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METHODS FOR DETERMINATION OF SINGLE NUCLEIC ACID
POLYMORPHISMS USING A BIOELECTRONIC MICROCHIP

RELATED APPLICATION INFORMATION
5 This application is a continuation-in-part of application Serial

No. 09/030156, filed February 25, 1998, entitled “METHODS AND
APPARATUS FOR DETERMINATION OF LENGTH
POLYMORPHISMS IN DNA”, which is a continuation-in-part of
application Serial No. 08/986,065, filed December 5, 1997, entitled

10 “METHODS AND PARAMETERS FOR ELECTRONIC BIOLOGI-
CAL DEVICES”, which is a continuation—in/-ﬁart of application Serial
No. 08/534,454, filed September 27, 1995, entitled “APPARATUS
AND METHODS FOR ACTIVE PROGRAMMABLE MATRIX
DEVICES”, which is a continuation-in-part of application Serial No.

15 ’08/304,657, filed September 9, 1994, entitled "AUTOMATED
MOLECULAR BIOLOGICAL DIAGNOSTIC SYSTEM," now issued
as United States Patent No. 5,632,957, (which has been continued into
application Serial No. 08/859,644, filed May 20, 1997, entitled
“CONTROL SYSTEM FOR ACTIVE, PROGRAMMABLE

20 ELECTRONIC MICROBIOLOGY SYSTEM”), which is a
continuation-in-part of application Serial No. 08/271,882, filed July 7,
1994, entitled "METHODS FOR ELECTRONIC STRINGENCY
CONTROL FOR MOLECULAR BIOLOGICAL ANALYSIS AND
DIAGNOSTICS," now allowed, which is a continuation-in-part of

25  Serial No. 08/146,504, filed November 1, 1993, entitled "ACTIVE
PROGRAMMABLE ELECTRONIC DEVICES FOR MOLECULAR
BIOLOGICAL ANALYSIS AND DIAGNOSTICS", now issued as
U.S. Patent No. 5,605,662, (which has been continued into application
Serial No. 08/725,976, filed October 4, 1996, entitled “METHODS
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FOR ELECTRONIC SYNTHESIS OF POLYMERS”), and also a
continuation-in-part of application Serial No. 08/708,262, filed
September 6, 1996, entitled “METHODS AND MATERIALS FOR
OPTIMIZATION OF ELECTRONIC HYBRIDIZATION

5 REACTIONS”, all incorporated herein by reference as if fully set forth

herein.

FIELD OF THE INVENTION
The methods of this invention relate to systems for genetic

10  identification for disease states and other gene related afflictions. More
particularly, the methods relate to systems for the detection of single
nucleic acid polymorphisms in nucleic acid sequences for the
identification of polymorphisms in viruses, and eukaryotic and
prokaryotic genomes.

15
BACKGROUND OF THE INVENTION

The following description provides a summary of information
relevant to the present invention. It is not an admission that any of the
information provided herein is prior art to the presently claimed

20  invention, nor that any of the publications specifically or implicitly
, referenced are prior art to that invention.

Molecular biology comprises a wide variety of techniques for
the analysis of nucleic acid and protein sequences. Many of these
techniques and procedures form the basis of clinical diagnostic assays

25  and tests. These techniques include nucleic acid hybridization analysis,
restriction enzyme analysis, genetic sequence analysis, and the
separation and purification of nucleic acids and proteins (See, e.g., J.

Sambrook, E. F. Fritsch, and T. Maniatis, Molecular Cloning: A
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Laboratory Manual, 2 Ed., Cold spring Harbor Laboratory Press, Cold
Spring Harbor, New York, 1989).

Most of these techniques involve carrying out numerous
operations (e.g., pipetting, centrifugation, and electrophoresis) on a
large number of samples. They are often complex and time
consuming, and generally require a high degree of accuracy. Many a
technique is limited in its application by a lack of sensitivity,
specificity, or reproducibility.

For example, the complete process for carrying out a DNA
hybridization analysis for a genetic or infectious disease is very
involved. Broadly speaking, the complete process may be divided into
anumber of steps and sub-steps. In the case of genetic disease
diagnosis, the first step involves obtaining the sample (e.g., saliva,
blood or tissue). Depending on the type of sample, various pre-
treatments would be carried out. The second step involves disrupting
or lysing the cells which releases the crude DNA material along with
other cellular constituents.

Generally, several sub-steps are necessary to remove cell debris
and to further purify the DNA from the crude sample. At this point
several options exist for further processing and analysis. One option
involves denaturing the DNA and carrying out a direct hybridization
analysis in one of many formats (dot blot, microbead, microplate, ezc.).

A second option, called Southern blot hybridization, involves cleaving
the DNA with restriction enzymes, separating the DNA fragments on
an electrophoretic gel, blotting the DNA to a membrane filter, and then
hybridizing the blot with specific DNA probe sequences. This
procedure effectively reduces the complexity of the genomic DNA
sample, and thereby helps to improve the hybridization specificity and
sensitivity. Unfortunately, this procedure is long and arduous. A third
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option is to carry out an amplification procedure such as the
polymerase chain reaction (PCR) or the strand displacement
amplification (SDA) method. These procedures amplify (increase) the
number of target DNA sequences relative to non-target sequences.
Amplification of target DNA helps to overcome problems related to
complexity and sensitivity in genomic DNA analysis. After these
sample preparation and DNA processing steps, the actual hybridization
reaction is performed. Finally, detection and data analysis convert the
hybridization event into an analytical result.

Nucleic acid hybridization analysis generally involves the
detection of a very small number of specific target nucleic acids (DNA
or RNA) with an excess of probe DNA, among a relatively large
amount of complex non-target nucleic acids. A reduction in the
complexity of the nucleic acid in a sample is helpful to the detection of
low copy numbers (i.e. 10,000 to 100,000) of nucleic acid targets.
DNA complexity reduction is achieved to some degree by
amplification of target nucleic acid sequences. (See, M.A. Innis et al.,
PCR Protocols: A Guide to Methods and Applications, Academic
Press, 1990, Spargo et al., 1996, Molecular & Cellular Probes, in
regard to SDA amplification). This is because amplification of target
nucleic acids results in an enormous number of target nucleic acid
sequences relative to non-target sequences thereby improving the
subsequent target hybridization step.

The actual hybridization reaction represents one of the most
important and central steps in the whole process. The hybridization
step involves placing the prepared DNA sample in contact with a
specific reporter probe at set optimal conditions for hybridization to

occur between the target DNA sequence and probe.
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Hybridization may be performed in any one of a number of
formats. For example, multiple sample nucleic acid hybridization
analysis has been conducted in a variety of filter and solid support
formats (See G. A. Beliz et al., in Methods in Enzymology, Vol. 100,
Part B, R. Wu, L. Grossman, X. Moldave, Eds., Academic Press, New
York, Chapter 19, pp. 266-308, 1985). One format, the so-called "dot
blot" hybridization, involves the non-covalent attachment of target
DNAs to a filter followed by the subsequent hybridization to a
radioisotope labeled probe(s). "Dot blot” hybridization gained wide-
spread use over the past two decades during which time 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). For example, the dot blot method has been developed for
multiple analyses of genomic mutations (D. Nanibhushan and D.
Rabin, in EPA 0228075, July 8, 1987) and for the detection of
overlapping clones and the construction of genomic maps (G. A.
Evans, in US Patent Number 5,219,726, June 15, 1993).

New techniques are being developed for carrying out multiple
sample nucleic acid hybridization analysis on 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. These hybridization formats are micro-scale versions of the
conventional "dot blot" and "sandwich" hybridization systems.

The micro-formatted hybridization can be used to carry out
"sequencing by hybridization" (SBH) (see M. Barinaga, 253 Science,
pp. 1489, 1991; W. Bains, 10 Bio/T echnolbgy, pp. 757-758, 1992).
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SBH makes use of all possible n-nucleotide oligomers (n-mers) to
identify n-mers in an unknown DNA sample, which are subsequently
aligned by algorithm analysis to produce the DNA sequence (see R.
Drmanac and R. Crkvenjakov, Yugoslav Patent Application #570/87,
1987; R. Drmanac et al., 4 Genomics, 114, 1989; Strezoska ef al., 88
Proc. Natl. Acad. Sci. USA 10089, 1992; and R. Drmanac and R. B.
Crkvenjakov, U.S. Patent #5,202,231, April 13, 1993).

There are two formats for carrying out SBH. The first format
involves creating an array of all possible n-mers on a support, which is
then hybridized with the target sequence. The second format involves
attaching the target sequence to a support, which is sequentially probed
with all possible n-mers. Both formats have the fundamental problems
of direct probe hybridizations and additional difficulties related to
multiplex hybridizations.

Southern, (United Kingdom Patent Application GB 8810400,
1988; E. M. Southern et al., 13 Genomics 1008, 1992), proposed using
the first format to analyze or sequence DNA. Southern identified a
known single point mutation using PCR amplified genomic DNA.
Southern also described a method for synthesizing an array of
oligonucleotides on a solid support for SBH. However, Southern did
not address how to achieve optimal stringency conditions for each
oligonucleotide on an array.

Drmanac ef al., (260 Science 1649-1652, 1993), used the
second format to sequence several short (116 bp) DNA sequences.
Target DNAs were attached to membrane supports ("dot blot" format).

Each filter was sequentially hybridized with 272 labeled 10-mer and
11-mer oligonucleotides. Wide ranges of stringency conditions were
used to achieve specific hybridization for each n-mer probe. Washing

times varied from 5 minutes to overnight using temperatures from 0°C
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to 16°C. Most probes required 3 hours of washing at 16°C. The filters
had to be exposed from 2 to 18 hours in order to detect hybridization
signals. The overall false positive hybridization rate was 5% in spite of
the simple target sequences, the reduced set of oligomer probes, and

5  the use of the most stringent conditions available.

Currently, a variety of methods are available for detection and
analysis of the hybridization events. Depending on the reporter group
(fluorophore, enzyme, radioisotope, efc.) used to label the DNA probe,
detection and analysis are carried out fluorimetrically,

10 colorimetrically, or by autoradiography. By observing and measuring
emitted radiation, such as fluorescent radiation or particle emission,
information may be obtained about the hybridization events. Even
when detection methods have very high intrinsic sensitivity, detection
of hybridization events is difficult because of the background presence

15  of non-specifically bound materials. Thus, detection of hybridization
events is dependent upon how specific and sensitive hybridization can
be made. Concerning genetic analysis, several methods have been
developed that have attempted to increase specificity and sensitivity.

One form of genetic analysis is analysis centered on elucidation

20  of single nucleic acid polymorphisms or (“SNPs”). Factors favoring
the usage of SNPs are their high abundance in the human genome
(especially compared to short tandem repeats, (STRs)), their frequent
location within coding or regulatory regions of genes (which can affect
protein structure or expression levels), and their stability when passed

25  from one generation to the next (Landegren et al., Genome Research,
Vol. 8, pp. 769-776, 1998).

