucleotides described in FIG. 9. In this case,
since extension must occur from 5' to 3', the U4 and U5
sequences are shown at the 3' end of the template, associated
with the allele-selective bases.

[0029] FIG. 11 depicts a method of removing non-hybrid-
ized nucleic acids by nuclease treatment. That is, the com-
plexity ofa nucleic acid sample is initially reduced by hybrid-
ization capture with gene specific oligonucleotides. Excess
nucleic acid sequences are removed by a single stranded
nuclease.

[0030] FIGS. 12A and 12B depict the ICAN amplification
scheme.
[0031] FIGS. 13 12A and 13B depict a preferred multiplex

scheme. Two primers hybridize to a target nucleic acid. The
primers include target specific portions and universal priming
sites. In addition, one of the primers, preferably the upstream
primer, includes an allele specific sequence and an adapter
sequence that is specific for the particular allele specific
sequence. The primers do not hybridize contiguously on the
target. Following hybridization the primer is extended with
dNTPs and a polymerase. Following primer extension, the
upstream and downstream primers are ligated. The ligated
product is them amplified with universal primers that hybrid-
ize to the universal priming sites on the primers resulting in
the formation amplicons. Amplicons are labeled with either
labeled primers or labeled dNTPs and detected as an indica-
tion of the presence of a particular allele.

DETAILED DESCRIPTION OF THE INVENTION

[0032] The present invention is directed to a variety of
compositions and methods directed to multiplexed analysis
of' nucleic acids. In a preferred embodiment the methods are
directed to multiplexing of nucleic acid detection, genotyping
and amplification reactions. While a large body of literature
and methods exist for the use of high density biochips com-
prising nucleic acids, the preparation of samples containing
target sequences to place on the biochips has not been signifi-
cantly multiplexed to allow true high throughput methodolo-
gies. The present invention is directed to the use of a variety
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of methods that allow the multiplexed amplification of target
sequences prior to detection by any of a variety of methods
including placement on an array for detection, mass spec-
trometry, electrophoretic techniques, FACS analysis, and the
like.

[0033] Ingeneral, the method includes a complexity reduc-
tion component, a specificity step and an amplification step.
Preferably complexity reduction is performed first. This is
followed, in some embodiments, by the genotyping reaction,
followed by multiplexed amplification. Generally, the speci-
ficity step includes an enzymatic reaction such as a genotyp-
ing reaction as described below. Alternatively, the multi-
plexed amplification reaction is done first, i.e. following
complexity reduction, followed by a genotyping reaction. In
both instances, the resulting amplicons are then detected, by
a variety of detection methods including utilizing solid sup-
port arrays (both random and ordered), liquid arrays, or using
technologies such as FACS sorting or mass spectroscopy.
[0034] Accordingly, the present invention relates to the
multiplex amplification and detection of target analytes in a
sample. As used herein, the phrase “multiplex” or grammati-
cal equivalents refers to the detection, analysis or amplifica-
tion of more than one target sequence of interest. In one
embodiment multiplex refers to at least 100 or 200 different
target sequences while at least 500 different target sequences
is preferred. More preferred is at least 1000, with more than
5000 or 10,000 particularly preferred and more than 50,000
or 100,000 most preferred. Detection is performed on a vari-
ety of platforms as described herein.

[0035] Accordingly, the present invention provides meth-
ods for the detection of nucleic acid target sequences in a
sample. As will be appreciated by those in the art, the sample
solution may comprise any number of things, including, but
not limited to, bodily fluids (including, but not limited to,
blood, urine, serum, lymph, saliva, anal and vaginal secre-
tions, perspiration and semen, of virtually any organism, with
mammalian samples being preferred and human samples
being particularly preferred); environmental samples (includ-
ing, but not limited to, air, agricultural, water and soil
samples); biological warfare agent samples; research
samples; purified samples, such as purified genomic DNA,
RNA, proteins, etc.; raw samples (bacteria, virus, genomic
DNA, etc.). As will be appreciated by those in the art, virtually
any experimental manipulation may have been done on the
sample.

[0036] If required, the target sequence is prepared using
known techniques. For example, the sample may be treated to
lyse the cells, using known lysis buffers, sonication, elec-
troporation, etc., with purification and amplification as out-
lined below occurring as needed, as will be appreciated by
those in the art. In addition, the reactions outlined herein may
be accomplished in a variety of ways, as will be appreciated
by those in the art. Components of the reaction may be added
simultaneously, or sequentially, in any order, with preferred
embodiments outlined below. In addition, the reaction may
include a variety of other reagents which may be included in
the assays. These include reagents like salts, buffers, neutral
proteins, e.g. albumin, detergents, etc., which may be used to
facilitate optimal hybridization and detection, and/or reduce
non-specific or background interactions. Also reagents that
otherwise improve the efficiency of the assay, such as pro-
tease inhibitors, nuclease inhibitors, anti-microbial agents,
etc., may be used, depending on the sample preparation meth-
ods and purity of the target.
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[0037] In addition, when nucleic acids are to be detected
preferred methods utilize cutting or shearing techniques to
cut the nucleic acid sample containing the target sequence
into a size that will facilitate handling and hybridization to the
target, particularly for genomic DNA samples. This may be
accomplished by shearing the nucleic acid through mechani-
cal forces (e.g. sonication) or by cleaving the nucleic acid
using restriction endonucleases, or any other methods known
in the art.

[0038] In addition, in most embodiments, double stranded
target nucleic acids are denatured to render them single
stranded so as to permit hybridization of the primers and other
probes of the invention. A preferred embodiment utilizes a
thermal step, generally by raising the temperature of the
reaction to about 95° C., although pH changes and other
techniques may also be used.

[0039] The present invention provides compositions and
methods for detecting the presence or absence of target
nucleic acid sequences in a sample. By “nucleic acid” or
“oligonucleotide” or grammatical equivalents herein means
at least two nucleotides covalently linked together. A nucleic
acid of the present invention will generally contain phos-
phodiester bonds, although in some cases, as outlined below,
nucleic acid analogs are included that may have alternate
backbones, comprising, for example, phosphoramide (Beau-
cage et al., Tetrahedron 49(10): 1925 (1993) and references
therein; Letsinger, J. Org. Chem. 35:3800 (1970); Sprinzl et
al., Eur. J. Biochem. 81:579 (1977); Letsinger et al., Nucl.
Acids Res. 14:3487 (1986); Sawai et al, Chem. Lett. 805
(1984), Letsinger et al., J. Am. Chem. Soc. 110:4470 (1988);
and Pauwels et al., Chemica Scripta 26:141 91986)), phos-
phorothioate (Mag et al., Nucleic Acids Res. 19:1437 (1991);
and U.S. Pat. No. 5,644,048), phosphorodithioate (Briu et al.,
J. Am. Chem. Soc. 111:2321 (1989), O-methylphosphoroa-
midite linkages (see Eckstein, Oligonucleotides and Ana-
logues: A Practical Approach, Oxford University Press), and
peptide nucleic acid backbones and linkages (see Egholm, J.
Am. Chem. Soc. 114:1895 (1992); Meier et al., Chem. Int.
Ed. Engl. 31:1008 (1992); Nielsen, Nature, 365:566 (1993);
Carlsson et al., Nature 380:207 (1996), all of which are incor-
porated by reference). Other analog nucleic acids include
those with positive backbones (Denpcy et al., Proc. Natl.
Acad. Sci. USA 92:6097 (1995); non-ionic backbones (U.S.
Pat. Nos. 5,386,023, 5,637,684, 5,602,240, 5,216,141 and
4,469,863; Kiedrowshi et al., Angew. Chem. Intl. Ed. English
30:423 (1991); Letsinger et al., J. Am. Chem. Soc. 110:4470
(1988); Letsinger et al., Nucleoside & Nucleotide 13:1597
(1994); Chapters 2 and 3, ASC Symposium Series 580, “Car-
bohydrate Modifications in Antisense Research”, Ed. Y. S.
Sanghui and P. Dan Cook; Mesmaeker et al., Bioorganic &
Medicinal Chem. Lett. 4:395 (1994); Jeffs et al., J. Biomo-
lecular NMR 34:17 (1994); Tetrahedron Lett. 37:743 (1996))
and non-ribose backbones, including those described in U.S.
Pat. Nos. 5,235,033 and 5,034,506, and Chapters 6 and 7,
ASC Symposium Series 580, “Carbohydrate Modifications
in Antisense Research”, Ed. Y. S. Sanghui and P. Dan Cook.
Nucleic acids containing one or more carbocyclic sugars are
also included within the definition of nucleic acids (see Jen-
kins et al., Chem. Soc. Rev. (1995) pp 169-176). Several
nucleic acid analogs are described in Rawls, C & E News Jun.
2, 1997 page 35. All of these references are hereby expressly
incorporated by reference. These modifications of the ribose-
phosphate backbone may be done to facilitate the addition of
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labels, or to increase the stability and half-life of such mol-
ecules in physiological environments.

[0040] As will be appreciated by those inthe art, all of these
nucleic acid analogs may find use in the present invention. In
addition, mixtures of naturally occurring nucleic acids and
analogs can be made. Alternatively, mixtures of different
nucleic acid analogs, and mixtures of naturally occurring
nucleic acids and analogs may be made.

[0041] Particularly preferred are peptide nucleic acids
(PNA) which includes peptide nucleic acid analogs. These
backbones are substantially non-ionic under neutral condi-
tions, in contrast to the highly charged phosphodiester back-
bone of naturally occurring nucleic acids. This results in two
advantages. First, the PNA backbone exhibits improved
hybridization kinetics. PNAs have larger changes in the melt-
ing temperature (Im) for mismatched versus perfectly
matched basepairs. DNA and RNA typically exhibita 2-4° C.
drop in Tm for an internal mismatch. With the non-ionic PNA
backbone, the drop is closer to 7-9° C. This allows for better
detection of mismatches. Similarly, due to their non-ionic
nature, hybridization of the bases attached to these backbones
is relatively insensitive to salt concentration.

[0042] The nucleic acids may be single stranded or double
stranded, as specified, or contain portions of both double
stranded or single stranded sequence. The nucleic acid may
be DNA, both genomic and cDNA, RNA or a hybrid, where
the nucleic acid contains any combination of deoxyribo- and
ribo-nucleotides, and any combination of bases, including
uracil, adenine, thymine, cytosine, guanine, inosine, xatha-
nine hypoxathanine, isocytosine, isoguanine, etc. A preferred
embodiment utilizes isocytosine and isoguanine in nucleic
acids designed to be complementary to other probes, rather
than target sequences, as this reduces non-specific hybridiza-
tion, as is generally described in U.S. Pat. No. 5,681,702. As
used herein, the term “nucleoside” includes nucleotides as
well as nucleoside and nucleotide analogs, and modified
nucleosides such as amino modified nucleosides. In addition,
“nucleoside” includes non-naturally occurring analog struc-
tures. Thus for example the individual units of a peptide
nucleic acid, each containing a base, are referred to herein as
a nucleoside.

[0043] The compositions and methods of the invention are
directed to the multi-plexed detection of target sequences.
The term “target sequence” or “target nucleic acid” or gram-
matical equivalents herein means a nucleic acid sequence on
a single strand of nucleic acid. The target sequence may be a
portion of a gene, a regulatory sequence, genomic DNA,
cDNA, RNA including mRNA and rRNA, or others. A pre-
ferred embodiment utilizes genomic DNA as the primary
target sequence.

[0044] As is outlined herein, the target sequence may be a
target sequence from a sample, or a secondary target such as
a product of a reaction such as a detection sequence from an
invasive cleavage reaction, a ligated probe from an OLA
reaction, an extended probe from a PCR reaction, or PCR
amplification product, (“amplicon”) etc.

[0045] The target sequence may be any length, with the
understanding that longer sequences are more specific. As
will be appreciated by those in the art, the complementary
target sequence may take many forms. For example, it may be
contained within a larger nucleic acid sequence, i.e. all or part
of a gene or mRNA, a restriction fragment of a plasmid or
genomic DNA, among others. As is outlined more fully
below, probes are made to hybridize to target sequences to



US 2010/0015626 Al

determine the presence or absence of the target sequence in a
sample. Generally speaking, this term will be understood by
those skilled in the art. The target sequence may also be
comprised of different target domains; for example, in “sand-
wich” type assays as outlined below, a first target domain of
the sample target sequence may hybridize to a capture probe
ora portion of capture extender probe, a second target domain
may hybridize to a portion of an amplifier probe, a label
probe, or a different capture or capture extender probe, etc. In
addition, the target domains may be adjacent (i.e. contiguous)
or separated. For example, when LCR techniques are used, a
first primer may hybridize to a first target domain and a
second primer may hybridize to a second target domain;
either the domains are adjacent, or they may be separated by
one or more nucleotides, coupled with the use of a poly-
merase and dNTPs, as is more fully outlined below.

[0046] The terms “first” and “second” are not meant to
confer an orientation of the sequences with respect to the 5'-3'
orientation of the target sequence. For example, assuming a
5'-3' orientation of the complementary target sequence, the
first target domain may be located either 5' to the second
domain, or 3' to the second domain.

[0047] As outlined herein, in preferred embodiments the
target sequence comprises a position for which sequence
information is desired, generally referred to herein as the
“detection position” or “detection locus”. In a preferred
embodiment, the detection position is a single nucleotide,
although in some embodiments, it may comprise a plurality of
nucleotides, either contiguous with each other or separated by
one or more nucleotides. By “plurality” as used herein is
meant at least two. As used herein, the base which basepairs
with a detection position base in a hybrid is termed a “readout
position” or an “interrogation position”; thus many of the first
or second step probes of the invention comprise an interro-
gation position.

[0048] In some embodiments, as is outlined herein, the
target sequence may not be the sample target sequence but
instead is a product of a reaction herein, sometimes referred to
herein as a “secondary” or “derivative” target sequence, or an
“amplicon”.

[0049] Accordingly, in a preferred embodiment the present
multiplexed detection scheme includes at least one complex-
ity reduction component, at least one specificity component
and at least one amplification component. In addition, the
method includes detection of the product of the reaction.
[0050] The methods of the invention can take on a wide
variety of configurations, as are shown in the figures and
described in more detail below. Generally these components
include a complexity reduction component, a specificity com-
ponent and an amplification component. The components can
be configured in a variety of ways as disclosed below. That is,
in one embodiment a complexity reduction step is first per-
formed. This is followed by either the amplification or speci-
ficity step. Alternatively, the specificity step is performed
first. This can be followed by the complexity reduction or
amplification step. Alternatively, amplification is first per-
formed. This is followed by the complexity and specificity
steps.

[0051] While the above indicates that each of the three
components can be performed in any order. One of skill in the
art will appreciate that when amplification is performed first,
there will likely be some degree of complexity reduction or
specificity involved. In addition, when specificity compo-
nents are performed first, there will be a degree of complexity
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reduction. In addition, in some embodiments when amplifi-
cation is first performed, there will be some degree of speci-
ficity and complexity reduction. However, as described
below, the method generally includes three components.

Probes and Primers

[0052] As one of skill in the art appreciates, there are sev-
eral probes or primers that are used in the present invention.
These probes/primers can take on a variety of configurations
and may have a variety of structural components described in
more detail below. The first step probe may be either an allele
specific probe or locus specific probe. By “allele specific”
probe or primer is meant a probe or primer that either hybrid-
iZes to a target sequence and discriminates between alleles or
hybridizes to a target sequence and is modified in an allele
specific manner. By “locus specific” probe or primer is meant
a probe or primer that hybridizes to a target sequence in a
locus specific manner, but does not necessarily discriminate
between alleles. A locus specific primer also may be modi-
fied, i.e. extended as described below, such that it includes
information about a particular allele, but the locus specific
primer does not discriminate between alleles.

[0053] In many embodiments, the probes or primers com-
prise one or more universal priming site(s) and/or adapters,
both of which are described below.

[0054] The size of the primer and probe nucleic acid may
vary, as will be appreciated by those in the art with each
portion of the probe and the total length of the probe in
general varying from 5 to 500 nucleotides in length. Each
portion is preferably between 10 and 100 being preferred,
between 15 and 50 being particularly preferred, and from 10
to 35 being especially preferred, depending on the use and
amplification technique. Thus, for example, the universal
priming site(s) of the probes are each preferably about 15-20
nucleotides in length, with 18 being especially preferred. The
adapter sequences of the probes are preferably from 15-25
nucleotides in length, with 20 being especially preferred. The
target specific portion of the probe is preferably from 15-50
nucleotides in length. In addition, the primer may include an
additional amplification priming site. In a preferred embodi-
ment the additional amplification priming site is a T7 RNA
polymerase priming site.

[0055] In a preferred embodiment, the allele or locus spe-
cific probe or probes comprises a target domain substantially
complementary to a first domain of the target sequence. In
general, probes of the present invention are designed to be
complementary to a target sequence (either the target
sequence of the sample or to other probe sequences, as is
described herein), such that hybridization of the target and the
probes of the present invention occurs. This complementarity
need not be perfect; there may be any number of base pair
mismatches that will interfere with hybridization between the
target sequence and the single stranded nucleic acids of the
present invention. However, if the number of mutations is so
great that no hybridization can occur under even the least
stringent of hybridization conditions, the sequence is not a
complementary target sequence. Thus, by “substantially
complementary” herein is meant that the probes are suffi-
ciently complementary to the target sequences to hybridize
under the selected reaction conditions.

[0056] In one embodiment the target specific portion
includes a combinatorial mixture of each nucleotide at each
position. In addition the primer includes a universal priming
sequence and an allele specific position. Preferably the uni-



US 2010/0015626 Al

versal priming sequence is specific for the particular nucle-
otide at the allele specific position. That is, in this embodi-
ment the locus-specific allele selectivity portions of the
primer are replaced with a universal targeting domain that
includes region where each position is represented by a com-
binatorial mixture of nucleotides. One of the positions in the
universal region (not necessarily the 3' position) is paired with
the allele or SNP to be analyzed. The base at this position is
associated with an identifier such as a particular adapter in the
primer or with a particular universal priming sequence in the
primer (FIG. 9).

[0057] Inapreferred configuration, each ofthe four basesis
associated with a different sequence, i.e. universal priming
sequence, each sequence having similar amplification effi-
ciencies. For amplification, each of the four primers is labeled
with a different label. In an alternate embodiment it is pos-
sible to substitute a universal, i.e. promiscuous (inosine, for
example) base at one or more positions in the universal
sequence. The primer finds use in extension reactions and
ligation reactions as described herein. In addition the primers
find use in linear amplification schemes as depicted in FIG.
10. It should be noted that one advantage of using the univer-
sal targeting domain is that shorter oligonucleotides can be
used. Thus, when universal target domains are used, these
domains are preferably from about 5 to 15 nucleotides in
length with from 7 to 10 being particularly preferred.

[0058] Ina preferred embodiment, one ofthe probes further
comprises an adapter sequence, (sometimes referred to in the
art as “zip codes” or “bar codes™). Adapters facilitate immo-
bilization of probes to allow the use of “universal arrays”.
That is, arrays (either solid phase or liquid phase arrays) are
generated that contain capture probes that are not target spe-
cific, but rather specific to individual (preferably) artificial
adapter sequences.

[0059] Thus, an “adapter sequence” is a nucleic acid that is
generally not native to the target sequence, i.e. is exogenous,
but is added or attached to the target sequence. It should be
noted that in this context, the “target sequence” can include
the primary sample target sequence, or can be a derivative
target such as a reactant or product of the reactions outlined
herein; thus for example, the target sequence can be a PCR
product, a first ligation probe or a ligated probe in an OLA
reaction, etc. The terms “barcodes”, “adapters”, “addresses”,
tags” and “zipcodes” have all been used to describe artificial
sequences that are added to amplicons to allow separation of
nucleic acid fragment pools. One preferred form of adapters
are hybridization adapters. In this embodiment adapters are
chosen so as to allow hybridization to the complementary
capture probes on a surface of an array. Adapters serve as
unique identifiers of the probe and thus of the target sequence.
In general, sets of adapters and the corresponding capture
probes on arrays are developed to minimize cross-hybridiza-
tion with both each other and other components of the reac-
tion mixtures, including the target sequences and sequences
on the larger nucleic acid sequences outside of the target
sequences (e.g. to sequences within genomic DNA). Other
forms of adapters are mass tags that can be separated using
mass spectroscopy, electrophoretic tags that can be separated
based on -electrophoretic mobility, etc. Some adapter
sequences are outlined in U.S. Ser. No. 09/940,185, filed Aug.
27, 2001, hereby incorporated by reference in its entirety.
Preferred adapters are those that meet the following criteria.
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They are not found in a genome, preferably a human genome,
and they do not have undesirable structures, such as hairpin
loops.

[0060] As will be appreciated by those in the art, the attach-
ment, or joining, of the adapter sequence to the target
sequence can be done in a variety of ways. In a preferred
embodiment, the adapter sequences are added to the primers
of the reaction (extension primers, amplification primers,
readout probes, genotyping primers, Rolling Circle primers,
etc.) during the chemical synthesis of the primers. The
adapter then gets added to the reaction product during the
reaction; for example, the primer gets extended using a poly-
merase to form the new target sequence that now contains an
adapter sequence. Alternatively, the adapter sequences can be
added enzymatically. Furthermore, the adapter can be
attached to the target after synthesis; this post-synthesis
attachment can be either covalent or non-covalent. In a pre-
ferred embodiment the adapter is added to the target sequence
or associated with a particular allele during an enzymatic
step. That is, to achieve the level of specificity necessary for
highly multiplexed reactions, the product of the specificity or
allele specific reaction preferably also includes at least one
adapter sequence.

[0061] In this embodiment, one or more of the specificity
primers comprises a first portion comprising the adapter
sequence and a second portion comprising the priming
sequence. Extending the amplification primer as is well
known in the art results in target sequences that comprise the
adapter sequences. The adapter sequences are designed to be
substantially complementary to capture probes.

[0062] Inaddition, as will be appreciated by those in the art,
the adapter can be attached either on the 3' or 5' ends, or in an
internal position, depending on the configuration of the sys-
tem, as generally outlined in the figures.

[0063] In one embodiment the use of adapter sequences
allow the creation of more “universal” surfaces; that is, one
standard array, comprising a finite set of capture probes can
be made and used in any application. The end-user can cus-
tomize the array by designing different soluble target probes,
which, as will be appreciated by those in the art, is generally
simpler and less costly. In a preferred embodiment, an array
of different and usually artificial capture probes are made;
that is, the capture probes do not have complementarity to
known target sequences. The adapter sequences can then be
incorporated in the target probes.

[0064] As will be appreciated by those in the art, the length
of the adapter sequences will vary, depending on the desired
“strength” of binding and the number of different adapters
desired. In a preferred embodiment, adapter sequences range
from about 6 to about 500 basepairs in length, with from
about 8 to about 100 being preferred, and from about 10 to
about 25 being particularly preferred.

[0065] In a preferred embodiment, the adapter sequence
uniquely identifies the target analyte to which the target probe
binds. That is, while the adapter sequence need not bind itself
to the target analyte, the system allows for identification of the
target analyte by detecting the presence of the adapter.
Accordingly, following a binding or hybridization assay and
washing, the probes including the adapters are amplified.
Detection of the adapter then serves as an indication of the
presence of the target analyte.

[0066] In one embodiment the adapter includes both an
identifier region and a region that is complementary to cap-
ture probes on a universal array as described above. In this
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embodiment, the amplicon hybridizes to capture probes on a
universal array. Detection of the adapter is accomplished
following hybridization with a probe that is complementary
to the adapter sequence. Preferably the probe is labeled as
described herein.

[0067] In general, unique adapter sequences are used for
each unique target analyte. That is, the elucidation or detec-
tion of a particular adapter sequence allows the identification
of'the target analyte to which the target probe containing that
adapter sequence bound. However, in some cases, it is pos-
sible to “reuse” adapter sequences and have more than one
target analyte share an adapter sequence.

[0068] In a preferred embodiment the adapters contain dif-
ferent sequences or properties that are indicative of a particu-
lar target molecule. That is, each adapter uniquely identifies a
target sequence. As described above, the adapters are ampli-
fied to form amplicons. The adapter is detected as an indica-
tion of the presence of the target analyte, i.e. the particular
target nucleic acid.

[0069] The use of adapters in combination with amplifica-
tion following a specific binding event allows for highly
multiplexed reactions to be performed.

[0070] Also, the probes are constructed so as to contain the
necessary priming site or sites for the subsequent amplifica-
tion scheme. In a preferred embodiment the priming sites are
universal priming sites. By “universal priming site” or “uni-
versal priming sequences” herein is meant a sequence of the
probe that will bind a primer for amplification.

[0071] In a preferred embodiment, one universal priming
sequence or site is used. In this embodiment, a preferred
universal priming sequence is the RNA polymerase T7
sequence, that allows the T7 RNA polymerase make RNA
copies of the adapter sequence as outlined below. Additional
disclosure regarding the use of T7 RNA polymerase is found
inU.S. Pat. Nos. 6,291,170, 5,891,636, 5,716,785, 5,545,522,
5,922,553, 6,225,060 and 5,514,545, all of which are
expressly incorporated herein by reference.

[0072] In a preferred embodiment, for example when
amplification methods requiring two primers such as PCR are
used, each probe preferably comprises an upstream universal
priming site (UUP) and a downstream universal priming site
(DUP). Again, “upstream” and “downstream” are not meant
to convey a particular 5'-3' orientation, and will depend on the
orientation of the system. Preferably, only a single UUP
sequence and a single DUP sequence is used in a probe set,
although as will be appreciated by those in the art, different
assays or different multiplexing analysis may utilize a plural-
ity of universal priming sequences. In some embodiments
probe sets may comprise different universal priming
sequences. In addition, the universal priming sites are pref-
erably located atthe 5' and 3' termini of the target probe (or the
ligated probe), as only sequences flanked by priming
sequences will be amplified.

[0073] Inaddition, universal priming sequences are gener-
ally chosen to be as unique as possible given the particular
assays and host genomes to ensure specificity of the assay.
However, as will be appreciated by those in the art, sets of
priming sequences/primers may be used; that is, one reaction
may utilize 500 target probes with a first priming sequence or
set of sequences, and an additional 500 probes with a second
sequence or set of sequences.

[0074] As will be appreciated by those in the art, when two
priming sequences are used, the orientation of the two prim-
ing sites is generally different. That is, one PCR primer will
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directly hybridize to the first priming site, while the other
PCR primer will hybridize to the complement of the second
priming site. Stated differently, the first priming site is in
sense orientation, and the second priming site is in antisense
orientation.

