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COMPOSITIONS AND METHODS FOR ROLLING
CIRCLE AMPLIFICATION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the filing date
of US. Ser. No. 60/355,374, filed Feb. 6, 2002.

FIELD OF THE INVENTION

[0002] The invention is directed to novel methods of
amplifying and detecting DNA. More specifically, the inven-
tion applies variations of Rolling Circle Amplification to
several detection platforms.

BACKGROUND OF THE INVENTION

[0003] 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 identi-
fying 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 com-
patibility preceding tissue transplantation, in matching tissue
or blood samples for forensic medicine, and for exploring
homology among genes from different species.

[0004] Ideally, a gene probe assay should be sensitive,
specific 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 poly-
merase chain reaction (PCR) and other amplification tech-
nologies which allow researchers to amplify exponentially a
specific nucleic acid sequence before analysis (for a review,
see Abramson et al., Current Opinion in Biotechnology,
4:41-47 (1993)).

[0005] Sensitivity, i.e. detection limits, remain a signifi-
cant obstacle in nucleic acid detection systems, and a variety
of techniques have been developed to address this issue.
Briefly, these techniques can be classified as either target
amplification or 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 amplification strat-
egies include the polymerase chain reaction (PCR), strand
displacement amplification (SDA), and nucleic acid
sequence based amplification (NASBA).

[0006] 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 mol-
ecules 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), Invader, Q-beta replicase (QBR), and the use of
“amplification probes” such as “branched DNA” that result
in multiple label probes binding to a single target sequence.

[0007] Of particular interest herein is rolling circle ampli-
fication (RCA). RCA is an isothermal process for generating
multiple copies of a sequence. In rolling circle DNA repli-
cation in vivo, a DNA polymerase extends a primer on a
circular template (Kornberg, A. and Baker, T. A. DNA
Replication, W. H. Freeman, New York, 1991). The product
consists of tandemly linked copies of the complementary
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sequence of the template. RCA is a method that has been
adapted for use in vitro for DNA amplification (Fire, A. and
Si-Qun Xu, Proc. Natl. Acad Sci. USA, 1995, 92:4641-4645;
Lui, D, et al,, J. Am. Chem. Soc., 1996,118:1587-1594,
Lizardi, P. M., et al., Nature Genetics, 1998, 19:225-232;
U.S. Pat. No. 5,714,320 to Kool). RCA can also be used in
a detection method using a probe called a “padlock probe”
(WO Pat. Ap. Pub. 95/22623 to Landegren; Nilsson, M., et
al. Nature Genetics, 1997, 16:252-255, and Nilsson, M., and
Landegren, U., in Landegren, U., ed., Laboratory Protocols
for Mutation Detection, Oxford University Press, Oxford,
1996, pp. 135-138). DN A synthesis has been limited to rates
ranging between 50 and 300 nucleotides per second (Liz-
ardi, cited above and Lee, J., et al., Molecular Cell, 1998,
1:1001-1010).

[0008] Accordingly, it is an object of the present invention
to provide a variety of improvements and novel configura-
tions of RCA with subsequent detection on biochips.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1A. Schematic representation of SBE-RCA.
5'-immobilized Single Base Extension (SBE) probes con-
tains allele discriminating nucleotides at the 3' terminus.
During SBE, a single nucleotide is incorporated by DNA
polymerase-mediated extension in the presence of a mixture
of chain terminating, biotin-acyclo-nucleoside triphos-
phates, and hybridizing target. SBE signals are amplified by
Rolling Circle Amplification (RCA). During RCA, Neutra-
vidin (or a-biotin antibody) conjugated to an RCA primer
binds to the biotin on the extended SBE probes. Rolling
circle amplification is performed and the product is detected
by hybridization with a fluorophore-labeled oligonucleotide
“decorator”. The fluorescence signals are detected by scan-
ning in a laser scanner and quantitated using the Codelink
software. Hyb signals were detected by hybridizing deco-
rators either directly to the primer associated with the
conjugate or after hybridization of RCA circle in the absence
of RCA signal amplification.

[0010] FIG. 1B. RCA signal amplification of biotin-
tagged oligonucleotides immobilized on HYDROGEL sub-
strates. Microarrays containing a dilution series of immobi-
lized biotin-tagged oligonucleotides were incubated with
a-biotin-primer1 conjugate. Following RCA amplification,
the product was detected directly by Hyb (upper panel) or
RCA-mediated signal amplification (lower panel).

