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Title of the Invention

Methods for Detecting and Mapping Genes, Mutations
and Variant Polynucleotide Sequences

Backeround of the Invention

DNA and RNA detection is generally accomplished by long DNA probes or by short
oligonucleotide probes that complex to the target sequence by complementary hybridization.
Long probes consist of DNA copies that range from many hundreds to many thousands of
bases in length and are derived from various sources including mRNA, isolated and cloned
fragments, or PCR amplification of genomic or cloned DNA. Such probes are usually labeled
by nick translation, random priming, PCR or synthesis. They are then hybridized to the target
and detected by radioactive, chemiluminescent, colorimetric or fluorescent signaling.

Since signal strength is essentially proportional to the length of the probe, longer
DNA probes are sometimes more advantageous. However, long probes have several
principal limitations. First of all, specificity is limited since cross hybridization can occur
due to similar sequences in gene families, pseudogenes and repetitive DNAs. This problem
can be somewhat relieved by blocking DNA technology, but this procedure, e.g., U.S. Pat.
Nos. 5,447,871, entails added steps and expense. Hybridization kinetics is also slower, and
many hours or even days may be required to effect thorough reassociation of the probe and
target sequences even if the probes are fractionated into smaller pieces. It is also more
difficult for long probes to penetrate the structural matrix of solid support membranes and
fixed tissue. Furthermore, signaling is more efficient in shorter probe lengths in the range of
about 500 to about 1500 base pairs since such lengths allow secondary interactions between
probe components that multiply the number of probe molecules complexed to each DNA or
RNA target site. More importantly, however, unless a sufficiently large piece of target
DNA/RNA has been isolated and is in hand to create the probe, large probes cannot be
generated since synthetic DNA cannot be efficiently manufactured in lengths greater than 100
base pairs. Consequently, many years have often been expended in simply finding, 1solating
and copying an adequate portion of the correct DNA target from natural sources.
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Conversely, DNA detection can be achieved with short synthetic oligonucleotide
probes that usually range in size from 20 to 50 bp in length, and such probes can be
manufactured from published sequences. While short oligonucleotides provide a more
convenient and rapid route to probe development and use, they have far less signaling
capacity since maximal labeling is largely limited to the signal amplification potential of
terminal transferase tailing. This procedure allows generation of a small group of 10 to 25
bases attached to the 3’ end of the oligonucleotide, resulting in a small number of
radioactivity labeled bases or accessible haptenated bases for secondary detection.
Consequently, synthetic oligonucleotide probes are mostly used to detect amplified or
concentrated target samples. For in situ mapping of genomic DNA , they can only be used to
detect repetitive sites where sufficient signaling can be achieved by binding multiple copies
of the probe to multiple tandem targets.

In related art, Urdea et al. (U.S. Pat. No. 5,124,246) describe a method for amplifying
signaling from oligonucleotide probes by sandwiching them to multimers of "comb-like" or
linear configurations that are constructed by chemically or enzymatically joining a
multiplicity of short synthetic nucleic acids and labeling compounds. These multimers are
known as branched or bDNA. However, these multimer structures, which comprise tree or
more end-joined parts, depend on the force of hybridization to thether them to the specific
probe and the target sequence. Consequently, limited branch structures may be joined to one
site and many probes with labeled multimers are required to achieve signaling comparable to
long probes. For detecting the N. gonorrhea Tem-1 beta lactamase gene, for example, they
describe twenty six oligonucleotide probes that target different sites along the gene, each with
an attached multimer.

Separately, Nilsen and Prensky, (U.S. Pat. No. 5,487,973) describe a probe and
signaling dendrimer constructed of synthetic nucleic acids that form a layered ball, in which
the outer layer consists of free and protruding single stranded oligonucleotide arms of two
types. Typically, these dendrimers are custom constructed to target a specific nucleotide
sequence, and one type of the multiple free arms will share a specific sequence
complementary to the target site, and the other type of the multiple free arms will carry

signaling compounds or agents. This design can provide signaling which exceeds that of a
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single oligonucleotide probe, but it depends primarily on the limited forces of hybridization
provided by one probe arm to tether the sizable dendrimer.

In related art, Newton et al. [Nucleic Acids Research, Vol. 21, No. 5, pp. 1155-1162
(1993)] describe a synthesized DNA probe for solid phase capture or detection by employing
primers with phospharamidite spacers. PCR products made with such primers have 5 prime
single stranded tails that can bind a target or a capture molecule. Detection of the probes in
limited to solid phase capture.

Separately, Nilson et al. [Science, Vol. 265, pp. 2085-2088 (1994)] describe long
oligonucleotide probes which have two target specific sequences at each end that separately
hybridize to adjacent targeted regions in an end to end manner and are then ligated together.
Between the target specific sequences at each end lies a long chain of carbon spacers. Once
ligated, these probes encircle the DNA and cannot be removed by denaturation. However, the
length of these probes make them difficult to synthesize, and their signaling potential is
similar to tailed oligonucleotides since the bases that can be labeled are limited.
Consequently, their mapping effectiveness is largely limited to repetitive copy sites.

Somers et al. 1994 [Nucleic Acids Research, Vol. 22, pp. 4840-4841(1994)] describe
a method for detecting single base mutations by hybridizing two oligonucleotide probes side
by side and ligating them together. One probe has a biotin component which provides a
means for capture to an avidin coated microtiter plate. The other probe has a signal hapten
digoxigenin which can be conjugated to a colorimetric or chemiluminescent signaling
molecule. The Somers' methodology is derived from other published methods on
oligonucleotide ligation assays (OLAs). See, e.g. U.S. 4,988,617,

Vo-Dinh et al. 1994 [Anal. Chemistry, Vol. 66, pp. 3379-3383 (1994) and U.S. Pat.
No. 5,721,102] describe a method for detecting simple oligonucleotide probes end labeled
with a single dye molecule by employing laser light to produce a surface enhanced Raman
shift in spectral emissions. This method suggests that other dyes or other labeling agents with
a Raman spectral signature can be combined with gene probes to give distinct signaling.
However, the signaling potential of this method is limited to one labeling molecule per each
probe that 1s employed.

Applicant has previously devised a simple Gene Amplification Probe (GAP) probe

suitable for providing the signal strength of longer DNA probes, but with the specificity and
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ease of manufacture of short oligonucleotide probes. Such probes consist of a target specific
oligonucleotide attached to a DNA reporter molecule at one end. However, in practice, GAPs
are difficult to hybridize effectively and durably when long reporter DNAs of 500 bp length
or greater are utilized. Consequently they have produced inconsistent signaling results
proportional to reporter tail length, e.g., nylon membrane dot blots. They have also failed to
hybridize and signal as effectively as oligonucleotide probes of identical target sequence in
situ hybridization formats such as sectioned brain, lung and prostate tissues.

To overcome these experimental difficulties, applicant has modified the GAP probe
design to give two probes ligated together, known as the GAP-LOCK probe, one of the
embodiments of the present invention. In a particular embodiment, the GAP-LOCK probe has
a generic linker, known as a probe linker, at one or both distal ends. The probe linker
provides for the attachment of one or more reporters, such as the reporter molecules of the
present invention. The GAP-LOCK probe was discovered to provide more stable support for
long reporters or multiple reporters and it is especially suitable for detecting single base pair
changes in a polynucleotide sequence, e.g., mutations and polymorphic variation. The unique
advantage of the GAP-LOCK design is its ability to achieve both high specificity and greater
signal strength due to its capacity for exponential reporting or labeling.

In another embodiment of the present invention, Applicant has also devised and
discovered a WRAP-PROBE, suitable for detecting the presence of a polynucleotide
sequence. The WRAP-PROBE has a critical DNA sequence complementary to the target
sequences as well as a generic linker, known as probe linkers, at one or both ends. The probe
linker provides for the attachment of one or more reporters, such as the reporter molecules of
the present invention. The advantage of the WRAP-PROBE is its suitability for exponential
reporting or labeling without the need for ligation. This probe also has a simple modular
design that allows cheap and easy probe development.

Applicant has also devised and discovered a GENE-TAG reporter method that has
amplified signaling when added to a WRAP-PROBE or to other probes hybridized to a target.
The GENE-TAG reporter has a generic reporter sequence as well as one or more generic
linker ends, known as reporter linkers. The GENE-TAG reporter molecules are designed to
provide exponential signaling by virtue of the fact that multiple reporters can be linked to one

another end-to-end to form chained or branched structures of such reporter molecules by
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hybridization of complementary reporter linkers. Moreover, the generic linkers employed
allow these reporter constructs to be joined to a variety of gene probes which contain
complementary probe linkers such as the WRAP-PROBEs and GAP-LOCK probes described
in the present invention. These GENE-TAG reporters can be prejoined to one another, can be
prejoined to the probes, can be joined to the probes after hybridization to the target, and can
be self-assembled or layered in situ to form linear or branched arrays that are attached to the
probe. The unique advantage of the GENE-TAG method is its suitability for attaching such
reporters in a modular manner to probes of different type and to probes specific to different
targets. This method is also more suitable for adjusting the degree of amplified labeling
according to circumstances.

Moreover, Applicant has a polynucleotide structure, known as a Multi-LINKER, that
can be interposed between the probe element and the reporter elements to allow the binding
of multiple reporters or reporter chains to probe, such as the WRAP-PROBE of GAP-LOCK
probe of the present invention. These Multi-LINKERS can be singular or multiple
oligonucleotides made with a series of terminal or internal linking sequences. The composite
Multi-LINKER can self-assemble by overlapping complementary linking sequences of two or
more oligonucleotides. The Muli-LINKER has a proximal linker end constructed to be joined
to a variety of gene probes which contain complementary linkers such as the WRAP-
PROBESs or GAP-PROBE:s of the present invention and two or more distal linkers to bind
multiple reporters. The Multi-LINKER unit can be used in combination with reporters such
as short oligonucleotides with labeling units, or with the GENE-TAG reporters of the present
invention. The unique advantage of the Multi-LINKER is its ability to attach multiple
reporters and the resulting capacity for exponential reporting.

Applicant has also devised a COLOR-TAG modification of the GENE-TAG signal
amplification method that is capable of binding or capturing to a probe a specific mix of
different GENE-TAG reporters that contain different labeling compounds. This is
accomplished by joining a Multi-LINKER structure to the probe that will attract and join
GENE-TAGs of a single or mixed color or will join a mix of GENE-TAGs of different
colors. This modular design can thereby give each probe a distinct signaling profile based on
the mix and or proportion of different labeling compounds which result. This COLOR-TAG

method is designed to allow mixing of generic GENE-TAG reporters with complementary
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colors, for example, such as red, green and blue colored fluorescent signaling, and thus each
probe could achieve a distinct signature color in the same way that red, green and blue light is
ratio mixed in television monitors to create a multitude of distinct colors. The unique
advantage of this method is that it allows the simultaneous application of multiple probes,
with each probe carrying or capturing of GENE-TAG reporters that define and differentiate
that probe from other probes.

Applicant has also devised a Capture GAP-LOCK method that is more suitable for
detecting small targets or unstable targets like RNA, or where liquid hybridization conditions
are needed or more favorable. This design provides a first probe element with a capture
molecule or a capture potential and no reporter potential and a second probe element
providing reporter potential. Thus, after ligation has joined the first and second probe due to
correct alignment on the target, the target can be removed or degraded and effective detection
can result due to the fact that the reporter is captured via the ligated probe.

Applicant has also devised RING-TAIL modifications of both the GAP-LOCK and
WRAP-PROBE designs that cause these probes to encircle the target polynucleotide upon
application of the method. Some of these components are preferably crosslinked together.
The combination of a RING-TAIL unit with GAP-LOCK components produces a circular
RING-LOCK probe that is closed by ligation. The combination of a RING-TAIL unit with a
WRAP-PROBE produces a circular WRAP-LOCK probe that is closed by hybridization, and
these hybridized components may then be crosslinked together to form a covalently closed
circle. The unique advantage of these RING-TAIL modified methods is that they make the
probe highly resistant to removal. The RING-LOCK probe is also particularly suitable for
detecting rare mutations by applying double probes with two different colors or labels that
separately detect the altered sequence in both the sense and antisense strands of genomic
DNA. This enhanced DOUBLE-LOCK method offers the potential to detect pre cancerous
cells hidden in a sea of normal cells or to detect mutant virus about to emerge and overwhelm

a weakened host.

Summary of the Invention

The invention disclosed herein includes methods, reagents and compositions for

detecting nucleic acid sequences, for mapping such sequences in genomic samples or tissues,

6



WO 00/04192 PCT/US99/16242

and for discriminating polymorphic genetic variations or single base mutations. The
invention includes a number of related designs for gene probe components, multilinking
components and signaling components, all of which are modular in nature and can be used
together or in part. Virtually all of the probe, reporter and multilinking components are
constructed of synthetic oligonucleotides or amplified DNAs, and they are generally joined
together in composite structures by hybridization of complementary sub-segments, called
linkers. Linkers are designed to avoid sequences that occur in the targeted samples and they
are designed to facilitate binding by crosslinking or other chemical methods as needed. The
reporters are also designed to be conjoined into arrays that can provide amplified signaling.
The multilinking components of the present invention may be interposed between the probe
and the reporter units and provide for the binding of multiple reporters. Various
modifications of the present invention can facilitate target specificity, the structural tethering
of the probe, and its ability to support modular signaling components of greater length or
mass. These probe and signaling methods also include means to achieve mixed-color labeling

that is specific to each target.

Abbreviations and Definitions

GAP Gene Amplification Probe
GAP-LOCK Dual probes locked together by ligation
WRAP-PROBE Helically wrapped probe that can attach multiple

reporters, chained reporters or branched reporters

GENE-TAG Linear reporter molecules that can attach end to end in
chained or branched configurations

TINKER-TAG GENE-TAG reporters constructed by partially
overlapping oligonucleotides that join end to end and
that have side arms for joining oligonucleotides bearing
label units

COLOR-TAG GENETAG reporter with a specific labeling or a mix
of specific labeling and an associated identifying linker

RING-TAIL Polynucleotide complex that joins probe components
into a potential ring structure and provides end linkers
for reporters
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RING-LOCK

WRAP-LOCK

DOUBLE-LOCK

LINKER

Multi-LINKER

COLOR-LINKER

TERMINATOR

TA SITE

C9

PCR

FISH

CROSSLINK

HYBRIDIZE

PUVA
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Complex of GAP-LOCK probe unit and RING-TAIL
unit to produce a high specificity ligated circular probe
with linkers for reporter attachment

Complex of WRAP-PROBE unit and RING-TAIL unit
to produce a circular probe with linkers to attach
reporters

Double RING-LOCK or DOUBLE-LOCK probes
confirm mutation detection by targeting sense and
antisense strands using different labels on each pair of
probes

a single stranded nucleotide segment, that is not
complementary to the target sequences, and which
provides a means to bind probe and reporter
components together by virtue of complementary
sequences in the linker

a single polynucleotide or a composite or two or more
polynucleotides and other matter which has one or more
proximal linkers that bind to a probe element and two or
more distal linkers that bind to reporter elements such as
GENE-TAGs.

a polynucleotide having a sequence to the central
sequence of the GENE-TAG of a particular color

a simple oligonucleotide that is complementary to a

distal linker and that blocks further chaining of GENE-
TAGs, TINKER-TAGS or other linear arrays

nucleotide sequence reading 5' to 3": thymidine, adenine
A spacer, which is nine carbon atoms

Polymerase chain reaction to amplify DNA

Fluorescent in situ hybridization

covalent linkage between hybridized nucleic acid
strands

formation of specific hydrogen bonding interactions
between nucleic acid strands of complementary

psovalen plus UVA
8
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Brief Description of the Figures

FIG.1: GAP-LOCK Probe method. 1A depicts dual probes each synthesized with a
distal linker. 1B depicts hybridization of dual probes to target sequence in tandem. 1C depicts
an alternative construction of the GAP-LOCK probe where one probe is made with a
reversing linker in order to provide dual probes having a linker end of the same orientation.
1D depicts a three dimensional view after dual probe ligation showing a helically wrapped
configuration. 1E depicts alternate binding of single reporters or a chain of reporters to each
GAP-LOCK probe distal linker.

FIG.2: The GAP-LOCK method. 2A depicts an alternative GAP-LOCK probe
construction wherein one or more probes are prejoined to PCR generated reporters. 2B
depicts hybridization of dual probes to target sequence in tandem 2C depicts a bar graph of
the results of Example 1, showing high retention of ligated GAP-LOCK probes with long
reporters even after denaturation. 2D depicts an alternative GAP-LOCK probe construction
with dual probes on either end of same template. 2E depicts an alternative GAP-LOCK
construction wherein one or both probes are prejoined to reporter DNA sequence having a
terminal linker for joining additional generic reporter DNAs. FIG. 2F depicts an alternative
GAP-LOCK method, the Capture GAP-LOCK method, with a capture moiety joined to the
distal end of one probe and not a reporter element, and a reporter element bound to the distal
end of the other probe, suitable for use in liquid hybridization conditions and applicable to
any formats.

3A: Depicts construction of a typical synthetic WRAP-LOCK probe. 3B depicts an
alternative synthetic construction to provide 3' ends and alternative means to use longer probe
elements made enzymatically. 3D depicts hybridization of the WRAP-PROBE to target.
which provides a helically wrapped configuration.

FIG.4: GENE-TAG method. 4A depicts manufacture of GENE-TAG reporters by
PCR. 4B depicts chaining of GENE-TAGs and length control by ratio mix with Terminal-
TAGs or Terminator oligonucletides. 4C depicts hybridization of GENE-TAGs to WRAP-
PROBE to provide amplified signaling.
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FIG. 5: GENE-TAG method. 5A depicts the results of the two experiments of
Example 4 with WRAP-PROBEs and different sized chains of GENE-TAGs. 5B depicts -
construction of synthetic GENE-TAG chains using overlapping oligonucleotides and length
controlled by ratio mixing with Terminator oligomers.

FIG. 6: TINKER-TAG method. 6A depicts construction of synthetic GENE-TAGs
made with side arms for secondary attachment of label agents. 6B depicts assembly of
TINKER-TAG chains that are length controlled by ratio mixing with Terminator oligomers.

FIG. 7: Duo/Layered GENE-TAG method. 7A depicts construction of two types of
GENE-TAGs with alternating non-complementary linker pairs so that one type will layer on
the other but will not form chains in solution. 7B depicts successive application of the Type
I and Type Il GENE-TAGs to grow signaling as needed.

FIG. 8 depicts comparison of pre-joined and layered GENE-TAGs applied to WRAP-
PROBEs. The WRAP-PROBE for 1-LO-1 gene, provided in different concentrations, binds
to target samples on membrane mini-arrays known as Reverse Dot Blots which simulate the
conditions of cDNA chip arrays. 8A depicts concentration dependent binding and labeling of
probe to 15-LO-1 targets with chained GENE-TAGs made with ratio of 3 GENE-TAGs per
terminator. 8B depicts concentration dependent binding and labeling of probe to 15-LO-1
targets with layered GENE-TAGs wherein adding successive GENE-TAG layers of Type L, II
and I provides increasing signaling that contrasts with that of chained GENE-TAGs.

FIG. 9: Double-Duo GENE-TAG method. 9A depicts construction of two types of
GENE-TAGS with alternating, non-complementary, linker pairs with two distal linkers. 9B
depicts successive application of Type I and Type Il GENE-TAGS that amplifies two fold
with each layer.

FIG. 10: COLOR-TAG method, a variation of the GENE-TAG method allowing
multi-colored reporters that bind to specific probes in different proportions giving each probe
a distinct signature color. 10A depicts manufacture of different GENE-TAGs to give different
colors. 10B depicts construction of three different WRAP-PROBE: for this method and
representing three of the four probes needed for Example 12.

FIG.11: COLOR-TAG method. 11A depicts synthesis of COLOR-LINKERS. 11B
depicts assembly and joining of first probe (A) with COLOR-LINKER only containing "red"

acceptor sequences. 11C depicts similar assembly of second probe (B) with COLOR-
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LINKER containing only "green" acceptor sequences. 11D depicts assembly of a third probe
(C) with COLOR-LINKER containing mixed "red" and "green" acceptor components.

FIG.12: COLOR-TAG method. 12A depicts hybridizing of the three probes of FIG.
11, containing variant COLOR-LINKERS, to their respective targets. 12B depicts applying a
mix of COLOR-TAGs to label each of the three probes differently and simultaneously in
order to map the location of each gene or sequence targeted.

FIG. 13: Cells with fluorescent in situ hybridization (FISH) labeling of WRAP-
PROBE: for gene sites with "Green" only COLOR-TAGs, "Red" only COLOR-TAGs, and
two mixed "Red" and "Green" COLOR-TAGs using method of Example 12. "Red" =
rhodamine antibody labeling of digoxygenin haptens, "Green" = fluorescent antibody labeling
of biotin haptens.

FIG.14: Multi-LINKER method. 14A depicts the elemental Multi-LINKER structure
having a minimum of three linking sites, one proximal and two distal, on one molecule. 14B
depicts a composite Multi- LINKER structure to provide 2 WRAP-PROBE with 8 GENE-
TAG binding linker sites on each end of the probe.

FIG.15: Multi-LINKER method. 15A depicts a pair of composite Multi-LINKERs
providing multiple binding sites for short oligonucleotides with prejoined labels, such as Cy3
and Cys5, that cannot efficiently label GENE-TAGs or standard probes by enzymatic means.
15B depicts assembled Multi-LINKER and labeled oligomers being added.

FIG.16: GAP-LOCK Capture Probe method. 16A depicts assembly of one probe with
distal capture moiety and a second probe with a distal TINKER-TAG reporter. 16B depicts
hybridization and ligation of the dual probe components with target strand. 16C depicts
capture of ligated GAP-LOCK with TINKER-TAG attached and the application and detection
of aequorin conjugated Label subunits to discriminate sequence targeted.

FIG.17: RING-LOCK probe method to encircle the target site and detect single base
changes. 17A depicts synthesis and assembly of dual probe and RING-TAIL components.
17B depicts hybridization and ligation of probe to form closed circle; and application and
detection of reporters.

FIG. 18: WRAP-LOCK probe method, to avoid ligation step of RING-LOCK
method. 18A depicts synthesis and assembly of WRAP-PROBE with RING-TAIL

11
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components. 18B depicts hybridization of probe and application of overlapping Lock
component to close loop as well as application and detection of reporters.

FIG. 19: DOUBLE-LOCK probe method, to confirm mutation or sequence detection.
19A depicts preparation of two probes with different linkers that target the sense and
antisense strands of the same target site. 19B depicts application of Type 1 reporters to the
sense probe and Type 2 reporters to the antisense probe such that low frequency mutations or
alterations can be detected.

FIG. 20: GOLD-TAG method depicts gold particles conjugated to short
oligonucleotides and joined to TINKER-TAG units, with the labeled TINKER-TAGs then
applied to a WRAP-PROBE and target complex. Silver is then precipitated onto gold
particles to form large clusters of silver grains, which may then be detected.

FIG. 21A depicts use of the WRAP-PROBES with other commercially signaling
units, such as dendrimers and bDNA or multimers. 21B depicts the result of Example 9

showing sensitive detection of GAP-LOCK First Probes with aequorin labeling.

Detailed Description of the Invention

The present invention relates to a number of probe components, multilinking
components and signaling components. In a primary embodiment, the present invention
relates to a reporter, known as a GENE-TAG, suitable for joining to a probe either alone or in
combination with another GENE-TAG reporter, comprising a labeled, double-stranded
polynucleotide sequence having one or more first linkers, said first linker comprising a
single-stranded nucleotide sequence hybridizable to a complementary single-stranded
nucleotide sequence, whereas said first linkers is not hybridizable to a target sequence of said
probe. In a further embodiment, the GENE-TAG of the present invention also has one or
more second linkers opposed to said first linker, said second linker comprising a single-
stranded nucleotide sequence hybridizable to a complementary nucleotide sequence, wherein
said second linker is not hybridizable to a target sequence of said probe.

The first and second linkers of the GENE-TAG may or may not be complementary.
Where the first and secon linkers are complementary, a reporter array suitable for joining to a
probe is formed, comprising two or more of the GENE-TAGs, linked together end-to-end by

12



WO 00/04192 PCT/US99/16242

hybridization of the second linker of a first GENE-TAG to the first linker of a second GENE-
TAG, and optionally, additional GENE-TAGs linked to the remainder of the array by
hybridization of the first linker of each subsequent GENE-TAG to the second linker of the
preceding GENE-TAG in the array, to form a chained or branched configuration having one
or more terminal ends, said terminal end comprising a second linker of a terminal GENE-
TAG. The reporter array may also have a terminator at one or more of the terminal ends, said
terminator comprises a single-stranded nucleotide sequence complementary to the second
linker of one or more terminal GENE-TAGs.

Where the first and second sequence of the GENE-TAG are not complementary, a
reporter array is formed using two types of GENE-TAGS. The array is formed by end-to end
hybridization of the second linker of a first GENE-TAG to the first linker of a second GENE-
TAG, and hybridization of the second linker of a second GENE-TAG to the first linker of
said first GENE-TAG, and optionally, additional non-complementary GENE-TAGs linked to
the remainder of the array by hybridization of the first linker of each subsequent GENE-TAG
to the complementary second linker of the preceding GENE-TAG in the array, to form a
chained or branched configuration. When the first and second reporter linkers are not
complementary, it is unecessary to use a terminator.

The present invention also relates to a probe component, suitable for hybridizing to a
target nucleotide sequence, said probe comprising a first terminal linker, a second terminal
linker, and a central sequence complementary to said target nucleotide sequence, wherein said
first and second terminal linkers comprise single-stranded nucleotide sequences hybridizable
to a complementary nucleotide sequence, but not hybridizable to the target nucleotide
sequence of said probe. The present invention also relates to composite probes which can be
joined tightly to a particular target strand or sequence, said composite probes comprising at
least one probe, said probe comprising a polynucleotide sequence complementary to said
target nucleotide sequence, said composite probe further comprising a polynucleotide ring
unit, wherein said polynucleotide ring unit is joined to said probe to form an incipient closed
loop.

The composite probe of may a dual probe component, wherein a first probe comprises
a sequence complementary to a first region of said target nucleotide sequence, and wherein a

second probe comprises a sequence complementary to a second region of said target

A
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sequence, wherein said ring unit is joined to said first probe and to said second probe, thereby
forming an incipient closed loop. -

The present invention also relates to the design and imployment of interconnecting

polynucleotide compositions, called MultiLinkers, designed to join, align or multiplex
different probe and reporter units together. The Multi-LINKER comprises a first
polynucleotide comprising a first terminal linker, a second terminal linker, and at least one
internal linker, wherein said first terminal linker, and at least two of said internal and second
terminal linkers are hybridizable to complementary nucleotide sequences, and wherein said
first and second terminal linkers and said internal linker are not hybridizable to a target
sequence of said probe. The Multi-LINKER may also have multiple additional
polynucleotides, said additional polynucleotide comprising a first terminal linker, at least one
internal linker, and a second terminal linker, wherein the first polynucleotide is joined to the
additional polynucleotides by hybridization of the additional polynucleotide to the internal or
second terminal linker of the first polynucleotide, and wherein said first and second terminal
linkers and said internal linker are not hybridizable to a target sequence of said probe.

The present inventiona also relates to a method of detecting a target sequence, known

as a GAP-LOCK method, said method comprising:

a) rendering the target nucleotide sequence substantially single-stranded to give a
single-stranded target nucleotide sequence;

b) hybridizing the target sequence with a first probe and with a second probe,
wherein said first and second probes hybridize at tandem locations on the
target nucleotide sequence, wherein each of said first and second probes
comprises a proximal ligation end and wherein one or both of said first or
second probes further comprises a distal linker, said distal linker comprising a
single-stranded nucleotide sequence that does not hybridize to the target
nucleotide sequence; wherein said distal linker is joined to one or more
reporters, either prior to or subsequent to the hybridization of the first and
second probes to the target sequence;

c) ligating the hybridized first and second probes at their respective proximal

ligation ends to form a composite probe structure known as a GAP-LOCK

probe:
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d) joining said reporter or reporters to said distal linker, if not previously joined;

€) denaturing to remove any unligated first and second probe;
f) determining whether the target nucleotide sequence is present by detecting the

presence or absence of said reporter or reporters.

In a particular embodiment of the GA-LOCK method,, both the first and second
probes have a distal linker. This GAP-PROBE method has been shown to provide stable
support for long or multiple reporters.

The GAP-LOCK method of the present invention can also be used under liquid or
near-liquid hybridization conditions, wherein said first probe comprises a distal end that is
joined to a capture moiety, and said second probe has a second distal linker, wherein the
hybridization complex is denatured to remove the target sequence, and capturing the GAP-
LOCK probe to detect the reporter. Alternatively, the capture moiety can be joined to the
distal linker of a first probe. This embodiment of the GAP-LOCK method is known as the
Capture GAP-LOCK method.

The methods of the present invention also contemplate other methods for using of
GENE-TAG probes, including composite probes, which hybridize to the probe to form a ring
structure or an incipient ring strucutre. In one embodiment, the present invention relates to a
RING-LOCK method for providing a circular enclosure of a target strand by a composite
probe , said method comprising:

a) providing a target strand comprising a target sequence;

b) providing a GAP-LOCK probe, wherein said GAP-LOCK probe

has a first and second distal linker;

c) providing a RING-TAIL Unit comprising at least three single-stranded
polynucleotides, wherein at least one single-stranded polynucleotide is joined
or suitable for joining to the first distal linker, and wherein at least one single-
stranded polynucleotide is joined or suitable for joining to said second distal
linker; and wherein at least one single-stranded polynucleotide is joined or

suitable for joining to one or more reporters;
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d) rendering or treating said probes and said RING-TAIL Unit to effect cross
linking or to increase binding;

e) hybridizing the first and second probe to the target, thereby forming a
hybridized complex;

) ligating said first and second probes, thereby forming a closed loop or an
incipient closed loop around the target strand,

g) hybridizing at least one single-stranded polynucleotide to said first distal probe
linker, if not previously joined; hybridizing at least one single-stranded
polynucleotide to said second distal probe linker, if not previously joined;

h) hybridizing a reporter or reporters to at least one single-stranded

polynucleotide, if not previously attached, or if necessary;

1) denaturing or washing the hybridized complex to remove unligated probe and
reporters;
7) detecting the presence of reporters to indicate the target sequence.