A SNP is defined as any position in the genome that exists in
two variants and the most common variant occurs less than 99% of the

time. In order to use SNPs as widespread genetic markers, it is crucial
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to be able to genotype them easily, quickly, accurately, and cost-
effectively. It is of great interest to type both large sets of SNPs in
order to investigate complex disorders where many loci factor into one
disease (Risch and Merikangas, Science, Vol. 273, pp. 1516-1517,

5 1996), as well as small subsets of SNPs previously demonstrated to be
associated with known afflictions.

Numerous techniques are currently available for typing SNPs

(for review, see Landegren et al., Genome Research, Vol. 8, pp. 769-
776,1998), all of which require target amplification. They include

10  direct sequencing (Carothers et al., BioTechniques, Vol. 7, pp. 494-
499, 1989), single-strand conformation polymorphism (Orita et al.,
Proc. Natl. Acad. Sci. USA, Vol. 86, pp. 2766-2770, 1989), allele-
specific amplification (Newton et al., Nucleic Acids Research, Vol. 17,
pp. 2503-2516, 1989), restriction digestion (Day and Humpbhries,

15 Analytical Biochemistry, Vol. 222, pp. 389-395, 1994), and
hybridization assays. In their most basic form, hybridization assays
function by discriminating short oligonucleotide reporters against
matched and mismatched targets. Due to difficulty in determining
optimal denaturation conditions, many adaptations to the basic protoeol

20  have been developed. These include ligation chain reaction (Wu and
Wallace, Gene, Vol. 76, pp. 245-254, 1989) and minisequencing
(Syvénen et al., Genomics, Vol. 8, pp. 684-692, 1990). Other
enhancements include the use of the 5’-nuclease activity of Tag DNA
polymerase (Holland et al., Proc. Natl. Acad. Sci. USA, Vol. 88, pp.

25  7276-7280, 1991), molecular beacons (Tyagi and Kramer, Nature
Biotechnology, Vol. 14, pp.303-308, 1996), heat denaturation curves
(Howell et al., Nature Biotechnology, Vol. 17, pp. 87-88, 1999) and
DNA “chips” (Wang et al., Science, Vol. 280, pp. 1077-1082, 1998).
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While each of these assays are functional, they are limited in their
practical application in a clinical setting.

An additional phenomenon discovered to be useful in
distinguishing SNPs is the nucleic acid interaction energies or base-
stacking energies derived from the hybridization of multiple target
specific probes to a single target. (see R. Ormstein et al., “An
Optimized Potential Function for the Calculation of Nucleic Acid
Interaction Energies”, in Biopolymers, Vol. 17, 2341-2360 (1978); J.
Norberg and L. Nilsson, Biophysical Journal, Vol. 74, pp. 394—402,
(1998); and J. Pieters et al., Nucleic Acids Research, Vol. 17, no. 12,
pp. 4551-4565 (1989)). This base-stacking phenomenon is used in a
unique format in the current invention to provide highly sensitive Tm
differentials allowing the direct detection of SNPs in a nucleic acid
sample.

Prior to the format of the current invention, other methods have
been used to distinguish nucleic acid sequences in related organisms or
to sequence DNA. For example, U. S. Patent Number 5,030,557 by
Hogan et al. disclosed that the secondary and tertiary structure of a
single stranded target nucleic acid may be affected by binding “helper”
oligonucleotides in addition to “probe” oligonucleotides causing a
higher Tm to be exhibited between the probe and target nucleic acid.
That application however was limited in its approach to using
hybridization energies only for altering the secondary and tertiary
structure of self-annealing RNA strands which if left unaltered would
tend to prevent the probe from hybridizing to the target.

With regard to DNA sequencing, K. Khrapko et al., Federation
of European Biochemical Societies Letters, Vol. 256, no. 1,2, pp. 118-
122 (1989), for example, disclosed that continuous stacking
hybridization resulted in duplex stabilization. Additionally, J.
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Kieleczawa et al., Science, Vol. 258, pp. 1787-1791 (1992), disclosed
the use of contiguous strings of hexamers to prime DNA synthesis
wherein the contiguous strings appeared to stabilize priming.
Likewise, L. Kotler et al., Proc. Natl. Acad. Sci. USA, Vol. 90, pp.
4241-4245, (1993) disclosed sequence specificity jn the priming of
DNA sequencing reactions by use of hexamer and pentamer
oligonucleotide modules. Further, S. Parinov et al., Nucleic Acids
Research, Vol. 24, no. 15, pp. 2998-3004, (1996), disclosed the use of
base-stacking oligomers for DNA sequencing in association with
passive DNA sequencing microchips. Moreover, G. Yershov et al.,
Proc. Natl. Acad. Sci. USA, Vol. 93, pp. 4913-4918 (1996), disclosed
the application of base-stacking energies in SBH on a passive
microchip. In Yershov’s example, 10-mer DNA probes were anchored
to the surface of the microchip and hybridized to target sequences in
conjunction with additional short probes, the combination of which
appeared to stabilize binding of the probes. In that format, short
segments of nucleic acid sequence could be elucidated for DNA
sequencing. Yershov further noted that in their system the destabilizing
effect of mismatches was increased using shorter probes (e.g., 5-mers).
Use of such short probes in DNA sequencing provided the ability to
discern the presence of mismatches along the sequence being probed
rather than just a single mismatch at one specified location of the
probe/target hybridization complex. Use of longer probes (e.g., 8-
mer, 10-mer, and 13-mer oligos) were less functional for such
purposes.

An additional example of methodologies that have used base-
stacking in the analysis of nucleic acids includes U. S. Patent No.
5,770,365 by Lane et al., wherein is disclosed a method of capturing

nucleic acid targets using a unimolecular capture probe having a single
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stranded loop and a double stranded region which acts in conjunction
with a binding target to stabilize duplex formation by stacking
energies.

Despite the knowledge of base-stacking phenomenon,

5  applications as described above have not resulted in commercially
acceptable methods or protocols for either DNA sequencing or the
detection of SNPs for clinical purposes. We provide herein such a
commercially useful method for making such distinctions in numerous
genetic and medical applications by combining the use of base-stacking

10  principles and electronically addressable microchip formats.

SUMMARY OF THE INVENTION
Methods are provided for the analysis and determination of
SNPs in a genetic target. In one embodiment of the invention, SNPs in
15 atarget nucleic acid are determined using a single capture site on an
electronically addressable microchip (e.g, an APEX type microchip).
In this embodiment, both wild type and mutant alleles are
distinguished, if present in a sample, at a single capture site by
detecting the presence of hybridized allele-specific probes labeled with
20  fluorophores sensitive to excitation at various wave lengths. In another
embodiment, base-stacking energies of at least two oligonucleotides
are used in conjunction with an APEX type bioelectronic microchip.
The electronically facilitated method using an APEX type
microchip offers several advantages over passive-based hybridization
25  assays when base-stacking is employed. First, electronic addressing
under low salt conditions in the presence of stabilizer oligomer inhibits
rehybridization of amplicon strands in situations where amplification
of target nucleic acid is carried out. This obviates the need for

asymmetric amplification or other more complex methods of strand
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separation. Electronically facilitated methods additionally allow
multiple different amplicons to be addressed to discrete sites thereby
greatly facilitating multiplexing of multiple patients or multiple
amplicons on an open microchip.
5 In one embodiment of our system, the amplicons of the target
nucleic acid may be anchored to an electronic microchip capture site
(i.e. “amplicon down” format) such that multiple amplicons may be
placed at the same capture site. The amplicons may be anchored to the
capture site on the microchip by attachment moieties located at the 5’
10 end of the amplicon. Such attachment moieties can be binding agents
such a biotin incorporated into one of the amplification primers. The
anchored nucleic écids may in turn be probed simultaneously or
sequentially.
By way of example, in implementation of the amplicon down
15  format, a target nucleic acid is first amplified, such as by PCR, SDA,
NASBA, TMA, rolling circle, T7, T3, or SP6, each of which methods
are well understood in the art, using at least one amplification primer
oligomer that is labeled with a moiety useful for attaching the
amplification product to a substrate surface. In one embodiment, a
20  biotin moiety can be attached at the 5’ end of the primer. Following
amplification, the labeled amplified dsDNA product may be denatured
electronically or thermally and addressed to a specified capture site on
the microchip surface, thereby making the amplicon behave as an
anchored capture moiety. In a preferred embodiment, the
25  complementary strand to the labeled amplification product (i.e., the
non-labeled strand) is kept from reannealing to the labeled product by a
“stabilizer” oligomer which is inputted into the process during
electronic biasing of the labeled targeted amplicon to the capture site.

The use of a “stabilizer” oligomer, as provided for in this invention, is
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unique in that unlike prior base-stacking inventions, it functionally
serves two purposes (i.e., to hinder reannealing of complementary
amplicons during electronic addressing of the biotinylated target
amplicons, and to provide a base-stacking energy moiety for interaction
5  with the second oligomer. This combined functionality effectively
lessens the complexity of SNP determination in a microchip format).
Application of site-specific electronic biasing can allow for
directed influencing of the ionic environment at the site of
hybﬁdization as well as continuous adjustment of hybridization
10 conditions both during and after hybridization. Such manipulation of
electronic environment (specifically the dielectric constant of the |
solution) can be used to influence directly the base-stacking energies
between oligonucleotide probes. Additionally, hybridization is greatly
accelerated by the concentration achieved during local electronic
15  addressing. Such a system is also highly flexible in that it allows one
to take advantage of both thermal and/or electronic discrimination after
hybridization. Moreover, electronic biasing equally facilitates
distinguishing hybridization mismatches occurring at the terminal
nucleic acid pairs of a hybridized duplex as well as destabilizing
20  mismatches occurring internally (e.g., due to destabilizing caused by
misalignment of the base pairs). This ability to detect mismatches
allows the current invention to be less restricted in choices for
positioning the location of SNP bases on probes although generally, for
purposes of this invention, mismatches are desired to occur at the
25  terminal base of a probe. For instance, the SNP relevant base may be
incorporated as the terminal base of the reporter probe such that when
the stabilizer and reporter probes are annealed to the amplicon, the

SNP relevant base will lie adjacent to one of the terminal bases of the
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stabilizer when both the stabilizer and reporter are annealed adjacently
to one another on a target nucleic acid strand.

Sensitivity and robustness may further be enhanced by the
additional inclusion of yet another probe (i.e., the “interfering” probe)
designed to be complementary to the non-labeled strand of the
amplicon. Use of this probe further helps to compete away the
undesired non-labeled amplicon strand from reannealing to the labeled
strand.

In another format of this system, when the stabilizer probe is
anchored (i.e. “capture down” format), the system is also simple and
multiple amplicons may be placed at the same capture site. These may
then be probed simultaneously or sequentially. Generally, although not
exclusively, the stabilizer probe will be anchored to the substrate at its
5’ end. Such an arrangement necessarily provides that the SNP base
will be complementary to either the 3” base of the stabilizer/capture or
the 57 base of the reporter probe. Conversely, if the 3’ end of the
stabilizer/capture is anchored, then the SNP base will be
complementary to either the 5° base of the stabilizer/capture or the 3’
base of the reporter probe.