[0011] FIG. 1C. Quantitation of fluorescence spots SBE-
RCA signals obtained from array in Fig 1b. Spots were
quantified using the QuantArray Image software package.
Average pixel intensity at each spot was plotted against the
concentration of probe at the time of deposition on to
microarrays—RCA (dotted line), Hyb (solid line). Insert
depicts expanded region of probe concentrations from 0.1-1
nM, and includes the assays limit of detection (770 pM)

[0012] FIG. 2A. SNP genotyping with PCR targets. SBE
reactions included 1 ng of 906 and 1.5 ng of LPL2 PCR
amplified targets. Map shows location of SBE primers on the
array. R—Represented allele; U: Non-presented allele;
APOE—Self-extending primer control for SBE; POS1 &
POS2—Positive controls for RCA, M: Cy5 labeled marker
oligonucleotide. Heterozygotes: 906 and 198; Homozy-
gotes: 750, 2068, 1820, and LPL2.
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[0013] FIGS. 2B and 2C. Plots of SBE-RCA signals over
a range of 906 (heterozygote) and LPL2 (homozygote)
target concentrations. Mean signal intensity of SBE-RCA (
) and SBE-Hyb were plotted against amount of synthetic
target used in the SBE reaction.

[0014] FIG. 2D. Allele Discrimination (AD) with SBE
RCAT over a range of target concentrations. Filled squares:
LPL2 (Homozygote); Hollow triangles: 906 (Heterozygote).

[0015] FIG. 3A. Signal-to-noise ratio vs. SBE cycle num-
ber. SBE and RCA performed as described in Experimental
protocol. Assays employed 5 ng of each target amplicon.

[0016] FIG. 3B. Effect of target input on SBE-RCA sig-
nal-to-noise ratio. Assays were performed as described in
Experimental protocol, with target input ranging form 0.5 to
20 ng per 80 ul assay. Heterozygous target: 906, homozy-
gous targets: 750, LPL2.

[0017] FIG. 3C. Allele discrimination vs. SBE cycle
number. SBE and RCA performed as described in Experi-
mental protocol. Assays employed 5 ng of each target
amplicon

[0018] FIG. 3D. Effect of target input on SBE-RCA allele
discrimination ratio. Assays were performed as described in
Experimental protocol, with target input ranging form 0.5 to
20 ng per 80 ul assay. Heterozygous target: 906, homozy-
gous targets: 750, LPL2.

[0019] FIG. 4A. Geno Chip: RCA signal amplification
with unmodified template. Microarray image of SBE-RCA
with primers for human repetitive sequence families. The
two spots in each column are duplicates. SBE probes (with
haploid genome copy numbers in parentheses) deposited in
each column are 1- SMR4.T.S (10°); 3-ALRS7.C (5x10°);
5-ALR259.G (5x10°); 7-ALR86.G (5x10°); 9-MER5.C
(5x10%);  11-LITR.C  (5x10%); 13-MAR.T (10%;
15-MER28.8.8.T2.G (10%); 17-MER6.T (10%); 19-MAR2.C
(10°). Columns with even numbers contained the corre-
sponding mismatched primers for each of the above primers.
The SBE reaction contained 0.5 ug of sonicated human
genomic DNA.

[0020] FIG. 4B. Mean GENO-1 signal intensities. Quan-
tified signals from 4a plotted (background subtracted using
‘no target’ controls).

[0021] FIG. 4C. Numeric amplification and allele ratio
factors on repetitive markers.

[0022] FIG. 5. SNP targets and Hydrogel-immobilized
SBE-probe oligonucleotides used in this study. Nomencla-
ture: wiaf-198 (target locus); C (Polymorphic base call); A
(Aantisense strand); or S (Sense strand).; Coriell Cell Reposi-
tories sample set MOSPDR, PD007.

[0023] FIG. 6. Characteristics of SBE signals amplified by
RCA. Heterozygous targets: 906 and 198; homozygous
targets: 750, 1820, 2068 and LPL2. See FIG. 5 for repre-
sented alleles. Data are form two experiments with target
input levels between 4-12 ng of amplicon target per assay,
employing 2 SBE cycles (See Experimental protocols for
details).