The present invention also relates to a method of simultaneously detecting a target
sequence on both a sense and an antisense strand of DNA, known as a DOUBLE RING-
LOCK method, comprising:

a) providing a double-stranded DNA comprising a sense target strand and an
antisense target strand, wherein said sense target strand comprises a sense
target sequence, and wherein said antisense target strand comprises an
antisense target sequence;

b) providing a sense GAP-LOCK probe, said GAP-LOCK probe having a first
and second distal linker;

c) providing an antisense GAP-LOCK probe, said GAP-LOCK probe having a
first and second distal linker;

d) providing a first RING-TAIL Unit comprising at least three first single-
stranded nucleotides, wherein at least one said first single-stranded nucleotide
is joined or suitable for joining to said first distal linker of said sense first
probe, and wherein at least one said first single-stranded nucleotide is joined

or suitable for joining to said first distal linker of said second sense probe, and
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(h)

(1)

0

wherein at least one first single stranded nucleotide is joined or suitable for
joining to one or more first reporters; o
providing a second RING-TAIL Unit, comprising at least three second single-
stranded polynucleotides, wherein at least one said second single-stranded
polynucleotide is joined or suitable for joining to said first distal linkerof said
antisense first probe, and wherein at least one said second single-stranded
polynucleotide is joined or suitable for joining to said first distal probe linker
of said second antisense probe, and wherein at least one second single stranded
polynucleotide is joined or suitable for joining to one or more second
reporters, wherein said second reporter produces a signal distinct produces a
signal distinct from a signal produced by said first reporter;

treating the probes and RING-LOCK Units, at this step or another step, to
effect cross linking or to increase binding;

hybridizing said first and second sense probes to the sense strand, thereby
forming a sense hybridized complex; and hybridizing said first and second
antisense probes to the antisense strand, thereby forming an antisense
hybridized complex;

ligating said first and second sense probes, thereby forming a closed loop or an
incipient closed loop around the sense target strand; and ligating said first and
second antisense probes, thereby forming a closed loop or an incipient closed
loop around the antisense target strand;

joining at least one first single-stranded polynucleotide to said first distal
linker of said first sense probe, if not previously joined; joining at least one
first single-stranded polynucleotide to said second distal linker of said second
sense probe, if not previously joined; joining at least one second single
stranded polynucleotide to said first distal linker of said first antisense probe,
if not previously joined; joining at least one second polynucleotide to said
second distal linker of said second antisense probe, if not previously joined,
joining one or more first reporters to at least one said first single-stranded

polynucleotide, if not so previously joined; joining one or more second
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reporters to at least one said second single-stranded polynucleotide, wherein
said second reporter produces a signal distinct from said first reporter; -
(k)  determining whether the sense target sequence is present by detecting the
presence or absence of said first reporter or reporters; or determining whether
the antisense target sequence is present by detecting the presence or absence of

said second reporter or reporters; or both.

In an alternative embodiment, the GAP-LOCK method of the present invention
involves formation of a ligated dual probe having one or more reporters attached directly
thereto. This embodiment of the GAP-LOCK method for detecting a target nucleotide
sequence comprises:

a) rendering the nucleotide sequence substantially single-stranded to give a

single-stranded nucleotide sequence;

b) hybridizing the target sequence with a first probe and a second, wherein said

first and second probes hybridize at tandem locations on the target, wherein
each of said first and second probes comprises a proximal ligation end, and a
distal end pre-joined to one or more reporters;

c) ligating the hybridized first and second probes at their respective proximal

ligation ends to form a GAP-LOCK probe;

d) denaturing or washing to remove any unligated first and second probe;

€) determining whether the target nucleotide sequence is present by detecting the

presence or absence of said reporter or reporters.
According to this embodiment of the GAP-LOCK method, the distal end is pre-joined
directly to a first reporter comprising a labeled, double-stranded polynucleotide generated by
PCR. The first reporter may also have one or more distal reporter linkers, said distal reporter
linker comprising a single-stranded nucleotide sequence hybridizable to a complementary
nucleotide sequence, said distal reporter linker not hybridizable to the target nucleotide
sequence. The distal reporter linker may be suitable for hybridizing to a labeled, double-
stranded DNA sequence, known as a GENE-TAG, comprising one or more first reporter
linkers, wherein said first reporter linker comprises a single-stranded nucleic acid sequence

hybridized to the distal reporter linker of said first reporter.
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Multiple reporters may be provided in this embodiment to form of a reporter array,
said reporter array comprising a first labeled, double-stranded polynucleotide sequencé,‘
known as a GENE-TAG, linked together end-to-end by hybridization to one or more GENE-
TAGS, wherein said first GENE-TAG comprises one or more first reporter linkers, said
reporter linker comprising a single-stranded nucleotide sequence hybridizable to the distal
reporter linker of said first reporter, and one or more second reporter linkers hybridized to one
or more first reporter linkers of a second GENE-TAG, and wherein said second GENE-TAG
further comprises one or more second reporter linkers, and optionally, additional GENE-
TAGs linked to the remainder of the array by hybridization of the first reporter linker of each
subsequent GENE-TAG to the second reporter linker of the preceding GENE-TAG in the
array, to form a chained or branch configuration having one or more terminal ends, said
terminal end comprising the second reporter linker of a terminal GENE-TAG.

The present invention also relates to a method of detecting a target nucleotide
sequence, known as the WRAP-LOCK method, comprising:

a) rendering the target nucleotide sequence substantially single-stranded to give a

single-stranded target nucleotide sequence;

b) hybridizing the single-stranded target nucleotide sequence with a nucleic acid
probe, thereby forming a hybridized WRAP-PROBE complex of a single-
stranded target nucleotide sequence and a nucleic acid probe, said WRAP-
PROBE comprising a central sequence complementary to the single-stranded
target nucleotide sequences, and further comprising a probe linker at one or
both terminal ends, said probe linker comprising a single-stranded nucleotide
sequence that does not hybridize to the target sequence; wherein said probe
linker sequence is joined to one or more reporters, either prior to or subsequent

to the hybridization of the probe to the target sequence;

c) washing to remove any unbound probe;

d) Joining said reporter to said probe linker, if not previously joined;

e) detecting the presence or said reporter or reporters to indicate the target
sequence.
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The reporter or reporters linked to the WRAP-LOCK probe may be linked directly or
indirectly. In one embodiment of the method of the present invention, a multilinking unit
indirectly joins the WRAP-LOCK to one or more reporters.

In a still further embodiment, the WRAP-LOCK method provides for circular
enclosure of the target polynucleotide strand with a WRAP-PROBE, which method
comprises:

a) providing the WRAP-PROBE having a first and second terminal probe linker;

b) providing a RING-LOCK Unit comprising at least two single-stranded

polynucleotides, wherein at least one single-stranded polynucleotide is joined
or suitable for joining to said first terminal probe linker, and wherein at least
one single-stranded polynucleotide is joined or suitable for joining to one or
more reporters;

c) treating the probe and RING-TAIL unit, at this step or another step, to effect

cross linking or to increase binding;

c) hybridizing the WRAP-PROBE to the target strand, thereby forming a

hybridized complex;

d) joining at least one single-stranded polynucleotide to said first terminal probe

linker, if not previously joined,

€) providing a looping nucleotide comprising a first region complementary to

said second terminal probe linker, and a second region complementary to said
RING-TAIL Unit, wherein said looping nucleotide hybridizes to the second
terminal probe linker and the RING-TAIL Unit, thereby forming a closed loop
about the target strand,;

13 joining a reporter or reporters to at least one ring-tail linker, if not previously

attached, or if more or needed; and

g) detecting the presence of reporter to indicate the target sequence.

In a further embodiment, the present invention relates to a method of simultaneously
detecting a target sequence on both a sense and anti-sense strand of DNA, known as the

DOUBLE-WRAP LOCK method, said method comprising:
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a) providing a double-stranded DNA comprising an antisense strand and a sense
strand, wherein both said antisense strand and said sense strand comprise‘a‘
target sequence,

b) providing a sense WRAP-PROBE having a first and second terminal probe
linker, said sense WRAP-PROBE probe having a central sequence
complementary to the sense strand target sequence;

c) providing an antisensc WRAP-PROBE having a first and second terminal
probe linker, said antisense WRAP-LOCK probe having a central sequence
complementary to the antisense strand target sequence;

d) providing a first RING-TAIL Unit comprising at least two first single-stranded
polynucleotides, wherein at least one first single-stranded polynucleotide is
joined or suitable for joining to said first terminal probe linker of said sense
WRAP-PROBE, and wherein at least one first single-stranded polynucleotide
is joined or suitable for joining to one or more first reporters;

e) providing a second RING-LOCK Unit comprising at least two second single-
stranded polynucleotides, wherein at least one second single-stranded
polynucleotide is joined or suitable for joining to said first terminal probe
linker of said antisense WRAP-PROBE, and wherein at least one second
single-stranded polynucleotide is joined or suitable for joining to one or more
second reporters, wherein said second reporter produces a signal distinct from
said first reporter;

€] treating the WRAP-PROBEs and the RING-LOCK Units, at this step of
another step, to effect cross linking or to increase binding;

(g) hybridizing said sense WRAP-PROBE to the sense strand, thereby forming a
sense hybridized complex; and hybridizing said antisense WRAP-PROBE to
the antisense strand, thereby forming an antisense hybridized complex;

(h)  joining at least one first single-stranded polynucleotide to said first terminal
probe linker of said sense WRAP-PROBE, if not so previously joined; and
joining at least one second single-stranded polynucleotide to said first terminal

probe linker of said antisense WRAP-PROBE, if not so previously joined;
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)

(k)

providing a first looping nucleotide comprising a first region complementary
to said second terminal probe linker of said sense WRAP-PROBE, and a N
second region complementary to said first RING-TAIL Unit, wherein said
looping nucleotide hybridizes and thereby forms a closed loop about the target
sense strand; and providing a second looping nucleotide comprising a first
region complementary to said second terminal probe linker of said antisense
WRAP-PROBE, and a second region complementary to said second RING-
TAIL Unit, wherein said looping nucleotide hybridizes and thereby forms a
closed loop about the target antisense strand;

joining one or more first reporters to at least one said first single-stranded
polynucleotide, if not so previously joined; joining one or more second
reporters to at least one said second single-stranded polynucleotide, if not
previously joined, wherein said second reporter produces a signal distinct from
said first reporter;

determining whether the sense target sequence is present by detecting the
presence or absence of said first reporter or reporters; or determining whether
the antisense target sequence is present by detecting the presence or absence of

said second reporter or reporters, or both.

The method of the present invention also relates to a method for exponential signal

amplification, known as the GENE-TAG method, comprising:

a)
b)

providing a single-stranded target nucleic acid sequence;

providing a probe comprising a sequence hybridizable to said target nucleic
acid sequence, and a terminal linker sequence on one or both ends of the
probe, wherein said linker sequence is a single-stranded polynucleotide
hybridizable to a complementary sequence;

providing one or more GENE-TAGs, said GENE-TAG comprising a labeled,
double-stranded polynucleotide reporter having one or more first reporter
linkers and one or more second reporter linkers opposed to said first reporter
linker, said reporter linkers comprising single-stranded polynucleotide
sequences not hybridizable to the target sequence, wherein at least one said
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GENE-TAG has a first reporter linker complementary to said probe terminal
linker, and wherein one or more said reporter linkers link together end-to-end
by hybridization of the first reporter linker of each subsequent GENE-TAG to
the second reporter linker of each preceeding GENE-TAG i1n the array, to form
a chained or branched configuration comprising one or more terminal end,
wherein said terminal end comprises the second reporter linker of a terminal
GENE-TAG; wherein said GENE-TAG is joined to said probe and this or a
subsequent step;

d) hybridizing said probe to said target nucleotide sequence;

e) joining said GENE-TAG or GENE-TAGs to said probe, if not so previously

joined;

f) determining the presence of the target sequence by detecting the presence of

the GENE-TAG or GENE-TAGs.

In one embodiment of the GENE-TAG method, the first and second reporter linkers of
the GENE-TAGs are complementary, such that only GENE-TAGs of one type are required to
form chained or branched reporter arrays. The length of said chained or branched reporter
arrays, and thus probe amplification, may be controlled controlled by the ratio of GENE-
TAGs to said terminators. A Terminator TAG represents one such terminator, said
Terminator TAG comprising a GENE-TAG having no second reporter linker, wherein said
first reporter linker of said Terminator TAG hybridizes to the second reporter linker of a
terminal GENE-TAG of the chain or branch.

In an alternative embodiment of the GENE-TAG method, the first and second reporter
linkers of the GENE-TAG are not complementary. According to this embodiment, the
method requires at least two tyoes of GENE-TAGs to form chained or branched arrays,
wherein GENE-TAGs of a first type comprise a first reporter linker complementary to the
probe terminal linker, and a second reporter linker complementary to the first reporter linker
of GENE-TAG of the second type, and wherein said GENE-TAG of the second type has a
first reporter linker complementary to the second reporter linker of a GENE-TAG of the first
type, such that only a GENE-TAG of the first type will bind to a GENE-TAG of the second
type, and only a GENE-TAG of the second type will bind to a GENE-TAG of the first type;

wherein said chained or branched arrays are formed by providing GENE-TAGs sequentially,
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alternating between the first and second type, and thereby forming alternating layers of
GENE-TAGs of a first or second type upon the probe. )

GENE-TAGS are constructed by PCR amplification of arbitrary template DNA using
one or more modified oligonucleoties as primers, wherein each modified oligonucleotide has
one or more internal spacers, whereby the first and second terminal single-stranded linkers
are preserved. Alternatively, GENE-TAGs are constructed by hybridization of two
polynucleotides, said first polynucleotide having a second terminal end complementary to the
first terminal end of a second polynucleotide. TINKER TAGs represent the GENE-TAG
structure formed when the first polynucleotide has an internal sequence complementary to the
internal sequence of a second polynucleotide, forming a GENE-TAG having side arms, said
side arms comprising the second terminal end of the first polynucleotide, and the first
terminal end of the second polynucleotide. These TINKER-TAGs may be labled indirectly,
by binding short oligonucleotides bearing label units.

The present invention also relates method of constructing probes detectable on the
basis of a unique signal, which method permits simultaneous detection of more than one
probe. This method, known as the COLOR-TAG method, comprises:

a) providing a probe hybridizable to a single-stranded nucleotide sequence,
wherein said probe comprises a terminal linker at one or both ends, said
terminal linker comprising a single-stranded polynucleotide capable of binding
to a complementary sequence;

b) preparing on or more COLOR-TAGs, said COLOR-TAG comprising a
double-stranded polynucleotide reporter having a first reporter linker and a
second reporter linker opposed to said first reporter linker, wherein said
COLOR-TAG is labeled with one or more labels or colors, or both, and
wherein said first and second reporter linkers are specific to the labels or
colors employed; wherein at least one COLOR-TAG terminal linker is
hybridizable to the terminal linker of said probe;

c) hybridizing one or more said COLOR-TAGs to the probe, at this step or a later
step;

€) hybridizing said probe to said target sequence;

f) hybridizing said COLOR-TAG to the probe, if not so previously
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hybridized,;

) determining the presence of said target sequence by detecting the presence of

said COLOR-TAG.

In one embodiment of the present invention, the COLOR-TAG method may also
include an intermediate multilinking structure, linking the probe to two or more reporters.
This multilinking structures serves to increase the number of COLOR-TAGs that can be
joined to a given probe, and therefore the possible COLOR-TAG combinations that can be
used to ungiuely identify a probe. The multilinker structure contains one or more color
acceptor sequences, called COLOR-LINKERS, which sequences are specific to the linkers
of a particular COLOR-TAG. In this way, multilinkers can be designed to attract particular
COLOR-TAGS, to give a characteristic label to a particular probe. The COLOR-TAG may
have two or more different labels or colors associated therewith.

The present invention relates to a new class of reagents and methods for detecting
nucleic acid sequences comprising complexes of synthetic probes and generic reporter
molecules in which the nucleic acid probe component recognizes and binds to the target
sequence by hybridization, but it is helically wrapped around the target, and it is bound to one
or more polynucleotide reporter molecules from one or both ends, wherein the probe and
reporter complex are thereby tethered to the target sirand by forces which exceed that of
simple hybridization. This configuration, and alternate configurations which more
completely encircle the target, and/or which provide an multiple linking component, provide
a basis for the attachment of extended and multiple polynucleotide reporters, in chained or
branched configuration, which can be constructed beforehand, which are composed of
synthetic oligonucleotides and or modified amplicons of deoxyribonucleic acid which have
been made or rendered partially single stranded on their termini so that they can link up end
to end. Various components of these probe and reporter systems as well as probe and target
complexes are more firmly joined together by covalent crosslinking or by employing artificial
nucleotide bases with greater binding capacity. In addition, the hybridized linkages that will
occur between probe and reporter components, or between an interposed multilinking
structure and these components, are designed such that these bonds will generally pull end to
end rather than laterally under the conditions employed. This structural principal sums the

hydrogen bonds between linkers together in the same manner that the hooks and eyes of
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joined Velcro strips have amplified binding when pulled end to end versus laterally. These
novel reagents and methods provide multiple modular systems for detecting and mapping '
genes and genetic components, for quantitating gene expression, for detecting mutations and
chromosomal alterations in cancer and genetic diseases, and for discriminating and
diagnosing bacterial and viral infectious agents.

The principal probe methods and compositions are based on the GAP-LOCK and
WRAP-PROBE designs, including the Capture-GAP-LOCK method, and the principal signal
amplification methods and compositions are based on the GENE-TAG and COLOR-TAG
designs.

GAP-LOCK Technology
The GAP-LOCK design entails two probes, one with a 5' head end and the other with

a 3" head end, that hybridize to adjacent tandem sites on the target and that carry extended or
multiple reporter structures or have the capacity to attach such reporters. If the match is exact
between the probe and target, in the bases immediately near the gap between the probes, then
they can be ligated together. Successful ligation confers a centralized, structurally-wrapped
configuration that effectively tethers the probe and the extended reporters to the target site
and stabilizes them against washing and/or denaturation. Signal retention thus indicates
detection of the mutation or base change targeted, while failure to ligate, prevents or leads to
loss of signal and indicates the absence of the target sequence. Consequently, when this
invention is applied, it provides the simultaneous advantage of improving both the detection
of small base changes and the amplification of signaling.

GAP-LOCK probes are manufactured in several modifications, the primary
embodiment being two probes with distal linkers, with reporters linked to the probes
afterwards or beforehand. In one embodiment, one or both of the probes are prejoined to
PCR-generated reporters. See Figure 2A. This method demonstrated preferential retention of
ligated probes with long reporter tails after alkali treatment. See Figure 2C. In a particular
embodiment, the reporter may have one or more terminal linkers for binding one or more
reporters. See Figure 2E. In further embodiment of the invention, one or both probes are
synthesized having a distal terminal linker for the attachment of a reporter having a
complementary sequence, prior to or subsequent to probe hybridization. See Figure 1A.
Alternatively, effective GAP-LOCK probes have been manufactured wherein the dual probes
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have been joined to the same double-stranded reporter, with the 5' probe on one end and the 3'
probe on the other end. See Figure 2D. With formats that approximate or favor liquid '
hybridization conditions, such as microwell plates, and with small or unstable targets, such as
DNA or RNA samples used with various DNA chip formats (oligonucleotide arrays, optical
chips, cDNA arrays), these probe subunits can be constructed so that one probe linker can be
affixed with capture moieties, to complex the probe to a substrate, while the other probe
linker can be affixed with reporters. See Figure 2F. With this modification, the target strand
can be removed after hybridization and ligation, leaving a ligated GAP-LOCK complex intact

to capture the reporter and to provide definitive signaling.

WRAP-PROBE Technology
The WRAP-PROBE design extracts the central structural feature of the GAP-LOCK

design, namely, the centralized, helically-wrapped probe configuration of the method, which
effectively wraps the ligated probe complex around the target site and joins one or more
reporters from one or both sites. However, this embodiment involves a single probe,
avoiding the need for ligation. Therefore, the probe complex consists of a target specific
segment of nucleic acid sequences, midway within the probe, and attachment sites or linkers
at one or both ends of the probe. After the probe component is hybridized to the target site,
one or more reporters are linked directly to the ends of the probe or to intermediate
multilinking structures. This helical and linear orientation of the probe, of the linkers, or
multilinker structures, and of the reporters are designed to both stabilize the probe and to
support multiple or highly extended reporters. At the same time, the need for ligation is
eliminated. This design can therefore improve specificity, it allows exponential signaling,
and it simplifies the manufacture of new probes for different targets.

The WRAP-PROBE units were synthesized as two overlapping oligonucleotide
subunits which are joined together. See Figure 3B. The oligomers (and all subsequent
oligomers for probe and reporter components) were made with a DNA synthesizer using
phosphoramidite chemistry. The primary probe subunit contains first linker sequences on the
5' end which are complementary to the reporter, target specific sequences in the mid-portion,
and second linker sequences on the 3' end which are complementary to the secondary probe
subunit. To facilitate hybridization, small sets of spacer bases (ie: TTT) are commonly
included in the primary probe subunit to slightly separate the target specific segment from the
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two linker segments. The secondary probe subunit is generic and lacks target specific
sequences, while its 3' end is complementary to the second linker sequences of the primaryr
probe subunit, and its 5' end contains first linker sequences complementary to the reporter
unit. The 3' linker sequences are designed with 5' TA sites to facilitate psoralen plus UV
crosslinking. Such crosslinking employs a bi- or tri-functional reactive psoralen compound
which intercalates between paired bases, and, upon exposure to long wave UV light
(blacklite), forms a covalent bridge between thymidine bases that are adjacent to but opposite
one another on facing complementary strands.

Alternatively, the probe unit can be made with 3' linker ends or as a single oligomer
which is synthesized with linker sequences on both ends and target specific sequences in the
middle. In the latter case, each end will attach reporters differently. Such WRAP-PROBE
units can also be manufactured by cloning or PCR amplification of a target specific segment
to which linkers on one or both ends are attached by a second annealing/hybridization step
similar to the attachment of the linker subunit in the principal WRAP-PROBE method
described above. See Figure 3C.

The present embodiment of a WRAP-PROBE entailed a structure which is
complementary to the target sequences in the central region of the probe unit and each
terminal region contain a probe linker sequence for reporter attachment, or attachment of a
multilinking unit. See Figure 3B. This probe is distinguished by the initial formation of a
probe that wraps around the targeted sequences at midpoint (Figure 3D) and by the secondary
binding of reporters to the terminal linkers such that the reporters are thereby structurally
tethered to the targeted location.

GENE-TAG Technology
The GENE-TAG design extracts the reporter component of the GAP-LOCK design

and makes it a generic product capable of attaching to any WRAP-PROBE, to any GAP-
LOCK probe modified to accept such reporters, or to any other probe design that provides
appropriate generic linkers for attachment. The typical embodiment of the GENE-TAG
reporters are extended segments of arbitrary reporter DNA with terminal linker ends that can
attach to the probe and/or to other such reporters. See Figure 4A. Depending on the
sequences or the nature of the linkers employed, such reporters can form extended chains or
branching structures of such reporters. See Figure 4B. These reporter arrays can then bind to
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a hybridized probe such as a WRAP-PROBE and produce signaling which is largely
proportional to the length and density of the reporter arrays. See Figure 4C and 5A. The .,
invention also includes several modifications of this design to suit different requirements and
conditions as well as procedures to limit or control the growth of reporter arrays. These
GENE-TAG componenté can also be manufactured by different processes. The primary
embodiment is based on PCR amplification using spacer modified oligonucleotides as
primers to produce single stranded linkers on either end of a generic reporter template. See
Figure 4A. However, means are also devised to create similar structured reporters assembled
from overlapping oligonucleotides. See Figure 5B. One version of this design, also known as
the TINKER-TAG method, provides secondary linker side arms to allow interchangeable
labeling elements that are applied separately. See Figure 6A and 6B. The key aspect of all
these methods is the facility for modular, amplified signaling.

The PCR generated reporters of the present invention generally consists of long
segments of labeled double-stranded DNA (generally 100 - 800 bp) with short single-stranded
tails (generally 20 - 30 bp) on one or both ends to serve as linkers. The base pair sequences
within the long double-stranded portion are arbitrary and these bases only serve to carry
signaling elements. In contrast, the single-stranded tails have specific linker sequences that
are complementary to the probe unit, to other reporter units, or to a multilinking structure.
These GENE-TAG reporters were manufactured with staggered single-stranded linkers at
each end wherein the first or proximal linker is complementary to the linker sequence of the
probe, and wherein the second or distal linker 1s complementary to the first linker of the same
GENE-TAG or another GENE-TAG. While this design would theoretically allow the ends of
a reporter or reporter chain to self join as a closed circle, such events are largely prevented by
the limited flexibility of double-stranded DNA. Thereafter, these complementary double-
tailed reporters generally join to one another on an end-to-end basis, forming a linear chain
that amplifies signaling. A smaller proportion of said reporters were constructed with only
one single-stranded end, hereinafter termed Terminal TAGs, and this end contains sequences
that are complementary to both the probe unit and to the second linker of a GENE-TAG.
These one-ended Terminal TAG units serve to cap a growing reporter chain or to simply
provide a singular reporter unit. Chains of GENE-TAG units were made to statistically
predictable length by mixing a proportion of Terminal TAGs in with an equal or larger
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concentration of double-ended GENE-TAGs. Figure 4B. While some variability in chain
length will occur with this method, the relative length of the reporter chain can be determined
by the ratio of GENE-TAGs to Terminal TAGs employed. Alternatively, reporter chains can
be capped and controlled in length by ratio mixing GENE-TAGs with a simple
oligonucleotide, called a TERMINATOR, having the same sequences as the linker of a
Terminal TAG.

Alternatively, GENE-TAGs may be designed to form a defined reporter chain using a
series of paired linker sequences between TAG units such that the first reporter would join to
the probe, the second reporter would sequentially join to the first reporter, the third reporter to
the second reporter, and so on. See Figure 7. These reporter chains could then self-assemble
in place, they could be prejoined, or they could be added sequentially as needed to provide
the required signaling. With this method, Terminal TAGs or Terminators would be
unnecessary. Such defined chaining was accomplished using only two types of GENE-TAGS
(Type I and II) that were sequentially added in layers. In this embodiment, the proximal and
distal linkers of each type of GENE-TAG are not complementary to one another. Rather, the
TYPE I GENE-TAG has a proximal linker that attaches to the probe, and a distal linker that
attached to the proximal end of a Type II GENE-TAG. Whereas a Type II GENE-TAG has a
distal linker that will bind to the proximal end of a Type Il GENE-TAG. Thus, a Type I will
only bind to a Type Il and a Type II will only bind to a Type 1, so that when kept separate
they will not bind to form chains. Thus, a chain 1s created by layering, with the probe applied
first, Type I GENE-TAGs next, Type Il next, and back to Type I, with a simple wash between
successive GENE-TAG applications. See Figure 7B. It was found that three such layers gave
labeling superior to a premade group of standard GENE-TAGS made by ratio mixing three
reporters to one terminator. See Figure 8. Alternatively, the distal ends of the Type I and
Type I GENE-TAGs can be made with two or more distal linkers, such that each layer will
exponentially bind more GENE-TAGs. See Figure 9.

GENE-TAGs and Terminal TAG reporter units were made using modified oligomers
as primers to amplify arbitrary template DNAs. The template DNAs are typically derived

from cloned inserts of M 13 or other plasmids such as pGEM3, and the size of the inserts
(typically 100 to 800 bp) determines the Iength of the resulting reporter unit. The modified
oligomers were synthesized as linear products with three functional regions: a 5' end
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containing 20-30 nucleotides of a linker sequence, an mid-section of two C9 spacers, and a 3'

end containing 15-25 nucleotides of a M3 forward or reverse primer sequence. These C9‘

spacer phosphoramidites (Glen Research) insert a mixed polarity 9 atom carbon spacer arm
within the oligonucleotide chain. The modified oligonucleotides were purified by centrifuge
filtration with OPC columns (ABI). Linker sequences were screened to ensure effective
binding and to avoid repetitive sequences or unique sequences that may occur in targeted
genomes. These linker sequences may also be designed with one or more 5' TA sites to
facilitate psoralen crosslinking or with other sequences suitable for other crosslinking agents.
In other experiments, linkers with a 5' terminal end were designed with an initial 5' TA
sequence and synthesized with a C2 psoralen phosphoramidite at the 5' end. This
modification ensures efficient crosslinking between linkers since it tethers a psoralen
molecule to be exactly positioned at a potential crosslinking site.

For GENE-TAG manufacture, two modified oligomers were synthesized using one

linker sequence and M]3 forward sequences on one oligomer, and using M3 reverse
sequences and a different or complementary linker sequence on the other oligomer. For the
Terminal TAGs only one modified oligomer was made with linker sequences complementary
to the probe on the 5' end and with M 13 forward sequences on the 3' primer end. While the 3'
end of one of these modified oligomers acts as a primer during standard PCR reactions, the
single-stranded linker segment that is located 5' of the C9 spacers remains single-stranded
during PCR amplification since the polymerase cannot jump across the carbon spacer region.
In making Terminal TAG reporters by PCR, the modified oligomer only substitutes for one
primer, such as M13 forward, in which case, a standard M3 reverse oligomer is used for the
second primer. In making GENE-TAGs, the two modified oligomers substitute for both the
forward and reverse primers. Figure 4A. In addition to M 13 based inserts, a variety of other
DNA templates and similarly modified primer pairs are suitable for making similar labeled
reporter units of variable length.

COLOR-TAG Technology
The COLOR-TAG design is based on the GENE-TAG method and reporter

compositions, however it uses GENE-TAG reporters with different color or signaling labels

to achieve probes with specific color signatures. See Figures 10,11,12 and 13. In one
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embodiment, this method created reporters with a solid color or with a mix of colors, that was
sufficient to identify specific probes, by employing two or three generic GENE-TAG
reporters of different color called COLOR-TAGs. These reporters are joined to each probe
by virtue of an intermediate polynucleotide structure of multiple linkers, called a Multi-
LINKER, that defined the mix and proportion of each COLOR-TAG that will bind. More
particularly, the Multi-LINKER contains one or more linkers, known as COLOR LINKERS,
having a particular color acceptor sequence, which acceptor sequence is complementary to a
COLOR-TAG bearing a particular colored label. Thus, color variations are achieved by
changing the mix of linkers or the proportion of one linker type over another which comprise
the Multi-LINKER. When WRAP-PROBEs were employed, Multi-LINKER structures were
affixed beforehand to the probe or added as an intermediate step before adding pre-made
chains of reporters. After hybridizing such probes and linkers to their target sequence, the
resulting complex becomes a molecular trap for a predicted mix of COLOR-TAGS that will
define the underlying probe. In this manner, a variety of different probes were employed and
differentiated at the same time. See Figure 12 and 13. Alternatively, similar color or labeling
differentiation could be achieved by preparing COLOR-TAGs with a distinct mix of colored
labeling within them, and with a linker sequence at the proximal end that specifies which
color mix will occur when attached to the linker of a particular probe. Thus, different

COLOR-TAG “flavors” can be created and employed.

Multi-LINKER Technology

Polynucleotide structures have been devised that provide one or more proximal
linkers that bind to a probe component and two or more distal linkers that bind to a reporter
element, such as GENE-TAGS. These interposed structures, known as Multi-LINKERS,
greatly increase the signaling potential of a particular probe. Multi-LINKERS can take the
form of single polynucleotides or a composite of two or more polynucleotides.

The single polynucleotide form represents the most elemental Multi-LINKER, as
depicted in Figure 14A. wherein a oligonucleotide has one proximal linker and two identical
distal linkers on the same molecule. This elemental Mutli-LINKER has the minimal capacity
to join two reporters to one probe. This elemental structure can also take a form wherein
carbon spacers are introduced during synthesis, as depicted to the right of Figure 14A, so that
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greater flexibility is achieved and the binding sites are more accessible. These elemental
Multi-LINKERs are based on the ready ability of commercial synthesizers to make long N
oligonucleotides. Consequently, fundamental units can also be designed and created with
sufficient length to provide a proximal linker site on one termini and a larger series of distal
linker sites arranged in tandem on the other end of a single polynucleotide. Such distal
linkers could also have different rather than identical sequences.

Composite polynucleotide Multi-LINKER structures have also been devised,
comprising two or more polynucleotides. These composite polynucleotides are made of
partially overlapping oligonucleotides, that are hybridized and crosslinked together, to create
a complex of linkers joining one probe to two or more reporters. See FIG. 14B. These
composite structures may be in branched or chain form. The chained multi-linker structure of
the COLOR-TAG method is one such embodiment and this employs a few generic
oligonucleotide components that partially overlap and that repeatedly link together in a linear
array.

Such chained multi-linker structures do not have an exact length and the number of
repeated linker elements in the array is dependent upon the proportion of terminators
provided when mixing the linker components together in hybridizing conditions. Since the
intended chain length is created by ratio mixing, individuals chains formed in solution are
expected to vary considerably, and the mix ratio employed, such as 4:1, simply provides an
estimate of average length. Alternatively, the elemental Multi-LINKER structure shown in
FIG. 14A provide a defined set of linker elements and thus bind a more predictable number of
reporters.