[0075] Aswill be appreciated by those in the art, in general,
highly multiplexed reactions can be performed, with all of the
universal priming sites being the same for all reactions. Alter-
natively, “sets” of universal priming sites and corresponding
probes can be used, either simultaneously or sequentially. The
universal priming sites are used to amplify the modified
probes to form a plurality of amplicons that are then detected
in a variety of ways, as outlined herein. In preferred embodi-
ments, one of the universal priming sites is a T7 site. In some
embodiments this priming site serves as a template for the
synthesis of RNA.

[0076] Accordingly, the present invention provides first tar-
get probe sets. By “probe set” herein is meant a plurality of
target probes that are used in a particular multiplexed assay. In
this context, plurality means at least two, with more than 10
being preferred, depending on the assay, sample and purpose
of the test. In one embodiment the probe set includes more
than 100, with more than 500 probes being preferred and
more than 1000 being particularly preferred. In a particularly
preferred embodiment each probe contains at least 5000, with
more than 10,000 probes being most preferred.

[0077] Accordingly, the present invention provides first tar-
get probe sets that each comprise at least a first universal
priming site.

[0078] In a preferred embodiment, the target probe may
also comprise a label sequence, i.e. a sequence that can be
used to bind label probes and is substantially complementary
to alabel probe. This system is sometimes referred to in the art
as “sandwich-type” assays. That is, by incorporating a label
sequence into the target probe, which is then amplified and
present in the amplicons, a label probe comprising primary
(or secondary) detection labels can be added to the mixture,
either before addition to the array or after. This allows the use
ot'high concentrations of label probes for efficient hybridiza-
tion. In one embodiment, it is possible to use the same label
sequence and label probe for all target probes on an array;
alternatively, different target probes can have a different label
sequence. Similarly, the use of different label sequences can
facilitate quality control; for example, one label sequence
(and one color) can be used for one strand of the target, and a
different label sequence (with a different color) for the other;
only if both colors are present at the same basic level is a
positive called.

[0079] Thus, the present invention provides target probes
that comprise any, all or any combination of universal prim-
ing sequences, bioactive agents (e.g. target specific portion
(s)), adapter sequence(s), optionally an additional amplifica-
tion priming sequence such as T7 RNA priming sequence and
optionally label sequences. These target probes are then
added to the target sequences to form hybridization com-
plexes. As will be appreciated by those in the art, when
nucleic acids are the target, the hybridization complexes con-
tain portions that are double stranded (the target-specific
sequences of the target probes hybridized to a portion of the
target sequence) and portions that are single stranded (the
ends of the target probes comprising the universal priming
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sequences and the adapter sequences, and any unhybridized
portion of the target sequence, such as poly(A) tails, as out-
lined herein).

Complexity Reduction

[0080] Complexity reduction is a principal component of
the multiplex scheme set forth herein. Generally, complexity
reduction is a method for enriching for a particular target or
locus. That is, complexity reduction is considered a method
that results in removal of non-target nucleic acids from the
sample or removal of probes/primers that have not hybridized
correctly or at all to a target nucleic acid. In addition, com-
plexity reduction includes removal of probes that have not
been modified during a enzymatic step. That is, complexity
reduction includes removing non-target nucleic acids, i.e.
enriching for target nucleic acids or removing non-hybridized
probes or primers prior to an enzymatic step, i.e. either an
amplification or specificity step, or both.

[0081] There are a variety of ways one can include a com-
plexity reduction step. These include, but are not limited to,
selective immobilization of target nucleic acids or probes/
primers that are modified in a target specific manner, selective
removal of non-target nucleic acids, and selective destruction
of non-target nucleic acids. Such destruction includes but is
not limited to denaturation, degradation or cleavage of non-
target nucleic acids. In addition, complexity reduction can
include components such as target selective amplification,
although this also includes amplification and components.
[0082] In a preferred embodiment complexity reduction is
accomplished by selectively immobilizing a primer that has
been modified in a target specific manner. That is, either locus
specific or allele specific primers are hybridized with a target.
The target can be immobilized or in solution. Following
hybridization, the primer is extended in a primer extension
reaction. Preferably either the primer or NTPs include a puri-
fication tag as described herein that allows for removal or
purification of the extended product from the reaction mix-
ture. Once extended, generally the modified primer is immo-
bilized on a solid support as described herein. Following
immobilization of the modified primer, the support is washed
to remove both non-target nucleic acids and primers that were
not modified, i.e. extended. The immobilized primers, thus,
include information about the target locus including particu-
lar allelic information. This results in enrichment of target
nucleic acids or removal of non-target nucleic acids.

[0083] Inapreferred embodiment the complexity reduction
component includes selective immobilization of target
nucleic acids. That is, target nucleic acids are preferentially
immobilized on a solid support rather than non-target nucleic
acids.

[0084] In this embodiment target DNA is preferably
reduced in size initially. This is easily accomplished by meth-
ods as known in the art such as, but not limited to, shearing or
cleaving with restriction enzymes. The target nucleic acid is
contacted with probes that hybridize to the targets. Preferably
the hybridization is performed under low stringency condi-
tions such that the probes do not discriminate between alleles
of'a particular locus. The resulting complexes are then immo-
bilized on a support. In a preferred embodiment the probes are
labeled with a purification tag as described herein to allow for
immobilization. Following immobilization, the support is
washed to remove non-hybridized targets, while leaving tar-
gets that are substantially complementary to the probes
immobilized on the solid support. After removal of non-
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hybridized probes, the target nucleic acids can be removed
with a stringent wash. This allows for enrichment of target
sequences that are then available for further analysis.

[0085] In one embodiment, the target sequence, probe or
primer, including modified primer, is attached to a first solid
support. By “substrate” or “solid support” or other grammati-
cal equivalents herein is meant any material that is appropri-
ate for or can be modified to be appropriate for the attachment
of'the target sequences. As will be appreciated by those in the
art, the number of possible substrates is very large. Possible
substrates include, but are not limited to, glass and modified
or functionalized glass, plastics (including acrylics, polysty-
rene and copolymers of styrene and other materials, polypro-
pylene, polyethylene, polybutylene, polyurethanes, Teflon™,
etc.), polysaccharides, nylon or nitrocellulose, ceramics, res-
ins, silica or silica-based materials including silicon and
modified silicon, carbon, metals, inorganic glasses, plastics,
optical fiber bundles, and a variety of other polymers. Mag-
netic beads and high throughput microtier plates are particu-
larly preferred.

[0086] The composition and geometry of the solid support
vary with its use. In this particular embodiment, supports
comprising microspheres or beads are preferred for the first
solid support. By “microspheres” or “beads” or “particles” or
grammatical equivalents herein is meant small discrete par-
ticles. The composition of the beads will vary, depending on
the class of bioactive agent and the method of synthesis.
Suitable bead compositions include those used in peptide,
nucleic acid and organic moiety synthesis, including, but not
limited to, plastics, ceramics, glass, polystyrene, methylsty-
rene, acrylic polymers, paramagnetic materials, thoria sol,
carbon graphited, titanium dioxide, latex or cross-linked dex-
trans such as Sepharose, cellulose, nylon, cross-linked
micelles and teflon, as well as any other materials outlined
herein for solid supports may all be used. “Microsphere
Detection Guide” from Bangs Laboratories, Fishers Ind. is a
helpful guide. Preferably, in this embodiment, when com-
plexity reduction is performed, the microspheres are mag-
netic microspheres or beads.

[0087] The beads need not be spherical; irregular particles
may be used. In addition, the beads may be porous, thus
increasing the surface area of the bead available for assay. The
bead sizes range from nanometers, i.e. 100 nm, to millime-
ters, i.e. 1 mm, with beads from about 0.2 micron to about 200
microns being preferred, and from about 0.5 to about 5
micron being particularly preferred, although in some
embodiments smaller beads may be used.

[0088] The target sequence, probe or primer is attached to
the first solid support in a number of ways. In a preferred
embodiment, purification tags are used. By “purification tag”
herein is meant a moiety which can be used to purify a strand
of nucleic acid, usually via attachment to a solid support as
outlined herein. Suitable purification tags include members
of’binding partner pairs. For example, the tag may be a hapten
or antigen, which will bind its binding partner. In a preferred
embodiment, the binding partner can be attached to a solid
support as depicted herein and in the figures. For example,
suitable binding partner pairs include, but are not limited to:
antigens (such as proteins (including peptides)) and antibod-
ies (including fragments thereof (FAbs, etc.)); proteins and
small molecules, including biotin/streptavidin; enzymes and
substrates or inhibitors; other protein-protein interacting
pairs; receptor-ligands; and carbohydrates and their binding
partners. Nucleic acid—nucleic acid binding proteins pairs
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are also useful. In general, the smaller of the pair is attached
to the NTP for incorporation into the primer. Preferred bind-
ing partner pairs include, but are not limited to, biotin (or
imino-biotin) and streptavidin, digeoxinin and Abs, and Pro-
linx™ reagents (see www.prolinxinc.com/ie4/home.hmtl).
[0089] In a preferred embodiment, the binding partner pair
comprises biotin or imino-biotin and streptavidin. Imino-
biotin is particularly preferred as imino-biotin disassociates
from streptavidin in pH 4.0 buffer while biotin requires harsh
denaturants (e.g. 6 M guanidinium HCI, pH 1.5 or 90% for-
mamide at 95° C.).

[0090] Additional techniques include, but are not limited
to, enzymatic attachment, chemical attachment, photochem-
istry or thermal attachment and absorption.

[0091] Inapreferred embodiment, as outlined herein, enzy-
matic techniques are used to attach the target nucleic acid,
probe or primer to the support. For example, terminal trans-
ferase end-labeling techniques can be used as outlined above;
see Hermanson, Bioconjugate Techniques, San Diego, Aca-
demic Press, pp 640-643. In this embodiment, a nucleotide
labeled with a secondary label (e.g. a binding ligand, such as
biotin) is added to a terminus of the target nucleic acid;
supports coated or containing the binding partner (e.g.
streptavidin) can thus be used to immobilize the target nucleic
acid. Alternatively, the terminal transferase can be used to add
nucleotides with special chemical functionalities that can be
specifically coupled to a support. Preferred embodiments uti-
lize the addition of biotinylated nucleotides followed by cap-
ture on streptavidin coated magnetic beads. Similarly, ran-
dom-primed labeling or nick-translation labeling (supra, pp.
640-643) can also be used. In some embodiments the probe or
primer are synthesized with biotinylated nucleotides or bioti-
nylated after synthesis by methods as described herein.

[0092] In a preferred embodiment, chemical labeling (su-
pra, pp. 6444-671) can be used. In this embodiment, bisulfite-
catalyzed transamination, sulfonation of cytosine residues,
bromine activation of T, C and G bases, periodate oxidation of
RNA or carbodiimide activation of 5' phosphates can be done.

[0093] Ina preferred embodiment, photochemistry or heat-
activated labeling is done (supra, p 162-166). Thus for
example, aryl azides and nitrenes preferably label adenos-
ines, and to a less extent C and T (Aslam et al., Bioconjuga-
tion: Protein Coupling Techniques for Biomedical Sciences;
New York, Grove’s Dictionaries, 833 pp.). Psoralen or angeli-
cin compounds can also be used (Aslam, p 492, supra). The
preferential modification of guanine can be accomplished via
intercalation of platinum complexes (Aslam, supra).

[0094] In a preferred embodiment, the target nucleic acid
can be absorbed on positively charged surfaces, such as an
amine coated solid phase. The target nucleic acid can be
cross-linked to the surface after physical absorption for
increased retention (e.g. PEI coating and glutaraldehyde
cross-linking; Aslam, supra, p. 485).

[0095] Ina preferred embodiment, direct chemical attached
or photocrosslinking can be done to attach the target nucleic
acid to the solid phase, by using direct chemical groups on the
solid phase substrate. For example, carbodiimide activation
of 5' phosphates, attachment to exocyclic amines on DNA
bases, and psoralen can be attached to the solid phase for
crosslinking to the DNA. Other methods of tagging and
immobilizing nucleic acids are described in U.S. Ser. No.
09/931,285, filed Aug. 16, 2001, which is expressly incorpo-
rated herein by reference.
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[0096] Once attached to the first solid support, the target
sequence, probe or primers are amenable to analysis as
described herein.

[0097] Insome embodiments when degradation is the pre-
ferred method of performing complexity reduction, the ddT-
NPs or dNTPs that are added during the reaction confer
protection from degradation (whether chemical or enzy-
matic). Thus, after the assay, the degradation components are
added, and unreacted primers are degraded, leaving only the
reacted primers. Labeled protecting groups are particularly
preferred; for example, 3'-substituted-2'-dNTPs can contain
anthranylic derivatives that are fluorescent (with alkali or
enzymatic treatment for removal of the protecting group).
[0098] In apreferred embodiment, the secondary label is a
nuclease inhibitor, such as thiol NTPs. In this embodiment,
the chain-terminating NTPs are chosen to render extended
primers resistant to nucleases, such as 3'-exonucleases. Addi-
tion of an exonuclease will digest the non-extended primers
leaving only the extended primers to bind to the capture
probes on the array. This may also be done with OLA,
wherein the ligated probe will be protected but the unpro-
tected ligation probe will be digested.

[0099] In this embodiment, suitable 3'-exonucleases
include, but are not limited to, exo I, exo 111, exo VII, and 3'-5'
exophosphodiesterases. That is, treatment with single
stranded nucleases (either endonucleases or exonucleases)
will effectively remove excess nucleic acid sequences that are
non-complementary to the locus specific primer or extension
product (see FIG. 11). Nuclease treatment can be performed
either prior to or after separation, i.e. immobilization and
washing, of purified nucleic acid targets.

[0100] Alternatively, an 3' exonuclease may be added to a
mixture of 3' labeled biotin/streptavidin; only the unreacted
oligonucleotides will be degraded. Following exonuclease
treatment, the exonuclease and the streptavidin can be
degraded using a protease such as proteinase K. The surviving
nucleic acids (i.e. those that were biotinylated) are then
hybridized to the array.

[0101] In a preferred embodiment the non-hybridized
nucleic acids are removed by washing. In this embodiment
the hybridization complexes are immobilized on a solid sup-
port and washed under conditions sufficient to remove non-
hybridized nucleic acids, i.e. non-hybridized probes and
sample nucleic acids. In a particularly preferred embodiment
immobilized complexes are washed under conditions suffi-
cient to remove imperfectly hybridized complexes. That is,
hybridization complexes that contain mismatches are also
removed in the wash steps.

[0102] A variety of hybridization or washing conditions
may be used in the present invention, including high, moder-
ate and low stringency conditions; see for example Maniatis
et al., Molecular Cloning: A Laboratory Manual, 2d Edition,
1989, and Short Protocols in Molecular Biology, ed. Ausubel,
et al, hereby incorporated by reference. Stringent conditions
are sequence-dependent and will be different in different
circumstances. Longer sequences hybridize specifically at
higher temperatures. An extensive guide to the hybridization
of nucleic acids is found in Tijssen, Techniques in Biochem-
istry and Molecular Biology—Hybridization with Nucleic
Acid Probes, “Overview of principles of hybridization and
the strategy of nucleic acid assays” (1993). Generally, strin-
gent conditions are selected to be about 5-10° C. lower than
the thermal melting point (Tm) for the specific sequence at a
defined ionic strength and pH. The Tm is the temperature
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(under defined ionic strength, pH and nucleic acid concentra-
tion) at which 50% of the probes complementary to the target
hybridize to the target sequence at equilibrium (as the target
sequences are present in excess, at Tm, 50% of the probes are
occupied at equilibrium). Stringent conditions will be those in
which the salt concentration is less than about 1.0 M sodium
ion, typically about 0.01 to 1.0 M sodium ion concentration
(or other salts) at pH 7.0 to 8.3 and the temperature is at least
about 3° C. for short probes (e.g. 10 to 50 nucleotides) and at
least about 6° C. for long probes (e.g. greater than 50 nucle-
otides). Stringent conditions may also be achieved with the
addition of helix destabilizing agents such as formamide. The
hybridization or washing conditions may also vary when a
non-ionic backbone, i.e. PNA is used, as is known in the art.
In addition, cross-linking agents may be added after target
binding to cross-link, i.e. covalently attach, the two strands of
the hybridization complex.

[0103] Inoneembodiment the hybridization complexes are
immobilized by binding of a purification tag to the solid
support. That is, a purification tag is incorporated into the
hybridization complexes. Purification tags are described
herein and can be incorporated into hybridization complexes
in a variety of ways. In one embodiment the locus specific
probes contain purification tags as described herein. That is,
the probe is synthesized with a purification tag, i.e. biotiny-
lated nucleotides, or a purification tag is added to the probe.
Thus, upon hybridization with target nucleic acids, immobi-
lization of the hybridization complexes is accomplished by a
purification tag. The purification tag associates with the solid
support.

[0104] Purification tags are described herein. In a preferred
embodiment the purification tag is biotin. That is, preferably
the first probe is labeled with biotin. The labeled hybridiza-
tion complex, therefore, binds to streptavidin coated solid
support. Solid supports also are described herein. In a pre-
ferred embodiment the solid support is streptavidin coated
magnetic beads.

[0105] The purification tag also can be incorporated into
the locus specific primer following a primer extension reac-
tion as described more fully below. Briefly, following hybrid-
ization of locus specific primers with target nucleic acids, a
polymerase extension reaction is performed. In this embodi-
ment tagged nucleotides, i.e. biotinylated nucleotides, are
incorporated into the primer as a result of the extension reac-
tion. That is, once the target sequence and the first probe
sequence have hybridized, the method of this embodiment
further comprises the addition of a polymerase and at least
one nucleotide (ANTP) labeled with a purification tag. Suit-
able DNA polymerases include, but are not limited to, the
Klenow fragment of DNA polymerase I, SEQUENASE 1.0
and SEQUENASE 2.0 (U.S. Biochemical), TS DNA poly-
merase and Phi29 DNA polymerase. In this embodiment, it
also is important to anneal under high stringency conditions
so that only correctly hybridized probes and target nucleic
acids are extended.

[0106] In addition, the purification tag can be incorporated
into the target nucleic acid. In this embodiment, the target
nucleic acid is labeled with a purification tag and immobi-
lized to the solid support as described above. Preferably the
tag is biotin.

[0107] Once formed, the tagged extension product is
immobilized on the solid support as described above. Once
immobilized, the complexes are washed so as to remove
unhybridized nucleic acids.
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[0108] Thus, a complexity reduction includes a locus spe-
cific selection of target nucleic acids. Non-specific or non-
target nucleic acids are removed.

[0109] Once unhybridized probes and non-target nucleic
acids have been removed, the probes, primers or hybridiza-
tion complexes are generally subjected to an extension reac-
tion. As outlined herein, the probes, primers or hybridization
complexes can be immobilized or in solution after the
optional complexity reduction step. Using the hybridized
locus specific or allele specific probe as a primer, extension
enzyme such as a polymerase and dNTPs are added to the
assay mixture for extension of the primer. The resulting
extended primer thus includes sequence information of the
target nucleic acid, including the sequence of the specific
allele to be detected. Thus, the extended primer serves as the
template in subsequent specificity steps to identify the nucle-
otide at the detection position, i.e. the particular allele to be
detected.

[0110] By “extension enzyme” herein is meant an enzyme
that will extend a sequence by the addition of NTPs. As is well
known in the art, there are a wide variety of suitable extension
enzymes, of which polymerases (both RNA and DNA,
depending on the composition of the target sequence and
precircle probe) are preferred. Preferred polymerases are
those that lack strand displacement activity, such that they
will be capable of adding only the necessary bases at the end
of the probe, without further extending the probe to include
nucleotides that are complementary to a targeting domain and
thus preventing circularization. Suitable polymerases
include, but are not limited to, both DNA and RNA poly-
merases, including the Klenow fragment of DNA polymerase
I, SEQUENASE 1.0 and SEQUENASE 2.0 (U.S. Biochemi-
cal), TS5 DNA polymerase, Phi29 DNA polymerase and vari-
ous RNA polymerases such as from Thermus sp., or Q beta
replicase from bacteriophage, also SP6, T3, T4 and T7 RNA
polymerases can be used, among others.

[0111] Even more preferred polymerases are those that are
essentially devoid of a 5' to 3' exonuclease activity, so as to
assure that the probe will not be extended past the 5' end of the
probe. Exemplary enzymes lacking 5'to 3' exonuclease activ-
ity include the Klenow fragment of the DNA Polymerase and
the Stoffel fragment of DNAPTaq Polymerase. For example,
the Stoffel fragment of Taq DNA polymerase lacks 5' to 3'
exonuclease activity due to genetic manipulations, which
result in the production of a truncated protein lacking the
N-terminal 289 amino acids. (See e.g., Lawyer et al., J. Biol.
Chem., 264:6427-6437 [1989]; and Lawyer et al., PCR Meth.
Appl., 2:275-287 [1993]). Analogous mutant polymerases
have been generated for polymerases derived from 7. mar-
itima, Tsps17, TZ05, Tth and Taf.

[0112] Evenmore preferred polymerases are those that lack
a3'to 5' exonuclease activity, which is commonly referred to
as a proof-reading activity, and which removes bases which
are mismatched at the 3' end of a primer-template duplex.
Although the presence of 3' to 5' exonuclease activity pro-
vides increased fidelity in the strand synthesized, the 3' to §'
exonuclease activity found in thermostable DNA poly-
merases such as Tma (including mutant forms of Tma that
lack 5' to 3' exonuclease activity) also degrades single-
stranded DNA such as the primers used in the PCR, single-
stranded templates and single-stranded PCR products. The
integrity of the 3' end of an oligonucleotide primer used in a
primer extension process is critical as it is from this terminus
that extension of the nascent strand begins. Degradation of the
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3" end leads to a shortened oligonucleotide which in turn
results in a loss of specificity in the priming reaction (i.e., the
shorter the primer the more likely it becomes that spurious or
non-specific priming will occur).

[0113] Yet even more preferred polymerases are thermo-
stable polymerases. For the purposes of this invention, a heat
resistant enzyme is defined as any enzyme that retains most of
its activity after one hour at 40° C. under optimal conditions.
Examples of thermostable polymerase which lack both 5'to 3'
exonuclease and 3' to 5' exonuclease include Stoffel fragment
of Taq DNA polymerase. This polymerase lacks the 5' to 3'
exonuclease activity due to genetic manipulation and no 3'to
5'activity is present as Taq polymerase is naturally lacking in
3'to 5' exonuclease activity. Tth DNA polymerase is derived
form Thermus thermophilus, and is available form Epicentre
Technologies, Molecular Biology Resource Inc., or Perkin-
Elmer Corp. Other useful DNA polymerases which lack 3'
exonuclease activity include a Vent[R](exo-), available from
New England Biolabs, Inc., (purified from strains of £. coli
that carry a DNA polymerase gene from the archaebacterium
Thermococcus litoralis), and Hot Tub DNA polymerase
derived from Thermus flavus and available from Amersham
Corporation.

[0114] Other preferred enzymes which are thermostable
and deprived of 5' to 3' exonuclease activity and of 3' to 5'
exonuclease activity include AmpliTaq Gold. Other DNA
polymerases, which are at least substantially equivalent may
be used like other N-terminally truncated Thermus aquaticus
(Taq) DNA polymerase 1. the polymerase named KlenTaq I
and KlenTaq LA are quite suitable for that purpose. Of
course, any other polymerase having these characteristics can
also be used according to the invention.

[0115] The conditions for performing the addition of one or
more nucleotides at the 3' end of the probe will depend on the
particular enzyme used, and will generally follow the condi-
tions recommended by the manufacturer of the enzymes used.
[0116] Inaddition, it will be appreciated that more than one
complexity reduction step can be performed. That is, follow-
ing a first complexity reduction step, either the remaining
target nucleic acid or the extended locus or allele specific
primer, when applicable, are subjected to a subsequent com-
plexity reduction step as described above. That is, an addi-
tional locus specific or allele specific primer is hybridized to
the target nucleic acid, which can be either the original target
nucleic acid or the extended primer, and unhybridized target
nucleic acids are removed. This can be repeated as many
times as necessary to achieve the required level of enrichment
of target nucleic acid.

[0117] While the above has been described in the context of
complexity reduction, it is appreciated that some level of
specificity also is included in these steps. That is, as a result of
hybridizing target nucleic acids with locus specific probes,
specificity also in accomplished. This is particularly apparent
when allele specific probes are used initially.

Specificity Component

[0118] Generally following at least one complexity reduc-
tion step a specificity step is included in the method of the
invention. By “specificity component™ is meant a step that
discriminates between target nucleic acids, preferably at the
level of the allele. That is, the specificity component is an
allele specific step (e.g. genotyping or SNP analysis). While
some level of specificity can be accomplished by simply
hybridizing allele specific probes to the template (i.e. the
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product of the complexity reduction step above), in a pre-
ferred embodiment the specificity step includes an enzymatic
step. That is, the fidelity of an enzymatic step improves speci-
ficity for allele discrimination. Preferred enzymes include
DNA polymerases, RNA polymerases and ligases as
described in more detail herein.

[0119] Polymerases are described above. Many ligases are
known and are suitable for use in the invention, e.g. Lehman,
Science, 186: 790-797 (1974); Engler et al, DNA Ligases,
pages 3-30 in Boyer, editor, The Enzymes, Vol. 15B (Aca-
demic Press, New York, 1982); and the like. Preferred ligases
include T4 DNA ligase, T7 DNA ligase, E. coli DNA ligase,
Taq ligase, Pfu ligase, and Tth ligase. Protocols for their use
are well known, e.g. Sambrook et al (cited above); Barany,
PCR Methods an Applications, 1: 5-16 (1991); Marsh et al,
Strategies, 5: 73-76 (1992); and the like. Generally, ligases
require that a 5' phosphate group be present for ligation to the
3" hydroxyl of an abutting strand. Preferred ligases include
thermostable or (thermophilic) ligases, such as pfu ligase, Tth
ligase, Taq ligase and Ampligase™ DNA ligase (Epicentre
Technologies, Madison, Wis.). Ampligase has a low bluntend
ligation activity.

