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(57) Abstract: The invention relates to methods of in sifu detection of a nucleic acid variation of a target nucleic acid in a sample,
including single nucleotide variations, multi-nucleotide variations or splice sites. The method can comprise the steps of contacting
the sample with a probe that detects the nucleic acid variation or splice site and a neighbor probe; contacting the sample with pre-
amplifiers that bind to the nucleic acid variation probe or splice site probe and neighbor probe, respectively; contacting the sample
with a collaboration amplifier that binds to the pre-amplifiers; and contacting the sample with a label probe system, wherein hybrid -
ization of the components forms a signal generating complex (SGC) comprising a target nucleic acid with the nucleic acid variation
or splice site, the probes and amplifiers; and detecting in situ signal from the SGC on the sample.
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IN SITUDETECTION OF NUCLEOTIDE VARIANTS IN HIGH NOISE SAMPLES,
AND COMPOSITIONS AND METHODS RELATED THERETO

[0001] This application claims the benefit of U.S. Provisional Application No.
62/240,347, filed October 12, 2015, the entire contents of which are incorporated herein by

reference.

[0002] The present invention relates generally to detection of nucleic acids, and more

specifically to in situ detection of nucleic acid variants.

BACKGROUND OF THE INVENTION

[0003] Recent studies revealed significant heterogeneity in tumor cells previously
regarded as clones of each other (Gerlinger et al., N. Engl. J. Med. 366:883-892, 2012),
meaning individual cancer cells in a tumor site or tumor biopsy are not homogenous. In
particular, neighboring cancer cells often have single nucleotide variations (SNVs) in DNA or
RNA. Precision medicine thus demands iz situ detection of SNV in tissue biopsies, in which
the cellular structure and contents have to be substantially preserved through the assay. The
complex physiochemical structures in cells and overwhelming amount of non-target nucleic
acids and other molecules present a "high noise" environment, which can result in high
background and which requires a combination of high specificity and high sensitivity that has

not been achieved by existing in sifu nucleic acid detection techniques.

[0004] SNV detection requires a single set of target probes (TPs) to capture a single
signal-generating complex (SGC). In the previously described "double-Z" probe design
disclosed in US Patent Nos. 7,709,198 and 8,658,361, however, multiple sets of TPs are
hybridized to the target to provide sufficient number of SGCs for generating a detectable

signal.

[0005] Thus, there exists a need for methods to detect single nucleotide variations or other
nucleic acid variations at the single cell level in situ. The present invention satisfies this need,

and provides related advantages as well.
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SUMMARY OF INVENTION

[0006] The invention relates to methods of in situ detection of a nucleic acid variation of a
target nucleic acid in a sample, including single nucleotide variations or splice variants, and
the like. The method can comprise the steps of contacting the sample with a probe that
detects the nucleic acid variation and a neighbor probe; contacting the sample with pre-
amplifiers that bind to the nucleic acid variation probe and neighbor probe, respectively;
contacting the sample with a collaboration amplifier that binds to the pre-amplifiers; and
contacting the sample with a label probe system, wherein hybridization of the components
forms a signal generating complex (SGC) comprising a target nucleic acid with the nucleic
acid variation, the probes and amplifiers; and detecting in sifu signal from the SGC on the
sample. The invention also provides samples, tissue slides, and kits relating to detection of

nucleic acid variations of a target nucleic acid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 shows an exemplary configuration of a signal-generating complex (SGC)
for in situ detection of a single nucleotide variation (SNV) in a target nucleic acid. The SGC
comprises single nucleotide variation probe — SP; neighbor probe — NP; SP pre-amplifier —
SPM, which contains multiple SP collaboration anchors - SPCA; NP pre-amplifier - NPM,
which contains multiple NP collaboration anchors — NPCA; collaboration amplifier - COM,;
label probe system — LPS, which can comprise a plurality of label amplifiers - LM and each
of which in turn can bind to a plurality of label probes - LP.

[0008] Figures 2A and 2B exemplify detail and orientations of SP and NP. Figures 2A
and 2B show in detail the configuration, position and orientation of SP and NP. Figure 2A
shows that SP comprises a target anchor segment (SPAT) complementary to the target
sequence containing the SNV, a pre-amplifier anchor segment (SPAP) complementary to a
segment on the SP pre-amplifier (SPM); NP comprises a target anchor segment (NPAT)
complementary to the target sequence adjacent to the segment on the target that contains the
SNV, a pre-amplifier anchor segment (NPAP) complementary to a segment on the NP pre-
amplifier (NPM); and an optional spacer between SPAT and SPAP or between NPAT and
NPAP. Figure 2B illustrates examples of different orientations of SP and NP with respect to
the target and the entire signal generating complex (SGC).
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[0009] Figures 3A-3C show different orientations or positions of SPM and NPM. Figures
3A and 3B show two examples of different orientations or positions of SPM and NPM with
respect to the SPAP and NPAP. The configuration shown in Figure 3C is the same as that
shown in Figure 3B, where Figure 3C reflects the flexibility of nucleic acid molecules and the
ability of the configuration in Figure 3B to provide NPCAs and SPCAs near each other for
binding to a COM.

[0010] Figures 4A, 4B and 4C show different orientations of COM binding sites in
collaborative hybridization. Figures 4A, 4B and 4C show exemplary configurations where a
collaboration amplifier (COM) is hybridized simultaneously to an SP collaboration anchor
(SPCA) on SPM and an NP collaboration anchor (NPCA) on NPM. Figures 4A and 4B
depict the two corresponding segments on COM hybridized to SPCA and NPCA in the same
orientation. The configuration depicted in Figure 4B can be regarded as a special case of that
in Figure 4A. In Figure 4B, the SPCA and NPCA are positioned with an offset. As a result,
the spacer between the two corresponding segments on COM can be shortened or even
removed, which can enhance the collaborative hybridization effect. Figure 4C depicts the two

corresponding segments on COM hybridized to SPCA and NPCA in the reverse orientation.

[0011] Figures SA and 5B show an exemplary configuration where two signal-generating
complexes( SGCs) are captured to a single nucleotide variation (SNV). Figure SA depicts
both SGCs formed and binding to a target nucleic acid. Figure 5B depicts the binding of one
SGC, whereas the second SGC is not bound. The lack of binding of the second SGC can be
due to an issue with probe access or target nucleic acid degradation. In the depicted
configuration, detectable signal is still generated with one SGC bound to the target nucleic

acid.

[0012] Figures 6A and 6B show exemplary embodiments where the number of assay steps
are reduced. The assay steps can be reduced by pre-assembling components of the SGC.
Figure 6A shows an embodiment in which the SPM and COM are integrated, and the NPM
and COM are integrated. In the depicted embodiment, the SPM is integrated with a COM and
the NPM is integrated with a COM using a “branched” molecule. Figure 6B shows an
embodiment in which the SP is integrated with the SPM, the NP is integrated with the NPM,
and the COM is integrated with the LM.
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[0013] Figures 7A and 7B show exemplary embodiments where collaborative
hybridization is moved to different layers within SGC. Figure 7A shows an SGC formed with
collaborative hybridization between the COM and LM. Figure 7B shows an SGC formed
with collaborative hybridization between the LM and LP.

[0014] Figures 8A and 8B show an exemplary embodiment incorporating more than one
collaborative hybridization steps in the assembly of the SGC during the assay. Figure 8A
shows a first collaborative hybridization between SPM or NPM and the SP and TP,
respectively. A second collaborative hybridization is shown between the SPM, NPM and
COMs. Figure 8B shows a first collaborative hybridization between SP, NP and the target
nucleic acid, and a second collaborative hybridization between SPM, NPM and COMs.

[0015] Figures 9A-9C show exemplary embodiments of detecting a specific splice
junction in a target nucleic acid sequence. Figure 9A shows an exemplary embodiment,
where the SPAT hybridizes across the splice junction, that is, it hybridizes to both nucleic
acid segments brought together at the splice junction, and the NPAT hybridizes to one of the
nucleic acid segments. Figure 9B shows an exemplary embodiment, where the SPAT
hybridizes to one of the nucleic acid segments brought together at the splice junction, and the
NPAT hybridizes to the other nucleic acid segment at the splice junction. Figure 9C shows a
configuration similar to that depicted in Figure 9B with respect to hybridization of SPAT and
NPAT to respective nucleic acid segments brought together at the splice junction, where there

is also hybridization between complementary sections of the NPAT and SPAT.

[0016] Figures 10A-10C show exemplary embodiments of utilizing splice junction
detection methods to detect RNA molecules while avoiding the detection of corresponding
DNA. Figure 10A shows an exemplary embodiment of RNA specific detection using an exon
junction bridging target probe. Figure 10B shows an exemplary embodiment of RNA specific
detection using a target probe set (nucleic acid variation probe and neighbor probe) that
collaboratively hybridize to each other. Figure 10C shows exemplary embodiments of RNA

specific detection using a target probe set (nucleic acid variation probe and neighbor probe).

[0017] Figures 11A, 11B and 11C show exemplary embodiments of detection of short

sequence.
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[0018] Figures 12A and 12B show exemplary embodiments of detection of multiple
targets. Figure 12A shows a "pooling" approach where each target has unique SPAT and
NPAT in the SP-NP pair but the other elements are the same in the rest of the SGC. A
common signal is detected when any one of the target nucleic acids is present. Figure 12B
shows a "multiplexing" approach where each target nucleic acid has a unique SGC, which

provides uniquely identifiable signals for each target nucleic acid.

[0019] Figure 13 shows the detection of BRAF V660E in sections of formalin fixed and
paraffin embedded (FFPE) pellet of melanoma cell lines. Melanoma cell lines negative
(CHL-1, a and a’) and positive (SK-MEL-28, b and b’) for the V60OE point mutation of
BRAF were assayed. Cells were hybridized to a target probe system (TPS) containing the
wild type detection probe (WDP) (a and b) and a TPS containing a BRAF V600E mutation
detection probe (MDP) (a’ and b’) separately.

[0020] Figures 14A and 14B show the effect of SPATs of various lengths. Figure 14A
shows a high number of false positives with the use of a long SPAT. Figure 14B shows that
the assay has low sensitivity if the SPAT is too short.

[0021] Figures 15A and 15B show the effect of including modified bases in a SPAT.
Figure 15A shows staining results with normal bases in SPAT. Figure 15B shows improved

results with modified bases used in SPAT.

[0022] Figure 16 shows detection of BRAF V600E in FFPE colon cancer tissues known
to be negative (a and a’) and positive (b and b’) for the V60OE point mutation. While signals
were observed in both samples with probe targeting wild type BRAF mRNA (a and b),
V600E mutation mRNA was detected only in the mutation positive sample with probe

designed specifically for VOOOE mutation (b’).

[0023] Figures 17A and 17B show the detection of very low abundant and/or degraded
RNA target. Figure 17A shows low staining of HGF target RNA, which is known to be very
low abundant and partially degraded in the sample using RNA detection methods as
previously described in US Patent Nos. 7,709,198 and 8,658,361. Figure 17B shows
improved staining of the same target using a configuration similar to that shown in Figure

11A.



WO 2017/066211 PCT/US2016/056479

[0024] Figure 18 shows enhanced sensitivity of an exemplary method of the invention in
detecting very short sequences compared to methods disclosed in US Patent Nos. 7,709,198
and 8,658,361. In Figure 18A, the detection system of US Patent Nos. 7,709,198 and
8,658,361 was used with a single pair of target probes to detect SOnt sequence on POLR2A
mRNA in Hela cell pellet. In Figure 18B, a single SGC with a configuration similar to that

shown in Figure 11A was used to detect the same target in the same sample type.

[0025] Figure 19 demonstrates in situ detection of specific splice junctions, which can be
used to identify a specific splice variant. Cell line H596 is known to be META14 positive,
that 1s, exon 14 in the MET gene is “skipped”, resulting in exon 15 splicing with exon 13 in
MET RNA. Cell line A549 is the wild-type having all exons 12-15 in MET RNA. Probes
targeting splicing junctions E12/13, E13/14 and E14/15 were used to detect the presence of
corresponding junctions in FFPE (formalin fixed and paraffin embedded) cell pellets of H596
and A549 cells. The staining images are shown in Figure 19, which shows sensitive and
specific detection of targeted splice junctions of E13/15 in H596 cells and E14/15 in A549
cells, showing that the META14 splice variant was correctly identified.

DETAILED DESCRIPTION OF THE INVENTION

[0026] The present invention relates to methods that provide for high sensitivity detection
of nucleic acid variants in a cell. The methods are useful for detecting nucleic acid variations
that can have clinical implications for disease status, disease progression, response to
treatment of a disease, and the like. For example, cancers, including tumors, are not
homogeneous but rather can contain various types of cells and/or cells of the same type but
having different expression levels of proteins and nucleic acids between the cells. In some
cases, there exist nucleic acid variations between the cells. Such nucleic acid variations can
include, but are not limited to, single nucleotide variations, insertions and/or deletions
(indels), splice variations, gene rearrangements, and the like. The methods and compositions
of the invention, as disclosed herein, can be used to detect nucleic acid variants at the single
cell level. Thus, the methods provide a highly sensitive and specific assay system to detect
nucleic acid variations in clinical specimens, providing more detailed visualizable and
clinically relevant information on the expression of nucleic acid variations at the single cell

level.
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[0027] As described below in more detail, a probe is designed to detect nucleic acid
variants, such as single nucleotide variations, insertions and/or deletions, splice sites, gene
rearrangements, and the like, and such a probe is referred to herein as an SP. In embodiments
of the invention, the SP can be a single nucleotide variant (SNV) probe, which can detect a
single nucleotide variation in a target nucleic acid, or more generally a probe which can detect
a specific nucleic acid variant that involves more than one nucleotide, that is, a multi-
nucleotide variant. Such multi-nucleotide variants would include a micro-insertion, micro-
deletion, or modification of more than one nucleotide using methods such as CRISPER. In
particular, a splice site or junction in a target nucleic acid can be regarded as a special type of
multi-nucleotide variant because this junction is specifically related to the nucleotides on each
side of the junction. It is understood that the description of an SP herein or depiction in a
figure of an SP herein can be applied to any type of SP, with the SP designed to detect the
SNV or multi-nucleotide variants such as a splice site. Thus, a description herein or a
configuration in a figure depicting the detection of an SNV using an SP can be applied
similarly to detection of multi-nucleotide variants including a splice site, or other variant, with
the SP designed to detect a multi-nucleotide variant rather than an SNV, with the remainder of
the depicted configuration being applicable to detection of the multi-nucleotide variant in a
target nucleic acid. Similarly, a description herein or a depiction in a figure of detection of a
splice site can be applied to detection of SNV or multi-nucleotide variant, with the difference
being whether the SP is designed to detect an SNV or multi-nucleotide variant such as a splice
site in a target nucleic acid. Thus, the description herein of an SP is understood to apply to
the detection of nucleotide variants in a target nucleic acid, depending on the nature of the

target nucleic acid.

[0028] The present invention provides a highly sensitive and specific in sifu detection of
nucleic acid variations in a high noise environment, for example, tumor biopsies. In one
embodiment, the nucleic acid variation is a single nucleotide variation (SNV). An exemplary

embodiment of the invention is shown in Figure 1 and described below in more detail.

[0029] (1) SNV Probe (SP). As shown in Figure 1 and in detail in Figure 2A, a single

nucleotide variation (SNV) probe (SP) comprises two non-overlapping regions, a target
anchor segment (SPAT) and a pre-amplifier anchor segment (SPAP), optionally separated by

a spacer or linker sequence. An SPAT is complementary to a target nucleic acid sequence
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encompassing the SNV site and has sufficient discriminating power to distinguish a single
base change in the SNV sequence. Its length and other parameters are designed to hybridize
to targeted SNV but not to the wild type or non-targeted SNV sequences. An SPAT is
generally between about 10 to 20 nucleotides in length, while an SPAP is generally between
about 14 to 28 nucleotides in length. The SP probe design can be readily extended to detect

insertions and deletions (indels) of 1-10,000 bases.

[0030] (2) Neighbor Probe (NP). Also shown in Figure 1 and in detail in Figure 2A, a

neighbor probe (NP) comprises two non-overlapping regions, a target anchor segment
(NPAT) and a pre-amplifier anchor segment (NPAP), optionally separated by a spacer or
linker sequence. An NPAT is complementary to a region of the target nucleic that is adjacent
to the SNV and is generally between about 12 to 40 nucleotides in length. An NPAP is

generally between about 14 to 28 nucleotides in length.

[0031] The NP can sit left or right (5" or 3’) to the SP bound to the target SNV. In another
embodiment, the NP and SP can assume different 5' and 3' orientations in relationship to each
other and in relationship to the signal generating complex (SGC), as illustrated in Figure 2.
For example, as shown in Figure 2B, the NP can have the NPAT on the 3’ and the SP can
have the SPAT on the 3’ end (Figure 2B, upper left), the NP can have the NPAT on the 5’ end
and the SP can have the SPAT on the 5" end (Figure 2B, upper right), the NP can have the
NPAT on the 3" end and the SP can have the SPAT on the 5’ end (Figure 2B, lower left), or
the NP can have the NPAT on the 5’ end and the SP can have the SPAT on the 3’ end (Figure
2B, lower right). It is possible to further enhance the specificity or sensitivity of mutation
detection by incorporating multiple NPs in the adjacent region of the SNV. In one
embodiment, two NPs sitting left and right (5’ or 3/, that is, flanking) to the SP bound to the
target SNV can be used to capture one or multiple SGCs and generate a detectable signal (see

Figure SA, showing two NPs flanking the SP).

[0032] The NP can bind stably to its complementary regions of the target nucleic acid
under the hybridization conditions employed. On the other hand, the SPAT of SP is generally
short (10-20 nucleotides) in order to enhance its power to discriminate SNV against non-SNV
sequence. In one embodiment, SPAT is shorter than NPAT or the melting temperature of

SPAT is lower than NPAT. A short SP can still hybridize to the target nucleic acid containing
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the SNV at the presence of NP due to the collaborative hybridization effect, that is, the
melting temperature of the target nucleic acid hybridizing to SP and NP simultaneously is
higher than the melting temperature of the target nucleic acid hybridizing to SP or NP alone.
The collaborative hybridization effect can be enhanced by target probe set configurations
depicted in Figures 5 and 8, where in Figure SA, the SP is flanked by two NPs on both sides.
In Figure 8B, both SP and NP have a third non-overlapping segment, that are complementary
to each other. In these cases, the melting temperature of the target nucleic acid hybridizing to
SP and NP simultaneously is substantially higher than the melting temperature of the target
nucleic acid hybridizing to SP or NP alone. A detectable signal is generated when SP and NP
are hybridized to adjacent regions of a single target nucleic acid, whereas there is only weak
or undetectable signal when SP and NP are not hybridizing to adjacent regions of a single

target nucleic acid.

[0033] (3) Pre-amplifier for SP (SPM). As shown in Figure 1 and in detail in Figure 3, a

pre-amplifier for SP (SPM) comprises a single stranded nucleic acid of between about 50 and
500 nucleotides in length. The SPM comprises a plurality of repeat sequences between 10
and 20 nucleotides in length called an SP collaboration anchor (SPCA). SPM is linked to SP
by hybridization. SPM comprises a segment complementary to the pre-amplifier anchor
segment of SP (SPAP), which is designed to bind to SPAP in different positions or
orientations as shown in Figure 3. In a preferred embodiment, SPCA is repeated between 2

and 20 times in the SPM.