Multi-LINKERs are designed on the same principles employed in the present
invention for joining probes and reporters together by their complementary linking sequences,
generally called linkers. Namely, the sequences and polarity of the linkers are arranged so
that they will generally pull on an end-to-end basis under typical hybridizing and wash
conditions. Thus, if the probe linkers have 5° termini, the complementary Multi-LINKER
proximal linker will also be 5°, and the same alignment matching is employed with 3’ linkers,
or when the probe and reporter on the other end of the interposed Multi-LINKER differ in
alignment. Furthermore, the lengths and compositions of the linker segments are constrained

by any need to join elements together in situ versus situations where they can be prejoined or
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crosslinked. When prejoining and crosslinking can occur, short segments of 10 to 20 bases
are commonly used and these are generally designed with 3 to 5 dispersed sites containing 5’
TA sequences to allow the incorporation of free psoralen and crosslinking with near UV
(PUVA). However, longer linker segments of 20 to 30 bases are generally employed where
linker recognition must occur with sample DNA or RNA present and where crosslinking may
not be employed or should be avoided. Nonetheless, to allow alternate modular use of the
same components for other probe and or signaling constructions, the longer linkers are still
designed with approximately five 5° TA sites and both short and long linker sequences are
designed with very similar GC content generally in the range of 45 to 65%. Linker sequences
are also checked against known sequences expected in the target sample. Furthermore,
common limits of oligonucleotide synthesis indicated that capped shortmers occur at
approximately a one percent rate per each base of length, and thus, Multi-LINKER
components are generally designed to maximize short components up to 50 bases and to limit
long components to about 80 bases.

Based on the above principles, the composite Multi-LINKER depicted in FIG. 14B
and 14C is designed as the simplest complex that can readily be achieved to reliably join a
large number of GENE-TAGs, having 5’ linkers, to probes with 5' ends such as the WRAP-
PROBES of the present invention. The first unit (ONE-TO-FOUR) provides four fold
amplification of short distal linkers and the second unit (ONE-TO-TWO) adds two fold
amplification by providing 2 longer linkers per unit. Thus, each end of the WRAP-PROBE
will join about 8 GENE-TAGS to it via the Multi-LINKER with all components being
aligned in a linear manner. Additionally, layered GENE-TAGS with double distal linkers, as
shone in FIG.9, could also be used so that the second layer would bind another 16 GENE-
TAGs to each probe end. Since two such layers could be readily applied, this embodiment
would provide approximately 50 GENE-TAGS per probe.

In addition to providing distal linkers that bind GENE-TAGS, such Multi-LINKERs
can also provide multiple binding sites for other types of reporters, including short
oligonucleotides that are prejoined to labeling agents either during synthesis, or by secondary
chemistries, such as amine or thiol linkages. This latter method is particularly valuable when
the labeling agents of interest are not readily incorporated into PCR generated GENE-TAGs

or by enzymatically produced probes and reporters, such restricted label agents including but
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not limited to, certain metallic or fluorescent compounds, latex or magnetic beads, and
bioluminescent agents such as aequorin. Thus, Figure 15 depicts an alternative embodiment
wherein a multiplicity of short labeled oligomers are aligned 3’ and attached beforehand
without requiring a secondary hybridization step. This design provides four-fold times four-
fold times four-fold amplification, thereby binding 64 such oligos with fluorescent
compounds or other labels attached. This embodiment of the present invention could thus
overcome the current difficult of labeling standard probes with fluorescent compounds such
as Cy3 and CyS5 that only allow 1% incorporation by PCR or reverse transcriptase. Thus, a
standard single stranded probe about 600 bases long would only incorporate approximately
six Cy3 or CyS5 flours while a short oligonucleotide based WRAP-PROBE linked to two such
Multi-LINKER structures would be expected to provide 128 Cy3 or CyS flours per probe.
This defined Multi-LINKER embodiment represents an alternative to the chaining TINKER-
TAG reporter system shown in Figure 16, which is similarly employed to carry pre-labeled
short oligonucieotides, but which does not provide such precise quantitation of signaling.

The invention further includes modified compositions and designs for improving the
tethering of the probe and or the specificity of the detection. In one modification of the GAP-
LOCK method especially suitable for microwell analyses, capture moieties are attached to the
distal linker end of one probe; the dual probes are hybridized to the target strand and ligated
together; the probe and target complex is fully denatured; and the ligated capture probe and
reporters - joined via the ligation site - are captured and detected. See Figure 3A. This
modification allows precise detection of mutations or base variations under liquid
hybridization or near liquid hybridization conditions.

In other modifications, an additional component devised of partially overlapping
oligonucleotides, known as a RING-TAIL unit, creates an incipient ring structure by being
joined to GAP-LOCK or WRAP-PROBE components prior to hybridization to the target.
Using GAP-LOCK components attached to two ends of the RING-TAIL unit, a composite
RING-LOCK probe is hybridized to the target, the ends are ligated together to form a closed
loop, and reporters are joined to linkers on the RING-TAIL unit. See Figure 17. A similar
RING-TAIL unit can be combined with WRAP-PROBE components to create a composite
WRAP-LOCK probe. This composite probe provides an incipient ring structure that loops

around the target and is closed by hybridizing an overlapping oligonucleotide. See Figure 18.
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The application of both of these probe methods creates a closed loop encircling the target
strand, and at the same time, it supports the attachment of extended reporters such as array‘s of
GENE-TAG reporters. These modifications facilitate stringent washing or denaturation for
more specific detection. The invention also includes a method for applying two such probes
simultaneously to both the sense strand and the complementary antisense strand of a double-
stranded DNA target in which the two probes have contrasting signaling. With this method,
also known as the DOUBLE-LOCK design, the detection of a rare mutation or change can be
confirmed by the detection of both signals at the same site. See Figure 19.

The practice of the present invention employs, unless otherwise indicated,
conventional techniques of molecular biology, microbiology and recombinant DNA
techniques, which are within the skill of the art. Such techniques are explained fully in the
literature. See, e.g., Sambrook, J. et al., Molecular Cloning; A Laboratory Manual, Second
Edition (1989); Oligonucleotide Synthesis (M. J. Gait, ed., 1984); Nucleic Acid Hybridization
(B.D. Hames & S.J. Higgins, eds., 1984) 4 Practical Guide to Molecular Cloning (B. Perbal,
1984); and the series Methods in Enzymology (Academic Press, Inc.).

The synthesis of the probe and reporter components of the present invention may be
accomplished by conventional polymerase chain reaction (PCR) process. The protocol for
PCR is set forth in Saiki et al., Science 230: 1350 (1985) and U.S. Pat. Nos. 4,683,195 and
4,683,202. A PCR adapter-linker method is set forth in Saunders et al. (1990); Johnson
(1990) and PCT 90/00434. Another PCR method employing a mixture of primers is
described in Meltzer et al., Nature - Genetics, 1 (1): 24-28 (April 1992).

Probe and reporter components of the present invention are also synthesized by
conventional means on a commercially available automated DNA synthesizer, e.g. an
Applied Biosystems (Foster City, Calif.) model 380B, 392 or 394 DNA/RNA synthesizer.
Preferably, phosphoramidite chemistry is employed according to, €.g., Beaucage et al.,
Tetrahedron, 48:2223-2311 (1992); Molko et al., U.S. Pat. No. 4,980,460; Koster et al., U.S.
Pat. No. 4,725,677, Caruthers et al., U.S. Pat. Nos. 4,415,732; 4,458,066; and 4,973,679. In
preferred embodiments of the present invention, the probe has a nuclease resistant backbone.
Many types of modified oligonucleotides are available that confer nuclease resistance, e.g.
phosphorothioate, phosphorodithioate, phosphoramidate. For phosphorothioates, see, e.g.,

Stec et al., U.S. Pat. No. 5,151,510; Hirschbein, U.S. Pat. No. 5,166,387, or Bergot, U.S. Pat.

30



WO 00/04192 PCT/US99/16242

No. 5,183,885. For phosphoramidates, see, e.g., Froehler et al., International application
PCT/US90/03138. In some embodiments it may be desirable to employ P-chiral linkages,'
e.g., Stec et al, EPO 92301950.9.

In several embodiments of the present invention, modified oligonucleotides are
synthesized with internal spacers, commonly composed of carbon chains, which separate
different functional regions of the oligonucleotide. Typically, the 5' end of such a spacer
oligonucleotide will serve as a probe end or a reporter linker end while the 3' end serves as a
primer for PCR amplification. During PCR, the polymerase cannot jump across the spacer
region of such an oligonucleotide and thus the probe or linker end beyond the spacer remains
single stranded. Preferably, the spacer between the probe and primer ends is a phosphorus
linking group, which includes, but is not limited to, phosphodiester, methyl or ethyl
phosphonate, phosphorothioate, phosphoramidate, hydroxyurethane, carboxyaminoalkyl, or
carboxyaminoalkyl-phosphate linkers. Generally, spacers derived from phosphoramidite
precursors, such as the carbon chain Spacer Phosphoramidites C9 or C18 from Glen
Research, Inc. (Sterling, Virginia), are preferred so that the modified oligonucleotides of the
invention can be conveniently synthesized with commercial automated DNA synthesizers,
e.g. Applied Biosystems, Inc. (Foster City, Calif.) model 394.

Spacer length may vary significantly depending on the nature of the probe and primer
sequence. Preferably, spacer moieties are synthesized using conventional phosphoramidite
and/or hydrogen phosphonate chemistries. Several phosphoramidite or hydrogen
phosphonate monomers suitable for use in the present invention are set forth in Newton et al,
Nucleic Acid Research, 21:1155-1162 (1993); Griffin et al., J. Am. Chem. Sot., 114:7976-
7982 (1992) Jaschke et al., Tetrahedron Letters, 34:301-304 (1992); Ma et al, International
application PCT/CA92/00423; Zon et al., International application PCT/US90/06630; Durand
et al., Nucleic Acids Research, 18:6353-6359 (1990); and Salunkhe et al., J. Am. Chem. Soc.,
114:8768-8772 (1992).

There is extensive background literature relating to the selection of hybridization
conditions, labeling means, and the like, which is applicable to the principles and practice of
the present invention. See, e.g. Wallace et al. Nucleic Acids Research 6:3543-3557 (1979);
Crothers et al., J. Mol. Biol. 9:1-9 (1964); Gotoh, Adv. Biophys. 16:1-52 (1983) Wetruer,
Critical Reviews in Biochemistry and Molecular Biology 26:227-259 (1991); Breslauer et al.,
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Proc. Natl. Acad. Sci. 83:374-3750 (1986); Wolf et al., Nucleic Acids Research, 15:2911-
2926 (1987); McGraw et al., Biotechniques, 8:674-678 (1990). )

Conditions for annealing DNA probes to DNA or RNA targets are well known, e.g.,
Nucleic Acid Hybridization, A Practical Approach (B.D. Homes, eds.), IRL Press,
Washington, D.C. (1985). In general, whether such annealing or hybridization takes place is
influenced by the length of the probes and the test substances, the pH, the temperature, the
concentration of mono- and divalent cations, the proportion of G and C nucleotides in the
hybridizing region, the viscosity of the medium and the possible presence of denaturants.
Such variables also influence the time required for hybridization. The preferred conditions
will therefore depend upon the particular application. Such conditions, however, can be
routinely determined without undue experimentation.

For GAP-LOCK probes, the preferred linking agent is a ligase, such as T4 DNA
ligase, using well known procedures (Maniatis, T. in Molecular Cloning, Cold Spring Harbor
Laboratory (1982)). Other DNA ligases are also suitable. T4 DNA ligase may also be used
when the test substance is RNA [Engler, M.J. et al., The Enzymes, Vol. 15, pp. 16-17 (1982),
Higgins, N. P. et al., Methods in Enzymology, Vol. 68, pp. 54-56 (1979)]. Ligases from
thermophilic organisms, e.g. Tth DNA ligase, Gene, Vol. 109, pp. 1-11(1991), New England
Biolabs, (Beverly, Mass.), and Ampligase, Epcentre Technologies, Inc. (Madison, Wisc.) are
preferred, so that ligation at higher temperatures may be carried out, allowing the use of
longer probes with increased specificity. The ligation, however, need not be an enzyme and,
accordingly, the linking agent may be a chemical agent which will cause the probes to link
unless there is a nucleotide base pair mismatching at the target nucleotide position. The
invention will be described using T4 DNA ligase as the linking agent. This enzyme requires
the presence of a phosphate group on the 5” end of one polynucieotide and a 3 OH group on
the neighboring polynucleotide.

Ligation conditions are adjusted so that ligation will occur if there is a base pair match
at the target nucleotide position and will not occur if there is a mismatch at that position.
Assuming simultaneous annealing and ligation, the ligation may be performed at a
temperature below the melting temperature of the annealed oligonucleotide probes. A
suitable temperature for this purpose is about 5° C to about 30° C. below the melting

temperature of the hybridized sequences. For ligation after hybridization, a suitable
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temperature is about 37° C for T4 DNA ligase. Factors that determine whether or not
mismatching at the target nucleotide position can be determined, as detected by ligation,
include salt concentration and the amount of enzyme (ligase) used. Suitable salt
concentrations range from 0 to 200 mM.

For covalent joining of probe components and reporter components of the present
invention, or for joining probe and target complexes more firmly, the preferred cross linking
agent is a bi- or tri-functional psoralen compound such as 4, 5, 8-trimethylpsoralen which
intercalates the bases of hybridized DNA strands and causes covalent cross linking between
them when treated with long wave ultraviolet light, preferably in the range of 312 to 360
nanometers. Site specific cross linking can also be facilitated by synthesizing an
oligonucleotide probe component with a terminal psoralen molecule tethered by a carbon
chain. Commercial reagents, such as C2 psoralen and C6 psoralen from Glen Research, Inc.
(San Diego, Calif.), allow the termination of a synthetic oligonucleotide with an attached
psoralen suitable for inducing crosslinking with double or triple strand configurations,
respectively, using standard phosphoramidite chemistry on a automated DNA synthesizer,
e.g. Applied Biosystems, Inc. (Foster City, Calif.) model 394. The durability of
complementary hybridization between probe and reporter components may also be increased
by employing artificial nucleotides; e.g. pdC-CE, pdU-CE, 5-Me-dC, Glen Research, Inc.

(Sterling, Virginia), which can significantly raise melt temperature (Tr) by several degrees,

and can diminish non-specific binding of these components.

The reporter molecules of this invention can be labeled during PCR amplification in
the presence of appropriately modified dNTPs, or they can be labeled after completion of the
PCR reaction by chemical or enzymatic modification of the PCR products. When the
reporters are constructed of synthetic oligonucleotides, they can be labeled directly or
indirectly by incorporating modified bases that either carry labeling agents or that provide
chemical or immunological means for the attachment of labeling agents. Alternatively, such
reporters may contain secondary linkers for binding short oligonucleotides that are
conjugated to labeling agents - usually at one end.

Any of the various labeling techniques, direct or indirect, may be used to label
reporters, including but not limited to fluorescent chemicals, radioactive materials, chemical
haptens, or enzymatic modifiers. More than one label can be used. Preferred modified
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dNTPs include but are not limited to biotin-16-dUTP; digoxigenin-11-dUTP; biotin
derivatives of dATP; fluoresceinated-dUTP; rhodamine labeled derivatives of dUTP or N
dCTP; hydroxy coumarin-labeled derivatives of dUTP; resorufin-11-2°-dUTP, and thiol or
amine modified dNTPs, e.g. Amino-Modifier C6-dT, Glen Research, Inc. (Sterling, Virginia).
Other potential labels that may be attached or conjugated to reporter components include but
are not limited to: (1) gold and silver particles; e.g. monomaleimido Nanogold, LI Silver,
etc., Nanoprobes, Inc., (Stony Brook, NewYork); Colloidal Gold, Sigma Chemical Co. (Saint
Louis, Missouri); (2) chemiluminescent or bioluminescent molecules such as aequorin, e.g.
Aqualite, Sealite Sciences, Inc., (Norcross, Georgia); and (3) agents which can provide
Raman spectrometry signaling such as DNA and histological dyes; e.g. Methyl green, Cresyl
fast violet, Acridine orange, Ponceus S, Malachite green oxalate, Luxol fast blue, Cresyl
violet acetate and Bromophenol blue; double and or triple bonded chemical labels; e.g.
Chloracetonitrile, Propargyl chloride, 3'Methoxybenzyl chloride and alpha Bromo p-
tolunitrile, Aldrich Chemical Company, Inc. (Milwaukee, Wisc.); and propyne or methyl
modified phosphoramidite nucleosides; e.g. pdC-CE, pdU-CE, 5-Me-dC, Glen Research, Inc.
(Sterling, Virginia).

Gold and silver labeling is of particular interest for the TINKER-TAG reporter system
wherein gold particles, e.g. monomaleimido Nanogold, Nanoprobes, Inc., (Stony Brook, New
York), can be conjugated to oligonucleotides that bind to the side arms of the reporters and
then silver ions, e.g. LI Silver, Nanoprobes, Inc., (Stony Brook, New York), can be added to
precipitate large clusters of silver of 30 to 100 nm around the gold seeds forming dense
masses suitable for light microscopy visualization. The size of the cluster may vary with the
size of the gold particle. This reporter variation, also known as the GOLD-TAG method,
provides the advantage of avoiding the safety, expense and equipment requirements of
radioactive or fluorescent labeling. See Figure 20.

Bioluminescent immunoassays using the photoprotein aequorin have attained

sensitivity in the zeptomole range (10-21 mol) which is at least 100 times more sensitive than
chemiluminescent enzyme immunoassays in widespread use. The bioengineered aequorin

contains three calcium binding sites and, upon addition of calcium ions, undergoes a
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conformational change that catalyzes the oxidation of a bound coelenterazine producing a
brief flash of blue light that peaks in 0.3 seconds, centered at 469 nm. -

For such experiments, biotinylated PCR amplicons of the target nucleotide sequence
are captured in streptavidin-coated microtiter plate wells, and detected with probes and
reporters labeled with digoxigenin.e.g., dig-11-dUTP. These digoxygenin haptens then bind a
stable, covalent conjugate between the aequorin photoprotein and the sheep anti-digoxigenin
Fab fragment. When stimulated by calcium, the amount of light produced is directly
proportional to the amount of digoxigenin detected. Alternatively, aequorin molecules can be
directly conjugated to the 5' end of simple oligonucleotides that can be secondarily linked to
probe and reporter units of the present invention such as the TINKER-TAG constructs. The
use of said aequorin conjugated oligonucleotides as labeling for TINKER-TAG reporters is
expected to enhance bioluminescent signal detection in microwell formats while maintaining
the advantages over competing technologies in sensitivity, low background, stability, and
simplicity of assay design. See Figure 16.

The staining intensity achieved using the reporters may be amplified with a variety of
systems, including but not limited to fluorochrome conjugated avidin and/or labeled
antibodies. Similarly, other known detection schemes such as labeling of probe molecules
with enzymes, sulfur or mercury may be applied in order to suit special experimental
conditions. DNA can be counterstained with DNA-specific dyes, including but not limited to
DAPI, that fluoresce in different wavelength intervals dependent on the selected scheme for
visualization of bound probe molecules.

Methods for introducing oligonucleotide functionalizing reagents or to introduce one
or more sulfhydryl, amino or hydroxyl moieties into the reporter sequence are described in
U.S. Pat. No. 4,914,210. Such modified nucleotides can provide multiple signaling sites by
incorporating them along the length of the reporter molecule or at the ends of attached

oligonucleotides. A 5’ phosphate group can be introduced as a radioisotope by using

polynucleotide kinase and gamma 32F’—ATP to provide a reporter group. Biotin can be added
to the 5 end by reacting an aminothymidine residue, or a 6-amino hexyl residue, introduced

during synthesis, with an N-hydroxysuccinimide ester of biotin. Labels at the 3 terminus

41



WO 00/04192 PCT/US99/16242

may employ polynucleotide terminal transferase to add the desired moiety, such as for

example, cordycepin 35S—dATP, and biotinylated dUTP.

The present invention generally combines WRAP-PROBE or GAP-LOCK probe
designs, and various manifestations thereof, with the GENE-TAG or COLOR-TAG signal
amplificaton systems. Alternatively, these probe designs could be employed in combination
with other commercial probe and signaling systems such as the dendrimers of Polyprobe, Inc.
(Media, Penn.) [U.S. Pat. No. 5,487,973] and the branch DNA (bDNA) components of
Chiron Corp. (Emeryville, Calif.) [U.S. patent 5,124,246]. See Figure 21A. The Chiron
products are designed to detect a gene by creating a series of unique oligonucleotide probes
which bind in part to the target sequences and which have singular generic tails that bind to
the bDNA structures. Because this system relies on simple hybridization to hold down the
synthetic bDNA signaling structures, effective gene detection requires multiple probes
targeting multiple locations along a gene. However, the substitution of a GAP-LOCK or
WRAP-PROBE element instead of a simple tailed oligonucleotide probe would provide a
wrapped structural configuration that greatly exceeds the forces of hybridization, and which
would support, at the least, two times the bDNA signal structure of their current probes.
Similarly, the dendrimers of Polyprobe also rely on simple hybridization to bind the large
signaling structure to the target - generally by binding the target sequence with one of the
multiple single stranded arms that protrude from the outer layer. Again, the WRAP-PROBE
or GAP-LOCK probes could be employed very effectively, in combination with these
dendrimers, to either bind larger dendrimers or to bind them more durably and or more
specifically to the target.

The probes of the present invention can be employed as diagnostic probes to detect
the presence of one or more target polynucleotides in a wide range of samples, including
diagnostic applications of nucleic acid probes in human diagnostics, forensics, and genetic
analysis. See, e.g., Caskey, Science 236:1223-1228 (1987); Landegren et al. Science,
242:229 237 (1988); and Arnheim et al., Ann. Rev. Biochem., 61:131-156 (1992). Other uses
for the DNA molecular diagnostic devices of the present invention include environmental
samples, e.g. from public water supplies, samples from foodstuffs, and from other biological

samples, such as blood, saliva, lung sputum, semen, buccal smears, urine or fecal waste, cell
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biopsies, amniotic fluid, tissue homogenates of plants or animals, or of human patients, and
the like. -
These probes and reporter systems can be readily employed in a variety of membrane
formats such as dot blots, slot blots, Southern and Northern blots, and expression
microarrays; in gels such as agar or polyacrylamide; in a variety of in situ formats such as for
FISH (fluorescent in situ hybridization) to map genes on chromosomes or for in situ detection
of RNA transcripts or genes in sectioned tissue and/or tissue microarrays; in microwell plates
to detect infectious organisms or unbound DNA fragments extracted from bodily fluids or
wastes; and in various solid substrate chip formats to detect genes, mutations or mRNA
including, but not limited to, oligonucleotide microarrays, cDNA microarrays, and molecular
detection chips employing flourescence, optical interferometry, Raman spectrometry or semi-

conductor electronics.

Example 1
GAP-LOCK Probe Method:

The present example demonstrates the application of the GAP-LOCK dual probe
mechanism to detect a critical Mycobacterium tuberculosis (MTB) sequence which is
diagnostic of that infectious agent. Special components for the two GAP-LOCK probe units
were made on an ABI 394 automated synthesizer by synthesizing three modified oligomers
with two C9 internal spacers (nine carbon phosphoramidite products made by Glen Research,
Sterling, Virginia). (In all sequence descriptions below a C9 spacer is shown as "9" to avoid
confusion with cytidine bases [C].) Of these modified oligomers, two of them had M13
forward sequences on their 3’ end to serve as a primer for PCR amplification. One of them,
called here the 5' First Probe Oligo (FP) (SEQ ID NO: 1,2), has one-half the MTB target
sequences on the 5” end. The other one, called the Reversing Linker Oligomer (SEQ ID NO:
6,7), has a set of generic linker sequences on that end. The third modified oligomer, the 3'
Reverse Probe Oligo (RP) (SEQ ID NO: 4,5), has linker sequences on the 5' end that match
the linker sequences on the Reverse Linker Oligo, and the 3’ end had the other half of the
target sequences. The use of C9 spacers is optional for the 3' Reverse Probe Oligo. Two such
oligomers were then employed in PCR reactions to create long reporter components, using
arbitrary M13 plasmid DNA inserts 300 or 800 base pairs long as templates for amplification.
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See Fig. 2A. During PCR, the M13 forward sequences on the 3' end of the modified

oligomers served as the first primer. A simple oligonucleotide of M13 reverse sequences .,

(SEQ ID NO: 147) served as the second primer. 32p_labeled thymidine bases were
incorporated during PCR on a ratio of 1 labeled base to 3 unlabeled thymidine bases. Thirty
cycles of PCR were run and the reporter products were purified by microcentrifugation. One
product, constituting the First Probe, had a 5' head end containing sequences complementary
to half the MTB target site and the 5' end was phosphorylated. The second PCR reporter
product is incomplete since the 5' head end has generic linker sequences that only serve to

reverse the 5'-3' orientation. The Reverse Probe was created by annealing that second PCR

product with the 3' Reverse Probe Oligo for 20 minutes at 429C in PCR buffer. The resulting
composite Reverse Probe has a 3' head end containing the tandem second half of the target
sequences.

The annealed oligos were crosslinked together with psoralen plus UV, using 3 pg/ul
psoralen (4,5',8-trimethylpsoralen) for 15 minutes, and secondly exposing the samples to 15
minutes of long wave UV (312nm) in clear microfuge tubes while placed on a UV light box.
Psoralen preferentially intercalates and crosslinks at 5' TA sites. Additional gel shift
experiments were conducted with crosslinked probe components wherein the linker sequence
contained only one 5' TA site vs. five 5' TA sites. Such crosslinking appears efficient since it
was found that both complexes remained intact and were equally resistant to 10 minutes of
0.05 M NaOH treatment.

These GAP-LOCK probes were tested on DNA dot blots by standard methods using

32p.labeling and nylon membrane supports. The primary target DNA was a known amplified
600 bp fragment of the 16s ribosomal gene of Mycobacterium tuberculosis. Negative control
DNA samples were amplified from a similar-sized but sequence-unrelated fragment of the
bombesin receptor gene. In all dot blot experiments, solutions of the target DNAs were
applied in 1 pl aliquots to nylon membranes in multiple 40 ng dots or in a series of 50%
dilutions starting with 40 ng of DNA in the first dot. The DNA was denatured with 0.5 M
NaOH and neutralized with 5xSSC and 0.1% SDS solution. The denatured target DNAs was
crosslinked to the membranes by exposing them to 2000 mJ of 253 nm UV in a UV

crosslinker. Hybridizations were performed at 429C in a rotary apparatus running at
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approximately 10 rotations per min. The membranes were transferred to individual roller
tubes, pretreated in the apparatus for 2 hours with hybridization buffer (5xSSC, 1% SDS, -
5xDenhart's, 1xBackground Quencher) before the probe sample was added and hybridization
was continued. Unlike standard DNA probes, the probe and reporter units were not

denatured. After hybridization, the blots were washed for 30 min in 5xSSC/0.5% SDS at

420C followed by 2 washes in 0.5xSSC/0.5% SDS for 20 min each at 55°C. All dot blot
labeling was detected with a phosphor imager.
Eight strips of nylon membranes were loaded with paired dots of both TB and

bombesin receptor target DNAs that were denatured and crosslinked to the nylon membrane.

After the dot blots were pre-treated with hybridization buffer at 42°C, the First Probe (FP)
and the Reverse Probe (RP) with reporters attached were added for hybridization overnight
(14 to 18 hrs). One set of four strips were treated with probes with reporter templates of
about 300 bp while the other set of four strips were treated with probes with reporter
templates of about 800 bp. The first strip in each set of four used only the First Probe (FP).
The second strip in each set of four used only the Reverse Probe (RP). The third and fourth
strip in each set used both the First Probe and the Reverse Probe (F/R), however, only the
fourth strip was treated for ligation (F/R +Lig).

These membranes were transferred to small 30 ml plastic petri dishes and treated with
T4 kinase at 37°C for 30 min, to phosphorylate the 5' half-probe end, and with T4 ligase at

370C for 30 min. After the ligation step, the strips were read with the phosphor imager. The
strips were then treated for 5 minutes with dilute alkali (0.05 M NaOH), neutralized, and
rinsed to denature and release any unligated probe and reporter units. These washed, second
half-blot strips were then read on the phosphor imager and compared to the first half-blot
strips.

The selective retention of labeling after ligation shows that joining the dual probe
units into a single GAP-LOCK probe complex confers a more stable wrapped configuration.
See Figure 2C. The resulting ligated probe complex encircles the target at mid-point and the
reporters extend from both sides thereby counterbalancing one another. Consequently, longer
reporters can confer greater stability than short reporters. Therefore, ligation essentially locks

the probe to the target making it resistant to removal by denaturation or stringent washing,
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and this mechanism can be employed to detect and discriminate single base mutations or

variations.

GAP-LOCK Probe and Attached reporter TAGs for MTB Detection:

A. 5' First Probe Oligomer: (SEQ ID NO: 1,2)
| upstream target region spacers M13 forward primer |
5'ACCACAAGACATGCATCCCG-99-CCAGGGTTTTCCCAGTCACGAC

B. Second M13R Primer: (SEQ ID NO: 3) 5' GAGCGGATAACAATTTCACACAGG

First Probe Fabrication: Synthesize Oligomers A and B. Using Oligomers A and B as

primers, run a PCR reaction using an M13 DNA template (300 or 800 bp in length) to

produce a long double stranded reporter with a single stranded half-probe on one end.

C. 3' Reverse Probe Oligomer: (SEQ ID NO: 4,5)
| generic linker to 5' end of D spacers downstream target region |
5' GAGCCTGGCTCACCCTAGGTCCAG-99-CCCACACCGCTAAAGCGCTTTCC

D. Reversing Linker Oligomer: (SEQ ID NO: 6,7)
| generic linker to 5'end of C spacers M13 forward primer |
S'CTGGACCTAGGGTGAGCCAGGCTC-99-CCAGGGTTTTCCCAGTCACGAC

E. Second M13R Primer: (SEQ ID NO: 3) 5' GAGCGGATAACAATTTCACACAGG

Reverse Probe Fabrication: Synthesize Oligomers D, C and E. Using Oligomers D and E as

primers and a M13 DNA template of 300 or 800 bp, run a PCR reaction to produce a long
double stranded generic reporter TAG with a single stranded linker on one end. Oligomer C
is then joined to the generic TAG unit via the generic linker sequences thereby adding a
single stranded half-probe with a 3' end. The Oligomer C can be crosslinked to the generic

reporter TAG unit using free psoralen plus UV light.

Application: Prepared eight strips of dot blots with 4 dots of 40 ng target DNA per strip.
After hybridization (16 hrs) and first wash, strips were cut in half, one half read on a
phosphor imager immediately, the other treated with 0.05 M NaOH for 5 min, neutralized,

washed, and read again on a phosphor imager.
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All probe combinations with short reporters proved sensitive to NaOH removal even
with ligation since the short reporters can unwind from the target site. See Figure 2C.
However, with long reporters attached to the probes, the ligated dual probes are preferentially
retained despite alkali denaturation of the probe from the target. This advantage occurs
because the long reporter tails, extending from both sides of the central wrapped probe
configuration, create a probe/reporter complex that is more difficult to unwind and wash

away.