[0024] FIGS. 7A-7F depict one embodiment where the
capture probe (11) is attached to a substrate (10) at both its
termini. The capture probe comprises a first domain (12).
This first domain is substantially complimentary to a domain
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of an open circle probe (13). That is, the open circle probe
(13) comprises a domain which is substantially complimen-
tary to a target sequence.(14). The target sequence (14)
hybridizes to the open circle probe (13) to form a first
hybridization complex (20). The first hybridization complex
(20) is contacted with ligase to form a second hybridization
complex (21). The capture probe (11) is then contacted with
a cleavage agent to cleave the probe and allow for Rolling
Circle Amplification to proceed. Extension enzyme and
NTPs are added to the second hybridization complex (21) to
form an extended capture probe(22). A fluorescent dye (15)
is added, generally in the form of either a label probe or
direct incorporation into the extended probe, to the extended
capture probe (22) and the extended capture probe (22) is
detected.

[0025] FIG. 8 depicts one embodiment of the invention
where detection if the extended capture probe (22) is
detected via e-detection. In this embodiment a capacitor (30)
is used to measure the dielectric change after extension of
the capture probe (22).

[0026] FIG. 9 depicts one embodiment of the invention
where detection of the extended capture probe (22) is
detected via e-Sensor™. In this embodiment a gold elec-
trode is the substrate (40), and is covered is Self-Assembeled
Monolayers (SAMs) (42). Also, the extended capture probe
(22) is electrochemically labeled with an electron transfer
moiety (ETM) (41). The electrons flow from the ETM (41)
to the electrode (40) and back. This creates a detectable
signal.

[0027] FIGS. 10A-10C depict one embodiment of the
invention where a target sequence (14) comprises a first
target domain (34) and a second target domain (35). Adevice
comprises a substrate(10), which comprises a capture probe
(11) that is substantially complementary to a first domain
(34) of said target sequence (14). The capture probe (11) is
then contacted with the target sequence (14); and a rolling
circle primer (44). The rolling circle primer (44) comprises
a first domain (46) that is substantially complementary to the
second domain of said target sequence (34); and a second
domain (45) substantially complementary to a first domain
of a circularized probe (47). This contact forms a first
hybridization complex (20). The first hybridization complex
(20) is contacted with a ligase such that capture probe (11)
and the rolling circle primer (44) ligate. Next, the second
domain of the rolling circle primer (45) is hybridized to a
circularized probe (47) to form a second hybridization
complex (21). An extension enzyme and NTPs are added to
the second hybridization complex (21) to form an extended
capture probe (22) and the extended capture probe (22) is
detected.

[0028] FIG. 11 depicts one embodiment of the invention
where the extended capture probe (22) is detected via a
capacitor (30). The capacitor (30) is used to measure the
dielectric change after extension of the capture probe (22).

[0029] FIG. 12 depicts one embodiment of the invention
where a measurement of electrical current genetrated fol-
lowing oxidation of guanine in the presence of a soluble,
redox-active mediator (e.g. ruthenium tris(2,2'-bipyridine)).
The first hybridization complex (20) is oxidized and the
more oxidized guanines, the stronger the signal. The elec-
trons flow first hybridization complex (20) to the electrode
(40) and back. This creates a detectable signal.
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[0030] FIG. 13 depicts one embodiment of the invention
where detection of the extended capture probe (22) is
detected via e-Sensor™. In this embodiment a gold elec-
trode is the substrate (40), and is covered is Self-Assembeled
Monolayers (SAMs) (42). Also, the extended capture probe
(22) is electrochemically labeled with an ETM (41). The
electrons flow from the ETM (41) to the electrode (40) and
back. This creates a detectable signal.

[0031] FIG. 14A depicts one embodiment where SNP
genotyping is performed using CodeLink™. Wherein a
hybridization complex (20) comprising a target sequence
(14) and a capture probe (11) with an interrogation position
(53) is contacted with a hapten labeled nucleotide (55). Only
under conditions wherein a secondary probe (56) comprising
the binding partner of the hapten (56) is perfectly comple-
mentary, do the hybridization complex (20) and secondary
probe (56) hybridize. The secondary probe (56) comprises a
fluorescent dye or ETM (41) which is detected.