[0120] The preferred ligase is one which has the least mis-
match ligation. The specificity of ligase can be increased by
substituting the more specific NAD+-dependant ligases such
as E. coli ligase and (thermostable) Taq ligase for the less
specific T4 DNA ligase. The use of NAD analogues in the
ligation reaction further increases specificity of the ligation
reaction. See, U.S. Pat. No. 5,508,179 to Wallace et al.
[0121] In one embodiment the specificity component is
performed with immobilized targets. That is, the products of
the complexity reduction step are immobilized on a solid
support as outlined herein and described in U.S. Ser. No.
09/931,285, filed Aug. 16, 2001, which is expressly incorpo-
rated herein by reference. As discussed herein the target of
specificity reaction is referred to as a “specificity target”. That
is, the product of the complexity reduction step is the speci-
ficity target.

[0122] In one embodiment the support is the same support
asin the initial complexity reduction step. In this embodiment
the target nucleic acid is removed from the solid support prior
to the specificity assay. The target nucleic acid can be
removed by any method that denatures the hybridization
complex resulting in release of the target nucleic acid. As one
of skill in the art appreciates, in this embodiment the target
nucleic acid is not covalently bound to the solid support. That
is, it is the target probe that is stably attached to the support.
That is, while the attachment of the probe is not necessarily
covalent, it is stable enough to withstand denaturation of the
hybridization complex and removal of the non-attached target
nucleic acid.

[0123] Inanalternative embodiment the specificity target is
in solution. That is, following a complexity reduction step, the
hybridization complex between the immobilized target
nucleic acid and target probe, which has generally been modi-
fied (see above), is denatured and the modified target probe is
eluted from the hybridization complex. In a preferred
embodiment the specificity target is analyzed in solution. In
an alternative embodiment the solution phase specificity tar-
get is immobilized on a subsequent solid support.

[0124] Thesespecificity assays, i.e. genotyping techniques,
fall into five general categories: (1) techniques that rely on
traditional hybridization methods that utilize the variation of
stringency conditions (temperature, buffer conditions, etc.) to
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distinguish nucleotides at the detection position; (2) exten-
sion techniques that add a base (“the base”) to basepair with
the nucleotide at the detection position; (3) ligation tech-
niques, that rely on the specificity of ligase enzymes (or, in
some cases, on the specificity of chemical techniques), such
that ligation reactions occur preferentially if perfect comple-
mentarity exists at the detection position; (4) cleavage tech-
niques, that also rely on enzymatic or chemical specificity
such that cleavage occurs preferentially if perfect comple-
mentarity exists; and (5) techniques that combine these meth-
ods. See generally WO 00/63437, incorporated by reference
in its entirety.

Competitive Hybridization

[0125] In a preferred embodiment, the use of competitive
hybridization is performed to elucidate either the identity of
the nucleotide(s) at the detection position or the presence of a
mismatch. For example, sequencing by hybridization has
been described (Drmanac et al., Genomics 4:114 (1989);
Koster et al., Nature Biotechnology 14:1123 (1996); U.S. Pat.
Nos. 5,525,464; 5,202,231 and 5,695,940, among others, all
of which are hereby expressly incorporated by reference in
their entirety).

[0126] It should be noted in this context that “mismatch” is
a relative term and meant to indicate a difference in the
identity of a base at a particular position, termed the “detec-
tion position” herein, between two sequences. In general,
sequences that differ from wild type sequences are referred to
as mismatches. However, particularly in the case of SNPs,
what constitutes “wild type” may be difficult to determine as
multiple alleles can be relatively frequently observed in the
population, and thus “mismatch” in this context requires the
artificial adoption of one sequence as a standard. Thus, for the
purposes of this invention, sequences are referred to herein as
“match” and “mismatch”. Thus, the present invention may be
used to detect substitutions, insertions or deletions as com-
pared to a wild-type sequence.

[0127] In a preferred embodiment, a plurality of probes
(sometimes referred to herein as “readout probes™) are used to
identify the base at the detection position. In this embodi-
ment, each different readout probe comprises a different
detection label (which, as outlined below, can be either a
primary label or a secondary label) and a different base at the
position that will hybridize to the detection position of the
target sequence (herein referred to as the readout position)
such that differential hybridization will occur. That is, all
other parameters being equal, a perfectly complementary
readout probe (a “match probe”) will in general be more
stable and have a slower off rate than a probe comprising a
mismatch (a “mismatch probe™) at any particular tempera-
ture. Accordingly, by using different readout probes, each
with a different base at the readout position and each with a
different label, the identification of the base at the detection
position is elucidated.

[0128] Accordingly, in some embodiments a detectable
label is incorporated into the readout probe. In a preferred
embodiment, a set of readout probes are used, each compris-
ing a different base at the readout position. In some embodi-
ments, each readout probe comprises a different label, that is
distinguishable from the others. For example, a first label may
be used for probes comprising adenosine at the readout posi-
tion, a second label may be used for probes comprising gua-
nine at the readout position, etc. In a preferred embodiment,
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the length and sequence of each readout probe is identical
except for the readout position, although this need not be true
in all embodiments.

[0129] The number of readout probes used will vary
depending on the end use of the assay. For example, many
SNPs are biallelic, and thus two readout probes, each com-
prising an interrogation base that will basepair with one of the
detection position bases. For sequencing, for example, for the
discovery of SNPs, a set of four readout probes are used,
although SNPs may also be discovered with fewer readout
parameters.

[0130] As will be appreciated by those in the art and addi-
tionally outlined below, this system can take on a number of
different configurations, including a solution phase assay and
a solid phase assay.

Solution Phase Assay

[0131] Insome embodiments a solution phase assay is per-
formed followed by attaching the target sequence to a solid
support such as an array. After the competitive hybridization
has occurred, the target sequence is added to the support,
which may take on several configurations, outlined below.

Solid Phase Assay

[0132] Inapreferred embodiment, the competition reaction
is done on a solid support, such as an array. This system may
take on several configurations.

[0133] In a preferred embodiment, a sandwich assay of
sorts is used. In this embodiment, the bead, when bead arrays
are used, comprises a capture probe that will hybridize to a
first target domain of a target sequence, and the readout probe
will hybridize to a second target domain. In this embodiment,
the first target domain may be either unique to the target, or
may be an exogeneous adapter sequence added to the target
sequence as outlined below, for example through the use of
PCR reactions. Similarly, a sandwich assay is performed that
utilizes a capture extender probe, as described below, to
attach the target sequence to the array.

[0134] Alternatively, the capture probe itself can be the
readout probe; that is, a plurality of microspheres are used,
each comprising a capture probe that has a different base at
the readout position. In general, the target sequence then
hybridizes preferentially to the capture probe most closely
matched. In this embodiment, either the target sequence itself
is labeled (for example, it may be the product of an amplifi-
cation reaction) or a label probe may bind to the target
sequence at a domain remote from the detection position. In
this embodiment, since it is the location on the array that
serves to identify the base at the detection position, different
labels are not required.

Stringency Variation

[0135] Inapreferred embodiment, sensitivity to variations
in stringency parameters are used to determine either the
identity of the nucleotide(s) at the detection position or the
presence of a mismatch. As a preliminary matter, the use of
different stringency conditions such as variations in tempera-
ture and buffer composition to determine the presence or
absence of mismatches in double stranded hybrids compris-
ing a single stranded target sequence and a probe is well
known.

[0136] Withparticular regard to temperature, as is known in
the art, differences in the number of hydrogen bonds as a
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function of basepairing between perfect matches and mis-
matches can be exploited as a result of their different Tms (the
temperature at which 50% of the hybrid is denatured).
Accordingly, a hybrid comprising perfect complementarity
will melt at a higher temperature than one comprising at least
one mismatch, all other parameters being equal. (It should be
noted that for the purposes of the discussion herein, all other
parameters (i.e. length of the hybrid, nature of the backbone
(i.e. naturally occurring or nucleic acid analog), the assay
solution composition and the composition of the bases,
including G-C content are kept constant). However, as will be
appreciated by those in the art, these factors may be varied as
well, and then taken into account.)

[0137] In general, as outlined herein, high stringency con-
ditions are those that result in perfect matches remaining in
hybridization complexes, while imperfect matches melt off.
Similarly, low stringency conditions are those that allow the
formation of hybridization complexes with both perfect and
imperfect matches. High stringency conditions are known in
the art; see for example Maniatis et al., Molecular Cloning: A
Laboratory Manual, 2d Edition, 1989, and Short Protocols in
Molecular Biology, ed. Ausubel, et al., both of which are
hereby incorporated by reference. Stringent conditions are
sequence-dependent and will be different in different circum-
stances. Longer sequences hybridize specifically at higher
temperatures. An extensive guide to the hybridization of
nucleic acids is found in Tijssen, Techniques in Biochemistry
and Molecular Biology—Hybridization with Nucleic Acid
Probes, “Overview of principles of hybridization and the
strategy of nucleic acid assays” (1993). Generally, stringent
conditions are selected to be about 5-10° C. lower than the
thermal melting point (Tm) for the specific sequence at a
defined ionic strength pH. The Tm is the temperature (under
defined ionic strength, pH and nucleic acid concentration) at
which 50% of the probes complementary to the target hybrid-
ize to the target sequence at equilibrium (as the target
sequences are present in excess, at Tm, 50% of the probes are
occupied at equilibrium). Stringent conditions will be those in
which the salt concentration is less than about 1.0 M sodium
ion, typically about 0.01 to 1.0 M sodium ion concentration
(or other salts) at pH 7.0 to 8.3 and the temperature is at least
about 3° C. for short probes (e.g. 10 to 50 nucleotides) and at
least about 6° C. for long probes (e.g. greater than 50 nucle-
otides). Stringent conditions may also be achieved with the
addition of destabilizing agents such as formamide. In
another embodiment, less stringent hybridization conditions
are used; for example, moderate or low stringency conditions
may be used, as are known in the art; see Maniatis and
Ausubel, supra, and Tijssen, supra.

[0138] As will be appreciated by those in the art, mismatch
detection using temperature may proceed in a variety of ways,
and is similar to the use of readout probes as outlined above.
Again, as outlined above, a plurality of readout probes may be
used in a sandwich format; in this embodiment, all the probes
may bind at permissive, low temperatures (temperatures
below the Tm of the mismatch); however, repeating the assay
at a higher temperature (above the Tm of the mismatch) only
the perfectly matched probe may bind. Thus, this system may
be run with readout probes with different detectable labels, as
outlined above. Alternatively, a single probe may be used to
query whether a particular base is present.

[0139] Alternatively, as described above, the capture probe
may serve as the readout probe; in this embodiment, a single
label may be used on the target; at temperatures above the Tm
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of the mismatch, only signals from perfect matches will be
seen, as the mismatch target will melt off.

[0140] Similarly, variations in buffer composition may be
used to elucidate the presence or absence of a mismatch at the
detection position. Suitable conditions include, but are not
limited to, formamide concentration. Thus, for example,
“low” or “permissive” stringency conditions include forma-
mide concentrations of 0 to 10%, while “high” or “stringent”
conditions utilize formamide concentrations of Z40%. Low
stringency conditions include NaCl concentrations of 21 M,
and high stringency conditions include concentrations of
=0.3 M. Furthermore, low stringency conditions include
MgCl, concentrations of 210 mM, moderate stringency as
1-10 mM, and high stringency conditions include concentra-
tions of =1 mM.

[0141] In this embodiment, as for temperature, a plurality
of readout probes may be used, with different bases in the
readout position (and optionally different labels). Running
the assays under the permissive conditions and repeating
under stringent conditions will allow the elucidation of the
base at the detection position.

[0142] In one embodiment, the probes used as readout
probes are “Molecular Beacon” probes as are generally
described in Whitcombe et al., Nature Biotechnology 17:804
(1999), hereby incorporated by reference. As is known in the
art, Molecular Beacon probes form “hairpin” type structures,
with a fluorescent label on one end and a quencher on the
other. In the absence of the target sequence, the ends of the
hairpin hybridize, causing quenching of the label. In the pres-
ence of a target sequence, the hairpin structure is lost in favor
of target sequence binding, resulting in a loss of quenching
and thus an increase in signal.

[0143] In one embodiment, the Molecular Beacon probes
can be the capture probes as outlined herein for readout
probes. For example, different beads comprising labeled
Molecular Beacon probes (and different bases at the readout
position) are made optionally they comprise different labels.
Alternatively, since Molecular Beacon probes can have spec-
trally resolvable signals, all four probes (if a set of four
different bases with is used) differently labeled are attached to
a single bead.

Extension Assays

[0144] In this embodiment the specificity target is immo-
bilized on a solid support. In a preferred embodiment, exten-
sion genotyping is done. In this embodiment, any number of
techniques are used to add a nucleotide to the readout position
of a probe hybridized to the target sequence adjacent to the
detection position. By relying on enzymatic specificity, pref-
erentially a perfectly complementary base is added. All of
these methods rely on the enzymatic incorporation of nucle-
otides at the detection position. This may be done using chain
terminating dN'TPs, such that only a single base is incorpo-
rated (e.g. single base extension methods), or under condi-
tions that only a single type of nucleotide is added followed
by identification of the added nucleotide (extension and
pyrosequencing techniques).

Single Base Extension

[0145] In a preferred embodiment, single base extension
(SBE; sometimes referred to as “minisequencing”) is used to
determine the identity of the base at the detection position.
SBE utilizes an extension primer that may have at least one
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adapter sequence that hybridizes to the target nucleic acid
immediately adjacent to the detection position, to form a
hybridization complex. A polymerase (generally a DNA
polymerase) is used to extend the 3' end of the primer with a
nucleotide or nucleotide analog. In some embodiments the
nucleotide or nucleotide analog is labeled with a detection
label as described herein. Based on the fidelity of the enzyme,
a nucleotide is only incorporated into the readout position of
the growing nucleic acid strand if it is perfectly complemen-
tary to the base in the target strand at the detection position.
The nucleotide may be derivatized such that no further exten-
sions can occur, so only a single nucleotide is added. Once the
labeled nucleotide is added, detection of the label proceeds as
outlined herein. Again, amplification in this case is accom-
plished through cycling or repeated rounds of reaction/elu-
tion, although in some embodiments amplification is not nec-
essary. Alternatively, in some embodiments, amplification is
performed prior to the extension reaction. Alternatively,
amplification is performed following the extension reaction.
[0146] The reaction is initiated by introducing the hybrid-
ization complex comprising the specificity target on the sup-
port to a solution comprising a first nucleotide. In some
embodiments, the nucleotides comprise a detectable label,
which may be either a primary or a secondary label. In addi-
tion, the nucleotides may be nucleotide analogs, depending
on the configuration of the system. For example, if the dANTPs
are added in sequential reactions, such that only a single type
of ANTP can be added, the nucleotides need not be chain
terminating. In addition, in this embodiment, the ANTPs may
all comprise the same type of label.

[0147] Alternatively, if the reaction comprises more than
one dNTP, the dNTPs should be chain terminating, that is,
they have a blocking or protecting group at the 3' position
such that no further ANTPs may be added by the enzyme. As
will be appreciated by those in the art, any number of nucle-
otide analogs may be used, as long as a polymerase enzyme
will still incorporate the nucleotide at the readout position.
Preferred embodiments utilize dideoxy-triphosphate nucle-
otides (ddNTPs) and halogenated dNTPs. Generally, a set of
nucleotides comprising ddATP, ddCTP, ddGTP and ddTTP is
used, each with a different detectable label, although as out-
lined herein, this may not be required. Alternative preferred
embodiments use a cyclo nucleotides (NEN). These chain
terminating nucleotide analogs are particularly good sub-
strates for Deep vent (exo™) and thermosequenase.

[0148] Inaddition, as will be appreciated by those in the art,
the single base extension reactions of the present invention
allow the precise incorporation of modified bases into a grow-
ing nucleic acid strand. Thus, any number of modified nucle-
otides may be incorporated for any number of reasons,
including probing structure-function relationships (e.g.
DNA:DNA or DNA:protein interactions), cleaving the
nucleic acid, crosslinking the nucleic acid, incorporate mis-
matches, etc.

[0149] As will be appreciated by those in the art, the con-
figuration of the genotyping SBE system can take on several
forms.

Multi-Base Extension

[0150] In a preferred embodiment genotyping is accom-
plished by primer extension that does not use chain terminat-
ing nucleotides. As such, this genotyping is considered multi-
base extension. The method includes providing an
interrogator oligonucleotide designed to detect one allele of a
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given SNP. The number of oligonucleotides is determined by
the number of distinct SNP alleles being probed. For instance,
if one were probing 1000 SNPs, each with two alleles, 2000
oligonucleotides would be necessary. The interrogators are
complementary to a stretch of DNA containing the SNP, with
the terminal base of each interrogator corresponding to the
SNP position, or with the SNP-specific position within the
last 1, 2 3 or 4 nucleotides of the interrogator. In some pre-
ferred embodiments the interrogator is not the terminal posi-
tion of the primer, but rather resides at a position 1, 2,3, 4,5
or 6 nucleotides from the 3' terminus of the primer. For
example, when a SNP has an A and C allele, interrogators
ending in T and G are provided and in some embodiments
may be immobilized on separate elements (beads) to detect
the two. Although both the match and the mismatch will
hybridize to a given allele, only the match can act as a primer
for a DNA polymerase extension reaction. Accordingly, fol-
lowing hybridization of the probes with the target DNA, a
polymerase reaction is performed. This results in the exten-
sion of the hybrids with a DNA polymerase in the presence of
labeled dNTPs. The labeled dNTPs are selectively incorpo-
rated into the extension product that results from the probe
that is complementary to the SNP position.

[0151] In one embodiment, address oligonucleotides
(adapters) are incorporated into the interrogator oligonucle-
otides. As such, in one embodiment one performs the hybrid-
ization and extension steps in fluid phase in the absence of
beads. Each allele contains a unique adapter. After hybridiza-
tion/extension the products are hybridized to an array of
complementary address sequences for signal detection and
analysis.

Solution Phase Assay

[0152] As for the OLA reaction described below, the reac-
tion may be done in solution, and then the newly synthesized
strands, with the base-specific detectable labels, can be
detected. For example, they can be directly hybridized to
capture probes that are complementary to the extension prim-
ers, and the presence of the label is then detected. As will be
appreciated by those in the art, a preferred embodiment uti-
lizes four different detectable labels, i.e. one for each base,
such that upon hybridization to the capture probe on the array,
the identification of the base can be done isothermally.

[0153] In a preferred embodiment, adapter sequences can
be used in a solution format. In this embodiment, a single
label can be used with a set of four separate primer extension
reactions. In this embodiment, the extension reaction is done
in solution; each reaction comprises a different ANTP with the
label or labeled ddNTP when chain termination is desired.
For each locus genotyped, a set of four different extension
primers are used, each with a portion that will hybridize to the
target sequence, a different readout base and each with a
different adapter sequence of 15-40 bases, as is more fully
outlined below. After the primer extension reaction is com-
plete, the four separate reactions are pooled and hybridized to
an array comprising complementary probes to the adapter
sequences. A genotype is derived by comparing the probe
intensities of the four different hybridized adapter sequences
corresponding to a given locus.

[0154] In addition, since unextended primers do not com-
prise labels, the unextended primers need not be removed.
However, they may be, if desired, as outlined below; for



US 2010/0015626 Al

example, if a large excess of primers are used, there may not
be sufficient signal from the extended primers competing for
binding to the surface.

[0155] Alternatively, one of skill in the art could use a
single label and temperature to determine the identity of the
base; that is, the readout position of the extension primer
hybridizes to a position on the capture probe. However, since
the three mismatches will have lower Tms than the perfect
match, the use of temperature could elucidate the identity of
the detection position base.

Solid Phase Assay

[0156] Alternatively, the reaction may be done on a surface
by capturing the target sequence and then running the SBE
reaction, in a sandwich type format. In this embodiment, the
capture probe hybridizes to a first domain of the target
sequence (which can be endogeneous or an exogeneous
adapter sequence added during an amplification reaction),
and the extension primer hybridizes to a second target domain
immediately adjacent to the detection position. The addition
of'the enzyme and the required NTPs results in the addition of
the interrogation base. In this embodiment, each NTP must
have a unique label. Alternatively, each NTP reaction may be
done sequentially on a different array. As is known by one of
skill in the art, ddANTP and dNTP are the preferred substrates
when DNA polymerase is the added enzyme; NTP is the
preferred substrate when RNA polymerase is the added
enzyme.

[0157] Furthermore, capture extender probes canbe used to
attach the target sequence to the bead. In this embodiment, the
hybridization complex comprises the capture probe, the tar-
get sequence and the adapter sequence.

[0158] Similarly, the capture probe itself can be used as the
extension probe, with its terminus being directly adjacent to
the detection position. Upon the addition of the target
sequence and the SBE reagents, the modified primer is
formed comprising a detectable label, and then detected.
Again, as for the solution based reaction, each NTP must have
a unique label, the reactions must proceed sequentially, or
different arrays must be used. Again, as is known by one of
skill in the art, ddANTP and dNTP are the preferred substrates
when DNA polymerase is the added enzyme; NTP is the
preferred substrate when RNA polymerase is the added
enzyme.

[0159] In addition, as outlined herein, the target sequence
may be directly attached to the array; the extension primer
hybridizes to it and the reaction proceeds.

[0160] Variations on this include, where the capture probe
and the extension probe adjacently hybridize to the target
sequence. Either before or after extension of the extension
probe, a ligation step may be used to attach the capture and
extension probes together for stability. These are further
described below as combination assays.

[0161] As will be appreciated by those in the art, the deter-
mination of the base at the detection position can proceed in
several ways. In a preferred embodiment, the reaction is run
with all four nucleotides (assuming all four nucleotides are
required), each with a different label, as is generally outlined
herein. Alternatively, a single label is used, by using four
reactions In a preferred embodiment, universal primers or
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adapters specific for the nucleotide at a detection position are
used and detected as outlined below.

Removal of Unextended Primers

[0162] In apreferred embodiment, for both SBE as well as
a number of other reactions outlined herein, it is desirable to
remove the unextended or unreacted primers from the assay
mixture, and particularly from the array, as unextended prim-
ers will compete with the extended (labeled) primers in bind-
ing to capture probes, thereby diminishing the signal. The
concentration of the unextended primers relative to the
extended primer may be relatively high, since a large excess
of primer is usually required to generate efficient primer
annealing. Accordingly, a number of different techniques
may be used to facilitate the removal of unextended primers.
As outlined above, these generally include methods based on
removal of unreacted primers by binding to a solid support,
protecting the reacted primers and degrading the unextended
ones, and separating the unreacted and reacted primers.

Separation Systems

[0163] The use of secondary label systems (and even some
primary label systems) can be used to separate unreacted and
reacted probes; for example, the addition of streptavidin to a
nucleic acid greatly increases its size, as well as changes its
physical properties, to allow more efficient separation tech-
niques. For example, the mixtures can be size fractionated by
exclusion chromatography, affinity chromatography, filtra-
tion or differential precipitation.

Non-Terminated Extension

[0164] In a preferred embodiment, methods of adding a
single base are used that do not rely on chain termination.
That is, similar to SBE, enzymatic reactions that utilize
dNTPs and polymerases can be used; however, rather than use
chain terminating dNTPs, regular dNTPs are used. This
method relies on a time-resolved basis of detection; only one
type of base is added during the reaction.

Pyrosequencing

[0165] Pyrosequencing is an extension and sequencing
method that can be used to add one or more nucleotides to the
detection position(s); it is very similar to SBE except that
chain terminating NTPs need not be used (although they may
be). Pyrosequencing relies on the detection of a reaction
product, PPi, produced during the addition of an NTP to a
growing oligonucleotide chain, rather than on a label attached
to the nucleotide. One molecule of PPi is produced per ANTP
added to the extension primer. That is, by running sequential
reactions with each of the nucleotides, and monitoring the
reaction products, the identity of the added base is deter-
mined.

[0166] The release of pyrophosphate (PPi) during the DNA
polymerase reaction can be quantitatively measured by many
different methods and a number of enzymatic methods have
been described; see Reeves et al., Anal. Biochem. 28:282
(1969); Guillory et al., Anal. Biochem. 39:170 (1971);
Johnson et al., Anal. Biochem. 15:273 (1968); Cook et al.,
Anal. Biochem. 91:557 (1978); Drake et al., Anal. Biochem.
94:117 (1979); W0O93/23564; WO 98/28440; W098/13523;
Nyrenetal., Anal. Biochem. 151:504 (1985); all of which are
incorporated by reference. The latter method allows continu-
ous monitoring of PPi and has been termed ELIDA (Enzy-
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matic Luminometric Inorganic Pyrophosphate Detection
Assay). A preferred embodiment utilizes any method which
can result in the generation of an optical signal, with preferred
embodiments utilizing the generation of a chemiluminescent
or fluorescent signal.

[0167] A preferred method monitors the creation of PPi by
the conversion of PPi to ATP by the enzyme sulfurylase, and
the subsequent production of visible light by firefly luciferase
(see Ronaghi et al., Science 281:363 (1998), incorporated by
reference). In this method, the four deoxynucleotides (dATP,
dGTP, dCTP and dTTP; collectively dNTPs) are added step-
wise to a partial duplex comprising a sequencing primer
hybridized to a single stranded DNA template and incubated
with DNA polymerase, ATP sulfurylase, luciferase, and
optionally a nucleotide-degrading enzyme such as apyrase. A
dNTP is only incorporated into the growing DNA strand if it
is complementary to the base in the template strand. The
synthesis of DNA is accompanied by the release of PPi equal
in molarity to the incorporated dNTP. The PPi is converted to
ATP and the light generated by the luciferase is directly
proportional to the amount of ATP. In some cases the unin-
corporated dNTPs and the produced ATP are degraded
between each cycle by the nucleotide degrading enzyme.
[0168] Accordingly, a preferred embodiment of the meth-
ods of the invention is as follows. A substrate comprising the
target sequences and extension primers, forming hybridiza-
tion complexes, is dipped or contacted with a reaction volume
(chamber or well) comprising a single type of ANTP, an
extension enzyme, and the reagents and enzymes necessary to
detect PPi. If the ANTP is complementary to the base of the
target portion of the target sequence adjacent to the extension
primer, the dNTP is added, releasing PPi and generating
detectable light, which is detected as generally described in
U.S. Ser. Nos. 09/151,877 and 09/189,543, and PCT US98/
09163, all of which are hereby incorporated by reference. If
the ANTP is not complementary, no detectable signal results.
The substrate is then contacted with a second reaction volume
(chamber) comprising a different dNTP and the additional
components of the assay. This process is repeated if the iden-
tity of a base at a second detection position is desirable.
[0169] In a preferred embodiment, washing steps may be
done in between the dNTP reactions, as required. These
washing steps may optionally comprise a nucleotide-degrad-
ing enzyme, to remove any unreacted dNTP and decreasing
the background signal, as is described in WO 98/28440,
incorporated herein by reference.