Example 2

WRAP-PROBE Method and Chained Reporter GENE-TAG Method:
Equimolor portions of the two probe subunits (SEQ ID NO: 8 and SEQ ID NO: 9)

were mixed together in a clear, thin-walled microfuge tube containing PCR buffer solution,

and the mixture is incubated at 42°C for 10 minutes to hybridize the two oligomers together.
The annealed oligomers were then covalently crosslinked with psoralen and UV by: 1) adding
2 ml of 3 mg/ml 4,5',8-trimethylpsoralen for 10 minutes and 2) placing the tube on a light
box emitting 312 nm UV for 20 minutes while covered with aluminum foil. In other
experiments, a 15 to 20 minute exposure to a 15 Watt blacklite bulb (360 nm) at I to 2 cm
was effective. The resulting joined probe complex was thus target specific at mid-portion,

but with dual 5' tails that can link to reporter units.

WRAP-PROBE to detect MTB 16sRNA sequences

A. Target-Specific Oligomer: (SEQ ID NO: )

15! linker to reporter 3T spacer s target specific region 3T spacer s
link to 3' end of B |
GTAGCCTAGCTACCCCTAGGTCTAGTTTACCACAAGACATGCATCCCGTITTIGTAG
ATAGGTAG

B. Generic Overlap Oligomer: (SEQ ID NO: 9)
| linker to reporter link to 3' end of A_|
5' GTAGCCTAGCTACCCCTAGGTCTAG-CTACCTATCTAC

5'GTAGCCTAGCTACCCCTAGGTCTAGTTTACCACAAGACATGCATCCCGTTT-
GTAGATAGGTAG

\ \ \ <--
TA crosslink sites
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CATCTATCCATC--

GATCTGGATCCCCATCGATCCGATG

Probe Assembly: Sequence A was joined to Sequence B via complementary 2nd linker

sequences and then they were covalently crosslinked together via three internal TA sites using

free psoralen plus UV treatment.

Example 3

Preparation of GENE-TAG Reporters: GENE-TAGS and Terminal TAGS
In each PCR reaction, ten femtograms of template DNA from any phage, e.g., M13,

were incubated with 0.5 U Taq polymerase, 100 mM dNTP, 20 mM of labeled dUTP or
dATP, standard PCR buffer with 4.0 mM magnesium chloride, and 0.2 mM of each primer or

modified oligomer in a 100 ml volume. In most experiments, the signaling nucleotide was

labeled with digoxigenin or 32p. The labeling ratio was 1:3 (labeled vs. unlabeled). Other
labeling haptens, such as biotin, fluorescein (FITC) or dinitrophenol are also suitable. Thirty
to forty PCR thermal cycles were run at a melting temperature of 94°C for 30 sec, annealing
at 50 to 55°C for 30 sec, and extension at 72°C for 45 sec to 1.5 min. Products were tested by
ethidium bromide electrophoresis. Gel purification of the GENE-TAG reporters was not
required although unincorporated nucleotides, primers and reaction byproducts were removed
with microcentrifuge filtration.

GENE-TAGs and Terminal TAGs were pre-formed as reporter chains of statistically
defined length by premixing them together in defined proportions under annealing conditions.
If 2 3:1 mix of GENE-TAGs to Terminal TAGs is made, most chains will consist of 4 units,
many will contain 2 or 5 units, and only a few will have 1 unit or 6 or more units. In most
experiments, GENE-TAGs/Terminal TAG pre-mixes ranging from 1:1 to 8:1 were used. In
some experiments, only Terminal TAGs or only GENE-TAGs were used. The latter
approach allows the formation of chains of GENE-TAGs of indeterminate length and
signaling was generally reduced in such samples relative to samples where the chain was
intentionally ended with a GENE-TAG/Terminal-TAG ratio of 3:1 or better. Alternatively,
unjoined GENE-TAGs may be added to the hybridization solution after probe hybridization,
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and then Terminal TAGs or oligonucleotide TERMINATORS (e.g., SEQ ID NO: 17) may be
added after a period of time to stop extension of the reporter chain. With the latter approai:h,
optimization of reporter efficiency is determined empirically. The examples below illustrate
some oligomers containing Psoralen C2 molecules added to their 5' end so that chains of
GENE-TAGS could be crosslinked together and to the probe to which they are joined. This

crosslink-ready modification is optional and is generally not needed.

GENE-TAGs for MTB Wrap Probe:

A. Proximal Linker Oligomer: (SEQ ID NO: 10,11)

| Psoralen ¢2- linker spacers MI13 reverse  primer
|

5'Psor.-TAGACCTAGGGGTAGCTAGGCTAC-99-
GAGCGGATAACAATTTCACACAGG

B. Distal Linker Oligomer: (SEQ ID NO: 12,13)
| linker spacers M13 forward primer |
5' GTAGCCTAGCTACCCCTAGGTCTAG-99-CCAGGGTTTTCCCAGTCACGAC

GENE-TAG fabrication: Oligomers A and B serve as primers in a PCR reaction using a M13

DNA template 800 bp long. 32p_Jabeled dTTP bases are incorporated during PCR

producing a long double stranded reporter with single stranded linkers on each end.

Terminal TAG for MTB Wrap Probe:

C. Proximal Linker Oligomer: (SEQ ID NO: 14,15)

| Psoralen c¢2- linker spacers MI13 reverse  primer
|

5'Psor.-TAGACCTAGGGGTAGCTAGGCTAC-99-
GAGCGGATAACAATTTCACACAGG

D. Second M13 F Primer: (SEQ ID NO: 16) 5' CCAGGGTTTTCCCAGTCACGAC

Terminal TAG fabrication: Oligomers C and D serve as primers in a PCR reaction using an

M13 DNA template 300 bp long. 32p_Jabeled dTTP bases are incorporated during PCR
producing a long double stranded reporter with a single stranded linker on one end. In some
experiments, (Figure 5A2) the Terminal TAGs were not labeled and were just used to end a

chain of GENE-TAGs.

Alternate: TERMINATOR: (used instead of Terminal TAG):
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TAGACCTAGGGGTAGCTAGGCTAC (SEQID NO: 17)

Example 4

WRAP-PROBE Detection with nylon membrane DNA dot blots:
The ability of >2P-labeled WRAP-PROBES to specifically hybridize and label nucleic

acids were tested with serial dot blots of MTB target DNA using the same methods employed
in Example 1 above with respect to: preparing dot blots of target and control DNAs on nylon

membrane supports; prehybridizing treatment; hybridizing probes and reporters in a rotary

apparatus at 420C; the composition and use of hybridization and wash buffers; and reading
labeling with a phosphor imager.

Concentrated samples of the WRAP-PROBE:s units were added to the roller tubes and
hybridization was performed either overnight for 14 hours (Fig. 5A [A1]) or for 4 hours (Fig.
5A [A2]). The solution was then poured off and replaced with fresh pre-heated hybridization

buffer containing pre-mixed and preannealed reporters. Hybridization was then continued for
2 to 4 hours. Blots were washed for 30 min in 5xSSC/0.5% SDS at 42°C followed by 2

washes in 0.5xSSC/0.5% SDS for 20 min each at 559C before reading with a phosphor
imager.

The specific comparisons in Figure SA. [Al] and [A2] were to determine the relative
detection of WRAP-PROBE:s with reporter chains of increased GENE-TAGs (or G) vs.
Terminal TAG (or T) ratios. In other experiments it was established that the probes were
specific for MTB DNA detection and very little labeling of the bombesin receptor control
DNA could be detected. Other experiments also demonstrated improved labeling for WRAP-
PROBEs combined with these GENE-TAG reporter chains vs. GAP-LOCK First Probes
combined with these same GENE-TAG reporter chains. In the first experiment illustrated
here, Fig. 5A. [A1], the TAGs were mixed in the following ratios of GENE-TAGs to
Terminal TAGs: 1:1, 2:1, 8:1. The WRAP-PROBE was applied for 14 hrs, the TAG mixture
was added for 4 hours, and after washing, the samples were read with a phosphor imager. In

the second experiment, Fig. 5A. [A2], the TAG ratios were changed to 1:1, 2:1 and 4:1 and

32p was only incorporated into the GENE-TAG components. The unlabeled Terminal TAGs
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used a 300 bp template. Probe hybridization was shortened to 4 hours and TAG hybridization

to 2 hours.

Example 5
WRAP-PROBE Method and TINKER-TAG Reporter Method:

1. Probe Example: WRAP-PROBE to detect MTB similar to Example 2 above:

A. Target-Specific Oligomer: (SEQ ID NO: 18)

| linker to reporter 3t spacer s target specific region 3t spacer
s linktoB

5' GTAGCCTAGCTACCCCTAGGTCTAG-TTT-ACCACAAGACATGCATCCCG-TTT---
GTAGATAGGTAG

B. Generic Overlap Oligomer: (SEQ ID NO: 19)

| linker to reporter link to A |

5' GTAGCCTAGCTACCCCTAGGTCTAG - CTACCTATCTAC

Using methods described in Examples 1-4, synthesize A and B oligonucleotides. Hybridize

and crosslink A and B subunits together to form WRAP-PROBE.

5' Linker to reporter 3t spacer target region 3t spacer link to B
GTAGCCTAGCTACCCCTAGGTCTAGTTTACCACAAGACATGCATCCCGTTT-

GTAGATAGGTAG
\ \ \ <-- TA

crosslink sites
CATCTATCCATC---

GATCTGGATCCCCATCGATCCGATG
link to A Linker to reporter 5'

I1. Reporter Example: TINKER-TAG Method:

A. Proximal Subunit: (SEQ ID NO: 20)

| 1st link to probe/prior unit - overlap - link to Label
Subunit
5S'CTAGACCTAGGGGTAGCTAGGCTAC-ATACGATACTAG-
GGCATAACATAGGCTTACCA

B. Distal Subunit: (SEQ ID NO: 21)
| 1st link to next proximal subunit - overlap - link to Label

Subunit
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5'GTAGCCTAGCTACCCCTAGGTCTAG-CTAGTATCGTAT-
GGCATAACATAGGCTTACCA

C. Label Subunit: (SEQ ID NO: 22)
5' LABEL MOIETY - TGGTAAGCCTATGTTATGCC

D. Terminator: (SEQ ID NO: 23) 5' CTAGACCTAGGGGTAGCTAGGCTAC

Using methods described in Examples 1-4, synthesize A, B, C and D
oligonucleotides. Hybridize and crosslink multiple A and B subunits together to form linear
TINKER-TAG chains, length limited by the addition of a small proportion of Terminators (D
subunit). Depending on the signaling characteristics of the label employed, the Label
Subunits (C) are added to the second linker side arms at the same time or after the probe and
TINKER TAG units are complexed to the target site. See Figure 6. Labeling molecules
include but are not limited to aequorin, enzymatic catalysts, fluorochromes, dyes and metallic

particles.

TINKER-TAG Subunit with side arms to link to Label Subunits:

FREE SIDE ARM
--GGCATAACATAGGCTTACCA 3"
BINDS TO PROBE OR PROXIMAL TAG /
5' CTAGACCTAGGGGTAGCTAGGCTAC-ATACGATACTAG-
-TATGCTATGATC-
GATCTGGATCCCCATCGATCCG ATG 5'
/ BINDS TO NEXT TAG
3" ACCATTCGGATACAATACGG--
FREE SIDE ARM
TINKER-TAG Subunit with Label Subunits attached to side arms:
CCGTATTGTATCCGAATGGT -
LABEL 5'
--GGCATAACATAGGCTTACCA
/
5' CTAGACCTAGGGGTAGCTAGGCTAC-ATACGATACTAG-
- TATGCTATGATC-

GATCTGGATCCCCATCGATCCG ATG 5’
/
ACCATTCGGATACAATACGG--
5'LABEL - TGGTAAGCCTATGTTATGCC
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Using target preparation and hybridization protocols described in Examples 1-4,

hybridize probe to target, wash, hybridize TINKER-TAG arrays to probe, wash, hybridizé

Label Subunits to probe and TINKER-TAG complex if not pre-attached. Detect labeling to

indicate target.

Example 6
RING-LOCK Probe:

Probe Components: (targeting sense strand of MTB 16s RNA sequences)
A. 5' First Probe Subunit: (SEQ ID NO: 24)

| upstream target region 3T spacers linkto 3'end of C |
5'GGTCCTATCCGGTATTAGA-TTT-CTAGGGTTACCATA

B. 3' Reverse Probe Subunit: (SEQ ID NO: 25)
| linkto5'end of E 3T spacers  downstream target region |
5'GCTACTTAGCATAC-TTT-ACCACAAGACATGCATCCCGT

RING-TAIL Components:
C. Forward Ring Subunit: (SEQ ID NO: 26,27)

| generic link to reporters 3Ts overlap region 3¢9s link to 3'
end of A
STAGACCTAGGGGTAGCTAGGCTAC-TTT-ATAAGTACGTAGC-999-
TATGGTAACCCTAG
D. Reverse Ring Subunit: (SEQ ID NO: 28,29)
| generic link to reporters 3Ts overlap region 2¢9s  link to 3'
end of E

S'TAGACCTAGGGGTAGCTAGGCTAC-TTT-GCTACGTACTTAT-99-
CGTACTTACTAGCA

E. Reversing Oligonucleotide: (SEQ ID NO: 30)
|_link to 5'end of B link to 3' end of D |
5' GTATGCTAAGTAGC-TGCTAGTAAGTACG

Using methods described in Examples 1-4, synthesize oligonucleotide subunits A, B,

C, D and E. RING-TAIL components may be prepared in bulk. Combine and covalently join

equimolor proportions of A to E by standard hybridization and crosslink methods to form

RING-LOCK unit. Using methods described in Examples 2-5, manufacture GENE-TAG
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reporters or other reporters with linkers complementary to the RING-TAIL unit. See Figure
17.

Using methods described in Examples 1-5, prepare target sample, hybridize and ligate
RING-LOCK unit to target, denature or wash stringently, hybridize reporters and detect target

mutation or sequence variation.

Example 7
WRAP-LOCK Probe Method:

WRAP-PROBE Component: to detect MTB similar to Example 2 above:
A. Target-Specific Oligomer: (SEQ ID NO: 31)

| link to 5'end of D 3t spacer s target specific region link to
3'end of B
5'GGTAGTAGCTAGCACCTAGGCACCTTA-TTT-ACCACAAGACATGCATCCCG-
TTT--
--CTAGGGTTACCATA

RING-TAIL Components:
B. Forward Ring Subunit: (SEQ ID NO: 32,33)

I link to reporters 3Ts overlap 3¢9s link to 3'
end of A
5'TAGACCTAGGGGTAGCTAGGCTAC-TTT-ATAAGTACGTAGC-999-
TATGGTAACCCTAG

C. Reverse Ring Subunit: (SEQ ID NO: 34,35)
| link to reporters 3Ts overlap 2¢9s  link to 3' end

of D
S'TAGACCTAGGGGTAGCTAGGCTAC-TTT-GCTACGTACTTAT-99--

CGTTACGCTAACCTGCTATCTACCACT

LOCK Component:
D. Overlap Oligomer: (SEQ ID NO: 36)

I link to 5' end of A link to 3' end of C
5TAAGGTGCCTAGGTGCTAGCTACTACC-
AGTGGTAGATAGCAGGTTAGCGTAACG

Using methods described in Examples 1-4, synthesize oligonucleotide subunits A, B,
C and D. RING-TAIL components (B and C) and LOCK component (D) may be prepared in
bulk. Combine and covalently join equimolor proportions of A, B and C components by

standard hybridization and crosslink methods to form WRAP-LOCK unit. Using methods
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described in Examples 2-5, manufacture GENE-TAG reporters or other reporters with linkers
complementary to the RING-TAIL unit. See Figure 18. '
Using methods described in Examples 1-5, prepare target sample, hybridize WRAP-
LOCK unit to target. Hybridize Overlapping LOCK component to close incipient circle of
WRAP-PROBE and RING-TAIL unit complexed to target. Complex of probe and LOCK
component may be treated with psoralen plus UV to form covalently closed circle. Wash

stringently, hybridize reporters and detect target sequence.

Example 8
DOUBLE-LOCK Probe Method:

First Probe Components: (targeting sense strand of MTB 16s RNA sequences)
A. 5' Probe Subunit: (SEQ ID NO: 37)

| upstream target region 3T spacers link to 3'end of C_ |
5' Phos. GGTCCTATCCGGTATTAGA-TTT-CTAGGGTTACCATA

B. 3' Probe Subunit: (SEQ ID NO: 38)
| linkto5'end of E 3T spacers __downstream target region |
5'GCTACTTAGCATAC-TTT-ACCACAAGACATGCATCCCGT

Type 1 RING-TAIL Components:
C. Forward Ring Subunit: (SEQ ID NO: 39,40)

| link to reporters 3Ts overlap region 3¢9s link to 3'
end of A
5" TAGACCTAGGGGTAGCTAGGCTAC-TTT-ATAAGTACGTAGC-¢9¢9¢9-
TATGGTAACCCTAG

D. Reverse Ring Subunit: (SEQ ID NO: 41,42)

| link to reporters 3Ts overlap region  2c9s  link to 3' end
of E
5'TAGACCTAGGGGTAGCTAGGCTAC-TTT-GCTACGTACTTAT-99-
CGTACTTACTAGCA

E. Reversing Oligonucleotide: (SEQ ID NO: 43)
| link to 5'end of B link to 3' end of D |
5' GTATGCTAAGTAGC-TGCTAGTAAGTACG

Second Probe Components: (targeting antisense strand of MTB 16s RNA sequences)
F. 5' Probe Subunit: (SEQ ID NO: 44)

| downstream target region 3T spacers _ link to 3'end of H |
5' Phos.-ACGGGATGCATGTCTTGTGGT-TTT-CTAGGGTTACCATA
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G. 3' Probe Subunit: (SEQ ID NO: 45)
| link to 5'end of J 3T spacers. upstream target region |
5' GCTACTTAGCATAC-TTT-TCTAATACCGGATAGGACC

Type 2 RING-TAIL Components:
H. Forward Ring Subunit: (SEQ ID NO: 46,47)

| link to reporter type 2 3Ts __ overlap region 3¢9s link to 5'
end of F
5'GATACCGTAGCTACGCGTACTACG-TTT-ATAAGTACGTAGC-999-
TATGGTAACCCTAG

I. Reverse Ring Subunit: (SEQ ID NO: 48,49)

o link to reporter type 2 3Ts overlap region 2¢9s link to 3’
end of J

5'GATACCGTAGCTACGCGTACTACG-TTT-GCTACGTACTTAT-99-
CGTACTTACTAGCA

J. Reversing Oligonucleotide: (SEQ ID NO: 50)
| link to 5'end of G link to 3"end of I |
5' GTATGCTAAGTAGC-TGCTAGTAAGTACG

Using methods described in Examples 1-0, synthesize oligonucleotide subunits A to J.
Type 1 and Type 2 RING-TAIL components are prepared in bulk. Combine and covalently
join equimolor proportions of A to E by standard hybridization and crosslink methods to form
Type 1 sense strand RING-LOCK unit. Separately, combine and covalently join equimolor
proportions of F to J by standard hybridization and crosslink methods to form Type 2
antisense strand RING-LOCK unit. Using methods described in Examples 2-5, manufacture
two Types of GENE-TAG reporters or other reporters with linkers complementary to either
the Type 1 or Type 2 RING-TAIL unit. See Figure 19.

Using methods described in Examples 1-6, prepare denatured target sample, hybridize
and ligate Type 1 and Type 2 RING-LOCK units to target. Denature or wash stringently,
hybridize Type 1 and Type 2 reporters, and detect target mutation or sequence variation with

detection preference given to sites containing both Type 1 and Type 2 signaling.
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Example 9

GAP-LOCK First Probe Method with Aequorin Bioluminescence:
Experiments (Figure 20) demonstrate highly sensitive detection when GAP-LOCK

first probe constructs were employed in a microtiter format with MTB target DNA using
aequorin conjugated anti-digoxygenin detection of digoxygenin labeling. Aequorin (trade
name Aqualite) is a bioluminescent commercial detection product developed by Sealite
Sciences, Inc. (Norcross, Georgia).

Bioluminescent detection of MTB target DNA: Biotinylated PCR target product was
denatured for 5 min (1 M NaOH, 200 mM EDTA), neutralized (0.15 M NaZHPO4 pH 6.0),

and added to streptavidin-coated microtiterplates, contamning 2 ng digoxigenin-labeled GAP-

LOCK first probes (see below) in 100 ul hybridization buffer (62.5 mM Na2HPO4 0.94 M
NaCl, 94 mM citric acid, 10 mM MgCI2 0.125% Tween-20, 0.0625% BSA, 15 mM NaN3,

pH 6.5) (final concentration equal to 5.5x SSC). Hybridization at 42°C for 2 hrs was
followed by washing with wash buffer. Anti-digoxigenin aequorin conjugate (5 ng in 100 pi)
was added for 30 min followed by detection measuring enhanced flash (469 nm) on a
luminometer using a calcium trigger solution (50 mM Tris, 10 mM calcium acetate, pH 7.5,

15 mM NaN3). The limit of detection for the luminometer was previously determined

empirically at 2.1x10-17 moles.

Modified Spacer Primer and Reverse Primer to construct GAP-LOCK First Probe for MTB

by PCR:
A. First Probe Oligomer: (SEQ ID NO: 51,52)
| target region C9 spacers M13 forward primer |

5'ACCACAAGACATGCATCCCG-99-CCAGGGTTTTCCCAGTCACGAC

B. Second M13 R Primer: (SEQ ID NO: 53) 5' GAGCGGATAACAATTTCACACAGG

Fabrication: Oligomers A and B were synthesized. Using Oligomers A and B as primers, a
PCR reaction was run using an arbitrary M13 DNA template (300 bp in length) to produce a
long double-stranded reporter containing digoxigenin (1:3 ratio) with a single-stranded probe
on the 5' end.

Application Steps: The probe was hybridized to denatured, biotinylated target DNA,

captured on the surface of the wells. Anti-dig aequorin (Sealite Sciences, Inc. Norcross, GA)
was added; the microtiter plate was put in a luminometer; calcium was added to trigger
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aequorin; and detection levels were recorded. The results in Figure 21B show highly sensitive

detection.

Example 10

GAP-LOCK Probe Method and TINKER-TAG Method with Aequorin Bioluminescence:

I. Probe Components: (targeting sense strand of MTB 16s RNA sequences)

A. 5" GAP-LOCK Capture Probe Subunit: (SEQ ID NO: 54)
] upstream target region spacers link to 3' end of C (capture subunit)|
5' Phosphate--GGTCCTATCCGGTATTAGA-TTT-CTAGGGTTACCATA

B. 3' GAP-LOCK Reporter Probe Subunit: (SEQ ID NO: 55)
| link to TINKER-TAGs spacers downstream target region |
5' GTAGCCTAGCTACCCCTAGGTCTAG-TTT-ACCACAAGACATGCATCCCGT

Capture Subunit: (SEQ ID NO: 56)
C. 5'Biotin--TATGGTAACCCTAG

Using methods described in Examples 1-9, synthesize oligonucleotides A, B and C.
Anneal and crosslink A and C with free psoralen plus long wave UV to make Capture Probe
Subunit.

1. TINKER-TAG Reporter Components:

D. Proximal Subunit: (SEQ ID NO: 57)

I 1st link to probe - overlap - side link to Label
Subunit
5'CTAGACCTAGGGGTAGCTAGGCTAC-ATACGATACTAG-
GGCATAACATAGGCTTACCA

E. Distal Subunit: (SEQ ID NO: 58)

| 1st link to next proximal subunit - overlap - side link to Label
Subunit
5'GTAGCCTAGCTACCCCTAGGTCTAG-CTAGTATCGTAT-
GGCATAACATAGGCTTACCA

F. Label Subunit: (SEQ ID NO: 59)
5" Aequorin Label - TGGTAAGCCTATGTTATGCC

G. Terminator: (SEQ ID NO: 60) 5' CTAGACCTAGGGGTAGCTAGGCTAC
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Using methods described in Examples 1-9, synthesize oligonucleotides D, E, F and G.
Hybridize and crosslink multiple D and E subunits together to form linear TINKER-TAG ~
chains, length limited by the addition of a small ratio (e.g. 1:6) of Terminators (G subunit).
See Figure 6. The GAP-LOCK Reporter Probe Subunits can be added and crosslinked to the
TINKER TAG units at this stage. See Figure 16. The Label Subunits (F) conjugated with
aequorin will not be added to the linker side arms of the TINKER TAGs at this step.

Using methods described in Examples 1-9, mix and hybridize denatured target DNA
or RNA with GAP-LOCK Reporter Probe Subunit and Capture Probe Subunit with Biotin
moiety attached. The TINKER TAG units may be preattached to the Reporter Probe Subunit.
Ligate the Probe Subunits together and transfer sample to capture-ready mictrotiter plates
coated with strepavidin. Denature and wash to remove unligated Reporter Probe Subunits
and released target strands. Add Aequorin Label Subunits to link to side arms of TINKER
TAGs bound to captured probe complex. Wash to remove unlinked Aequorin Label
Subunits. Transfer plate to luminometer and record detection by triggering aequorin flash
with calcium stimulation.

The method should detect and disctinguish 16s MTB RNA sequences (common TB)
from Mycobacterium avium sequences (the AIDS prevalent TB) which differ from the MTB
target sequences by 4 bases in the nucleotides immediately adjacent to the GAP-LOCK probe

ligation site that is employed.

Example 11

GAP-LOCK First Probe Method with FISH detection:
GAP-LOCK First Probes for FISH detection were created with digoxigenins (dig-11-

dUTP) incorporated in the attached reporter tail (1:3 substitution ratio for thymidine bases) to
target a chromosome 12 specific site adjacent to the centromere which has multiple tandem
repeat elements. Because unligated GAP-LOCK First Probes with long reporter tails are
labile, probes for FISH detection were constructed with a short reporter tail of 300 bp and a
large 30 bp probe "footprint" of target specific sequences. BLLAST analysis of the 30 mer
sequences against the GenBank libraries (GenBank, EMBL, DDBJ, PDB) show two

published fragments (171 and 685 bp) with single sites with a 100% match, and when
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including another two published fragments (340 and 1359 bp), a total of five other sites match

the First Probe sequences with homologies of 82% to 96%. The probe was hybridized to the

chromosome target at 37°C for 14 hours, washed and treated with anti-digoxigenin FITC
stain and propidium iodide counterstain by standard methods as described above.

The staining with this Chromosome 12 GAP-LOCK First Probe was very distinctive
as compared to standard FISH probes. Virtually every metaphase cell showed clear sharp
dots or bands on the correct chromosome region and nearly all interphase cells showed the
expected 2 dot or 4 dot labeling configurations. These results were repeated three times.

Using the same methods, additional GAP-LOCK First Probes were prepared for FISH
with a similar configuration (30 bp target end, 300 bp reporter tail) to detect an Alu consensus
sequence. These results showed good FISH labeling of chromosome bands which correspond

to the R-band-like patterning of active genes.

Example 12

WRAP-PROBE and COLOR-TAG Methods for FISH detection:

The following methods apply to the WRAP-PROBE and COLOR-TAG methods in
the FISH format using human chromosome and nuclei preparations to detect and map the
ABR gene and the 15-LO-1 gene on the short arm of Chromosome 17 with respect to the
microsatellite marker D17S379 on the same chromosome. A control probe of similar design
is also provided to detect and map the repetitive subcentromeric site on Chromosome 12
which was previously mapped with the GAP-LOCK First Probe method described in
Example 11 above. The oligonucleotides described include all components needed for
preparing WRAP-PROBEs and COLOR-LINKER chains for the four target sites, as well as
all components required to make four different COLOR-TAG reporters as needed to provide
mixed three-color detection. However, to distinguish these sites, only two color reporters
need be made, and so this example will only use RED and GREEN COLOR-TAGs. Red
labeling is provided by anti-biotin rhodamine fluorescence. Green labeling is provided by
anti-digoxygenin FITC or fluorescein. To simplify this example, the ABR probe is designed
to only attract RED COLOR-TAGs, the 15-LO-1 probe only attracts GREEN COLOR-TAGs,
and both the D17S379 probe and the Chromosome 12 site probe attracts a mix of half RED
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and half GREEN COLOR-TAGs. In FISH detection, the green fluorescent compound, FITC
or fluorescein, actually gives a yellow green color, and the mixed color probes will give a ~
yellow orange color. These probes will be applied to microscope slides containing human
chromosomes and nuclei that are counterstained blue with DAPI since the resulting three

visual probe colors, red, yellow and green, are known to contrast well with this background.