[0034] (4) Pre-amplifier for NP (NPM). As shown in Figure 1 and in detail in Figure 3, a

pre-amplifier for NP (NPM) comprises a single stranded nucleic acid of between about 50 and
500 nucleotides in length. The NPM comprises a plurality of repeat sequence between 10 and
20 nucleotides in length called an NP collaboration anchor (NPCA). NPM is linked to NP by
hybridization. NPM comprises a segment complementary to the pre-amplifier anchor
segment of NP (NPAP), which is designed to bind to NPAP in different positions or
orientations as shown in Figure 3. In a preferred embodiment, NPCA is repeated between 2

and 20 times in the NPM.

[0035] (5) Collaboration amplifier (COM). A collaboration amplifier (COM) comprises

a single stranded nucleic acid of between about 60 and 900 nucleotides in length. As shown



WO 2017/066211 PCT/US2016/056479

10

in Figure 1 and in more detail in Figure 4, the COM comprises three non-overlapping
segments, a segment complementary to the SP collaboration anchor (SPCA) of the SP pre-
amplifier (SPM), a segment complementary to the NP collaboration anchor (NPCA) of the NP
pre-amplifier (NPM), and a segment containing repeated sections, each of which can
hybridize to a Label Probe System (LPS) that gives out signal for detection. The SPCA and
NPCA hybridize to COM in collaboration, that is, the melting temperature of COM
hybridizing to SPCA and NPCA simultaneously is significantly higher than the melting
temperature of COM hybridizing to SPCA or NPCA alone. That is, the hybridization
condition employed in the assay is set as that a COM cannot bind stably to either SPCA or
NPCA alone. Since SPM and NPM binds stably to SP and NP, respectively, COMs can
stably bind to the target sequence when and only when both SP and NP are hybridized to the
target nucleic acid and adjacent to each other. Since it is extremely unlikely that such a
unique configuration and positioning will occur non-specifically, this collaboration
hybridization significantly reduces false positive signal caused by non-specific binding of
NPM or SPM in a high noise environment. The two segments complementary to SPCA and
NPCA can hybridize to them in different orientations, as depicted in Figure 4. The segment
of the COM that hybridizes to the LPS generally comprises a plurality of repeat sequences
between about 15 and 30 nucleotides in length, referred to as label amplifier anchor segments,
that are capable of hybridizing to the LPS. In addition, the label amplifier anchor segments
can be located on either side or both sides of the segments complementary to SPCA and

NPCA.

[0036] (6) Label probe system (LPS). As shown in Figure 1, a label probe system (LPS)

hybridizes to COM. The label probe system (LPS) comprises a plurality of amplifiers, which
are nucleic acids comprising a segment that can hybridize to complementary repeat sequences
of the COM. The amplifier also comprises a plurality of repeat sequences that can hybridize
to a label probe (LP). The label probe comprises a nucleic acid comprising a segment that can
hybridize to complementary repeat sequences of the amplifier. The label probe also
comprises a detectable label. The label probe system thus provides a plurality of label probes

bound to amplifiers, and a plurality of amplifiers can bind to a COM.

[0037] In more detail, an LPS comprises a plurality of label amplifiers (LMs) and a

plurality of label probes (LPs), wherein each LM comprises a segment that can bind to a label
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amplifier anchor segment of the COM. The LM also comprises a plurality of label probe
anchor segments. Each LP comprises a detectable label and a segment that hybridizes to the
label probe anchor segment of the LM. When hybridizations occur between the components,
a signal generating complex (SGC) is formed. The SGC comprises a target nucleic acid with
the single nucleotide variation, an SP, an NP, an SPM, an NPM, a plurality of COMs, a
plurality of LMs, and a plurality of LPs (see Figure 1).

[0038] The invention provides an assay of high specificity and sensitivity such that in situ
detection of nucleic acid variations, including SNV, multi-nucleotide variants such as splice
sites, and other variants, can be performed in high noise samples. As illustrated in Figure 1,
an SGC provides for very sensitive and specific detection of an SNV in a target nucleic acid.
As further illustrated in Figure 1, a false signal can be generated if a COM with LPS
hybridized to it binds non-specifically to a component of the cell. However, the nature of the
collaborative hybridization of the invention, as described herein, provides high sensitivity and
specificity because the signal generated when bound to the actual target is greater than the
signal of COM bound non-specifically. As described above, the SPCA is repeated at least 2
times in the SPM, and the NPCA is repeated at least 2 times in the NPM. Such a
configuration provides for a detectable signal of the actual target that is at least 2 times greater
than that of a COM bound non-specifically. The differential signal between COM-LPS bound
to the actual target can be increased further, as described herein, by increasing the number of
SPCA repeats in the SPM and the number of NPCA repeats in the NPM (see also Figure 1).

In general, the number of SPCA repeats in the SPM will be the same as the number of NPCA
repeats in the NPM, so that the COM can hybridize collaboratively to both the SPM and
NPM. Therefore, the differential signal between binding of LPS to the actual target compared
to non-specific binding can be increased to provide a greater enhancement of signal to noise
ratio, thereby providing a higher specificity and higher sensitivity method to detect single

nucleotide variations in individual cells in situ.

[0039] In one embodiment, the invention provides a method of in sifu detection of nucleic
acid variations, for example, a single nucleotide variation, of a target nucleic acid. In an
embodiment of the invention, provided is a method of in situ detection of a single nucleotide
variation of a target nucleic acid in a sample of fixed and permeabilized cells. The method

can comprise the steps of: (A) contacting the sample with a single nucleotide variation probe
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(SP) and a neighbor probe (NP), wherein the SP comprises a target anchor segment (SPAT)
that can specifically hybridize to a region of the target nucleic acid comprising the single
nucleotide variation and a pre-amplifier anchor segment (SPAP), and wherein the NP
comprises a target anchor segment (NPAT) that can hybridize to a region of the target nucleic
acid adjacent to the binding site of the SP and a pre-amplifier anchor segment (NPAP); (B)
contacting the sample with an SP pre-amplifier (SPM) and an NP pre-amplifier (NPM),
wherein the SPM comprises a segment that can bind to the SP and comprises two or more SP
collaboration anchors (SPCAs), and wherein the NPM comprises a segment that can bind to
the NP and comprises two or more NP collaboration anchors (NPCAs); (C) contacting the
sample with a collaboration amplifier (COM), wherein the COM comprises a first segment
complementary to the SPCA, a second segment complementary to the NPCA, and a third
segment comprising a plurality of label amplifier anchor segments; (D) contacting the sample
with a label probe system (LPS), wherein the LPS comprises a plurality of label amplifiers
(LMs) and a plurality of label probes (LPs), wherein each LM comprises a segment that can
bind to a label amplifier anchor segment of the COM and a plurality of label probe anchor
segments, wherein each LP comprises a detectable label and a segment that hybridizes to the
label probe anchor segment of LM, wherein the aforesaid hybridizations form a signal
generating complex (SGC) comprising a target nucleic acid with the single nucleotide
variation, an SP, an NP, an SPM, an NPM, a plurality of COMs, a plurality of LMs, and a
plurality of LPs; and (E) detecting in situ signal from the SGC on the sample.

[0040] As described herein, the methods of the invention generally relate to in sifu
detection of nucleic acid variations. Methods for in situ detection of nucleic acids are well
known to those skilled in the art (see, for example, US 2008/0038725; US 2009/0081688;
Hicks et al., J. Mol. Histol. 35:595-601 (2004)). As used herein, "in sifu hybridization" or
"ISH" refers to a type of hybridization that uses a directly or indirectly labeled
complementary DNA or RNA strand, such as a probe, to bind to and localize a specific
nucleic acid, such as DNA or RNA, in a sample, in particular a portion or section of tissue (in
situ). The probe types can be double stranded DNA (dsDNA), single stranded DNA
(ssDNA), single stranded complimentary RNA (sscRNA), messenger RNA (mRNA), micro
RNA (miRNA), ribosomal RNA, mitochondrial RNA, and/or synthetic oligonucleotides. The

term "fluorescent in situ hybridization" or "FISH" refers to a type of ISH utilizing a
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fluorescent label. The term "chromogenic in situ hybridization" or "CISH" refers to a type of
ISH with a chromogenic label. ISH, FISH and CISH methods are well known to those skilled
in the art (see, for example, Stoler, Clinics in Laboratory Medicine 10(1):215-236 (1990); In
situ hybridization. A practical approach, Wilkinson, ed., IRL Press, Oxford (1992);
Schwarzacher and Heslop-Harrison, Practical in situ hybridization, BIOS Scientific

Publishers Ltd, Oxford (2000)).

[0041] For in situ detection of nucleic acid targets in a cell, the cell is optionally fixed and
permeabilized before hybridization of the target probes. Fixing and permeabilizing cells can
facilitate retaining the nucleic acid targets in the cell and permit the target probes, label
probes, amplifiers, preamplifiers, and so forth, to enter the cell. The cell is optionally washed
to remove materials not captured to a nucleic acid target. The cell can be washed after any of
various steps, for example, after hybridization of the target probes to the nucleic acid targets
to remove unbound target probes, after hybridization of the preamplifiers, amplifiers, and/or
label probes to the target probes, and/or the like. Methods for fixing and permeabilizing cells
for in situ detection of nucleic acids, as well as methods for hybridizing, washing and
detecting target nucleic acids, are also well known in the art (see, for example, US
2008/0038725; US 2009/0081688; Hicks et al., J. Mol. Histol. 35:595-601 (2004); Stoler,
Clinics in Laboratory Medicine 10(1):215-236 (1990); In situ hybridization. A practical
approach, Wilkinson, ed., IRL Press, Oxford (1992); Schwarzacher and Heslop-Harrison,
Practical in situ hybridization, BIOS Scientific Publishers Ltd, Oxford (2000)).

[0042] As used herein, the term “plurality” is understood to mean two or more. Thus, a
plurality can refer to, for example, 2 or more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or
more, 8 or more, 9 or more, 10 or more, 11 or more, 12 or more, 13 or more, 14 or more, 15
or more, 16 or more, 17 or more, 18 or more, 19 or more, 20 or more, 21 or more, 22 or more,
23 or more, 24 or more, 25 or more, 26 or more, 27 or more, 28 or more, 29 or more, 30 or
more, 31 or more, 32 or more, 33 or more, 34 or more, 35 or more, 36 or more, 37 or more, 38
or more, 39 or more, 40 or more, 41 or more, 42 or more, 43 or more, 44 or more, 45 or more,
46 or more, 47 or more, 48 or more, 49 or more, 50 or more, 55 or more, 60 or more, 65 or
more, 70 or more, 75 or more, 80 or more, 85 or more, 90 or more, 95 or more, 100 or more,
110 or more, 120 or more, 130 or more, 140 or more, 150 or more, 160 or more, 170 or more,

180 or more, 190 or more, 200 or more, 300 or more, 400 or more, S00 or more, 600 or more,
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700 or more, 800 or more, 900 or more, or 1000 or more, or even a greater number, if desired

for a particular use.

[0043] In one embodiment of the invention, the methods can be used to detect a single
nucleotide variation of a target nucleic acid. Such a single nucleotide variation (SNV) can be
a point mutation or a single-nucleotide polymorphism (SNP). In an embodiment of a method
of the invention, a sample containing cells is contacted with a single nucleotide variation
probe (SP) and a neighbor probe (NP). The SP comprises a target anchor segment (SPAT)
that can specifically hybridize to a region of the target nucleic acid comprising the single
nucleotide variation. As used herein, an SP that can “specifically hybridize” to a region of the
target nucleic acid comprising the SNV refers to an SP that can specifically hybridize to a
target nucleic acid that contains the SNV but not to a nucleic acid having a different
nucleotide at the position of the SNV. Thus, an SP can distinguish between a nucleic acid that
contains the SNV and a nucleic acid that does not contain the SNV. It is understood that an
SP used in the methods and compositions of the invention is designed such that, under the
assay conditions utilized, the SP can specifically hybridize to a target nucleic acid containing
a specific nucleotide, such as the SNV, but will not hybridize to a nucleic acid sequence
containing a different nucleotide at that position, for example, a wild type nucleic acid
sequence. Thus, an SP is selected to have an SPAT of a desired length suitable for exhibiting
specific hybridization to the target nucleic acid containing the SNV under the temperature and
buffers used for the in situ hybridization assay. The length of the SPAT can be chosen to be
sufficiently short in length such that it will not remain stably bound to the target nucleic acid
in the absence of binding of the NP. In general, the SPAT is relatively short in length, for
example, about 10 to 20 nucleotides in length, but can be somewhat shorter or longer
depending on the assay conditions used, such as about 9 to 21 nucleotides in length. Thus, in
general, an SPAT can be 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21 nucleotides in
length.

[0044] In the SP, the base complementary to the nucleotide variation on the target nucleic
acid can be anywhere within the SPAT of the SP but is generally near the center of the SPAT.
It is important that the SP be able to discriminate between the target nucleic acid having the
nucleotide variation and a wild-type or other sequence that does not contain the nucleotide

variation. The SP should provide good sensitivity and specificity. To achieve this, the
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melting temperature difference between binding of the SP to a nucleic acid having the
nucleotide variation and to a wild-type or other sequence that does not contain the nucleotide
variation ("dTy") should be maximized. The position of the base within SPAT that is
complementary to the nucleotide variation can be selected to maximize dT,, This can be
done by using melting temperature calculation algorithms known in the art (see, for example,
SantalLucia, Proc. Natl. Acad. Sci. U.S.A. 95:1460-1465 (1998)). In addition, artificial
modified bases such as Locked Nucleic Acid (LNA) or bridged nucleic acid (BNA) and
naturally occurring 2’-O-methyl RNA are known to enhance the binding strength between
complementary pairs (Petersen and Wengel, Trends Biotechnol. 21:74-81 (2003); Majlessi et
al., Nucl. Acids Res. 26:2224-2229 (1998)). These modified bases can be strategically
introduced into the SPAT of the SP to further increase the dTy, to enhance the detection

sensitivity and specificity of SP.

[0045] One approach is to make all bases in the SPAT of the SP with modified
nucleotides (LNA, BNA or 2’-O-methyl RNA). Because each modified base can increase the
melting temperature, the length of SPAT can be substantially shortened, which makes the SP
more sensitive to a single base difference. Alternatively, only the base complementary to the
nucleotide variation in the target nucleic acid is changed to the modified nucleotide. Because
the binding strength of a modified base to its complement is stronger, the difference in
melting temperatures (dTp,) is increased between the binding of SP to the nucleotide variation
in the target nucleic acid and the wild type or sequence that does not contain the nucleotide
variation. Yet another embodiment is to use three modified bases (for example, three LNA,
BNA or 2'-O-methyl RNA bases, or a combination of two or three different modified bases)
in the SPAT centered around the base complementary to the nucleotide variation in the target

nucleic acid.

[0046] An SP also comprises a pre-amplifier anchor segment (SPAP). The SPAP is
complementary to a segment of the SP pre-amplifier (SPM) and provides for binding of the
SPM to the SP bound to the target nucleic acid. The SPAP is of a length that provides stable
hybridization between the SP and SPM under the assay conditions used. Thus, the SPAP is
generally longer than the SPAT, for example, about 14 to 28 nucleotides in length, but can be

somewhat shorter or longer depending on the assay conditions used, such as about 10 to 30
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nucleotides in length. Thus, in general, an SPAP can be 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 nucleotides in length.

[0047] The SP can optionally include a spacer between the SPAT and the SPAP. Thus, it
is understood that an SP can have no spacer between the SPAT and the SPAP. Generally,
however, the SP will have a spacer between the SPAT and the SPAP. Such a configuration
allows for a desired spatial separation of the target nucleic acid from the SGC formed. A
spacer between the SPAT and the SPAP will generally be 1 to 10 nucleotides in length, but it
is understood that the spacer can be longer, if desired. Thus, an optional spacer between the
SPAT and the SPAP can be, for example, 1, 2, 3,4, 5, 6, 7, 8,9, or 10 nucleotides in length.

In a particular embodiment, the spacer is 5 nucleotides in length.

[0048] In an embodiment of the invention, the sample is also contacted with a neighbor
probe (NP). The NP comprises a target anchor segment (NPAT) that can hybridize to a
region of the target nucleic acid adjacent to the binding site of the SP. The region of the
target nucleic acid adjacent to the SPAT binding site can be immediately adjacent, that is, it
can bind with no gap between the SPAT binding site and the NPAT binding site. However,
generally, there will be a gap of 1 to a few nucleotides between the SPAT binding site and the
NPAT binding site, for example a gap of 1 to 50 nucleotides, and such binding sites will still

be considered as adjacent binding sites for the SP and NP binding to the target nucleic acid.

[0049] The NP is selected to have an NPAT of a desired length suitable for exhibiting
specific hybridization to the target nucleic acid adjacent to the SPAT binding site under the
temperature and buffers used for the in situ hybridization assay. Since the NP does not have
to discriminate single nucleotide variation, the NPAT can be relatively longer than SPAT to
provide stability, for example, about 16 to 30 nucleotides in length, but can be somewhat
shorter or longer depending on the assay conditions used, such as about 12 to 40 nucleotides
in length. Thus, in general, an NPAT can be 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39 or 40 nucleotides in length.

[0050] An NP also comprises a pre-amplifier anchor segment (NPAP). The NPAP is
complementary to a segment of the NP pre-amplifier (NPM) and provides for binding of the
NPM to the NP bound to the target nucleic acid. The NPAP is of a length that provides stable
hybridization between the NP and NPM under the assay conditions used. Thus, the NPAP is
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generally about 14 to 28 nucleotides in length, but can be somewhat shorter or longer
depending on the assay conditions used, such as about 10 to 30 nucleotides in length. Thus,
in general, an NPAP can be 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27,28, 29 or 30 nucleotides in length.

[0051] The NP can optionally include a spacer between the NPAT and the NPAP. Thus,
it is understood that an NP can have no spacer between the NPAT and the NPAP. Generally,
however, the NP will have a spacer between the NPAT and the NPAP. Such a configuration
allows for a desired spatial separation of the target nucleic acid from the SGC formed. A
spacer between the NPAT and the NPAP will generally be 1 to 10 nucleotides in length, but it
is understood that the spacer can be longer, if desired. Thus, an optional spacer between the
NPAT and the NPAP can be, for example, 1, 2, 3,4, 5, 6, 7, 8, 9, or 10 nucleotides in length.

In a particular embodiment, the spacer is 5 nucleotides in length.

[0052] In an embodiment of a method of the invention, the sample is contacted with an SP
pre-amplifier (SPM) and an NP pre-amplifier (NPM). The SPM comprises a segment that can
bind to the SP by way of the SPAP. Thus, the segment of the SPM is complementary to the
SPAP of the SP. As disclosed herein, the SPAP is generally of a length that provides stable
hybridization between the SP and SPM under the assay conditions used. Thus, the segment of
the SPM that is complementary to the SPAP is generally about 14 to 28 nucleotides in length,
but can be somewhat shorter or longer depending on the length of the SPAP and the assay
conditions used, such as about 10 to 30 nucleotides in length. Thus, in general, the segment is
complementary to the SPAP and can be 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, 26, 27, 28, 29 or 30 nucleotides in length.

