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CHEMICAL COMPOSITIONS AND METHODS OF USING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
o801t This application claims priority to, and the benefit of, U.S. Provisional Application No.
63/078,965, filed on September 16, 2020. The contents of the aforementioned patent application

are incorporated herein by reference in their entivety, for all purposes.

BACKCGROUND
{po82;  Although there are currently a variety of methods for detecting nucleic acids and proteins
in a biological sample, a need remains for improved, accurate, rapid, and sensitive multiplexed
detection, identification, and guantification of target nucleic acids and proteins within a
biclogical sample. Specifically, there is a need for the ability to detect the abundance and spatial
{ocation of specific nucleic acids and proteins within a tissue sample that has maintained its

original morphology. The present disclosure addresses this need.

SUMRMARY
{80831 The present disclosure provides methods of determuning the abundance and spatial position
of at least two target analyites in a nological sample, wheremn the biological sample 18 prepared by
1) contacting the biological saraple with at least one nueleic acid probe by meubating the mounted
biological sample with a solution comprising a plurality of ISH probes, wherein the solation
comprises at least two species of ISH probes, wherein at least one species of ISH probe comprises
a umque target binding domain that binds 10 one of at least two target analytes and a unigue barcode
domain specific for the target analyte, wherewn the barcode domam comprises at least one
attachment position; i) washing the biological sample, the methods comprising: a} contacting the
prepared biological sample with a plurality of reporter probes, wherein each reposter probe
comprises at least one detectable label, thereby hyvbnidizing a reporter probe to an attachment
region of a barcode domain of at least one ISH probe hybridized to a target analyte i the biological
sample; b} removing non-hybridized reporter probes from the biological sample; ¢} recording the
identity and spatial position of the detectable labels of the hybridized reporter probes; d) removing
the detectable labels of the hybridized reporter probes; and &) repeating steps {a)}-(d} unuil each
attachment position in the barcode domains of ISH probes hybridized o a target analvie i the

biological have been hybridized to a reporter probe comprising at least one detectable label
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thereby determining the abundance and spatial position of the at least two target analytes in the
biological sample based on the sequence in which the detectable labels were recorded.

6804} In some aspects of the methods of the present disclosure, the at least two target analytes
are target nucleic acid molecules, and wherein the target binding domain is a single-stranded
polvnucleotide comprising a nucleic acid sequence that s complementary to a target nucleic acid,
wherein the target binding domain is about 35 to about 40 nucleotides in length, and wherein the
target binding domain comprises D-DINA| and wherein the barcode domain is a single-stranded
polynucleotide coraprising at least one attachment region, wherein each attachment region
comprises about one attachment sequence, wherein each of the attachment sequences 15 about 14
nucleotides m length, and wherein the sequences of each of the attachment sequences are different,
and wherein the barcode domain comprises L-DNA.

je8031 In some aspects of the methods of the present disclosure, the at least two target analytes
are target protein molecules, and wherein the target binding domain comprises a protein, preferably
wherein the protem s an antibody, or antigen binding fragment, that specifically binds to a target
protein maolecule.

o806} In some aspects of the methods of the present disclosure, the barcode domain comprises:
1) at least two; 1) at least three; 1t} at least four; or v} at least five attachment regions.

[poe7  In some aspects of the methods of the present disclosure, the solution comprises at feast
one negative ISH probe that is designed not to specifically bind to any target analvte w the
biological sample, preferably wherein the ISH probe comprises at least one Evaluation of the
External RNA Controls Consortium (ERCC) sequence, or a complement thereof. In some aspects
of the methods of the present disclosure, the negative ISH probe 15 used to determing the level of
background noise in the bislogical sarple.

o808t In some aspects of the methods of the present disclosure, the reporter probes comprise L-
DNA.