WRAP-PROBE Target Specific Oligomers: (SEQ ID NO: 61)
A 1: CHR-17: ABR gene:
5' CTAGCGTACACCTA-TTT-GAATCCCTTGAAGCCTGAGA-TTT-GTAGATAGGTAG

A 2: CHR-17: 15-LO-1 gene: (SEQ ID NO: 62)
5' CTAGCGTACACCTA-TTT-CAGACAACAGGGAGGCAGCGGCTTTTA-TTT-
GTAGATAGGTAG

A 3: CHR-17: D17S379 microsatellite marker: (SEQ ID NO: 63)

5' CTAGCGTACACCTA-TTT-ACAGTATGTTTTAGTGAATGAATAGATC
-TTT-GTAGATAGGTAG

A 4: CHR-12 subcentromere site: (SEQ ID NO: 64)

5' CTAGCGTACACCTA-TTT-AAAGTGATTGAAATCTCCAACTGGAAACTG
-TTT-GTAGATAGGTAG

WRAP-PROBE generic Reversing Linker: (SEQ ID NO: 65)

B: 5' TAGGTGTACGCTAG--GTAGATAGGTAG

WRAP-PROBE generic COLOR-LINKER Chain Oligomers:
C: Generic Overlap Oligomer: (SEQ ID NO: 66)
5" CTAGTTAGCCTAC--GTAGATAGGTAG

D: RED Reporter Acceptor Oligomers: (SEQ ID NO: 67)
5' GTAGGCTAACCCTAT-CTACGATACGATAGGGCCTAAGAGTAG-
CGACTACCTATCTAC

E: GREEN Reporter Acceptor Oligomers: (SEQ ID NO: 68)
5' GTAGGCTAACCCTAT-GCCTAGACCTAGGGGTAGCTAGGCTAC-
CGACTACCTATCTAC

F: BLUE Reporter Acceptor Oligomers: (SEQ ID NO: 69)
5' GTAGGCTAACCCTAT-CGTAGACCTAGCACGCTACGTACTAGG-
CGACTACCTATCTAC

G: Generic Chain Terminator: (SEQ ID NO: 70)
5" ATAGGGTTAGCCTAC

RED GENE-TAG Oligonucleotides: (SEQ ID NO: 71,72)
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H: Proximal Spacer Oligomer with two 9 carbon spacers: (creates proximal linker)
5' CTACTCTTAGGCCCTATCGTATCGTAG--99--CCAGGGTTTTCCCAGTCACGAC -

I: Distal Spacer Oligomer with two 9 carbon spacers: (creates distal linker) (SEQ ID NO:
73,74)

5' CTACGATACGATAGGGCCTAAGAGTAG--99--
GAGCGGATAACAATTTCACACAGG

J: RED Terminator: (SEQ ID NO: 75)
5'CTACTCTTAGGCCCTATCGTATCGTAG

GREEN GENE-TAG Oligonucleotides: (SEQ ID NO: 76,77)
K: Proximal Spacer Oligomer with two 9 carbon spacers: (creates proximal linker)
5' GTAGCCTAGCTACCCCTAGGTCTAGGC--99--CCAGGGTTTTCCCAGTCACGAC

L: Distal Spacer Oligomer with two 9 carbon spacers: (creates distal linker) (SEQ ID NO:
78,79)

5' GCCTAGACCTAGGGGTAGCTAGGCTAC--99--
GAGCGGATAACAATTTCACACAGG

M: GREEN Terminator: (SEQ ID NO: 80)
5' GTAGCCTAGCTACCCCTAGGTCTAGGC

BLUE GENE-TAG Oligonucleotides: (SEQ ID NO: §1,82)
N: Proximal Spacer Oligomer with two 9 carbon spacers: (creates proximal linker)
5' CCTAGTACGTAGCGTGCTAGGTCTACG--99--CCAGGGTTTTCCCAGTCACGAC

O: Distal Spacer Oligomer with two 9 carbon spacers: (creates distal linker) (SEQ ID NO:
83,84)

5' CGTAGACCTAGCACGCTACGTACTAGG--99--
GAGCGGATAACAATTTCACACAGG

P: BLUE Terminator: (SEQ. ID NO. 85):

5' CCTAGTACGTAGCGTGCTAGGTCTACG

1. Probe assembly:  Using methods described in Examples 1, 2-4 and 11, synthesize above
oligonucleotides A to P and purify. Construct WRAP-PROBESs separately by mixing
equimolar portions of Target Specific Oligomer and Reversing Linker Oligomers in separate
tubes in PCR buffer at 42°C for 10 min as follows: For ABR gene probe: 1:1 ratio ABR
Target Specific Oligomer (A1) with Reversing Linker (B) For 15-LO-1 gene probe: 1:1 ratio
15-LO-1 Target Specific Oligomer (A2) with Reversing Linker (B)For D17S379 marker
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probe: 1:1 ratio D17S379 Target Specific Oligomer (A3) with Reversing Linker (B) For
CHR-12 site probe: 1:1 ratio CHR-12 Target Specific Oligomer (A4) with
Reversing Linker (B)

Construct Chain subunits separately by mixing color specific Reporter Acceptor Oligomers

with generic Chain Overlap Oligomers and generic Chain Terminators in molar proportions

as follows:
Chain specificity: Molar Ratio: Component Name:
For ABR - RED only: a. 14:  Chain Overlap Oligomers (C)

b. 16:  RED Reporter
Acceptor Oligomers (D)
c. 2 Chain Terminators (G)
Chain specificity: Molar Ratio: Component Name:
For 15-LO-1 - GREEN only: a. 14:  Chain Overlap Oligomers (C)
b. 16:  GREEN Reporter
Acceptor Oligomers (D)
c. 2 Chain Terminators (G)
Chain specificity: Molar Ratio: Component Name:
For D17S379- 1:1 RED/GREEN: a. 14:  Chain Overlap Oligomers (C)
b. 8: RED Reporter
Acceptor Oligomers (D)
c. & GREEN Reporter
Acceptor Oligomers (D)
d. 2 Chain Terminators (G)
Chain specificity: Molar Ratio: Component Name:
For CHR-12 - 1:1 RED/GREEN: a. 14:  Chain Overlap Oligomers (C)
b. 8. RED Reporter
Acceptor Oligomers (D)
c. & GREEN Reporter
Acceptor Oligomers (D)
d 2 Chain Terminators (G)

63



WO 00/04192 PCT/US99/16242

Hybridize Chain Units in three separate tubes in PCR buffer at 42°C for 20 min. Tbl
each tube of the three different Chain Units, add an equal volume proportion of the
corresponding pre-hybridized WRAP-PROBE to join probe complex and branch arm
complex together. Then crosslink all components together by adding 3 ug/ml psoralen
(4,5',8-trimethylpsoralen) to each tube for 10 min. Treat with 15 W blacklite lamp (360 nm)
at 1 inch for 15 min. Use clear thin wall PCR tubes. Purify the three probes on Microcon 30
microfuge columns.

These ratios should give one probe molecule per every two Chain subunits. Each
WRAP-PROBE should therefore have approximately eight GENE-TAG acceptor sites on
each Chain extending from the terminal ends of the probe, for a total of about sixteen such
sites per probe. The total length of the probe with two Chains should be less that 900 bases.
2. RED Reporter Amplification and Hapten Labeling: Generate RED reporters by PCR using
2 ul RED Forward Primer with spacers, 2 ul RED Reverse Primer, 2 ul M13 template (300
bp), and incorporate biotin-16-dUTP in ratio: 1 biotinylated base per 3 thymidine bases.

Purify reporters with Microcon 100 microfuge columns.

3. GREEN Reporter Amplification and Hapten Labeling: Generate GREEN reporters by
PCR using 2 pl GREEN Forward Primer with spacers, 2 ul GREEN Reverse Primer, 2 pl
M13 template (300 bp), and incorporate digoxyigenin-11-dUTP in ratio: 1 biotinylated base

per 3 thymidine bases. Purify reporters with Microcon 100 microfuge columns.

4. GENE-TAG Chain Assembly: Pre-mix and hybridize in two separate tubes:
RED COLOR-TAGs with RED Terminator molecules, GREEN COLOR-TAGs with GREEN
Terminator molecules, in PCR buffer at 470C for 20 min, using different molar ratios as

needed for signaling. Start with 3:1 ratio; progress to 10:1 ratio if required.

5. Hybridize Probe/Chain units to denatured, dehydrated target DNA at 37°C
for 2 to 6 hrs.

a. ABR Probe/Chain unit w/ RED reporter acceptors

b. 15-LO-1 Probe/Chain unit w/ GREEN reporter acceptors
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c. D17S34 Probe/Chain unit w/ 1:1 RED/GREEN reporter acceptors
d. CHR-12 site Probe/Chain unit w/ 1:1 RED/GREEN reporter acceptors

6. Rinse with hot hybridization buffer (42-47°C) containing equal amounts of RED and
GREEN reporter chains. (Alternatively, add RED and GREEN COLOR-TAGs and RED and
GREEN Terminators in molar proportions as described in step 4 above.) Continue 42°C

hybridization for 4 to 8 hours.

7. Rinse and add anti-digoxygenin FITC and anti-biotin Rhodamine or Texas Red, DAPI

counterstain.

8. Fluorescent microscope analysis and photography.

Other Experimental Protocols relating to FISH and COLOR-TAG :

Lymphocyte cultures are grown by standard cytogenetic methods using PHA
stimulation and colchicine mitotic arrest to harvest metaphase cells. Cells are swollen by KCI
hypotonic and fixed with 3:1 methanol/acetic acid.

The hybridization and post hybridization protocols are based in part on Reid et al.
[Proc Natl Acad Sci USA Vol. 89, pp. 1388-1392 (1992)], Wu et al. [Genomics, Vol. 17, pp.
163-70 (1993)] and the modifications of Matera and Ward [Hum. Mol. Genetics, Vol. 1, pp.
535-539 (1992)] that are specific for oligonucleotide based FISH probes. Slides with
metaphase chromosomes or interphase nuclei are denatured in 70% formamide in 2xSSC for
2 min. at 720 C, dehydrated with 2 min. rinses in 70, 90 and 100% ice cold ethanol, and air
dried. For each slide, 10 to 25 microliters of hybridization mixture is used containing 20 ng
of the WRAP-PROBEs, 20 to 40% formamide, 5 to 10% dextran sulfate, 2xSSC, 0.1% SDS,
5xDenhart's solution, 1xBackground Quencher (MRC) and 40 mM sodium phosphate. In situ
hybridization is maintained at 370 to 420 C in a humidified chamber. Probe hybridization is
tested in the range of 2 to 6 hours. COLOR-TAG reporter hybridization is tested at 4 to 8
hours, but up to 18 hours if needed. Adjustments in formamide concentration and
temperature are essential for optimizing FISH. Denaturing the double-stranded COLOR-

TAG reporters prior to or during hybridization is avoided.

65



WO 00/04192 PCT/US99/16242

After hybridization, the slides are washed in 20 to 45% formamide/2xSSC for 10 min
at 37 to 420 C, followed by 0.1xSSC for 15 min at 550 C. Digoxygenin or biotin labeled -‘
preps are incubated at 370C for 5 min. with either 60 pl of anti-dig conjugated FITC or avidin
conjugated rhodamine. Slides are then washed for 3 min. each in 2xSSC with 0.1% Triton X-
100 at room temperature. Slides are generally counterstained with 18 ul of either propidium
iodide (orange-red) or DAPI (pale blue) with antifade. FISH stained cells are detected by
fluorescent microscopy using a triple bandpass filter and photographed with Kodak Elite 400
color film. Image processing is conducted with a Cytovision Imaging System optimized for
FISH (Applied Imaging).

After COLOR-TAG based FISH analysis in this example, interphase cells were
observed with spectrally confirmed labeling patterns indicative of fluorescent detection of the
three color signals, red only, green only, and red/green mixed 50/50, and with appropriate
localizations for the four probes. See Figure 13. Thus, the WRAP-PROBEs and chained
COLOR-TAGs were adequately conjoined to produce considerably more signaling than has
been achieved with oligonucleotide based probes. Metaphase detection would be required to

demonstrate the mappling potential of this technology.

Example 13

Duo-Layered GENE-TAG Method

In order to apply chains of GENE-TAG reporters in a more controlled manner, two
types of GENE-TAGs were created that could stack on one another end to end but that would
not form chains in solution when kept separately. See Figure 7A. These alternating GENE-
TAGs were constructed by using the modified spacer primers that were previously employed
in Example 12 above to create GREEN and RED COLOR-TAGs for the COLOR-TAG
system. In this case, however, the PCR primer pairs for the reporter template were switched
by combining the Proximal Spacer Oligomer of the RED COLOR-TAGs and the Distal
Spacer Oligomer of the GREEN COLOR-TAG units to make Type I GENE-TAGs, and
conversely the Proximal Spacer Oligomer of the GREEN COLOR-TAGs was combined with
the Distal Spacer Oligomer of the RED COLOR-TAG units to make Type II GENE-TAGs.
Thus if a WRAP-PROBE or other probe provided linkers for joining RED COLOR-TAGs,
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Type I COLOR-TAGs could be applied. However, since the distal end of this Type I reporter
has GREEN linker sequences, only one such COLOR-TAG would bind to each probe ~
forming a single layer of GENE-TAGs on a group of bound probes. Then following this step,
with a wash step in between, a Type Il GENE-TAG could be similarly applied, to form a
second layer, since this GENE-TAG would bind to the distal termini of the prior Type I layer.
Thus, alternating layers of Type I and Type II could be applied successively. See Figure 7B.
Type I Duo GENE-TAG Oligonucleotides:

A: Proximal Spacer Oligomer with two 9 carbon spacers: (creates proximal linker) (SEQ ID
NO. 86, 87)
5' CTACTCTTAGGCCCTATCGTATCGTAG--99--CCAGGGTTTTCCCAGTCACGAC

B: Distal Spacer Oligomer with two 9 carbon spacers: (creates distal linker)(SEQ ID NO. 88,
89)

5' GCCTAGACCTAGGGGTAGCTAGGCTAC--99--
GAGCGGATAACAATTTCACACAGG

Type II Duo GENE-TAG Oligonucleotides: (SEQ ID NO. 90, 91)
C: Proximal Spacer Oligomer with two 9 carbon spacers: (creates proximal linker)
5' GTAGCCTAGCTACCCCTAGGTCTAGGC--99--CCAGGGTTTTCCCAGTCACGAC

D: Distal Spacer Oligomer with two 9 carbon spacers: (creates distal linker) (SEQ ID NO. 92,
93)

5' CTACGATACGATAGGGCCTAAGAGTAG--99--
GAGCGGATAACAATTTCACACAGG

Duo GENE-TAG fabrication: Using methods described in Examples 1, 2, 4, 6, 7 and 12,
synthesize oligonucleotides A, B, C and D. Oligomer set A and B and oligomer set C and D
serve as primers in two separate PCR reactions using a M13 DNA template 600 bp long to

create Type I and Type Il GENE-TAGs. Radioactive P32 is incorporated in 1:3 thymidine
bases during PCR.

Application Steps: Using methods described in Examples 1, 2, 4, 6 and 7, mix and hybridize
denatured target DNA or RNA with WRAP-PROBE:s targeted to a membrane bound
substrate. Add Type I GENE-TAG reporters to bind via complementary linkers to bound
probe. Remove solution and wash briefly to remove unbound GENE-TAGs. Removed
solution with Type I GENE-TAGs may be retained and reapplied at a latter step. Add Type I
GENE-TAG reporters to bind via complementary linkers to bound Type I GENE-TAGs.
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Remove solution and wash briefly to remove unbound GENE-TAGs. Repeat above steps
with Type I followed by Type II in succession as needed. In current practice only one to
three layers were applied. Radioactive labeling is then read with a phosphoimager for 2 to 4
hours or with x-ray film exposure for 6 to 18 hours. This layered application of Type I and
Type I GENE-TAGs was employed and compared to the use of standard GENE-TAGs
joined in chains. The spacer primer set to make RED GENE-TAGs was employed to make
P32 labeled standard GENE-TAGs and these products were mixed with a terminator oligomer
on a 3:1 basis to produce chains averaging three GENE-TAGs long. In parallel, the Type I
and Type II GENE-TAGs were made at the same time and they were labeled by the same
protocol as described above.

Nylon membranes were prepared with slot blot depositions of 10" copies of the target
DNA, 15-LO-1, a control DNA, TNF a, and a second control sample such as sterile water.
WRAP probes containing a 257 bp sequence of 15-LO-1 cDNA were prepared with a
biotinylated primer containing overlap linker sequences and with oligonucleotide adapters
containing a terminal GENE-TAG Linker sequence corresponding to that of the RED
COLOR-TAGs or to the proximal linker of the Type I GENE-TAGs.

The probe was hybridized overnight at 48 degrees C., washed and then either the 3:1
chain of standard GENE-TAGs or a Type I GENE-TAG was applied to each sample in a
roller hybridization apparatus at 42 degrees C. The chain of standard GENE-TAGs was
hybridized to the probe complex for 6 hours and detection was accomplished with x-ray film.
See Figure 8A. With the alternate layering protocol, three samples were prepared for each
concentration and treated separately. In the first sample, the Type I GENE-TAGs were
hybridized for 2 hours, then washed and layered with Type Il GENE-TAGs for another two
hours, followed by a third treatment for two hours with Type I GENE-TAGs. In the second
sample, only two such layers were applied, and in the third sample, only one such layer was
applied. Thus, all samples, including those treated with a 3:1 chain of standard GENE-TAGs,
were then removed and applied at the same time to x-ray film for comparative detection. See
Figure 8B.

The results of several such experiments indicate that layered GENE-TAGs provide
more efficient and sensitive detection than standard GENE-TAGs joined in a chain and

applied together.
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Example 14

Double Duo GENE-TAG Method

In order to provide branching rather than linear arrays of GENE-TAG reporters, the
Type I and Type Il GENE-TAG reporters of Example 13 were additionally created with
double distal linkers in tandem so that signaling could be doubled with each layer that is
applied. See Figure 9. This method applies the Type I and the Type II GENE-TAGs in
sequential manner using the same methods and procedures of Example 13 except that the
following modified spacer oligomers are employed in manufacturing Type I and Type II

GENE-TAGs with double distal linkers.

Type I Double Duo GENE-TAG Oligonucleotides: (SEQ ID NO. 94,95)
A: Proximal Spacer Oligomer with two 9 carbon spacers: (creates proximal linker)
5' CTACTCTTAGGCCCTATCGTATCGTAG--99--CCAGGGTTTTCCCAGTCACGAC

B: Double Distal Spacer Oligomer with two 9 carbon spacers: (creates double
distal linker) (SEQ ID NO. 96,97,98)

5!

GCCTAGACCTAGGGGTAGCTAGGCTAC--
99GCTAGACCTAGGGGTAGCTAGGCTAC--99--GAGCGGATAA
CAATTTCACACAGG

Type II Double Duo GENE-TAG Oligonucleotides: (SEQ ID NO. 99,100)
C: Proximal Spacer Oligomer with two 9 carbon spacers: (creates proximal linker)
5' GTAGCCTAGCTACCCCTAGGTCTAGGC--99--CCAGGGTTTTCCCAGTCACGAC

D: Double Distal Spacer Oligomer with two 9 carbon spacers: (creates double
distal linker) (SEQ ID NO. 101,102,103)

5!

CTACGATACGATAGGGCCTAAGAGTAG--99--
CTACGATACGATAGGGCCTAAGAGTAG--99--GAGCGGATAA
CAATTTCACACAGG

Example 15

Two-Part GENE-TAG Multi-LINKER
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In order to provide branching linkers for the binding of multiple GENE-TAGs to a
WRAP-PROBE, GAP-LOCK probe or other probes affixed with complementary linkers, a '
set of Two Part Multi-LINKERs were created. These multi-linkers were designed so that
both the first linker to be joined to the probe and the multiple terminal distal linkers to be
joined to the GENE-TAGs have sufficient length and sequence exclusivity to join these
components durably and reliably in an in situ situation, that is where the probe and target
have been hybridized together in a detection format and diverse non-target nucleotide
sequences may be available in the target sample. In addition, the first and distal linkers of the
composite Two-Part Multi-LINKER have the capacity to be crosslinked to either the probe or
to GENE-TAGs either before application or afterwards.

Two-Part GENE-TAG Multi-LINKER

First Component: One to Four Multi-Linker (SEQ ID NO. 104,105,106,107,108)

5'
CTACTCTTAGGCCCTATCGTATCGTAG-9-GTAATAGCGTAC-9-GTAATAGCGTAC-
9-GTAATAGCGTAC-9-G

TAATAGCGTAC

Second Component: One to Two Multi-Linker (SEQ ID NO. 109,110,111)

5" GCCTAGACCTAGGGGTAGCTAGGCTAC-99-
GCCTAGACCTAGGGGTAGCTAGGCTAC-99-GTACGCTATTAC

The Multi-LINKER components are hybridized together in vitro with a molar ratio of the
second components that is at least four times the molar quantity of the first component using
the methods described in Example 12 above. If the probe and Multi-LINKER are to be
crosslinked together, these components are mixed together under the same hybridizing
conditions and the crosslinking of all components with psoralen and UV is performed in a

single step rather than sequentially since a second hit with UV may break the covalent bonds

established previously.

Example 16

Three-Part Oligo-TAG Multi-LINKER
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In order to provide branching Multi-Linkers for the binding of multiple short labeled
oligonucleotides, called Oligo-TAGs, to a WRAP-PROBE, GAP-LOCK probe or other '
probes affixed with complementary linkers, a set of Three-Part Multi-LINKERs were
manufactured. These multi-linkers were designed so that the first linker to be joined to the
probe has sufficient length and sequence exclusivity to join these components durably and
reliably in an in situ situation, that is where the probe and target have been hybridized
together in a detection format and diverse non-target nucieotides may be available in the
target sample. In addition, the first linker of the composite Three-Part Multi-LINKER may
be crosslinked to the linker of the probe.

These Three-Part Multi-LINKERs were also designed in two sets so that comparative
labeling could be employed where one probe would have the capacity to bind or would be
prebound to the first multi-linker set and where a second probe would have the capacity to
bind or would be prebound to the second multi-linker set. This particular two set example
was designed and made to bind labeled oligonucleotides with the fluorescent compounds Cy3
and Cy5 which are commonly employed in comparative hybridizations with DNA chip
technologies and FISH protocols. The Cy3 and Cy5 components are commercially available
in phosphoramidite form allowing them to be easily added to the 5" end of an oligonucleotide

duringsynthesis using common commercial synthesizers.

Three-Part Oligo-TAG Multi-LINKERs

Red Set for Cy5 labeled Oligo-TAGs (SEQ ID NO. 112,113,114,115,116)

One to Four First Linker

5'
CTACTCTTAGGCCCTATCGTATCGTAG-9-GTAATAGCGTAC-9-GTAATAGCGTAC-
9-GTAATAGCGTAC-9-G

TAATAGCGTAC

One to Four Second Linker (SEQ ID NO. 117,118,119,120,121)
5'CTAGGTAGCTAG-9-CTAGGTAGCTAG-9-CTAGGTAGCTAG-9-CTAGGTAGCTAG-
9-GTACGCTATTAC

One to Four Third Linker (SEQ ID NO. 122,123,124,125,126)
5' CTAGCTACCTAG-99-GTACGTAACTAG-99-GTACGTAACTAG-99-
GTACGTAACTAG-99-GTACGTAACTAG

Red Set Oligo-TAG with Cy5 (SEQ ID NO. 127)
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5'cy5--CTAGTTACGTAC

Green Set for Cy3 labeled Oligo-TAGs (SEQ ID NO. 128,129,130,131,132)

One to Four First Linker

5V
GCCTAGACCTAGGGGTAGCTAGGCTAC-9-CTACCTATCTAC-9-CTACCTATCTAC-
9-CTACCTATCTAC-9-C

TACCTATCTAC

One to Four Second Linker (SEQ ID NO. 133,134,135,136,137)
5' CTAGGTAGCTAG-9-CTAGGTAGCTAG-9-CTAGGTAGCTAG-9-CTAGGTAGCTAG-
9-GTACGCTATTAC

One to Four Third Linker (SEQ ID NO. 138,139,140,141, 142)
5'CTAGCTACCTAG-99-CTATCTAGTACG-99-CTATCTAGTACG-99-
CTATCTAGTACG-99-CTATCTAGTACG

Green Set Oligo-TAG with Cy3 (SEQID NO. 147)

5'cy3--CGTACTAGATAG

The Multi-LINKER components of each set are hybridized together in vitro with a molar
ratio of the second components that is at least four times the molar quantity of the first
component, and with the molar ratio of the third components that is at least four times the
molar quantity of the second component, using the methods described in Example 12 and 15
above. If the probe and Multi-LINKER are to be crosslinked together, these components are
mixed together under the same hybridizing conditions, and the crosslinking of all components
with psoralen and UV is performed in a single step rather than sequentially as described in

Examples 12 and 16 above.

Example 17

Double-WRAP FISH PROBEs

In order to map genes more reliably by FISH, two WRAP-PROBESs are made to each
target sequence one being complementary to the sense strand and the other being
complementary to the antisense strand. The two WRAP-PROBESs are made with different
linker sequences as described in Examples 8 above for DOUBLE-LOCK probes in order to
bind different reporters such as the RED and GREEN GENE-TAGs of Example 12 above,
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and they are applied and detected in the same manner using the FISH protocols described in
Example 12 . The example is for a pair of Double-WRAP FISH PROBESs for the promoter

region of the 15-LO-1 gene on Chromosome 17.

WRAP-PROBESs: CHR-17: 15-LO-1 gene (SEQ ID NO. 143)

Sense Target Oligomer:

1. 5

CTACGATACGATAGGGGTAAGAGTAG--TTT--
CAGACAACAGGGAGGCAGCGGCTTTTA--TTT--GTAGATAGG
TAG

Sense Overlap Oligomer (SEQ ID NO. 144)
2. 5' CTACGATACGATAGGGGTAAGAGTAG--TTT--CTACCTATCTAC

Anti-Sense Target Oligomer: (SEQ ID NO. 145)

3.5

GCCTAGACCTAGGGGTAGCTAGGCTAC--TTT--
TAAAAGCCGCTGCCTCCCTGTTGTCTG-TTT--GTAGATAGG
TAG

Anti-Sense Overlap Oligomer (SEQ ID NO. 146)
4. 5' GCCTAGACCTAGGGGTAGCTAGGCTAC--TTT--CTACCTATCTAC

Hybridize and crosslink components 1 and 2 together in vitro and do the same with
components 2 and 3 in a separate tube using the methods described in Example 12.
Hybridize probes separately or simultaneously to the target sample, and wash and hybridize
RED and GREEN GENE-TAGs to the probe and target complexes. The RED and GREEN
GENE-TAGs may be applied in linear chains or branching chains using double distal linkers
as described in Example 14 above. The protocols of Examples 8 and 12 are used to detect
the two colored reporters separately and thus confirm a valid target detection.

The present invention relates generally to a modular method of integrating different
gene probe methods and reporter methods for biological research and diagnostics by
designing a set of nucleic acid probe compositions and a set of related reporter compositions
that can be interchanged and joined together, either directly or indirectly. The present
invention consists in part of the design and employment of common sets of artificial
complementary nucleotide linker sequences that can join, align or multiplex different probe

and reporter units together in a functional and versatile manner. The present invention
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consists in part of the design and employment of an additional set of interconnecting
polynucleotide compositions, known as multilinkers, that similarly join, align, amplify or
bring into functional association the aforesaid probe and reporter compositions by virtue of
designing and making said multilinkers with sets of nucleotide sequences that allow partial or
complete self assembly and that correspond in whole or in part to the common linker sets of
the probe and reporter compositions of the present invention. The present invention also
consists in part of the future probe and reporter compositions and methods that may herewith
be created by virtue of employing the modular design principles of the present invention, or
by employing the same or similar linker sets and multilinker compositions that are herein

embodied.

While the foregoing specification teaches the principles of the present invention, with
examples provided for the purpose of illustration, it will be understood that the practice of the
invention encompasses all of the usual variations, adaptations, and modifications, as come

within the scope of the following claims and its equivalents.
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WHAT IS CLAIMED I8S:

1. A GENE-TAG reporter, suitable for joining to a probe either alone or in combination
with another GENE-TAG reporter, comprising a labeled, double-stranded polynucleotide
sequence having one or more first linkers, said first linker comprising a single-stranded
nucleotide sequence hybridizable to a complementary single-stranded nucleotide sequence,

wherein said first linkers is not hybridizable to a target sequence of said probe.

2. The GENE-TAG of Claim 1, wherein said GENE-TAG further comprises one or more
second linkers opposed to said first linker, said second linker comprising a single-stranded
nucleotide sequence hybridizable to a complementary nucleotide sequence, wherein said

second linker is not hybridizable to a target sequence of said probe.

3. The GENE-TAG of Claim 2, wherein said first and second linkers are

complementary.

4, A reporter array, suitable for joining to a probe, comprising two or more of the
GENE-TAGs of Claim 3, linked together end-to-end by hybridization of the second linker of
a first GENE-TAG to the first linker of a second GENE-TAG, and optionally, additional
GENE-TAGs linked to the remainder of the array by hybridization of the first linker of each
subsequent GENE-TAG to the second linker of the preceding GENE-TAG in the array, to
form a chained or branched configuration having one or more terminal ends, said terminal

end comprising a second linker of a terminal GENE-TAG.

5. The reporter array of Claim 4, further comprising a one or more terminators, wherein
said terminator comprises a single-stranded nucleotide sequence complementary to the
second linker of one or more terminal GENE-TAGs, whereby said terminator forms said

terminal end.
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6. The GENE-TAG of Claim 2, wherein the first and second reporter linkers are not

complementary.

7. A reporter array, suitable for joining to a probe, said reporter array comprising two or
more of first GENE-TAGs of Claim 6, linked indirectly by one or more second GENE-TAGs
of Claim 6 by end-to end by hybridization of the second linker of a first GENE-TAG to the
first linker of a second GENE-TAG, and hybridization of the second linker of a second
GENE-TAG to the first linker of said first GENE-TAG, and optionally, additional non-
complementary GENE-TAGs linked to the remainder of the array by hybridization of the first
linker of each subsequent GENE-TAG to the complementary second linker of the preceding

GENE-TAG in the array, to form a chained or branched configuration.

8. A probe, suitable for hybridizing to a target nucleotide sequence, said probe
comprising a first terminal linker, a second terminal linker, and a central sequence
complementary to said target nucleotide sequence, wherein said first and second terminal
linkers comprise single-stranded nucleotide sequences hybridizable to a complementary

nucleotide sequence, but not hybridizable to the target nucleotide sequence of said probe.

9. A composite probe, suitable for hybridizing to a target nucleotide sequence,
comprising at least one probe, said probe comprising a polynucleotide sequence
complementary to said target nucleotide sequence, said composite probe further comprising a
polynucleotide ring unit, wherein said polynucleotide ring unit is joined to said probe to form

an incipient closed loop.

10.  The composite probe of Claim 9, comprising a first and second probe, wherein said
first probe comprises a sequence complementary to a first region of said target nucleotide

sequence, and wherein said second probe comprises a sequence complementary to a second
region of said target sequence, wherein said ring unit is joined to said first probe and to said

second probe, thereby forming an incipient closed loop.
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11. A Multi-LINKER multi-linking unit, which allows two or more reporters to be bOliI{d
to a probe, comprising a first polynucleotide comprising a first terminal linker, a second
terminal linker, and at least one internal linker, wherein said first terminal linker, and at least
two of said internal and second terminal linkers are hybridizable to complementary nucleotide
sequences, and wherein said first and second terminal linkers and said internal linker are not

hybridizable to a target sequence of said probe.

12.  The Multi-LINKER of Claim 11, further comprising one or more additional
polynucleotides, said additional polynucleotide comprising a first terminal linker, at least one
internal linker, and a second terminal linker, wherein the first polynucleotide is joined to the
additional polynucleotides by hybridization of the additional polynucleotide to the internal or
second terminal linker of the first polynucleotide, and wherein said first and second terminal

linkers and said internal linker are not hybridizable to a target sequence of said probe.

13. A GAP-LOCK method for detecting a target nucleotide sequence, comprising the
steps of:

a) rendering the target nucleotide sequence substantially single-stranded to give a
single-stranded target nucleotide sequence;

b) hybridizing the target sequence with a first probe and with a second probe,
wherein said first and second probes hybridize at tandem locations on the
target nucleotide sequence, wherein each of said first and second probes
comprises a proximal ligation end and wherein one or both of said first or
second probes further comprises a distal linker, said distal linker comprising a
single-stranded nucleotide sequence that does not hybridize to the target
nucleotide sequence; wherein said distal linker is joined to one or more
reporters, either prior to or subsequent to the hybridization of the first and
second probes to the target sequence;

c) ligating the hybridized first and second probes at their respective proximal
ligation ends to form a composite probe structure known as a GAP-LOCK
probe:
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d) joining said reporter or reporters to said distal linker, if not previously joined;
€) denaturing to remove any unligated first and second probe;
f) determining whether the target nucleotide sequence is present by
detecting the presence or absence of said reporter or reporters.
14. The method of claim 13, wherein one of said first or second probes comprises a distal
linker.
15.  The method of claim 13, wherein said first probe comprises a first distal linker, and

wherein said second probe comprises a second distal linker.

16. The method of claim 15, wherein the first and second distal probe linkers have a

common sequence and orientation.

17. A RING-LOCK method for providing circular enclosure of a target strand by a

composite probe, comprising:

a)
b)

c)

d)

providing a target strand comprising a target sequence;

providing the first and second probe of Claim 15,

providing a RING-TAIL Unit comprising at least three single-stranded
polynucleotides, wherein at least one single-stranded polynucleotide is joined
or suitable for joining to the first distal linker, and wherein at least one single-
stranded polynucleotide is joined or suitable for joining to said second distal
linker; and wherein at least one single-stranded polynucleotide is joined or
suitable for joining to one or more reporters;

rendering or treating said probes and said RING-TAIL Unit to effect cross
linking or to increase binding;

hybridizing the first and second probe to the target, thereby forming a
hybridized complex;

ligating said first and second probes, thereby forming a closed loop or an

incipient closed loop around the target strand;
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g) hybridizing at least one single-stranded polynucleotide to said first distal probe
linker, if not previously joined; hybridizing at least one single-stranded "
polynucleotide to said second distal probe linker, if not previously joined;

h) hybridizing a reporter or reporters to at least one single-stranded
polynucleotide, if not previously attached, or if necessary;

1) denaturing or washing the hybridized complex to remove unligated probe and
reporters;

i) detecting the presence of reporters to indicate the target sequence.