[0053] The SPM also comprises two or more SP collaboration anchors (SPCAs). The
SPCA provides a binding site for a collaboration amplifier (COM). The length of the SPCA
is generally chosen to be sufficiently short in length such that it will not remain stably bound
to the COM in the absence of binding of the COM to the NPCA of the NPM (see Figure 1).
In general, the SPCA is relatively short in length, for example, about 10 to 20 nucleotides in
length. Thus, in general, an SPCA can be 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20

nucleotides in length. In a particular embodiment, the SPCA is 14 nucleotides in length.
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[0054] The NPM comprises a segment that can bind to the NP by way of the NPAP.
Thus, the segment of the NPM is complementary to the NPAP of the NP. As disclosed
herein, the NPAP is generally of a length that provides stable hybridization between the NP
and NPM under the assay conditions used. Thus, the segment of the NPM that is
complementary to the NPAP is generally about 14 to 28 nucleotides in length, but can be
somewhat shorter or longer depending on the length of the NPAP and the assay conditions
used, such as about 10 to 30 nucleotides in length. Thus, in general, the segment is
complementary to the NPAP and can be 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, 26, 27, 28, 29 or 30 nucleotides in length.

[0055] The NPM also comprises two or more NP collaboration anchors (NPCAs). The
NPCA provides a binding site for a collaboration amplifier (COM). The length of the NPCA
is generally chosen to be sufficiently short in length such that it will not remain stably bound
to the COM in the absence of binding of the COM to the SPCA of the SPM (see Figure 1). In
general, the NPCA is relatively short in length, for example, about 10 to 20 nucleotides in
length. Thus, in general, an NPCA can be 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20

nucleotides in length. In a particular embodiment, the NPCA is 14 nucleotides in length.

[0056] The SPM or NPM can optionally include a spacer between the SPCAs or NPCAs.
Thus, it is understood that an SPM can have no spacer between the SPCAs, and an NPM can
have no spacer between the NPCAs. Generally, however, the SPM and NPM will have a
spacer between the SPCAs and NPCAs. An optional spacer between the SPCAs and NPCAs
will generally be 1 to 10 nucleotides in length, but it is understood that the spacer can be
longer, if desired. Thus, an optional spacer between the SPCAs and NPCAs can be
independently, for example, 1,2, 3,4, 5,6, 7, 8, 9, or 10 nucleotides in length. In a particular
embodiment, the spacer is 5 nucleotides in length. It is understood that the use of a spacer
between any SPCAs of an SPM and NPCAs of an NPM is independent, and the length of the
spacer between the SPCAs and NPCAs is independent. For example, if an NPM contains 4
NPCAs, there would be 3 optional spacers, and those spacers do not have to be the same

length as each other, that is, the lengths are independent.

[0057] As described herein, the SPM and NPM can be designed to contain two or more
SPCAs and NPCAs, respectively. To increase the signal associated with an SGC, the number
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of SPCAs and NPCAs can be increased (see Figure 1). The number of SPCAs and NPCAs
can be selected to give a desired signal strength or increased signal to noise ratio. As shown
in Figure 1, each SPCA and NPCA can bind to a COM, which in turn binds to a label probe
system (LPS). Increasing the number of SPCAs and NPCAs on the SPM and NPM,
respectively, will result in a corresponding increase in the number of label probe systems
(LPSs) bound to the target nucleic acid. Each COM that can bind to a nucleic acid target via
collaboration hybridization in the methods of the invention increase the target-specific signal
over non-specific binding of a COM to a component of the cell (see Figure 1). The number of
SPCAs and NPCAs in a SPM and NPM pair will generally be the same between the pair, will
generally have the same spacing between the pairs, and will generally have 2 to 20 SPCAs
and NPCAs per pair, although it is understood that a higher number can be used, if desired.
Thus, an SPM and NPM will generally have 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19 or 20 SPCAs and NPCAs, respectively.

[0058] In an embodiment of a method of the invention, the sample is contacted with a
collaboration amplifier (COM). The COM comprises a first segment complementary to the
SPCA, a second segment complementary to the NPCA, and a third segment comprising a
plurality of label amplifier anchor segments. As described herein and shown in Figure 1, the
COM provides collaboration hybridization between the SPM and NPM, which are bound to
the target nucleic acid via the SP and NP, respectively. The collaboration hybridization
configuration of the COM provides additional specificity and a greater signal to noise ratio
since the label probe system (LPS) will not bind to the target nucleic acid unless the COM is
bound to both the SPM and NPM. As discussed above, a further increase in signal is
provided by increasing the number of SPCAs and NPCAs on the SPM and NPM,
respectively. The collaborative hybridization of multiple COMs is enhanced further by
having multiple collaborative hybridization reactions occur when the complex is specifically

bound to the target nucleic acid (see Figure 1).

[0059] The COM also comprises a third segment, which comprises a plurality of label
amplifier anchor segments. The label amplifier anchor segments are complementary to
segments of the label amplifiers (LMs). The binding of the COM to the label amplifiers
(LMs) is generally a stable hybridization. Thus, the label amplifier anchor segments are

generally of a length that provides stable hybridization between the COM and the LMs under
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the assay conditions used. The label amplifier anchor segments are generally about 20 to 28
nucleotides in length, but can be somewhat shorter or longer depending on the assay
conditions used, such as about 15 to 30 nucleotides in length. Thus, in general, the label
amplifier anchor segments can be 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or

30 nucleotides in length.

[0060] The length of a COM is selected based on the desired characteristics of the assay.
As described above, the COM will contain a first segment complementary to the SPCA, a
second segment complementary to the NPCA, and a third segment comprising a plurality of
label amplifier anchor segments. The label amplifier anchor segments provide binding sites
for label amplifiers (LMs). As shown in Figure 4, the COM can optionally contain a spacer
independently between the first, second and/or third segments. The length of the spacer and
orientation of the first and second segment among SPCA and NPCA can be selected to
maximize the collaborative hybridization effect. The first and second segments of COM can
hybridize to SPCA and NPCA in the same or different orientations as shown in Figures 4A,
4B and 4C, respectively. The spacer is generally and independently 1 to 10 nucleotides in
length. Thus, a spacer between the first, second and/or third segments of a COM generally
can be, independently, 1,2, 3,4, 5, 6, 7, 8, 9 or 10 nucleotides in length, depending on the
configuration of the SGC.

[0061] The modified bases, such as LNA or BNA, can be used in SPCA, NPCA or their
complementary sequences in COM, which increases the binding strength of the base to its
complementary base, allowing an increase of the melting temperature of the hybridization
between SPM and COM or between NPM and COM individually, or a reduction in the length
of the anchoring segments (see, for example, Petersen and Wengel, 7Trends Biotechnol. 21:74—
81 (2003); US Patent No. 7,399,845). More importantly, such an approach substantially
increases the difference between the melting temperatures of individual SPM-COM or NPM-
COM hybridization and the SPM-NPM-COM collaborative hybridization. Such a difference
can be important to the enhancement of the signal to noise ratio in the assay of the invention
because the binding of COM to an individual SPM or NPM is significantly more unstable
than the binding of COM to a SPM/NPM pair. This ensures that an SGC can only be

assembled when it is specifically associated in the presence of the target.
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[0062] Similarly, the third segment of a COM contains a plurality of label amplifier
anchor segments. The label amplifier anchor segments can also optionally and independently
have a spacer between them. Thus, a spacer between the label amplifier anchor segments can
be, independently, 1, 2, 3,4, 5, 6, 7, 8, 9 or 10 nucleotides in length. Therefore, depending on
the length of the first, second and third segments, a COM will generally be about 60 to 900

nucleotides in length.

[0063] In an embodiment of a method of the invention, the sample is contacted with a
label probe system (LPS). The LPS comprises a plurality of label amplifiers (LMs). Each
LM comprises a segment that can bind to a label amplifier anchor segment of the COM. The
LM also comprises a plurality of label probe anchor segments. The binding of the LMs to the
label probes (LPs) is generally a stable hybridization. Thus, the label probe anchor segments
are generally of a length that provides stable hybridization between the LM and the LPs under
the assay conditions used. The label probe anchor segments are generally about 15 to 28
nucleotides in length, but can be somewhat shorter or longer depending on the assay
conditions used, such as about 12 to 30 nucleotides in length. Thus, in general, the label
probe anchor segments can be 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29 or 30 nucleotides in length.

[0064] As described herein, to further increase the signal associated with an SGC, the
number of LMs bound to a COM can be increased (see Figure 1). The number of LMs can be
selected to give a desired signal strength or increased signal to noise ratio. As shown in
Figure 1, a plurality of LMs can bind to a COM via the label amplifier anchor segments.
Increasing the number of label amplifier anchor segments on the COM will increase the
number of LMs bound to the COM. This in turn will result in a corresponding increase in the
number of label probes bound to the target nucleic acid. The number of LMs bound to the
COM will generally be 2 to 20, although it is understood that a higher number can be used, if
desired. Thus, a COM will generally have 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19 or 20 label amplifier anchor segments, providing binding for 2, 3, 4, 5,6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 LMs per COM.

[0065] The LPS also comprises a plurality of label probes (LPs). Each LP comprises one

or more detectable labels and a segment that hybridizes to the label probe anchor segment of
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LM. Asused herein, a "label" is a moiety that facilitates detection of a molecule. Common
labels in the context of the present invention include fluorescent, luminescent, light-scattering,
and/or colorimetric labels. Suitable labels include enzymes, and fluorescent and chromogenic
moieties, as well as radionuclides, substrates, cofactors, inhibitors, chemiluminescent
moieties, magnetic particles, rare earth metals, and the like. In a particular embodiment of the
invention, the label is an enzyme. Exemplary enzyme labels include, but are not limited to
Horse Radish Peroxidase (HRP), Alkaline Phosphatase (AP), 3-galactosidase, glucose
oxidase, and the like, as well as various proteases. Other labels include, but are not limited to,
fluorophores, Dinitrophenyl (DNP), and the like. Labels are well known to those skilled in
the art, as described, for example, in Hermanson, Bioconjugate Techniques, Academic Press,
San Diego (1996), and U.S. Patent Nos. 3,817,837; 3,850,752; 3,939,350; 3,996,345;
4,277,437, 4,275,149; and 4,366,241. Many labels are commercially available and can be
used in methods and assays of the invention, including detectable enzyme/substrate
combinations (Pierce, Rockford IL; Santa Cruz Biotechnology, Dallas TX; Invitrogen,
Carlsbad CA). In a particular embodiment of the invention, the enzyme can utilize a
chromogenic or fluorogenic substrate to produce a detectable signal, as described herein.

Exemplary labels are described herein.

[0066] Any of a number of enzymes or non-enzyme labels can be utilized so long as the
enzymatic activity or non-enzyme label, respectively, can be detected. The enzyme thereby
produces a detectable signal, which can be utilized to detect a target nucleic acid. Particularly
useful detectable signals are chromogenic or fluorogenic signals. Accordingly, particularly
useful enzymes for use as a label include those for which a chromogenic or fluorogenic
substrate is available. Such chromogenic or fluorgenic substrates can be converted by
enzymatic reaction to a readily detectable chromogenic or fluorescent product, which can be
readily detected and/or quantified using microscopy or spectroscopy. Such enzymes are well
known to those skilled in the art, including but not limited to, horseradish peroxidase, alkaline
phosphatase, -galactosidase, glucose oxidase, and the like (see Hermanson, Bioconjugate
Techniques, Academic Press, San Diego (1996)). Other enzymes that have well known
chromogenic or fluoregenic substrates include various peptidases, where chromogenic or
fluorogenic peptide substrates can be utilized to detect proteolytic cleavage reactions. The

use of chromogenic and fluorogenic substrates is also well known in bacterial diagnostics,
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including but not limited to the use of - and [3-galactosidase, 3-glucuronidase, 6-phospho-f3-
D-galatoside 6-phosphogalactohydrolase, B-gluosidase, a-glucosidase, amylase,
neuraminidase, esterases, lipases, and the like (Manafi et al., Microbiol. Rev. 55:335-348
(1991)), and such enzymes with known chromogenic or fluorogenic substrates can readily be

adapted for use in methods of the present invention.

[0067] Various chromogenic or fluorogenic substrates to produce detectable signals are
well known to those skilled in the art and are commercially available. Exemplary substrates
that can be utilized to produce a detectable signal include, but are not limited to, 3,3'-
diaminobenzidine (DAB), 3,3°,5,5 -tetramethylbenzidine (TMB), Chloronaphthol (4-CN)(4-
chloro-1-naphthol), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS), o-
phenylenediamine dihydrochloride (OPD), and 3-amino-9-ethylcarbazole (AEC) for
horseradish peroxidase; 5-bromo-4-chloro-3-indolyl-1-phosphate (BCIP), nitroblue
tetrazolium (NBT), Fast Red (Fast Red TR/AS-MX), and p-Nitrophenyl Phosphate (PNPP)
for alkaline phosphatase; 1-Methyl-3-indolyl-B-D-galactopyranoside and 2-Methoxy-4-(2-
nitrovinyl)phenyl B-D-galactopyranoside for 3-galactosidase; 2-Methoxy-4-(2-
nitrovinyl)phenyl B-D-glucopyranoside for -glucosidase; and the like. Exemplary
fluorogenic substrates include, but are not limited to, 4-(Trifluoromethyl)umbelliferyl
phosphate for alkaline phosphatase; 4-Methylumbelliferyl phosphate bis (2-amino- 2-methyl-
1,3-propanediol), 4-Methylumbelliferyl phosphate bis (cyclohexylammonium) and 4-
Methylumbelliferyl phosphate for phosphatases; QuantaBlu™ and QuantaRed ™ for
horseradish peroxidase; 4-Methylumbelliferyl B-D-galactopyranoside, Fluorescein di(-D-
galactopyranoside) and Naphthofluorescein di-(B-D-galactopyranoside) for B-galactosidase;
3-Acetylumbelliferyl B-D-glucopyranoside and 4-Methylumbelliferyl-p- D-glucopyranoside
for B-glucosidase; and 4-Methylumbelliferyl-a- D-galactopyranoside for a-galactosidase.
Exemplary enzymes and substrates for producing a detectable signal are also described, for
example, in US publication 2012/0100540. Various detectable enzyme substrates, including
chromogenic or fluorogenic substrates, are well known and commercially available (Pierce,
Rockford IL; Santa Cruz Biotechnology, Dallas TX; Invitrogen, Carlsbad CA; 42 Life
Science; Biocare). Generally, the substrates are converted to products that form precipitates
that are deposited at the site of the target nucleic acid. Other exemplary substrates include,

but are not limited to, HRP-Green (42 Life Science), Betazoid DAB, Cardassian DAB,
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Romulin AEC, Bajoran Purple, Vina Green, Deep Space Black™, Warp Red™, Vulcan Fast
Red and Ferangi Blue from Biocare (Concord CA,;

biocare.net/products/detection/chromogens).

[0068] Biotin-avidin (or biotin-streptavidin) is a well known signal amplification system
based on the fact that the two molecules have extraordinarily high affinity to each other and
that one avidin/streptavidin molecule can bind four biotin molecules. Antibodies are widely
used for signal amplification in immunohistochemistry and ISH. Tyramide signal
amplification (TSA) is based on the deposition of a large number of haptenized tyramide
molecules by peroxidase activity. Tyramine is a phenolic compound. In the presence of
small amounts of hydrogen peroxide, immobilized Horse Radish Peroxidase (HRP) converts
the labeled substrate into a short-lived, extremely reactive intermediate. The activated
substrate molecules then very rapidly react with and covalently bind to electron-rich moieties
of proteins, such as tyrosine, at or near the site of the peroxidase binding site. In this way, a
lot of extra hapten molecules conjugated to tyramide can be introduced at the hybridization
site in sifu. Subsequently, the deposited tyramide-hapten molecules can be visualized directly
or indirectly. Such a detection system is described in more detail, for example, in U.S.

publication 2012/0100540.

[0069] Embodiments described herein can utilize enzymes to generate a detectable signal
using appropriate chromogenic or fluorogenic substrates. It is understood that, alternatively, a
label probe can have a detectable label directly coupled to the nucleic acid portion of the label
probe. Exemplary detectable labels are well known to those skilled in the art, including but
not limited to chromogenic or fluorescent labels (see Hermanson, Bioconjugate Techniques,
Academic Press, San Diego (1996)). Exemplary fluorophores useful as labels include, but are
not limited to, rhodamine derivatives, for example, tetramethylrhodamine, rhodamine B,
rhodamine 6G, sulforhodamine B, Texas Red (sulforhodamine 101), rhodamine 110, and
derivatives thereof such as tetramethylrhodamine-5-(or 6), lissamine rhodamine B, and the
like; 7-nitrobenz-2-oxa-1,3-diazole (NBD); fluorescein and derivatives thereof, napthalenes
such as dansyl (5-dimethylaminonapthalene-1-sulfonyl); coumarin derivatives such as 7-
amino-4-methylcoumarin-3-acetic acid (AMCA), 7-diethylamino-3-[(4'-
(iodoacetyl)amino)phenyl]-4-methylcoumarin (DCIA), Alexa fluor dyes (Molecular Probes),
and the like; 4,4-difluoro-4-bora-3a,4a-diaza-s-indacene (BODIPYTM) and derivatives thereof
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(Molecular Probes; Eugene Oreg.); pyrenes and sulfonated pyrenes such as Cascade Blue™
and derivatives thereof, including 8-methoxypyrene-1,3,6-trisulfonic acid, and the like;
pyridyloxazole derivatives and dapoxyl derivatives (Molecular Probes); Lucifer Yellow (3,6-
disulfonate-4-amino-naphthalimide) and derivatives thereof, CyDye™ fluorescent dyes
(Amersham/GE Healthcare Life Sciences; Piscataway NJ), and the like. Exemplary
chromophores include, but are not limited to, phenolphthalein, malachite green,
nitroaromatics such as nitrophenyl, diazo dyes, dabsyl (4-dimethylaminoazobenzene-4'-

sulfonyl), and the like.

[0070] Well known methods such as microscopy, cytometry (mass cytometry, CyTOF), or
spectroscopy can be utilized to visualize chromogenic or fluoroscent detectable signals
associated with the respective target nucleic acids. In general, either chromogenic substrates
or fluorogenic substrates, or chromogenic or fluorescent labels, will be utilized for a particular
assay, if different labels are used in the same assay, so that a single type of instrument can be

used for detection of nucleic acid targets in the same sample.

[0071] As described herein, to further increase the signal associated with an SGC, the
number of LPs bound to an LM can be increased (see Figure 1). The number of LPs can be
selected to give a desired signal strength or increased signal to noise ratio. As shown in
Figure 1, a plurality of LPs can bind to an LM via the label probe anchor segments.
Increasing the number of label probe anchor segments on the LM will increase the number of
LPs bound to the LM. This results in an increase in the number of label probes bound to the
target nucleic acid. The number of LPs bound to the LM will generally be 2 to 20, although it
is understood that a higher number can be used, if desired. Thus, an LM will generally have
2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 label probe anchor segments,
providing binding for 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 LPs per
LM.