By way of example, in implementation of this capture down
format, a target nucleic acid is first amplified, such as by PCR or SDA.
The amplified dsDNA product is then denatured and addressed to a
specified capture site on the microchip surface that has an anchored
stabilizef/capture moiety. In apreferred embodiment, the
complementary strand to the desired amplification product strand is
kept from reannealing to the desired strand by the stabilizer/capture
oligomer that, as described above, serves as a first probe that also
participates in base-stacking with a second reporter probe. As in the

amplicon down method, the stabilizer/capture oligomer as provided for



WO 01/73122

10

15

20

25

PCT/US00/22805

15

in this invention is unique in that unlike prior base-stacking inventions,
it functionally serves two purposes (i.e., to hinder reannealing of
complementary amplicons during electronic addressing of the target
amplicons and to provide a base-stacking energy moiety for interaction
with reporter oligomer thereby lessening the complexity of SNP
determination in a microchip format). As with the target down format,
interfering probes may be used. Moreover, multiple amplicons may be
probed at any particular capture site.

In yet another format, multiple SNPs in a target sequence may
be detected. In this format, either of the above mentioned amplicon
down or capture down formats may be employed. In this format,
multiple base-stacking may be used to resolve the presence of closely
spaced SNPs at a single locus. For example, where two SNPs are
closely spaced, at least two short reporter oligonucleotides may be
base-stacked against a longer stabilizer oligonucleotide. Each reporter
may be labeled with a different fluorophore specific for the allele that
occurs at each site. For instance, if a locus has two SNPs in close
proximity to one another, reporter probes incorporating the wild-type
and mutant bases of each SNP site, each containing a different
fluorophore may be used to determine which allele is present.

In yet another embodiment of the invention, SNPs in a target
nucleic acid are determined using combined base-stacking energies
derived from both 5’ and 3’ ends of a single reporter probe. In this
embodiment, the target nucleic acid is amplified (such as by PCR and
preferably via the strand displacement amplification (SDA) technique)
such that two spaced amplicons of the target are generated. The two
amplicons (a first and a second amplicon) may be from the same
genetic locus wherein the sequences are closely spaced, or may be from

divergent or unrelated genetic loci. In either case, both the amplicon
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down and the capture down formats may be used. In the case where
the capture down format is used, the stabilizer/capture is designed as a
“bridging” stabilizer/capture probe to capture both amplicons in a
spaced apart fashion so that at least one reporter probe, which may or
5  may not contain SNP sequence at one or the other end, can be “nested”
between the amplicons. Where the amplicon down format is used,
only one of the amplicons is anchored and a “bridging”
stabilizer/capture probe having sequence complementary to the
anchored amplicon and the non-anchored amplicon is employed to
10  hybridize the amplicons in a spaced apart fashion allowing at least one
reporter probe to be nested. Where multiple SNPs are associated at
such a Joci, more than one SNP containing reporter probe may be
nested and take advantage of multiple base-stacking energies.
In the case where the amplicons are from different loci, the
15  amplicons may be brought into close proximity with one another using
either an anchored bridging stabilizer/capture probe, or an anchored
amplicon and a bridging stabilizer/capture probe as described above.
The presence of both amplicon sequences may be detected using a
reporter probe designed to nest between the captured amplicons using
20  base-stacking energies to stabilize the reporter hybridization as
described above. As with the earlier described formats, the reporter
probe may incorporate at either and/or both its 5’ and 3 ends SNP or
wild-type sequence associated with either or both loci.
In a further embodiment, the SNP containing region may
25  contain multiple SNPs and reporter probes can be designed so that
more than one reporter probe is used to nest between the first and
second amplicons such that each reporter has at least one nucleic acid
base on either its 3’ or 5’ end corresponding to a SNP. Thus, such a

system can benefit from both multiple reporter signals and multiple
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base-stacking energies from nesting probes that possess either a single
base corresponding to either SNP or wild-type at either the 3° or 5’
end, or that contain such bases at both 3* and 5’ ends, thereby

increasing sensitivity.

In another embodiment the stabilizer oligomers are generally 20
to 44-mers and preferably about 30-mers, while the reporter probes are
generally 10 to 12-mers and preferably about 11-mers. The lengths of
such probes are highly effective in accordance with their use in an

10  electronically addressable microchip format. Reporter probes shorter
than 8-mers are generally not functional in the ionic environment of the
current system.

In the preferred embodiment of the invention, electronically
aided hybridization is utilized in the process. In one aspect, dﬁring the

15  hybridization of the nucleic acid target with the stabilizer probe and/or
the reporter probe, electronic stringent conditions may be utilized,
preferably along with other stringency affecting conditions, to aid in
the hybridization. This technique is particularly advantageous to
reduce or eliminate slippage hybridization among probes and target,

20  and to promote more effective hybridization. In yet another aspect,
electronic stringency coﬁditions may be varied during the hybridization
complex stability determination so as to more accurately or quickly
determine whether a SNP is present in the target sequence.

Hybridization stability may be influenced by numerous factors,

25  including thermoregulation, chemical regulation, as well as electronic
stringency control, either alone or in combination with the other listed
factors. Through the use of electronic stringency conditions, in either
or both of the target hybridization step or the reporter oligonucleotide

stringency step, rapid completion of the process may be achieved.
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Electronic stringency hybridization of the target is one distinctive
aspect of this method since it is amenable with double stranded DNA
and results in rapid and precise hybridization of the target to the
capture site. This is desirable to achieve properly indexed
hybridization of the target DNA to attain the maximum number of
molecules at a test site with an accurate hybridization complex. By
way of example, with the use of electronic stringency, the initial
hybridization step may be completed in ten minutes or less, more
preferably five minutes or less, and most preferably two minutes or
less. Overall, the analytical process may be completed in less than half
an hour. ,

As to detection of the hybridization complex, it is preferred that
the complex is labeled. Typically, in the step of determining
hybridization of probe to target, there is a detection of the amount of
labeled hybridization complex at the test site or a portion thereof. Any
mode or modality of detection consistent with the purpose and
functionality of the invention may be utilized, such as optical imaging,
electronic imaging, use of charge-coupled devices or other methods of
quantification. Labeling may be of the target, capture, or reporter.
Various labeling may be by fluorescent labeling, colormetric labeling
or chemiluminescent labeling. In yet another implementation,
detection may be via energy transfer between molecules in the
hybridization complex. In yet another aspect, the detection may be via
fluorescence perturbation analysis. In another aspect the detection may
be via conductivity differences between concordant and discordant
sites.

In yet another aspect, detection can be carried out using mass
spectrometry. In such method, no fluorescent label is necessary.

Rather detection is obtained by extremely high levels of mass
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resolution achieved by direct measurement, for example, by time of
flight or by electron spray ionization (ESI). Where mass spectrometry
is contemplated, reporter probes having a nucleic acid sequence of 50
bases or less are preferred.

It is yet a further object of this invention to provide methods
that may effectively provide for genetic identification.

It is yet a further object of this invention to provide systems and
methods for the accurate detection of diseased states, especially clonal
tumor disease states, neurological disorders and predisposition to
genetic disease.

It is yet a further object of this invention to provide a rapid and
effective system and methods for identification, such as in forensics
and paternity applications.

Yet a further object of the invention is to identify SNPs in
infectious organisms such as those responsible for antibiotic resistance

or that can be used for identification of specific organisms.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a cross sectional view of one embodiment of an
active matrix device useful in accordance with the methods of this
invention.

FIG. 1B is a perspective view of an active array device useful
with the methods of this invention.

FIG. 2 is a schematic representation of one embodiment of the
method of electronic SNP scoring by a dual fluorescent base-stacking
format wherein the target amplicon population comprises wild-type
and/or mutant alleles. In this format, one of the target strands is
anchored to the capture site (“amplicon down” format). As shown,

wild type and mutant alleles may be probed at a single capture site.
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Where the target includes both alleles, (i.e., heterozygote) reporter
probes corresponding to each allele will be detected. Where only one
allele is present, (i.e., homozygote) only one reporter probe will be
detected. The figure represents detection of a homozygote population.
5 FIG. 3 is a representation of one embodiment of the method of

electronic SNP scoring by dual fluorescent base-stacking format
wherein the stabilizing probe is anchored to the capture site (“capture
down” format). Additionally this figure demonstrates the use of
interfering probes to compete out undesired amplicon strands. As is

10 similarly demonstrated in Fig. 2, wild type and mutant alleles may be
detected.

FIGs. 4a and 4b represent one embodiment of the method
wherein base-stacking energies of multiple reporter probes are utilized.

Fig. 4a shows the capture down format while Fig. 4b shows amplicon
15  down format. This multiple base stacking approach is applicable
where a target possesses closely spaced SNPs.

FIG. 5 represents one embodiment of the invention wherein
base-stacking energies are provided by nesting a reporter probe |
between two target amplicons. In this example, the stabilizer probe has

20 nucleic acid base sequence complementary to both target amplicons.
The figure depicts amplicon down format although capture down is
equally applicable. Stabilization of the reporter probe in nested fashion
signals the presence of both target species and/or any SNP integrated
into the 57 or 3’ terminus, or into both termini, of the reporter probe.

25 FIG. 6 shows that the nested embodiment illustrated in Fig. 5
may also utilize multiple base-stacking energies of multiple reporter
probes, each of which may include SNPs. As with the other formats,

both amplicon and capture down formats are useful.
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FIG. 7 shows a nested format in which amplification is carried
out using SDA. In this embodiment, the termini of the amplicons
necessarily possess sequence related to primers used in SDA that
contain an endonuclease restriction site. In this embodiment, SNPs

5  may be either in the reporter termini or alternatively be in amplicon
sequence immediately internal to the SDA primer sequence. In either
case, mismatches can be detected by destabilizing hybridization of the
reporter probe due to mismatches on the reporter itself or mismatches
in the amplicon sequence. Additionally, amplicons generated using

10  SDA may use either amplicon or capture down format (capture down
shown) and may use multiple reporter stacking.

FIGs. 8a and 8b are photographs showing hybridization results
on the same microchip capture sites using reporter probes
corresponding to wild type and mutant alleles labeled with

15  fluorophores sensitive to two different wavelengths. Results show that
homozygous mutant, homozygous wild type, and heterozygosity is
clearly detectable. Specifically, the importance of stabilizer oligomer
for scoring Factor V SNPs is represented. Five unknown Factor V
samples (labeled A through E) were amplified using primers Seq. Id.