18. A method of simultaneously detecting a target sequence on both a sense and an

antisense strand of DNA, known as a DOUBLE RING-LOCK method, comprising:

a)

b)

d)

providing a double-stranded DNA comprising a sense target strand and an
antisense target strand, wherein said sense target strand comprises a sense
target sequence, and wherein said antisense target strand comprises an
antisense target sequence;

providing a first sense probe and a second sense probe of Claim 15;

providing a first antisense probe and a second antisense probe of Claim 15;
providing a first RING-TAIL Unit comprising at least three first single-
stranded nucleotides, wherein at least one said first single-stranded nucleotide
is joined or suitable for joining to said first distal linker of said sense first
probe, and wherein at least one said first single-stranded nucleotide is joined
or suitable for joining to said first distal linker of said second sense probe, and
wherein at least one first single stranded nucleotide is joined or suitable for
joining to one or more first reporters;

providing a second RING-TAIL Unit, comprising at least three second single-
stranded polynucleotides, wherein at least one said second single-stranded
polynucleotide is joined or suitable for joining to said first distal linkerof said
antisense first probe, and wherein at least one said second single-stranded
polynucleotide is joined or suitable for joining to said first distal probe linker
of said second antisense probe, and wherein at least one second single stranded

polynucleotide is joined or suitable for joining to one or more second
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reporters, wherein said second reporter produces a signal distinct produces a
signal distinct from a signal produced by said first reporter; -‘

® treating the probes and RING-LOCK Units, at this step or another step, to
effect cross linking or to increase binding;

(g) hybridizing said first and second sense probes to the sense strand, thereby
forming a sense hybridized complex; and hybridizing said first and second
antisense probes to the antisense strand, thereby forming an antisense
hybridized complex;

(h) ligating said first and second sense probes, thereby forming a closed loop or an
incipient closed loop around the sense target strand; and ligating said first and
second antisense probes, thereby forming a closed loop or an incipient closed
loop around the antisense target strand;

(1) joining at least one first single-stranded polynucleotide to said first distal
linker of said first sense probe, if not previously joined; joining at least one
first single-stranded polynucleotide to said second distal linker of said second
sense probe, if not previously joined; joining at least one second single
stranded polynucleotide to said first distal linker of said first antisense probe,
if not previously joined; joining at least one second polynucleotide to said
second distal linker of said second antisense probe, if not previously joined;

) joining one or more first reporters to at least one said first single-stranded
polynucleotide, if not so previously joined; joining one or more second
reporters to at least one said second single-stranded polynucleotide, wherein
said second reporter produces a signal distinct from said first reporter;

(k) determining whether the sense target sequence is present by detecting the
presence or absence of said first reporter or reporters; or determining whether
the antisense target sequence is present by detecting the presence or absence of

said second reporter or reporters; or both.

19.  The method of Claim 14, for use under liquid or near-liquid hybridization conditions,

wherein said first probe comprises a distal end that is joined to a capture moiety, and said
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second probe has a second distal linker, further comprising denaturing to remove the target

sequence, and capturing the GAP-LOCK probe to detect the reporter.

20. The method of claim 15, wherein said first probe further comprises a capture moiety
joined to said first distal linker, further comprising denaturing to remove the target sequence,

and capturing the GAP-LOCK probe to detect the reporter.

21. A GAP-LOCK method for detecting a target nucleotide sequence, comprising:

a) rendering the nucleotide sequence substantially single-stranded to give a
single-stranded nucleotide sequence;

b) hybridizing the target sequence with a first probe and a second, wherein said
first and second probes hybridize at tandem locations on the target, wherein
each of said first and second probes comprises a proximal ligation end, and a
distal end pre-joined to one or more reporters;

c) ligating the hybridized first and second probes at their respective proximal
ligation ends to form a GAP-LOCK probe;

d) denaturing or washing to remove any unligated first and second probe;

e) determining whether the target nucleotide sequence is present by detecting the

presence or absence of said reporter or reporters.

22.  The method of Claim 21, wherein said distal end is pre-joined directly to a first

reporter comprising a labeled, double-stranded polynucleotide generated by PCR.

23.  The method of Claim 22, wherein said first reporter further comprises one or more
distal reporter linkers, said distal reporter linker comprising a single-stranded nucleotide
sequence hybridizable to a complementary nucleotide sequence, said distal reporter linker not

hybridizable to the target nucleotide sequence.

24.  The method of claim 23, further comprising a labeled, double-stranded DNA

sequence, known as a GENE-TAG, comprising one or more first reporter linkers, said first
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reporter linker comprising a single-stranded nucleic acid sequence hybridized to the distal

reporter linker of said first reporter.

25. The method of claim 23, further comprising a reporter array, said reporter array
comprising a first labeled, double-stranded polynucleotide sequence, known as a GENE-
TAG, linked together end-to-end by hybridization to one or more GENE-TAGS, wherein said
first GENE-TAG comprises one or more first reporter linkers, said reporter linker comprising
a single-stranded nucleotide sequence hybridizable to the distal reporter linker of said first
reporter, and one or more second reporter linkers hybridized to one or more first reporter
linkers of a second GENE-TAG, and wherein said second GENE-TAG further comprises one
or more second reporter linkers, and optionally, additional GENE-TAGs linked to the
remainder of the array by hybridization of the first reporter linker of each subsequent GENE-
TAG to the second reporter linker of the preceding GENE-TAG in the array, to form a
chained or branch configuration having one or more terminal ends, said terminal end

comprising the second reporter linker of a terminal GENE-TAG.

26.  The method of Claim 25, further comprising one or more terminators, wherein said
terminator comprises a single-stranded polynucleotide sequence complementary to the second
reporter linker of one or more terminal GENE-TAGs, whereby said terminator forms said

terminal end.

27.  The method of Claim 21, for use under liquid or near-liquid hybridization conditions,
wherein said first probe comprises a distal end that is joined to a capture moiety, and said
second probe has a distal end attached to one or more reporters, further comprising denaturing

to remove the target sequence, and capturing the GAP-LOCK probe to detect the reporter.

28. A WRAP-PROBE method for detecting a target nucleotide sequence, comprising:
a) rendering the target nucleotide sequence substantially single-stranded to give a
single-stranded target nucleotide sequence;
b) hybridizing the single-stranded target nucleotide sequence with a nucleic acid

probe, thereby forming a hybridized WRAP-PROBE complex of a single-
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stranded target nucleotide sequence and a nucleic acid probe, said WRAP-
PROBE comprising a central sequence complementary to the single—stranded'
target nucleotide sequences, and further comprising a probe linker at one or
both terminal ends, said probe linker comprising a single-stranded nucleotide
sequence that does not hybridize to the target sequence; wherein said probe
linker sequence is joined to one or more reporters, either prior to or subsequent

to the hybridization of the probe to the target sequence;

c) washing to remove any unbound probe;

d) joining said reporter to said probe linker, if not previously joined;

e) detecting the presence or said reporter or reporters to indicate the target
sequence.

29.  The method of Claim 28, wherein the probe comprises a first terminal probe linker.

30.  The method of Claim 28, wherein the probe comprises a first terminal probe linker

and a second terminal probe linker.

31. The method of Claim 30, wherein the reporter is a labeled, double-stranded
polynucleotide sequence, known as a GENE-TAG, having one or more said first reporter
linkers, said first reporter linker comprising a single-stranded nucleotide sequence hybridized

to the first terminal probe linker.

32.  The method of Claim 30, wherein on more reporters comprise a reporter array, said
array comprising a first labeled, double-stranded polynucleotide sequence, known as a
GENE-TAG, linked together end-to-end by hybridization to one or more GENE-TAGS,
wherein said first GENE-TAG comprises one or more first reporter linkers, said first reporter
linker comprising a single-stranded nucleotide sequence hybridizable to said first terminal
probe linker, and one or more second reporter linkers hybridized to one or more first reporter
linkers of a second GENE-TAG, and wherein said second GENE-TAG further comprises one
or more second reporter linkers, and optionally, additional GENE-TAGs linked to the
remainder of the array by hybridization of the first reporter linker of each subsequent GENE-
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TAG to the second reporter linker of the preceding GENE-TAG in the array, to form a
chained or branch configuration having one or more ends, wherein said terminal end

comprises the second reporter linker of a terminal GENE-TAG.

33.  The method of Claim 32, further comprising one or more terminators, said terminator
comprising a single-stranded polynucleotide sequence complementary to said second reporter
linker of one or more terminal GENE-TAGs, such that said terminator forms said terminal

end.

34, The method of Claim 28, wherein the reporter is joined directly to the first terminal

probe linker.

35.  The method of Claim 28, wherein the reporter is joined indirectly to the first terminal
probe linker, further comprising a multi-linking unit interposed between said reporter and
terminal probe linker, said unit known as a Multi-LINKER, comprising a first polynucleotide
comprising a first terminal unit linker, a second terminal unit linker, and at least one internal
linker, wherein said first terminal unit linker is hybridized to said first terminal probe linker,
and wherein at least two of said internal and second terminal unit linkers are hybridized to
one or more reporters, and wherein said first and second terminal unit linkers and said

internal linker are not hybridizable to a target sequence of said probe.

36.  The method Claim 35, further comprising one or more additional polynucleotides,
said additional polynucleotide comprising a first terminal unit linker, a second terminal unit
linker, at least one internal linker, wherein the first polynucleotide is joined to the additional
polynucleotide by hybridization of the additional polynucleotide to the internal or second
terminal linker of the first polynucleotide, and wherein said first and second terminal linkers

and said internal linker are not hybridizable to a target sequence.

37.  The method of Claim 30, wherein the reporter is a short oligonucleotide having a label

unit.
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38. A WRAP-LOCK method for providing circular enclosure of the target polynucleotide
strand with a WRAP-PROBE, comprising: -

a)
b)

g)

providing the WRAP-PROBE of Claim 30;

providing a RING-LOCK Unit comprising at least two single-stranded
polynucleotides, wherein at least one single-stranded polynucleotide is joined
or suitable for joining to said first terminal probe linker, and wherein at least
one single-stranded polynucleotide is joined or suitable for joining to one or
more reporters;

treating the probe and RING-TAIL unit, at this step or another step, to effect
cross linking or to increase binding;

hybridizing the WRAP-PROBE to the target strand, thereby forming a
hybridized complex;

joining at least one single-stranded polynucleotide to said first terminal probe
linker, if not previously joined,

providing a looping nucleotide comprising a first region complementary to
said second terminal probe linker, and a second region complementary to said
RING-TAIL Unit, wherein said looping nucleotide hybridizes to the second
terminal probe linker and the RING-TAIL Unit, thereby forming a closed loop
about the target strand;

joining a reporter or reporters to at least one ring-tail linker, if not previously
attached, or if more or needed; and

detecting the presence of reporter to indicate the target sequence.

39. A DOUBLE WRAP-LOCK method of simultaneously detecting a target sequence on

both a sense and anti-sense strand of DNA, comprising:

a)

b)

providing a double-stranded DNA comprising an antisense strand and a sense
strand, wherein both said antisense strand and said sense strand comprise a
target sequence,

providing a sense WRAP-PROBE of Claim 30, said sense WRAP-PROBE
probe having a central sequence complementary to the sense strand target

sequence;
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c)

d)

®

9]

(h)

providing an antisense WRAP-PROBE probe of Claim 30, said antisense
WRAP-LOCK probe having a central sequence complementary to the
antisense strand target sequence;

providing a first RING-TAIL Unit comprising at least two first single-stranded
polynucleotides, wherein at least one first single-stranded polynucleotide is
joined or suitable for joining to said first terminal probe linker of said sense
WRAP-PROBE, and wherein at least one first single-stranded polynucleotide
is joined or suitable for joining to one or more first reporters;

providing a second RING-LOCK Unit comprising at least two second single-
stranded polynucleotides, wherein at least one second single-stranded
polynucleotide is joined or suitable for joining to said first terminal probe
linker of said antisense WRAP-PROBE, and wherein at least one second
single-stranded polynucleotide is joined or suitable for joining to one or more
second reporters, wherein said second reporter produces a signal distinct from
said first reporter;

treating the WRAP-PROBESs and the RING-LOCK Units, at this step of
another step, to effect cross linking or to increase binding;

hybridizing said sense WRAP-PROBE to the sense strand, thereby forming a
sense hybridized complex; and hybridizing said antisense WRAP-PROBE to
the antisense strand, thereby forming an antisense hybridized complex;
joining at least one first single-stranded polynucleotide to said first terminal
probe linker of said sense WRAP-PROBE, if not so previously joined; and
joining at least one second single-stranded polynucleotide to said first terminal
probe linker of said antisense WRAP-PROBE, if not so previously joined;
providing a first looping nucleotide comprising a first region complementary
to said second terminal probe linker of said sense WRAP-PROBE, and a
second region complementary to said first RING-TAIL Unit, wherein said
looping nucleotide hybridizes and thereby forms a closed loop about the target
sense strand; and providing a second looping nucleotide comprising a first
region complementary to said second terminal probe linker of said antisense

WRAP-PROBE, and a second region complementary to said second RING-
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()

(k)

TAIL Unit, wherein said looping nucleotide hybridizes and thereby forms a
closed loop about the target antisense strand; '
joining one or more first reporters to at least one said first single-stranded
polynucleotide, if not so previously joined; joining one or more second
reporters to at least one said second single-stranded polynucleotide, if not
previously joined, wherein said second reporter produces a signal distinct from
said first reporter;

determining whether the sense target sequence is present by detecting the
presence or absence of said first reporter or reporters; or determining whether
the antisense target sequence is present by detecting the presence or absence of

said second reporter or reporters, or both.

40. A GENE-TAG method for exponential signal amplification for the detection of a

target nucleotide sequence, comprising:

a)
b)

providing a single-stranded target nucleic acid sequence;

providing a probe comprising a sequence hybridizable to said target nucleic
acid sequence, and a terminal linker sequence on one or both ends of the
probe, wherein said linker sequence is a single-stranded polynucleotide
hybridizable to a complementary sequence;

providing one or more GENE-TAGs, said GENE-TAG comprising a labeled,
double-stranded polynucleotide reporter having one or more first reporter
linkers and one or more second reporter linkers opposed to said first reporter
linker, said reporter linkers comprising single-stranded polynucleotide
sequences not hybridizable to the target sequence, wherein at least one said
GENE-TAG has a first reporter linker complementary to said probe terminal
linker, and wherein one or more said reporter linkers link together end-to-end
by hybridization of the first reporter linker of each subsequent GENE-TAG to
the second reporter linker of each preceeding GENE-TAG in the array, to form
a chained or branched configuration comprising one or more terminal end,

wherein said terminal end comprises the second reporter linker of a terminal
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GENE-TAG; wherein said GENE-TAG is joined to said probe and this or a
subsequent step; )

d) hybridizing said probe to said target nucleotide sequence;

€) joining said GENE-TAG or GENE-TAGs to said probe, if not so previously
joined;

f) determining the presence of the target sequence by detecting the presence of

the GENE-TAG or GENE-TAGs. .

41.  The method of Claim 40, wherein the first and second reporter linkers of the GENE-
TAGs are complementary, such that only GENE-TAGs of one type are required to form

chained or branched reporter arrays.

42.  The method of Claim 41, further comprising one or more terminators, said terminator
comprising a single-stranded polynucleotide sequence complementary to said second reporter

linker of said terminal GENE-TAG, such that said terminator forms said terminal end.

43.  The method of Claim 42, wherein the length of said chained or branched reporter
arrays, and thus probe amplification, is controlled by the ratio of GENE-TAGs to said

terminators. .

44.  The method of Claim 41, further comprising a Terminator TAG, said Terminator
TAG comprising a GENE-TAG having no second reporter linker, wherein said first reporter
linker of said Terminator TAG hybridizes to the second reporter linker of a terminal GENE-
TAG of the chain or branch.

45.  The method of Claim 44, wherein the length of said chained or branched reporter
arrays, and thus probe amplification, is controlled by the ratio of GENE-TAGs to Terminator
TAG.

46. The method of Claim 40, wherein only one GENE-TAG is provided, said GENE-
TAG having no second reporter linker.
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47, The method of Claim 40, wherein said first and second linkers of said GENE—TAés
are not complementary, such that at least two types of GENE-TAGs are required to form
chained or branched arrays, wherein GENE-TAGs of a first type comprise a first reporter
linker complementary to the probe terminal linker, and a second reporter linker
complementary to the first reporter linker of GENE-TAG of the second type, and wherein
said GENE-TAG of the second type has a first reporter linker complementary to the second
reporter linker of a GENE-TAG of the first type, such that only a GENE-TAG of the first
type will bind to a GENE-TAG of the second type, and only a GENE-TAG of the second type
will bind to a GENE-TAG of the first type; wherein said chained or branched arrays are
formed by providing GENE-TAGs sequentially, alternating between the first and second
type, and thereby forming alternating layers of GENE-TAGs of a first or second type upon
the probe.

48.  The method of Claim 40, wherein said GENE-TAGS are constructed by PCR
amplification of arbitrary template DNA using one or more modified oligonucleoties as
primers, wherein each modified oligonucleotide has one or more internal spacers, whereby

the first and second terminal single-stranded linkers are preserved.

49.  The method of Claim 40, wherein said GENE-TAGs are constructed by hybridization
of two polynucleotides, said first polynucleotide having a second terminal end

complementary to the first terminal end of a second polynucleotide.

50. The method of Claim 49, wherein said first polynucleotide has an internal sequence
complementary to the internal sequence of a second polynucleotide, forming a GENE-TAG
having side arms, said side arms comprising the second terminal end of the first
polynucleotide, and the first terminal end of the second polynucleotide, said GENE-TAGs
known as TINKER-TAGS.

51. The method of Claim 40, wherein the GENE-TAG is labeled directly.
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52.  The method of Claim 40, wherein the GENE-TAG is labeled indirectly.

53. The method of Claim 50, wherein said TINKER-TAGs are labeled indirectly by
hybridization of said side arms to short oligonucleotides conjugated to one or more labeling

agents.

54.  The method of Claim 53, wherein said TINKER-TAGs are labeled indirectly by
hybridization of said side arms to short oligonucleotides conjugated to gold particles, said

gold particles coated in silver to form dense clusters.

55. A method of constructing probes detectable on the basis of a unique signal,
comprising:
a) providing a probe hybridizable to a single-stranded nucleotide sequence,

wherein said probe comprises a terminal linker at one or both ends, said
terminal linker comprising a single-stranded polynucleotide capable of binding
to a complementary sequence;

b) preparing on or more COLOR-TAGs, said COLOR-TAG comprising a
double-stranded polynucleotide reporter having a first reporter linker and a
second reporter linker opposed to said first reporter linker, wherein said
COLOR-TAG is labeled with one or more labels or colors, or both, and
wherein said first and second reporter linkers are specific to the labels or
colors employed; wherein at least one COLOR-TAG terminal linker is
hybridizable to the terminal linker of said probe;

c) hybridizing one or more said COLOR-TAGs to the probe, at this step or a later
step;

€) hybridizing said probe to said target sequence;

) hybridizing said COLOR-TAG to the probe, if not so previously
hybridized;

f) determining the presence of said target sequence by detecting the presence of

said COLOR-TAG.
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56. The method of Claim 55, wherein said Color-TAG is labeled with two or more

different labels or colors.

57.  The method of Claim 55, further comprising a multilinking unit suitable for joining
said probe to one or more COLOR-TAGs, said multilinking unit comprising a proximal
linker for joining said multilinking unit to said probe terminal linker, and one or more distal
linkers known as COLOR-LINKERS, said COLOR-LINKERS complementary to one or
more of said COLOR-TAG terminal linkers, wherein a specific mic of COLOR-TAGS i1s
captured by said multilinking unit depending on the specific ratio of COLOR-LINKERS used
to prepare the multilinking unit, wherein said multilinking unit is hybridized to said COLOR-
TAGS, thereby forming a COLOR-TAG complex, either prior or subsequent to the
hybridization of the multilinking unit to the probe, and wherein said multilinkining unit is
hybridized to said probe either prior to or subsequent to the hybridization of the probe to said

target sequence.
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AMENDED CLAIMS
[received by the International Bureau on 16 December 1999 (16.12.99);
original claim 5, 7, 18, 32, 36, 38-40, 43, 48, 55 and 57 amended;
remaining claims unchanged (12 pages)]

1. A GENE-TAG reporter, suitable for joining to a probe either alone or in combination
with another GENE-TAG reporter, comprising a labeled, double-stranded polynucleotide
sequence having one or more first linkers, said first Jinker comprising a single-stranded
nucleolide sequence hybridizable to a complementary single-stranded nucleotide sequence,

wherein said first linkers is not hybridizable to a target scquence of said probe.

2. The GENE-TAG of Claim 1, wherem said GENE-TAG Tirther comprises-one-or.more
second linkers opposed to said first linker, said second linker comprising a single-stranded
nucleotide sequence hybridizable to a complementary nucleotide sequence, wherein said

second linker is not hybridizable to a target sequence of said probe.

3. The GENE-TAG of Claim 2, wherein satd first and second linkers are

complementary,

4. A reporter array, suitable for joining to a probc, comprising two or more of the
GENE-TAGs of Claim 3, Jinked together end-to-end by hybridization of the sccond linker of
a first GENE-TAG to the first linker of a second GENE-TAG, and optionally, additional
GENE-TAGs linked to the remainder of the array by hybridization of the first linker of each
subsequent GENE-TAG to the sccond linker of the preceding GENE-TAG in the array, to
form a chained or branched configuration having one or more terminal cnds, said terminal

end comprising a second Jinker of a terminal GENE-TAG.

3. The reporter array of Claim 4, further comprising one or more terminators, wherein
s2id terminator comprises a single-stranded nucleotide sequence complementary to the
second binker of one or more terminal GENE-TAGs, whereby said terminator forms said

terminal end.
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6. The GENE-TAG of Claim 2, wherein the first and second reporter linkers are not

complementary.

7. A reporter array, suitable for joining to a probe, said reporter array comprising two or
more of first GENE-TAGs of Claim 6, linked indirectly by one or more second GENE-TAGs
of Claim 6 by end-to-end hybridization of the second linker of a first GENE-TAG to the first
linker of a second GENE-TAG, and hybridization of the second linker of a second GENE-
TAG to the first linker of said first GENE-TAG, and optionally, additional non-
complementary GENE-TAGs linked to the remainder of the array by hybridization of the first
linker of each subsequent GENE-TAG to the complementary second linker of the preceding

GENE-TAG in the array, to form a chained or branched configuration,

8. A probe, suitable for hybridizing to a target nucleotide sequence, said probe
comprising a first terminal linker, a second terminal Jinker, and a central sequence
complementary to said target nucleotide sequence, wherein said first and second termjnal
linkers comprise single-stranded nucleotide sequences h ybridizable to a complementary

nucleotide sequence, but not hybridizable to the target nucleotide sequence of said probe.

9. A composite probe, suitable for hybridizing to a target nucleotide sequence,
comprising at least one probe, said probe comprising a polynucleotide sequence
complementary to said target nucleotide sequence, said composite probe further comprising a
polynucleotide ring unit, wherein said polynucleotide ring unit Js joined to said probe to form

an incipient closed loop.

10.  The composite probe of Claim 9, comprising a first and second probe, wherein said
first probe comprises a sequence complementary to a first region of said target nucleotide

sequence, and wherein said second probe comprises a sequence complementary to a second
region of said target sequence, wherein said ring unit is joined to said first probe and to said

second probe, thereby forming an incipient closed loop.
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reporters, wherein said second reporter produces a signal distinct from a signal
produced by said first reporter;

(£) treating the probes and RING-LOCK Units, at this step or another step, to
cffect cross linking or to increase binding;

(g hybndizing said first and second sense probes to the sense strand, thereby
forming a sense hybridized complex; and hybridizing said first and second
antisense probes {o the antisense strand, thereby forming an antisense
hybridized complex;

t) ligating said first and second sense probes, thereby forming a closed Joop or an
incipient closed loop around the sense target strand; and ligating said first and
second antisensc probes;-thereby. forming a closed loop or an incipient closed
loop around the antisense target strand;

) Jjoining at least one first single-stranded polypucleotide to said first distal
linker of said first sense probe, if not previously joined; joining at least onc
first single-stranded polynucleotide to said sccond distal inker of said second
sense probe, if not previously joined; joining at Jeast one second single
stranded polynucleotide to said first distal linker of said first anfisense probe,
if not previously joined; joining at least one second polynucleotide to said
second distal linker of said second antisense probe, if not previously joined;

) Joining one or more first reporters to at least one said frst single-stranded
polynucleotide, if not so previously joined; joining one or more second
reporters to at least one said second single-stranded polynucleotide, whercin
said second reporter produces a signal distinct from said first reporter;

(k) determining whether the sensc target sequence is present by detecting the
presence or absence of said first reporter or reporters; or determining whether
the antisense target sequence is present by detecting the presence or absence of

said second reporter or reporters; or both.

19, The method of Claim 14, for use under liquid or near-liquid hybridization conditions,

wherein said first probe comprises a distal end that is Jjoined to a capture moiety, and said
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stranded target nucleotide sequence and a nucleic acid probe, said WRAP-
PROBE comprising a central sequence complementary to the single-stranded
target nucleotide sequences, and further comprising a probe linker at one or
both terminal ends, said probe linker compriging a single-stranded nucleotide
sequence that does not hybridize to the target sequence; wherein said probe
linker scquence is joined to one or more reporters, either prior to or subsequent

to the hybndization of the probe to the target sequence;

c) washing ta remove any unbound probe;

d) joining said reportier to said probe linker, if not previously joined;

e) detecting the presence or said reporter or reporters to indicate the target
sequence.

29.  The method of Claim 28, wherein the probe comprises a first terminal probe linker.

30.  The method of Claim 28, wherein the probe compriscs a first terminal probe linker

and a second terminal probe linker.

31, The method of Claim 30, wherein the reporter is a labeled, double-stranded
polynucleotide sequence, known as a GENE-TAG, having onc or more said first reporter
linkers, said first reporter linker comprising a single-stranded nucleotide sequence hybridized

to the first terminal probe linker.

32 The method of Claim 30, wherein one or more reporters comprise a reporter array,
said array comprising a first labeled, double-stranded polynucleotide sequence, known as a
GENE-TAG, linked together end-to-end by hybridization to one or more GENE-TAGS,
wherein said first GENE-TAG comprises one or more first reporter Linkers, said first reporter
linker comprising a single-stranded nuclcotide sequence hybridizable to said first terminal
probe linker, and one or more second reporter Jinkers hybridized to one or morc first reporter
Iimkers of a second GENE-TAG, and wherein said second GENE-TAG further comprises one
or more second reporter linkers, and optionally, additional GENE-TAGs linked to the

remainder of the array by hybridization of the first reporter linker of each sabsequent GENE-
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TAG to the second reporter linker of the preceding GENE-TAG 1in the array, to form a
chained or branch configuration having onc or more ends, wherein said terminal end

comprises the second reporter linker of a terminal GENE-TAG.

33.  The method of Claim 32, further comprising onc or more terminators, said terminator
comprising a single-stranded polynucleotide sequence complementary to said second reporter

linker of one or more terminal GENE-TAGs, such that said terminator forms said terminal

end.

34. The method of Claim 28, wherein the reporter is joined directly to the first terminal

probe Jinker.

35.  The method of Claim 28, wherein the reporter is joincd indirectly to the first terminal
probe linker, further comprising a multi-}inking unit interposed hetween said reporter and
terminal probe linker, said unit known as a Multi-LINKER, comprising a first polynucleotide
comprising a first terminal unit linker, a second terminal unit linker, and at least one internal
linker, wherein said first terminal unit linker is hybridized to said first terminal probe linker,
and wherein at least two of said interpal and second terminal unit linkers are hybridized to
one or more reporters, and wherein said first and second terminal unit linkers and said

internal linker are not hybridizable to a target sequence of said probe.

36. The method Claim 35, further comprising one or morc additional polynucleotides,
said additional polynucleotide comprsing a first terminal unit linker, a second terminal unit
linker, and at least one internal linker, whercin the first polynucleotide is joined to the
additional polynucleotide by hybridization of the additional polynucleotide to the internal or
second terminal linker of the first polynucleotide, and wherein said first and second terminal

linkers and said internal linker are not hybridizable to a larget sequence.

37. The method of Claim 30, wherein the reporter is a short oligonucleotide having a label

unit,
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38. A WRAP-LOCK method for providing circular enclosure of the target polynucleotide

strand with a WRAP-PROBE, comprising:

a)
b)

¢)

d)

2)

providing the WRAP-PROBE of Claim 30;

providing a RING-LOCK Unit comprising at least two single-stranded
polynucleotides, wherein at least one single-stranded polynucleotide is joined
or suitablc for joining to said first terminal probe linker, and wherein at least
one single-stranded polynucleotide is joined or sujtable for joining to one or
more reporters,

treating the probe and RING-TAIL umit, at this step or another step, to effect
cross linking or to increase binding;

hybridized complex;

joining at least onc single-stranded polynucleotide to said first terminal probe
linker, if not previously joined,

providing a looping polynucleotide comprising a first region complementary
to said second terminal probe linker, and a second region complementary to
said RING-TAIL Unit, wherein said looping polynucleotide hybridizes to the
second terminal probe linker and the RING-TAIL Unit, thereby forming a
closed loop about the target strand;

joining a reporter or reporters to at Jeast one ring-tail linker, if not previous]y
altached; and

detecting the presence of reporter to indicate the target sequence.

39. ADOUBLE WRAP-LOCK mecthod of simultancously detecting a target sequence on

both a sense and anti-sensc strand of DNA, comprising;

a)

b)

providing a double-stranded DNA comprising an antisense strand and a sense
strand, wherein both said antiscnse strand and said sense strand comprise a
target sequence;

providing a sense WRAP-PROBE of Claim 30, said scnsc WRAP-PROBE
probe having a central sequence complementary to the sense strand target

sequence;
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d)

()

@)

(h)

providing an antisense WRAP-PROBE probe of Claim 30, said antisense
WRAP-LOCK probe having a central sequence complementary to the
antisense strand targcet sequence;

providing a first RING-TAIL Unit comprising at least two first single-stranded
polynucleotides, wherein at Icast one first single-stranded polynucleotide is
joined or suitable for joining to said first terminal probe linker of said sense
WRAP-PROBE, and whercin at least one first single-stranded polynucleotide
is joined or suitable for joining to one or more first reporters;

providing a second RING-LOCK Unit comprising at least two second single-
stranded polynucleotides, wherein at least one second single-stranded
polynucleotide-is joined.or suitable for joining to said first termina) probe
linker of said antisense WRAP-PROBE, and whercin at least onc second
single-stranded polynucleotide is joined or suitable for joining to one or more
sccond reporters, whercin said second reporter produces a signal distinct from
said first reporter;

treating the WRAP-PROBESs and the RING-LOCK Units, at this step or
another step, to effect cross linking or to increase binding;

hybridizing said sensc WRAP-PROBE to the sense strand, thereby forming a
sense hybridized complex; and hybridizing said antisense WRAP-PROBE to
the antisense strand, thercby forming an antisense hybridized complex;
joining at least one first single-stranded polynucleotide to said first terminal
probe linker of said sens¢ WRAP-PROBE, if not so previously joined; and
Joining at least onc second single-stranded polynucleotide to said first terminal
probe linker of said antisense WRAP-PROBE, if not so previously joined;
providing a first looping polynucleotide comprising a first region
complementary to said second terminal probe linker of said sense WRAP-
PROBE, and a second region complementary to said first RING-TAIL Unit,
whercin said looping polynucleotide hybridizes and thereby forms a closed
loop about the target sense strand; and providing a second looping
polynucleotide comprising a first region complementary to said second
terminal probe linker of said antisense WRAP-PROBE, and a second region
complementary to said second RING-TAIL Unit, wherein said looping
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)

(k)

polynucleotide hybridizes and thereby forms a closed loop about the target
antisense strand;

joining one or more first reporters to at least one said first single-stranded
polynucleotide, if not so previously joincd; joining one or more second
reporters (o at Icast one said second single-stranded polynucleotide, if not
previously joined, wherein said second reporter produces a signal distinct from
said first rcporter;

determining whether the sense target sequence is present by detecting the
presence or absence of said first reporter or reporters; or determining whether
the antisense target sequence 1s present by detecting the presence or absence of

said second reporter or reporters, or both.