[0072] When the components described above hybridize, a signal generating complex
(SGC) is formed. The SGC comprises a target nucleic acid with the nucleotide variation, for
example, single nucleotide variation, multi-nucleotide variation, splice site, insertion/deletion,
rearrangement, and the like, an SP, an NP, an SPM, an NPM, a plurality of COMs, a plurality
of LMs, and a plurality of LPs. Once the SGC is formed, the in sifu signal can be detected
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from the SGC on the sample. After assembling each component, the sample can be optionally
washed to remove unbound component prior to adding the next layer of component to the

sample.

[0073] The modified bases, such as LNA or BNA, can be used in the anchoring segments
of selected components of SGC, which increases the binding strength of the base to its
complementary base, allowing a reduction in the length of the anchoring segments (see, for
example, Petersen and Wengel, Trends Biotechnol. 21:74-81 (2003); US Patent No.
7,399,845). Artificial bases that expand the natural 4-letter alphabet such as the Artificially
Expanded Genetic Information System (AEGIS; Yang et al., Nucl. Acids Res. 34 (21): 6095-
6101 (2006)) can be incorporated into the binding sites among the interacting components of
the SGC (for example, SPAP~SPM, NPAP~NPM, SPCA~COM, NPCA~COM, and LP~LM
hybridization sites). These artificial bases can increase the specificity of the interacting
components, which in turn can allow lower stringency hybridization reactions to yield a

higher signal.

[0074] It can be useful to use a configuration with an NP on each side of the SP, as shown
in Figure 5. Such a configuration provides for capture of two SGCs to a target nucleic acid
containing a nucleotide variant such as an SNV, a multi-nucleotide variant, splice site,
insertion/deletion, rearrangement, and the like. Such a configuration can additionally be used
to double the signal. Alternatively, it can also be used to enhance the robustness of the assay.
For example, as shown in Figure 5B, if the access of one NP is blocked due to insufficient
permeablization, or if the binding site to the target nucleic acid is lost due to RNA

degradation, a detectable signal can still be generated by the SGC bound to the other NP.

[0075] In an embodiment of the invention, the nucleic acid detected by the methods of the
invention can be any nucleic acid present in the cell sample, including but not limited to,
RNA, including messenger RNA (mRNA), micro RNA (miRNA), ribosomal RNA (rRNA),
mitochondrial RNA, and the like, or DNA, and the like. In a particular embodiment, the
nucleic acid is RNA.

[0076] In a further embodiment of the invention, the fixed and permeabilized cells are
immobilized on a tissue slide. Methods for fixing and permeabilizing cells for immobilizing

on a tissue slide are well known in the art, as disclosed herein.
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[0077] As disclosed herein, the invention is based on building a signal-generating
complex (SGC) bound to a target nucleic acid in order to detect the presence of the target
nucleic acid in the cell. The components for building an SGC generally comprise nucleic
acids such that nucleic acid hybridization reactions are used to bind the components of the
SGC to the target nucleic acid. Methods of selecting appropriate regions and designing
specific and selective reagents that bind to the target nucleic acids, in particular
oligonucleotides or probes that specifically and selectively bind to a target nucleic acid, or
other components of the SGC, are well known to those skilled in the art (see Sambrook et al .,
Molecular Cloning: A Laboratory Manual, Third Ed., Cold Spring Harbor Laboratory, New
York (2001); Ausubel et al., Current Protocols in Molecular Biology, John Wiley and Sons,
Baltimore, MD (1999)). A desired specificity can be achieved using appropriate selection of
regions of a target nucleic acid as well as appropriate lengths of a binding agent such as an
oligonucleotide or probe, and such selection methods are well known to those skilled in the
art. Thus, one skilled in the art will readily understand and can readily determine appropriate
reagents, such as oligonucleotides or probes, that can be used to target one particular target
nucleic acid over another target nucleic acid, or to provide binding to the components of the

SGC such as SP, NP, SPM, NPM, COM, LM and LP.

[0078] As disclosed herein, the steps of the methods of the invention, whereby
components are assembled into an SGC bound to a target nucleic acid, can be performed
concurrently or sequentially, in any order, so long as the target nucleic acid can be detected.
In some cases, it can be desirable to reduce the number of assay steps, for example, reduce the
number of hybridization and wash steps. One way of reducing the number of assay steps is to
pre-assemble some or all components of the SGC prior to contacting with a cell. Such a pre-
assembly can be performed by hybridizing some or all of the components of the SGC together
prior to contacting the target nucleic acid. It is also possible to reduce the assay steps by pre-
making some part of the SGC to integrate multiple components of the SGC through chemical
synthesis. One exemplary embodiment is depicted in Figure 6A. Figure 6A shows the
integration of SPM with COM and NPM with COM using a pre-fabricated amplification
molecule with a "branched" structure. In this depicted embodiment, the SPM and NPM use a

nucleic acid “branch” to connect to the COM, rather than an SPCA or NPCA as depicted in
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Figure 6A. In this case, collaborative or collaboration hybridization occurs at the binding of

LM to the COM of the SPM-COM branched molecule.

[0079] Another embodiment is depicted in Figure 6B. Figure 6B shows integration of SP
and NP with the SMP and NPM, respectively, by extending the SP and NP to a longer
sequence that includes SPCAs and NPCAs. The SGC can then be assembled with COMs,
LMs and LPs, as depicted in Figure 1, with the COMs bound to the SPCAs and NPCAs of the
extended SP and NP, as depicted in Figure 6B. Alternatively, the SGC can be assembled with
the configuration depicted in Figure 6B, in which the COM and LM are integrated by using a
“branched” configuration, as described above. The LM is connected to the COM as a
branched nucleic acid, rather than being bound by way of the label amplifier anchor segments,
as depicted in Figure 1. In this depicted embodiment, the collaborative hybridization occurs
between the COM portion of the COM-LM branched molecule and the extended SP and NP,
which contain SPCAs and NPCAs, respectively.

[0080] Large molecules are more prone to bind non-specifically or get stuck in the
cellular matrix during in situ assays. This is a potential disadvantage of using a "branched"
molecule that provide large molecules for in situ detection assays. However, methods of the
invention, as disclosed herein, overcome this problem because a single large amplification
molecule cannot form the SGC alone. For example, in the embodiment shown in Figure 6A,
the SGC cannot form without the presence of its pair (SP and NP bound to the target nucleic
acid), so it will not generate noise or a false positive signal. In Figure 6B, although a single
"branched" large molecule can generate background noise if non-specifically bound, the
intensity level of a true signal can be adjusted so that the number of labels bound to a target
nucleic acid are greater than than that of a COM-LM branched molecule with bound label

probes, as described herein (for example, increasing the number of SPCAs and NPCAs on the

extended SP and TP).

[0081] Thus, it is understood that, if desired, an intermediary component can be included
such that the binding of one component to another is pre-assembled by chemical link. For
example, in another embodiment, the LM can be a large pre-made molecule comprising many
labels. In still another embodiment, the COM+LPS (COM/LM/LP) can be a chemically

synthesized as a single large molecule. The use of such pre-made large molecules can
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effectively reduce the number of assay steps. Methods of making such nucleic acid
configurations, including branched nucleic acid configurations as discussed above and shown
in Figures 6A and 6B, are well known in the art (see, for example, US Patent Nos. 5,635,352

and 5,681,697, which are incorporated herein by reference).

[0082] As disclosed herein, the components are generally bound directly to each other. In
the case of nucleic acid containing components, the binding reaction is generally by
hybridization. In the case of a hybridization reaction, the binding between the components is
direct. If desired, an intermediary component can be included such that the binding of one
component to another is indirect, for example, the intermediary component contains

complementary binding sites to bridge two other components.

[0083] It is understood that the invention can be carried out in any desired order, so long
as the variant target nucleic acid is detected. Thus, in a method of the invention, the steps of
contacting a cell with an SP, NP, SPM, NPM, COM and/or LPS can be performed in any
desired order, can be carried out sequentially, or can be carried out simultaneously, or some
steps can be performed sequentially while others are performed simultaneously, as desired, so
long as the target nucleic acid is detected. It is further understood that embodiments disclosed
herein can be independently combined with other embodiments disclosed herein, as desired,

in order to utilize various configurations, component sizes, assay conditions, assay sensitivity,

and the like.

[0084] The methods of the invention, and related compositions, utilize collaboration
hybridization to increase specificity and to reduce background in in situ detection of nucleic
acid targets, where a complex physiochemical environment and the presence of an
overwhelming number of non-target molecules generates high noise. Figure 1 illustrates an
exemplary embodiment, where the collaboration hybridization is provided by the binding of a
COM to an SPM and NPM. Using such a collaboration hybridization method, the binding of
two or more COMs only occurs when the complex is bound to the target nucleic acid. As
illustrated in Figure 1, this allows the method to be readily modified to provide a desired
signal to noise ratio by increasing the number of COMs that can bind to the target nucleic acid

(that is, by increasing the number of SPCAs and NPCAs on the SPM and NPM, respectively).
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[0085] In another embodiment, the collaboration hybridization can be applied to other
components of the SGC as well. For example, the binding of LMs to the COMs can be a
stable reaction, as described herein, or the binding can be configured to require a
collaboration hybridization. In such a case, the LM is designed such that the LM contains two
segments that bind to separate COMs. This configuration would be similar to the relationship
of a COM to the SPM and NPM, but instead the LM would bind to a COM-1 and a COM-2.
The LM and COMs are designed to have appropriate complementary segments, as with the
COM, SPM and NPM depicted in Figure 7A, to provide collaboration hybridization.

[0086] Similarly, a further layer of collaboration hybridization can be utilized for binding
of the LPs to the LM. In such a case, the LP is designed such that the LP contains two
segments that bind to separate LMs. This configuration would be similar to the relationship
of a COM to the SPM and NPM, but instead the LP would bind to an LM-1 and an LM-2.
The LP and LMs are designed to have appropriate complementary segments, as with the

COM, SPM and NPM depicted in Figure 7B, to provide collaboration hybridization.

[0087] Thus, the methods for detecting a target nucleic acid variation can utilize
collaboration hybridization for the binding reactions between any one or all of the
components in the detection system that provides an SGC specifically bound to a target
nucleic acid. The number of components, and which components, to apply collaboration
hybridization can be selected based on the desired assay conditions, the type of sample being
assayed, a desired assay sensitivity, and so forth. Any one or combination of collaboration
hybridization binding reactions can be used to increase the sensitivity and specificity of the

assay.

[0088] Figure 8 depicts two examples of SGC configurations that use collaborative
hybridization between more than two components in the complex. In the configuration
depicted in Figure 8A, two collaborative hybridization steps have to occur in order to build a
stable SGC scaffold. In the depicted configuration, the SP is flanked by two NPs. A first
collaborative hybridization occurs between the SPM/NPM and the SP and two NPs bound to
the target nucleic acid. A second collaborative hybridization occurs between the COMs and
SPM/NPM. Since collaborative hybridization enhances specificity and signal to noise ratio,

as described herein, two collaborative hybridization steps can further increase the assay
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robustness in a high noise environment. Figure 8B shows a different approach of utilizing
two collaborative hybridization steps to improve specificity. In this embodiment, the first
collaborative hybridization occurs between the SP and NP, where the SP and NP are designed
to have complementary sections. In this configuration, the SP and NP have three segments, a
first segment containing an SPAT or NPAT, which binds to the target nucleic acid (labeled
“T” in Figure 8B), a second segment that contains a complementary sequence to the
respective NP or SP (labeled “P” in Figure 8B), and a third segment containing an SPAP or
NPAP, which can bind to the COM (labeled “L” in Figure 8B). The SP and NP hybridize to
the target nucleic acid and to each other collaboratively in order for the target probe set (SP
and NP) and the target nucleic acid to form a stable scaffold. Then SMP and NMP hybridize
individually onto SP and NP, respectively, and the COMs hybridize collaboratively to the SP
and NP.

[0089] As described herein, the configuration of various components can be selected to
provide a desired stable or collaboration hybridization binding reaction. It is understood that,
even if a binding reaction is exemplified herein as a stable or unstable reaction, any of the
binding reactions can be modified, as desired, so long as the target nucleic acid is detected. It
is further understood that the configuration can be varied and selected depending on the assay
and hybridization conditions to be used. In general, if a binding reaction is desired to be
stable, the segments of complementary nucleic acid sequence between the components is
generally in the range of 16 to 30 nucleotides, or greater. If a binding reaction is desired to be
relatively unstable, such as when a collaboration hybridization binding reaction is employed,
the segments of complementary nucleic acid sequence between the components is generally in
the range of 10 to 18 nucleotides. It is understood that the nucleotide lengths can be
somewhat shorter or longer for a stable or unstable hybridization, depending on the conditions
employed in the assay. It is further understood, as disclosed herein, that modified nucleotides
such as LNA or BNA can be used to increase the binding strength at the modified base,
thereby allowing length of the binding segment to be reduced. Thus, it is understood that,
with respect to the length of nucleic acid segments that are complementary to other nucleic
acid segments, the lengths described herein can be reduced further, if desired. For example,
microRNA is known to have short sequence of about 22nt. In order to use a SP-NP pair, a

certain number of modified nucleotides such as LNA or BNA can be incorporated in the
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SPAT and/or NPAT to reduce their length so that one or more SGCs can be assembled on a

target microRNA.

[0090] The assay sensitivity can be further enhanced by selecting the number of
components and binding reactions employed in the assay. As described herein, in addition to
providing one or more collaboration hybridization binding reactions, the signal can be
increased by increasing the number of SPCAs and NPCAs on the SPM and NPM,
respectively. An increased number of SPCAs and NPCAs provides for an increased number
of COMs bound to the target nucleic acid. Similarly, the signal can also be increased by
increasing the number of label amplifier anchor segments on the COM. An increased number
of label amplifier anchor segments provides for an increased number of LMs bound to a
COM. Further, the signal can be increased by increasing the number of label probe anchor
segments on the LM. An increased number of label probe anchor segments provide for an
increased number of LPs bound to an LM. It is understood that any of these options for
increasing signal can be applied, as desired. Similarly and depending on application, the
signal can be reduced by appropriately reducing the number of anchor segments mentioned
above. Thus, the invention provides great flexibility for modifying the configuration of
components of the assay to provide very sensitive detection of a target nucleic acid.
Alternatively, the signal level can also be reduced by eliminating a layer of such intermediary
amplification molecules. For example, a plurality of LP can bind directly to COM,
eliminating LM . On the other hand, the signal level can also be increased by adding one or

more layers of such intermediary amplification molecules.

[0091] As described herein, the present invention involves building a SGC around a target
nucleic acid containing a nucleotide variant such as an SNV, multi-nucleotide variant, splice
site, or other nucleic acid variation. The SGC comprises at least an SP that can specifically
and sensitively bind to the nucleotide variant such as an SNV, multi-nucleotide variant, splice
site, or other nucleic acid variation, of the target nucleic acid and that has sufficient
discrimination such that the SP does not bind to non-target nucleic acids such as non-SNV
sequences, non-multi-nucleotide variant sequences, non-spliced sequences, and the like.

Once the SP binds to the SNV of the target nucleic acid along with an NP, a large SGC is
assembled with multiple layers of amplification components, such as SPM/NPM, COM and
LM on top of them, providing a large number of LPs to build up in the SGC to generate
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sufficient signal to be detected. Such signal can present as a distinct "dot" in an imaging
system. For example, if each SPM/NPM pair can carry A1 number of COM molecules, each
COM can bind A2 number of LM molecules, and each LM can bind A3 number of LP
molecules, the total number of LPs in an SGC is A1 x A2 x A3. Considering Al, A2 and A3
can each be as large as 20 or above, the total number of LPs in a SGC can be up to 8,000 and
above. For the present invention, a "dot" in the staining image distinctively represents a target
nucleic acid containing a nucleotide variant such as an SNV, multi-nucleotide variant, splice
site, or other nucleotide variant, in the cell. The minimum number of LPs needed in an SGC
is determined by the sensitivity of the detection instrument as well as the amount of signal
that can be generated by each LP. In one embodiment where LP comprises fluorescent dyes,
the minimum number of LPs in an SGC is at least 800, at least 1200, at least 1500, at least
2000, at least 2500 or at least 3000 to produce sufficient signal to be detected by an
instrument. In another embodiment, LP comprises additional signal amplification, as
described herein. The minimum number of LPs needed in an SGC can be reduced to at least
300, at least 600, at least 1000 or at least 1500. Some components of the SGC scaffold may
bind non-specifically or get stuck in a cell which may "collect" a certain number of LPs and
generate a false positive signal. An important aspect of the invention is the collaborative
hybridization mechanisms built into the SGC structure so that any one component within the
SGC scaffold that is non-specifically bound or stuck in a cell cannot generate detectable
signal or at least only weak signal that can be distinguished by the system as background
noise. For example, if the collaborative hybridization is built between COM and SPM+NPM,
the maximum level of noise is generated when a COM molecule is non-specifically bound or
stuck with a false signal level at A2 x A3 LPs. The theoretical signal to noise ratio of the
assay is Al (= Al x A2 x A3/A2 x A3). If the collaborative hybridization is built between
LM and COM, as shown in Figures 6A and 7A, the maximum false signal level is generated
when an LM is stuck with A3 number of LPs. The theoretical signal to noise ratio of the
assay becomes Al x A2. Similarly, the assay signal to noise ratio is A1 x A2 x A3 with the
configuration shown in Figure 7B. In specific embodiments, this theoretical signal to noise

ratio is at least 2, 4, 7, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 or 200.

[0092] As described previously, longer molecules with more repeats are needed to

increase the signal generated by the SGC. However, larger molecules may have more
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difficulty penetrating into the cellular matrix to reach its hybridization sites and are harder to
be washed out when they are stuck non-specifically in cell structures, thereby generating
background noise. In addition, larger molecules are also more expensive to produce. Itis
therefore important to find optimized sizes for each layer of amplification within. In one
embodiment, Al is relatively large because, as discussed previously, non-specific binding of
SPM or NPM alone will not produce false signal and larger A1l leads to a higher signal-to-
noise ratio. In one embodiment of this invention, Al is in the range of 4 to 20. In another
embodiment, Al is preferably in the range of 6 to 16. Optionally, A2 is relatively smaller
because non-specific binding or trapping of a single COM can result in an assembly of
A2xA3 LPs generating an equivalent level of background noise. In one embodiment, A2 is in
the range of 3 to 15. In another embodiment, A2 is preferably in the range of 5 to 12.
Optionally, A3 can be relatively large compared to A2, because non-specific binding or
trapping of an LM molecule would produce a relatively low level of noise proportional to A3.
Another method is to add one or more additional amplification layer in SGC in order to

reduce the length of molecule in individual layers.