20 No. 1 (Biotin-TGTTATCACACTGGTGCTAA) and Seq. Id. No. 2
(ACTACAGTGACGTGGACATC). The amplification product was
then electronically targeted to 4 capture sites (columns 1,2, 4, and 5)
using a direct current of 400 nAmps/site for 2 minutes. Column 3 was
mock targeted and served as background control. The array was then

25  treated with 0.5X SSC, pH 12 for 5 minutes to denature any
rehybridized amplified products. Next, 125nM Factor V stabilizer
oligo, Seq.Id. No.3
(TAATCTGTAAGAGCAGATCCCTGGACAGGC), was
electronically biased using direct current of 400nAmps/site to all
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capture sites in column 1 for 15 seconds, column 2 for 30 seconds, and
column 4 for 60 seconds. Column 5 was biased for 60 seconds with
buffer only. Final discrimination of the allele-specific reporters at each
capture site was achieved at 32° C in our low salt buffer. The reporter
oligomers were a CR6G labeled wild type reporter, Seq. Id. No. 4
(GAGGAATACAG-CR6G), and a Far-Red labeled mutant reporter,
Seq. Id. No. 5 (AAGGAATACAG-Far-Red). Results indicate that
Samples A and B are homozygous for mutant, Sample C is
heterozygous for mutant and wild type, and Samples D and E are
homozygous for wild type.

FIG. 9 is a photograph showing that base-stacking energy
stabilizes oligo reporters. Wild type Hemochromatosis sample was
amplified using Seq. Id. No. 6 (Biotin-
TGAAGGATAAGCAGCCAAT) and Seq. Id. No. 7
(CTCCTCTCAACCCCCAATA). The amplified sample was then
mixed with either (i), no stabilizer oligo (column 1); (ii), 1pM of the
standard Hemochromatosis stabilizer oligomer in which case the
stabilizer hybridizes adjacent to the reporter probe (column 2), Seq. Id.
No. 8 (GGCTGATCCAGGCCTGGGTGCTCCACCTGG); (iii), a
stabilizer oligomer that hybridizes to target with a one base gap
between the stabilizer and reporter probe (column 4), Seq. Id. No. 9
(GGGCTGATCCAGGCCTGGGTGCTCCACCTQG); or (iv), a
stabilizer oligomer Seq. Id. No. 10
(CACAATGAGGGGCTGATCCAGGCCTGGGTG) resultingin a 10
bp gap between itself and the reporter (column 5). The resulting
samples were biased simultaneously to two capture sites for a total of 4
minutes using a biased alternating current protocol wherein 700
nAmps/site at 38 msec “+” and 10 msec ‘~” was used. Column 3 was

mock targeted and served as a background control. After passive
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reporting with wild type reporter oligomer, Seq. Id. No. 11
(CACGTATATCT-CR6G), thermal discrimination of the reporter
probe was attained at 32° C in our low salt buffer. The images
represent the wild type reporter only, both before (initial signal) and
after thermal denaturation (post-discrimination). Only in the situation
where the stabilizer and reporter probes were adjacent was the
hybridization stabilized. The same result is obtainable using mutant
(data not shown).

FIG. 10 shows the impact of stabilizer oligo on signal intensity.

An amplified wild type Hemochromatosis sample was mixed with
either the standard 30-mer stabilizer oligo (Seq. Id. No. 8), non-
complementary random DNA (six different 20-mer to 24-mer oligos),
or no DNA (water) at three concentrations (10nM, 100nM, and 1uM).
Each combination was biased to duplicate capture sites for 4 minutes
using a biased alternating current protocol 800nAmps/site at 38 msec
‘+” and 10 msec “—’. Capture sites that received either no DNA or
random DNA were subsequently biased for 1 minute with 125nM
stabilizer oligo, while capture sites that already received stabilizer were
biased for 1 minute with buffer only. Biasing conditions were direct
current at 400nAmps/site. The histogram represents the signal
intensities of both the wild type (Seq. Id. No. 11) and mutant (Seq. Id.
No. 12, TACGTATATCT-Far Red) reporters post-discrimination,
achieved at 28° C. Background from capture sites addressed with no
DNA was subtracted.

FIG. 11 is a chart illustrating that the allele content of unknown
Hemochromatosis samples is readily determinable. Sixteen amplified,
unknown Hemochromatosis samples were tested using 1uM
Hemochromatosis stabilizer oligo (Seq. Id. No. 8). The samples and

stabilizer were electronically targeted to individual capture sites on a
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25-site microarray. Biasing was carried out for 4 minutes using an
alternating current of 700nAmps/site at 38 msec “+’ and 10 msec ‘.
Following passive reporting of the two allele-specific reporters (i.e.,
wild-type Seq. Id. No. 11 or mutant Seq. Id. No. 12), thermal

5  discrimination was achieved at 29° C. The histogram represents the
mean fluorescent intensities minus background (signal intensity from a
mock targeted site). Results show that samples 1, 7, and 12 are
heterozygous, samples 3, 4, 8,9, 11, 13, and 16 are homozygous for
wild type, and samples 2, 5, 6, 10, 14, and 15 are homozygous for

10  mutant.

FIG. 12 is a photograph showing multiplex analysis of
Hemochromatosis and Factor V. In this figure, the results for Factor V
were derived from use of the opposite strand to the results shown in
Fig. 8. Two known Hemochromatosis and Factor V samples were each

15  amplified individually. In this case, Factor V samples were amplified
using primers Seq. Id. No. 13 (Biotin-
ACTACAGTGACGTGGACATC) and Seq. Id. No. 14
(TGTTATCACACTGGTGCTAA). The amplification products were
then combined together along with 1uM of each of their 30-mer

20  stabilizer oligos (i.e., Seq. Id. No. 8 and Seq. Id. No. 15
(TTACTTCAAGGACAAAATACCTGTATTCCT)). Each mixture
was electronically biased in quadruplicate for 4 minutes using a biased
alternative current of 700nAmps/site at 38 msec 4+’ and 10 msec ‘.
The capture site in column 1 and 2 received a Hemochromatosis wild

25  type and Factor V mutant, while the sites in column 4 and 5 were
targeted with both Hemochromatosis and Factor V Heterozygotes.
Column 3 was the background control. Reporting was done
sequentially, first with the allele-specific Hemochromatosis reporters

(Seq. Id. Nos. 11 and 12) and then the allele-specific Factor V reporters
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(Seq. Id. Nos. 16 (CGCCTGTCCAG-CR6G) and 17
(TGCCTGTCCAG-Far Red). Before Factor V reporters were
passively hybridized, all remaining Hemochromatosis reporters were
stripped from the microarray. In this experiment, heat discrimination
in the low salt buffer was achieved at 28° C for Hemochromatosis and
43° C for Factor V. Stripping was carried out at 55° C in our low salt
buffer. The images represent the fluorescent signals from both the wild

type and mutant reporters, all after thermal denaturation.

DETAILED DESCRIPTION OF THE INVENTION

Figs. 1A and 1B illustrate a simplified version of the active
programmable electronic matrix hybridization system for use with this
invention. Generally, a substrate 10 supports a matrix or array of
electronically addressable microlocations 12. For ease of explanation,
the various microlocations in Fig. 1A have been labeled 124, 12B,
12C and 12D. A permeation layer 14 is disposedv above the individual
electrodes 12. The permeation layer permits transport of relatively
small charged entities through it, but limits the mobility of large
charged entities, such as DNA, to keep the large charged entities from
easily contacting the electrodes 12 directly during the duration of the
test. The permeation layer 14 reduces the electrochemical degradation
that would occur to the DNA by direct contact with the electrodes 12,
possibility due, in part, to extreme pH resulting from the electrolytic
reaction. It further serves to minimize the strong, non-specific
adsorption of DNA to electrodes. Attachment regions 16 are disposed
upon the permeation layer 14 and provide for specific binding sites for

target materials. The attachment regions 16 have been labeled 16A,
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16B, 16C and 16D to correspond with the identification of the
electrodes 12A-D, respectively.

In operation, reservoir 18 comprises that space above the
attachment regions 16 that contains the desired, as well as undesired,
materials for detection, analysis or use. Charged entities 20, such as
charged DNA are located within the reservoir 18. In one aspect of this
invention, the active, programmable, matrix system comprises a
method for transporting the charged material 20 to any of the specific
microlocations 12. When activated, a microlocation 12 generates the
free field electrophoretic transport of any charged entity 20 that may be
functionalized for specific binding towards the electrode 12. For
example, if the electrode 12A were made positive and the electrode
12D negative, electrophoretic lines of force 22 would run between the
electrodes 12A and 12D. The lines of electrophoretic force 22 cause
transport of charged entities 20 that have a net negative charge toward
the positive electrode 12A. Charged materials 20 having a net positive
charge move under the electrophoretic force toward the negatively
charged electrode 12D. When the net negatively charged entity 20 that
has been functionalized for binding contacts the attachment layer 16 A
as a result of its movement under the electrophoretic force, the
functionalized specific binding entity 20 becomes attached to the
attachment layer 16A.

Before turning to a detailed discussion of the inventions of this
patent, the general matter of terminology will be discussed. The term
“single nucleic acid polymorphism” (SNP) as used herein refers to a
locus containing simple sequence motif which is a mutation of that

locus.
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A “hybridization complex”, such as in a sandwich assay,
typically will include at least two of target nucleic acid, stabilizer
probe, and reporter probe.

An “array” as used herein typically refers to multiple test sites,
minimally two or more test sites wherein discrimination between wild
type and mutant polymorphisms can be carried out for any target
sequence at each individual site. The typical number of test sites will
be one for each locus to be tested such that heterozygocity or
homozygocity for either allele are distinguishable at each site. The
number of loci required for any particular test will vary depending on
the application, with generally one for genetic disease analysis, one to
five for tumor detection, and six, eight, nine, thirteen or more for
paternity testing and forensics. The physical positioning of the test
sites relative to one another may be in any convenient configuration,
such as linear or in an arrangement of rows and columns.

- In one mode, the hybridization complex is labeled and the step of
determining amount of hybridization includes detecting the amounts of
labeled hybridization complex at the test sites. The detection device
and method may include, but is not limited to, optical imaging,
electronic imaging, imaging with a CCD camera, integrated optical
imaging, and mass spectrometry. Further, the detection, either labeled
or unlabeled, is quantified, which may include statistical analysis. The
labeled portion of the complex may be the target, the stabilizer, the
reporter or the hybridization complex in toto. Labeling may be by
fluorescent labeling selected from the group of, but not limited to, Cy3,
Cy5, Bodipy Texas Red, Bodipy Far Red, Lucifer Yellow, Bodipy
630/650-X, Bodipy R6G-X and 5-CR 6G. Labeling may further be
accomplished by colormetric labeling, bioluminescent labeling and/or

chemiluminescent labeling. Labeling further may include energy



WO 01/73122

10

15

20

25

PCT/US00/22805

28

transfer between molecules in the hybridization complex by
perturbation analysis, quenching, electron transport between donor and
acceptor molecules, the latter of which may be facilitated by double
stranded match hybridization complexes (See, e.g., Tom Meade and
Faiz Kayyem, Electron Transfer Through DNA:Site-Specific
Modification of Duplex DNA with Ruthenium Donors and Acceptors,
Angew. Chem. Int. Ed., England, Vol. 34, #3, pp. 352-354, 1995).
Optionally, if the hybridization complex is unlabeled, detection may be
accomplished by measurement of conductance differential betweén
double stranded and non-double stranded DNA. Further, direct
detection may be achieved by porous silicon-based optical
interferometry or by mass spectrometry.