68097 In some aspects of the methods of the present disclosure, the reporter probes comprise: a
primary nucleic acid molecule comprising a first domain, a second domain and a photocleavable
linker located between the first domain and the second domain, wherein the second domain of the
primary nucleic acid molecule 15 hybridized to about six secondary nucleic acid molecules,
wherein each secondary nucleic acid molecule comprises a first domam, a second domain and a

photocleavable linker located between the first domain and the second domain, wherein the first

el
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domain of each of the secondary nucleic acid molecules is hybridized to the second domain of the
primary nucleic acid molecule, wherein the second domain of each of the secondary nucleic acid
molecules 15 hybridized to about five tertiary nucleic acid molecules, wherein each of the tertiary
nucleic acid molecules comprise at least one detectable label, and wherein the primary nucleic acid
molecule, the secondary nucleic acid molecules, and the tertiary nucleic acid molgcules comprise
L-DNA.

[seie} In some aspects of the methods of the present disclosure, the at least one detectable label
is a fluorescent moiety.

[oeii}] In some aspects of the methods of the present disclosure, the method further comprises
prior to step {a}. pretreating the biological sample by: 1} incubating the biological sample in a
Sulfo-NHS Acetate Blocking solution for about 13 minutes; 11} washing the bislogical sample with
Reporter Wash Buffer; 1) incubating the biclogical sample in avtofluorescence suppressor buffer
and/or lurninating the biological sample with blue and/or UV hight, thereby quenching sample
autofluorescence via photobleaching; and 1v) washing the biological sample with Reporter Wash
Buffer.

8012 Insome aspects of the methods of the present disclosure, step {a) comprises incubating the
biological saraple with a solution comprising the reporier probes at a concentration of S nM, 8.75x
SSPE solution, 0.5% Tween-20 and, optionally 0.1% RNase mhibitor, in DEPC-treated water for
at least about 15 minutes.

80131 In some aspects of the methods of the present disclosure, step (b} comprises washing the
hiological sample with Reporter Wash Buffer,

[8014] In some aspects of the methods of the present disclosure, step (¢} comprises: 1) immersing
the biological sample in Imaging Buffer; and 1} imaging the biological saraple to record the
identity and spatial position of the detectable labels of the hybridized reporter probes.

{8615} In some aspects of the methods of the present disclosure, step {d) comprises: 1) performing
at least one of or both of illuminating the biological sample with UV light sufficient to cleave
photocleavable linker moieties in the hybridized reporter probes; and washing the biological
sample with Strip Wash Buffer; optionally, step (d) further comprises: 111} immersing the biological
sample in Imaging Buffer; and v} imaging the sample fo ensure that there are no remaining

detectable iabels.
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6816} In some aspects of the methods of the preseni disclosure, the method further comprises
performing morphology scanning of the biological sample to determine one or more regions of
interest, preferably wherein performing morphology scanning comprises at least one of 1) staining
the biological sample with a3 membrane specific-flucrescent staining solution and imaging the
biglogical sample to identify the spatial location of cellular membranes within the sample; 1)
staining the biological sample with a nuclear-specific fluorescent staining solution and imaging
the biological sample to wdentify the spatial location of cellular nuclet in the sample; and 1t}
performing cell segmentation.

8817} In some aspects of the methods of the present disclosure, the biological sample is further
prepared prior to contacting the bislogical sample with at least one nucleic acid probe by: aa)
mounting a biological sample onto a functionalized microscope slide thereby producing a mounted
biological sample, wheremn the biological sarople 15 a formahin fixed paraffin embedded (FFPE)
microtome section; bb) baking the mounted biological sample; ¢} deparatfinizing the mounted
biological sample; dd) performing a target retrieval reaction on the mounted biological sample; ee)
permeabilizing the mounted biclogical sample; ) applying at least one fiducial marker to the
mounted biological sample; and gg} fixing the mounted biological sample.

[se18} In some aspects of the methods of the present disclosure, the method further comprises
after step (11}, assembling the mounted biclogical sample into a flow cell.

8618 In some aspects of the methods of the present disclosure, the functionalized mucroscope
shide s a positively charged microscope, preferably wherein the functionalized microscope shde
13 a 3-Ammopropylinimethoxysilane {APTMS unctionalized microscope shide.

88281 In some aspecis of the methods of the present disclosure, the biological sample 15 an FFPE
migrotome section of a human tissue sample.

[8021] In some aspects of the methods of the present disclosure, step {bb) comprises baking the
mounted biological sample at about 60°C for about 1 hour.