40. A GENE-TAG method for exponential signal amplification for the detection of a

target nucleotide sequence, comprising:

)
b)

providing a single-stranded target nucleic acid sequence;

providing a probe comprising a sequence hybridizable to said target nucleic
acid sequence, and a tenminal Jinker sequence on one or both ends of the
probe, wherein said linker sequence is a single-stranded polynucleotide
hybridizable to 4 complementary sequence;

providing one or more GENE-TAGs, said GENE-TAG comprising a Jabeled,
double-stranded polynucleotide reporter having one or more first reporter
linkers and onc or more sccond reporter linkers opposed to said first reporter
linker, said reporter linkers comprising single-siranded polynucleotide
sequences not hybridizable to the target sequence, wherein at least one said
GENE-TAG has a first reporter linker complementary to said probe terminal
linker, and whercin one or more said reporter linkers link together end-to-end
by hybridization of the first reporter linker of each subsequent GENE-TAG to
the second reportcr linker of each precceding GENE-TAG in the array, to form
a chained or branched configuration comprising one or more tepninal cnd,

wherein said terminal end comprises the second reporter linker of a terminal
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GENE-TAG; wherein said GENE-TAG is joined to said probe in this or a
subsequent step;

d) hybridizing said probe to said target nucleotide sequence;

e) joining said GENE-TAG or GENE-TAGs to said probe, if not so previously
joined;

3) determining the presence of the target sequence by detecting the presence of

the GENE-TAG or GENE-TAGs. .

4]1.  The method of Claim 40, wherein the first and second reporter linkers of the GENE-
TAGs are complementary, such that only GENE-TAGs of ope type are required to form

chained or branched reporter arrays:

42.  The method of Claim 41, further comprising onc or more terminators, said terminator
comprising a single-stranded polynucleotide sequence complementary to said second reporter

linker of said terminal GENE-TAG, such that said terminator forms said terminal end.

43.  The method of Claim 42, whercin the length of said chained or branched rcporter
arrays, and thus probc amplification, is conirolled by the ratio of GENE-TAGs to said

terminators.

44.  The method of Claim 41, further comprising a Terminator TAG, said Tenminator
TAG comprising a GENE-TAG having no second reporter linker, wherein said first reporter
linker of said Terminator TAG hybridizes to the second reporter linker of a terminal GENE-

TAG of the chain or branch,

45.  The method of Claim 44, wherein the length of said chained or branched reporter
arrays, and thus probe amplification, is controlled by the ratio of GENE-TAGs to Terminator
TAG.

46.  The method of Claim 40, wherein only one GENE-TAG is provided, said GENE-
TAG having no second reporter linker,
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47.  The method of Claim 40, wherein said f{irst and second linkers of said GENE-TAGs |
arc not complementary, such that at least two types of GENE-TAGs are required to form
chained or branched arrays, wherein GENE-TAGs of a first type comprise a first reporter
linker complementary to the probe termunal linker, and a second reporier linker
complementary to the first reporter linker of GENE-TAG of the second type, and wherein
said GENE-TAG ol the second type has a first reporter linker complementary to the second
reporter linker of a GENE-TAG of the first type, such that only a GENE-TAG of the first
typc will bind to a GENE-TAG of the second type, and only a GENE-TAG of the second type
will bind to a GENE-TAG of the first type; wherein said chained or branched arrays are
formed by providing GENE-TAGs sequentially, alternating between the first and second
type, and thereby forming alternating layers of GENE-TAGs of a first or second type upon

the probe.

48.  The method of Claim 40, wherein said GENE-TAGS are constructed by PCR
amplification of arbitrary template DNA using one or more modified oligonucleotides as
primers, wherein each modificd oligonucleotide has one or more internal spacers, whereby

the first and second terminal single-stranded linkers are preserved.

49.  The method of Claim 40, wherein said GENE-TAGs arc constructed by hybridization
of two polynuclcotides, said first polynucleotide having a second terminal end

complementary to the first terminal end of a second polynucleotide.

50. The method of Claim 49, wherein said first polynucleotide has an intemal sequence
complementary to the internal sequence of a second polynucleotide, forming a GENE-TAG
having side arms, said side arms comprising the sccond terminal end of the first
polynucleotide, and the first terminal end of the second polynucleotide, said GENE-TAGs
known as TINKER-TAGS.

51. The method of Claim 40, wherein the GENE-TAG is labeled dircctly.

101

AMENDED SHEET (ARTICLE 19)



WO 00/04192 PCT/US99/16242

52, The method of Claim 40, wherein the GENE-TAG is labeled indirectly.

53. The method of Claim 50, wherein said TINKER-TAGs are labeled indirectly by

hybridization of said side arms to short oJigonucleotides conjugated to onc or more labeling

agents,

54.  The method of Claim 53, wherein said TINKER-TAGs are labeled indirectly by
hybrndization of said side arms to short oligonucleotides conjugated to gold particles, said

gold particles coated in silver to form dense clusters.

55, A method of_constructing probes detectable on the basis of a unique signal,
comprising:

a) providing a probc hybridizable to a single-stranded nucleotide sequence,
wherein said probe comprises a (erminal linker at one or both ends, said
terminal linker comprising a single-stranded polynucleotide capable of binding
to a complementary sequence;

b) preparing one or more COLOR-TAGs, said COLOR-TAG comprising a
double-stranded polynucleotide reporter having a first reporter linker and a
second reporter linker opposed to said first reporter linker, whercin said
COLOR-TAG is labeled with one or more labels or colors, ot both, and
whercin said first and sccond reporter linkers are specific to the labels or
colors employed; wherein at least one COLOR-TAG terminal Jinker is
hybridizablc to the terminal linker of said probe;

c) hybridizing one or more of said COLOR-TAGs 1o the probe, at this step or a

later step;

c) hybridizing said probe to said target sequence;
f) hybridizing said COLOR-TAG to the probe, if not so previously
hybndized;
g) determining the presence of said target sequence by detecting the presence of
said COLOR-TAG.
102
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56. The method of Claim 55, wherein said Color-TAG is labeled with two or more

differcnt labels or colors.

57.  The method of Claim 55, further comprising a multilinking unit suitable for joining
said probe to one or more COLOR-TAGs, said multilinking unit comprising a proximal
linker for joining said multilinking unit to said probe terminal linker, and one or more djstal
linkers known as COLOR-LINKERS, said COLOR-LINKERS complementary to one or
more of said COLOR-TAG terminal linkers, whetein a specific mix of COLOR-TAGS is
captured by said multilinking unit depending-on. the type and specific ratio of COLOR-
LINKERS used to preparc the multilinking unit, wherein said multilinking unit is hybridized
to said COLOR-TAGS, thercby forming a COLOR-TAG complex, either prior or subsequent
to the hybridization of the multilinking unit to the probe, and wherein said multilinking unit is
hybridized to said probe either prior to or subsequent to the hybridization of the probe to said

target sequence.
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A. Svnthesize tandem GAP-1.OCK probes B. Hybridize Probes to target and ligate
I 10 form GAP-LOCK
Probe A oL
Target seq. Al Linker seq. X ngatlon
3 5 site

T T TR TT T st et taeesnn et

51

X ‘ Y ,

Target seq. Bl Linkerseq. Y
{41010 1110111011111 B s 3 A2 B2

........................... Target scquences

31

C. Alternativelv, one probe made with reversing linker to provide same linker end as other probe

Target Seq. overlap seq. Li g_ation 5
Site X

5'
overlap seq. Linker seq. N\ X Al B1

generally crosslinked in overlap region
A2 B2

Target sequences

D. Magnified 3D view of helical
wrapped configuration after ligation

Ligated

{

E. Adding single or chaining reporters

Chaining Two
Linker Reporters

Y ERY
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A. Alternate GAP-LOCK Method: with probes joined to reporters
1. First Probe spacers O
' targel seq. primer P YT DNA Reporter Template

I ll”ll ” ll”l”l ” ”] “” 1 lllllll”l['lllIll”l”ll|ll]YIl‘TlllTllIl”lllll‘llllll]lllllllllllfmm

AU TR ESUEN BN SRS U NN RT N RSN TSN I TSNS UNNONENSSUTHSEaVININ SN ST INCTIY]

Forward Oligomer 1 and reverse primer combined with template

vPCR with label
2' Rcvcrse Probe alsocross,lnk reglon ]]]]I[]]]']]Al]lllll‘!ll‘ll'l]llll!‘llI‘[l”ll'ITTlllllllllll”llll'lllilllllllllm
3' wge( ch‘ linkerrcgion LA U LS R I D
IIIHIHHHIIHHl“HHllll”llIIIHUIIIIII”WTTS‘ GAP-LOCK FlrSt PrObe
3. TN,
linker region Forward 3
spacers . . . . .
pnmer  Oligomers 2, 3 and reverse primer combined with template
B. Hybridize and DNA Reporter Template T
h'galﬂfo_‘an_d__ems_i,_‘es Lzaneseassniasanainsaasesl [T RSN N ANt E TN TN Ty N U iaINT TN INSSUSNT RSNV STeITIIR TR INIITIT]
JRiseiveiges gaeifrest vI)CRWlthlabel
3'

llllll"l"||llllllllllllll'llllll‘llIlllll|ll[‘]llllllllllllllllrl]llll‘[n
JRIN NN ARET] RN NN NN RIS NN BTN NS VTV IuTiNtNTINeEeuTsesInssvIINNITTIIeIN Y]

GAP-LOCK Reverse Probe

C. Dot Blots of GAP-1.OCK Probes: (Example 1)

350000 Bar 1-4 = 300 bp tails
300000 7 Bar 5-8 = 800 bp tails
250000 T Open Bars = pre NaOH
+ Stripe Bars = post NaOH
200000 4 F = First Probepo
150000 R = Reverse Probe
100000 T FIR = both probes
50000 7 % : F/R+Lig. = ligated both
o e |k Z ]k probes (First and Reverse)
1 2 3 4 S 6 7 8
FP RP FR F/R+Lig FP RP F/R F/R+Lig

D. Altemnate GAP-LOCK with First Probe, Reverse Probe and Reporter combined
5' T T T T T T T T T T T T T T T T T T AT T Py e S

‘ CLLLL L L Rty r bt eqq i ettt glaquepatgsr JEEEIA0ILEE]
"

E. GAP-1.OCK with generic reporters joined to distal linkers on the First and Reverse Probes

4
\
First Probe with distal generic linker
5! D I,

Reverse Probe with distal generic linker
e ——

3 ——

First Probe with distal generic reporters attached

“p— —— ——

Reverse Probe with distal generic reporters attached \m/
Fig. 2
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Capture GAP-1L.OCK Method

capturc unit o I'irst Probe reporter
7 linker with phosphate Reverse Probe  |pi0r )
<

ligate probes via \—‘_———/—
1. ~ larget match — 2. / remove target

) 4

Ovvv— .

_a capture ligated probe Detect via joined Reporter

Comparative detection of two or more targets with chips or MICroarrays

f— Target AB 7 T D ~ Target CD
~. arget A\
—— —_——
F Rl Y1 o Z1 E
- —
A —
X1 TN B R1 D RI 5 R D R1
X1 YI C Vo
L i = v F R1
Hybridize GAP-LOCK probes and targets in solution 71 E
Target CD
~\ Target AB — ™~ g
= YI C D
X1 A BRI et D RI —
t
~__ " T
Ligate on targets then remove targets YI C D R1
X1 A ' B R Yr ¢ D Ri
YI C ~ D RI

Reporter capture potential based on joining capture linker with reporter linker, target no longer important

1. Probes bind to

array site via
specific linkers
2. then reporters
bind to probes
RI1{IR2 R1|{R2 \
frequency of captured
] GAP-LOCK units =
X1 X2 3 b .
Y1 Y2 frequency of different

AT T s

Fig. 2F Capture Oligos X Capture Oligos Y Capture Oligos Z
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A. WRAP-PROBE Method: Component Assembly: Preferred Embodiment

linker to reporter largel scquences overlap linker
S T T T T T T T T T T T T T T T T
Components typically crosslinked —% llllllll‘lllllHHIJ-HHHHIHHHH 5
at overlap region overlap linker linker to reporter

B. Alternate WRAP-PROBE Embodiments

Synthetic WRAP-PROBE made with 3' ends instead of 5' ends, or with one 5' end and one 3' end

3 linker  target overlap , 5 _linker  target linker

overlap linker 3

Enzymatically made WRAP-PROBE (by PCR, Cloning, etc.) with linkers on one or both ends

linker region target region overlap/linker region
5‘ 3'
Sl
3‘ 5!
3!
5' 3’
5 3!

C. WRAP-PROBE Hybridized to Target Strand

5|

Linker to
Reporters

5!

3D View:

Helical wrapped
configuration

Linker to
Reporters

The probe wraps around the target approximately one turn per each 10 bases of sequence.

Fig. 3
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A. Manufacture GENE-TAGs by olicomer svnthesis and PCR with label or hapten

L proxima spacers
linker . - .
Oligomers 1 and 2 combined with template by PCR

5 sequences . primer

T YT DNA Reporter Template
2. spacers T T T T T T T T T T
1[]1111[1l”ll‘l[l‘lllllli‘ll(ll‘lll[(ll‘]l‘lXlll[lllll‘lllllil“‘Il]ll‘l[l
Distal linker v PCR gy !
1 .
5 sequences primer ‘ v
T, T S _~
T T T T T T T T T T T T T T T T T T e T T T e
ulllllllf‘l'lllllllllll!ll!!lllll‘]llll]l]]‘ll]lll]llll]ll]ll||ll|l|llll(| J_L[J]]]]l!']S,
!

B. Assemble GENE-TAG chains by ratio mix with Terminal TAGs or Terminator Olisomers

- GENE-TAGs Terminal TAG
- (2 or more) N
~ Chain fength
v plus or determined by
—_— mix ratio
v ‘ Terminator Oligomer
or 3:1 mix
4 v
Linker to probe
C. Hybridize GENE-TAGs to WRAP-PROBE
N\
4

target sequence
\

Fig. 4
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A. Dot Blots of GENE-TAG Method with WRAP-PROBEs (Example 4)

WRAP-PROBES and GENE-TAGs WRAP-PROBES and GENE-TAGs
(label only in GENE-TAGs )
1000000
500000
0
G:T ! 2 3 3
ratio= 1:1 2:1 8:1 ratio=  1:1 2:1 4:1
Al. Example: Dot blots of GENE-TAGs with A2. Example: Dot blots of GENE-TAGs, same as

WRAP-PROBE to MTB, P32 label in all TAGs. Example 24, but no label in Terminal TAGs
G=Gene-TAG, T=Terminal TAG

B. GENE-TAGs without PCR: Synthetic Oligomer Assembly

5 proximal linker [ overlap region with label/hapten
R R R R R RN AR RN R AR R R R RN SRR ERRRENREEE!

5 distal linker | overlap region with label/hapten
R R R R LR R R R RN N R NN EERRRRRER R RS

Elemental Subunit of GENE-TAG Chain )
linker to next subunit

5 or terminator
linker to probe u‘*w *u# * J* * 15
or
prior subunit -
2 9 0s vy s proximal and + small ratio of
distal oligomers terminators

? 9 09 29 9

LR EE K]

8§ ST T ¥

2 % e _e9 9
LR EIEEE)

* 2 00 1% [ ]
? 2 29 L 3% B ? ¢ 09 20 9 ? o o9 20 ¢
. T4 ¢33 ¥ £ [} LEEX X) 3 ¥ $ + LR & L)
linker to probe
Fig. 5 Synthetic GENE-TAG Chain
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A. TINKER-TAG Method: Component Design and Svnthesis:

proxtmal linker  overlap region | side arm for label
(RA RN RIRRRRRERL 11111111 ] ARRNSENRRRRRRAREUEEE
distal linker I overlap region | side am for label

llll”””llllllllll[llllllllllllIHIIIHHHHTﬁ 3

5 link to side arm

|RERNERRERERERRRER)
label moiety

Elemental Subunit:

distal linker
proximal linker

B. Component Assembly: Ratio Mix Chain Oligomers with Terminators/Label Oligomers

———E - e - - DK m_
. small ratio of Terminators
-—_ﬁ::-- "‘
L ]
——EER = = . o —— = = = = LT
—_—" . Plus g TS e
Py~ oo - G —— bbbl g neene
.’4 - cnaag CEXLY
——— e —— ———-
—Y < = = ™ - R — s=e=® ccuee :---.--.
P — . cacee® ceee® cnace cvee@
" - . o R —— nean@ scecag CETYY )

——CE - == reeng
- cnne® TR )
——EY - =

camug bbbl 4
proximal and distal components Label components

(added now or later)

¢ . * . . e
* * . * * .
¢ ¢ . Q * .
o * * * . 0
[ S —————————
0 Y Ky - -
AJ AJ - A J ] -
- . . . - L3
- . . . . °

|

o
R i cacne
L] J ¢ ) o ¢ o *
o, . L ‘, O ) e,
ot ol o oo ol o ol
x4 x4 X4 o ¢ X4 o ¢ —me-
o' oo oo oo o' o' b
* * * * * *
S e S G P e QU e QU e
ink Y Ky 3 . Ky
I er O S "‘q RS ‘o & h¢
toprobe ‘¢ 4 S8 NG 8 < Wt
-
L J h¢ [ ] . * L] . ® ‘. °
° ® .
‘e *s ) .

Fig. 6 eene * *
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A._Duol/Layered GENE-TAG Mcthod: Construct Type [ and [ GENE-TAGs with alternaung linkers

1. Proximal spacers

linker i d
uences onvar
5q ° prmer

Oligomers 1 and 2 combined with lemplate by PCR

ERxearensrad aenaentt DNA Reporter Template
2, spacers TIHIIHTTHIHHHHIHIHHII]IIHIIIIIIHTH‘IHIHHHIHHHHHIHITﬂ
. . LURAR RO O S O I (T 8§ § 1420y
Dista linker ¥ Reversc LML LA
5 sequences w,  primer A v PCR et
DOEOOEneys™ yeenonoeent S,

LU S O (8
LLLLLUALA, LI 56

P Type | GENE-TAG v
linker Forward
5 sequences i Oli 3 and 4 bined with
primer igomers 3 and 4 combined with template by PCR
TYIYYTeyvive \'mrm‘ﬂlm\'lTlm’ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'f P Y
LI R TR R C YAt R LTt} DNA Reporter Template
4. spacers
03 . QOIS e sttt geteteqetaasay
st‘a_l lmke{ v Rcvcrsc : Hl]lll”]ll““:l“ . .
5§ sequences i X YPCR
T e e
lll“ll“llillllllﬂ“l 5.
Type Il GENE-TAG B

B. Apply Type I and Type Il GENE-TAGs sequentially, washing between steps

1. Add Type 1 Y

GeneTAGs

target sequence

Fg.7

2. Add Type II
GeneTAGs

A
B
Xz
£Y
3. Add Type 1
GeneTAGs again
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A. WRAP-PROBE detection in ¢ DNA array simulation with Chained GENE-TAGs 3:1

15-LO-1
WRAP-PROBE
applied in different
conc. then added
prejoined chain

of Gene-TAGs

of 3:1 ratio TNF-a

Reverse dot blots on ammay =

I5LO-1

1
1 copies per dot

01 ng

001 ng

Fig. 8

9/22

15L0-1
Applied 1 ng
15-LO-1
WRAP-PROBE
TN lus L 1411 or 141141
layered Gene-TAGs
H20

Reverse dot blots on arrays
:1011 copies per dot

15LO-1

Applied .01 ng
TNFa  15LO-1

WRAP-PROBE

plus I, I+1I or I+I1+]

layered Gene-TAGs
H20
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Double-Duo GENE-TAG Method: Tvpe | and Type Il plus 2 distal Linkers

A._Svnthesize [our GENE-TAG components and combine with reporier templates by PCR

1. spacers 2 spacers spacers
Prgximal v quward . v Rc\ ersc
tinker rimer 5 Distal linker Distal linker

YT Y e "!lTl'l'ﬁ'll'ﬂ'fl'ﬂ'l’l]

axtaransnermrnxtants) DNA Reporter Template
Ollgo_rners l_and 2 lllllllll]lllllllllll““ll“l“”lllll“lll“llllllJll““lllIllllllllllll
combined with VLLALUAEA AAULALULAT MALALLIL]
template by PCR A v PCR
5[(]|[][r]m‘ll(l]lllfllll‘lllil[l‘lllllll|l‘l‘(||||!lx|”ll‘l||l|]l]I]l‘ll'llllllll‘[]]
Luuumummmmmmuummmumuuuummuumunu'1“““.,,““}.W‘u.w'u.‘
Type I GENE-TAG with 2 distal Linkers Y Y °
3. spacers 4 spacers spacers
Proximai v Forward ) v v Reverse
5 linker . 5' Distal lmker stta! lmker . primer
O oo SOTTETEmTSaeres e G et rr R R A T e m sy
OBHOa ITIYIHTH'H'H‘(\'H """"""
Oligomers 3 and 4 v rereen DNA Reporter Template
combined with L OO O LA O T 0 I H 10
template b PC WMW
plate by PCR X y PCR
Smn lYIfHY"I\WWH?mevnmmnmmnnnmvmmmnmanmmn
[I[ll“lllllllllll“|“lllllll““ll“ll|l”lllllilll“lll“l]”l‘““l!”
AL Lo uiuny 5

Type I GENE-TAG with 2 distal Linkers B B

B. Apply Double-Linker Type I and Type 11 GENE-TAGs in branching lavers

Typel \/ et
= //-r .
N /\ el
Linker to Probe -::-_-w:::{ > L
\ o
" e =
A , \A:—’_____’___——v:::::::/ ’ e,
—ﬁ,:;‘g; /I?? L‘:{\\ ..:;‘\
Type Hayer ' Y::::\ / ...... b
\ 5 = ’7' e
% /7\ o
Type I layer = ./ ’
x L T

Typel laycr

Fig. 9 Typc Il ayer Type I layer
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COLOR-TAG Method with WRAP-PROBE:s based on "Red" and "Green" COLOR-TAGs

A. Manufacture COLOR-TAG Reporters with different linkers and labeling

For RED *Red” forward primer
reporter T T DNA Reporter Template
'I[l|ll'](|||l|l('ll|ll||ll||l||l“l|ll||l|ll|i‘|llllllllll]llIllllllllll'n

e L SNTT SN E I N TR C U I IS TSI s RN ST L AT IS SN R TV Nv TS TR TSNS TN

JATRNERY) JSRLAXNATEN]

* "Red" reverse primer

PCR with Digoxygenin haptens

Distal linker to *Red"
D DDD Db DDD D DD
5‘ll”ll”lfﬂ‘lllllIHIIIHIII(IHIIHIIIIHIllllll||IIIIIIIIIIHIHHII|I!IIIIHIIT!TITI Acceptorsequences

Proximal linker to "Red" D DDDDDD DD DDD D 5
Acceptor sequences
INCIPIENT "Red" COLOR-TAG

For GREEN  *Green* forward primer
reporter VOO e DNA Reporter Template

R R L AR A IR R R R TR R R R RO RN RRRRRNRS]
L Ny AV e NI e AV T T T RISV R RS L RS Cess IR R R R ITSRI IR RS TS aRT eI IvIY)

VAL, ALLMALAILAL
"Green" reverse primer

+ PCR with Biotin haptens
Distal linker to *Green*

BB B BB B B B BB B B
S yeevrerrrechererer Acceptor sequences
R . . RN TN F S T Ry N AR eIt IsITeNta eIVt R I EseRT I ITIIS I SeIIT TSI IILT) ,!.'.'..'.L'..'.'..'.U..'sn
Proximal linker to *Green" B BBEB BB BEB B h

Acceptor sequences

INCIPIENT "Green" COLOR-TAG

B. Construction of three WRAP-PROBES for COL.OR-TAG Application:

---Gegeric seq.----—Unique Sequences-—-I—-Generic s R

generic linker to chain target A sequences rev. link

3 L R R A R R R R R RN RN NS RRRARGRRANREEERRRRRERTNL] '
LRERRRRRRRRLEaq ety 3

rev. link generic linker to chain

identical to above tlarget B SCqQUENnCes  dentical to above

R N N N N N R RN NS EERE R RS R AR 1RO R R AR LS .
DL pgtitger3

identical to above  identical to above

identical to above target Cscquences identical to above ;ztl:;s
3'||u|u;|;n|1un!nunuunuuumnuunm . have
(EBNTE RS AT AR R RN RNTE OS] )
3'eads
identical to above  identical to above

Fig. 10
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COLOR-TAG Method (Part 2):

A. Synthesize COLOR-LINKER Chain Components:

proximal R-Tag distal
linker——-—-sequence-~I--linker )

3 "Red" Acceptor Oligo 5" = Overlap Oligo

same as G-Tag same a

above--~—-—sequence-—I--above . .

3 "Green" Acceptor Oligo 5' —— Terminator Oligo

same as B-Tag  samea Note: Acceptors have 3' end to the left.
above--——I-—sequence-—i--above "Blue" Acceptor is iliustrated here but
3 "Blue" Acceptor Oligo is not used in example below.

B. Assemble "Red" COLOR-LINKER chain, mix on 2:1 basis with Target A Probe (eg. ABR)

3 e - — — -—
3 —
Target A
— 1 3
T-A
e Bt —

C. Similarly Assemble "Green" COLOR-LINKER chain with Target B Probe (eg. D17S379)

T-B

D. Assemble 1/2 "Red" 1/2 "Green" COLOR-LINKER chain with Target C Probe (eg. CHR-12)

3 —

Target C
3 ——— 3!

T-C /

Fig. 11
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COLOR-TAG Method (Part 3): .
A. Apply WRAP-PROBEs with probe specific COLOR-LINKER chains to Targets

/ y
.
i/
\ /oy /
\\ / \\ /
\ / V)
\ A \/
Target-A Target-B Target-C
Target segment from Chr. 17 Target segmeat from Chr., 12

B. Apply set of COLOR-TAGs, plus Terminators, plus Fluorochromes:

hatiiisi

Rt HHTH TN
sadftittrnn e,

BHET I HETHTEN

e JIRTITIIIINRE R R0V 00e

.\ 0y
N
\2.
N\ / Chr17 £B¢A

‘Wrap-probe for gene site C draws c j mixed color

Red and Green COLOR-TAGs to *yellow" red®

probe on 1:1 ratio producing a * green” Red and Green COLOR-

yellow color for that map location. Chr 12 B TAGs are attracted to each
probe in proportion to the mix
of COLOR-LINKERs in the

Chr 1 attached side chains.
Actual color with FISH

S comes from immunobinding
For simplicity this example only shows two reporter colors of rhodamie to digoxygenin

based on using biotin and di goXygenin as incorporated haptens and fluorescein to biotin.
for immuno-binding of two fluorochromes such as FITC and
rhodamine. Three color mixing can be easily achieved with
alternate haptens and immuno-bound fluorochromes or with
incorporation of bases that have fluorchromes directly attached.

Fig. 12
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R/G %

R« \\\i\\.\'\\\ )
Gmwwmmmwmwmmmmml

_WMWW@WWMMWMMmmG

RIG :z

Photo image of FISH detection with four WRAP-PROBEs with attached chains
of either Red COLOR-TAGSs, Green COLOR-TAGs or mixed Red and Green
COLOR-TAGs. In nuclei, four pairs of detected dots are expected. For this
gray tone copy of the color image, colors and sizes indicated by arrow patterns

Chr. 12 short repetitive site, mixed red/green R/G: ‘{{'{{'{{f{{{i{f}{{ﬁ:-
15-L0, green: G: munffjne-  ABR, red: R: W\
Marker, mixed R/G: "2+ All four WRAP-Probes have a target of 30 bp or less

Color filtering provides a clear spectral discrimination of the
detection of a specific color and the presence of mixed color

Fig. 13
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A. Multi-LINKER Method: Elemental form as Single Synthetic Oligonucleotide

ONE-TO-TWO Multi-LINKER Alternative ONE-TO-TWO Multi-LINKER with Spacers

Prox. Linker 1 Dist. Linker A Dist. Linker B Prox. Linker 1 Dist. Linker A Dist. Linker B
Generally a Proximal probe-specific Linker (5' or 3') plus two or more Distal reporter-specific Linkers

B. Preferred Two-Part Multi-LINKER embodiment for binding 8 GENE-TAGs

Synthesize Oligomers:

Five Prime ONE-TO-FOUR First Linker

~ 4 ~ hd

Three Prime ONE-TO-TWO Second Linker

Ve "/

Assemble Oligomers
by 4:1 mixing and hvbridization

3' camtatcecate

&5 Vv ' 4 N A 4 3
§ CTACTCTTAGGCCCTATCGTATCGTAG-9-GTAATAGCG TAC-H-GTAATAGCGTAC-GTAATAGCGTAC-0-GTAATAGCGTAC

Assemble WRAP-Probe by hybridization

3 OVERLAP UNKER -TARGET SPECIFIC PORTION - GATGAGAATCCGGGATAGCATAGCATC §

§ GTA GCCTAGCTACCCCTAGGTCTAGGC - OVERLAP UNKER 3

Assemble and crosslink probe and Multi-LINKER units
WISyt

Fig. 14
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A. Multi- LINKER Method: Preferred Three-Part embodiment for binding a
multiplicity of short oligomers that have 5' prejoined labeling agents

Synthesize Multi-LINKER "Red" set and oligo label units with "Red" fluor (eg. Cy5)

5§ CTACTCTTAGGCCCTATCGTATCGTAG-9-GTAATAGCGTAC-S-GTAATAGCGTAC-9-GTAATAGCGTAC-9-GTAATAGCGTAC

~ v ~ g

5 CTAGGTAGCTAG-9-CTAGGTAGCTAG-9-CTAGGTAGCTAG-9-CTAGGTAGCTAG-9-GTACGCTATTAC

)\ 4 A A g a4

5 CTAGCTACCTAG-99-GTACGTAACTAG-99-GTACGTAACTAG-99-GTACGTAACTAG-99-GTACGTAACTAG

) 4 s ) 4 ) 4

"Red" fluor §' cy5-CTAGTTACGTAC
such as Cy5S o vem—

Synthesize Multi-LINKER "Green" set and oligo label units with "Green" fluor (eg. Cy3)
§ GCCTAGACCTAGGGGTAGCTAGGCTAC-9-CTACCTATCTAC-9-CTACCTATCTAC-9-CTACCTATCTAC-9-CTACCTATCTAC
m N/ e 4

5§ CTAGGTAGCTAG-9-CTAGGTAGCTAG-S-CTAGGTAGCTAG-S-CTAGGTAGCTAG-9-GTACGCTATTAC
<-—-same as second oligo in "Red" set above

4 A 4 hd N

§ CTAGCTACCTAG-99-CTATCTAGTACG-99-CTATCTAGTACG-93-CTATCTAGTACG-99-CTATCTAGTACG

\ 4 g fa 4 fa g

"Green" fluor 5 CY3-CGTACTAGATAG

such as C)G Owrrrrrrss,
B. Assembly by el T2 0 2 o
. ASsem do\.!% - -
hybridization and oA = = S 7 /’/,,}”

osslinki « - -
= xS

/
v
/

F. 15 3 /\\\_\ \\.Q?‘\%’\_.?
lg.
\
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GAP-LOCK Capture Probe Mcthod: with Tinker-TAGs and Labg:led Oligonucleotides

Probe components: / / J ‘/ J /
biotin + linker s 3 : : Y— \ \ \

linker + 1/2 target 1/2 target + linker Tinker-TAG subunit

First Probe Reverse Probe Y : Y \ \ \

Sample with target . . L
sequences 1. Join sample with probe subunits in liquid

\__/__/ hybridization conditions and treat to li

T TN
AN

z_mm

separate probe
and target

if MTB sample: if M. avium sampie:

N A N~

&’ T k ,.:'4
Base match: Base mnm
did ligate Did not ligate,
T peoni T

potential lost
3. Capture probe
and add label [ Y E R R R R R REEERENR R R RN NN YR N

Aequorin e T ‘
conjugated T W

linkers

EEE——
Ligated probe with 4. Wash unbound
Tinker-TAG captured label and detect Bound Aequorin
detected with calcium

to avidin coated well

stimulation

Fig. 16
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RING-LOCK PROBE METHOD:

A. Synthesize Target Specific GAP-LOCK Components:

A.
5 stream target link to 3'end of C
e T8 i 5' Probe subunit (First Probe)
phosphate
B. _ linktoS'endof E downstream target
5 3' Probe subunit (Reverse Probe)

Synthesize Generic RING-TAIL Components:

3 spacers
C. 5 link to reporters overlap D A A Alink to3'end of A Forward Ring
Subunit
2 spacers
. ‘

D. link to reporters chrlap C /\/\hmi‘."lfig.gusﬂimof;g Reverse R_‘ng

5 Subunit
E. . linktoSendof B link to3' end of D .

5 Reversing

oligonucleotide

B. Assembly: Hybridize A B C D and E together and crosslink components to form probe

s \A/\m

1. Hybridize probe to target
Application Steps: form clc_)sed 3. Wash or

covalent100p  gepature to \
rcemove 4, Apply

unligated  GENE TAGs

probe or other
indicate mutation
or sequence change

Fig. 17
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WRAP-LOCK PROBE 1 £THOD:

A. Synthesize Target Specific WRAP-PROBE Component:

A .
5 link to S'end of D target region link to 3' end of B

Synthesize Generic RING-TAIL Components:

3 spacers
B. s link to reporters overlap C A A Ak to3'end of A Forward Ring
Subunit
2 spacers
link to rte; overlap B link to 3' end of D
C. ' feporters erap AVANEE Reverse Ring
5 : Subunit
D. 5 link to 5' end of A link to 3' end of C
Lock Component

B. Assemble and crosslink four probe components and Apply to target in steps below:

D

Ao Bl eY

Apply probe Let hybridize to target Apply Overlap LOCK Oligo

wash
D TT—
T

LOCK component (D) closes loop

and may be crosslinked in place gpgge?gqizg(}s
po Detect signal
Fig. 18 to indicate target
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DOUBLE-L.OCK Probe Mcthod: Employs same probe design as RING-LOCK Probe:

A. Components based on one probe targeting the sense strand alteration, the other targeting
the complementary anti-sense strand alteration. Two hits of two color or signal type
indicates confirmation of detection of rare alteration or variation in sequence. The
critical base targeted is depicted as the last base on the 3' probe end of each probe.