The label may be amplified, and may include for example
branched or dendritic DNA. If the target DNA is purified, it may be
unamplified or amplified. Further, if the purified target is amplified
and the amplification is an exponential method, it may be, for example,
PCR amplified DNA or strand displacement amplification (SDA)
amplified DNA. Linear methods of DNA amplification such as rolling
circle or transcriptional runoff may also be used.

The target DNA may be from a source of tissue including but not
limited to hair, blood, skin, sputum, fecal matter, semen, epithelial
cells, endothelial cells, lymphocytes, red blood cells, crime scene
evidence. The source of target DNA may also include normal tissue,
diseased tissue, tumor tissue, plant material, animal material,
maminals, humans, birds, fish, microbial material, xenobiotic material,
viral material, bacterial material, and protozoan material. Further, the
source of the target material may include RNA. Further yet, the source

of the target material may include mitochondrial DNA.
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Base-stacking is dependent on the interactions of the ring
structure of one base with the base ring of its nearest neighbor. The
strength of this interaction depends on the type of rings involved, as
determined empirically. While the applicants do not wish to be bound

5 Dby any theory, among the possible theoretical explanations for this
phenomenon are the number of electrons available between the two
bases that participate in Pi bond interactions and the efficiency of
different base combinations that exclude water from the interior of the
helix, thereby increasing entropy. Although the above models are

10  consistent with current data, the possible mechanisms of stacking
interactions are not limited to these concepts.

It has also been observed that modification of bases involved in
base-stacking interactions can strengthen Pi bonding, or stacking,
between them. As one might predict from the models described above,

15  these modifications provide more electrons for use in Pi bonding
and/or an increase to the surface area of the rings, thereby increasing
the area of hydrophobicity between the stacked bases. The current
system can be modulated in a manner predicted by base-stacking theory
and be used to predict additional changes for altering Pi electron

20  behavior thereby underscoring that the mechanism of the invention
may be dependent on the nature of Pi bonding between juxtaposed
bases.

In addition to taking advantage of the naturally selected base-
stacking interactions, it may be predicted that base modifications that

25  increase the number of electrons in the ring or enlarge the
hybdrophobic area would also increase discrimination of match from
mismatch hybrids. Taking such information into account we have
developed a novel SNP scoring method. It utilizes a combination of

electronic-mediated nucleic acid transportation of an amplified target,



WO 01/73122 PCT/US00/22805

30

passive heat denaturation of short fluorescent oligo reporters, and base-
stacking energies. Sosnowski et al., Proc. Natl. Acad. Sci. USA, Vol.
94, pp. 1119-1123, (1997) have previously shown that charged DNA
molecules can be transported, concentrated, and hybridized on a

5 microchip by use of a controlled electric field. By taking advantage of
an active microchip and base-stacking energies, we are able to
efficiently target and analyze numerous SNPs with a high level of
discrimination.

To demonstrate the efficacy of this new technique, we developed

10 two model systems. The first is based on Hereditary
Hemochromatosis, an autosomal recessive disorder that may lead to
cirrhosis of the liver, diabetes, hypermelanotic pigmentation of the
skin, and heart failure. The disease is linked to a G to A nucleotide
transition at position 8445 in the HLA-H gene (Feder et al., J. Biol.

15  Chem., Vol. 272, pp. 14025-14028, 1997). This locus was
subsequently renamed HFE. The second assay centers on the Factor V
gene. A mutation at position 1,691 (G to A substitution) leads to an
increased risk of venous thrombosis (Bertina et al., Nature, Vol. 369,
pp. 64-67, 1994). A SNP scoring methodology that offers both high

20  throughput and cost effectiveness should allow implementation of
routine tests for detecting individuals at risk for these, as well as other
diseases that correlate to known SNPs, before disease onset. The
utility of SNPs as genetic markers is therefore dependent, at least in
part, upon the ability to provide accurate scoring of SNPs quickly. We

25  have developed a novel scoring methodology, which fits these criteria.

Using an active microarray, we are able to miniaturize and
accelerate the process of DNA transportation and hybridization.

Moreover, the instrument in which the experiments are carried out is
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automated, which further streamlines this SNP scoring process.
Further, this new methodology offers significant advancement in the
fidelity of SNP scoring. We have accurately called every unknown
sample tested, be it Hemochromatosis or Factor V. We have also

5  successfully analyzed the Factor V SNP from each strand (Figure 8 and
Figure 12), demonstrating the flexibility of the dual fluorescent base-
stacking assay. It allows us to probe either strand, providing the
opportunity to generate the most favorable (i.e., most energetic)
stacking configuration. This ensures optimal discrimination.

10 A frequent problem in analyzing SNPs via conventional
hybridization assays is the inability to call heterozygotes with 100%
accuracy. Missing one of the two alleles can be as serious as a
complete miscall. This problem usually arises when one of the allele-
specific reporters (wild-type or mutant) is slightly more

15  thermodynamically stable, often leading to ambiguous results.

By differentiating reporters based on both base-stacking energies
and number of hydrogen bonds, we have been able to essentially
normalize and enhance the stability of the correct reporters, thereby
allowing easy discrimination between homozygotes and heterozygotes.

20 Onaverage, an amplified homozygote sample, such as for
Hemochromatosis and Factor V, yields discrimination values greater
than 15-fold between match and mismatch. In the 46 samples
analyzed, the poorest discrimination for a homozygote was ~6.3-fold.
On the other hand, heterozygotes yielded ratios of approximately 1:1,

25  and never more than 2:1. Since the discrimination values are so
disparate between homozygotes and heterozygotes, it allows us to call
homozygotes even if the amplification is biased towards one strand

(see Fig. 11).
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We initially chose Hemochromatosis and Factor V to be analyzed
as each SNP has been linked to a specific and important disease (Feder
et al., 1996 Supra; Bertina et al., 1994 Supra). Moreover, both
conditions are relatively prevalent in society. A recent AACC bulletin

5  report suggests that Hemochromatosis may be more prevalent than
previously believed (American Association for Clinical Chemistry,
Inc., Clinical Laboratory News, Vol. 25, number 2, pp. 16, February
1999). The use therefore of a methodology for early genetic testing of
people at risk for these two afflictions should become an important tool

10  in determining people that are heterozygous or homozygous for the
mutant allele. This will allow early treatment, thereby improving
quality of life.

We have demonstrated that SNP discrimination by the dual
fluorescent base-stacking format works for two different genes.

15 Moreover, we have determined that the method should function in a
universal approach in that every possible mismatch for a reporter probe
and target with respect to a stabilizer probe is distinguishable. (see
Table 2). As shown each combination has strong discrimination values
except for one combination. The one example showing a weak

20  discrimination value (2.97) is of little consequence because the
opposite strand combination can be substituted in an actual test case.

As a general description, this invention is best described in
conjunction with Fig. 2. Initially, the sample containing a nucleic acid
population representing one of or both wild type and mutant alleles is

25  amplified with two primers, one being biotinylated (i.e., amplicon
down format). Following the removal of salt, the amplification product
31, with its biotinylated moiety, and the complementary strand 32 are
diluted i:2 in a final concentration of 50mM histidine. This solution

also contains 1uM of stabilizer oligomer 33. The stabilizer oligomer
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33 is generally a 30-mer that is 100% complementary to both wild type
and mutant alleles. This stabilizer directly abuts the polymorphism site
on the target amplicon such that when a perfectly matched mutant
reporter 34 or wild-type 35 is added to the system, base-stacking will
5  be present. ‘
Following introduction of the stabilizer, the reaction solution is
heated to 95°C for 5 minutes to allow the amplicon to denature. This
sample, after cooling, is then electronically biased to the capture site of
choice on an APEX type microchip. After biasing, the biotinylated
10 amplicon strand 31 is attached to the microchip capture site via the
biotin/streptavidin interaction with the permeation layer of the
microchip. The 30-mer stabilizer oligomer 33 is hybridized to the
amplicon strand 31 through hydrogen bonds.
The 30-mer stabilizer 33 effectively blocks the binding of the
15  fully complementary nonbiotinylated amplicon strand 32 due the
relative higher concentration of the stabilizer 33 (The stabilizer is at
1uM concentration whereas the amplicon is generally between 500pM
and 5nM).
Once the different amplicons (such as in a multiplex assay) have
20 ° been electronically biased to their respective capture sites, reporting
(using oligomers that are generally the probes that are labeled) is
carried out. 1uM of both wild type 35 and mutant 34 reporters (each
identical with respect to 9 to 11 bases of the wild type with the terminal
base, either 3’ or 5°, (or both), corresponding to either the mutant or the
25  wild-type base) in 50mM NaPO4/500mM NaCl (high salt buffer) is
allowed to incubate on the microchip for 3-5 minutes. Following
incubation of the reporter probes 34 and 35, discrimination is achieved
by heating the microchip about 4°C below melting temperature of the
perfectly matched reporter/amplicon in 50mM NaPO4 (low salt
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buffer). Imaging is then performed using two different lasers, one
corresponding to the fluorophore on the wild-type reporter and one to
the fluorophore on the mutant reporter. From these signal intensities,
backgrounds are subtracted and specific activities are taken into

5 account. A ratio of wild type to mutant signal is achieved from which

the allelic composition of the amplicon products are determined.

EXAMPLE I
a. Assay for the discrimination of single-nucleotide
10 polymorphisms.

SNP scoring on an active matrix chip was accomplished as
exemplified by the methodology illustrated in Figure 2. The target was
ampliﬁed with one biotinylated primer. A high concentration of 30-
mer stabilizer oligo was added to the denatured amplicon and the

15  mixture was electronicaliy addressed to capture sites of interest on the
array. Because DNA could be rapidly concentrated and hybridized,
this process took place in a period as short as two minutes. The
stabilizer oligomer was complementary to the biotinylated amplicon
strand (the strand being probed). First, the stabilizer prevented the

20  rehybridization of the complementary target amplicon strand thereby
allowing the two allele-specific fluorescently-labeled reporter oligos
access to the biotinylated strand. Second, along with the reporter
oligos, it conferred base-stacking energy.

The stabilizer oligo was designed such that its 5’-terminus

25  abutted the polymorphism of interest. The reporter oligos, one
perfectly complementary to the wild type allele and one to the mutant
allele, were designed such that their 3’-termini encompassed the
polymorphism. When the stabilizer and reporter oligomers perfectly
matched the target in an adjacently hybridized format, strong base-
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stacking energy phenomena were realized. In this system the reporters
were 11 bp in length which provided excellent base-stacking
differential signal between perfect matches and SNP mismatches,
notwithstanding the results disclosed by prior researchers as mentioned

5 above. Essentially, the mismatched reporter has one less nucleotide
hydrogen bonded to its complement than the matched reporter. Upon
stringent discrimination conditions, the perfectly matched reporter
remains bound to its complement while the mismatched reporter
readily dissociates.