[0032] FIG. 14B depicts another embodiment where SNP
genotyping is performed using CodeLink™. Wherein a
hybridization complex (20) comprising a target sequence
(14) and a capture probe (11) with an interrogation position
(53) is contacted with a hapten labeled nucleotide (55). Only
under conditions wherein a secondary probe (56) comprising
the binding partner of the hapten (56) is perfectly comple-
mentary, do the hybridization complex (20) and secondary
probe (56) hybridize. A closed circle probe (47) comprising
a rolling circle priming sequence is added with an extension
enzyme and NTPs to extend the primer. ETM (41) are added
to hybridize with the extended primer (58). The ETMs are
then detected.

[0033] FIG. 14C depicts another embodiment where SNP
genotyping is performed using CodeLink™. Wherein a
closed circle probe (47) is added to a hybridization complex.
No extention takes place, only detection.

[0034] FIG. 15 depicts an alternate scheme of the inven-
tion.
[0035] FIG. 16 depicts an alternate scheme of the inven-
tion.
[0036] FIG. 17 depicts an alternate scheme of the inven-
tion.
[0037] FIG. 18 depicts an alternate scheme of the inven-
tion.
[0038] FIG. 19 depicts an alternate scheme of the inven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

[0039] The present invention is generally directed to the
detection, genotyping and/or quantification of target
sequences in a sample using a variety of novel configura-
tions of Rolling Circle Amplification (“RCA”).

[0040] One aspect of the invention is directed to a method
of detecting the presence of a target sequence using a capture
probe. The capture probe consists of two different domains.
The first domain is substantially complementary to a open
circle probe, and the second domain contains a cleavage site.
The capture probe is attached to the substrate at both of its
termini to form an “arch” shape.
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[0041] First, the capture probe is contacted with the target
sequence and the open circle probe to form a hybridization
complex. Next, the hybridization complex is treated with a
ligase such that the open circle probe circularizes to form a
distinct second hybridization complex. The capture probe is
then treated with a cleavage agent to cleave the probe. Next,
Rolling Circle Amplification is performed and an extended
capture probe is formed. Finally, the extended capture probe
is detected. This is generally depicted in FIGS. 7A-7F.

[0042] Another aspect of the invention, depicted in FIGS.
10A-10C, is directed to detecting the presence of a target
sequence, having two distinct domains, using a capture
probe that is substantially complementary to a first domain
of the target sequence. The capture probe may either be
attached to a substrate (solid phase) or it may be in solution
phase. The capture probe is contacted with the target
sequence and a rolling circle primer comprising two
domains. The first domain is substantially complementary to
the second domain of the target sequence and the second
domain of the primer is substantially complementary to a
circularized probe. When in contact with one another, the
primer, target and circularized probe form a hybridization
complex. The hybridization complex is then treated with a
ligase so that capture probe and said rolling circle primer
ligate. Next, the second domain of the rolling circle primer
is hybridized to the circularized probe to form a second
hybridization complex. Finally RCA is performed and the
extended capture probe is detected.

[0043] Yet another aspect of the invention is directed to
detecting the presence of a target sequence having first and
second target domains adjacent to one another. The second
target domain and a capture probe are brought together with
a ligation probe. The ligation probe contains two domains.
The first domain is substantially complementary to the
second domain of the target sequence, and the second to a
rolling circle primer. When the nucleotides at the adjacent
termini of the capture probe and the ligation probe are
perfectly complementary to the respective target nucle-
otides, the capture probe and the ligation probe are ligated
to form a ligated probe. The rolling circle primer of the
ligated probe is then hybirdized with a rolling circle priming
sequence of a closed circle probe to form a rolling circle
hybridization structure. RCA is then performed and the
extended product is then detected.

[0044] Accordingly, the present invention is directed to
the detection, genotyping and/or quantification of target
sequences in a sample using a variety of configurations of
Rolling Circle Amplification (“RCA”).

[0045] As will be appreciated by those in the art, the
sample solution may comprise any number of things, includ-
ing, but not limited to, bodily fluids (including, but not
limited to, blood, urine, serum, lymph, saliva, anal and
vaginal secretions, perspiration and semen) or solid tissue
samples, of virtually any organism, with mammalian
samples being preferred and human samples being particu-
larly preferred); environmental samples (including, but not
limited to, air, agricultural, water and soil samples); biologi-
cal warfare agent samples; research samples; purified
samples, such as purified or raw genomic DNA, RNA,
proteins, etc.; raw samples (bacteria, virus, genomic DNA,
mRNA, etc.). As will be appreciated by those in the art,
virtually any experimental manipulation may have been
done on the sample.
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[0046] There is no limitation as to the source of the
template nucleic acid: it can be from a eukaryote, e.g., from
a mammal, such as human, mouse, ovine, bovine, or from a
plant; it can be from a prokaryote, e.g., bacteria, protozoan;
and it can also be from a virus.