[0093] In another embodiment, the invention provides a sample of fixed and
permeabilized cells, comprising (A) at least one fixed and permeabilized cell containing a
target nucleic acid with a single nucleotide variation; (B) a single nucleotide variation probe
(SP) comprising a target anchor segment (SPAT) hybridized to a region of the target nucleic
acid comprising the single nucleotide variation, and, a neighbor probe (NP) comprising a
target anchor segment (NPAT) hybridized to a region of the target nucleic acid adjacent to the
binding site of the SP; (C) an SP pre-amplifier (SPM) hybridized to the SP, wherein the SPM
comprises a plurality of SP collaboration anchors (SPCAs), and, an NP pre-amplifier (NPM)
hybridized to the NP, wherein the NPM comprises a plurality of NP collaboration anchors
(NPCAs); (D) a plurality of collaboration amplifiers (COMs) each hybridized to the SPM and
the NPM, wherein each COM comprises a first segment complementary to the SPCA, a
second segment complementary to the NPCA, and third segment comprising a plurality of
label amplifier anchor segments; (E) a plurality of label amplifiers (LMs) each hybridized to a
label amplifier anchor segment of the COM, wherein the LM comprises a plurality of label
probe anchor segments; and (F) a plurality of label probes (LPs) each hybridized to a label

probe anchor segment of the LM, wherein the LP comprises a detectable label; wherein the
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aforesaid hybridizations form a signal generating complex (SGC) comprising the target
nucleic acid with the single nucleotide variation, an SP, an NP, an SPM, an NPM, a plurality
of COMs, a plurality of LMs, and a plurality of LPs, and wherein the SGC provides a signal

that is detectable and distinguishable from the background noise.

[0094] In an additional embodiment, the invention provides a tissue slide, comprising (A)
a slide having immobilized thereon a plurality of fixed and permeabilized cells comprising at
least one fixed and permeabilized cell containing a target nucleic acid with a single nucleotide
variation; (B) a single nucleotide variation probe (SP) comprising a target anchor segment
(SPAT) hybridized to a region of the target nucleic acid comprising the single nucleotide
variation, and, a neighbor probe (NP) comprising a target anchor segment (NPAT) hybridized
to a region of the target nucleic acid adjacent to the binding site of the SP; (C) an SP pre-
amplifier (SPM) hybridized to the SP, wherein the SPM comprises a plurality of SP
collaboration anchors (SPCAs), and, an NP pre-amplifier (NPM) hybridized to the NP,
wherein the NPM comprises a plurality of NP collaboration anchors (NPCAs); (D) a plurality
of collaboration amplifiers (COMs) each hybridized to the SPM and the NPM, wherein each
COM comprises a first segment complementary to the SPCA, a second segment
complementary to the NPCA, and a third segment comprising a plurality of label amplifier
anchor segments; (E) a plurality of label amplifiers (LMs) each hybridized to a label amplifier
anchor segment of the COM, wherein the LM comprises a plurality of label probe anchor
segments; and (F) a plurality of label probes (LPs) each hybridized to a label probe anchor
segment of the LM, wherein the LP comprises a detectable label; wherein the aforesaid
hybridizations form a signal generating complex (SGC) comprising the target nucleic acid
with the single nucleotide variation, an SP, an NP, an SPM, an NPM, a plurality of COMs, a
plurality of LMs, and a plurality of LPs, and wherein the SGC provides a signal that is

detectable and distinguishable from the background noise.

[0095] In still another embodiment, the invention provides a kit for in sifu detection of a
single nucleotide variation of a target nucleic acid in a sample of fixed and permeabilized
cells, comprising (A) at least one reagent for permeabilizing cells; (B) a set of target
hybridizing probes comprising a single nucleotide variation probe (SP) comprising a target
anchor segment (SPAT) capable of hybridizing to a region of the target nucleic acid

comprising the single nucleotide variation, and, a neighbor probe (NP) comprising a target
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anchor segment (NPAT) capable of hybridizing to a region of the target nucleic acid adjacent
to the binding site of the SP; (C) a set of pre-amplifiers comprising an SP pre-amplifier (SPM)
comprising a segment capable of hybridizing to the SP, wherein the SPM comprises a
plurality of SP collaboration anchors (SPCAs), and, an NP pre-amplifier (NPM) comprising a
segment capable of hybridizing to the NP, wherein the NPM comprises a plurality of NP
collaboration anchors (NPCAs); (D) a collaboration amplifier (COM) capable of hybridizing
to the SPM and the NPM, wherein the COM comprises a first segment complementary to the
SPCA, a second segment complementary to the NPCA, and a third segment comprising a
plurality of label amplifier anchor segments; (E) a label amplifier (LM) capable of hybridizing
to the label amplifier anchor segment of the COM, wherein the LM comprises a plurality of
label probe anchor segments; and (F) a label probe (LP) capable of hybridizing to the label
probe anchor segment of the LM, wherein the LP comprises a detectable label; wherein, upon
contacting a sample of fixed and permeabilized cells comprising a cell containing a target
nucleic acid with the single nucleotide variation, the components in aforesaid (B) — (F) form a
signal generating complex (SGC) comprising the target nucleic acid with the single nucleotide
variation, an SP, an NP, an SPM, an NPM, a plurality of COMs, a plurality of LMs, and a
plurality of LPs, and wherein the SGC provides a signal that is detectable and distinguishable
from the background noise. The components of the kit can optionally be in a container, and

optionally instructions for using the kit can be provided.

[0096] As disclosed herein, the invention provides methods for detecting nucleic acid
variations, such as single nucleotide variations (SNVs). Since the SP has the sensitivity and
specificity to detect a single nucleotide variation in a target sequence, it is understood that a
similar principle can be applied to detect other variations in target nucleic acid or short
sequences that involves more than one nucleotide such as RNA splicing variants, insertions,
deletions, gene rearrangements and micro RNAs. Therefore, although exemplified as
detecting an SNV as a single nucleotide variation, it is understood that the methods can be
applied to other types of nucleic acid variations. For example, the invention can be adopted to
detect a unique junction, J, formed by two segments of nucleic acid sequences spliced
together. As depicted in Figure 9, a SP-NP probe set can be designed with SPAT spanning
over the junction (Figure 9A) or positioning the junction between NPAT and SPAT (Figure
9B). Figure 9C depicts another design similar to that in Figure 8B, in which SPAT is
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shortened and both NP and SP have a segment that are complementary to each other. In this
way, SP can only stably hybridize to target when NP is present at the adjacent position.
Alternatively, NPAT or both NPAT and SPAT can be shortened in this design to achieve the
same effect. In all three designs depicted in Figure 9, SP can only stably hybridize right next
to NP to form SGC and generate detectable signal when and only when the two segments in

the target splices together at the junction.

[0097] The capacity to detect the splicing of two nucleic acid segments has many
applications. In the case of transcript or RNA splicing, a gene is transcribed into RNA, which
is processed by RNA splicing to remove introns and produce mRNA with contiguous exons
providing a coding sequence. Some genes undergo alternative splicing, which can occur
naturally or in a disease state. In the case of an alternatively spliced gene, different exons are
spliced together, resulting in a different sequence. As with the detection of SNV, the methods
of the invention can be readily applied to detection of an alternatively spliced mRNA. As
described herein, the methods are based on using a probe that is specific to a target nucleic
acid that detects the nucleic acid variation. In the case of SNV, the variation is a single
nucleotide, whereas in the case of an alternatively spliced gene, the sequence variation can
include numerous different nucleotides, that is, a different sequence, as a result of a different
junction between two exons. In this case, the SP probe can be designed to span the variant
junction sequence, preferably placing the junction near the center of SPAT. Alternatively, the

variant junction point can be placed between NPAT and SPAT.

[0098] In addition, to detecting splice variants, the methods of the invention can be used
to detect gene rearrangements. It is well known that many cancers are characterized by gene
rearrangements, in which oncogenes are activated or growth repressors are inactivated.
Similar to transcript/RNA splicing, the gene rearrangement results in a sequence variation
from a non-rearranged gene. When transcribed, the mRNA also contains the sequence
variation as fusion transcripts. As with detecting RNA splicing, the methods of the invention
can be readily applied to detect gene rearrangements or fusion transcripts. For example, the
SP probe can be designed to span the variant junction sequence in the rearranged DNA or the
fusion transcript, preferably placing the junction point near the center of SPAT.
Alternatively, the variant junction can be placed between NPAT and SPAT. A similar

strategy can be employed to detect insertions and deletions. For example, the point of an
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insertion or deletion can be placed within SPAT, preferably near the center of SPAT.
Alternatively, the point of insertion or deletion can be placed between NPAT and SPAT.

[0099] In a similar manner as detecting splice variants and gene rearrangments, the
methods of the invention can be adopted to detect RNA specifically without detecting the
corresponding DNA in the same cell. Figure 10A shows a different approach, where the
SPAT on SP bridges across the junction of two adjacent exons. With the exons adjacent to
each other in the mRNA, SP can bind to the target nucleic acid right next to the NP, providing
for assembly of the SGC on the target nucleic acid. With the exons spaced widely apart in
DNA, the SP cannot bind to the target nucleic acid, and therefore SGC cannot form, leading

to the absence of signal.

[00100]  Another embodiment is illustrated in Figure 10B. In this embodiment, the SP and
NP have collaborative hybridization with each other, as depicted in Figure 8B, where the SP
and NP can only stably bind to the target nucleic acid when they hybridize to the target
nucleic acid and each other simultaneously. The SP and NP cannot bind to the DNA because
the SP and NP binding sites are not adjacent as in the mRNA. As shown in Figure 10B, the
SP and NP are designed to each bind to separate exons at the site of an exon junction. The SP
and NP can only bind stably to an mRNA target because the exons to which the SP and NP
bind are only adjacent in the mRNA. Therefore, a stable SGC can be formed on the mRNA,
leading to detectable signal. In the case of the DNA, the SP and NP cannot stably bind to the
target nucleic acid, because the respective SP and NP binding sites are not adjacent in the
DNA. In this situation, no SGC can be formed (see Figure 10B). Another embodiment is
shown in Figure 10C, where the splice junction of exons are placed between SP and NP. As
shown in Figures 10A, 10B and 10C, exons are separated in DNA but spliced together in the
mRNA transcript, forming unique junctions in mRNA, which can be readily detected using
the methods depicted in Figure 9. Since the exons are separated in DNA, no stable SP-NP set
will be hybridized adjacent to each other; no SGC can be formed, which leads to no detectable

signal, as shown in Figure 10C.

[00101] In another embodiment, the invention provides a method of in sifu detection of a
spliced target nucleic acid in a sample of fixed and permeabilized cells, comprising (A)

contacting the sample with a splice site probe (SP) and a neighbor probe (NP), wherein the SP
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comprises a target anchor segment (SPAT) that can specifically hybridize to a region of the
target nucleic acid comprising the splice site and a pre-amplifier anchor segment (SPAP), and
wherein the NP comprises a target anchor segment (NPAT) that can hybridize to a region of
the target nucleic acid adjacent to the binding site of the SP and a pre-amplifier anchor
segment (NPAP); (B) contacting the sample with an SP pre-amplifier (SPM) and an NP pre-
amplifier (NPM), wherein the SPM comprises a segment that can bind to the SP and
comprises two or more SP collaboration anchors (SPCAs), and wherein the NPM comprises a
segment that can bind to the NP and comprises two or more NP collaboration anchors
(NPCAs); (C) contacting the sample with a collaboration amplifier (COM), wherein the
COM comprises a first segment complementary to the SPCA, a second segment
complementary to the NPCA, and a third segment comprising a plurality of label amplifier
anchor segments; (D) contacting the sample with a label probe system (LPS), wherein the
LPS comprises a plurality of label amplifiers (LMs) and a plurality of label probes (LPs),
wherein each LM comprises a segment that can bind to a label amplifier anchor segment of
the COM and a plurality of label probe anchor segments, wherein each LP comprises a
detectable label and a segment that hybridizes to the label probe anchor segment of LM,
wherein the aforesaid hybridizations form a signal generating complex (SGC) comprising a
target nucleic acid with the splice site, an SP, an NP, an SPM, an NPM, a plurality of COMs,
a plurality of LMs, and a plurality of LPs; and (E) detecting in situ signal from the SGC on
the sample. In one embodiment, the SPAT can specifically hybridize to one of the two
spliced nucleic acid segments. In another embodiment, the SPAT can specifically hybridize

to both of the two spliced nucleic acid segments.

[00102] In another embodiment, the invention provides a sample of fixed and
permeabilized cells, comprising (A) at least one fixed and permeabilized cell containing a
spliced target nucleic acid; (B) a splice site probe (SP) comprising a target anchor segment
(SPAT) hybridized to a region of the target nucleic acid comprising the splice site, and, a
neighbor probe (NP) comprising a target anchor segment (NPAT) hybridized to a region of
the target nucleic acid adjacent to the binding site of the SP; (C) an SP pre-amplifier (SPM)
hybridized to the SP, wherein the SPM comprises a plurality of SP collaboration anchors
(SPCAs), and, an NP pre-amplifier (NPM) hybridized to the NP, wherein the NPM comprises
a plurality of NP collaboration anchors (NPCAs); (D) a plurality of collaboration amplifiers
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(COMs) each hybridized to the SPM and the NPM, wherein each COM comprises a first
segment complementary to the SPCA, a second segment complementary to the NPCA, and
third segment comprising a plurality of label amplifier anchor segments; (E) a plurality of
label amplifiers (LMs) each hybridized to a label amplifier anchor segment of the COM,
wherein the LM comprises a plurality of label probe anchor segments; and (F) a plurality of
label probes (LPs) each hybridized to a label probe anchor segment of the LM, wherein the
LP comprises a detectable label; wherein the aforesaid hybridizations form a signal generating
complex (SGC) comprising the target nucleic acid with the splice site, an SP, an NP, an SPM,
an NPM, a plurality of COMs, a plurality of LMs, and a plurality of LPs, and wherein the
SGC provides a signal that is detectable and distinguishable from the background noise.

[00103] In another embodiment, the invention provides a tissue slide, comprising (A) a
slide having immobilized thereon a plurality of fixed and permeabilized cells comprising at
least one fixed and permeabilized cell containing a spliced target nucleic acid; (B) a splice site
probe (SP) comprising a target anchor segment (SPAT) hybridized to a region of the target
nucleic acid comprising the splice site, and, a neighbor probe (NP) comprising a target anchor
segment (NPAT) hybridized to a region of the target nucleic acid adjacent to the binding site
of the SP; (C) an SP pre-amplifier (SPM) hybridized to the SP, wherein the SPM comprises a
plurality of SP collaboration anchors (SPCAs), and, an NP pre-amplifier (NPM) hybridized to
the NP, wherein the NPM comprises a plurality of NP collaboration anchors (NPCAs); (D) a
plurality of collaboration amplifiers (COMs) each hybridized to the SPM and the NPM,
wherein each COM comprises a first segment complementary to the SPCA, a second segment
complementary to the NPCA, and a third segment comprising a plurality of label amplifier
anchor segments; (E) a plurality of label amplifiers (LMs) each hybridized to a label amplifier
anchor segment of the COM, wherein the LM comprises a plurality of label probe anchor
segments; and (F) a plurality of label probes (LPs) each hybridized to a label probe anchor
segment of the LM, wherein the LP comprises a detectable label; wherein the aforesaid
hybridizations form a signal generating complex (SGC) comprising the target nucleic acid
with the splice site, an SP, an NP, an SPM, an NPM, a plurality of COMs, a plurality of LMs,
and a plurality of LPs, and wherein the SGC provides a signal that is detectable and

distinguishable from the background noise.
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[00104] In another embodiment, the invention provides a kit for in sifu detection of a
spliced target nucleic acid in a sample of fixed and permeabilized cells, comprising (A) at
least one reagent for permeabilizing cells; (B) a set of target hybridizing probes comprising a
splice site probe (SP) comprising a target anchor segment (SPAT) capable of hybridizing to a
region of the target nucleic acid comprising the splice site, and, a neighbor probe (NP)
comprising a target anchor segment (NPAT) capable of hybridizing to a region of the target
nucleic acid adjacent to the binding site of the SP; (C) a set of pre-amplifiers comprising an
SP pre-amplifier (SPM) comprising a segment capable of hybridizing to the SP, wherein the
SPM comprises a plurality of SP collaboration anchors (SPCAs), and, an NP pre-amplifier
(NPM) comprising a segment capable of hybridizing to the NP, wherein the NPM comprises a
plurality of NP collaboration anchors (NPCAs); (D) a collaboration amplifier (COM) capable
of hybridizing to the SPM and the NPM, wherein the COM comprises a first segment
complementary to the SPCA, a second segment complementary to the NPCA, and a third
segment comprising a plurality of label amplifier anchor segments; (E) a label amplifier (LM)
capable of hybridizing to the label amplifier anchor segment of the COM, wherein the LM
comprises a plurality of label probe anchor segments; and (F) a label probe (LP) capable of
hybridizing to the label probe anchor segment of the LM, wherein the LP comprises a
detectable label; wherein, upon contacting a sample of fixed and permeabilized cells
comprising a cell containing a target nucleic acid with the splice site, the components in
aforesaid (B) — (F) form a signal generating complex (SGC) comprising the target nucleic
acid with the splice site, an SP, an NP, an SPM, an NPM, a plurality of COMs, a plurality of
LMs, and a plurality of LPs, and wherein the SGC provides a signal that is detectable and

distinguishable from the background noise.

[00105] Previously described in situ nucleic acid detection methods have difficulty
detecting nucleic acid sequences shorter than 300 to 150 bases. In the present invention, since
a detectable signal can be generated with a single SGC and the combined length of SPAT and
NPAT can be as short as 20 bases, the methods of the invention can be readily adapted to
detect short or substantially broken nucleic acid sequence, such as microRNA, micro-insertion
or micro-deletion. For detection of short or substantially broken nucleic acid sequence, target
probe (TP) sets, analogous to the SP-NP sets described herein, are designed to hybridize

specifically to adjacent, non-overlapping regions on the target nucleic acid, similar to the
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function of target probe sets containing both SP and NP, as described herein. In general, the
segment of the target probe that binds to the target nucleic acid, TPAT, analogous to SPAT
and NPAT, have the same or similar length. If the target sequence is longer, multiple TP sets
can be used with multiple SGCs as shown in Figure 11. The use of multiple SGCs in this
situation can be used either to increase the detection sensitivity or to increase the detection
robustness since any one of the multiple SGCs successfully formed on the target can generate
a detectable signal. Such configurations are particularly useful in detecting long but highly
degraded nucleic acid targets. Many sets of TPs can be designed to be complementary to non-
overlapping regions of the target nucleic acid. Because the target nucleic acid is in a highly
degraded state, only a limited number of short segments are accessible. A detectable signal
can be generated as long as one TP pair can be successfully hybridized to the target sequence.
Figure 11 depicts three exemplary configurations. In Figure 11A, there is one TP pair in an
SGC. The maximum number of SGCs that can be accommodated has to be at least multiple
lengths of SPAT+NPAT. In Figure 11B, at least one TP of one SGC contains two TPAT
segments that bind to non-overlapping regions of the target nucleic acid, analogous to the
integration of an SP and NP into a single probe. In the configuration depicted in Figure 11B,
the maximum number of SGCs within the same length of target sequence can be increased
compared to the configuration shown in Figure 11A, improving the sensitivity and/or
robustness of the detection. All single SGC configuration and component orientation options
shown in Figures 1 to 8 can similarly be expanded to a multiple SGC setting to detect longer
target sequences. For example, Figure 11C depicts multiple SGCs in a similar configuration
to that shown in Figure 8 A when the spatial flexibility of nucleic acid molecules are taken

into consideration.

[00106] In many applications, it is highly desirable to detect multiple targets in the same
assay. This present invention provides two different approaches to meet this requirement.
The first approach is pooling, where, as shown in Figure 12A, a SGC is assembled for each
target, in which unique NPAT and SPAT are provided for each target, and NPAP and SPAP
are the same across different NP and SP sets for each target. This allows all other
components of the SGC, that is, NPM, SPM, COM and LPS, to be the same for all SGCs.