68227 In some aspects of the methods of the present disclosure, step {c¢) comprises: 1} incubating
the mounted biological sample in a first solution of xylene for about 5 munutes; u} mncubating the
mounted biological sample in a second solution of xylene for about 5 minutes; 11} incubating the
mounted biclogical sample 10 a first 100% ethanol solution for abowt 2 minutes; iv) incobating
the mounted biological sample in the second 100%: ethanol sohution for about 2 minutes; and v}

drying the mounted hiological sample at about 60°C for about 5 minutes.
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[8023] In some aspects of the methods of the present disclosure, step (dd) comprises: 1} imcubating
the mounted biological sample i target retrieval solotion at about 100°C; 1) incubating the
mounted biclogical sample in DEPC-treated water for about 15 seconds; i1} incubating the
mounted biological sample in a solution of 100% ethano! for about 3 minutes; and iv) drying the
mounted biological sample.

18024 In some aspects of the methods of the present disclosure, the mounted biclogical sample 1s
meubated in the target retrieval solution for a time period as put forth in Table 1.

[0825] In some aspects of the methods of the present disclosure, the tarpet retrieval solution
comprises TRIS and EDTA solution and has a pH of about 9.

18026] In some aspects of the methads of the present disclosure, step {ee) comprises: 1) incubating
the mounted biological sample at about 40°C in a proteinase solution, wherein the proteinase
solution comprises protease K 1) washing the biclogical sample with a first aliquot of DEPC-
treated water; and 1u) washing the biological sample with a second ahquot of DEPC-treated water,
98271 In some aspects of the methods of the present disclosure, the mounted biological sample s
incubated in the proteimase K solution for a tume period as put forth in Table 2.

18928 In some aspects of the methods of the present disclosure, step (1) comprises: 1) incubating
the mounted biological sample 1 a solution comprising at least ove fiducial marker for about 3
minutes at about room temperature, wherein the solution comprising at least one fiducial marker
15 a solution comprising carboxvlated microspheres stamed 1o red, vellow, blue and/or green at a
concentration of about 0.0005% to about 0.003% in 2x SRCT solution; and 11} washing the
mounted bislogical with 1x PBS.

80291 In some aspects of the methods of the present disclosure, step {gg) comprises 1) incubating
the mounted biological sample m a 10% NBF for about 1 minutes; 11} mcobating the mounted
biological sample 1u a first tris glycine buffered solution for about 5 munutes; 1) incubating the
mounted biological sample 1n a second tnis glycine buffered solution for about 5 minutes; and 1)
mncubating the mounted biclogical sample in Ix PBS for about 5 minutes.

{9636] In some aspects of the methods of the present disclosure, the method further comprises
after step {gg), incubating the mounted biological sample in a blocking solution, wherein
mcubating the mounted biological sample 10 a blocking solution comprises: 1) ncubating the
mounted biological sample m a Solfo-NHS-acetate/Tween20 solution for about 15 minutes,

wherein the Sulfo-NHE-acetate/Tween20 solution comprises about 100 mM Sulfo-NHS-acetate,
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about 0.5% Tween20 in about 100 mM sodium phosphate pH &; and 1) incubating the mounted
biological sample in 1x PBS for about 5 minutes.

[8031] Insome aspects of the methods of the present disclosure, mcubating the mounted biological
sample with a solution comprising a plurality of ISH probes comprises: incubaiing the mounted
biclogical sample with a solution comprising a plurality of 18H probes for about 16 to about 18
hours at about 37°C, thereby hybridizing at least one ISH probe to a target analvte m the biological
sample.

108321 In some aspects of the methods of the present disclosure, washing the biological sample
comprises: 1) incubating the mounted biological sample with a first Zx SSC solution; it} incubating
the mounted hological sample in a first formamide solution; 11t} incubating the mounted biological
sample with a second formanude solution; v} incubating the mounted bislogical sample with a
second 2x SSC solution; and v) incubating the mounted biological sample with a third 2x 88C
solution.