[0170] Aswill be appreciated by those in the art, the system
can be configured in a variety of ways, including both a linear
progression or a circular one; for example, four arrays may be
used that each can dip into one of four reaction chambers
arrayed in a circular pattern. Each cycle of sequencing and
reading is followed by a 90 degree rotation, so that each
substrate then dips into the next reaction well.

[0171] As for simple extension and SBE, the pyrosequenc-
ing systems may be configured in a variety of ways; for
example, the target sequence may be immobilized in a variety
of ways, including direct attachment of the target sequence;
the use of a capture probe with a separate extension probe; the
use of a capture extender probe, a capture probe and a separate
extension probe; the use of adapter sequences in the target
sequence with capture and extension probes; and the use of a
capture probe that also serves as the extension probe.

[0172] One additional benefit of pyrosequencing for geno-
typing purposes is that since the reaction does not rely on the
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incorporation of labels into a growing chain, the unreacted
extension primers need not be removed.

[0173] In addition, pyrosequencing can be used as a
“switch” to activate a detectable enzymatic reaction, thus
providing an amplification of sorts. The by-product of the
polymerase reaction, PP1, is converted to ATP during pyrose-
quencing reactions. In standard pyrosequencing that utilizes a
luciferase/luciferin assay, the detection sensitivity is limited
because only a single photon is generated per nucleotide
incorporation event. However, in a preferred embodiment, if
PPi, or a simple enzymatic derivative such as Pior ATP is used
to “activate” an enzyme or protein, the detection sensitivity is
increased. A number of different proteins are either “on” or
“off” depending on their phosphorylation status. In this was,
PPi (or ATP) acts a “switch” to turn on or off a stream of
detection molecules, similar to the way a transistor controls a
large flow of electricity by using a small current or potential
to gat the process. That is, the generation of PPi results in an
enzymatic cascade that results in a detectable event; the PPi
generation results in a “switch”. For example, ATP may be
used to phosphorylate a peroxidase enzyme, which when
phosphorylated becomes “active” like horse radish peroxi-
dase (HRP). This HRP activity is then detected using standar
hydrogen peroxide/luminol HRP detection systems. There
are a large number of enzymes and proteins regulated by
phosphorylation. What is important is that the activating or
switch enzyme that utilizes Pi, PPi or ATP as the substrate
discriminates the activating species from the original INTP
used in the extension reaction.

Allelic PCR

[0174] In a preferred embodiment, the method used to
detect the base at the detection position is allelic PCR,
referred to herein as “aPCR”. As described in Newton et al.,
Nucl. Acid Res. 17:2503 (1989), hereby expressly incorpo-
rated by reference, allelic PCR allows single base discrimi-
nation based on the fact that the PCR reaction does not pro-
ceed well if the terminal 3'-nucleotide is mismatched,
assuming the DNA polymerase being used lacks a 3'-exonu-
clease proofreading activity. Accordingly, the identification
of'the base proceeds by using allelic PCR primers (sometimes
referred to herein as aPCR primers) that have readout posi-
tions at their 3' ends. Thus the target sequence comprises a
first domain comprising at its 5' end a detection position.

[0175] In general, aPCR may be briefly described as fol-
lows. A double stranded target nucleic acid is denatured,
generally by raising the temperature, and then cooled in the
presence of an excess of a aPCR primer, which then hybrid-
izes to the first target strand. If the readout position of the
aPCR primer basepairs correctly with the detection position
of the target sequence, a DNA polymerase (again, that lacks
3'-exonuclease activity) then acts to extend the primer with
dNTPs, resulting in the synthesis of a new strand forming a
hybridization complex. The sample is then heated again, to
disassociate the hybridization complex, and the process is
repeated. By using a second PCR primer for the complemen-
tary target strand, rapid and exponential amplification occurs.
Thus aPCR steps are denaturation, annealing and extension.
The particulars of aPCR are well known, and include the use
of a thermostable polymerase such as Taq I polymerase and
thermal cycling.

[0176] Accordingly, the aPCR reaction requires at least one
aPCR primer, a polymerase, and a set of dNTPs. As outlined
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herein, the primers may comprise the label, or one or more of
the dNTPs may comprise a label.

[0177] Furthermore, the aPCR reaction may be run as a
competition assay of sorts. For example, for biallelic SNPs, a
first aPCR primer comprising a first base at the readout posi-
tion and a first label, and a second aPCR primer comprising a
different base at the readout position and a second label, may
be used. The PCR primer for the other strand is the same. The
examination of the ratio of the two colors can serve to identify
the base at the detection position.

Allelic Primer Extension

[0178] In this embodiment allele specific primers when
hybridized with their complementary target sequence serve as
template for primer extension with a DNA polymerase. In
some respects the method is similar to aPCR as described
herein with the exception that only one primer need hybridize
with the target sequence prior to amplification. That is, in
contrast with PCR amplification that requires two primers,
only one primer is necessary for amplification according to
the method.

[0179] In a preferred embodiment, the primer is immobi-
lized. In a preferred embodiment the primer is immobilized to
microspheres or beads as described herein.

[0180] In general, as is more fully outlined below, the cap-
ture probes on the beads of the array are designed to be
substantially complementary to the extended part of the
primer; that is, unextended primers will not bind to the cap-
ture probes.

Ligation Techniques for Genotyping

[0181] In this embodiment, the readout of the base at the
detection position proceeds using a ligase. In this embodi-
ment, it is the specificity of the ligase which is the basis of the
genotyping; that is, ligases generally require that the 5' and 3'
ends of the ligation probes have perfect complementarity to
the target for ligation to occur. Thus, in a preferred embodi-
ment, the identity of the base at the detection position pro-
ceeds utilizing OLA as described above. The method can be
run at least two different ways; in a first embodiment, only
one strand of a target sequence is used as a template for
ligation; alternatively, both strands may be used; the latter is
generally referred to as Ligation Chain Reaction or LCR.

[0182] This method is based on the fact that two probes can
be preferentially ligated together, if they are hybridized to a
target strand and if perfect complementarity exists at the two
bases being ligated together. Thus, in this embodiment, the
target sequence comprises a contiguous first target domain
comprising the detection position and a second target domain
adjacent to the detection position. That is, the detection posi-
tion is “between” the rest of the first target domain and the
second target domain, or the detection position is one nucle-
otide from the 3' terminus of one of the ligation probes. A first
ligation probe is hybridized to the first target domain and a
second ligation probe is hybridized to the second target
domain. Ifthe first ligation probe has a base perfectly comple-
mentary to the detection position base, and the adjacent base
on the second probe has perfect complementarity to its posi-
tion, a ligation structure is formed such that the two probes
can be ligated together to form a ligated probe. If this comple-
mentarity does not exist, no ligation structure is formed and
the probes are not ligated together to an appreciable degree.
This may be done using heat cycling, to allow the ligated
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probe to be denatured off the target sequence such that it may
serve as a template for further reactions. In addition, as is
more fully outlined below, this method may also be done
using ligation probes that are separated by one or more nucle-
otides, if dNTPs and a polymerase are added (this is some-
times referred to as “Genetic Bit” analysis).

[0183] In a preferred embodiment, LCR is done for two
strands of a double-stranded target sequence. The target
sequence is denatured, and two sets of probes are added: one
set as outlined above for one strand of the target, and a
separate set (i.e. third and fourth primer probe nucleic acids)
for the other strand of the target. In a preferred embodiment,
the first and third probes will hybridize, and the second and
fourth probes will hybridize, such that amplification can
occur. That is, when the first and second probes have been
attached, the ligated probe can now be used as a template, in
addition to the second target sequence, for the attachment of
the third and fourth probes. Similarly, the ligated third and
fourth probes will serve as a template for the attachment of the
first and second probes, in addition to the first target strand. In
this way, an exponential, rather than just a linear, amplifica-
tion can occur.

[0184] As will be appreciated by those in the art, the liga-
tion product can be detected in a variety of ways.

[0185] Preferably, detection is accomplished by removing
the unligated labeled probe from the reaction before applica-
tion to a capture probe. In one embodiment, the unligated
probes are removed by digesting 3' non-protected oligonucle-
otides with a 3' exonuclease, such as, exonuclease 1. The
ligation products are protected from exo I digestion by includ-
ing, for example, the use of a number of sequential phospho-
rothioate residues at their 3' terminus (for example at least
four), thereby, rendering them resistant to exonuclease diges-
tion. The unligated detection oligonucleotides are not pro-
tected and are digested.

[0186] As for most or all of the methods described herein,
the assay can take on a solution-based form or a solid-phase
form.

Solution Based OLA

[0187] In a preferred embodiment, the ligation reaction is
run in solution. In this embodiment, only one of the primers
carries a detectable label, e.g. the first ligation probe, and the
capture probe on the bead is substantially complementary to
the other probe, e.g. the second ligation probe. In this way,
unextended labeled ligation primers will not interfere with
the assay. This substantially reduces or eliminates false signal
generated by the optically-labeled 3' primers.

[0188] Inaddition, a solution-based OLA assay that utilizes
adapter sequences may be done. In this embodiment, rather
than have the target sequence comprise the adapter
sequences, one of the ligation probes comprises the adapter
sequence. This facilitates the creation of “universal arrays”.
For example, the first ligation probe has an adapter sequence
that is used to attach the ligated probe to the array.

[0189] Again, as outlined above for SBE, unreacted liga-
tion primers may be removed from the mixture as needed. For
example, the first ligation probe may comprise the label (ei-
ther a primary or secondary label) and the second may be
blocked at its 3' end with an exonuclease blocking moiety;
after ligation and the introduction of the nuclease, the labeled
ligation probe will be digested, leaving the ligation product
and the second probe; however, since the second probe is
unlabeled, it is effectively silent in the assay. Similarly, the
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second probe may comprise a binding partner used to pull out
the ligated probes, leaving unligated labeled ligation probes
behind. The binding pair is then disassociated for subsequent
amplification or detection.

Solid Phase Based OLA

[0190] Alternatively, the target nucleic acid is immobilized
on a solid-phase surface. The OLA assay is performed and
unligated oligonucleotides are removed by washing under
appropriate stringency to remove unligated oligonucleotides
and thus the label. For example, the capture probe can com-
prise one of the ligation probes.

[0191] Again, as outlined above, the detection of the OLA
reaction can also occur directly, in the case where one or both
of the primers comprises at least one detectable label, or
indirectly, using sandwich assays, through the use of addi-
tional probes; that is, the ligated probes can serve as target
sequences, and detection may utilize amplification probes,
capture probes, capture extender probes, label probes, and
label extender probes, etc. Alternatively, the OLA product is
amplified. In a preferred embodiment the amplicons com-
prise labels.

[0192] In some embodiments target nucleic acids include
both DNA and RNA. In a preferred embodiment RNA is
mRNA. In some embodiments when RNA is the target
nucleic acid, it is desirable to perform a reverse transcription
assay prior to OLA as described herein. The reverse transcrip-
tion assay results in the formation of cDNA. This method is
particularly advantageous in determining either gene expres-
sion levels or genotyping, or both. That is, the cDNA is
representative of the level of mRNA. Accordingly, gene
expression analysis is performed. In addition, the cDNA also
serves as a template for OLA which allows for genotyping.
Thus, the use of both DNA and/or RNA allows for increased
multiplexing of samples on an array.

Solid Phase Oligonucleotide Ligation Assay (SPOLA)

[0193] Ina preferred embodiment, a novel method of OLA
is used, termed herein “solid phase oligonucleotide assay”, or
“SPOLA”. In this embodiment, the ligation probes are both
attached to the same site on the surface of the array (e.g. when
microsphere arrays are used, to the same bead), one at its 5'
end (the “upstream probe™) and one at its 3' end (the “down-
stream probe”). This may be done as is will be appreciated by
those in the art. At least one of the probes is attached via a
cleavable linker, that upon cleavage, forms a reactive or
detectable (fluorophore) moiety. If ligation occurs, the reac-
tive moiety remains associated with the surface; but if no
ligation occurs, due to a mismatch, the reactive moiety is free
in solution to diffuse away from the surface of the array. The
reactive moiety is then used to add a detectable label.

[0194] Generally, as will be appreciated by those in the art,
cleavage ofthe cleavable linker should result in asymmetrical
products; i.e. one of the “ends” should be reactive, and the
other should not, with the configuration of the system such
that the reactive moiety remains associated with the surface if
ligation occurred. Thus, for example, amino acids or succi-
nate esters can be cleaved either enzymatically (via pepti-
dases (aminopeptidase and carboxypeptidase) or proteases)
or chemically (acid/base hydrolysis) to produce an amine and
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a carboxyl group. One of these groups can then be used to add
a detectable label, as will be appreciated by those in the art
and discussed herein.

Padlock Probe Ligation

[0195] In a preferred embodiment, the ligation probes are
specialized probes called “padlock probes”. Nilsson et al,
1994, Science 265:2085, hereby incorporated by reference.
These probes have a first ligation domain that is identical to a
first ligation probe, in that it hybridizes to a first target
sequence domain, and a second ligation domain, identical to
the second ligation probe, that hybridizes to an adjacent target
sequence domain. Again, as for OLA, the detection position
can be either at the 3' end of the first ligation domain or at the
5'end of the second ligation domain. However, the two liga-
tion domains are connected by a linker, frequently nucleic
acid. The configuration of the system is such that upon liga-
tion of the first and second ligation domains of the padlock
probe, the probe forms a circular probe, and forms a complex
with the target sequence wherein the target sequence is
“inserted” into the loop of the circle.

[0196] In this embodiment, the unligated probes may be
removed through degradation (for example, through a
nuclease), as there are no “free ends™ in the ligated probe.

Cleavage Techniques for Genotyping

[0197] Ina preferred embodiment, the specificity for geno-
typing is provided by a cleavage enzyme. There are a variety
of' enzymes known to cleave at specific sites, either based on
sequence specificity, such as restriction endonucleases, or
using structural specificity, such as is done through the use of
invasive cleavage technology.

Endonuclease Techniques

[0198] In a preferred embodiment, enzymes that rely on
sequence specificity are used. In general, these systems rely
on the cleavage of double stranded sequence containing a
specific sequence recognized by a nuclease, preferably an
endonuclease including resolvases.

[0199] These systems may work in a variety of ways. In one
embodiment, a labeled readout probe (generally attached to a
bead of the array) is used; the binding of the target sequence
forms a double stranded sequence that a restriction endonu-
clease can then recognize and cleave, if the correct sequence
is present. The cleavage results in the loss of the label, and
thus a loss of signal.

[0200] Alternatively, as will be appreciated by those in the
art, a labelled target sequence may be used as well; for
example, a labelled primer may be used in the PCR amplifi-
cation of the target, such that the label is incorporated in such
a manner as to be cleaved off by the enzyme.

[0201] Alternatively, the readout probe (or, again, the target
sequence) may comprise both a fluorescent label and a
quencher, as is known in the art. In this embodiment, the label
and the quencher are attached to different nucleosides, yet are
close enough that the quencher molecule results in little or no
signal being present. Upon the introduction of the enzyme,
the quencher is cleaved off, leaving the label, and allowing
signaling by the label.

[0202] Inaddition, as will be appreciated by those in the art,
these systems can be both solution-based assays or solid-
phase assays, as outlined herein.
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[0203] Furthermore, there are some systems that do not
require cleavage for detection; for example, some nucleic
acid binding proteins will bind to specific sequences and can
thus serve as a secondary label. For example, some transcrip-
tion factors will bind in a highly sequence dependent manner,
and can distinguish between two SNPs. Having bound to the
hybridization complex, a detectable binding partner can be
added for detection. In addition, mismatch binding proteins
based on mutated transcription factors can be used.

[0204] Inaddition, as will be appreciated by those in the art,
this type of approach works with other cleavage methods as
well, for example the use of invasive cleavage methods, as
outlined below.

Invasive Cleavage

[0205] Ina preferred embodiment, the determination of the
identity of the base at the detection position of the target
sequence proceeds using invasive cleavage technology. As
outlined above for amplification, invasive cleavage tech-
niques rely on the use of structure-specific nucleases, where
the structure can be formed as a result of the presence or
absence of a mismatch. Generally, invasive cleavage technol-
ogy may be described as follows. A target nucleic acid is
recognized by two distinct probes. A first probe, generally
referred to herein as an “invader” probe, is substantially
complementary to a first portion of the target nucleic acid. A
second probe, generally referred to herein as a ““signal probe”,
is partially complementary to the target nucleic acid; the 3'
end of the signal oligonucleotide is substantially complemen-
tary to the target sequence while the 5' end is non-comple-
mentary and preferably forms a single-stranded “tail” or
“arm”. The non-complementary end of the second probe pret-
erably comprises a “generic” or “unique” sequence, fre-
quently referred to herein as a “detection sequence”, that is
used to indicate the presence or absence of the target nucleic
acid, as described below. The detection sequence of the sec-
ond probe preferably comprises at least one detectable label.
Alternative methods have the detection sequence functioning
as a target sequence for a capture probe, and thus rely on
sandwich configurations using label probes.

[0206] Hybridization of the first and second oligonucle-
otides near or adjacent to one another on the target nucleic
acid forms a number of structures. In a preferred embodi-
ment, a forked cleavage structure forms and is a substrate of
a nuclease which cleaves the detection sequence from the
signal oligonucleotide. The site of cleavage is controlled by
the distance or overlap between the 3' end of the invader
oligonucleotide and the downstream fork of the signal oligo-
nucleotide. Therefore, neither oligonucleotide is subject to
cleavage when misaligned or when unattached to target
nucleic acid.

[0207] As above, the invasive cleavage assay is preferably
performed on an array format. In a preferred embodiment, the
signal probe has a detectable label, attached 5' from the site of
nuclease cleavage (e.g. within the detection sequence) and a
capture tag, as described herein for removal of the unreacted
products (e.g. biotin or other hapten) 3' from the site of
nuclease cleavage. After the assay is carried out, the
uncleaved probe and the 3' portion of the cleaved signal probe
(e.g. the detection sequence) may be extracted, for example,
by binding to streptavidin beads or by crosslinking through
the capture tag to produce aggregates or by antibody to an
attached hapten. By “capture tag” herein is a meant one of a
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pair of binding partners as described above, such as antigen/
antibody pairs, digoxygenenin, dinitrophenol, etc.

[0208] Thecleaved 5' region, e.g. the detection sequence, of
the signal probe, comprises a label and is detected and option-
ally quantitated. In one embodiment, the cleaved 5' region is
hybridized to a probe on an array (capture probe) and opti-
cally detected. As described below, many different signal
probes can be analyzed in parallel by hybridization to their
complementary probes in an array. In a preferred embodi-
ment, combination techniques are used to obtain higher speci-
ficity and reduce the detection of contaminating uncleaved
signal probe or incorrectly cleaved product, an enzymatic
recognition step is introduced in the array capture procedure.
For example, as more fully outlined below, the cleaved signal
probe binds to a capture probe to produce a double-stranded
nucleic acid in the array. In this embodiment, the 3' end of the
cleaved signal probe is adjacent to the 5' end of one strand of
the capture probe, thereby, forming a substrate for DNA
ligase (Broude et al. 1991. PNAS 91: 3072-3076). Only cor-
rectly cleaved product is ligated to the capture probe. Other
incorrectly hybridized and non-cleaved signal probes are
removed, for example, by heat denaturation, high stringency
washes, and other methods that disrupt base pairing.

[0209] Accordingly, the present invention provides meth-
ods of determining the identity of a base at the detection
position of a target sequence. In this embodiment, the target
sequence comprises, 5'to 3', a first target domain comprising
an overlap domain comprising at least a nucleotide in the
detection position, and a second target domain contiguous
with the detection position. A first probe (the “invader probe™)
is hybridized to the first target domain of the target sequence.
A second probe (the “signal probe”), comprising a first por-
tion that hybridizes to the second target domain of the target
sequence and a second portion that does not hybridize to the
target sequence, is hybridized to the second target domain. If
the second probe comprises a base that is perfectly comple-
mentary to the detection position a cleavage structure is
formed. The addition of a cleavage enzyme, such as is
described in U.S. Pat. Nos. 5,846,717, 5,614,402, 5,719,029,
5,541,311 and 5,843,669, all of which are expressly incorpo-
rated by reference, results in the cleavage of the detection
sequence from the signaling probe. This then can be used as a
target sequence in an assay complex.

[0210] In addition, as for a variety of the techniques out-
lined herein, unreacted probes (i.e. signaling probes, in the
case of invasive cleavage), may be removed using any number
of techniques. For example, the use of a binding partner
coupledto a solid support comprising the other member of the
binding pair can be done. Similarly, after cleavage of the
primary signal probe, the newly created cleavage products
can be selectively labeled at the 3' or 5' ends using enzymatic
or chemical methods.

[0211] Again, as outlined above, the detection of the inva-
sive cleavage reaction can occur directly, in the case where the
detection sequence comprises at least one label, or indirectly,
using sandwich assays, through the use of additional probes;
that is, the detection sequences can serve as target sequences,
and detection may utilize amplification probes, capture
probes, capture extender probes, label probes, and label
extender probes, etc.

[0212] In addition, as for most of the techniques outlined
herein, these techniques may be done for the two strands of a
double-stranded target sequence. The target sequence is
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denatured, and two sets of probes are added: one set as out-
lined above for one strand of the target, and a separate set for
the other strand of the target.

[0213] Thus, the invasive cleavage reaction requires, in no
particular order, an invader probe, a signaling probe, and a
cleavage enzyme.

[0214] As for other methods outlined herein, the invasive
cleavage reaction may be done as a solution based assay or a
solid phase assay.

Solution-Based Invasive Cleavage

[0215] The invasive cleavage reaction may be done in solu-
tion, followed by addition of one of the components to an
array, with optional (but preferable) removal of unreacted
probes. For example, the reaction is carried out in solution,
using a capture tag (i.e. a member of a binding partner pair)
that is separated from the label on the detection sequence with
the cleavage site. After cleavage (dependent on the base at the
detection position), the signaling probe is cleaved. The cap-
ture tag is used to remove the uncleaved probes (for example,
using magnetic particles comprising the other member of the
binding pair), and the remaining solution is added to the array.
The detection sequence can be directly attached to the capture
probe. In this embodiment, the detection sequence can effec-
tively act as an adapter sequence. In alternate embodiments,
the detection sequence is unlabelled and an additional label
probe is used; as outlined below, this can be ligated to the
hybridization complex.

Solid-Phase Based Assays

[0216] The invasive cleavage reaction can also be done as a
solid-phase assay. The target sequence can be attached to the
array using a capture probe (in addition, although not shown,
the target sequence may be directly attached to the array). In
a preferred embodiment, the signaling probe comprises both
a fluorophore label (attached to the portion of the signaling
probe that hybridizes to the target) and a quencher (generally
on the detection sequence), with a cleavage site in between.
Thus, in the absence of cleavage, very little signal is seen due
to the quenching reaction. After cleavage, however, the detec-
tion sequence is removed, along with the quencher, leaving
the unquenched fluorophore. Similarly, the invasive probe
may be attached to the array.

[0217] In a preferred embodiment, the invasive cleavage
reaction is configured to utilize a fluorophore-quencher reac-
tion. A signaling probe comprising both a fluorophore and a
quencher is attached to the bead. The fluorophore is contained
on the portion of the signaling probe that hybridizes to the
target sequence, and the quencher is contained on a portion of
the signaling probe that is on the other side of the cleavage site
(termed the “detection sequence” herein). In a preferred
embodiment, it is the 3' end of the signaling probe that is
attached to the bead (although as will be appreciated by those
in the art, the system can be configured in a variety of different
ways, including methods that would result in a loss of signal
upon cleavage). Thus, the quencher molecule is located 5' to
the cleavage site. Upon assembly of an assay complex, com-
prising the target sequence, an invader probe, and a signaling
probe, and the introduction of the cleavage enzyme, the cleav-
age of the complex results in the disassociation of the
quencher from the complex, resulting in an increase in fluo-
rescence.
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[0218] In this embodiment, suitable fluorophore-quencher
pairs are as known in the art. For example, suitable quencher
molecules comprise Dabceyl.

Redundant Genotyping

[0219] Ina preferred embodiment, the invention provides a
method of increasing the confidence of genotyping results.
The method includes performing genotyping more than once
on a particular target sequence. That is, a sample or target
analyte is genotyped at least twice. Preferably, the sample is
genotyped with different techniques such as Invader™ and
OLA as described herein. If the results of the individual
genotyping assays agree, then confidence that the genotyping
results are correct is increased.

Amplification Reactions

[0220] In this embodiment, the invention provides compo-
sitions and methods for amplification and/or detection (and
optionally quantification) of products of nucleic acid ampli-
fication reactions. Suitable amplification methods include
both target amplification and signal amplification. Target
amplification involves the amplification (i.e. replication) of
the target sequence to be detected, resulting in a significant
increase in the number of target molecules. Target amplifica-
tion strategies include but are not limited to the polymerase
chain reaction (PCR), strand displacement amplification
(SDA), and nucleic acid sequence based amplification
(NASBA).

[0221] Alternatively, rather than amplify the target, alter-
nate techniques use the target as a template to replicate a
signaling probe, allowing a small number of target molecules
to result in a large number of signaling probes, that then can
be detected. Signal amplification strategies include the ligase
chain reaction (LCR), cycling probe technology (CPT), inva-
sive cleavage techniques such as Invader™ technology,
Q-Beta replicase (QPR) technology, and the use of “amplifi-
cation probes” such as “branched DNA” that result in mul-
tiple label probes binding to a single target sequence.

[0222] All of these methods require a primer nucleic acid
(including nucleic acid analogs) that is hybridized to a target
sequence to form a hybridization complex, and an enzyme is
added that in some way modifies the primer to form a modi-
fied primer. For example, PCR generally requires two prim-
ers, ANTPs and a DNA polymerase; LCR requires two prim-
ers that adjacently hybridize to the target sequence and a
ligase; CPT requires one cleavable primer and a cleaving
enzyme; invasive cleavage requires two primers and a cleav-
age enzyme; etc. Thus, in general, a target nucleic acid is
added to a reaction mixture that comprises the necessary
amplification components, and a modified primer is formed.
[0223] In general, the modified primer comprises a detect-
able label, such as a fluorescent label, which is either incor-
porated by the enzyme or present on the original primer. As
required, the unreacted primers are removed, in a variety of
ways, as will be appreciated by those in the art and outlined
herein. The hybridization complex is then disassociated, and
the modified primer is detected and optionally quantitated by
a microsphere array. In some cases, the newly modified
primer serves as a target sequence for a secondary reaction,
which then produces a number of amplified strands, which
can be detected as outlined herein.