The pooling provides one detectable signal when any one of multiple targets are present in the

sample and is very useful when a group of targets provide the same or similar biological or
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clinical utility. The second approach is multiplexing, where, as shown in Figure 12B, a SGC
is assembled for each target and components of each SGC are unique for that SGC and
sequences of these components are designed to ensure that there is no cross-hybridization
between different SGCs. Since the label probe (LP) in each SGC has a unique,
distinguishable label, a different, uniquely distinguishable signal can be detected for the
presence of each target. The multiplexing approach is useful in applications where different
targets provide different biological or clinical utility. It is understood that the pooling and

multiplexing approaches can be used in combination to detect multiple groups of targets.

[00107] In another embodiment, the invention provides a method of in sifu detection of a
target nucleic acid, wherein the target nucleic acid is 300 or fewer bases in length, in a sample
of fixed and permeabilized cells. Such a method can comprise the steps of (A) contacting the
sample with a set of target probes (TPs), wherein the set comprises at least two target probes,
wherein each TP comprises a target anchor segment (TPAT) that can specifically hybridize to
a region of the target nucleic acid and a pre-amplifier anchor segment (TPAP), wherein the set
comprises pairs of TPs that can bind to adjacent, non-overlapping regions of the target nucleic
acid; (B) contacting the sample with a set of TP pre-amplifiers (TPMs), wherein the set
comprises at least one pair of TPMs, wherein each TPM comprises a segment that can bind to
one member of the pair of TPs that bind to adjacent regions of the target nucleic acid, and
wherein each TPM comprises two or more TP collaboration anchors (TPCAs); (C) contacting
the sample with a collaboration amplifier (COM), wherein the COM comprises a first
segment complementary to the TPCA of one member of the pair of TPMs, a second segment
complementary to the TPCA of the second member of the pair of TPMs, and a third segment
comprising a plurality of label amplifier anchor segments; (D) contacting the sample with a
label probe system (LPS), wherein the LPS comprises a plurality of label amplifiers (LMs)
and a plurality of label probes (LPs), wherein each LM comprises a segment that can bind to a
label amplifier anchor segment of the COM and a plurality of label probe anchor segments,
wherein each LP comprises a detectable label and a segment that hybridizes to the label probe
anchor segment of LM, wherein the aforesaid hybridizations form a signal generating
complex (SGC) comprising the target nucleic acid, at least one pair of TPs, at least one pair of
TPMs, a plurality of COMs, a plurality of LMs, and a plurality of LPs; and (E) detecting in
situ signal from the SGC on the sample.
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[00108] In a particular embodiment, the target probe set comprises a splice site probe, SP
and a neighbor probe, NP. The SP comprises a SPAT capable of hybridizing to a region of
the target nucleic acid containing a splice site, J, and another region, SPAP, capable of
hybridizing to a segment on the SP pre-amplifier (SPM). The NP comprises an NPAT
capable of hybridizing to a region of the target nucleic acid adjacent to the region hybridized
to SPAT and another region, NPAP, capable of hybridizing to a segment on the NP pre-
amplifier (NPM). The SPM and NPM additionally comprise one or more segments of SPCAs
and NPCAs, respectively. One or more collaboration amplifiers, COM, are provided, wherein
each comprises a first segment complementary to the SPCA, a second segment
complementary to the NPCA, and a third segment comprising a plurality of label amplifier
anchor segments. Each COM can attach to NPM and SPM stably when, and only when, the
NPCA and SPCA are present close together so that it hybridizes to NPCA and SPCA
collaboratively. Multiple label amplifiers (LM) capable of hybridizing to the label amplifier
anchor segment of the COM are provided, wherein the LM comprises a plurality of label
probe anchor segments. Multiple label probes (LP) are provided capable of hybridizing to the
label probe anchor segment of the LM, wherein the LP comprises a detectable label. The
SPM, NPM, COM, LM and LP form a signal generating complex (SGC) that contain
sufficient number of labels capable being detected. Each SGC can appear in an imaging
system as a signal focus. If the specific splice junction does not exist, that is, the two target
segments are not spliced together, SP will not hybridize adjacent to NP, SPM will not be
present close to NPM, which will not allow COM to be stably captured to the target, and SGC

will not be formed; thus, no signal can be detected.

[00109] In one embodiment, the invention provides method of in situ detection of a
nucleotide variation of a target nucleic acid in a sample of fixed and permeabilized cells,
comprising: (A) contacting the sample with a nucleotide variation probe (SP) and a neighbor
probe (NP), wherein the SP comprises a target anchor segment (SPAT) that can specifically
hybridize to a region of the target nucleic acid comprising the nucleotide variation and a pre-
amplifier anchor segment (SPAP), and wherein the NP comprises a target anchor segment
(NPAT) that can hybridize to a region of the target nucleic acid adjacent to the binding site of
the SP and a pre-amplifier anchor segment (NPAP); (B) contacting the sample with an SP pre-
amplifier (SPM) and an NP pre-amplifier (NPM), wherein the SPM comprises a segment that
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can bind to the SP and comprises two or more SP collaboration anchors (SPCAs), and
wherein the NPM comprises a segment that can bind to the NP and comprises two or more NP
collaboration anchors (NPCAs); (C) contacting the sample with a collaboration amplifier
(COM), wherein the COM comprises a first segment complementary to the SPCA, a second
segment complementary to the NPCA, and a third segment comprising a plurality of label
amplifier anchor segments;(D) contacting the sample with a label probe system (LPS),
wherein the LPS comprises a plurality of label amplifiers (LMs) and a plurality of label
probes (LPs), wherein each LM comprises a segment that can bind to a label amplifier anchor
segment of the COM and a plurality of label probe anchor segments, wherein each LP
comprises a detectable label and a segment that hybridizes to the label probe anchor segment
of LM, wherein the aforesaid hybridizations form a signal generating complex (SGC)
comprising a target nucleic acid with the nucleotide variation, an SP, an NP, an SPM, an
NPM, a plurality of COMs, a plurality of LMs, and a plurality of LPs; and(E) detecting in situ
signal from the SGC on the sample.

[00110] In another embodiment, the invention provides a sample of fixed and
permeabilized cells, comprising: (A) at least one fixed and permeabilized cell containing a
target nucleic acid with a nucleotide variation; (B) a nucleotide variation probe (SP)
comprising a target anchor segment (SPAT) hybridized to a region of the target nucleic acid
comprising the nucleotide variation, and, a neighbor probe (NP) comprising a target anchor
segment (NPAT) hybridized to a region of the target nucleic acid adjacent to the binding site
of the SP; (C) an SP pre-amplifier (SPM) hybridized to the SP, wherein the SPM comprises a
plurality of SP collaboration anchors (SPCAs), and, an NP pre-amplifier (NPM) hybridized to
the NP, wherein the NPM comprises a plurality of NP collaboration anchors (NPCAs); (D) a
plurality of collaboration amplifiers (COMs) each hybridized to the SPM and the NPM,
wherein each COM comprises a first segment complementary to the SPCA, a second segment
complementary to the NPCA, and third segment comprising a plurality of label amplifier
anchor segments; (E) a plurality of label amplifiers (LMs) each hybridized to a label amplifier
anchor segment of the COM, wherein the LM comprises a plurality of label probe anchor
segments; and (F) a plurality of label probes (LPs) each hybridized to a label probe anchor
segment of the LM, wherein the LP comprises a detectable label; wherein the aforesaid

hybridizations form a signal generating complex (SGC) comprising the target nucleic acid
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with the nucleotide variation, an SP, an NP, an SPM, an NPM, a plurality of COMs, a
plurality of LMs, and a plurality of LPs, and wherein the SGC provides a signal that is

detectable and distinguishable from the background noise.

[00111] In another embodiment, the invention provides a tissue slide, comprising: (A) a
slide having immobilized thereon a plurality of fixed and permeabilized cells comprising at
least one fixed and permeabilized cell containing a target nucleic acid with a nucleotide
variation; (B) a nucleotide variation probe (SP) comprising a target anchor segment (SPAT)
hybridized to a region of the target nucleic acid comprising the nucleotide variation, and, a
neighbor probe (NP) comprising a target anchor segment (NPAT) hybridized to a region of
the target nucleic acid adjacent to the binding site of the SP; (C) an SP pre-amplifier (SPM)
hybridized to the SP, wherein the SPM comprises a plurality of SP collaboration anchors
(SPCAs), and, an NP pre-amplifier (NPM) hybridized to the NP, wherein the NPM comprises
a plurality of NP collaboration anchors (NPCAs); (D) a plurality of collaboration amplifiers
(COMs) each hybridized to the SPM and the NPM, wherein each COM comprises a first
segment complementary to the SPCA, a second segment complementary to the NPCA, and a
third segment comprising a plurality of label amplifier anchor segments; (E) a plurality of
label amplifiers (LMs) each hybridized to a label amplifier anchor segment of the COM,
wherein the LM comprises a plurality of label probe anchor segments; and (F) a plurality of
label probes (LPs) each hybridized to a label probe anchor segment of the LM, wherein the
LP comprises a detectable label; wherein the aforesaid hybridizations form a signal generating
complex (SGC) comprising the target nucleic acid with the nucleotide variation, an SP, an
NP, an SPM, an NPM, a plurality of COMs, a plurality of LMs, and a plurality of LPs, and
wherein the SGC provides a signal that is detectable and distinguishable from the background

noise.

[00112] In another embodiment, the invention provides a kit for in sifu detection of a
nucleotide variation of a target nucleic acid in a sample of fixed and permeabilized cells,
comprising: (A) at least one reagent for permeabilizing cells; (B) a set of target hybridizing
probes comprising a nucleotide variation probe (SP) comprising a target anchor segment
(SPAT) capable of hybridizing to a region of the target nucleic acid comprising the nucleotide
variation, and, a neighbor probe (NP) comprising a target anchor segment (NPAT) capable of
hybridizing to a region of the target nucleic acid adjacent to the binding site of the SP; (C) a
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set of pre-amplifiers comprising an SP pre-amplifier (SPM) comprising a segment capable of
hybridizing to the SP, wherein the SPM comprises a plurality of SP collaboration anchors
(SPCAs), and, an NP pre-amplifier (NPM) comprising a segment capable of hybridizing to
the NP, wherein the NPM comprises a plurality of NP collaboration anchors (NPCAs); (D) a
collaboration amplifier (COM) capable of hybridizing to the SPM and the NPM, wherein the
COM comprises a first segment complementary to the SPCA, a second segment
complementary to the NPCA, and a third segment comprising a plurality of label amplifier
anchor segments; (E) a label amplifier (LM) capable of hybridizing to the label amplifier
anchor segment of the COM, wherein the LM comprises a plurality of label probe anchor
segments; and (F) a label probe (LP) capable of hybridizing to the label probe anchor segment
of the LM, wherein the LP comprises a detectable label; wherein, upon contacting a sample of
fixed and permeabilized cells comprising a cell containing a target nucleic acid with the
nucleotide variation, the components in aforesaid (B) — (F) form a signal generating complex
(SGC) comprising the target nucleic acid with the nucleotide variation, an SP, an NP, an
SPM, an NPM, a plurality of COMs, a plurality of LMs, and a plurality of LPs, and wherein
the SGC provides a signal that is detectable and distinguishable from the background noise.

In particular embodiments of the above described embodiments of the invention, the
nucleotide variation is selected from the group consisting of a single nucleotide variation, a

multi-nucleotide variation, a splice site, an insertion, a deletion, a rearrangement, and the like.

[00113] TItisunderstood that modifications which do not substantially affect the activity of
the various embodiments of this invention are also provided within the definition of the
invention provided herein. Accordingly, the following examples are intended to illustrate but

not limit the present invention.

EXAMPLE I

Detection of Point Mutations

[00114] This example describes two exemplary applications of the invention in detecting

point mutations in tissue samples.

[00115] Figure 13 shows detection of BRAF mRNA in sections of formalin fixed and
paraffin embedded (FFPE) pellet of melanoma cell lines. Melanoma cell lines negative

(CHL-1, a and a’) and positive (SK-MEL-28, b and b’) for the V60OE point mutation of
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BRAF were assayed. Cells were hybridized to a target probe system (TPS) containing the
wild type detection probe (WDP, sequence: gagatttcA*ctgtage, A* is a BNA modified base)
(aand b) and a TPS containing a BRAF V600E mutation detection probe (MDP, sequence:
gagatttcT*ctgtage, T* is a BNA modified base) (a’ and b’) separately. An SGC configuration
substantially similar to the one shown in Figure 1 was used. Signal with probe targeting wild
type BRAF was observed in wild type cells only (a) while V60OE mutation was detected in
V600E positive cells only with VOOOE MDP (b’).

[00116] Figure 14 shows the effect of SPATs of various lengths, where an SGC
configuration substantially similar to the one shown in Figure 1 was used. In Figure 14A,
CHL-1 cells (no V600E mutation) were hybridized with a V60OE mutation probe having a 22
nucleotide (nt) SPAT and showed false positive signal. Thus, Figure 14A shows a high
number of false positives with the use of a long SPAT. In Figure 14B, SK-MEL-28 cells
containing a V60OE mutation were hybridized with a 15nt SPAT V600OE mutation probe, and
it showed specific signals. Thus, Figure 14B shows that the assay has higher specificity with
shorter SPAT.

[00117] Figure 15 shows the effect of including modified bases in a SPAT, where an SGC
configuration substantially similar to the one shown in Figure 1 was used. In Figure 15A,
SK-MEL-28 cells (containing V60OE mutation) were hybridized with a 16nt SPAT V600E
probe with normal bases. Figure 15A thus shows staining results with normal bases in SPAT.
In Figure 15B, SK-MEL-28 cells were hybridized with a 16nt SPAT V600OE mutation probe
containing a single modified BNA base complementary to the mutation and showed improved
sensitivity with more signals (dots). Figure 15B thus shows improved results with modified

bases used in SPAT.

[00118] Figure 16 shows detection of BRAF mRNA in 2 FFPE colon cancer tissues known
to be negative (a and a’) and positive (b and b’) for the V60OE point mutation, where an SGC
configuration substantially similar to the one shown in Figure 1 was used. While signals were
observed in both samples with probe targeting wild type BRAF mRNA (a and b), VO0OOE
mutation mRNA was detected only in the mutation positive sample with probe designed
specifically for VOOOE mutation (b’). The presence of WDP signals in the second sample
indicated that it had a heterozygous BRAF V600E mutation. In all SNV probes designed in
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the examples shown in Figure 16, a single BNA modified base was incorporated in SPAT at

the location complementary to the mutation site.

[00119] Figure 17 shows the detection of very low abundant and degraded RNA. The
target was HGF mRNA, which is more than 1000nt in length but was known to be expressed
at a very low level. In addition, the RNA was known to be at least partially degraded in this
sample, which is lung cancer in formalin-fixed, paraffin embedded (FFPE) tissue sections.
Figure 17A shows the staining image using methods as described in US Patent Nos.
7,709,198 and 8,658,361 and a target probe set containing 30 pairs of TPs. The detection
sensitivity was low due to a combination of low expression and partial RNA degradation.
Figure 17B shows improved staining using the method of the invention with 30 pairs of TPs

and an SGC configuration similar to that shown in Figure 11A.

[00120] Figure 18 demonstrates that the invention disclosed herein provides enhanced
performance in detection of short nucleic acid targets compared to previously disclosed
methods. In Figure 18A, the detection system disclosed in US Patent Nos. 7,709,198 and
US8,658,361 was used with a single pair of target probes to detect an approximately S0nt
sequence on POLR2A mRNA in Hela cell pellet. Figure 18A(a) represents the signal
generated using POLR2A target probe. Figure 18A(a') represents the background level
generated using a target probe against dapB, a negative control gene. In Figure 18B, a single
SGC with a configuration similar to that shown in Figure 11A was used to detect the same
target in the same sample type. Figure 18B(b) represents the signal generated using one TP
pair targeting the same sequence of POLR2A mRNA. Figure 18B(b') represents the

background level generated targeting dapB, a negative control gene.

[00121] The target probe pair in the previously disclosed methods and the method shown in
Figure 18B have the same configuration, that is, each probe comprises a segment binding to
the target sequence and another segment binding to a member of the amplification system. In
previously disclosed methods, this member is the preamplifier/amplifier (that is, two target
probes in the pair bind to the same preamplifier/amplifier molecule). In the specific
embodiment of the invention used in Figure 18B, one member of the probe pair binds to
NPM, the other binds to SPM. The target binding segments of the probe pair in both methods

are the same. The difference occurs in the other segment. In the previously disclosed
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methods, the other segment (binding to the preamplifier/amplifier) is short, so that the
preamplifier/amplifier binds to a single probe in the pair unstably. When and only when both
members of the target probe pair are present next to each other, the preamplifier/amplifier
would bind to both probes collaboratively in a stable status. In this specific embodiment for
the method of the invention, the other section is longer, providing for NPM or SPM to bind
NP and SP stably. No collaborative hybridization occurs between SP-SPM or NP-NPM. The
collaborative hybridization in the method of the invention in this particular example shown in

Figure 18B occurs between COM and SPM+NPM.

[00122] Figure 19 demonstrates in situ detection of specific splice junctions, which can be
used to identify a specific splice variant. Cell line H596 is known to be META14 positive,
that 1s, exon 14 in the MET gene is “skipped”, resulting in exon 15 splicing with exon 13 in
MET RNA. Cell line A549 is the wild-type having all exons 12-15 in MET RNA. Probes
targeting splicing junctions E12/13, E13/14 and E14/15 were used to detect the presence of
corresponding junctions in FFPE (formalin fixed and paraffin embedded) cell pellets of H596
and A549 cells. The staining images are shown in Figure 19, which show sensitive and
specific detection of targeted splice junctions of E13/15 in H596 cells and E14/15 in A549
cells, showing that the META14 splice variant was correctly identified.

[00123] These results demonstrate that the methods of utilizing collaborative hybridization

can be used to detect single nucleotide variations in a target nucleic acid in an in sifu assay.

[00124] Throughout this application various publications have been referenced. The
disclosures of these publications in their entireties are hereby incorporated by reference in this
application in order to more fully describe the state of the art to which this invention pertains.
Although the invention has been described with reference to the examples provided above, it
should be understood that various modifications can be made without departing from the spirit

of the invention.
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What is claimed is:

1. A method of in sifu detection of a single nucleotide variation of a target nucleic

acid in a sample of fixed and permeabilized cells, comprising:

(A) contacting the sample with a single nucleotide variation probe (SP) and a neighbor
probe (NP), wherein the SP comprises a target anchor segment (SPAT) that can specifically
hybridize to a region of the target nucleic acid comprising the single nucleotide variation and
a pre-amplifier anchor segment (SPAP), and wherein the NP comprises a target anchor
segment (NPAT) that can hybridize to a region of the target nucleic acid adjacent to the
binding site of the SP and a pre-amplifier anchor segment (NPAP);

(B) contacting the sample with an SP pre-amplifier (SPM) and an NP pre-amplifier
(NPM), wherein the SPM comprises a segment that can bind to the SP and comprises two or
more SP collaboration anchors (SPCAs), and wherein the NPM comprises a segment that can

bind to the NP and comprises two or more NP collaboration anchors (NPCAs);

(C) contacting the sample with a collaboration amplifier (COM), wherein the COM
comprises a first segment complementary to the SPCA, a second segment complementary to

the NPCA, and a third segment comprising a plurality of label amplifier anchor segments;

(D) contacting the sample with a label probe system (LPS), wherein the LPS
comprises a plurality of label amplifiers (LMs) and a plurality of label probes (LPs), wherein
each LM comprises a segment that can bind to a label amplifier anchor segment of the COM
and a plurality of label probe anchor segments, wherein each LP comprises a detectable label
and a segment that hybridizes to the label probe anchor segment of LM, wherein the aforesaid
hybridizations form a signal generating complex (SGC) comprising a target nucleic acid with
the single nucleotide variation, an SP, an NP, an SPM, an NPM, a plurality of COMs, a
plurality of LMs, and a plurality of LPs; and

(E) detecting in sifu signal from the SGC on the sample.