190331 Any of the above aspects or aspects described herein can be combined with any other
aspect.

jo834] Unless otherwise defined, all technical and scientific terms used herem have the same
meaning as commonly understood by one of ordinary skill 1o the art to which this disclosure
belongs. In the Specification, the singular forms also include the plural unless the context clearly
dictates otherwise; as examples, the terms “a,” “an,” and “the” are understood to be singular or
plural and the term “or” 15 understood o be inclusive. By way of example, “an element” means
one or more element. Throughout the specification the word “comprising,” or variations such as
“comprises” or “comprising,” will be understood to imply the mclusion of a stated element,
mteger or step, or group of elements, integers or steps, but vot the exclusion of any other
slement, integer or step, or group of elements, integers or steps. About can be understood as
within 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0. 1%, 0.05%, or 0.01% of the stated
value. Unless otherwise clear from the context, all numerical values provided herem are
modified by the term “about.”

6835 Although methods and matenals similar or equivalent to those described herein can be
used in the practice or testing of the present disclosure, suitable methods and materials are
described below. All publications, patent applications, patents, and other references meniioned

herein are incorporated by reference in their entirety. The references cited herein are not
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admitted to be prior art to the claimed invention. In the case of conflict, the present
Specification, mcluding definitions, will control. In addition, the materials, methods, and
examples are dlustrative only and are not intended to be limiting. Other features and advantages

of the disclosure will be apparent from the following detatled description and claim.

BRIEF DESCRIPTION OF THE DRAWINGS
18036]  The above and further features will be more clearly appreciated from the following
detailed description when taken in conjunction with the accompanying drawings.
37 FIG 1 s a schematic diagram of an exemplary o situ hybridization (ISH) probe of the
present disclosure.
98381 FIG. 215 a schematic diagram of an exernplary reporter probe of the present disclosure.
[pe3s}  FlGs. 3A, 3B, 3C, 3D, 3E, 3F and 3H are exemplary schematics of the steps of a method
of detecting the abundance and spatial location of more than one species of target nucleic acid in
a brological sample.
jeodn]  FIG. 4 shows a series of graphs comparing the abundance of RNA target analytes in
various cells measured using the methods of the present disclosure and standard RNA-seq
methods.
[pe41]  FIG 5 shows images of individual target analytes detected in a bological sample
comprising MDA-MB-468 cells using the methods of the present disclosure. FIG. 5 also shows
the quantification of the number of transcripts per cell analyzed.
68427 FIG 6A shows images of individual target analvtes detected 1n Melanoma FFPE tissue
samples using the methods of the present disclosure.
[8043]  FIG. 6B shows the results of cell typing analyses that can be performed using spatial
abundance data collected using the methods of the present disclosure.
[pa44}  FIG 6C shows the results cell interaction induced differential expression analvses that
can be performed using spatial abundance data collected using the methods of the present
disclosure.
[8o43) FIG 6D shows images of mdividual target analytes detected in Melanoma FFPE tissue
samples using the methods of the present disclosure.
pgd6] PG OF shows images of mndividual target avalytes detected in nou~-sruall cell lung cancer

{NSCLC) FFPE tissue samples using the roethods of the present disclosure.
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[Bo47]  FIG. OF shows images of individual target analvies detected in renal cell carcinoma FFPE
tissue samples using the methods of the present disclosure.
o848 FIG 60 shows images of individual target analytes detected i colorectal cancer (CRC)

and tonsi! FFPE tissue samples using the methods of the present disclosure.

DETAILED DESCRIPTION
88491 The present disclosure provides methods for preparing a biological sample for
fluorescent imaging. The present disclosure also provides i situ hybridization (ISH) probes and
reporter probes for use in the methods of the present disclosure, as well as kits comprising these
ISH probes and reporter probes. The present disclosure also provides methods of determining the
abundance and spatial position of at least two target nucleic acid molecules i a biological
sample,

jo8s81  Methods of Sample Processing

{8851} Insome aspects, the present disclosure provides a method of preparing a brological
sample for fluorescent imaging, the method comprising: a) mounting a bislogical sample onto a
functionalized microscope shde thereby producing a mounted biological sample, wherein the
biological sample 15 a formalin fixed paraffin embedded (FFPE) microtome section; b) baking
the mounted biological sample; ¢ deparaffinizing the mounted biological sample; d} performing
a target retrieval reaction on the mounted biological sample; e) permeabilizing the mounted
biological sample; ) applving at least one fiducial marker to the mounted biological sample; g}
fixing the mounted biological sample; h} contacting the mounted bislogical sample with at feast
one npucleic acid probe; and 1} washing the mounted biological sample.