10 In situations where the area of the target amplicon to be probed
is closer to the 5’ end of the amplicon, the stabilizer can be designed to
anneal to the amplicon at a position nearer the 3’ end of the amplicon
thereby necessitating that the 3’-terminus of the stabilizer abut the
polymorphism and the 5’-terminus of the reporter encompass the

15  polymorphism.

b. The stabilizer oligo enhances SNP discrimination by imparting
base-stacking energy.
To investigate the importance of employing stabilizer oligomers
20  in this SNP scoring methodology, five unknown Factor V samples |
were analyzed in the presence or absence of the stabilizer probe. After
electronically addressing the denatured target nucleic acid, the
microchip was washed with 0.5X SSC, pH 12 to remove any
rehybridized complementary strands. Stabilizer oligo was then
25  electronically biased to capture sites for different time intervals to
titrate their levels.
The wild type and mutant reporters, coupled to different
fluorophores, were then passively hybridized to the target:stabilizer

complex. This was followed by stringent discrimination achieved by
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increasing the temperature of a low salt wash buffer. Fluorescent
signals were then measured at the two appropriate wavelengths to
detect the wild type and mutant reporters. The results of this
experiment are shown in Figure 8. Discrimination values are given in

5 Table 1.

Table 1. Role of stabilizer oligo on SNP discrimination.

Sample no stabilizer 15”stabilizer 30”stabilizer 60”stabilizer

A 1:>100 1:>100 1:>100 1:>100
B 1:>100 1:>100 1:>100 1:47.7
C 1:3.31 1:1.55 1:1.44 1:1.53
D 3.51:1 10.1:1 16.2:1 13.9:1
E 3.73:1 8.63:1 10.7:1 12.9:1

(All discrimination values are reported as wild type signal intensity to
10  mutant signal intensity.)

The significance of the stabilizer oligo can most clearly be
shown for Sample C, a Factor V heterozygote. Column 5, which
received no stabilizer, shows a clear mutant signal but essentially no
wild type signal. Discrimination values were roughly 3.3:1 mutant to

15  wild type. When compared with wild type samples (D and E), the
discrimination value in the absence of stabilizer was almost identical,
3.5:1 and 3.7:1 wild type to mutant, respectively, making it essentially
impossible to differentiate a Factor V heterozygote from wild type. In
contrast, Sample C complexed with the most stabilizer oligo

20  (column 4), was a clear heterozygote (1:1.5 mutant to wild type), while
samples D and E were clear wild types (13.9:1 and 12.9:1,

respectively).
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These results demonstrate that base-stacking energies supplied
by the abutment of the stabilizer and reporter can be used to enhance
discrimination of reporter oligos that are either perfectly matched or
mismatched by as little as one base pair. Moreover, the results indicate

5  that mismatches involving more than one base pair (i.e., one at either
end of the reporter) would equally be distinguishable.

The increased stabilization for perfectly matched complexes
can also be demonstrated in the augmented signal intensities of
samples that received more stabilizer oligo (compare Factor V mutant

10 samples A and B, column 1 (least stabilizer) and column 4 (most
stabilizer) Fig. 8). The discrimination values (Table 1) in the presence
of stabilizer are excellent. The allelic makeup of all five unknown
Factor V samples are unambiguous with A and B being homozygous
mutant, C being a heterozygote, and D and E being homozygous wild

15  type. All results were independently confirmed by allele-specific
amplification.

To unequivocally illustrate that base-stacking energies are |
conferring the enhanced discrimination values, stabilizer oligomers to
Hemochromatosis were designed such that a 1 bp or a 10 bp gap would

20  exist between the stabilizer and reporter. These stabilizers were
compared with the standard Hemochromatosis stabilizer that directly
abuts the reporter. In this experiment, the stabilizer oligomers and
sample, specifically a Hemochromatosis wild type, were concomitantly
biased to duplicate capture sites. The results are shown in Figure 9. In

25  the case of no stabilizer (column 1), the initial wild type reporter signal
is substantially reduced. The columns which received the standard
stabilizer (column 2), the stabilizer leading to a 1 bp gap (column 4),
and the stabilizer leading to a 10 bp gap (column 5), all had

comparable initial signals. However, upon thermal discrimination,
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only the wild type reporter on the capture sites biased with the standard
stabilizer remained, demonstrating that base-stacking energies were

stabilizing the shorter reporter.

5 c. A stabilizer oligo prevents rehybridization of the
complementary nucleic acid strand.

A difficulty in directing one strand of an amplification product
following denaturation to a specific capture site of interest is that under
most conditions the compiementary strand will anneal back to its

10 cognate partner. In an attempt to circumvent this problem, a high
concentration of stabilizer oligomer was included with the
amplification product during electronic addressing.

Various concentrations of Hemochromatosis stabilizer oligomer
were combined with a wild type Hemochromatosis amplification

15  product sample. These samples were compared to the identical wild
type Hemochromatosis sample containing either no stabilizer oligomer
or non-complementary nucleic acid. After initial biasing, the capture
sites addressed without stabilizer were then re-addressed with a
saturating level of stabilizer oligo. Capture sites initially targeted with

20  amplicons plus stabilizer, were electronically addressed with buffer
solution only. Reporter hybridization was carried out, followed by
stringent washing. The final results are shown in Figure 10.

In each case, high levels of discrimination were achieved. All
permutations had a wild type to mutation ratio of greater than five-fold.

25  However, signal on capture sites where stabilizer was simultaneously
applied with amplification product, was significantly more robust.

This suggests that the stabilizer bound to the biotinylated amplicon
strand, and prevented the opposite amplified strand from rehybridizing.

This result is somewhat surprising, since the amplification product
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hybrid (a 229-mer) would be expected to be much more stable than the
stabilizer hybrid (a 30-mer). At equimolar ratios (approximately 1nM),
hybridization by the complementary amplicon strand would dislodge
the bound stabilizer and block the reporter oligo from binding to the
5  biotinylated strand. However, at higher molar ratios and the electronic

conditions used in this assay, the stabilizer competes-out one strand of
the amplicons. This result is also confirmed by the data in Figure 9.
Prediscrimination signals (initial) were substantially higher in the
presence of a complementary stabilizer oligo, even one resulting in a

10 gap between the stabilizer and reporter (compare columns 2, 4 and 5 to

column 1).

d. Analysis of unknown Hemochromatosis samples.
Use of SNPs as genetic markers requires that their presence in a

15  sample be accurately and quickly determined via a high throughput
system. By taking advantage of an electric field to rapidly concentrate
and hybridize nucleic acid, we are able to achieve discrimination
results very efficiently. The accuracy of this SNP scoring method is
demonstrated in the following experiment.

20 Sixteen unknown Hemochromatosis samples were amplified.
Along with stabilizer oligo, each were electronically targeted to one
capture site of a 25 site array. After allowing both wild type and
mutant Hemochromatosis reporter oligos to passively hybridize to the
amplified sample:stabilizer complex, stringent washing conditions

25  were applied. The results, depicted in histogram form, are displayed in
Figure 11.

Assuming that a heterozygote should be roughly 1:1 wild type
to mutant signal, it is clear that three of the unknown samples, 1, 7, and

12, were heterozygotes. Our criteria for calling a homozygote is that it
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should have at least five-fold more signal remaining from the perfectly
matched reporter than the mismatched reporter. Following this criteria,
it is easy to call samples 3, 4, 8, 9, 11, 13, and 16 as Hemochromatosis
wild types and samples 2, 5, 6, 10, 14, and 15 as Hemochromatosis
5 mutants. In fact, only sample 16 (~6.3-fold) had a discrimination value
of less than 15-fold. All results were independently confirmed by
restriction analysis followed by gel electrophoresis. By discriminating
SNPs using base-stacking energies, we have been able to correctly call
37/37 Hemochromatosis samples and 9/9 Factor V unknowns.
10
e. Analysis of Hemochromatosis and Factor V Samples on a single
capture site.
In another embodiment of the invention, throughput is
increased for multiplex analysis of target sequences by electronically
15  targeting more than one amplicon product to a single capture site. This
both enhances the speed of the assay and increases the information
yield of the microarray.
After amplification, we mixed together known
Hemochromatosis and Factor V samples and their respective stabilizer
20  oligos. Two such combinations were tested in quadruplicate. One
contained a Hemochromatosis wild type and a Factor V mutant (Figure
12, columns 1 and 2). The other contained Hemochromatosis and
Factor V heterozygotes (Figure 12, columns 4 and 5). Reporting and
stringent washing was carried out first with Hemochromatosis
25  reporters, followed by repeating fhe process with Factor V reporters. In
each case, the results were as expected and easy to score. Since both
set of reporters contained the same fluorophores, success of this
multiplexing required complete removal of all bound

Hemochromatosis reporters prior to the addition of the Factor V
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reporters. Note the complete lack of signal on the array after stripping,
which was achieved by elevating the temperature in a low salt buffer.

The reason thermal discrimination was achieved at a much
higher temperature for Factor V than previously shown (43° C Fig. 12

5  vs. 32° Cin Figure 8) is that the opposite strand was being
interrogated. In this case, the Factor V reporters were significantly
more GC rich, and thus, more thermally stable. By analyzing two PCR
amplicons on a single capture site, we effectively double our
throughput per unit time and per chip.

10
f. Universality of the base-stacked SNP scoring method.

We have successfully demonstrated that a SNP scoring method
which takes advantage of electronic biasing and a reporter that is
stabilized by base-stacking energies is indeed feasible. Besides the

15  examples shown for Hemochromatosis and Factor V, we demonstrate
that this assay can be applied universally to discriminate any SNP.
Specifically, we designed a set of oligos around the Hemochromatosis
polymorphism such that every possible base-stacking combination
could be analyzed. The results from these experiments are compiled in

20  Table2.

Table 2. Universality of SNP discrimination by base stacking energies.

Stabilizerb Reporterd

A C G T
A AC >100d |A 295 [A >100 |C 838
A C >100 [(C >100 |G 438 |G 798

A G 216 |T >100 [T >100.|T 952
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C A 516 | A 403 A 899 C 8.85
C C 501 C 643 G >100 |G 155
C G >100 |T 346 T 86.8 T 370
G A >100 |A 369 |A 6838 C 351
G C >100 |C >100 |G 262 G 248
G G 117 T 923 T 3510 T 11.0
T A 101 A 220 |A 379 C 156
T C 569 C >100 |G 344 G 137
T G 279 T 3519 T 285 T 646

AReporter nucleotide represents the 5°-terminus of the reporter oligo.
bStabilizer nucleotide represents the 3’-terminus of the stabilizer oligo.

CNucleotide represents mismatched nucleotide on target sequence. For
example, if the reporter is an A, then the match on the target nucleic

5 acidis a T, and the mismatches are A, C, and G.

dValyes are fold discrimination between the matched target nucleic

acid and designated mismatch.