2. The method of claim 1, wherein the target nucleic acid is RNA.
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3. The method of claim 1 or 2, wherein the fixed and permeabilized cells are on a

tissue slide.

4. The method of any one of claims 1-3, wherein the SPAT is 10 to 20 nucleotides in
length.

5. The method of any one of claims 1-4, wherein the SPAP is 14 to 28 nucleotides in
length.

6. The method of any one of claims 1-5, wherein the SP optionally comprises a spacer

between the SPAT and the SPAP, wherein the spacer is 1 to 10 nucleotides in length.

7. The method of any one of claims 1-6, wherein the NPAT is 16 to 30 nucleotides in

length.

8. The method of any one of claims 1-7, wherein the NPAP is 14 to 28 nucleotides in

length.

9. The method of any one of claims 1-8, wherein the NP optionally comprises a

spacer between the NPAT and the NPAP, wherein the spacer is 1 to 10 nucleotides in length.

10. The method of any one of claims 1-9, wherein the SPM is 50 to 500 nucleotides in

length.

11. The method of any one of claims 1-10, wherein the NPM is 50 to 500 nucleotides
in length.

12. The method of any one of claims 1-11, wherein the SPCA is 10 to 20 nucleotides
in length.

13. The method of any one of claims 1-12, wherein the SPM optionally comprises a
spacer between the two or more SPCA, wherein the spacer between the SPCA is

independently 1 to 10 nucleotides in length.

14. The method of any one of claims 1-13, wherein the NPCA is 10 to 20 nucleotides
in length.
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15. The method of any one of claims 1-14, wherein the NPM optionally comprises a
spacer between the two or more NPCA, wherein the spacer between the NPCA is
independently 1 to 10 nucleotides in length.

16. The method of any one of claims 1-15, wherein the COM is 60 to 900 nucleotides
in length.

17. The method of any one of claims 1-16, wherein the COM optionally comprises a
spacer between the first, second and/or third segments, wherein the spacer between the first,

second and/or third segments is independently 1 to 10 nucleotides in length.

18. The method of any one of claims 1-17, wherein the third segment of the COM
optionally comprises a spacer between the plurality of label amplifier anchor segments,

wherein the spacer is independently 1 to 10 nucleotides in length.

19. The method of any one of claims 1-18, wherein the plurality of COMs bound to
the SPM and NPM is in the range of 2 to 20.

20. The method of any one of claims 1-19, wherein the plurality of LMs bound to the
COM is in the range of 2 to 20.

21. The method of any one of claims 1-20, wherein the plurality of LPs bound to the
LM is in the range of 2 to 20.

22. A sample of fixed and permeabilized cells, comprising:

(A) at least one fixed and permeabilized cell containing a target nucleic acid with a

single nucleotide variation;

(B) a single nucleotide variation probe (SP) comprising a target anchor segment
(SPAT) hybridized to a region of the target nucleic acid comprising the single nucleotide
variation, and, a neighbor probe (NP) comprising a target anchor segment (NPAT) hybridized

to a region of the target nucleic acid adjacent to the binding site of the SP;
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(C) an SP pre-amplifier (SPM) hybridized to the SP, wherein the SPM comprises a
plurality of SP collaboration anchors (SPCAs), and, an NP pre-amplifier (NPM) hybridized to
the NP, wherein the NPM comprises a plurality of NP collaboration anchors (NPCAs);

(D) a plurality of collaboration amplifiers (COMs) each hybridized to the SPM and the
NPM, wherein each COM comprises a first segment complementary to the SPCA, a second
segment complementary to the NPCA, and third segment comprising a plurality of label

amplifier anchor segments;

(E) a plurality of label amplifiers (LMs) each hybridized to a label amplifier anchor
segment of the COM, wherein the LM comprises a plurality of label probe anchor segments;

and

(F) a plurality of label probes (LPs) each hybridized to a label probe anchor segment
of the LM, wherein the LP comprises a detectable label;

wherein the aforesaid hybridizations form a signal generating complex (SGC)
comprising the target nucleic acid with the single nucleotide variation, an SP, an NP, an SPM,
an NPM, a plurality of COMs, a plurality of LMs, and a plurality of LPs, and wherein the
SGC provides a signal that is detectable and distinguishable from the background noise.

23. A tissue slide, comprising:

(A) a slide having immobilized thereon a plurality of fixed and permeabilized cells
comprising at least one fixed and permeabilized cell containing a target nucleic acid with a

single nucleotide variation;

(B) a single nucleotide variation probe (SP) comprising a target anchor segment
(SPAT) hybridized to a region of the target nucleic acid comprising the single nucleotide
variation, and, a neighbor probe (NP) comprising a target anchor segment (NPAT) hybridized

to a region of the target nucleic acid adjacent to the binding site of the SP;

(C) an SP pre-amplifier (SPM) hybridized to the SP, wherein the SPM comprises a
plurality of SP collaboration anchors (SPCAs), and, an NP pre-amplifier (NPM) hybridized to
the NP, wherein the NPM comprises a plurality of NP collaboration anchors (NPCAs);
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(D) a plurality of collaboration amplifiers (COMs) each hybridized to the SPM and the
NPM, wherein each COM comprises a first segment complementary to the SPCA, a second
segment complementary to the NPCA, and a third segment comprising a plurality of label

amplifier anchor segments;

(E) a plurality of label amplifiers (LMs) each hybridized to a label amplifier anchor
segment of the COM, wherein the LM comprises a plurality of label probe anchor segments;

and

(F) a plurality of label probes (LPs) each hybridized to a label probe anchor segment
of the LM, wherein the LP comprises a detectable label;

wherein the aforesaid hybridizations form a signal generating complex (SGC)
comprising the target nucleic acid with the single nucleotide variation, an SP, an NP, an SPM,
an NPM, a plurality of COMs, a plurality of LMs, and a plurality of LPs, and wherein the
SGC provides a signal that is detectable and distinguishable from the background noise.

24. A kit for in situ detection of a single nucleotide variation of a target nucleic acid

in a sample of fixed and permeabilized cells, comprising:
(A) at least one reagent for permeabilizing cells;

(B) a set of target hybridizing probes comprising a single nucleotide variation probe
(SP) comprising a target anchor segment (SPAT) capable of hybridizing to a region of the
target nucleic acid comprising the single nucleotide variation, and, a neighbor probe (NP)
comprising a target anchor segment (NPAT) capable of hybridizing to a region of the target

nucleic acid adjacent to the binding site of the SP;

(C) a set of pre-amplifiers comprising an SP pre-amplifier (SPM) comprising a
segment capable of hybridizing to the SP, wherein the SPM comprises a plurality of SP
collaboration anchors (SPCAs), and, an NP pre-amplifier (NPM) comprising a segment
capable of hybridizing to the NP, wherein the NPM comprises a plurality of NP collaboration
anchors (NPCAs);,
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(D) a collaboration amplifier (COM) capable of hybridizing to the SPM and the NPM,
wherein the COM comprises a first segment complementary to the SPCA, a second segment
complementary to the NPCA, and a third segment comprising a plurality of label amplifier

anchor segments;

(E) a label amplifier (LM) capable of hybridizing to the label amplifier anchor
segment of the COM, wherein the LM comprises a plurality of label probe anchor segments;

and

(F) a label probe (LP) capable of hybridizing to the label probe anchor segment of the
LM, wherein the LP comprises a detectable label;

wherein, upon contacting a sample of fixed and permeabilized cells comprising a cell
containing a target nucleic acid with the single nucleotide variation, the components in
aforesaid (B) — (F) form a signal generating complex (SGC) comprising the target nucleic
acid with the single nucleotide variation, an SP, an NP, an SPM, an NPM, a plurality of
COMs, a plurality of LMs, and a plurality of LPs, and wherein the SGC provides a signal that

is detectable and distinguishable from the background noise.

25. The sample of claim 22, the slide of claim 23, or the kit of claim 24, wherein the
target nucleic acid is RNA.

26. The sample, slide or kit of any one of claims 22-25, wherein the fixed and

permeabilized cells are on a tissue slide.

27. The sample, slide or kit of any one of claims 22-26, wherein the SPAT is 10 to 20

nucleotides in length.

28. The sample, slide or kit of any one of claims 22-27, wherein the SPAP is 14 to 28

nucleotides in length.

29. The sample, slide or kit of any one of claims 22-28, wherein the SP optionally
comprises a spacer between the SPAT and the SPAP, wherein the spacer is 1 to 10

nucleotides in length.
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30. The sample, slide or kit of any one of claims 22-29, wherein the NPAT is 16 to 30

nucleotides in length.

31. The sample, slide or kit of any one of claims 22-30, wherein the NPAP is 14 to 28

nucleotides in length.

32. The sample, slide or kit of any one of claims 22-31, wherein the NP optionally
comprises a spacer between the NPAT and the NPAP, wherein the spaceris 1 to 10

nucleotides in length.

33. The sample, slide or kit of any one of claims 22-32, wherein the SPM is 50 to 500

nucleotides in length.

34. The sample, slide or kit of any one of claims 22-33, wherein the NPM is 50 to 500

nucleotides in length.

35. The sample, slide or kit of any one of claims 22-34, wherein the SPCA is 10 to 20

nucleotides in length.

36. The sample, slide or kit of any one of claims 22-35, wherein the SPM optionally
comprises a spacer between the two or more SPCA, wherein the spacer between the SPCA is

independently 1 to 10 nucleotides in length.

37. The sample, slide or kit of any one of claims 22-36, wherein the NPCA is 10 to 20

nucleotides in length.

38. The sample, slide or kit of any one of claims 22-37, wherein the NPM optionally
comprises a spacer between the two or more NPCA, wherein the spacer between the NPCA is

independently 1 to 10 nucleotides in length.

39. The sample, slide or kit of any one of claims 22-38, wherein the COM is 60 to
900 nucleotides in length.

40. The sample, slide or kit of any one of claims 22-39, wherein the COM optionally
comprises a spacer between the first, second and/or third segments, wherein the spacer

between the first, second and/or third segments is independently 1 to 10 nucleotides in length.
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41. The sample, slide or kit of any one of claims 22-40, wherein the third segment of
the COM optionally comprises a spacer between the plurality of label amplifier anchor

segments, wherein the spacer is independently 1 to 10 nucleotides in length.

42. The sample, slide or kit of any one of claims 22-41, wherein the plurality of
COMs bound to the SPM and NPM is in the range of 2 to 20.

43. The sample, slide or kit of any one of claims 22-42, wherein the plurality of LMs
bound to the COM is in the range of 2 to 20.

44. The sample, slide or kit of any one of claims 22-43, wherein the plurality of LPs
bound to the LM is in the range of 2 to 20.

45. A method of in situ detection of a target nucleic acid, wherein the target nucleic

acid is 300 or fewer bases in length, in a sample of fixed and permeabilized cells, comprising:

(A) contacting the sample with a set of target probes (TPs), wherein the set comprises
at least two target probes, wherein each TP comprises a target anchor segment (TPAT) that
can specifically hybridize to a region of the target nucleic acid and a pre-amplifier anchor
segment (TPAP), wherein the set comprises pairs of TPs that can bind to adjacent, non-

overlapping regions of the target nucleic acid,;

(B) contacting the sample with a set of TP pre-amplifiers (TPMs), wherein the set
comprises at least one pair of TPMs, wherein each TPM comprises a segment that can bind to
one member of the pair of TPs that bind to adjacent regions of the target nucleic acid, and

wherein each TPM comprises two or more TP collaboration anchors (TPCAs);

(C) contacting the sample with a collaboration amplifier (COM), wherein the COM
comprises a first segment complementary to the TPCA of one member of the pair of TPMs, a
second segment complementary to the TPCA of the second member of the pair of TPMs, and

a third segment comprising a plurality of label amplifier anchor segments;

(D) contacting the sample with a label probe system (LPS), wherein the LPS
comprises a plurality of label amplifiers (LMs) and a plurality of label probes (LPs), wherein

each LM comprises a segment that can bind to a label amplifier anchor segment of the COM



WO 2017/066211 PCT/US2016/056479

59

and a plurality of label probe anchor segments, wherein each LP comprises a detectable label

and a segment that hybridizes to the label probe anchor segment of LM, wherein the aforesaid
hybridizations form a signal generating complex (SGC) comprising the target nucleic acid, at
least one pair of TPs, at least one pair of TPMs, a plurality of COMs, a plurality of LMs, and

a plurality of LPs; and

(E) detecting in sifu signal from the SGC on the sample.

46. A method of in situ detection of a spliced target nucleic acid in a sample of fixed

and permeabilized cells, comprising:

(A) contacting the sample with a splice site probe (SP) and a neighbor probe (NP),
wherein the SP comprises a target anchor segment (SPAT) that can specifically hybridize to a
region of the target nucleic acid comprising the splice site and a pre-amplifier anchor segment
(SPAP), and wherein the NP comprises a target anchor segment (NPAT) that can hybridize to
a region of the target nucleic acid adjacent to the binding site of the SP and a pre-amplifier

anchor segment (NPAP);

(B) contacting the sample with an SP pre-amplifier (SPM) and an NP pre-amplifier
(NPM), wherein the SPM comprises a segment that can bind to the SP and comprises two or
more SP collaboration anchors (SPCAs), and wherein the NPM comprises a segment that can

bind to the NP and comprises two or more NP collaboration anchors (NPCAs);

(C) contacting the sample with a collaboration amplifier (COM), wherein the COM
comprises a first segment complementary to the SPCA, a second segment complementary to

the NPCA, and a third segment comprising a plurality of label amplifier anchor segments;

(D) contacting the sample with a label probe system (LPS), wherein the LPS
comprises a plurality of label amplifiers (LMs) and a plurality of label probes (LPs), wherein
each LM comprises a segment that can bind to a label amplifier anchor segment of the COM
and a plurality of label probe anchor segments, wherein each LP comprises a detectable label
and a segment that hybridizes to the label probe anchor segment of LM, wherein the aforesaid

hybridizations form a signal generating complex (SGC) comprising a target nucleic acid with
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the splice site, an SP, an NP, an SPM, an NPM, a plurality of COMs, a plurality of LMs, and
a plurality of LPs; and

(E) detecting in sifu signal from the SGC on the sample.

47. The method of claim 46, wherein the SPAT can specifically hybridize to one of

the two spliced nucleic acid segments.

48. The method of claim 46, wherein the SPAT can specifically hybridize to both of

the two spliced nucleic acid segments.
49. The method of any one of claims 46-48, wherein the target nucleic acid is RNA.

50. The method of any one of claims 46-49, wherein the fixed and permeabilized cells

are on a tissue slide.

51. The method of any one of claims 46-50, wherein the SPAT is 10 to 20 nucleotides
in length.

52. The method of any one of claims 46-51, wherein the SPAP is 14 to 28 nucleotides
in length.

53. The method of any one of claims 46-52, wherein the SP optionally comprises a

spacer between the SPAT and the SPAP, wherein the spacer is 1 to 10 nucleotides in length.

54. The method of any one of claims 46-53, wherein the NPAT is 16 to 30

nucleotides in length.

55. The method of any one of claims 46-54, wherein the NPAP is 14 to 28 nucleotides
in length.

56. The method of any one of claims 46-55, wherein the NP optionally comprises a

spacer between the NPAT and the NPAP, wherein the spacer is 1 to 10 nucleotides in length.

57. The method of any one of claims 46-56, wherein the SPM is 50 to 500 nucleotides
in length.
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58. The method of any one of claims 46-57, wherein the NPM is 50 to 500

nucleotides in length.

59. The method of any one of claims 46-58, wherein the SPCA 1s 10 to 20 nucleotides
in length.

60. The method of any one of claims 46-59, wherein the SPM optionally comprises a
spacer between the two or more SPCA, wherein the spacer between the SPCA is

independently 1 to 10 nucleotides in length.

61. The method of any one of claims 46-60, wherein the NPCA is 10 to 20

nucleotides in length.

62. The method of any one of claims 46-61, wherein the NPM optionally comprises a
spacer between the two or more NPCA, wherein the spacer between the NPCA is
independently 1 to 10 nucleotides in length.

63. The method of any one of claims 46-62, wherein the COM is 60 to 900

nucleotides in length.

64. The method of any one of claims 46-63, wherein the COM optionally comprises a
spacer between the first, second and/or third segments, wherein the spacer between the first,

second and/or third segments is independently 1 to 10 nucleotides in length.

65. The method of any one of claims 46-64, wherein the third segment of the COM
optionally comprises a spacer between the plurality of label amplifier anchor segments,

wherein the spacer is independently 1 to 10 nucleotides in length.

66. The method of any one of claims 46-65, wherein the plurality of COMs bound to
the SPM and NPM is in the range of 2 to 20.

67. The method of any one of claims 46-66, wherein the plurality of LMs bound to
the COM is in the range of 2 to 20.

68. The method of any one of claims 46-67, wherein the plurality of LPs bound to the
LM is in the range of 2 to 20.
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69. A sample of fixed and permeabilized cells, comprising:
(A) at least one fixed and permeabilized cell containing a spliced target nucleic acid,;

(B) a splice site probe (SP) comprising a target anchor segment (SPAT) hybridized to
a region of the target nucleic acid comprising the splice site, and, a neighbor probe (NP)
comprising a target anchor segment (NPAT) hybridized to a region of the target nucleic acid

adjacent to the binding site of the SP;

(C) an SP pre-amplifier (SPM) hybridized to the SP, wherein the SPM comprises a
plurality of SP collaboration anchors (SPCAs), and, an NP pre-amplifier (NPM) hybridized to
the NP, wherein the NPM comprises a plurality of NP collaboration anchors (NPCAs);

(D) a plurality of collaboration amplifiers (COMs) each hybridized to the SPM and the
NPM, wherein each COM comprises a first segment complementary to the SPCA, a second
segment complementary to the NPCA, and third segment comprising a plurality of label

amplifier anchor segments;

(E) a plurality of label amplifiers (LMs) each hybridized to a label amplifier anchor
segment of the COM, wherein the LM comprises a plurality of label probe anchor segments;

and

(F) a plurality of label probes (LPs) each hybridized to a label probe anchor segment
of the LM, wherein the LP comprises a detectable label;

wherein the aforesaid hybridizations form a signal generating complex (SGC)
comprising the target nucleic acid with the splice site, an SP, an NP, an SPM, an NPM, a
plurality of COMs, a plurality of LMs, and a plurality of LPs, and wherein the SGC provides

a signal that is detectable and distinguishable from the background noise.
70. A tissue slide, comprising:

(A) a slide having immobilized thereon a plurality of fixed and permeabilized cells

comprising at least one fixed and permeabilized cell containing a spliced target nucleic acid,;
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(B) a splice site probe (SP) comprising a target anchor segment (SPAT) hybridized to
a region of the target nucleic acid comprising the splice site, and, a neighbor probe (NP)
comprising a target anchor segment (NPAT) hybridized to a region of the target nucleic acid

adjacent to the binding site of the SP;

(C) an SP pre-amplifier (SPM) hybridized to the SP, wherein the SPM comprises a
plurality of SP collaboration anchors (SPCAs), and, an NP pre-amplifier (NPM) hybridized to
the NP, wherein the NPM comprises a plurality of NP collaboration anchors (NPCAs);

(D) a plurality of collaboration amplifiers (COMs) each hybridized to the SPM and the
NPM, wherein each COM comprises a first segment complementary to the SPCA, a second
segment complementary to the NPCA, and a third segment comprising a plurality of label

amplifier anchor segments;

(E) a plurality of label amplifiers (LMs) each hybridized to a label amplifier anchor
segment of the COM, wherein the LM comprises a plurality of label probe anchor segments;

and

(F) a plurality of label probes (LPs) each hybridized to a label probe anchor segment
of the LM, wherein the LP comprises a detectable label;

wherein the aforesaid hybridizations form a signal generating complex (SGC)
comprising the target nucleic acid with the splice site, an SP, an NP, an SPM, an NPM, a
plurality of COMs, a plurality of LMs, and a plurality of LPs, and wherein the SGC provides

a signal that is detectable and distinguishable from the background noise.