[0224] Accordingly, the reaction starts with the addition of
a primer nucleic acid to the target sequence which forms a
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hybridization complex. Once the hybridization complex
between the primer and the target sequence has been formed,
an enzyme, sometimes termed an “amplification enzyme”, is
used to modify the primer. As for all the methods outlined
herein, the enzymes may be added at any point during the
assay, either prior to, during, or after the addition of the
primers. The identity of the enzyme will depend on the ampli-
fication technique used, as is more fully outlined below. Simi-
larly, the modification will depend on the amplification tech-
nique, as outlined below.

[0225] Once the enzyme has modified the primer to form a
modified primer, the hybridization complex is disassociated.
In one aspect, dissociation is by modification of the assay
conditions. In another aspect, the modified primer no longer
hybridizes to the target nucleic acid and dissociates. Either
one or both of these aspects can be employed in signal and
target amplification reactions as described below. Generally,
the amplification steps are repeated for a period of time to
allow a number of cycles, depending on the number of copies
of'the original target sequence and the sensitivity of detection,
with cycles ranging from 1 to thousands, with from 10 to 100
cycles being preferred and from 20 to 50 cycles being espe-
cially preferred. When linear strand displacement amplifica-
tion is used cycle numbers can reach thousands to millions.

[0226] After a suitable time of amplification, unreacted
primers are removed, in a variety of ways, as will be appre-
ciated by those in the art and described below, and the hybrid-
ization complex is disassociated. In general, the modified
primer comprises a detectable label, such as a fluorescent
label, which is either incorporated by the enzyme or present
on the original primer, and the modified primer is detected by
any of the methods as known to the skilled artisan and include
but are not limited to the methods described herein

Target Amplification

[0227] In apreferred embodiment, the amplification is tar-
get amplification. Target amplification involves the amplifi-
cation (replication) of the target sequence to be detected, such
that the number of copies of the target sequence is increased.
Suitable target amplification techniques include, but are not
limited to, the polymerase chain reaction (PCR), strand dis-
placement amplification (SDA), transcription mediated
amplification (TMA) and nucleic acid sequence based ampli-
fication (NASBA).

Polymerase Chain Reaction Amplification

[0228] In apreferred embodiment, the target amplification
technique is PCR. The polymerase chain reaction (PCR) is
widely used and described, and involves the use of primer
extension combined with thermal cycling to amplify a target
sequence; see U.S. Pat. Nos. 4,683,195 and 4,683,202, and
PCR Essential Data, J. W. Wiley & sons, Ed. C. R. Newton,
1995, all of which are incorporated by reference. In addition,
there are a number of variations of PCR which also find use in
the invention, including “quantitative competitive PCR” or
“QC-PCR”, “arbitrarily primed PCR” or “AP-PCR”,
“immuno-PCR”, “Alu-PCR”, “PCR single strand conforma-
tional polymorphism” or “PCR-SSCP”, “reverse tran-
scriptase PCR” or “RT-PCR”, “biotin capture PCR”, “vector-
ette PCR”, “panhandle PCR”, and “PCR select cDNA
subtraction”, “allele-specific PCR”, among others. In some
embodiments, PCR is not preferred.
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[0229] Ingeneral, PCR may be briefly described as follows.
A double stranded target nucleic acid is denatured, generally
by raising the temperature, and then cooled in the presence of
an excess of a PCR primer, which then hybridizes to the first
target strand. A DNA polymerase then acts to extend the
primer with dNTPs, resulting in the synthesis of a new strand
forming a hybridization complex. The sample is then heated
again, to disassociate the hybridization complex, and the
process is repeated. By using a second PCR primer for the
complementary target strand, rapid and exponential amplifi-
cation occurs. Thus PCR steps are denaturation, annealing
and extension. The particulars of PCR are well known, and
include the use of a thermostable polymerase such as Taq |
polymerase and thermal cycling.

[0230] Accordingly, the PCR reaction requires at least one
PCR primer, a polymerase, and a set of dNTPs. As outlined
herein, the primers may comprise the label, or one or more of
the dNTPs may comprise a label.

[0231] In one embodiment asymmetric PCR is performed.
In this embodiment, unequal concentrations of primers are
included in the amplification reaction. The concentrations are
designed such that one primer is in excess or is saturating,
while the other primer is limiting or is at a sub-saturating
concentration.

[0232] Inone embodiment, PCR primers for amplification
of a plurality of target nucleic acids are immobilized on a
single bead. That is, at least first and second PCR primer pairs
are immobilized to a bead or microsphere. The microsphere is
contacted with a sample and PCR performed as described
herein. Detection of the amplified product or products is
accomplished by any of the detection methods described
herein, but in a preferred embodiment, detection proceeds by
hybridization with allele specific oligonucleotides. That is,
upon amplification of the target nucleotides, the immobilized
PCR product is hybridized with oligonucleotides that are
complementary to the amplified product.

[0233] In apreferred embodiment the allele specific oligo-
nucleotides contain discrete labels. That is, the oligonucle-
otides contain distinguishable labels. As a result of hybrid-
ization between the allele specific oligonucleotides and the
amplified product(s), detection of a particular label provides
anindication of the presence of a particular target nucleic acid
in the sample.

[0234] In one embodiment, the PCR primers are designed
to amplify different genomic markers. That is, markers such
as translocations or other chromosomal abnormalities are
targeted for amplification. In an additional embodiment, the
primers are designed to amplify genomic regions containing
single nucleotide polymorphisms (SNPs). As such, the result-
ing hybridization with allele specific oligonucleotides pro-
vides an indication of the marker or SNP. In one embodiment,
aplurality of markers or SNPs is detected on each bead. That
is, at least two markers or SNPs are detected on each bead.

[0235] In general, as is more fully outlined below, the cap-
ture probes on the beads of the array are designed to be
substantially complementary to the extended part of the
primer; that is, unextended primers will not bind to the cap-
ture probes. Alternatively, as further described below, unre-
acted probes may be removed prior to addition to the array.

[0236] In a preferred embodiment the amplification reac-
tion as a multiplex amplification reaction as described herein.
In one embodiment the amplification reaction uses a plurality
of PCR primers to amplify a plurality of target sequences. In



US 2010/0015626 Al

this embodiment plurality of target sequences are simulta-
neously amplified with the plurality of amplification primer
pairs.

[0237] Analternative embodiment the multiplex PCR reac-
tion uses universal primers as described herein. That is, uni-
versal PCR primers hybridized to universal priming sites on
the target sequence and thereby amplify a plurality of target
sequences. This embodiment is potentially preferred because
it requires only a limited number of PCR primers. That is, as
few as one primer pairs can amplify a plurality of target
sequences.

Strand Displacement Amplification (SDA)

[0238] In apreferred embodiment, the target amplification
technique is SDA. Strand displacement amplification (SDA)
is generally described in Walker et al., in Molecular Methods
for Virus Detection, Academic Press, Inc., 1995, and U.S. Pat.
Nos. 5,455,166 and 5,130,238, all of which are hereby
expressly incorporated by reference in their entirety.

[0239] In general, SDA may be described as follows. A
single stranded target nucleic acid, usually a DNA target
sequence, is contacted with an SDA primer. An “SDA primer”
generally has a length of 25-100 nucleotides, with SDA prim-
ers of approximately 35 nucleotides being preferred. An SDA
primer is substantially complementary to a region at the 3' end
of the target sequence, and the primer has a sequence at its 5'
end (outside of the region that is complementary to the target)
that is a recognition sequence for a restriction endonuclease,
sometimes referred to herein as a “nicking enzyme” or a
“nicking endonuclease”, as outlined below. The SDA primer
then hybridizes to the target sequence. The SDA reaction
mixture also contains a polymerase (an “SDA polymerase”,
as outlined below) and a mixture of all four deoxynucleoside-
triphosphates (also called deoxynucleotides or dNTPs, i.e.
dATP, dTTP, dCTP and dGTP), at least one species of which
is a substituted or modified dNTP; thus, the SDA primer is
modified, i.e. extended, to form a modified primer, sometimes
referred to herein as a “newly synthesized strand”. The sub-
stituted ANTP is modified such that it will inhibit cleavage in
the strand containing the substituted ANTP but will not inhibit
cleavage on the other strand. Examples of suitable substituted
dNTPs include, but are not limited, 2'deoxyadenosine 5'-O-
(1-thiotriphosphate),  5-methyldeoxycytidine 5'-triphos-
phate, 2'-deoxyuridine 5'-triphosphate, and 7-deaza-2'-deox-
yguanosine 5'-triphosphate. In addition, the substitution of
the dNTP may occur after incorporation into a newly synthe-
sized strand; for example, a methylase may be used to add
methyl groups to the synthesized strand. In addition, if all the
nucleotides are substituted, the polymerase may have 5'—=3'
exonuclease activity. However, if less than all the nucleotides
are substituted, the polymerase preferably lacks 5'—3' exo-
nuclease activity.

[0240] As will be appreciated by those in the art, the rec-
ognition site/endonuclease pair can be any of a wide variety
of known combinations. The endonuclease is chosen to
cleave a strand either at the recognition site, or either 3' or 5'
to it, without cleaving the complementary sequence, either
because the enzyme only cleaves one strand or because of the
incorporation of the substituted nucleotides. Suitable recog-
nition site/endonuclease pairs are well known in the art; suit-
able endonucleases include, but are not limited to, HinclI,
HindIII, Aval, Fnu4HI, TthIIII, Ncll, BstXI, BamHI, etc. A
chart depicting suitable enzymes, and their corresponding
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recognition sites and the modified dNTP to use is found in
U.S. Pat. No. 5,455,166, hereby expressly incorporated by
reference.

[0241] Once nicked, a polymerase (an “SDA polymerase™)
is used to extend the newly nicked strand, 5'—3', thereby
creating another newly synthesized strand. The polymerase
chosen should be able to initiate 5'—3' polymerization at a
nick site, should also displace the polymerized strand down-
stream from the nick, and should lack 5'—3' exonuclease
activity (this may be additionally accomplished by the addi-
tion of a blocking agent). Thus, suitable polymerases in SDA
include, but are not limited to, the Klenow fragment of DNA
polymerase I, SEQUENASE 1.0 and SEQUENASE 2.0 (U S.
Biochemical), TS DNA polymerase and Phi29 DNA poly-
merase.

[0242] Accordingly, the SDA reaction requires, in no par-
ticular order, an SDA primer, an SDA polymerase, a nicking
endonuclease, and dNTPs, at least one species of which is
modified. Again, as outlined above for PCR, preferred
embodiments utilize capture probes complementary to the
newly synthesized portion of the primer, rather than the
primer region, to allow unextended primers to be removed.
[0243] In general, SDA does not require thermocycling.
The temperature of the reaction is generally set to be high
enough to prevent non-specific hybridization but low enough
to allow specific hybridization; this is generally from about
37° C. to about 42° C., depending on the enzymes.

[0244] Inapreferred embodiment, as for most of the ampli-
fication techniques described herein, a second amplification
reaction can be done using the complementary target
sequence, resulting in a substantial increase in amplification
during a set period of time. That is, a second primer nucleic
acid is hybridized to a second target sequence, that is substan-
tially complementary to the first target sequence, to form a
second hybridization complex. The addition of the enzyme,
followed by disassociation of the second hybridization com-
plex, results in the generation of a number of newly synthe-
sized second strands.

Nucleic Acid Sequence Based Amplification (NASBA) and
Transcription Mediated Amplification (TMA)

[0245] In apreferred embodiment, the target amplification
technique is nucleic acid sequence based amplification
(NASBA). NASBA is generally described in U.S. Pat. No.
5,409,818; Sooknanan et al., Nucleic Acid Sequence-Based
Amplification, Ch. 12 (pp. 261-285) of Molecular Methods
for Virus Detection, Academic Press, 1995; and “Profiting
from Gene-based Diagnostics”, CTB International Publish-
ing Inc., N.J., 1996, all of which are incorporated by refer-
ence. NASBA is very similar to both TMA and QBR. Tran-
scription mediated amplification (TMA) is generally
described in U.S. Pat. Nos. 5,399,491, 5,888,779, 5,705,365,
5,710,029, all of which are incorporated by reference. The
main difference between NASBA and TMA is that NASBA
utilizes the addition of RNAse H to effect RNA degradation,
and TMA relies on inherent RNAse H activity of the reverse
transcriptase.

[0246] In general, these techniques may be described as
follows. A single stranded target nucleic acid, usually an RNA
target sequence (sometimes referred to herein as “the first
target sequence” or “the first template™), is contacted with a
first primer, generally referred to herein as a “NASBA
primer” (although “TMA primer” is also suitable). Starting
with a DNA target sequence is described below. These prim-
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ers generally have a length of 25-100 nucleotides, with
NASBA primers of approximately 50-75 nucleotides being
preferred. The first primer is preferably a DNA primer that
has at its 3' end a sequence that is substantially complemen-
tary to the 3' end of the first template. The first primer also has
an RNA polymerase promoter at its 5' end (or its complement
(antisense), depending on the configuration of the system).
The first primer is then hybridized to the first template to form
a first hybridization complex. The reaction mixture also
includes a reverse transcriptase enzyme (an “NASBA reverse
transcriptase”) and a mixture of the four dN'TPs, such that the
first NASBA primer is modified, i.e. extended, to form a
modified first primer, comprising a hybridization complex of
RNA (the first template) and DNA (the newly synthesized
strand).

[0247] By “reverse transcriptase” or “RNA-directed DNA
polymerase” herein is meant an enzyme capable of synthe-
sizing DNA from a DNA primer and an RNA template. Suit-
able RNA-directed DNA polymerases include, but are not
limited to, avian myloblastosis virus reverse transcriptase
(“AMV RT”) and the Moloney murine leukemia virus RT.
When the amplification reaction is TMA, the reverse tran-
scriptase enzyme further comprises a RNA degrading activity
as outlined below.

[0248] In addition to the components listed above, the
NASBA reaction also includes an RNA degrading enzyme,
also sometimes referred to herein as a ribonuclease, that will
hydrolyze RNA of an RNA:DNA hybrid without hydrolyzing
single- or double-stranded RNA or DNA. Suitable ribonu-
cleases include, but are not limited to, RNase H from E. coli
and calf thymus.

[0249] The ribonuclease activity degrades the first RNA
template in the hybridization complex, resulting in a disasso-
ciation of the hybridization complex leaving a first single
stranded newly synthesized DNA strand, sometimes referred
to herein as “the second template”.

[0250] In addition, the NASBA reaction also includes a
second NASBA primer, generally comprising DNA (al-
though as for all the probes herein, including primers, nucleic
acid analogs may also be used). This second NASBA primer
has a sequence at its 3' end that is substantially complemen-
tary to the 3' end of the second template, and also contains an
antisense sequence for a functional promoter and the anti-
sense sequence of a transcription initiation site. Thus, this
primer sequence, when used as a template for synthesis of the
third DNA template, contains sufficient information to allow
specific and efficient binding of an RNA polymerase and
initiation of transcription at the desired site. Preferred
embodiments utilizes the antisense promoter and transcrip-
tion initiation site are that of the T7 RNA polymerase,
although other RNA polymerase promoters and initiation
sites can be used as well, as outlined below.

[0251] The second primer hybridizes to the second tem-
plate, and a DNA polymerase, also termed a “DNA-directed
DNA polymerase”, also present in the reaction, synthesizes a
third template (a second newly synthesized DNA strand),
resulting in second hybridization complex comprising two
newly synthesized DNA strands.

[0252] Finally, the inclusion of an RNA polymerase and the
required four ribonucleoside triphosphates (ribonucleotides
or N'TPs) results in the synthesis of an RNA strand (a third
newly synthesized strand that is essentially the same as the
first template). The RNA polymerase, sometimes referred to
herein as a “DNA-directed RNA polymerase”, recognizes the
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promoter and specifically initiates RNA synthesis at the ini-
tiation site. In addition, the RNA polymerase preferably syn-
thesizes several copies of RNA per DNA duplex. Preferred
RNA polymerases include, but are not limited to, T7 RNA
polymerase, and other bacteriophage RNA polymerases
including those of phage T3, phage ¢ll, Salmonella phage
sp6, or Pseudomonase phage gh-1.

[0253] In some embodiments, TMA and NASBA are used
with starting DNA target sequences. In this embodiment, it is
necessary to utilize the first primer comprising the RNA poly-
merase promoter and a DNA polymerase enzyme to generate
a double stranded DNA hybrid with the newly synthesized
strand comprising the promoter sequence. The hybrid is then
denatured and the second primer added.

[0254] Accordingly, the NASBA reaction requires, in no
particular order, a first NASBA primer, a second NASBA
primer comprising an antisense sequence of an RNA poly-
merase promoter, an RNA polymerase that recognizes the
promoter, a reverse transcriptase, a DNA polymerase, an
RNA degrading enzyme, NTPs and dNTPs, in addition to the
detection components outlined below.

[0255] These components result in a single starting RNA
template generating a single DNA duplex; however, since this
DNA duplex results in the creation of multiple RNA strands,
which can then be used to initiate the reaction again, ampli-
fication proceeds rapidly.

[0256] Accordingly, the TMA reaction requires, in no par-
ticular order, a first TMA primer, a second TMA primer
comprising an antisense sequence of an RNA polymerase
promoter, an RNA polymerase that recognizes the promoter,
a reverse transcriptase with RNA degrading activity, a DNA
polymerase, NTPs and dNTPs, in addition to the detection
components outlined below.

[0257] These components result in a single starting RNA
template generating a single DNA duplex; however, since this
DNA duplex results in the creation of multiple RNA strands,
which can then be used to initiate the reaction again, ampli-
fication proceeds rapidly.

[0258] As outlined herein, the detection of the newly syn-
thesized strands can proceed in several ways. Direct detection
can be done when the newly synthesized strands comprise
detectable labels, either by incorporation into the primers or
by incorporation of modified labelled nucleotides into the
growing strand. Alternatively, as is more fully outlined below,
indirect detection of unlabelled strands (which now serve as
“targets” in the detection mode) can occur using a variety of
sandwich assay configurations. As will be appreciated by
those in the art, any ofthe newly synthesized strands can serve
as the “target” for form an assay complex on a surface with a
capture probe. In NASBA and TMA, it is preferable to utilize
the newly formed RNA strands as the target, as this is where
significant amplification occurs.

[0259] Inthis way, a number of secondary target molecules
are made. As is more fully outlined below, these reactions
(that is, the products of these reactions) can be detected in a
number of ways.

Rolling-Circle Amplification (RCA)

[0260] In a preferred embodiment the signal amplification
technique is RCA. Rolling-circle amplification is generally
described in Baner et al. (1998) Nuc. Acids Res. 26:5073-
5078; Barany, F. (1991) Proc. Natl. Acad. Sci. USA 88:189-
193; and Lizardi et al. (1998) Nat. Gener. 19:225-232, all of
which are incorporated by reference in their entirety.
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[0261] In general, RCA may be described in two ways.
First, as is outlined in more detail below, a single probe is
hybridized with a target nucleic acid. Each terminus of the
probe hybridizes adjacently on the target nucleic acid and the
OLA assay as described above occurs. Alternatively, two
probes are hybridized with the target nucleic acid and the
OLA assay as described above occurs. When ligated, the
probe is circularized while hybridized to the target nucleic
acid, or a circular primer is added to the ligated target nucleic
acid complex. Addition of a polymerase results in extension
of' the circular probe. However, since the probe has no termi-
nus, the polymerase continues to extend the probe repeatedly.
Thus results in amplification of the circular probe.

[0262] A second alternative approach involves OLA fol-
lowed by RCA. In this embodiment, an immobilized primer is
contacted with a target nucleic acid. Complementary
sequences will hybridize with each other resulting in an
immobilized duplex. A second primer is contacted with the
target nucleic acid. The second primer hybridizes to the target
nucleic acid adjacent to the first primer. An OLA assay is
performed as described above. Ligation only occurs if the
primer are complementary to the target nucleic acid. When a
mismatch occurs, particularly at one of the nucleotides to be
ligated, ligation will not occur. Following ligation of the
oligonucleotides, the ligated, immobilized, oligonucleotide is
then hybridized with an RCA probe. This is a circular probe
that is designed to specifically hybridize with the ligated
oligonucleotide and will only hybridize with an oligonucle-
otide that has undergone ligation. RCA is then performed as
is outlined in more detail below.

[0263] Accordingly, in an preferred embodiment, a single
oligonucleotide is used both for OLA and as the circular
template for RCA (referred to herein as a “padlock probe” or
a“RCA probe”). That is, each terminus of the oligonucleotide
contains sequence complementary to the target nucleic acid
and functions as an OLA primer as described above. That is,
the firstend of the RCA probe is substantially complementary
to a first target domain, and the second end of the RCA probe
is substantially complementary to a second target domain,
adjacent to the first domain. Hybridization of the oligonucle-
otide to the target nucleic acid results in the formation of a
hybridization complex. Ligation of the “primers” (which are
the discrete ends of a single oligonucleotide) results in the
formation of a modified hybridization complex containing a
circular probe i.e. an RCA template complex. That is, the
oligonucleotide is circularized while still hybridized with the
target nucleic acid. This serves as a circular template for
RCA. Addition ofa polymerase to the RCA template complex
results in the formation of an amplified product nucleic acid.
Following RCA, the amplified product nucleic acid is
detected. This can be accomplished in a variety of ways; for
example, the polymerase may incorporate labeled nucle-
otides, or alternatively, a label probe is used that is substan-
tially complementary to a portion of the RCA probe and
comprises at least one label is used.

[0264] The polymerase can be any polymerase, but is pref-
erably one lacking 3' exonuclease activity (3' exo”).
Examples of suitable polymerase include but are not limited
to exonuclease minus DNA Polymerase 1 large (Klenow)
Fragment, Phi29 DNA polymerase, Taq DNA Polymerase
and the like. In addition, in some embodiments, a polymerase
that will replicate single-stranded DNA (i.e. without a primer
forming a double stranded section) can be used.

Jan. 21, 2010

[0265] Inapreferred embodiment, the RCA probe contains
an adapter sequence as outlined herein, with adapter capture
probes on the array, for example on a microsphere when
microsphere arrays are being used. Alternatively, unique por-
tions of the RCA probes, for example all or part of the
sequence corresponding to the target sequence, can be used to
bind to a capture probe.

[0266] In a preferred embodiment, the padlock probe con-
tains a restriction site. The restriction endonuclease site
allows for cleavage of the long concatamers that are typically
the result of RCA into smaller individual units that hybridize
either more efficiently or faster to surface bound capture
probes. Thus, following RCA, the product nucleic acid is
contacted with the appropriate restriction endonuclease. This
results in cleavage of the product nucleic acid into smaller
fragments. The fragments are then hybridized with the cap-
ture probe that is immobilized resulting in a concentration of
product fragments onto the microsphere. Again, as outlined
herein, these fragments can be detected in one of two ways:
either labelled nucleotides are incorporated during the repli-
cation step, or an additional label probe is added.

[0267] Thus, in a preferred embodiment, the padlock probe
comprises a label sequence; i.e. a sequence that can be used to
bind label probes and is substantially complementary to a
label probe. In one embodiment, it is possible to use the same
label sequence and label probe for all padlock probes on an
array; alternatively, each padlock probe can have a different
label sequence.

[0268] The padlock probe also contains a priming site for
priming the RCA reaction. That is, each padlock probe com-
prises a sequence to which a primer nucleic acid hybridizes
forming a template for the polymerase. The primer can be
found in any portion of the circular probe. In a preferred
embodiment, the primer is located at a discrete site in the
probe. In this embodiment, the primer site in each distinct
padlock probe is identical, although this is not required.
Advantages of using primer sites with identical sequences
include the ability to use only a single primer oligonucleotide
to prime the RCA assay with a plurality of different hybrid-
ization complexes. That is, the padlock probe hybridizes
uniquely to the target nucleic acid to which it is designed. A
single primer hybridizes to all of the unique hybridization
complexes forming a priming site for the polymerase. RCA
then proceeds from an identical locus within each unique
padlock probe of the hybridization complexes.

[0269] In an alternative embodiment, the primer site can
overlap, encompass, or reside within any of the above-de-
scribed elements of the padlock probe. That is, the primer can
be found, for example, overlapping or within the restriction
site or the identifier sequence. In this embodiment, it is nec-
essary that the primer nucleic acid is designed to base pair
with the chosen primer site.

[0270] Thus, the padlock probe of the invention contains at
each terminus, sequences corresponding to OLA primers.
The intervening sequence of the padlock probe contain in no
particular order, an adapter sequence and a restriction endo-
nuclease site. In addition, the padlock probe contains a RCA
priming site.

[0271] Thus, in a preferred embodiment the OLA/RCA is
performed in solution followed by restriction endonuclease
cleavage of the RCA product. The cleaved product is then
applied to an array comprising beads, each bead comprising a
probe complementary to the adapter sequence located in the
padlock probe. The amplified adapter sequence correlates
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with a particular target nucleic acid. Thus the incorporation of
an endonuclease site allows the generation of short, easily
hybridizable sequences. Furthermore, the unique adapter
sequence in each rolling circle padlock probe sequence
allows diverse sets of nucleic acid sequences to be analyzed in
parallel on an array, since each sequence is resolved on the
basis of hybridization specificity.

[0272] In an alternative OLA/RCA method, one of the
OLA primers is immobilized on the microsphere; the second
primer is added in solution. Both primers hybridize with the
target nucleic acid forming a hybridization complex as
described above for the OLA assay.

[0273] As described herein, the microsphere is distributed
on an array. In a preferred embodiment, a plurality of micro-
spheres each with a unique OLA primer is distributed on the
array.

[0274] Following the OLA assay, and either before, after or
concurrently with distribution of the beads on the array, a
segment of circular DNA is hybridized to the bead-based
ligated oligonucleotide forming a modified hybridization
complex. Addition of an appropriate polymerase (3' exo™), as
is known in the art, and corresponding reaction buffer to the
array leads to amplification of the circular DNA. Since there
is no terminus to the circular DNA, the polymerase continues
to travel around the circular template generating extension
product until it detaches from the template. Thus, a poly-
merase with high processivity can create several hundred or
thousand copies of the circular template with all the copies
linked in one contiguous strand.

[0275] Again, these copies are subsequently detected by
one of two methods; either hybridizing a labeled oligo
complementary to the circular target or via the incorporation
of'labeled nucleotides in the amplification reaction. The label
is detected using conventional label detection methods as
described herein.