In all cases but one, the discrimination between match and
10  mismatch was greater than five-fold, and in most cases it was greater
than 20-fold. This demonstrates that it is easy to differentiate
homozygote wild type from homozygote mutant from heterozygote for
any possible SNP, regardless of the polymorphism.
The one instance where this assay yielded poor discrimination
15  (only 2.8-fold) was to be expected. The base-stacking was a 3°-T
(stabilizer oligo) abutting a 5°-A (reporter oligo), the weakest of all

base-stacking interactions (R. Sinden, DNA Structure and Function,
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Academic Press, Inc. 1994). Moreover, the mismatch on the target
DNA was a G, a nucleotide known to form weak bonds with an
opposing A. The non-optimal discrimination achieved here could

easily have been overcome by analyzing the opposite amplicon strand.

EXAMPLE I

Besides the amplicon down format described in Fig. 2, a second
format is useful wherein the stabilizer is anchored to specified capture
sites (i.e., capture down format). As shown in Fig. 3, amplicon strands

10 90 and 91 may be denatured and combined with biotin labeled
stabilizer oligo 92. Additionally, further enhancement of signal may be
derived from the inclusion of an “interfering” oligomer 93 designed to
be complementary to the undesired amplicon strand.

Following addressing of the hybridization complexes to capture

15  sites, anchored stabilizer annealed to allelic strands of the target, 90
and 90’ are probed with reporter oligos specific for wild type and
mutant. In the figure, only one reporter is shown remaining following
discrimination. Thus, as indicated in Fig. 3, the sample is homozygous
for one allele. .

20 This format has been successfully used for the detection of
Hemochromatosis, Factor V, and EH1 mutations. In the preferred
format, addressing of the amplicon occurs after denaturation. To
prevent reannealing of the amplicon with its corﬁplementary strand at
the capture site and to favor hybridization to the stabilizer probe, a

25  specific interference oligonucleotide may be added to the protocol at
the time of addressing to the capture site. This oligonucleotide is
designed to be complementary to the undesired amplicon strand and
should be present in molar excess. It should be designed to hybridize

to the region outside of the stabilizer/reporter complementary region.
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In this way it will not interfere with hybridization of the stabilizer or
reporter oligonucleotides to the desired amplicon. Rather, it will serve
to “hold the amplicon open”, inhibiting reannealing of the amplicon
with its complement. The interference oligonucleotide may be placed

5 5’ or 3’ to the base-stacked complex site.

EXAMPLE III
Fig. 4 sets forth a format wherein multiple SNP containing
reporter probes are used with one another to provide multiple base-

10  stacking energies. Fig. 4a shows the capture down format while Fig.
4b shows the amplicon down format. In Fig. 4a, amplicon 42 is
stabilized with stabilizer 41 that is anchored to a capture site via biotin
moiety 40, and two reporter probes 43 and 44 are hybridized to detect
the presence of at least two SNPs. Fig. 4b is similar except that the

15  amplicon 45 is biotin labeled 40’ and anchored to the capture site while
stabilizer 46 is unlabeled.

This format is useful where there are multiple closely spaced
SNPs at a single genetic locus. An example of this is the Mannose
_ Binding Protein gene locus that correlates with susceptibility to sepsis

20  inleukopenic patients. In this case there are 4 SNPs spaced within 15
bases of each other. Another example is the human HLA locus in
which there are a large number of naturally occurring variants scattered
within 3 exons. In this format, the reporter probes are base-stacked
against a stabilizer oligo and each of the reporters may be labeled with

25  adifferent fluorophore specific for an allele that occurs at these sites.

EXAMPLE IV
Fig. 5 depicts a nested format wherein the target nucleic acid may

be amplified using standard primers, one of which may be labeled (e.g.,
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52) for application of the amplicon down format. As shown,
amplicons 50° and 51° may be denatured and mixed with stabilizer
(and interfering oligo if desired) to yield stabilizer: amplicon
hybridization complex (50”/56/51). This complex is then addressed

5  to aspecified capture site followed by introduction of reporter probe 58
that benefits from base-stacking energies due to stabilizing interactions
at both its 5’ and 3’ termini. Although only amplicon down format is
illustrated, nested base-stacking can also be carried out using the
capture down format.

10 This nested method is useful where there are multiple SNPs at a
single genetic locus as described in EXAMPLE III as well as in
situations where it is desired to detect SNPs from remote genetic loci.
Moreover, this method is functional where it is desired to detect the
presence of different and genetically unrelated amplicons whose

15 coincident identification may provide useful information. Such
information can be defined as “target-specific nucleic acid
information” which provides some degree of identification of the
nature of the target sequence. For example, a first region of a target
nucleic acid may provide an amplicon used to identify the source of the

20  nucleic acid (e.g., Staphylococcus vs. E. coli). The second amplicon
may be used to identify a particular trait such as antibiotic resistance
(e.g., methicillin resistance). The nesting of the reporter using base-
stacking energies to stabilize its hybridization indicates that both
amplicons are present in the sample.

25 The nesting reporter may provide additional data where SNPs are
additionally associated with one or the other or both of the genetic loci
from which the amplicons were generated. An example of this is the
identification of bacteria by polymorphisms within a conserved gene

sequence, such as 16S rDNA, or gyrase A sequences. In each one of
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these amplicons there may not bé sufficient genetic divergence to
uniquely identify all species or subspecies. Thus, use of a second
independent locus can provide essential data. For example, gyrase A is
useful alone however, discrimination between closely related bacterial

5  strains may be greatly augmented by inclusion of polymorphisms in the
gyrase B or par C loci.

A unique feature of the nested method is the reporter probe may
incorporate SNP or other specific bases at both its 5 and 3’ termini.
Thus, internal bases of the reporter oligo can be designed to

10  incorporate unique sequence complementary to internal base positions
of the stabilizer, while the terminal bases of the reporter may comprise
bases specific to stabilizer, SNPs, or other bases of the different genetic
loci.

Fig. 6 further depicts an additional aspect of the nested method

15  wherein multiple reporters 63 may be nested to detect multiple SNPs
that may be associated with either of the amplicon 60 and 62, or 65 and
66 species. As with single reporter nesting, both the amplicon down
and the capture down formats are applicable.

Fig. 7 further depicts a variation of the nested method wherein

20  amplification of the target is carried out using SDA. In this situation,
because the amplification primers incorporate nucleic acid sequence
related to the amplification process (i.e., restriction endonuclease
sequence), the termini of the amplicons hybridized to the stabilizer do
not represent target-specific sequence. This creates the necessity for

25  the stabilizer oligo to be designed such that SDA primer sequence abut
a nesting reporter probe. Specifically, primers 70 and 71 specific for
target locus 74, and primers 72 and 73 for target locus 75, each contain
necessary restriction sites (e.g., Bso B1). Upon amplification,

amplicons 74’ and 75 are flanked by primer sequences 76, 77, and 81,
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82 respectively. Internal to theses flanking sequences may be located
the specific SNP containing sequences of interest 78,79, 83, and 84,
which in turn flank target specific sequence 80 and 85. This
arrangement requires that the stabilizer oligo be designed to

5  incorporate each of the above sequences in order to hybridize both
amplicons and stabilizer into a complex. This additionally means that
the stabilizer incorporates SNP sensitive sequence rather than the
reporter oligo. Although capture down format is depicted, the
amplicon format is equally applicable.

10 Following anchoring of the complex, reporter probe 87 is
hybridized to the complex in a nested fashion. In this situation, the
reporter may be designed to be stabilized where there is not any
mismatches between the stabilizer and amplicon. In contrast, if
mismatches were present, hybridization between the stabilizer and

15  amplicon would necessarily result in a “bubble” formation allowing
such mismatches to provide the destabilization necessary to keep the
reporter from hybridizing.

In each of the above examples, base-stacking schemes are
provided that achieve discrimination by breaking long regions of

20 hybridization into two or more sequences. This methodology allows
for discrimination of specific nucleic acid sequences from relatively
short probes. The fact that short probes are used provides the
opportunity to use detection mechanisms sensitive to both passive and
electronic hybridization techniques. Moreover, the use of short probes

25  provides the opportunity to use detection mechanisms based solely on
the probe’s mass (i.e., mass spectrometry) where extremely high levels
of mass resolution are achieved by direct measurement (e.g. by flight or
ESI). In such case, reporter probes having a length of 50 bases or less

are preferred. Detection using mass spectrometry could be carried out
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by separating the probe from the hybridization complex and launching
it directly to the mass spec detector.
Although the foregoing invention has been described in some
detail by way of illustration and example for purposes of clarity and
5  understanding, it may be readily apparent to those of ordinary skill in
the art in light of the teachings of this invention that certain changes
and modifications may be made thereto without departing from the

spirit or scope of the appended claims.
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We Claim:

1. A method for determining single nucleic acid polymorphisms in
target nucleic acids of interest using base-stacking energies and
an electronically addressable microchip comprising:

5 a. providing target nucleic acids of interest that are or are
not subjected to an amplification reaction using either at
least one amplification primer for linear amplification or
at least one pair of amplification primers for exponential
amplification to form amplification products of said

10 targets;

b. electronically addressing said target nucleic acids or
said amplification products to at least one capture site
on said microchip while in the presence of first sets of
“stabilizer” oligonucleotides that are complementary to

15 at least one nucleic acid strand of said target nucleic
acids or said amplification products, said stabilizer
oligonucleotides and the target or amplification product
strand to which said stabilizer oligonucleotides are

complementary further forming hybridized complexes;

20 c. capturing said hybridized complexes to said capture
site;
d. hybridizing to said complexes second sets of “reporter”

oligonucleotides which are complementary to the same
strand of said target nucleic acids or amplification

25 product to which said stabilizer is complementary to
form ternary structures, said reporter oligonucleotides
further hybridizing to said complex such that said

stabilizer and said reporter oligonucleotides are
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annealed to said target nucleic acids or amplification
products at positions adjacent to one another;
e. subjecting said ternary structures to destabilizing
conditions sufficient to cause said reporters to dissociate
5 from said ternary structures if there is at least one base-
pair mismatch between said reporters and said target
nucleic acids or amplification products; and
f. detecting a loss or a retention of said reporters from said
capture site.
10
2. A method according to claim 1 wherein said amplification
reaction is carried out using an amplification method selected
from the group consisting of PCR, SDA, NASBA, TMA,
rolling circle, T7, T3, and SP6.
15
3. A method according to claim 1 wherein interfering
oligonucleotides are included in step (b) of claim 1, said
interfering oligonucleotides having sequence complementary to
a target nucleic acids or amplification product strand that is not
20 the same strand to which said stabilizer oligonucleotide is

compleémentary.

4. A method according to claim 1 wherein at least one of the
primers used in said amplification reaction is biotinylated.
25
5. A method according to claim 4 wherein an amplicon strand
| derived from a biotinylated primer becomes anchored by its

biotin moiety to said capture site in step (c) of claim 1.
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6. A method according to claim 1 wherein said stabilizer

oligonucleotide is biotinylated.

7. A method according to claim 6 wherein said biotinylated
5 stabilizer oligonucleotide is anchored by its biotin moiety to

said capture site in step.

8. A method according to claim 1 wherein said reporter
oligonucleotides are labeled using a label selected from the
10 group consisting of fluorescin derivatives, bodipy derivatives,

Rhodamine derivatives, and Cy dyes.