71. A kit for in situ detection of a spliced target nucleic acid in a sample of fixed and

permeabilized cells, comprising:
(A) at least one reagent for permeabilizing cells;

(B) a set of target hybridizing probes comprising a splice site probe (SP) comprising a
target anchor segment (SPAT) capable of hybridizing to a region of the target nucleic acid

comprising the splice site, and, a neighbor probe (NP) comprising a target anchor segment
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(NPAT) capable of hybridizing to a region of the target nucleic acid adjacent to the binding
site of the SP;

(C) a set of pre-amplifiers comprising an SP pre-amplifier (SPM) comprising a
segment capable of hybridizing to the SP, wherein the SPM comprises a plurality of SP
collaboration anchors (SPCAs), and, an NP pre-amplifier (NPM) comprising a segment
capable of hybridizing to the NP, wherein the NPM comprises a plurality of NP collaboration
anchors (NPCAs);,

(D) a collaboration amplifier (COM) capable of hybridizing to the SPM and the NPM,
wherein the COM comprises a first segment complementary to the SPCA, a second segment
complementary to the NPCA, and a third segment comprising a plurality of label amplifier

anchor segments;

(E) a label amplifier (LM) capable of hybridizing to the label amplifier anchor
segment of the COM, wherein the LM comprises a plurality of label probe anchor segments;

and

(F) a label probe (LP) capable of hybridizing to the label probe anchor segment of the
LM, wherein the LP comprises a detectable label;

wherein, upon contacting a sample of fixed and permeabilized cells comprising a cell
containing a target nucleic acid with the splice site, the components in aforesaid (B) — (F)
form a signal generating complex (SGC) comprising the target nucleic acid with the splice
site, an SP, an NP, an SPM, an NPM, a plurality of COMs, a plurality of LMs, and a plurality
of LPs, and wherein the SGC provides a signal that is detectable and distinguishable from the

background noise.

72. The sample of claim 69, the slide of claim 70, or the kit of claim 71, wherein the

SPAT can specifically hybridize to one of the two spliced nucleic acid segments.

73. The sample, slide or kit of any one of claims 69-72, wherein the SPAT can

specifically hybridize to both of the two spliced nucleic acid segments.
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74. The sample, slide or kit of any one of claims 69-73, wherein the target nucleic

acid is RNA.

75. The sample, slide or kit of any one of claims 69-74, wherein the fixed and

permeabilized cells are on a tissue slide.

76. The sample, slide or kit of any one of claims 69-75, wherein the SPAT is 10 to 20

nucleotides in length.

77. The sample, slide or kit of any one of claims 69-76, wherein the SPAP is 14 to 28

nucleotides in length.

78. The sample, slide or kit of any one of claims 69-77, wherein the SP optionally
comprises a spacer between the SPAT and the SPAP, wherein the spacer is 1 to 10

nucleotides in length.

79. The sample, slide or kit of any one of claims 69-78, wherein the NPAT is 16 to 30

nucleotides in length.

80. The sample, slide or kit of any one of claims 69-79, wherein the NPAP is 14 to 28

nucleotides in length.

81. The sample, slide or kit of any one of claims 69-80, wherein the NP optionally
comprises a spacer between the NPAT and the NPAP, wherein the spaceris 1 to 10

nucleotides in length.

82. The sample, slide or kit of any one of claims 69-81, wherein the SPM is 50 to 500

nucleotides in length.

83. The sample, slide or kit of any one of claims 69-82, wherein the NPM is 50 to 500

nucleotides in length.

84. The sample, slide or kit of any one of claims 69-83, wherein the SPCA is 10 to 20

nucleotides in length.
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85. The sample, slide or kit of any one of claims 69-84, wherein the SPM optionally
comprises a spacer between the two or more SPCA, wherein the spacer between the SPCA is

independently 1 to 10 nucleotides in length.

86. The sample, slide or kit of any one of claims 69-85, wherein the NPCA 1s 10 to 20

nucleotides in length.

87. The sample, slide or kit of any one of claims 69-86, wherein the NPM optionally
comprises a spacer between the two or more NPCA, wherein the spacer between the NPCA is

independently 1 to 10 nucleotides in length.

88. The sample, slide or kit of any one of claims 69-87, wherein the COM is 60 to
900 nucleotides in length.

89. The sample, slide or kit of any one of claims 69-88, wherein the COM optionally
comprises a spacer between the first, second and/or third segments, wherein the spacer

between the first, second and/or third segments is independently 1 to 10 nucleotides in length.

90. The sample, slide or kit of any one of claims 69-89, wherein the third segment of
the COM optionally comprises a spacer between the plurality of label amplifier anchor

segments, wherein the spacer is independently 1 to 10 nucleotides in length.

91. The sample, slide or kit of any one of claims 69-90, wherein the plurality of
COMs bound to the SPM and NPM is in the range of 2 to 20.

92. The sample, slide or kit of any one of claims 69-91, wherein the plurality of LMs
bound to the COM is in the range of 2 to 20.

93. The sample, slide or kit of any one of claims 69-92, wherein the plurality of LPs
bound to the LM is in the range of 2 to 20.

94. A method of in situ detection of a nucleotide variation of a target nucleic acid in a

sample of fixed and permeabilized cells, comprising:

(A) contacting the sample with a nucleotide variation probe (SP) and a neighbor probe

(NP), wherein the SP comprises a target anchor segment (SPAT) that can specifically
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hybridize to a region of the target nucleic acid comprising the nucleotide variation and a pre-
amplifier anchor segment (SPAP), and wherein the NP comprises a target anchor segment
(NPAT) that can hybridize to a region of the target nucleic acid adjacent to the binding site of
the SP and a pre-amplifier anchor segment (NPAP);

(B) contacting the sample with an SP pre-amplifier (SPM) and an NP pre-amplifier
(NPM), wherein the SPM comprises a segment that can bind to the SP and comprises two or
more SP collaboration anchors (SPCAs), and wherein the NPM comprises a segment that can

bind to the NP and comprises two or more NP collaboration anchors (NPCAs);

(C) contacting the sample with a collaboration amplifier (COM), wherein the COM
comprises a first segment complementary to the SPCA, a second segment complementary to

the NPCA, and a third segment comprising a plurality of label amplifier anchor segments;

(D) contacting the sample with a label probe system (LPS), wherein the LPS
comprises a plurality of label amplifiers (LMs) and a plurality of label probes (LPs), wherein
each LM comprises a segment that can bind to a label amplifier anchor segment of the COM
and a plurality of label probe anchor segments, wherein each LP comprises a detectable label
and a segment that hybridizes to the label probe anchor segment of LM, wherein the aforesaid
hybridizations form a signal generating complex (SGC) comprising a target nucleic acid with
the nucleotide variation, an SP, an NP, an SPM, an NPM, a plurality of COMs, a plurality of
LMs, and a plurality of LPs; and

(E) detecting in sifu signal from the SGC on the sample.

95. The method of claim 94, wherein the nucleotide variation is selected from the
group consisting of a single nucleotide variation, a multi-nucleotide variation, a splice site, an

insertion, a deletion, and a rearrangement.
96. The method of claim 94 or 95, wherein the target nucleic acid is RNA.

97. The method of any one of claims 94-96, wherein the fixed and permeabilized cells

are on a tissue slide.
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98. The method of any one of claims 1-97, wherein the SPAT is 10 to 20 nucleotides
in length.

99. The method of any one of claims 1-98, wherein the SPAP is 14 to 28 nucleotides
in length.

100. The method of any one of claims 1-99, wherein the SP optionally comprises a

spacer between the SPAT and the SPAP, wherein the spacer is 1 to 10 nucleotides in length.

101. The method of any one of claims 1-100, wherein the NPAT is 16 to 30

nucleotides in length.

102. The method of any one of claims 1-101, wherein the NPAP is 14 to 28

nucleotides in length.

103. The method of any one of claims 1-102, wherein the NP optionally comprises a

spacer between the NPAT and the NPAP, wherein the spacer is 1 to 10 nucleotides in length.

104. The method of any one of claims 1-103, wherein the SPM is 50 to 500

nucleotides in length.

105. The method of any one of claims 1-104, wherein the NPM is 50 to 500

nucleotides in length.

106. The method of any one of claims 1-105, wherein the SPCA is 10 to 20

nucleotides in length.

107. The method of any one of claims 1-106, wherein the SPM optionally comprises a
spacer between the two or more SPCA, wherein the spacer between the SPCA is

independently 1 to 10 nucleotides in length.

108. The method of any one of claims 1-107, wherein the NPCA is 10 to 20

nucleotides in length.
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109. The method of any one of claims 1-108, wherein the NPM optionally comprises
a spacer between the two or more NPCA, wherein the spacer between the NPCA is

independently 1 to 10 nucleotides in length.

110. The method of any one of claims 1-109, wherein the COM is 60 to 900

nucleotides in length.

111. The method of any one of claims 1-110, wherein the COM optionally comprises
a spacer between the first, second and/or third segments, wherein the spacer between the first,

second and/or third segments is independently 1 to 10 nucleotides in length.

112. The method of any one of claims 1-111, wherein the third segment of the COM
optionally comprises a spacer between the plurality of label amplifier anchor segments,

wherein the spacer is independently 1 to 10 nucleotides in length.

113. The method of any one of claims 1-112, wherein the plurality of COMs bound to
the SPM and NPM is in the range of 2 to 20.

114. The method of any one of claims 1-113, wherein the plurality of LMs bound to
the COM is in the range of 2 to 20.

115. The method of any one of claims 1-114, wherein the plurality of LPs bound to
the LM is in the range of 2 to 20.

116. A sample of fixed and permeabilized cells, comprising:

(A) at least one fixed and permeabilized cell containing a target nucleic acid with a

nucleotide variation;

(B) a nucleotide variation probe (SP) comprising a target anchor segment (SPAT)
hybridized to a region of the target nucleic acid comprising the nucleotide variation, and, a
neighbor probe (NP) comprising a target anchor segment (NPAT) hybridized to a region of
the target nucleic acid adjacent to the binding site of the SP;
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(C) an SP pre-amplifier (SPM) hybridized to the SP, wherein the SPM comprises a
plurality of SP collaboration anchors (SPCAs), and, an NP pre-amplifier (NPM) hybridized to
the NP, wherein the NPM comprises a plurality of NP collaboration anchors (NPCAs);

(D) a plurality of collaboration amplifiers (COMs) each hybridized to the SPM and the
NPM, wherein each COM comprises a first segment complementary to the SPCA, a second
segment complementary to the NPCA, and third segment comprising a plurality of label

amplifier anchor segments;

(E) a plurality of label amplifiers (LMs) each hybridized to a label amplifier anchor
segment of the COM, wherein the LM comprises a plurality of label probe anchor segments;

and

(F) a plurality of label probes (LPs) each hybridized to a label probe anchor segment
of the LM, wherein the LP comprises a detectable label;

wherein the aforesaid hybridizations form a signal generating complex (SGC)
comprising the target nucleic acid with the nucleotide variation, an SP, an NP, an SPM, an
NPM, a plurality of COMs, a plurality of LMs, and a plurality of LPs, and wherein the SGC

provides a signal that is detectable and distinguishable from the background noise.
117. A tissue slide, comprising:

(A) a slide having immobilized thereon a plurality of fixed and permeabilized cells
comprising at least one fixed and permeabilized cell containing a target nucleic acid with a

nucleotide variation;

(B) a nucleotide variation probe (SP) comprising a target anchor segment (SPAT)
hybridized to a region of the target nucleic acid comprising the nucleotide variation, and, a
neighbor probe (NP) comprising a target anchor segment (NPAT) hybridized to a region of
the target nucleic acid adjacent to the binding site of the SP;

(C) an SP pre-amplifier (SPM) hybridized to the SP, wherein the SPM comprises a
plurality of SP collaboration anchors (SPCAs), and, an NP pre-amplifier (NPM) hybridized to
the NP, wherein the NPM comprises a plurality of NP collaboration anchors (NPCAs);
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(D) a plurality of collaboration amplifiers (COMs) each hybridized to the SPM and the
NPM, wherein each COM comprises a first segment complementary to the SPCA, a second
segment complementary to the NPCA, and a third segment comprising a plurality of label

amplifier anchor segments;

(E) a plurality of label amplifiers (LMs) each hybridized to a label amplifier anchor
segment of the COM, wherein the LM comprises a plurality of label probe anchor segments;

and

(F) a plurality of label probes (LPs) each hybridized to a label probe anchor segment
of the LM, wherein the LP comprises a detectable label;

wherein the aforesaid hybridizations form a signal generating complex (SGC)
comprising the target nucleic acid with the nucleotide variation, an SP, an NP, an SPM, an
NPM, a plurality of COMs, a plurality of LMs, and a plurality of LPs, and wherein the SGC

provides a signal that is detectable and distinguishable from the background noise.

118. A kit for in situ detection of a nucleotide variation of a target nucleic acid in a

sample of fixed and permeabilized cells, comprising:
(A) at least one reagent for permeabilizing cells;

(B) a set of target hybridizing probes comprising a nucleotide variation probe (SP)
comprising a target anchor segment (SPAT) capable of hybridizing to a region of the target
nucleic acid comprising the nucleotide variation, and, a neighbor probe (NP) comprising a
target anchor segment (NPAT) capable of hybridizing to a region of the target nucleic acid
adjacent to the binding site of the SP;

(C) a set of pre-amplifiers comprising an SP pre-amplifier (SPM) comprising a
segment capable of hybridizing to the SP, wherein the SPM comprises a plurality of SP
collaboration anchors (SPCAs), and, an NP pre-amplifier (NPM) comprising a segment
capable of hybridizing to the NP, wherein the NPM comprises a plurality of NP collaboration
anchors (NPCAs);,
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(D) a collaboration amplifier (COM) capable of hybridizing to the SPM and the NPM,
wherein the COM comprises a first segment complementary to the SPCA, a second segment
complementary to the NPCA, and a third segment comprising a plurality of label amplifier

anchor segments;

(E) a label amplifier (LM) capable of hybridizing to the label amplifier anchor
segment of the COM, wherein the LM comprises a plurality of label probe anchor segments;

and

(F) a label probe (LP) capable of hybridizing to the label probe anchor segment of the
LM, wherein the LP comprises a detectable label;

wherein, upon contacting a sample of fixed and permeabilized cells comprising a cell
containing a target nucleic acid with the nucleotide variation, the components in aforesaid (B)
— (F) form a signal generating complex (SGC) comprising the target nucleic acid with the
nucleotide variation, an SP, an NP, an SPM, an NPM, a plurality of COMs, a plurality of
LMs, and a plurality of LPs, and wherein the SGC provides a signal that is detectable and

distinguishable from the background noise.

119. The sample of claim 116, the slide of claim 117, or the kit of claim 118, wherein
the nucleotide variation is selected from the group consisting of a single nucleotide variation,

a multi-nucleotide variation, a splice site, an insertion, a deletion, and a rearrangement.

120. The sample, slide or kit of any one of claims 116-119, wherein the target nucleic

acid is RNA.

121. The sample, slide or kit of any one of claims 116-120, wherein the fixed and

permeabilized cells are on a tissue slide.

122. The sample, slide or kit of any one of claims 116-121, wherein the SPAT is 10 to

20 nucleotides in length.

123. The sample, slide or kit of any one of claims 116-122, wherein the SPAP is 14 to

28 nucleotides in length.
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124. The sample, slide or kit of any one of claims 116-123, wherein the SP optionally
comprises a spacer between the SPAT and the SPAP, wherein the spacer is 1 to 10

nucleotides in length.

125. The sample, slide or kit of any one of claims 116-124, wherein the NPAT is 16

to 30 nucleotides in length.

126. The sample, slide or kit of any one of claims 116-125, wherein the NPAP is 14

to 28 nucleotides in length.

127. The sample, slide or kit of any one of claims 116-126, wherein the NP optionally
comprises a spacer between the NPAT and the NPAP, wherein the spaceris 1 to 10

nucleotides in length.

128. The sample, slide or kit of any one of claims 116-127, wherein the SPM is 50 to
500 nucleotides in length.

129. The sample, slide or kit of any one of claims 116-128, wherein the NPM is 50 to
500 nucleotides in length.

130. The sample, slide or kit of any one of claims 116-129, wherein the SPCA 1is 10

to 20 nucleotides in length.

131. The sample, slide or kit of any one of claims 116-130, wherein the SPM
optionally comprises a spacer between the two or more SPCA, wherein the spacer between

the SPCA is independently 1 to 10 nucleotides in length.

132. The sample, slide or kit of any one of claims 116-131, wherein the NPCA 1s 10

to 20 nucleotides in length.

133. The sample, slide or kit of any one of claims 116-132, wherein the NPM
optionally comprises a spacer between the two or more NPCA, wherein the spacer between

the NPCA is independently 1 to 10 nucleotides in length.

134. The sample, slide or kit of any one of claims 116-133, wherein the COM is 60 to
900 nucleotides in length.
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135. The sample, slide or kit of any one of claims 116-134, wherein the COM
optionally comprises a spacer between the first, second and/or third segments, wherein the
spacer between the first, second and/or third segments is independently 1 to 10 nucleotides in

length.

136. The sample, slide or kit of any one of claims 116-135, wherein the third segment
of the COM optionally comprises a spacer between the plurality of label amplifier anchor

segments, wherein the spacer is independently 1 to 10 nucleotides in length.

137. The sample, slide or kit of any one of claims 116-136, wherein the plurality of
COMs bound to the SPM and NPM is in the range of 2 to 20.

138. The sample, slide or kit of any one of claims 116-137, wherein the plurality of
LMs bound to the COM is in the range of 2 to 20.

139. The sample, slide or kit of any one of claims 116-138, wherein the plurality of
LPs bound to the LM is in the range of 2 to 20.
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restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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