[0047] Nucleic acid specimens may be obtained from an
individual of the species that is to be analyzed using either
“invasive” or “non-invasive” sampling means. A sampling
means is said to be “invasive” if it involves the collection of
nucleic acids from within the skin or organs of an animal
(including, especially, a murine, a human, an ovine, an
equine, a bovine, a porcine, a canine, or a feline animal).
Examples of invasive methods include blood collection,
semen collection, needle biopsy, pleural aspiration, umbili-
cal cord biopsy, etc. Examples of such methods are dis-
cussed by Kim, C. H. et al. (J. Virol. 66:3879-3882 (1992));
Biswas, B. et al. (Annals NY Acad. Sci. 590:582-583
(1990)); Biswas, B. et al. (J. Clin. Microbiol. 29:2228-2233
(1991)).

[0048] In contrast, a “non-invasive” sampling means is
one in which the nucleic acid molecules are recovered from
an internal or external surface of the animal. Examples of
such “non-invasive” sampling means include “swabbing,”
collection of tears, saliva, urine, fecal material, sweat or
perspiration, hair etc. As used herein, “swabbing” denotes
contacting an applicator/collector (“swab”) containing or
comprising an adsorbent material to a surface in a manner
sufficient to collect live cells, surface debris and/or dead or
sloughed off cells or cellular debris. Such collection may be
accomplished by swabbing nasal, oral, rectal, vaginal or
aural orifices, by contacting the skin or tear ducts, by
collecting hair follicles, etc.

[0049] Methods for isolating nucleic acid specimens are
known in the art, and will depend on the type of nucleic acid
isolated. When the nucleic acid is RNA, care to avoid RNA
degradation must be taken, e.g., by inclusion of RNAsin. For
example, genomic DNA can be prepared from human cells
as described, e.g., in U.S. Pat. No. 6,027,889; incorporated
herein by reference in its entirety.

[0050] The present invention provides compositions and
methods for genotyping and/or detecting the presence or
absence of target nucleic acid sequences in a sample. By
“nucleic acid” or “oligonucleotide” or grammatical equiva-
lents herein means at least two nucleotides covalently linked
together. A nucleic acid of the present invention will gen-
erally contain phosphodiester bonds, although in some
cases, as outlined below, such as in the design of probes,
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-meth-
ylphophoroamidite linkages (see Eckstein, Oligonucleotides
and Analogues: 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.,
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Chem. Int. Ed. Engl. 31:1008 (1992); Nielsen, Nature,
365:566 (1993); Carlsson et al., Nature 380:207 (1996), all
of which are incorporated 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 Sym-
posium Series 580, A Carbohydrate Modifications in Anti-
sense Research”, Ed. Y. S. Sanghui and P. Dan Cook;
Mesmaceker et al., Bioorganic & Medicinal Chem. Lett.
4:395 (1994); Jeffs et al., J. Biomolecular 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
Jenkins 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 labels, or to increase the stability and half-life of
such molecules in physiological environments.

[0051] As will be appreciated by those in the 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, mix-
tures of different nucleic acid analogs, and mixtures of
naturally occurring nucleic acids and analogs may be made.

[0052] 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 pre-
ferred embodiment utilizes nucleic acid probes comprising
some proportion of uracil, as is more fully outlined below.
One embodiment utilizes isocytosine and isoguanine in
nucleic acids designed to be complementary to other probes,
rather than target sequences, as this reduces non-specific
hybridization, 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 labeled nucleosides. In
addition, “nucleoside” includes non-naturally occuring ana-
log structures. Thus for example the individual units of a
peptide nucleic acid, each containing a base, are referred to
herein as a nucleoside. Similarly, the term “nucleotide”
(sometimes abbreviated herein as “NTP”), includes both
ribonucleic acid and deoxyribonucleic acid (sometimes
abbreviated herein as “dNTP”). While many descriptions
below utilize the term “dNTP”, it should be noted that in
many instances NTPs may be substituted, depending on the
template and the enzyme.