[8052]  In some aspects, the preceding methods can optionally further comprise j} dehydrating
the mounted bislogical sample.

{80331  In some aspects, the preceding methods can further comprise, after step (1) or after step
{3} assembling the mounted biological sample into a flow cell.

{80341  In some aspects, the preceding methods can further comprise after step (g} and before
step (h}, incubating the mounted biclogical sample in a blocking solution.

[8ess}  In some aspects, the preceding methods can further comprise, before or after any of the
steps, 1Huninating the biclogical sample with blue and/or UV light, thereby quenchung sample
autofluorescence via photobleaching. In some aspects, any combination of UV and readout

chamnel ilflumination can be used to quench sample autofiuorescence via photobleaching In

&
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some aspects, the illumination can be performed concurrently with any of the above steps,
mchuding, bui not limited to step (h). In some aspects, the tllumination can be performed using
low-dose illumination over extended time pertods.

{8856}  In some aspects, a funciionalized microscope shide can be a (3~
Aminopropylitrimethoxysiiane (APTMS)-functionalized microscope slide. In some aspects, an
APTMS functionalized microscope shide can prepared using the following method: a) cleaning a
microscope shide using a plasma machine; b} incubating the microscope slide ina 0.5% APTMS
solution for soaking for about 1 minute; ¢ sonicating the microscope shide in the 0.5% APTMS
solution for about 10 seconds; d) repeating steps (b} and (¢} twice such that the microscope shide
is immersed 1n the 0.5% APTMS solution for about 3.5 minutes; e) rising the microscope slide
with water at least 3 times; and £} drying the microscope shide under nitrogen.

98871 In some aspects, a functionalized mucroscope shide can be any positively-charged
microscope shide. As would be appreciated by the skifled artisan, non-hnuting exaroples of
commercially-avatable, postively-charged microscope shides include, but are not limiuted to
poly-L-Lysin coated glass slide, Leica BOND Plug slides and Fisherbrand™ SuperFrost™ Plus
shides.

[8e38}  In some aspects of the methods of the present disclosure, mounting a biological sample
onto a functionalized microscope slide can comprise mounting the biological sample onto the
functionalized microscope slide and drying the mounted biological sample for at least about 12
hours, or at least about 13 hours, or at least about 14 hours, or at least about 15 hours, or at least
about 16 hours, or at least about 17 hours, or at least about 18 hours at room temperature.

80891 In some aspects of the methods of the present disclosure, baking a mounted biological
sample can comprise baking the mounted biological sample at least about S0°C, or at least about
S5°C, or at least about 60°C, or at least about 65°C, or at least about 70°C, or at least about
75°C, or at least about 80°C. Tu some aspects, baking a mounted biological sample can comprise
baking the mounted sample at about 60°C.

{p668]  In some aspects of the methods of the present disclosure, baking 2 mounted biological
sample can comprising baking the mounted biological sample for at least about 0.5 hours, or at
least about 1 hour, or at least about 1.5 hours, or at least about 2 hours. In some aspects, baking a

mounted biological sample can comprise baking the mounted biological sample for about 1 hour.

O
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{68617 In some aspects of the methods of the present disclosure, baking a mounted biological
sample can comprise baking the mounted biological sample at about 60°C for about 1 hour.

{8862}  In some aspects of the methods of the present disclosure, deparaffinizing a mounted
biological sample can comprise: a} mcubating the mounted biological sample in a first sofution
of xylene for about 5 mimutes; b} incubating the mounted biolpgical sample in a second solution
of xylene for about S minutes; ¢} incubating the mounted biological sample in a first 100%
ethanol solution for about 2 minutes; d} incubating the mounted biological sample in the second
100% ethanol solution for about 2 minutes; and e} drying the mounted biological sample at about
60°C for about S minutes. In some aspects, the incubation in the first solution of xviene and/or
the second solution of xvlene can comprise agitating the mounted biological sample in the xylene
solution, for example, by moving the biological sample up and down in the solution.