[0276] In one embodiment, when the circular DNA con-
tains sequences complementary to the ligated oligonucleotide
it is preferable to remove the target DNA prior to contacting
the ligated oligonucleotide with the circular DNA (See FIG.
7). This is done by denaturing the double-stranded DNA by
methods known in the art. In an alternative embodiment, the
double stranded DNA is not denatured prior to contacting the
circular DNA.

[0277] In an alternative embodiment, when the circular
DNA contains sequences complementary to the target nucleic
acid, it is preferable that the circular DNA is complementary
at a site distinct from the site bound to the ligated oligonucle-
otide. In this embodiment it is preferred that the duplex
between the ligated oligonucleotide and target nucleic acid is
not denatured or disrupted prior to the addition of the circular
DNA so that the target DNA remains immobilized to the bead.

[0278] Hybridization and washing conditions are well
known in the art; various degrees of stringency can be used. In
some embodiments it is not necessary to use stringent hybrid-
ization or washing conditions as only microspheres contain-
ing the ligated probes will effectively hybridize with the
circular DNA; microspheres bound to DNA that did not
undergo ligation (those without the appropriate target nucleic
acid) will not hybridize as strongly with the circular DNA as
those primers that were ligated. Thus, hybridization and/or
washing conditions are used that discriminate between bind-
ing of the circular DNA to the ligated primer and the unligated
primer.

Jan. 21, 2010

[0279] Alternatively, when the circular probe is designed to
hybridize to the target nucleic acid at a site distinct from the
site bound to the ligated oligonucleotide, hybridization and
washing conditions are used to remove or dissociate the target
nucleic acid from unligated oligonucleotides while target
nucleic acid hybridizing with the ligated oligonucleotides
will remain bound to the beads. In this embodiment, the
circular probe only hybridizes to the target nucleic acid when
the target nucleic acid is hybridized with a ligated oligonucle-
otide that is immobilized on a bead.

[0280] As is well known in the art, an appropriate poly-
merase (3' exo”) is added to the array. The polymerase
extends the sequence of a single-stranded DNA using double-
stranded DNA as a primer site. In one embodiment, the cir-
cular DNA that has hybridized with the appropriate OLA
reaction product serves as the primer for the polymerase. In
the presence of an appropriate reaction buffer as is known in
the art, the polymerase will extend the sequence of the primer
using the single-stranded circular DNA as a template. As
there is no terminus of the circular DNA, the polymerase will
continue to extend the sequence of the circular DNA. In an
alternative embodiment, the RCA probe comprises a discrete
primer site located within the circular probe. Hybridization of
primer nucleic acids to this primer site forms the polymerase
template allowing RCA to proceed.

[0281] In a preferred embodiment, the polymerase creates
more than 100 copies of the circular DNA. In more preferred
embodiments the polymerase creates more than 1000 copies
of the circular DNA; while in a most preferred embodiment
the polymerase creates more than 10,000 copies or more than
50,000 copies of the template.

[0282] The amplified circular DNA sequence is then
detected by methods known in the art and as described herein.
Detection is accomplished by hybridizing with a labeled
probe. The probe is labeled directly or indirectly. Alterna-
tively, labeled nucleotides are incorporated into the amplified
circular DNA product. The nucleotides can be labeled
directly, or indirectly as is further described herein.

[0283] The RCA as described herein finds use in allowing
highly specific and highly sensitive detection of nucleic acid
target sequences. In particular, the method finds use in
improving the multiplexing ability of DNA arrays and elimi-
nating costly sample or target preparation. As an example, a
substantial savings in cost can be realized by directly analyz-
ing genomic DNA on an array, rather than employing an
intermediate PCR amplification step. The method finds use in
examining genomic DNA and other samples including
mRNA.

[0284] In addition the RCA finds use in allowing rolling
circle amplification products to be easily detected by hybrid-
ization to probes in a solid-phase format (e.g. an array of
beads). An additional advantage of the RCA is that it provides
the capability of multiplex analysis so that large numbers of
sequences can be analyzed in parallel. By combining the
sensitivity of RCA and parallel detection on arrays, many
sequences can be analyzed directly from genomic DNA.
[0285] In an alternative embodiment, the OLA assay
includes employing a standard solution phase OLA assay
using adapter sequences to capture the OLA product. In this
case, the allele specific oligonucleotides also contain a
sequence thatis complementary to a circular RCA primer that
is indicative of the respective allele. That is, the OLA primer
designed to hybridize to one allele contains a specific
sequence for hybridization to a specific RCA primer. Like-
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wise, the OLA primer designed to hybridize to the second
allele contains a specific sequence for hybridization to a sec-
ond specific RCA primer. Following OLA and capture of the
OLA product, both RCA primers are hybridized with the
OLA product, but only the RCA primer that is complemen-
tary to the respective RCA primer site will hybridize with that
site. An RCA assay is performed and the product detected as
described herein. The RCA product is an indication of the
presence of a particular allele.

[0286] In one embodiment RCA is used to amplify cDNA.
As is known in the art, cDNA is obtained by reverse transcrip-
tion of mRNA. The resulting cDNA, therefore is a represen-
tation of the mRNA population in a given sample. Accord-
ingly, it is desirable to examine cDNA to gain insight into the
relative level of mRNA of a sample. However, frequently
there exists a need to amplify the cDNA in order to obtain
sufficient quantities for various analyses. Previously, ampli-
fication strategies involved exponential techniques such as
PCR. A potential problem with exponential amplification is
that it occasionally results in distorted mRNA profiles. Given
the desire to examine mRNA populations, which provide an
indication of the expression level of different gene products,
there is a desire to develop amplification techniques that
provide a more accurate indication of the mRNA levels in a
sample.

[0287] Accordingly, the present invention provides a
method of amplifying cDNA using the RCA as described
herein. In a preferred embodiment, the method includes cir-
cularizing the cDNA and amplifying the circularized sub-
strate with a DNA polymerase. In a preferred embodiment the
c¢DNA is circularized by hybridization with a “guide linker”.
By “guide linker” is meant an oligonucleotide that is comple-
mentary to the 5' and 3' termini of the cDNA molecule.
Generally, the 5' terminus of a cDNA molecule contains a
poly-T track. In addition, the 3' terminus of cDNA frequently
contains multiple C nucleotides. Generally three or four C
nucleotides are added to the 3' terminus of the cDNA. Without
being bound by theory, it is thought that these Cs are a result
of'non-template mediated addition of the C nucleotides to the
3' terminus by the DNA Polymerase. Accordingly, in a pre-
ferred embodiment the guide linker contains a plurality of A
nucleotides at one terminus and a plurality of G nucleotides at
the other terminus. That is, it contains at its 5' terminus a
plurality of G nucleotides and at its 3' terminus a plurality of
A nucleotides. A preferred guide linker contains the sequence
GGGAAAA, although it could contain more or fewer Gs or
As at each of the respective termini.

[0288] Upon hybridization of the guide linker with the
c¢DNA, the circular cDNA is covalently closed following
incubation with ligase. That is, incubation with ligase results
in covalent attachment of the 5'T and 3° C. of the cDNA). The
circular cDNA/guide linker complex is then contacted with a
DNA polymerase that extends the circular template as
described herein. The cDNA/guide linker complex serves as
a template for the polymerase. This results in linear amplifi-
cation of the cDNA and results in a population of cDNA that
is representative of the mRNA levels of a sample. That is, the
amplified cDNA provides an indication of the gene expres-
sion level of a sample. In addition, the amplified products
represent full length cDNAs as a result of selection with a
guide linker that contains a poly-T tract and a poly-G tract.
[0289] As described herein, in some embodiments labeled
nucleotides are incorporated into the amplified cDNA prod-
uct. This results in linear amplification of the signal.
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[0290] The amplified cDNA product finds use in a variety
of assays including gene expression analysis. The amplified
products find use as probes that can be applied to an array as
described herein.

Cycling Probe Technology (CPT Cycling probe technology
(CPT) is a nucleic acid detection system based on signal or
probe amplification rather than target amplification, such as is
done in polymerase chain reactions (PCR). Cycling probe
technology relies on a molar excess of labeled probe which
contains a scissile linkage of RNA. Upon hybridization of the
probe to the target, the resulting hybrid contains a portion of
RNA:DNA. This area of RNA:DNA duplex is recognized by
RNAseH and the RNA is excised, resulting in cleavage of the
probe. The probe now consists of two smaller sequences
which may be released, thus leaving the target intact for
repeated rounds of the reaction. The unreacted probe is
removed and the label is then detected. CPT is generally
described in U.S. Pat. Nos. 5,011,769, 5,403,711, 5,660,988,
and 4,876,187, and PCT published applications WO
95/05480, WO 95/1416, and WO 95/00667, all of which are
specifically incorporated herein by reference.

Oligonucleotide Ligation Assay

[0291] The oligonucleotide ligation assay (OLA; some-
times referred to as the ligation chain reaction (LCR)) involve
the ligation of at least two smaller probes into a single long
probe, using the target sequence as the template for the ligase.
See generally U.S. Pat. Nos. 5,185,243, 5,679,524 and 5,573,
907; EP 0320 308 B1; EP 0336 731 B1; EP 0439 182 B1;
WO 90/01069; WO 89/12696; and WO 89/09835, all of
which are incorporated by reference.

Invader™

[0292] Invader™ technology is based on structure-specific
polymerases that cleave nucleic acids in a site-specific man-
ner. Two probes are used: an “invader” probe and a “signal-
ing” probe, that adjacently hybridize to a target sequence with
a non-complementary overlap. The enzyme cleaves at the
overlap due to its recognition of the “tail”, and releases the
“tail” with a label. This can then be detected. The Invader™
technology is described in U.S. Pat. Nos. 5,846,717; 5,614,
402; 5,719,028, 5,541,311; and 5,843,669, all of which are
hereby incorporated by reference.

ICAN Amplification

[0293] ICAN methodology is a preferred amplification
method that includes hybridizing chimeric-primers com-
posed of RNA (3' end) and DNA (5' end) and providing a
DNA polymerase with strand displacement activity (Bca-
BEST™ DNA polymerase from Takara Shuzo Co., Ltd),
which extends the primer forming a double stranded interme-
diate. Subsequently, a ribonuclease cleaves the junction of the
DNA-RNA hybrid (RNase H). Subsequently, an additional
chimeric primer hybridizes with the extension product or
original target and displaces one strand of the double stranded
intermediate. This cycle is repeated thereby amplifying the
target. Amplification is outlined in FIG. 12. In a preferred
embodiment ICAN method can be used to amplify specific
regions of DNA at a constant temperature of 50 to 65° C. That
is, the amplification is isothermal.

SPIA™

[0294] In a preferred embodiment, a linear amplification
scheme known as ESPIA, or SPIA is applied. This amplifi-
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cation technique is disclosed in WO 01/20035 A2 and U.S.
Pat. No. 6,251,639, which are incorporated by reference
herein. Generally, the method includes hybridizing chimeric
RNA/DNA amplification primers to the probes or target.
Preferably the DNA portion of the probe is 3' to the RNA.
Optionally the method includes hybridizing a polynucleotide
comprising a termination polynucleotide sequence to aregion
of the template that is 5' with respect to hybridization of the
composite primer to the template. Following hybridization of
the primer to the template, the primer is extended with DNA
polymerase. Subsequently, the RNA is cleaved from the com-
posite primer with an enzyme that cleaves RNA from an
RNA/DNA hybrid. Subsequently, an additional RNA/DNA
chimeric primer is hybridized to the template such that the
first extended primer is displaced from the target probe. The
extension reaction is repeated, whereby multiple copies of the
probe sequence are generated.

Amplicon Enrichment

[0295] Inthis alternate method, following amplification, as
described above, the amplicons are hybridized to a solid-
phase containing immobilized targets, i.e. genomic DNA or
oligonucleotides corresponding to targeted SNPs. Preferably
the amplification primers include universal primers, as
described herein. In a preferred embodiment hybridization is
performed at high temperatures such that only the desired
PCR products (those that include or span the particular allele)
are retained, while non-specific products or primer-dimers,
which have a reduced Tm are removed by washing. That is,
the notable difference between the Tms of specific products,
which are preferably form 65 to 85° C., more preferably form
7010 80° C., and the Tms of the non-specific products, which
is around from about 45-60° C., provides a separation win-
dow for controlling or discriminating between the two popu-
lations during hybridization and washing.

[0296] The immobilized target can be any nucleic acid as
described herein. Preferably the immobilized target is
genomic DNA or oligonucleotides corresponding to particu-
lar SNPs. Alternatively, it could be pooled genomic DNA
from a variety of sources or individually amplified products.
[0297] Once the non-specific products have been removed,
the retained PCR products may be detected. Alternatively,
they may be additionally amplified. Alternatively, they may
be used in any genotyping assays as are known in the art and
described herein.

Label

[0298] By “detection label” or “detectable label” herein is
meant a moiety that allows detection. This may be a primary
label or a secondary label. Accordingly, detection labels may
be primary labels (i.e. directly detectable) or secondary labels
(indirectly detectable).

[0299] In a preferred embodiment, the detection label is a
primary label. A primary label is one that can be directly
detected, such as a fluorophore. In general, labels fall into
three classes: a) isotopic labels, which may be radioactive or
heavy isotopes; b) magnetic, electrical, thermal labels; and ¢)
colored or luminescent dyes. Labels can also include
enzymes (horseradish peroxidase, etc.) and magnetic par-
ticles. Preferred labels include chromophores or phosphors
but are preferably fluorescent dyes. Suitable dyes for use in
the invention include, but are not limited to, fluorescent lan-
thanide complexes, including those of Europium and Ter-
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bium, fluorescein, rhodamine, tetramethylrhodamine, eosin,
erythrosin, coumarin, methyl-coumarins, quantum dots (also
referred to as “nanocrystals™ see U.S. Ser. No. 09/315,584,
hereby incorporated by reference), pyrene, Malacite green,
stilbene, Lucifer Yellow, Cascade Blue™, Texas Red, Cy
dyes (Cy3, CyS5, etc.), alexa dyes, phycoerythin, bodipy, and
others described in the 6th Edition of the Molecular Probes
Handbook by Richard P. Haugland, hereby expressly incor-
porated by reference.

[0300] In a preferred embodiment, a secondary detectable
label is used. A secondary label is one that is indirectly
detected; for example, a secondary label can bind or react
with a primary label for detection, can act on an additional
product to generate a primary label (e.g. enzymes), or may
allow the separation of the compound comprising the second-
ary label from unlabeled materials, etc. Secondary labels find
particular use in systems requiring separation of labeled and
unlabeled probes, such as SBE, OLA, invasive cleavage reac-
tions, etc; in addition, these techniques may be used with
many of the other techniques described herein. Secondary
labels include, but are not limited to, one of a binding partner
pair; chemically modifiable moieties; nuclease inhibitors,
enzymes such as horseradish peroxidase, alkaline phos-
phatases, lucifierases, etc.

[0301] Inapreferred embodiment, the secondary label is a
binding partner pair. For example, the label may be a hapten
or antigen, which will bind its binding partner. In a preferred
embodiment, the binding partner can be attached to a solid
support to allow separation of extended and non-extended
primers. For example, suitable binding partner pairs include,
but are not limited to: antigens (such as proteins (including
peptides)) and antibodies (including fragments thereof
(FAbs, etc.)); proteins and small molecules, including biotin/
streptavidin; enzymes and substrates or inhibitors; other pro-
tein-protein interacting pairs; receptor-ligands; and carbohy-
drates and their binding partners. Nucleic acid-nucleic acid
binding proteins pairs are also useful. In general, the smaller
of the pair is attached to the NTP for incorporation into the
primer. Preferred binding partner pairs include, but are not
limited to, biotin (or imino-biotin) and streptavidin, digeoxi-
nin and Abs, and Prolinx™ reagents (see www.prolinxinc.
convie4/home.hmtl).

[0302] Ina preferred embodiment, the binding partner pair
comprises biotin or imino-biotin and streptavidin. Imino-
biotin is particularly preferred as imino-biotin disassociates
from streptavidin in pH 4.0 buffer while biotin requires harsh
denaturants (e.g. 6 M guanidinium HCI, pH 1.5 or 90% for-
mamide at 95° C.).

[0303] Ina preferred embodiment, the binding partner pair
comprises a primary detection label (for example, attached to
the NTP and therefore to the extended primer) and an anti-
body that will specifically bind to the primary detection label.
By “specifically bind” herein is meant that the partners bind
with specificity sufficient to differentiate between the pair and
other components or contaminants of the system. The binding
should be sufficient to remain bound under the conditions of
the assay, including wash steps to remove non-specific bind-
ing. In some embodiments, the dissociation constants of the
pair will be less than about 107*-10"° M~!, with less than
about 107> to 10~ M~ being preferred and less than about
1077-10° M~" being particularly preferred.

[0304] Inapreferred embodiment, the secondary label is a
chemically modifiable moiety. In this embodiment, labels
comprising reactive functional groups are incorporated into
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the nucleic acid. The functional group can then be subse-
quently labeled with a primary label. Suitable functional
groups include, but are not limited to, amino groups, carboxy
groups, maleimide groups, oxo groups and thiol groups, with
amino groups and thiol groups being particularly preferred.
For example, primary labels containing amino groups can be
attached to secondary labels comprising amino groups, for
example using linkers as are known in the art; for example,
homo- or hetero-bifunctional linkers as are well known (see
1994 Pierce Chemical Company catalog, technical section on
cross-linkers, pages 155-200, incorporated herein by refer-
ence).

[0305] However, in this embodiment, the label is a second-
ary label, a purification tag, that can be used to capture the
sequence comprising the tag onto a second solid support
surface.

[0306] The addition of the polymerase and the labeled
dNTP are done under conditions to allow the formation of a
modified first probe. The modified first probe is then added to
a second solid support using the purification tag as outlined
herein.

[0307] Once immobilized, several reagents are adding to
the modified probe. In a preferred embodiment, first and
second universal probes are added, with a polymerase and
dNTPs, such that the modified probe is amplified to form
amplicons, which can then be detected on arrays as outlined
below. While the figures are generally directed to PCR sys-
tems, other amplification systems can be used, as are gener-
ally outlined in Ser. No. 09/517,945, filed Mar. 3, 2000,
60/161,148, filed Oct. 22, 1999, 60/135,051, filed May 20,
1999, 60/244,119, filed Oct. 26, 2000, Ser. No. 09/556,463,
filed Apr. 21, 2000, and Ser. No. 09/553,993, filed Apr. 20,
2000, all of which are expressly incorporated herein by ref-
erence.

Combination Techniques

[0308] Other preferred configurations of the system are
shown in the figures.

[0309] In one embodiment the target nucleic acid is first
immobilized. This is followed by a specificity step, i.e. allele
specific extension (see FIG. 1) and amplification. That is,
following immobilization of the target nucleic acids, the tar-
get nucleic acids are contacted with allele specific probes
under stringent annealing conditions. Non-hybridized probes
are removed by a stringent wash. Subsequently the hybrid-
ized probes or primers are contacted with an enzyme such as
a polymerase in the presence of labeled ddNTP (see FIG. 1)
forming a modified primer. Preferably the label is a purifica-
tion tag as described herein. The ddNTP is only incorporated
into the primer that is perfectly complementary to the target
nucleic acid. The modified primer is then eluted from the
immobilized target nucleic acid, and contacted with amplifi-
cation primers to form amplicons. In one embodiment the
eluted primer is purified by binding to a binding partner for
the affinity tag. Then the purified and modified primer is
contacted with amplification primers for amplification, form-
ing amplicons. The amplicons are then detected as an indica-
tion of the presence of the particular target nucleic acid.
[0310] In a preferred embodiment, as shown in FIG. 1, the
allele specific primer also includes an adapter sequence and
priming sequences. That is, the primer includes from 5' to 3',
and upstream amplification priming site, an adapter
sequence, a downstream amplification priming site, and an
allele specific sequence Priming sequences hybridize with
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amplification primers; the adapter sequence mediates attach-
ment of the amplicons to a support for subsequent detection of
amplicons. In preferred embodiments, as described herein,
the priming sequences are universal priming sequences. This
allows for highly multiplexed amplification. In a preferred
embodiment at least one of the universal priming sequences is
specific for a particular allele.

[0311] Asshownin the figures, allele detection can proceed
on a number of levels. In one embodiment adapters are dis-
tinct for the particular allele. Thus, following amplification of
the adapter sequences, detection of the adapter provides iden-
tification of the particular allele to be detected.

[0312] Alternatively, allele detection proceeds as a result of
allele specific amplification. As shown in FIG. 1, at least one
of the priming sequences on the primers for each allele is
specific for a particular allele. Thus, following the specificity
assay, one of the alleles will be identified. Following addition
of the respective amplification primers, only one set of the
primers will hybridize with the priming sequences. Thus,
only one of the sets of primers will generate an amplicon. In
apreferred embodiment, each of the sets of primers is labeled
with distinct label. Because only one of the sets will be
amplified, detection of a label provides an indication of the
primer that was amplified. This, in turn identifies the nucle-
otide at the detection position.

[0313] Inan alternative embodiment the target nucleic acid
is first contacted with a first target specific probe under strin-
gent annealing conditions and a first extension reaction is
performed with either dNTPs or ddNTPS forming a first
extension product (see FIG. 2). The first target specific probe
in this embodiment is either a locus specific probe or an allele
specific probe. This step reduces the complexity of the
sample. Subsequently the first extension product is contacted
with a second probe that has the same sequence as a portion of
the target sequence, i.e. the second probe is complementary to
the extension product, and again can be either an allele spe-
cific probe or a locus specific probe. Following hybridization
of the second probe, a second extension reaction is per-
formed.

[0314] In a preferred embodiment the primers for the first
and second extension reaction also include amplification
priming sites. Preferably the amplification priming sites are
universal priming sites as described herein. Accordingly, the
resulting extension product is amplified (the amplification
component of the multiplexing scheme). The resulting double
stranded product is then denatured and either of the strands is
used as a template for a single base extension (SBE) reaction
as described in more detail below (the specificity compo-
nent). In the SBE reaction, chain terminating nucleotides
such as ddTNPs are used as substrates for the polymerase and
are incorporated into a target probe that is hybridized to the
single stranded amplicon template adjacent to the interroga-
tion position. Preferably the ddNTPs are labeled as described
below. Preferably, the ddN'TPs are discretely labeled such that
they can be discriminated in the detection step.

[0315] In an alternative embodiment a first biotinylated or
otherwise tagged probe is hybridized with a target nucleic
acid and a first extension reaction is performed. The primer or
probe is either an allele specific or locus specific probe. The
extended product is then purified from the mixture by the tag.
Again, this serves as the complexity reduction step. Subse-
quently, a second primer is hybridized to the first extension
product and a second extension reaction is performed, pref-
erably in an allele specific manner, i.e. with discriminatory
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probes that are specific for each allele. This represents the
specificity step. Preferably, both of the primers used in the
extension reactions contain universal priming sites. Thus,
universal primers can be added for universal amplification of
the extension products (the amplification component) (see
FIG. 3). In a preferred embodiment, each allele specific
primer includes a distinct amplification priming site. Thus,
following allele discrimination, only one of the primers can
be used for amplification, resulting in allele specific amplifi-
cation. Preferably the amplification primers contain discrete
labels, which again allows for detection of which particular
primers served as amplification templates. This, again, iden-
tifies the particular allele to be detected. In an additional
preferred embodiment, at least one of the primers includes an
adapter sequence as outlined below.

[0316] In an alternative embodiment tagged, i.e. biotiny-
lated, primers are hybridized with a target nucleic acid. Pref-
erably the hybridization complex is immobilized. Fither the
target or the primer can be the immobilized component. After
annealing, the immobilized complexes are washed to remove
unbound nucleic acids. This is followed by an extension
reaction. This is the complexity reduction component of the
assay. Subsequently, the extended probe is removed via the
purification tag. The purified probe is then hybridized with
allele specific probes (the specificity component). The
hybridized probes are then amplified (the amplification com-
ponent) (see FIG. 4).

[0317] Ina preferred embodiment the allele specific probe
contains universal priming sites and an adapter sequence.
Preferably the universal priming sites are specific for a par-
ticular allele. That is, one of the universal priming sites may
be common to all alleles, but the second universal priming site
is specific for a particular allele. Following hybridization the
allele specific primer, the complexes are washed to remove
unbound or mismatched primers. Thus, this configuration
allows for allele specific amplification. Amplicons are
detected as an indication of the presence of a particular allele.
[0318] In an alternative embodiment, the specificity com-
ponent occurs first, In this embodiment allele specific probes
are hybridized with the target nucleic acid; an extension assay
is performed whereby only the perfectly complementary
probe is extended. That is, only the probe that is perfectly
complementary to the probe at the interrogation position
serves as a substrate for extension reaction. Preferably the
extension reaction includes tagged, i.e. biotinylated, dNTPs
such that the extension product is tagged. The extension prod-
uct is then purified from the reaction mixture. Subsequently,
a second allele specific primer is hybridized to the extension
product. This step also serves as a second specificity step. In
this embodiment the specificity steps also serve as complexity
reduction components in that they enrich for target nucleic
acids. Following the addition of the second allele specific
primer and extension, the extension product is amplified,
preferably with universal primers (see FIG. 5).

[0319] as discussed previously, it is preferably for the at
least one allele specific primer to contain an allele specific
priming site, preferably an allele specific universal priming
site. Again, this configuration allows for multiplexed allele
specific amplification using universal primers.

[0320] Inanalternative embodiment, the target nucleic acid
is first immobilized and hybridized with allele specific prim-
ers. Preferably the allele specific primers also include an
adapter sequence that is indicative of the particular allele.
Allele specific extension is then performed whereby only the
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primer that is perfectly complementary to the detection posi-
tion of the target nucleic acid will serve as a template for
primer extension. That is, mismatched primers will not be
extended. Of note, the allele specific position of the primer
need not be the 3' terminal nucleotide of the primer (see FIGS.
7 and 8). That is, the primer may extend beyond the detection
position of the target nucleic acid. In this embodiment it is
preferable to include labeled dNTPs or ddNTPs or both such
that the extension product is labeled and can be detected. In
some preferred embodiments the interrogator is not the ter-
minal position of the primer, but rather resides at a position 1,
2,3, 4, 5 or 6 nucleotides from the 3' terminus of the primer.