[0053] In another preferred embodiment, terminal trans-
ferase can be used to add nucleotides comprising separation
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labels such as biotin to any linear molecules, and then the
mixture run through a strepavidin system to remove any
linear nucleic acids, leaving only the closed circular probes.
For example, when genomic DNA is used as the target, this
may be biotinylated using a variety of techniques, and the
precircle probes added and circularized. Since the circular-
ized probes are catenated on the genomic DNA, the linear
unreacted precircle probes can be washed away. The closed
circle probes can then be cleaved, such that they are
removed from the genomic DNA, collected and amplified.
Similarly, terminal transferase may be used to add chain
terminating nucleotides, to prevent extension and/or ampli-
fication. Suitable chain terminating nucleotides include, but
are not limited to, dideoxy-triphosphate nucleotides
(ddNTPs), halogenated dNTPs and acyclo nucleotides
(NEN). These latter chain terminating nucleotide analogs
are particularly good substrates for Deep vent (exo”) and
thermosequenase.

[0054] The compositions and methods of the invention are
directed to the detection of target sequences. The term
“target sequence” or “target nucleic acid” or grammatical
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. 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
genotyping or amplification reaction such as a ligated cir-
cularized probe, an amplicon from an amplification reaction
such as PCR, etc. Thus, for example, a target sequence from
a sample is amplified to produce a secondary target (ampli-
con) that is detected. Alternatively, as outlined more fully
below, what may be amplified is the probe sequence,
although this is not generally preferred. 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 determine the
presence, sequence or quantity of a target sequence in a
sample. Generally speaking, this term will be understood by
those skilled in the art. Preferred target sequences range
from about 20 to about 1,000,000 in size, more preferably
from about 50 to about 10,000, with from about 40 to about
50,000 being most preferred.

[0055] 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,
electroporation, etc., with purification and amplification as
outlined 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 inter-
actions. Also reagents that otherwise improve the efficiency
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of the assay, such as protease inhibitors, nuclease inhibitors,
anti-microbial agents, etc., may be used, depending on the
sample preparation methods and purity of the target.

[0056] 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.

[0057] In addition, in some cases, for example when
genomic DNA is to be used, it can be captured, such as
through the use of precipitation or size exclusion techniques.
Alternatively, DNA can be processed to yield uniform length
fragments using techniques well known in the art, such as,
e.g., hydrodynamic shearing or restriction endonucleases.

[0058] The target sequences of the present invention in
many cases comprise at least a first and a second target
domain. Target domains are portions of the target sequence.
In general, each target domain may be any length, with the
understanding that longer sequences are more specific. The
proper length of the target domains in a probe will depend
on factors including the GC content of the regions and their
secondary structure. The considerations are similar to those
used to identify an appropriate sequence for use as a primer,
and are further described below. The length of the probe and
GC content will determine the Tm of the hybrid, and thus the
hybridization conditions necessary for obtaining specific
hybridization of the probe to the template nucleic acid.
These factors are well known to a person of skill in the art,
and can also be tested in assays. An extensive guide to the
hybridization of nucleic acids is found in Tijssen (1993),
“Laboratory Techniques in biochemistry and molecular biol-
ogy-hybridization with nucleic acid probes.” Generally,
stringent conditions are selected to be about 5° C. lower than
the thermal melting point (Tm) for the specific sequence at
a defined ionic strength and pH. The Tm is the temperature
(under defined ionic strength and pH) at which 50% of the
target sequence hybridizes to a perfectly matched probe.
Highly stringent conditions are selected to be equal to the
Tm point for a particular probe. Sometimes the term “Td” is
used to define the temperature at which at least half of the
probe dissociates from a perfectly matched target nucleic
acid. In any case, a variety of estimation techniques for
estimating the Tm or Td are available, and generally
described in Tijssen, supra. Typically, G-C base pairs in a
duplex are estimated to contribute about 3° C. to the Tm,
while A-T base pairs are estimated to contribute about 2° C.,
up to a theoretical maximum of about 80-100° C. However,
more sophisticated models of Tm and Td are available and
appropriate in which G-C stacking interactions, solvent
effects, the desired assay temperature and the like are taken
into account. For example, probes can be designed to have
a dissociation temperature (Td) of approximately 60° C.,
using the formula: Td=(((((3x#GC)+(2x#AT))x37)-562)/
#bp)-5; where #GC, #AT, and #bp are the number of
guanine-cytosine base pairs, the number of adenine-thymine
base pairs, and the number of total base pairs, respectively,
involved in the annealing of the probe to the template DNA.