8063] Without wishing 1o be bound by theory, since FFPE samples contain BNA molecules that
are crosslinked to each other as well as to RNA and protein molecules, breakage of these crosslinks
can faciliate the release of DNA for subsequent purtfication. Breakage of these crosslinks can be
achieved by performing a target retrieval reaction ona biological sample, such as an FFPE sample.
In a target retrieval reaction, the biological sample, such as the FFPE sample, can be mcubated
with a target retrieval solution, wherein the target retrieval solution 15 suitable for removing
crosslinking between DNA, RNA and protein within the hiological sample, thereby allowing for
the recovery of analyvzable biomolecules

je064] In some aspects, a target retrieval solution can have a pH of about 8.0 to about 10.0. In
some aspects, a target retrieval solution can have a pH of about 8.5 1o about 9.5, In some aspects,
a target retrieval solution can have a pH of about 9.0, In some aspects, a target retrieval solution
can comprise a buffering agent. In some aspects, the buffering agent can be TRIS,

88651 In some aspects, a target retrieval solution can comprise a chelator. In some aspects, the
chelator can be ethylenediaminetetraacetic acid {EDTA) In some aspects a target retrieval sohution
can comprise about 0.1 to about 2 mM EDTA. In some aspects, a target retrieval sohution can
comprise about 0.5 to about 1.5 mM EDTA. In some aspects, a {arget retrieval solution can
comprise about 1.0 mM EDTA.

{8866} In some aspects, a target retrigval solution can be a TRIS and EDTA selution. In some
aspects, a target retrieval solution can be a solution of about 10 mM TRIS and about T mM EDTA

at pH 9.0,

io
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6867} In some aspects, a target retrieval solution can be RNAscope® Target Retrieval Solution
{ACDH).

6868} In some aspects of the methods of the present disclosure, performing a target retrieval
reaction on a mounted biological sample can comprise incubating the mounted biological sample
in a target retrieval solution at about 100°C. In some aspects, the mounted biological sample is
meubated in target retrieval solution at about 100°C for an amount of time specific to the type of
mounted biological sample. In a non-limiting example wherein the mounted bislogical sample 1s
a human breast tumor sample, the mounted biological sample can be incubated m target retrieval
solution at about 100°C for about 15 minutes. Incubation times for different sample types are
shown i Table 1. In some aspects, performing a target retrieval reaction can further comprise,
after incubating the mounted biological sample in target retrieval solution, incubating the mounted
biological sample 1n water for at least about 15 seconds; incubating the mounted biclogical sample
i a solution of 100% ethanol for at least about 3 minutes; and drying the mounted hiological
samaple. In some aspects, the water can be diethy! pyrocarbonate (DEPC -treated water.

[Be68}  Accordingly, performing a target retrieval reaction on a mounted biological sample can
comprise: a) incubating the mounted biological sample 1o target retrieval solution at about 100°C
for a time period as put forth 1n Table 1; b} incubating the mounted biological sample in DEPC-
treated water for about 15 seconds; ¢} incubating the mounted biological sample 1n a solution of

100% ethanol for about 3 minutes; and d) drying the mounted biological sample.

Table 1. Incubation times in 1x target retrieval solution for various bislogical sample types

Species of Tissue Type Pathology {ncubation Time
Biological Sample - I = (minutes)
Intestine Normal is
Intestine Tumor 15
Embrvo Normal i3
Moruse Brain Normai 1 .f
’ Spleen MNormal i5
Fye/Retina Normal 15
Liver Normal 30
Kidnev Normal 13
Breast Tumor 13
Colon Tomor 15
Colon Normal 13
Human Lung Tamor 15
Lung Normal 15
Prostate Tumor 13
Prostate Normal i3

il
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Lymph node Tunior i35
Lymph node Normal 3
Tonsil Normal i5
Pancreas Normal 15
Cervical Cancer 13
Cervical Normal i3
Cervical dysplasia Abgnormal 15
Brain Tumor i3
Bram Normal 15
Head Cancer 15
Neck Cancer i3
Liver Cancer 15
Kidnev Normal 15
Skin Normal i35
Melanoma Tumor is
Nevus Benign i35
Placenta Normal 13
Skin (U??;;j‘\rj; ;marray Normal 15
Breast TMA Normal 15
Melanoma TMA MNormal 15
Nevus TMA Benign i35
Stomach TMA Normal is
Storpach TMA Tumor 13
Cell pellets, fixed with 10% i 15
NBF ”
Hela cells, fixed with 10%

Formaldehyde/PBS/ACD - )

Control
Cell Pellets {general) - 7

[867¢] In some aspects of the methods of the present disclosure, permeabilizing the mounted
biological sample can comprise incubating the mounted biological sample n a proteinase K
solution.