~ Type 1 linki
Sense 2\\ - ype o
Probe ‘“\“\\\‘\\\?\‘
“‘} Anti- }"‘. Type 2 linkers
: T N Semse BN
5 {{ Probe § S o
A N \“} \“‘“‘\\\\\- )
(SR o N
L aVaVaVaVaVaX A 4 —  Sense strand E R
S d ' X R
ense stran T .
VaVaVaVaVaVa Anti-sense strand

Anti-sense strand
(complementary sequences )

Double probes are applied, ligated, and stringently washed or
denatured to remove unligated sense or antisense probes

™
Sy
.2, 1 i.
T Type 1
it
1 ‘.S-‘ reporter
i "Red"
i 7"# ( ) If applied to in situ
u sample of cells, can
: : ~ \ / detect rare variants in
" :'\ . Tow frequency
: : it * &
" g
" T "o O
: : oo "oy O
" 11 ype 11 1t
L 1" feponcr 1 1! O
3 11 ("Green") { :: 1" OOO
N ] 7 1"
it ‘\\ // LT | O
1" :: t O
1" g
Yr H R O @)
7‘? o it O
! .o Qole)
~ ] 11
3 uon e a O
¢ ] 1} cell with
:‘ " mutatior
N l: :: =2 hits O O
& o~
.\:“\\‘\\ \f:‘ :: :: of 2 colors
S & O
‘< { sense target hit ..“k“\ O
N o f‘ N
Apply GENE-TAGs ar other reporters Deteot two c;;:s :f“t::omgm hit O
f two types lor signalin types
oL twe or colorst, € of signaling to indicate confirmation of
targeted mutation or sequence variant.
Fig. 19
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GOLD-TAG Mcthod: Gold plus Silver TINKER-TAGs applicd. to WRAP-PROBEs

. ? Gold particles
O§\ ? c?njugatfd lg short

. oligonucletides
O_g\? v O— e joined to side arms

*? =0 of T inker-TAG

T Ve
/%o .« .
0= ? —0 e ®e
=0

A RS

. ? %o °
Gi\ ° o ° %g * o Iy
Apply TINKER-TAGs ? o e ©® —0
with gold particles joined 0—&\ . Ao
to oligomer side arms. 0—-\: ?I ¢ ° ? /gé

Then add silver 1ons that o= ? ? lf"‘e

precipitate unto gold particles

Silver precipitates around
seeds of gold to form large
clusters of silver grains

Silver clusters built up into dense masses
with diameters of 30 to 100 nanometers.
Detect such TINKER-TAG clusters of gold
and silver by dark field or light microscopy

Fig. 20
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A. Apply WRAP-PROBEs (or GAP-LOCK) with Dcndrlmcrs and bDNA smngli_ngmcli

linker to reporter target sequences

AR ARERARINRERSNERE] 'lll”lli”lll”lll'llllllllllllll"

WRAP-PROBE linker to reporter

5

Add
Dendrimers

WRAP-PROBE
bound to target

Add
bDNAs
GAP-LOCK
Ligated

__>
Hybridize
to probe

luminometer readout of
aequorin labeled First
Probe detecting a series of
dilutions of MTB cDNA.
B.G= background
detection of an unrelated
control DNA at .6 pmol.

7//
//zg

Relative Light Units

P K

0.6 pmol
0.06 pmotl
0.6 fmol
0.06 fmol

Fig. 21 Councentration of DNA
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SEQUENCE LISTING
<110> Shafer Ph.D., David A.

<120> Methods for Detecting and Mapping Genes. Mutations and
Vanant Polynucleotide Sequences

<130> EMUI43PCT E2690/191363

<140> PCT/US99/00000
<141>1999-07-16

<150> US 60/093,219
<151> 1998-07-17

<160> 147
<170> PatentIn Ver. 2.0 - beta

<210> 1

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> First probe target

<400> 1
accacaagac atgcatcceg 20

<210>2

<211>22

<212> DNA

<213> Artificial Sequence

<220>
<223> Forward primer

<400> 2
ccagggtttt cccagtcacg ac 22

<210>3

<211>24

<212> DNA

<213> Artificial Sequence

<220>
<223> Reverse primer
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<400> 3
gagcggataa caatttcaca cagg

<210> 4

211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Reverse probe generic linker

<400> 4
gagectggcet caccctaggt ccag

<210> 3

<211>23

<212> DNA

<213> Artificial Sequence

<220>
<223> Reverse probe target

<400> 5
cccacaccge taaagegcett tee

<210> 6

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Reverse linker oligomer

<400> 6
ctggacctag ggtgagecag gete

<210>7

<211>22

<212>DNA

<213> Artificial Sequence

<220>
<223> Reverse linker forward primer

<400> 7
ccagggtttt cccagtcacg ac

<210> 8
<211> 63
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<212> DNA
<213> Artificial Sequence

<220>
<223> Target specific oligomer

<400> 8
gtageetage taccectagg tetagtttac cacaagacat geatcecgtt tgtagatagg
tag

<210>9

<211>37

<212> DNA

<213> Artificial Sequence

<220>
<223> Overlap oligomer

<400> 9
gtagcctage taccectagg tetagetace tatctac

<210> 10

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Proximal linker

<400> 10
tagacctagg ggtagctagg ctac

<210> 11

<211>24

<212> DNA

<213> Artificial Sequence

<220>
<223> Reverse primer

<400> 11
gagceggataa caatttcaca cagg

<210> 12

<211> 25

<212> DNA

<213> Artificial Sequence

<220>

SUBSTITUTE SHEET (RULE 26)
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<223> Distal linker

<400> 12
gtagectage taccectagg tetag

<210> 13

<211>22

<212> DNA

<213> Artificial Sequence

<220>
<223> Forward primer

<400> 13
ccagggtttt cccagtcacg ac

<210> 14

<211>24

<212> DNA

<213> Artificial Sequence

<220>
<223> Proxamal linker

<400> 14
tagacctagg ggtagcetagg ctac

<210> 15

<211>24

<212> DNA

<213> Artificial Sequence

<220>
<223> Reverse primer

<400> 15
gagcggataa caatttcaca cagg

<210> 16

<211>22

<212> DNA

<213> Artificial Sequence

<220>
<223> Forward primer

<400> 16
ccagggtttt cccagtcacg ac
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<210> 17

211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Terminator

<400> 17
tagacctagg ggtagctagg ctac

<210> 18

<211> 63

<212> DNA

<213> Artificial Sequence

<220>
<223> Target oligomer

<400> 18

gtagcctage taccectagg tetagtttac cacaagacat geatceegtt tgtagatagg

tag

<210> 19

<211>37

<212>DNA

<213> Artificial Sequence

<220>
<223> Overlap linker

<400> 19
gtagectagce tacccctagg tetagetacc tatctac

<210> 20

<211> 57

<212> DNA

<213> Artificial Sequence

<220>
<223> Proximal subunit

<400> 20

ctagacctag gggtagcetag getacatacg atactaggge ataacatagg cttacca

<210>21

<211>57

<212> DNA

<213> Artificial Sequence
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<220>
<223> Distal subunit

<400> 21

gtagcctage taccectagg tetagetagt atcgtatgge ataacatagg cttacca

<210>22

<211>20

<212> DNA

<213> Artificial Sequence

<220>
<223> Label subunit

<400> 22
tggtaagcect atgttatgec

<210> 23

<211>25

<212> DNA

<213> Artificial Sequence

<220>
<223> Terminator

<400> 23
ctagacctag gggtagctag getac

<210>24

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> First probe subunit

<400> 24

ggtcctatce ggtattagat ttetagggtt accata

<210> 25

<211>38

<212> DNA

<213> Artificial Sequence

<220>

<223> Reverse probe subunit

<400> 25

6
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gctacttage atactttace acaagacatg catceegt

<210> 26

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Forward ring subunit one

<400> 26
tagacctagg ggtagctagg ctactttata agtacgtage

<210>27

<211> 14

<212> DNA

<213> Artificial Sequence

<220>
<223> Forward ring subunit two

<400> 27
tatggtaacc ctag

<210> 28

<211>40

<212> DNA

<213> Artificial Sequence

<220>
<223> Reverse ring subunit one

<400> 28
tagacctagg ggtagetagg ctactttget acgtacttat

<210>29

<211> 14

<212> DNA

<213> Artificial Sequence

<220>
<223> Reverse ring subunit two

<400> 29
cgtacttact agca

<210> 30
<211>28
<212> DNA
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<213> Artificial Sequence

<220>
<223> Reverse oligonucleotide

<400> 30
gtatgctaag tagetgetag taagtacg

<210>31

<211> 67

<212> DNA

<213> Artificial Sequence

<220>
<223> Target specific oligomer

<400> 31
ggtagtagct ageacctagg caccttattt accacaagac atgeatcecg tttctagggt
taccata

<210> 32

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Reporter linker

<400> 32
tagacctagg ggtagctagg ctactttata agtacgtage

<210>33

<211> 14

<212> DNA

<213> Artificial Sequence

<220>
<223> Second linker

<400> 33
tatggtaacc ctag

<210> 34

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Second reporter linker
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<400> 34
tagacctagg ggtagctagg ctactttget acgtacttat

<210> 35

<211>27

<212> DNA

<213> Artificial Sequence

<220>
<223> Overlap linker

<400> 35
cgttacgeta acctgctate taccact

<210> 36

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Overlap oligomer

<400> 36
taaggtgcct aggtgetage tactaccagt ggtagatage aggttagegt aacg

<210>37

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Upstream target subunit region

<400> 37
ggtcetatce ggtattagat ttctageptt accata

<210> 38

<211>38

<212> DNA

<213> Artificial Sequence

<220>
<223> Downstream target subunit

<400> 38
getacttage atactttace acaagacatg catcecgt

<210> 39
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<211>40
<212> DNA
<213> Artificial Sequence

<220>
<223> Forward ring subunit A

<400> 39
tagacctagg ggtagctagg ctactttata agtacgtage

<210> 40

<211> 14

<212> DNA

<213> Artificial Sequence

<Q20>
<223> Forward subunit B

<400> 40
tatggtaacc ctag

<210> 41

<211>40

<212> DNA

<213> Artificial Sequence

<220>
<223> Reverse ring subunit A

<400> 41
tagacctagg ggtagctagg ctactttget acgtacttat

<210> 42

211> 14

<212> DNA

<213> Artificial Sequence

<220>
<223> Reverse subunit B

<400> 42
cgtacttact agca

<210>43

<211>28

<212> DNA

<213> Artificial Sequence

<220>
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<223> Reversing oligonucleotide

<400> 43
gtatgctaag tagctgetag taagtacg

<210> 44

<211>38

<212> DNA

<213> Artificial Sequence

<220>
<223> Downstream target subunit

<400> 44
acgggatgca totcttgtgg ttttctaggge ttaccata

<210> 45

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Upstream target subunit

<400> 45
gctacttage atacttttct aataccggat aggacc

<210> 46

<211>40

<212> DNA

<213> Artificial Sequence

<220>
<223> Forward ring subunit A

<400> 46

gataccgtag ctacgcegtac tacgtttata agtacgtage

<210> 47

<211> 14

<212> DNA

<213> Artificial Sequence

<220>
<223> Forward subunit B

<400> 47
tatggtaacc ctag
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<210> 48

<211>40

<212> DNA

<213> Artificial Sequence

<220>
<223> Reverse ring subunit A

<400> 48
gataccgtag ctacgegtac tacgtttgct acgtacttat

<210> 49

<211> 14

<212> DNA

<213> Artificial Sequence

<220>
<223> Reverse subunit B

<400> 49
cgtacttact ageca

<210> 50

<211>28

<212> DNA

<213> Artificial Sequence

<220>
<223> Reversing oligonucleotide

<400> 50
glatgctaag tagetgetag taagtacg

<210> 51

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> First probe oligomer

<400> 51
accacaagac atgcatcceg

<210> 52

<211>22

<212> DNA

<213> Artificial Sequence
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<220>
<223> Forward primerr

<400> 52
ccagggtttt cccagtcacg ac

<210>53

<211>24

<212> DNA

<213> Artificial Sequence

<220>
<223> Reverse primer

<400> 53
gagcggataa caatttcaca cagg

<210> 54

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Capture probe subunit

<400> 54
ggtcctatee ggtattagat ttctagggtt accata

<210> 55

<211>49

<212> DNA

<213> Artificial Sequence

<220>
<223> Reporter probe subunit

<400> 55

gtagcctage taccectagg tetagtttac cacaagacat geatcecgt

<210> 56

211> 14

<212> DNA

<213> Artificial Sequence

<220>
<223> Capture subunit

<400> 56
tatggtaacc ctag
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<210> 57

<211> 57

<212> DNA

<213> Artificial Sequence

<220>
<223> Proximal subunit

<400> 57
ctagacctag gggtagctag getacatacg atactaggge ataacatagg cttacca

<210> 58

<211> 57

<212> DNA

<213> Artificial Sequence

<220>
<223> Distal subunit

<400> 58
gtagcctage taccectagg tetagetagt atcgtatgge ataacatagg cttacca

<210> 59

<211>20

<212> DNA

<213> Artificial Sequence

<220>
<223> Label subunit

<400> 59
tggtaagcct atgttatgee

<210> 60

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Terminator

<400> 60
ctagacctag gggtagetag getac

<210> 61

<211>52

<212> DNA

<213> Artificial Sequence

14
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<220>
<223> ABR target oligomers

<400> 61
ctagcgtaca cctatttgaa tcccttgaag cctgagattt gtagataggt ag

<210> 62

<211> 59

<212> DNA

<213> Artificial Sequence

<220>
<223> 15-LO-1 target oligomer

<400> 62
ctagcgtaca cctatttcag acaacaggga ggcageggct tttatttgta gataggtag

<210> 63

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Market oligomer

<400> 63
ctagcgtaca cctatttaca gtatgtttia gtgaatgaat agatctttgt agataggtag

<210> 64

211> 62

<212> DNA

<213> Artificial Sequence

<220>
<223> Chromosome 12 oligomer

<400> 64
Ctagcgtaca cctatttaaa gtgattgaaa tctccaactg gaaactgttt gtagataggt
ag 62

<210> 65

<211>26

<212> DNA

<213> Artificial Sequence

<220>
<223> Reversing lmker

15
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<400> 65
taggtgtacg ctaggtagat aggtag

<210> 66

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Overlap oligomer

<400> 66
ctagttagcc tacgtagata ggtag

<210> 67

<211>57

<212> DNA

<213> Artificial Sequence

<220>
<223> RED reporter acceptor

<400> 67
gtaggctaac cctatctacg atacgatagg gectaagagt agegactacc tatctac

<210> 68

<211> 57

<212> DNA

<213> Artificial Sequence

<220>
<223> Green reporter acceptor

<400> 68
gtaggctaac cctatgecta gacctagggg tagetagget accgactacc tatetac

<210> 69

<211> 57

<212> DNA

<213> Artificial Sequence

<220>
<223> blue reporter acceptor

<400> 69
gtaggctaac cctatcgtag acctageacg ctacgtacta ggegactace tatctac

<210>70
<211> 15

16
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<212> DNA
<213> Artificial Sequence

<220>
<223> Terminator

<400> 70
atagggttag cctac

<210> 71

<211>27

<212> DNA

<213> Artificial Sequence

<220>

<223> Proximal spacer oligomer A

<400> 71
ctactcttag geectategt ategtag

<210> 172

211> 22

<212> DNA

<213> Artificial Sequence

<220>

<223> Proximal spacer oligomer B

<400> 72
ccagggtttt cccagtecacg ac

<210> 73

<211>27

<212> DNA

<213> Artificial Sequence

<220>
<223> Distal spacer oligomer A

<400> 73
ctacgatacg atagggccta agagtag

<210> 74

<211>24

<212>DNA

<213> Artificial Sequence

<220>
<223> Distal spacer oligomer B
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<400> 74
gagcggataa caatttcaca cagg

<210> 75

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Red terminator

<400> 75
ctactcttag gcectategt atcgtag

<210>176

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Proximal spacer oligomer A

<400> 76
gtagcctage tacccctagg tetagge

<210>77

<211>22

<212> DNA

<213> Artificial Sequence

<220>
<223> Proximal spacer oligomer B

<400> 77
ccagggtttt cccagtcacg ac

<210> 78

<<211>27

<212> DNA

<213> Artificial Sequence

<220>
<223> Distal spacer oligomer A

<400> 78
gectagacct aggggtaget aggctac

<210> 79

SUBSTITUTE SHEET (RULE 26)

18

PCT/US99/16242

24

27

27



WO 00/04192

<211>24
<212> DNA
<213> Artificial Sequence

<220>
<223> Distal spacer oligomer B

<400> 79
gagcggataa caatttcaca cagg

<210> 80

<211>27

<212> DNA

<213> Artificial Sequence

<220>
<223> Green terminator

<400> 80
gtagectage taccectagg tetagge

<210> 81

<211>27

<212> DNA

<213> Artificial Sequence

<220>
<223> Proximal spacer oligomer A

<400> 81
cctagtacgt agegtgetag gtetacg

<210> 82

<211>22

<212> DNA

<213> Artificial Sequence

<220>
<223> Proximal spacer oligomer B

<400> 82
ccagggttit cccagtcacg ac

<210> 83

<211>27

<212> DNA

<213> Artificial Sequence

<220>
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<223> Distal spacer oligomer A

<400> 83
cgtagaccta gcacgctacg tactagg

<210> 84

<211>24

<212> DNA

<213> Artificial Sequence

<220>
<223> Distal spacer oligomer B

<400> 84
gagcggataa caatttcaca cagg

<210> 85

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Blue terminator

<400> 85
cctagtacgt agegtgctag gtctacg

<210> 86

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Proximal spacer oligomer A

<400> 86
ctactcttag geccctatcgt atcgtag

<210> 87

<211>22

<212> DNA

<213> Artificial Sequence

<220>
<223> Proximal spacer oligomer B

<400> 87
ccagggtttt cccagtcacg ac

20
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<210> 88

<211>27

<212> DNA

<213> Artificial Sequence

<220>
<223> Distal spacer oligomer A

<400> 88
gectagacct aggggtaget aggetac

<210> 89

<211>24

<212> DNA

<213> Artificial Sequence

<220>
<223> Distal spacer oligomer B

<400> 89
gagcggataa caatttcaca cagg

<210> 90

211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Proximal spacer oligomer A

<400> 90
gtagcctage tacccctagg tetagge

<210> 91

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Proximal spacer oligomer B

<400> 91
ccagggtttt cccagtcacg ac

<210> 92

<211>27

<212> DNA

<213> Artificial Sequence
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<220>
<223> Distal spacer oligomer A

<400> 92
ctacgatacg atagggccta agagtag

<210> 93

<211>24

<212> DNA

<213> Artificial Sequence

<220>
<223> Distal spacer oligomer B

<400> 93
gagcggataa caatttcaca cagg

<210> 94

<Q211>27

<212> DNA

<213> Artificial Sequence

<220>
<223> Proximal spacer oligomer A

<400> 94
ctactcttag gecctatcgt atcgtag

<210> 95

<211>22

<212> DNA

<213> Artificial Sequence

<220>
<223> Proximal spacer oligomer B

<400> 95
ccagggtttt cccagtcacg ac

<210> 96

<211>27

<212> DNA

<213> Artificial Sequence

<220>

<223> Double distal spacer oligomer A

<400> 96
gcctagacct aggggtagct aggetac
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<210> 97

<211>27

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Double distal spacer oligomer B

<400> 97
gectagacct aggggtaget aggetac

<210> 98

<211>24

<212> DNA

<213> Artificial Sequence

<220>
<223> Double distal spacer oligomer C

<400> 98
gagcggataa caatttcaca cagg

<210> 99

<211>27

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Proximal spacer oligomer A

<400> 99
gtagcctagce tacccctagg tetagge

<210> 100

<211>22

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Proximal spacer oligomer B

<400> 100
ccagggtttt cccagtcacg ac

<210> 101

<211>27

<212> DNA

<213> Artificial Sequence
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<220>
<223> Double distal spacer oligomer A

<400> 101
ctacgatacg atagggccta agagtag

<210> 102

<211>27

<212> DNA

<213> Artificial Sequence

<220>
<223> Double distal spacer oligomer B

<400> 102
ctacgatacg atagggccta agagtag

<210> 103

<211>24

<212> DNA

<213> Artificial Sequence

<220>
<223> Double distal spacer oligomer C

<400> 103
gagcggataa caatttcaca cagg

<210> 104

<211>27

<212> DNA

<213> Artificial Sequence

<220>
<223> One to four multi-linker A

<400> 104
ctactcttag geectategt atcgtag

<210> 105

211> 12

<212> DNA

<213> Atrtificial Sequence

<220>
<223> One to four multi-linker B
<400> 105
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gtaatagegt ac

<210> 106

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> One to four multi-linker C

<400> 106
gtaatagcgt ac

<210> 107

211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> One to four multi-linker D

<400> 107
gtaatagcgt ac

<210> 108

211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> One to four multi-linker E

<400> 108
gtaatagegt ac

<210> 109

<211>27

<212> DNA

<213> Artificial Sequence

<220>
<223> One to two multi-linker A

<400> 109
gectagacct aggggtaget aggetac

<210> 110
<211> 27
<212> DNA
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<213> Artificial Sequence

<220>

<223> One to two multi-linker B

<400> 110

gectagacct aggggtaget aggetac

<210> 111

211> 12

<212> DNA

<213> Atrtificial Sequence

<220>

<223> One to two multi-linker C

<400> 111
gtacgctatt ac

<210> 112

<211>27

<212> DNA

<213> Artificial Sequence

<220>
<223> Red set first linker A

<400> 112
ctactcttag gecctategt atcgtag

<210> 113

211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Red set first linker B

<400> 113
gtaatagegt ac

<210> 114

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Red set four linker C

26
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WO 00/04192

<400> 114
gtaatagegt ac

<210> 115

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Red set four linker D

<400> 115
gtaatagcgt ac

<210> 116

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Red set four linker E

<400> 116
gtaatagegt ac

<210> 117

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Red set second linker A

<400> 117
ctaggtagct ag

<210> 118

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Red set second linker B

<400> 118
ctaggtagct ag

<210>119
<211> 12

27
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<212> DNA
<213> Artificial Sequence

<220>
<223> Red set second linker C

<400> 119
ctaggtagct ag

<210> 120

211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Red set second linker D

<400> 120
ctaggtagct ag

<210> 121

<211>12

<212> DNA

<213> Artificial Sequence

<220>
<223> Red set second linker E

<400> 121
gtacgctatt ac

<210> 122

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Red set third linker A

<400> 122
ctagctacct ag

<210> 123

211> 12

<212> DNA

<213> Artificial Sequence
<220>

<223> Red set third linker B
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<400> 123
gtacgtaact ag

<210> 124

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Red set third linker C

<400> 124
gtacgtaact ag

<210> 125

211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Red set third linker D

<400> 125
gtacgtaact ag

<210> 126

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Red set third linker E

<400> 126
gtacgtaact ag

<210> 127

LI1> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Red set oligo-TAG

<400> 127
ctagttacgt ac

<210> 128

29
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<211>27
<212> DNA
<213> Artificial Sequence

<220>
<223> Green set first linker A

<400> 128
geetagacct aggggtagcet aggetac

<210> 129

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Green set first inker B

<400> 129
ctacctatct ac

<210> 130

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Green set first linker C

<400> 130
ctacctatct ac

<210> 131

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Green set first Imker D

<400> 131
ctacctatct ac

<210> 132

<211>12

<212> DNA

<213> Artificial Sequence

<220>

30
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<223> Green set first linker E

<400> 132
ctacctatct ac

<210> 133

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Green set second linker A

<400> 133
ctaggtagct ag

<210> 134

L11>12

<212> DNA

<213> Artificial Sequence

<220>
<223> Green set second linker B

<400> 134
ctaggtagct ag

<210> 135

211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Green set second linker C

<400> 135
ctaggtagct ag

<210> 136

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Green set second linker D

<400> 136
ctaggtaget ag
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<210> 137

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Green set second linker E

<400> 137
gtacgctatt ac

<210> 138

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Green set third linker A

<400> 138
ctagctacct ag

<210> 139

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Green set third linker B

<400> 139
ctatctagta cg

<210> 140

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Green set third linker C

<400> 140
ctatctagta cg

<210> 141
<211> 12

<212> DNA
<213> Artificial Sequence
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<220>
<223> Green set third linker D

<400> 141
ctatctagta cg

<210> 142

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Green set third linker E

<400> 142
ctatctagta cg

<210> 143

211> 71

<212> DNA

<213> Artificial Sequence

<220>
<223> Sense target oligomer

<400> 143

ctacgatacg atagggotaa gagtagtttc agacaacagg gaggcagegg cttttatttg

tagataggta g

<210> 144

<211> 41

<212> DNA

<213> Artificial Sequence

<220>
<223> Sense overlap oligomer

<400> 144
ctacgatacg atagggpotaa gagtagtttc tacctatcta ¢

<210> 145

2l1>72

<212> DNA

<213> Artificial Sequence

<220>
<223> Anti-sense target oligomer

<400> 145
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gcctagacct aggggtaget aggctacttt taaaagecge tgecteectg ttgtetgttt

gtagataggt ag

<210> 146

<L211>42

<212> DNA

<213> Artificial Sequence

<220>
<223> Anti-sense overlap oligomer

<400> 146
gcctagacct aggggtaget aggetacttt ctacctatet ac

<210> 147

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Green set
oligo-TAG

<400> 147
cgtactagat ag

SUBSTITUTE SHEET (RULE 26)

34

PCT/US99/16242

60
72

42

12



INTERNATIONAL SEARCH REPORT

Intemational application No.
PCT/US99/16242

A.  CLASSIFICATION OF SUBJECT MATTER

IPC(6)
Us CL

:C12Q 1/68; C12P 19/34; CO7TH 21/02, 21/04
1 436/6, 91.1, 91.2; 536/22.1 24.3 2431 24.32, 2433

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Us. :

436/6, 91.1, 91.2; 536/22.1 24.3 24.31 24.32, 24.33

Documentation searched other than minimum documentation to the extent that such documents are inciuded in the fields searched

NONE

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

Please See Extra Sheet.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 5,695,935 A (MANDRAND et al) 09 December 1997, see entire | 1-57
document.

Y US 5,624,802 A (URDEA et al) 29 April 1997, see entire document. | 1-57

Y US 5,681,697 A (URDEA et al.) 28 October 1997, see entire| 1-57
document.

Y US 5,571,677 A (GRYAZNOV) 05 November 1996, see entire| 1-57
document.

Y,P US 5,853,993 A (DELLINGER et al) 29 December 1998, see entire | 1-57
document

Y.,P US 5,912,124 A (KUMAR) 15 June 1999, see entire document. 1-57

Further documents are listed in the continuation of Box C.

D See patent family annex.

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

earlier document published on or after the international filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
moeans

document published prior to the international filing date but later than
the priority date claimed

rx

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document i3
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual compietion of the intenational search

18 OCTOBER 1999

Date of mailing of the international search report

21 OCT 1aqg

Name and mailing address of the ISA/US
Commissioner of Patents and Trademarks
ox PCT

N ashington, D.C.
Facsimile No.

20231
(703) 305-3230

Authon offjce
(] WL
‘ARY JONES

Telephone No.

(703) 308-0196

Form PCT/ISA/210 (second sheetJuly 1992)x




INTERNATIONAL SEARCH REPORT International application No.
PCT/US99/16242

B. FIELDS SEARCHED
Electronic data bases consulted (Name of data base and where practicable terms used):

WEST 1.2, CAPLUS, MEDLINE, BIOSIS, EMBASE BIOTECHDS.
oligo, nucleic, DNA, RNA, dendrimer, multimer, polymer, oligomer, signal, amplification, padlock, circular, probe,
primer, lock, hybridize, anneal

Form PCT/ISA/210 (extra sheet)July 1992)x



INTERNATIONAL SEARCH REPORT International application No.

PCT/US99/16242

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages

Relevant to ¢laim No.

Y WO 92/17484 Al (RESEARCH CORPORATION
TECHNOLOGIES, INC.) 15 October 1992, see entire document.

Y NILSSON et al. Padlock probes: circularizing oligonucleotides for
localized DNA detection. Science. 30 September 1994, Vol. 265,

pages 2085-2088, see entire document.

Y Database CAPLUS on STN, VOGELBACKER et al. DNA
dendrimers: assembly and signal amplification. Book of Abstracts,
213th ACS National Meeting, San Francisco. April 1997, abstract
only.

1-57

1-57

1-57

Form PCT/ISA/210 (continuation of second sheet)July 1992)«




	Abstract
	Bibliographic
	Description
	Claims
	Drawings