[0059] 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, assum-



US 2004/0014078 Al

ing 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.

[0060] The stability difference between a perfectly
matched duplex and a mismatched duplex, particularly if the
mismatch is only a single base, can be quite small, corre-
sponding to a difference in Tm between the two of as little
as 0.5 degrees. See Tibanyenda, N. et al., Eur. J. Biochem.
139:19 (1984) and Ebel, S. et al., Biochem. 31:12083
(1992). More importantly, it is understood that as the length
of the homology region increases, the effect of a single base
mismatch on overall duplex stability decreases. Thus, where
there is a likelihood that there will be mismatches between
the probe and the target domains, it may be advisable to
include a longer targeting domain in the probe.

[0061] Thus, the specificity and selectivity of the probe
can be adjusted by choosing proper lengths for the targeting
domains and appropriate hybridization conditions. When the
template nucleic acid is genomic DNA, e.g., mammalian
genomic DNA, the selectivity of the targeting domains must
be high enough to identify the correct base in 3x10° in order
to allow processing directly from genomic DNA. However,
in situations in which a portion of the genomic DNA is
isolated first from the rest of the DNA, e.g., by separating
one or more chromosomes from the rest of the chromo-
somes, the selectivity or specificity of the probe is less
important.

[0062] As outlined herein, the target domains may be
adjacent (i.e. contiguous) or separated, i.e. by a “gap”. If
separated, the target domains may be separated by a single
nucleotide or a plurality of nucleotides, with from 1 to about
2000 being preferred, and from 1 to about 500 being
especially preferred, although as will be appreciated by
those in the art, longer gaps may find use in some embodi-
ments.

[0063] In a preferred embodiment, e.g. for genotyping
reactions, as is more fully outlined below, the target
sequence comprises a position for which sequence informa-
tion is desired, generally referred to herein as the “detection
position”. In a particularly preferred embodiment, the detec-
tion position is a single nucleotide, although in alternative
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 base pairs with the
detection position base in a target is termed the “interroga-
tion position”. In the case where a single nucleotide gap is
used, the NTP that has perfect complementarity to the
detection position is called an “interrogation NTP”.

[0064] 1t 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, and 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 “perfect match” and “mismatch”.
“Mismatches” are also sometimes referred to as “allelic
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variants”. The term “allele”, which is used interchangeably
herein with “allelic variant” refers to alternative forms of a
gene or portions thereof. Alleles occupy the same locus or
position on homologous chromosomes. When a subject has
two identical alleles of a gene, the subject is said to be
homozygous for the gene or allele. When a subject has two
different alleles of a gene, the subject is said to be heterozy-
gous for the gene. Alleles of a specific gene can differ from
each other in a single nucleotide, or several nucleotides, and
can include substitutions, deletions, and insertions of nucle-
otides. An allele of a gene can also be a form of a gene
containing a mutation. The term “allelic variant of a poly-
morphic region of a gene” refers to a region of a gene having
one of several nucleotide sequences found in that region of
the gene in other individuals of the same species.

[0065] In the cases of probes, complementarity need not
be perfect; there may be any number of base pair mis-
matches 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.

[0066] The present invention provides devices comprising
substrates with capture probes. By “device™ herein is meant
a piece of equipment or a mechanism designed to perform a
special function. More specifically, the special function is to
detect, genotype and quantify target sequences in a sample.
CodeLink™ (fluorescence detection), e-Sensor (electro-
chemical detection), and e-detection (non-label detection)
are all detection platforms and will be described in further
detail below.

[0067] The devices comprise substrates. By “substrate” or
“solid support” or other grammatical equivalents herein is
meant any material that can be modified to contain discrete
individual sites appropriate for the attachment or association
of capture probes and is amenable to at least one detection
method. As will be appreciated by those in the art, the
number of possible substrates is very large. Possible sub-
strates 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, resins, silica
or silica-based materials including silicon and modified
silicon, carbon, metals (particularly electrodes), inorganic
glasses, plastics, optical fiber bundles, and a variety of other
polymers. In general, the substrates allow optical detection
and do not themselves appreciably fluoresce.

[0068] The substrate comprises an array of capture probes.
Accordingly, the present invention provides array composi-
tions comprising at least a first substrate with a surface
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



















