9. A method according to claim 1 wherein said destabilizing
conditions are created by methods selected from the group
15 consisting of performing electronic biasing, making
temperature adjustments, making ionic strength adjustments,
and making adjustments in pH.
10. A method according to claim 1 wherein said reporter
oligonucleotides have as their 3°, 5 or both 3’ and 5’ terminal
20 bases, a nucleic acid base complementary to either a wild type

base or a mutation base found in said target nucleic acids.

11. A method according to claim 1 wherein a multiplicity of said
target nucleic acids or amplification products that form said

25 complexes are electronically biased to a single capture site.

12. A method for determining single nucleic acid polymorphisms in
target nucleic acids of interest using base-stacking energies and

an electronically addressable microchip comprising:
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providing nucleic acid from two spaced apart regions of
target nucleic acids of interest that are or are not
subjected to an amplification reaction using at least one
amplification primer for linear amplification or at least
one pair of amplification primers for exponential
amplification for each said regions to form
amplification products of said regions, said regions
further comprising target nucleic acid sequences that are
(1) located 3’ or 5’ to sequence in said target susceptible

of containing single nucleic acid polymorphisms and/or

 (ii) are susceptible of containing target-specific nucleic

acid information;

electronically addressing said regions of target nucleic
acids or amplification products thereof to at least one
capture site on said microchip while in the presence of
first sets of “stabilizer” oligonucleotides that contain
nucleic acid sequences that are complementary to said
regions of the target nucleic acids or amplification
products thereof, said stabilizer oligonucleotides further
comprising nucleic acid sequences that span at least one
terminal portion of each of said spaced apart regions of
said target nucleic acids or amplification products
thereof and further comprise nucleic acid sequences
complementary to said target along a region of the target
located between said spaced apart regions, said target
nucleic acids or said amplification products thereof and
stabilizer oligonucleotides further forming a ternary

hybridized complex;
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c. capturing said ternary hybridized complex to said
capture site;
d. hybridizing to said ternary complex at least one second
sets of “reporter” oligonucleotides which are
5 complementary to a portion or to all of the stabilizer
oligonucleotide along that section of said stabilizer
lying between the portions of the stabilizer that are
complementary to the two spaced apart regions to form
at least a quaternary structure, said reporter
10 oligonucleotides further hybridizing to said complex
such that said reporter oligonucleotides are annealed to
said stabilizer at positions adjacent to and in between
said spaced apart regions;
e. subjecting said quaternary structure to destabilizing
15 conditions sufficient to cause any of said reporters to
dissociate from said quaternary structure if there is at
least one base-pair mismatch between said reporter and
said stabilizer oligonucleotide; and
f. detecting a loss or a retention of said reporters from said

20 capture site.

13. A method according to claim 12 wherein said amplification
reaction is carried out using an amplification method selected
from the group consisting of PCR, SDA, NASBA, TMA,

25 rolling circle, T7, T3, and SP6.

14. A method according to claim 12 wherein interfering
oligonucleotides are included in step (b) of claim 12, said

interfering oligonucleotides having sequence complementary to
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- atarget nucleic acid or amplification product strand thereof that

is not the same strand to which said stabilizer oligonucleotide is

complementary.

A method according to claim 12 wherein at least one of the

primers used in said amplification reaction is biotinylated.

A method according to claim 15 wherein an amplicon strand
derived from a biotinylated primer becomes anchored by its

biotin moiety to said capture site in step (c) of claim 12.

A method according to claim 12 wherein said stabilizer

oligonucleotide is biotinylated.

A method according to claim 17 wherein said biotinylated
stabilizer oligonucleotide becomes anchored by its biotin

moiety to said capture site.

A method according to claim 12 wherein said reporter
oligonucleotides are labeled using a label selected from the
group consisting of fluorescin derivatives, bodipy derivatives,

Rhodamine derivatives, and Cy dyes.

A method according to claim 12 wherein said destabilizing
conditions are created by methods selected from the group
consisting of performing electronic biasing, making
temperature adjustments, making ionic strength adjustments,

and making adjustments in pH.
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21. A method according to claim 12 wherein said reporter
oligonucleotides have as their 3°, 5’ or both 3’ and 5” terminal
bases, a nucleic acid base complementary to either a wild type
base found in said target nucleic acids, a mutation base found in

5 said target nucleic acids, or a base in said stabilizer

oligonucleotide.

22. A method according to claim 12 wherein a multiplicity of said
target nucleic acids or amplification products thereof that form

10 said complexes are electronically biased to a single capture site.

23. A method for determining single nucleic acid polymorphisms in
target nucleic acids of interest using base-stacking energies and
an electronically addressable microchip comprising:

15 a. providing nucleic acid sequence from at least two
genetic loci of target nucleic acids of interest that are or
are not be subjected to an amplification reaction using at
least one primer for linear amplification or at least one
pair of amplification primers for exponential

20 amplification for each locus to form amplification
products of said loci, said loci further comprising target
nucleic acid sequences that are (i) located 3’ or 5° to
sequence in said target susceptible of containing single
nucleic acid polymorphisms and/or (ii) are susceptible

25 of containing target-specific nucleic acid information;

b. electronically addressing said target loci or
amplification products thereof to at least one capture
site on said microchip while in the presence of first sets

of “stabilizer” oligonucleotides that contain nucleic acid
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sequence that is complementary to said target loci or
amplification products thereof, said stabilizer
oligonucleotides further comprising nucleic acid
sequence that is complementary to five or more 5’ or 3’
terminal region bases of said target loci or
amplification products thereof, said stabilizer further
comprising nucleic acid sequences complementary to at
least one of a second sets of reporter oligonucleotides,
said target loci or amplification products thereof and
said stabilizer oligonucleotides further forming a ternary
hybridized complex;

capturing said ternary hybridized complex to said
capture site;

hybridizing to said ternary complex at least one of said
sets of “reporter” oligonucleotides to form at least a
quaternary structure, said reporter oligonucleotides
further hybridizing to said ternary complex such that
sequences from each of said target loci or amplification
products thereof and said reporter oligonucleotides are
annealed to said stabilizer oligonucleotides at positions
on said stabilizer adjacent to one another, said reporter
oligonucleotides hybridizing to said stabilizer
oligonucleotide between said target loci or amplification
product sequences;

subjecting said quaternary structure to destabilizing
conditions sufficient to cause any of said reporters to
dissociate from said quaternary structure if there is at

least one base-pair mismatch between said reporter and
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said stabilizer, or between said stabilizer and said target
loci or amplification product; and
f. detecting a loss or a retention of said reporters from said

capture site.

A method according to claim 23 wherein said amplification
reaction is carried out using an amplification method selected
from the group consisting of PCR, SDA, NASBA, TMA,
rolling circle, T7, T3, and SP6.

A method according to claim 23 wherein interfering
oligonucleotides are included in step (b) of claim 23, said
interfering oligonucleotides having sequence complementary to
the target loci or amplification product nucleic acid strands that
are not the same strands to which said stabilizer oligonucleotide

is complementary.

A method according to claim 23 wherein at least one of the

primers used in said amplification reaction is biotinylated.

A method according to claim 26 wherein an amplicon strand
derived from a biotinylated primer becomes anchored by its

biotin moiety to said capture site in step (c) of claim 23.

A method according to claim 23 wherein said stabilizer

oligonucleotide is biotinylated.
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A method according to claim 28 wherein said biotinylated
stabilizer oligonucleotide becomes anchored by its biotin

moiety to said capture site.

A method according to claim 23 wherein said reporter
oligonucleotides are labeled using a label selected from the
group consisting of fluorescin derivatives, bodipy derivatives,

Rhodamine derivatives, and Cy dyes.

A method according to claim 23 wherein said destabilizing
conditions are created by methods selected from the group
consisting of performing electronic biasing, making
temperature adjustments, making ionic strength adjustments,

and making adjustments in pH.

A method according to claim 23 wherein said reporter
oligonucleotides have as their 3°, 5” or both 3’ and 5’ terminal
bases, a nucleic acid base complementary to either a wild type
base found in said target loci, a mutation base found in said

target loci, or to said stabilizer oligonucleotide.

A method according to claim 23 wherein a multiplicity of said
target nucleic acids or amplification products thereof that form

said complexes are electronically biased to a single capture site.

A method for multiplex analysis of single nucleic acid
polymorphisms in target nucleic acids of interest using base-
stacking energies and an electronically addressable microchip

comprising:
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a. providing a plurality of samples containing target
nucleic acids of interest;

b. performing an amplification reaction on said samples to
produce amplification products of said target nucleic

5 acids in said sample;

c. electronically addressing said amplification products to
specific capture sites in the presence of stabilizer probe
that has complementary sequence to said amplification

products to form hybridization complexes between said

10 amplification products and said stabilizer;
d. anchoring said complex to a capture site;
e. simultaneously or sequentially detecting the presence of

SNPs in the nucleic acid of said plurality of samples by
detecting stabilization of hybridization of a reporter

15 probe that anneals to either said amplification products
or to the stabilizer probe, and further anneals either
adjacent to said stabilizer probe or adjacent to said

amplification products respectively.
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<141> August , 2000
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<151> 1996-10-04
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<151>1994-09-09
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<160>17

<170> FastSEQ for Windows Version 3.0
<210>1

<211>20

<212> DNA
<213> human

<400>1
tgttatcaca ctggtgetaa

<210>2

<211>20

<212>DNA
<213> human

<400> 2
actacagtga cgtggacate
<210>3
<211>30
<212>DNA
<213> human
<400> 3
taatctgtaa gagcagatcc ctggacagge
<210>4
<211>11
<212>DNA
<213> human

<400> 4

gaggaataca g

20

20

30
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<210>5
<211>11
<212>DNA
<213> human

<400> 5

aaggaataca g 11

<210>6
<211>19
<212>DNA
<213> human

<400> 6
tgaaggataa gcagccaat 19

<210>7
<211>19
<212>DNA
<213> human

<400> 7
ctectetcaa ceccccaata 19

<210>8
<211>30
<212>DNA
<213> human

<400> 8

ggctgatcéa ggeetggetg ctecacetgg 30
<210>9
<211>30

<212>DNA
<213> human
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<400>9

gggcetgatee aggectgggt getccacctg

<210>10
<211>30
<212>DNA
<213> human

<400> 10

cacaatgagg ggctgatcca ggectgggtg

<210>11

) wti>11
<212>DNA
<213> human

<400> 11
cacgtatatc t

<210>12
<211>11
<212>DNA
<213> human

<400> 12
tacgtatatc t

<210>13
<211>20
<212> DNA
<213> human

<400> 13
actacagtga cgtggacatc

<210> 14

<211>20

<212>DNA
<213> human

30

30

11

11

20
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<400> 14
tgttatcaca ctggtgetaa

<210>15
<211>30
<212>DNA
<213> human

<400> 15
ttacttcaag gacaaaatac ctgtattcct
<210> 16
<211>11
<212>DNA
<213> human
<400> 16
cgecetgtcca g
<210> 17
<211>11
<212>DNA
<213> human

<400> 17

tgeetgteca g

11

11

20

30
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