[0321] Inapreferred embodiment both ANTPs and ddNTPs
are included in the extension reaction mixture. In this
embodiment only one label is needed, and the amount of label
can be determined and altered by varying the relative concen-
tration of labeled and unlabeled dTNPs and ddNTPs. That is,
in one embodiment labeled ddNTPs are included in the exten-
sion mix at a dilution such that each termination will result in
placement of single label on each strand. Thus, this method
allows for quantification of targets. Alternatively, if a higher
signal is needed, a mixture of labeled dNTPs can be used
along with chain terminating nucleotides at a lower concen-
tration. The result is the incorporation of multiple labels per
extension product. Preferably the primers also include adapt-
ers which facilitate immobilization of the extension products
for detection.

[0322] In an additional preferred configuration, target
nucleic acids are hybridized with tagged locus specific prim-
ers. Preferably the primer includes a locus specific portion
and a universal priming site. Of note, as is generally true for
locus specific primers, they need not be immediately adjacent
to the detection position. Upon hybridization, the hybridiza-
tion complexes are immobilized, preferably by binding moi-
ety that specifically binds the tag on the locus specific primer.
The immobilized complexes are then washed to remove unla-
beled nucleic acids; the remaining hybridization complexes
are then subject to an extension reaction. Following extension
of the locus specific primer, a nucleotide complementary to
the nucleotide at the detection position will be incorporated
into the extension product. In some embodiments it is desir-
able to limit the size of the extension because this reduces the
complexity of subsequent annealing steps. This may be
accomplished by including both dNTPs and ddNTPs in the
reaction mixture.

[0323] Following the first extension, a second locus or
allele specific primer is hybridized to the immobilized exten-
sion product and a second extension reaction occurs. Prefer-
ably the second extension primer includes a target specific
portion and a universal priming site. After extension, univer-
sal amplification primers can be added to the reaction and the
extension products amplified. The amplicons can then be
used for detection of the particular allele. This can be accom-
plished by competitive hybridization, as described herein.
Alternatively, it can be accomplished by an additional exten-
sion reaction. When the extension reaction is performed, pref-
erably a primer that contains an adapter sequence and a target
specific portion is hybridized with the amplicons. Preferably
the target specific portion hybridizes up to a position that is
adjacent to the detection position, i.e. the particular allele to
be detected. Polymerase and labeled ddNTPs are then added
and the extension reaction proceeds, whereby incorporation
of a particular label is indicative of the nucleotide that is
incorporated into the extension primer. This nucleotide is
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complementary to the nucleotide at the detection position.
Thus, analyzing or detecting which nucleotide is incorpo-
rated into the primer provides an indication of the nucleotide
at the allele position. The extended primer is detected by
methods that include but are not limited to the methods
described herein.

[0324] In another embodiment, the genotyping specificity
is conferred by the extension reaction. In this embodiment,
two probes (sometimes referred to herein as “primers”) are
hybridized non-contiguously to a target sequence compris-
ing, from 3' to 5', a first second and third target domain.
Preferably the target is immobilized. That is, in a preferred
embodiment, the target sequence is genomic DNA and is
attached to a solid support as is generally described in U.S.
Ser. No. 09/931,285, hereby expressly incorporated by refer-
encein its entirety. In this embodiment, magnetic beads, tubes
or microtiter plates are particularly preferred solid supports,
although other solid supports as described below can also be
used.

[0325] The first probe hybridized to the first domain, con-
tains a first universal priming sequence and contains, at the 3'
end (within the terminal six bases), an interrogation position.
In some preferred embodiments the interrogator is not the
terminal position of the primer, but rather resides at a position
1,2,3,4, 5 or 6 nucleotides from the 3' terminus of the primer.
Subsequently, the unhybridized primers are removed. This is
followed by providing an extension enzyme such as a poly-
merase, and NTPs (which includes both dNTPs, NTPs and
analogs, as outlined below). If the interrogation position is
perfectly complementary to the detection position of the tar-
get sequence, the extension enzyme will extend through the
second target domain to form an extended first probe, ending
at the beginning of the third domain, to which the second
probe is hybridized. A second probe is complementary to the
third target domain, and upon addition of a ligase, the
extended first probe will ligate to the second probe. The
addition of a primer allows amplification to form amplicons.
If the second probe comprises an antisense second primer,
exponential amplification may occur, such as in PCR. Simi-
larly, one or other of the probes may comprise an adapter or
address sequence, which facilitates detection. For example,
the adapter may serve to allow hybridization to a “universal
array”. Alternatively, the adapter may serve as a mobility
modifier for electrophoresis or mass spectrometry analysis,
or as a label sequence for the attachment of labels or beads for
flow cytometry analysis.

[0326] In another embodiment, the reaction is similar
except that it is the ligation reaction that provides the detec-
tion position/interrogation specificity. In this embodiment, it
is the second probe that comprises a 5' interrogation position.
The extended first probe will not be ligated to the second
probe if there is a mismatch between the interrogation posi-
tion and the target sequence. As above, the addition of a
primer allows amplification to form amplicons. If the second
probe comprises an antisense second primer, exponential
amplification may occur, such as in PCR. Similarly, one or
other of the probes may comprise an adapter or address
sequence, which facilitates detection. For example, the
adapter may serve to allow hybridization to a “universal
array”. Alternatively, the adapter may serve as a mobility
modifier for electrophoresis or mass spectrometry analysis,
or as a label sequence for the attachment of labels or beads for
flow cytometry analysis.
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[0327] Once prepared, and attached to a solid support as
required, the target sequence is used in genotyping reactions.
It should be noted that while the discussion below focuses on
certain assays, in general, for each reaction, each of these
techniques may be used in a solution based assay, wherein the
reaction is done in solution and a reaction product is bound to
the array for subsequent detection, or in solid phase assays,
where the reaction occurs on the surface and is detected,
either on the same surface or a different one.

[0328] The assay continues with the addition of a first
probe. The first probe comprises, a 5' first domain comprising
a first universal priming sequence. The universal priming
sites are used to amplify the modified probes to form a plu-
rality of amplicons that are then detected in a variety of ways,
as outlined herein. In preferred embodiments, one of the
universal priming sites is a T7 site, such that RNA is ulti-
mately made to form the amplicon. Alternatively, as more
fully outlined below, two universal priming sequences are
used, one on the second probe generally in antisense orienta-
tion, such that PCR reactions or other exponential amplifica-
tion reactions can be done. Alternatively, a single universal
primer can be used for amplification. Linear amplification can
be performed using the SPIA assay, T7 amplification, linear
TMA and the like, as described herein.

[0329] The first probe further comprises, 3' to the priming
sequence, a second domain comprising a sequence substan-
tially complementary to the first target domain of the target
sequence. Again, the second target domain comprises n
nucleotides, wherein n is an integer of at least 1, and prefer-
ably from 1 to 100 s, with from 1 to 10 being preferred and
from 1, 2, 3, 4 and 5 being particularly preferred. What is
important is that the first and third target domains are non-
contiguous, e.g. not adjacent.

[0330] In a preferred embodiment, the first probe, further
comprises, 3' to the second domain, an interrogation position
within the 3' six terminal bases. As used herein, the base
which basepairs with a detection position base in a hybrid is
termed a “readout position” or an “interrogation position”;
thus one or the other of the first or second probes of the
invention comprise an interrogation position, as outlined
herein. In some cases, when two SNP positions or detection
positions are being elucidated, both the first and the second
probes may comprise interrogation positions.

[0331] When the first probe comprises the interrogation
position, it falls within the six 3' terminal nucleotides, with in
three, and preferably two, and most preferably it is the 3'
terminal nucleotide. In some preferred embodiments the
interrogator is not the terminal position of the primer, but
rather resides at a position 1, 2, 3, 4, 5 or 6 nucleotides from
the 3' terminus of the primer. Alternatively, the first probe
does not contain the interrogation position; rather the second
probe does. This depends on whether the extension enzyme or
the ligation enzyme is to confer the specificity required for the
genotyping reaction.

[0332] In addition to the first probes of the invention, the
compositions of the invention further comprise a second
probe for each target sequence. The second probes each com-
prise a first domain comprising a sequence substantially
complementary to the third target domain of a target sequence
as outlined herein.

[0333] Insome embodiments, the second probes comprise
a second universal priming site. As outlined herein, the first
and second probes can comprise two universal primers, one in
each orientation, for use in PCR reactions or other amplifica-
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tionreactions utilizing two primers. That is, as is known in the
art, the orientation of primers is such to allow exponential
amplification, such that the first universal priming sequence is
in the “sense” orientation and the second universal priming
sequence is in the “antisense” orientation.

[0334] In a preferred embodiment, it is the second probe
that comprises the interrogation position. In this embodiment,
the second probe comprises a 5' interrogation nucleotide,
although in some instances, depending on the ligase, the
interrogation nucleotide may be within 1-3 bases of the 5'
terminus. However, it is preferred that the interrogation base
be the 5' base.

[0335] Ina preferred embodiment, either the first or second
probe further comprises an adapter sequence, (sometimes
referred to in the art as “zip codes™) to allow the use of
“universal arrays”. That is, arrays are generated that contain
capture probes that are not target specific, but rather specific
to individual artificial adapter sequences.

[0336] It should be noted that when two universal priming
sequences and an adapter is used, the orientation of the con-
struct should be such that the adapter gets amplified; that is,
the two universal priming sequences are generally at the
termini of the amplification template, described below.
[0337] The first and second probes are added to the target
sequences to form a first hybridization complexes. The first
hybridization complexes are contacted with a first universal
primer that hybridizes to the first universal priming sequence,
an extension enzyme and dNTPs.

[0338] Ifitisthe first probe that comprises the interrogation
nucleotide, of the base at the interrogation position is per-
fectly complementary with the base at the detection position,
extension of the first primer occurs through the second target
domain, stopping at the 5' of the second probe, to form
extended first probes that are hybridized to the target
sequence, forming second hybridization complexes. If, how-
ever, the base at the interrogation position is not perfectly
complementary with the base at the detection position, exten-
sion of the first probe will not occur, and no subsequent
amplification or detection will occur.

[0339] Extension of the enzyme will also occur if it is the
second probe that comprises the interrogation position.
[0340] Once extended, the extended first probe is adjacent
to the 5' end of the second probe. In the case where the
interrogation position was in the first probe, the two ends of
the probes (the 3' end of the first probe and the 5' end of the
second probe) are respectively perfectly complementary to
the target sequence at these positions, and the two probes can
be ligated together with a suitable ligase to form amplification
templates.

[0341] The conditions for carrying out the ligation will
depend on the particular ligase used and will generally follow
the manufacturer’s recommendations.

[0342] If, however, it is the second probe that carries the
interrogation position at its 5' end, the base at the interroga-
tion position must be perfectly complementary to the detec-
tion position in the target sequence to allow ligation. In the
absence of perfect complementarity, no significant ligation
will occur between the extended first probe and the second
probe.

[0343] It should be noted that the enzymes may be added
sequentially or simultaneously. If the target sequences are
attached to a solid support, washing steps may also be incor-
porated if required.
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[0344] The ligation of the extended first probe and the
second probe results in an amplification template comprising
at least one, and preferably two, universal primers and an
optional adapter. Amplification can then be done, in a wide
variety of ways. As will be appreciated by those in the art,
there are a wide variety of suitable amplification techniques
requiring either one or two primers, as is generally outlined in
U.S. Ser. No. 09/517,945, hereby expressly incorporated by
reference.

Detection Systems

[0345] All of the methods and compositions herein are
drawn to methods of detecting, quantifying and/or determin-
ing the base at the detection position of a target nucleic acid,
generally by having differential reactions occur depending on
the presence or absence of a mismatch. The reaction products
are generally detected on arrays as is outlined herein,
although a number of different detection methods may be
used.

[0346] As is more fully outlined below, preferred systems
of'the invention work as follows. An amplicon is attached (via
hybridization) to an array site. This attachment is generally a
direct hybridization between a adapter on the amplicon and a
corresponding capture probe, although in some instances, the
system can rely on indirect “sandwich” complexes using cap-
ture extender probes as are known in the art. In a preferred
embodiment, the target sequence (e.g. the amplicon) itself
comprises the labels. Alternatively, a label probe is added,
that will hybridize to a label sequence on the amplicon, form-
ing an assay complex. The capture probes of the array are
substantially (and preferably perfectly) complementary to the
adapter sequences.

[0347] The terms length determination, separation-by-
length assay, and separation-by-length assay medium are
taken collectively to mean a process and its related apparatus
that achieves separation of DNA fragments on the basis of
length, size, mass, or any other physical property. This
includes generally, liquid chromatography, electrophoresis
and direct mass spectrometry; more particularly, high perfor-
mance liquid chromatography (HPLC) and capillary electro-
phoresis or gel electrophoresis, and MALDI-TOF MS respec-
tively.

[0348] Other detection assays or formats include classical
configurations such as the “dot-blot”. This method of hybrid-
ization gained wide-spread use, and many versions were
developed (see M. L. M. Anderson and B. D. Young, in
Nucleic Acid Hybridization-A Practical Approach, B. D.
Hames and S. J. Higgins, Eds., IRL Press, Washington D.C.,
Chapter 4, pp. 73-111, 1985). The “dot blot” hybridization
has been further developed for multiple analysis of genomic
mutations (D. Nanibhushan and D. Rabin, in EPA 0228075,
Jul. 8, 1987) and for the detection of overlapping clones and
the construction of genomic maps (G. A. Evans, in U.S. Pat.
No. 5,219,726, Jun. 15, 1993).

[0349] Another format, the so-called “sandwich” hybrid-
ization, involves attaching oligonucleotide probes covalently
to a solid support and using them to capture and detect mul-
tiple nucleic acid targets. (M. Ranki et al., Gene, 21, pp.
77-85, 1983; A. M. Palva, T. M. Ranki, and H. E. Soderlund,
in UK Patent Application GB 2156074 A, Oct. 2, 1985; T. M.
Ranki and H. E. Soderlund in U.S. Pat. No. 4,563,419, Jan. 7,
1986; A. D. B. Malcolm and J. A. Langdale, in PCT WO
86/03782, Jul. 3, 1986; Y. Stabinsky, in U.S. Pat. No. 4,751,
177, Jan. 14, 1988; T. H. Adams et al., in PCT WO 90/01564,
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Feb. 22,1990; R. B. Wallace et al. 6 Nucleic Acid Res. 11, p.
3543, 1979; and B. J. Connor et al., 80 Proc. Natl. Acad. Sci.
USA pp. 278-282, 1983). Multiplex versions of these formats
are called “reverse dot blots”.

[0350] Inanother approach of matrix hybridization, Beattie
et al., in The 1992 San Diego Conference: Genetic Recogni-
tion, November, 1992, used a microrobotic system to deposit
micro-droplets containing specific DNA sequences into indi-
vidual microfabricated sample wells on a glass substrate. The
hybridization in each sample well is detected by interrogating
miniature electrode test fixtures, which surround each indi-
vidual microwell with an alternating current (AC) electric
field.

[0351] One preferred aspect of the present invention is that
it results in high-throughput screening capabilities. In the
assays described herein, from a few up to millions of different
tags identifying, e.g., SNPs, can be identified simultaneously.
For example, using simple dot-blot hybridization methods,
membranes with thousands of immobilized probes can be
generated for screening against tags. The solid-phase tech-
niques described below can be adapted to having literally
millions of different immobilized nucleic acids per square
inch. Similarly, very large sets of amplified DNAs, e.g., tags,
can be immobilized on membranes for simultaneous screen-
ing against one or more sequence.

[0352] Inoneembodiment, the identity of the amplification
products are determined by detecting the molecular weights
of'the amplification product or a fragment thereof, such as by
chromatography or mass spectroscopy.

[0353] For instance, the gross molecular weight of an
amplification product or a discrete fragment thereof can be
detected. As set forth above, each member of a probe library
(i.e., all of the probes in the reaction) has a unique molecular
weight label based on the particular sequence of the tag. For
instance, mass spectrometry can provide high detection sen-
sitivity and accuracy of mass measurements that can discern
between probes which, while identical in length, differ in
sequence by only base. Thus, complex libraries can be con-
structed by calculating the overall molecular weight of each
amplification product to be detected by varying the G/C/A/T
content in the tag sequence. In certain preferred embodi-
ments, the nucleic acid sequence which is being detected
includes, as its only variable sequence, the tag sequence and
not the template homology regions. Such fragments can be
generated, for example, by including restriction sites that
flank the tag sequence, or choosing the PCR primers such that
only the tag sequence is the only variable region of the
covalently closed circular product which is included in the
amplification products. That being said, in those embodi-
ments where the amplification product which is being
detected also includes the template homology region(s), the
calculation and design of the tag sequences will need to
include the variability in the THRs as well in order to produce
products having a unique molecular weight so as to be dis-
cernable from one another by mass spectroscopy or other
detection means as may be chosen.

[0354] Those skilled in the art will recognize that very
simple algorithms can be used to calculate the molecular
weights for each member of a library by varying the sequence
of the tag, taking into account if necessary the sequences of
the template homology regions. The molecular weight com-
plexity of the tag can be increased by allowing the probes to
vary in length as well sequence.
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[0355] Incertain instances, the library can be deconvoluted
by chromatographic techniques prior to detection by mass
spectroscopy. For example, prior to introducing a sample into
the spectrometer, the mixture can first be at least semi-puri-
fied. Separation procedures based on size (e.g. gel-filtration),
solubility (e.g. isoelectric precipitation) or electric charge
(e.g. electrophoresis, isoelectric focusing, ion exchange chro-
matography) may be used to separate a mixture of amplimers.
A preferred separation procedure is high performance liquid
chromatography (HPLC).

[0356] In certain embodiments, the amplification product
can include an integrated mass label for multiplex sequenc-
ing. Multiplexing by mass modification in this case is
obtained by mass-modifying the nucleic acid primer, e.g., at
the level of the sugar or base moiety. Such embodiments are
most practical when amplification products are to be mixed
for detection after the amplification step rather than before.
[0357] Suitable mass spectrometry techniques foruse in the
present invention include DNA analyses of the present inven-
tion include collision-induced dissociation (CID) fragmenta-
tion analysis (e.g., CID in conjunction with a MS/MS con-
figuration, see Schram, K. (1990) “Mass Spectrometry of
Nucleic Acid Components,” in Biomedical Applications of
Mass Spectrometry 34:203-287; and Crain P. (1990) Mass
Spectrometry Reviews 9:505-554); fast atomic bombardment
(FAB mass spectrometry) and plasma desorption (PD mass
spectrometry), see Koster et al. (1987) Biomedical Environ-
mental Mass Spectrometry 14:111-116; and electrospray/
ionspray (ES) and matrix-assisted laser desorption/ionization
(MALDI) mass spectrometry (see Fenn et al. (1984) J. Phys.
Chem. 88:4451-4459, Smith et al. (1990) Anal. Chem.
62:882-889, and Ardrey, B. (1992) Spectroscopy Europe
4:10-18). MALDI mass spectrometry is particularly well
suited to such analyses when a time-of-flight (TOF) configu-
ration is used as a mass analyzer (MALDI-TOF). See Inter-
national Publication No. WO 97/33000, published Sep. 12,
1997, see also Huth-Fehre et al. (1992) Rapid Communica-
tions in Mass Spectrometry 6:209-213, and Williams et al.
(1990) Rapid Communications in Mass Spectrometry 4:348-
351.

[0358] Suitable mass spectrometry techniques foruse in the
mass tag analyses of the present invention include collision-
induced dissociation (CID) fragmentation analysis (e.g., CID
in conjunction with a MS/MS configuration, see Schram, K.
(1990) “Mass Spectrometry of Nucleic Acid Components,” in
Biomedical Applications of Mass Spectrometry 34:203-287;
and Crain P. (1990) Mass Spectrometry Reviews 9:505-554);
fast atomic bombardment (FAB mass spectrometry) and
plasma desorption (PD mass spectrometry), see Koster et al.
(1987 Biomedical Environmental Mass Spectrometry
14:111-116; and electrospray/ionspray (ES) and matrix-as-
sisted laser desorption/ionization (MALDI) mass spectrom-
etry (see Fenn et al. (1984) J. Phys. Chem. 88:4451-4459,
Smith et al. (1990) Anal. Chem. 62:882-889, and Ardrey, B.
(1992) Spectroscopy Europe 4:10-18). MALDI mass spec-
trometry is particularly well suited to such analyses when a
time-of-flight (TOF) configuration is used as a mass analyzer
(MALDI-TOF). See International Publication No. WO
97/33000, published Sep. 12, 1997, see also Huth-Fehre et al.
(1992) Rapid Communications in Mass Spectrometry 6:209-
213, and Williams et al. (1990) Rapid Communications in
Mass Spectrometry 4:348-351.

[0359] Inthis regard, anumber of mass tags suitable for use
with nucleic acids are known (see U.S. Pat. No. 5,003,059 to
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Brennan and U.S. Pat. No. 5,547,835 to Koster), including
mass tags which are cleavable from the nucleic acid (see
International Publication No. WO 97/27331).

[0360] In another embodiment, the hybridization tags are
detected on a micro-formatted multiplex or matrix devices
(e.g., DNA chips) (see M. Barinaga, 253 Science, pp. 1489,
1991; W. Bains, 10 Bio/Technology, pp. 757-758, 1992).
These methods usually attach specific DNA sequences to
very small specific areas of a solid support, such as micro-
wells of a DNA chip. In one variant, the invention is adapted
to solid phase arrays for the rapid and specific detection of
multiple polymorphic nucleotides, e.g., SNPs. Typically, an
oligonucleotide is linked to a solid support and a tag nucleic
acid is hybridized to the oligonucleotide. Either the oligo-
nucleotide, or the tag, or both, can be labeled, typically with
a fluorophore. Where the tag is labeled, hybridization is
detected by detecting bound fluorescence. Where the oligo-
nucleotide is labeled, hybridization is typically detected by
quenching of the label. Where both the oligonucleotide and
the tag are labeled, detection of hybridization is typically
performed by monitoring a color shift resulting from prox-
imity of the two bound labels. A variety of labeling strategies,
labels, and the like, particularly for fluorescent based appli-
cations are described, supra.

[0361] Inoneembodiment, an array of oligonucleotides are
synthesized on a solid support. Exemplary solid supports
include glass, plastics, polymers, metals, metalloids, ceram-
ics, organics, etc. Using chip masking technologies and pho-
toprotective chemistry it is possible to generate ordered
arrays of nucleic acid probes. These arrays, which are known,
e.g., as “DNA chips,” or as very large scale immobilized
polymer arrays (“VLSIPS™” arrays) can include millions of
defined probe regions on a substrate having an area of about
1 cm2 to several cm2, thereby incorporating sets of from a few
to millions of probes.

[0362] The construction and use of solid phase nucleic acid
arrays to detect target nucleic acids is well described in the
literature. See, Fodor et al. (1991) Science, 251: 767-777;
Sheldon et al. (1993) Clinical Chemistry 39(4): 718-719;
Kozal et al. (1996) Nature Medicine 2(7): 753-759 and Hub-
bell U.S. Pat. No. 5,571,639. See also, Pinkel et al. PCT/
US95/16155 (WO 96/17958). In brief, a combinatorial strat-
egy allows for the synthesis of arrays containing a large
number of probes using a minimal number of synthetic steps.
Forinstance, it is possible to synthesize and attach all possible
DNA 8 mer oligonucleotides (48, or 65,536 possible combi-
nations) using only 32 chemical synthetic steps. In general,
VLSIPS™ procedures provide a method of producing 4n
different oligonucleotide probes on an array using only 4n
synthetic steps.

[0363] Light-directed combinatorial synthesis of oligo-
nucleotide arrays on a glass surface is performed with auto-
mated phosphoramidite chemistry and chip masking tech-
niques similar to photoresist technologies in the computer
chip industry. Typically, a glass surface is derivatized with a
silane reagent containing a functional group, e.g., a hydroxyl
or amine group blocked by a photolabile protecting group.
Photolysis through a photolithogaphic mask is used selec-
tively to expose functional groups which are then ready to
react with incoming S5'-photoprotected nucleoside phos-
phoramidites. The phosphoramidites react only with those
sites which are illuminated (and thus exposed by removal of
the photolabile blocking group). Thus, the phosphoramidites
only add to those areas selectively exposed from the preced-

Jan. 21, 2010

ing step. These steps are repeated until the desired array of
sequences have been synthesized on the solid surface.
[0364] A 96 well automated multiplex oligonucleotide syn-
thesizer (A.M.0O.S.) has also been developed and is capable of
making thousands of oligonucleotides (Lashkari et al. (1995)
PNAS 93: 7912). Existing light-directed synthesis technol-
ogy can generate high-density arrays containing over 65,000
oligonucleotides (Lipshutz et al. (1995) BioTech. 19: 442.

[0365] Combinatorial synthesis of different oligonucle-
otide analogues at different locations on the array is deter-
mined by the pattern of illumination during synthesis and the
order of addition of coupling reagents. Monitoring of hybrid-
ization of target nucleic acids to the array is typically per-
formed with fluorescence microscopes or laser scanning
microscopes. Inaddition to being able to design, build and use
probe arrays using available techniques, one of skill is also
able to order custom-made arrays and array-reading devices
from manufacturers specializing in array manufacture. For
example, Affymetrix Corp., in Santa Clara, Calif. manufac-
tures DNA VLSIP™ arrays.

[0366] It will be appreciated that oligonucleotide design is
influenced by the intended application. For example, where
several oligonucleotide-tag interactions are to be detected in
a single assay, e.g., on a single DNA chip, it is desirable to
have similar melting temperatures for all of the probes.
Accordingly, the length of the probes are adjusted so that the
melting temperatures for all of the probes on the array are
closely similar (it will be appreciated that different lengths for
different probes may be needed to achieve a particular T[m]
where different probes have different GC contents). Although
melting temperature is a primary consideration in probe
design, other factors are optionally used to further adjust
probe construction, such as selecting against primer self-
complementarity and the like. The “active” nature of the
devices provide independent electronic control over all
aspects of the hybridization reaction (or any other affinity
reaction) occurring at each specific microlocation. These
devices provide a new mechanism for affecting hybridization
reactions which is called electronic stringency control (ESC).
For DNA hybridization reactions which require different
stringency conditions, ESC overcomes the inherent limitation
of conventional array technologies. The active devices of this
invention can electronically produce “different stringency
conditions” at each microlocation. Thus, all hybridizations
can be carried out optimally in the same bulk solution. These
arrays are described in U.S. Pat. No. 6,051,380 by Sosnowski
etal.

[0367] Accordingly, the present invention provides array
compositions comprising at least a first substrate with a sur-
face comprising individual sites. By “array” or “biochip”
herein is meant a plurality of nucleic acids in an array format;
the size of the array will depend on the composition and end
use of the array. Nucleic acids arrays are known in the art, and
can be classified in a number of ways; both ordered arrays
(e.g. the ability to resolve chemistries at discrete sites), and
random arrays (e.g. bead arrays) are included. Ordered arrays
include, but are not limited to, those made using photolithog-
raphy techniques (Affymetrix GeneChip™), spotting tech-
niques (Synteni and others), printing techniques (Hewlett
Packard and Rosetta), electrode arrays, three dimensional
“gel pad” arrays, etc. Liquid arrays may also be used, i.e.
three-dimensional array methods such as flow cytometry.
When flow cytometry is the detection method, amplicons are
immobilized to a support such as a microsphere as described
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herein. The microspheres are applied to a flow cytometer and
the amplicons are detected optically as described herein.
[0368] In a preferred embodiment, when beads are used,
the beads are distributed in or on an additional support or
substrate is generally flat (planar), although as will be appre-
ciated by those in the art, other configurations of substrates
may be used as well; for example, three dimensional configu-
rations can be used, for example by embedding the beads in a
porous block of plastic that allows sample access to the beads
and using a confocal microscope for detection. Similarly, the
beads may be placed on the inside surface of a tube, for
flow-through sample analysis to minimize sample volume.
Preferred substrates include optical fiber bundles as discussed
below, and flat planar substrates such as glass, polystyrene
and other plastics and acrylics. In a preferred embodiment
such substrates include multi-well plates as are known in the
art. In a preferred embodiment magnetic force is used to
immobilized magnetic beads on the solid support.

[0369] A preferred embodiment utilizes microspheres on a
variety of array substrates including fiber optic bundles, as are
outlined in PCTs US98/21193, PCT US99/14387 and PCT
US98/05025; WO98/50782; and U.S. Ser. Nos. 09/287,573,
09/151,877, 09/256,943, 09/316,154, 60/119,323, 09/315,
584; all of which are expressly incorporated by reference.
While much of the discussion below is directed to the use of
microsphere arrays on fiber optic bundles, any array format of
nucleic acids on solid supports may be utilized.

[0370] Arrays containing from about 2 different bioactive
agents (e.g. different beads, when beads are used) to many
millions can be made, with very large arrays being possible.
Generally, the array will comprise from two to as many as a
billion or more, depending on the size of the beads and the
array substrate, as well as the end use of the array, thus very
high density, high density, moderate density, low density and
very low density arrays may be made. Preferred ranges for
very high density arrays are from about 10,000,000 to about
2,000,000,000, with from about 100,000,000 to about 1,000,
000,000 being preferred (all numbers being in square cm).
High density arrays range about 100,000 to about 10,000,000,
with from about 1,000,000 to about 5,000,000 being particu-
larly preferred. Moderate density arrays range from about
10,000 to about 100,000 being particularly preferred, and
from about 20,000 to about 50,000 being especially preferred.
Low density arrays are generally less than 10,000, with from
about 1,000 to about 5,000 being preferred. Very low density
arrays are less than 1,000, with from about 10 to about 1000
being preferred, and from about 100 to about 500 being
particularly preferred. In some embodiments, the composi-
tions of the invention may not be in array format; that is, for
some embodiments, compositions comprising a single bioac-
tive agent may be made as well. In addition, in some arrays,
multiple array substrates may be used, either of different or
identical compositions. Thus for example, large arrays may
comprise a plurality of smaller array substrates.

[0371] In addition, one advantage of the present composi-
tions is that particularly through the use of fiber optic tech-
nology, extremely high density arrays can be made. Thus for
example, because beads of 200 um or less (with beads of 200
nm possible) can be used, and very small fibers are known, it
is possible to have as many as 40,000 or more (in some
instances, 1 million) different elements (e.g. fibers and beads)
in a 1 mm? fiber optic bundle, with densities of greater than
25,000,000 individual beads and fibers (again, in some
instances as many as 50-100 million) per 0.5 cm obtainable (4
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million per square cm for Sp center-to-center and 100 million
per square cm for 11 center-to-center).

[0372] By “array substrate” or “array solid support” or
other grammatical equivalents herein is meant any material
that can be modified to contain discrete individual sites appro-
priate for the attachment or association of beads and is ame-
nable to at least one detection method. As will be appreciated
by those in the art, the number of possible array substrates is
very large. Possible array substrates include, but are not lim-
ited to, glass and modified or functionalized glass, plastics
(including acrylics, polystyrene and copolymers of styrene
and other materials, polypropylene, polyethylene, polybuty-
lene, polyurethanes, Teflon, etc.), polysaccharides, nylon or
nitrocellulose, resins, silica or silica-based materials includ-
ing silicon and modified silicon, carbon, metals, inorganic
glasses, plastics, optical fiber bundles, and a variety of other
polymers. In general, the array substrates allow optical detec-
tion and do not themselves appreciably fluoresce.

[0373] Generally the array substrate is flat (planar),
although as will be appreciated by those in the art, other
configurations of array substrates may be used as well; for
example, three dimensional configurations can be used, for
example by embedding the beads in a porous block of plastic
that allows sample access to the beads and using a confocal
microscope for detection. Similarly, the beads may be placed
onthe inside surface of a tube, for flow-through sample analy-
sis to minimize sample volume. Preferred array substrates
include optical fiber bundles as discussed below, and flat
planar array substrates such as paper, glass, polystyrene and
other plastics and acrylics.

[0374] Ina preferred embodiment, the array substrate is an
optical fiber bundle or array, as is generally described in U.S.
Ser. Nos. 08/944,850 and 08/519,062, PCT US98/05025, and
PCT US98/09163, all of which are expressly incorporated
herein by reference. Preferred embodiments utilize pre-
formed unitary fiber optic arrays. By “preformed unitary fiber
optic array” herein is meant an array of discrete individual
fiber optic strands that are co-axially disposed and joined
along their lengths. The fiber strands are generally individu-
ally clad. However, one thing that distinguished a preformed
unitary array from other fiber optic formats is that the fibers
are not individually physically manipulatable; that is, one
strand generally cannot be physically separated at any point
along its length from another fiber strand.

[0375] Generally, the arrayed array compositions of the
invention can be configured in several ways; see for example
U.S. Ser. No. 09/473,904, hereby expressly incorporated by
reference. In a preferred embodiment, as is more fully out-
lined below, a “one component” system is used. That is, a first
array substrate comprising a plurality of assay locations
(sometimes also referred to herein as “assay wells”), such as
a microtiter plate, is configured such that each assay location
contains an individual array. That is, the assay location and
the array location are the same. For example, the plastic
material of the microtiter plate can be formed to contain a
plurality of “bead wells” in the bottom of each of the assay
wells. Beads containing the capture probes of the invention
can then be loaded into the bead wells in each assay location
as is more fully described below.

[0376] Alternatively, a “two component™ system can be
used. In this embodiment, the individual arrays are formed on
a second array substrate, which then can be fitted or “dipped”
into the first microtiter plate substrate. A preferred embodi-
ment utilizes fiber optic bundles as the individual arrays,
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generally with “bead wells” etched into one surface of each
individual fiber, such that the beads containing the capture
probes are loaded onto the end of the fiber optic bundle. The
composite array thus comprises a number of individual arrays
that are configured to fit within the wells of a microtiter plate.

[0377] By “composite array” or “combination array” or
grammatical equivalents herein is meant a plurality of indi-
vidual arrays, as outlined above. Generally the number of
individual arrays is set by the size of the microtiter plate used;
thus, 96 well, 384 well and 1536 well microtiter plates utilize
composite arrays comprising 96, 384 and 1536 individual
arrays, although as will be appreciated by those in the art, not
each microtiter well need contain an individual array. It
should be noted that the composite arrays can comprise indi-
vidual arrays that are identical, similar or different. That is, in
some embodiments, it may be desirable to do the same 2,000
assays on 96 different samples; alternatively, doing 192,000
experiments on the same sample (i.e. the same sample in each
of'the 96 wells) may be desirable. Alternatively, each row or
column of the composite array could be the same, for redun-
dancy/quality control. As will be appreciated by those in the
art, there are a variety of ways to configure the system. In
addition, the random nature of the arrays may mean that the
same population of beads may be added to two different array
surfaces, resulting in substantially similar but perhaps not
identical arrays.

[0378] At least one surface of the array substrate is modi-
fied to contain discrete, individual sites for later association of
microspheres. These sites may comprise physically altered
sites, i.e. physical configurations such as wells or small
depressions in the array substrate that can retain the beads,
such that a microsphere can rest in the well, or the use of other
forces (magnetic or compressive), or chemically altered or
active sites, such as chemically functionalized sites, electro-
statically altered sites, hydrophobically/hydrophilically func-
tionalized sites, spots of adhesive, etc.

[0379] The sites may be a pattern, i.e. a regular design or
configuration, or randomly distributed. A preferred embodi-
ment utilizes a regular pattern of sites such that the sites may
be addressed in the X-Y coordinate plane. “Pattern” in this
sense includes a repeating unit cell, preferably one that allows
a high density of beads on the array substrate. However, it
should be noted that these sites may not be discrete sites. That
is, it is possible to use a uniform surface of adhesive or
chemical functionalities, for example, that allows the attach-
ment of beads at any position. That is, the surface of the array
substrate is modified to allow attachment of the microspheres
atindividual sites, whether or not those sites are contiguous or
non-contiguous with other sites. Thus, the surface of the array
substrate may be modified such that discrete sites are formed
that can only have a single associated bead, or alternatively,
the surface of the array substrate is modified and beads may
go down anywhere, but they end up at discrete sites. That is,
while beads need not occupy each site on the array, no more
than one bead occupies each site.

[0380] In a preferred embodiment, the surface of the array
substrate is modified to contain wells, i.e. depressions in the
surface of the array substrate. This may be done as is gener-
ally known in the art using a variety of techniques, including,
but not limited to, photolithography, stamping techniques,
molding techniques and microetching techniques. As will be
appreciated by those in the art, the technique used will depend
on the composition and shape of the array substrate.
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[0381] In a preferred embodiment, physical alterations are
made in a surface of the array substrate to produce the sites. In
a preferred embodiment, the array substrate is a fiber optic
bundle and the surface of the array substrate is a terminal end
of the fiber bundle, as is generally described in 08/818,199
and 09/151,877, both of which are hereby expressly incorpo-
rated by reference. In this embodiment, wells are made in a
terminal or distal end of a fiber optic bundle comprising
individual fibers. In this embodiment, the cores of the indi-
vidual fibers are etched, with respect to the cladding, such that
small wells or depressions are formed at one end of'the fibers.
The required depth of the wells will depend on the size of the
beads to be added to the wells.

[0382] Generally in this embodiment, the microspheres are
non-covalently associated in the wells, although the wells
may additionally be chemically functionalized as is generally
described below, cross-linking agents may be used, or a
physical barrier may be used, i.e. a film or membrane over the
beads.

[0383] Ina preferred embodiment, the surface of the array
substrate is modified to contain chemically modified sites,
that can be used to attach, either covalently or non-covalently,
the microspheres of the invention to the discrete sites or
locations on the array substrate. “Chemically modified sites”
in this context includes, but is not limited to, the addition of a
pattern of chemical functional groups including amino
groups, carboxy groups, oxo groups and thiol groups, that can
be used to covalently attach microspheres, which generally
also contain corresponding reactive functional groups; the
addition of a pattern of adhesive that can be used to bind the
microspheres (either by prior chemical functionalization for
the addition of the adhesive or direct addition of the adhe-
sive); the addition of a pattern of charged groups (similar to
the chemical functionalities) for the electrostatic attachment
of the microspheres, i.e. when the microspheres comprise
charged groups opposite to the sites; the addition of a pattern
of chemical functional groups that renders the sites differen-
tially hydrophobic or hydrophilic, such that the addition of
similarly hydrophobic or hydrophilic microspheres under
suitable experimental conditions will result in association of
the microspheres to the sites on the basis of hydroaffinity. For
example, the use of hydrophobic sites with hydrophobic
beads, in an aqueous system, drives the association of the
beads preferentially onto the sites. As outlined above, “pat-
tern” in this sense includes the use of a uniform treatment of
the surface to allow attachment of the beads at discrete sites,
as well as treatment of the surface resulting in discrete sites.
As will be appreciated by those in the art, this may be accom-
plished in a variety of ways.

[0384] In some embodiments, the beads are not associated
with an array substrate. That is, the beads are in solution or are
not distributed on a patterned substrate.

[0385] In apreferred embodiment, the compositions of the
invention further comprise a population of microspheres. By
“population” herein is meant a plurality of beads as outlined
above for arrays. Within the population are separate subpopu-
lations, which can be a single microsphere or multiple iden-
tical microspheres. That is, in some embodiments, as is more
fully outlined below, the array may contain only a single bead
for each capture probe; preferred embodiments utilize a plu-
rality of beads of each type.

[0386] By “microspheres” or “beads” or “particles” or
grammatical equivalents herein is meant small discrete par-
ticles. The composition of the beads will vary, depending on
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the class of capture probe and the method of synthesis. Suit-
able bead compositions include those used in peptide, nucleic
acid and organic moiety synthesis, including, but not limited
to, plastics, ceramics, glass, polystyrene, methylstyrene,
acrylic polymers, paramagnetic materials, thoria sol, carbon
graphite, titanium dioxide, latex or cross-linked dextrans such
as Sepharose, cellulose, nylon, cross-linked micelles and
Teflon may all be used. “Microsphere Detection Guide” from
Bangs Laboratories, Fishers Ind. is a helpful guide.

[0387] The beads need not be spherical; irregular particles
may be used. In addition, the beads may be porous, thus
increasing the surface area of the bead available for either
capture probe attachment or tag attachment. The bead sizes
range from nanometers, i.e. 100 nm, to millimeters, i.e. 1 mm,
with beads from about 0.2 micron to about 200 microns being
preferred, and from about 0.5 to about 5 micron being par-
ticularly preferred, although in some embodiments smaller
beads may be used.

[0388] It should be noted that a key component of the
invention is the use of an array substrate/bead pairing that
allows the association or attachment of the beads at discrete
sites on the surface of the array substrate, such that the beads
do not move during the course of the assay.

[0389] FEach microsphere comprises a capture probe,
although as will be appreciated by those in the art, there may
be some microspheres which do not contain a capture probe,
depending on the synthetic methods.

[0390] Attachment of the nucleic acids may be done in a
variety of ways, as will be appreciated by those in the art,
including, but not limited to, chemical or affinity capture (for
example, including the incorporation of derivatized nucle-
otides such as AminoLink or biotinylated nucleotides that can
then be used to attach the nucleic acid to a surface, as well as
affinity capture by hybridization), cross-linking, and electro-
static attachment, etc. In a preferred embodiment, affinity
capture is used to attach the nucleic acids to the beads. For
example, nucleic acids can be derivatized, for example with
one member of a binding pair, and the beads derivatized with
the other member of a binding pair. Suitable binding pairs are
as described herein for IBL/DBL pairs. For example, the
nucleic acids may be biotinylated (for example using enzy-
matic incorporate of biotinylated nucleotides, for by photo-
activated cross-linking of biotin). Biotinylated nucleic acids
can then be captured on streptavidin-coated beads, as is
known in the art. Similarly, other hapten-receptor combina-
tions can be used, such as digoxigenin and anti-digoxigenin
antibodies. Alternatively, chemical groups can be added in the
form of derivatized nucleotides, that can them be used to add
the nucleic acid to the surface.

[0391] Preferred attachments are covalent, although even
relatively weak interactions (i.e. non-covalent) can be suffi-
cient to attach a nucleic acid to a surface, if there are multiple
sites of attachment per each nucleic acid. Thus, for example,
electrostatic interactions can be used for attachment, for
example by having beads carrying the opposite charge to the
bioactive agent.

[0392] Similarly, affinity capture utilizing hybridization
can be used to attach nucleic acids to beads.

[0393] Alternatively, chemical crosslinking may be done,
for example by photoactivated crosslinking of thymidine to
reactive groups, as is known in the art.

[0394] In a preferred embodiment, each bead comprises a
single type of capture probe, although a plurality of individual
capture probes are preferably attached to each bead. Simi-
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larly, preferred embodiments utilize more than one micro-
sphere containing a unique capture probe; that is, there is
redundancy built into the system by the use of subpopulations
of' microspheres, each microsphere in the subpopulation con-
taining the same capture probe.

[0395] Aswillbeappreciated by those in the art, the capture
probes may either be synthesized directly on the beads, or
they may be made and then attached after synthesis. In a
preferred embodiment, linkers are used to attach the capture
probes to the beads, to allow both good attachment, sufficient
flexibility to allow good interaction with the target molecule,
and to avoid undesirable binding reactions.

[0396] In a preferred embodiment, the capture probes are
synthesized directly on the beads. As is known in the art,
many classes of chemical compounds are currently synthe-
sized on solid supports, such as peptides, organic moieties,
and nucleic acids. It is a relatively straightforward matter to
adjust the current synthetic techniques to use beads.

[0397] In a preferred embodiment, the capture probes are
synthesized first, and then covalently attached to the beads.
As will be appreciated by those in the art, this will be done
depending on the composition of the capture probes and the
beads. The functionalization of solid support surfaces such as
certain polymers with chemically reactive groups such as
thiols, amines, carboxyls, etc. is generally known in the art.
Accordingly, “blank” microspheres may be used that have
surface chemistries that facilitate the attachment of the
desired functionality by the user. Some examples of these
surface chemistries for blank microspheres include, but are
not limited to, amino groups including aliphatic and aromatic
amines, carboxylic acids, aldehydes, amides, chloromethyl
groups, hydrazide, hydroxyl groups, sulfonates and sulfates.
[0398] In general, the methods of making the arrays and of
decoding the arrays is done to maximize the number of dif-
ferent candidate agents that can be uniquely encoded. The
compositions of the invention may be made in a variety of
ways. In general, the arrays are made by adding a solution or
slurry comprising the beads to a surface containing the sites
for attachment of the beads. This may be done in a variety of
buffers, including aqueous and organic solvents, and mix-
tures. The solvent can evaporate, and excess beads are
removed.

[0399] In a preferred embodiment, when non-covalent
methods are used to associate the beads with the array, a novel
method of loading the beads onto the array is used. This
method comprises exposing the array to a solution of particles
(including microspheres and cells) and then applying energy,
e.g. agitating or vibrating the mixture. In a preferred embodi-
ment when the array substrate is a fiber optic bundle, the array
substrate is tapped into the beads. That is, the energy is
tapping. This results in an array comprising more tightly
associated particles, as the agitation is done with sufficient
energy to cause weakly-associated beads to fall off (or out, in
the case of wells). These sites are then available to bind a
different bead. In this way, beads that exhibit a high affinity
for the sites are selected. Arrays made in this way have two
main advantages as compared to a more static loading: first of
all, a higher percentage of the sites can be filled easily, and
secondly, the arrays thus loaded show a substantial decrease
in bead loss during assays. Thus, in a preferred embodiment,
these methods are used to generate arrays that have at least
about 50% of the sites filled, with at least about 75% being
preferred, and at least about 90% being particularly preferred.
Similarly, arrays generated in this manner preferably lose less
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than about 20% of the beads during an assay, with less than
about 10% being preferred and less than about 5% being
particularly preferred.

[0400] Methods of adding, washing and detecting the
amplicons on the array are well known.

[0401] Thus, the compositions ofthe present invention may
be used in a variety of research, clinical, quality control, or
field testing settings.

[0402] In a preferred embodiment, the present invention
finds use in the quantification of PCR reactions. Thus, the
invention provides a method for quantifying the number of
one or more specific sequences in a sample of nucleic acids.
The method may be similar to any of the methods described
above, so long as the product being detected is present in
proportions that are directly correlated with the amount of
original template sequence. This is the case, e.g., where the
method involves a hybridization step to the template DNA,
circularization of the probe, extension of the primers and
detection of the extension product. In a preferred embodi-
ment, the method further comprises an amplification step,
wherein the amplification reaction is a controlled amplifica-
tion. This is the case, e.g., when using PCR amplification and
stopping the PCR reaction during the exponential phase. The
amount of amplified product in this situation will be directly
proportional to the amount of original sequence in the nucleic
acid sample. Thus, in a preferred embodiment, several ampli-
fication reactions are conducted in parallel, using a different
number of amplification cycles in each of them. This will
assure that at least one of the reactions will have been stopped
in the exponential phase.

[0403] In methods for quantifying the number of a specific
sequence in a sample, it may also be desirable in certain
situations to include a marker nucleic acid. The marker
nucleic acid can be added to the reaction during the hybrid-
ization stage or at any stage thereafter and be subject or not to
the same reactions. Alternatively, the marker DNA is used
merely to determine the amount of applied product at the end
of the amplification step.

[0404] The methods for genotyping and those for quanti-
fying can be used simultaneously, so long as the processes are
controlled, such that the amount of amplified product is
directly correlated to the amount of the original sequence in
the sample nucleic acid.

[0405] All references cited herein are expressly incorpo-
rated by reference.

We claim:

1-14. (canceled)

15. A method for detecting different target nucleic acid
sequences of interest in a sample, each sequence comprising
from 3' to 5', contiguous first, second, and third target
domains, wherein the first target domain has a detection posi-
tion one, two, three or four nucleotides from the 3' terminal
base of the second target domain, and the second target
domain is at least one nucleotide, comprising the steps of:

(a) providing a sample having different target nucleic acid
sequences of interest;

(b) contacting the sample with dNTPs and primers that
hybridize to the first target domains, and extending the
primers to obtain first extension products;

(c) contacting the first extension products with a set of
probes for each of the different target nucleic acid
sequences of interest to form hybridization complexes,
each set comprising:
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a first probe comprising from 5' to 3': a first universal
priming sequence and a sequence that is substantially
complementary to the first target domain and that has
an interrogation position suitable for basepairing with
the detection position; and

a second probe comprising 5' to 3": a sequence substan-
tially complementary to the third target domain, and a
second universal priming sequence,

wherein at least one probe contains a distinct adapter
sequence not native to the target sequence of interest;

(d) contacting the hybridization complexes with an exten-
sion enzyme and dN'TPs, wherein for each hybridization
complex, if the base at the interrogation position is per-
fectly complementary to the base at the detection posi-
tion, then the first probe is extended along the second
target domain;

(e) ligating the extended first probes to second probes to
form amplification templates;

(H) amplifying the amplification templates with first and
second universal primers to produce amplicons;

(g) immobilizing the amplicons on solid phase capture
probes that are specific to individual adapter sequences;
and

(h) detecting the presence of different immobilized ampli-
cons at the capture probes;

thereby indicating the presence of the different target
sequences of interest in the sample.

16. The method of claim 15, wherein the first extension

product is purified from the sample.

17. The method of claim 16, wherein the dNTPs are
labeled, and the first extension product is purified by means of
the label.

18. The method of claim 16, wherein the primer is tagged
with a label, and the first extension product is purified by
means of the label.

19. The method of claim 18, wherein the primer is tagged
with biotin or streptavidin.

20. The method of claim 18, wherein prior to step (c), the
first extension products are immobilized to a solid support.

21. The method of claim 15, wherein the nucleic acids in
step (a) comprise single nucleotide polymorphism alleles.

22. The method of claim 15, wherein said target sequences
comprise single nucleotide polymorphism alleles and said
probe sets comprise allele-specific probes that discriminate
between said alleles.

23. The method of claim 15, wherein a set of probes for
each of at least 100 different target sequences of interest are
contacted in step (b), thereby indicating of the presence of the
at least 100 different target sequences of interest in the
sample.

24. The method of claim 15, wherein a set of probes for
each of at least 200 different target sequences of interest are
contacted in step (b), thereby indicating of the presence of the
at least 200 different target sequences of interest in the
sample.

25. The method of claim 15, wherein the detection position
is one nucleotide from the 3'-terminal base of the second
domain.

26. The method of claim 15, wherein the detection position
is two nucleotides from the 3'-terminal base of the second
domain.

27. The method of claim 15, wherein the second target
domain is 1 nucleotide in length.
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28. The method of claim 15, wherein the second target
domain is from 2 to 5 nucleotides in length.

29. The method of claim 15, wherein each set of probes
further comprises a third probe comprising from 5' to 3': the
third universal priming sequence and a sequence that is sub-
stantially complementary to the first target domain and that
has an interrogation position corresponding to the detection
position, wherein the interrogation position is not comple-
mentary to the base at the detection position, whereby the
third probe is not extended in step (c).

30. The method of claim 15, wherein each of said probe
sets comprises a universal priming sequence that is the same
for other probe sets.

31. The method of claim 15, wherein a universal primer is
detectably labeled.

32. The method of claim 15, wherein the first universal
primers in step (e) comprise a detectable label.

33. The method of claim 15, wherein the first probe com-
prises the adapter sequence, whereby an amplicon comprises
from 5' to 3" the first universal primer, the adapter sequence,
the first target domain, the second target domain, the third
target domain, and the second universal primer.

34. The method of claim 15, wherein the second probe
comprises the adapter sequence, whereby an amplicon com-
prises from 5' to 3": the first universal primer, the first target
domain, the second target domain, the third target domain, the
adapter sequence, and the second universal primer.

35. The method of claim 15, wherein step (e) comprises
performing PCR using a single pair of universal primers that
are complementary to said first universal priming sequence
and said second universal priming sequence.
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36. The method of claim 15, wherein the hybridization
complexes are washed while immobilized on the solid sup-
port under conditions sufficient to remove non-hybridized
nucleic acids.

37. The method of claim 15, wherein the amplification
templates are immobilized on the solid support and are
washed under conditions sufficient to remove non-hybridized
nucleic acids.

38. The method of claim 15, wherein the second probe
comprises a sequence that is complementary to the third
target domain.

39. The method of claim 38, wherein ligation in step (d)
occurs only when the 3'-end of the extended first probe and
the 5'-end of the second probe are perfectly complementary to
the target sequence.

40. The method of claim 15, wherein the second probe
comprises an interrogation position.

41. The method of claim 40, wherein the interrogation
position is at the 5' end of the second probe.

42. The method of claim 15, wherein no significant ligation
occurs between the extended first probe and the second probe
unless the interrogation position of the second probe is per-
fectly complementary to the target sequence.

43. The method of claim 15, wherein step (a) comprises
providing double-stranded sample and denaturing the sample
into separate strands, and wherein the primers in step (b)
comprise primers that hybridize to one strand and primers that
hybridize to the other strand.
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