88711 In some aspects, the proteinase K solution can be a solution wherem the concentration of
proteinase K 1s at least about 0.1 pg/mi, or at least about .25 pg/mi., or at least about 0.5
ug/ml, or at least about 0.75 ug/mi, or at least about 1 pg/mi., or at least about 1.25 pg/mL, or
at least about 1.5 ug/mL, or at least about 1.75 pg/mL, or at least about 2 pg/mL. or at least
about 2.25 pe/ml, or at least about 2.5 pg/mL, or at least abowt 2.75 ug/ml, or at least about 3
ug/ml., or at least about 3.25 yg/mL, or ai least about 3.5 pg/mL, or ai least about 3.75 ug/mL,
or at least about 4 ug/mi., or ai least about 4.25 ug/mi., or at least about 4.5 pg/ml, or at least

about 4.75 ug/mi., or at least about 5 pg/mi. In some aspects, the proteinase K solution is a

i2
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solution wherein the concentration of proteinase K 1s about 1 pg/mb. In some aspects, the
proteinase K solution is a solution wherein the protemase K s diluted into Phosphate Buffered
Saline {(PBX). In some aspects, the proteinase K sohstion is a solution wherein the protemase K
is difuted mnto protease cockiail, including, but not Himited to ACD Protease Plus.

[6872F In some aspecis, the PBS can comprise a combmation of NalL, KCI, NaxyHPOqand
KH;PO:. In some aspects, the PBS can comprise a solution of 137 mM NaCl, 2.7 mM K 8
mM NapHPOy, and 2 mdv KH:POs at pH 7.4, Accordingly, in some aspects a proteinase K
solution can be a solution wherein the concentration of protemase K is about 1 ug/mL in PBS,
wherein the PBS comprises 137 mM NaCl) 2.7 mM KCl, 8 mM Na:HPOy, and 2 mM KHPOy at
pH 7.4

8673 In some aspects, permeabilizing the mounted biological sample can comprise incubating
the mounted biological sample in a proteinase K solution at about 40°C. Tn some aspects,
permeabilizing the mounted biological saraple can comprise incubating the mounted biological
sample in a proteinase K solution at about 40°C for an amount of time specific to the type of
mounted biclogical sarple. In a non-hmiting example wherein the mounted biological sample 5
a human breast tuoor samiple, the mounted biological sarple can be 1ncubated 1 g proteinase K
solution at about 40°C for about 30 minutes. Incubation times for different sample types are
shown 1t Table 2

86741 In some aspects, permeabilizing the mounted biological sample can comprise incubating
the mounted biological sample at about 40°C in a proteinase solution. In some aspects,
permeabilizing the mounted biological sample can comprise incubating the mounted biological
sample at about 40°C in a proteinase solution for an amount of time specific to the type of
mounted biological sample. In a non-himiting example wherein the mounted biological sample 1
a human breast tumor sample, the mounted biological sample can be incubated at about 40°C in
a proteinase solution for about 30 nunutes. Tucubation times for different sample types are shown
i Table 2.

[8078] In some aspects, a proteinase solution can comprise a solution of protease K at a
concentration of about 0.1 to about 5.0 ug/mL, or 0.1 to 5.0 ug/miL. In some aspects, a proteinase
solution can comprise a solution of protease K at a concentration of about 0.1 o about 5.0
ug/mi, or 0.1 to 5.0 ug/mlb 1n PBS. In some aspecis, a proteinase solution can comprise a

solution of protease K at a concentration of about 0.1 to about 5.0 ug/mk, or 0.1 to 3.0 ug/mL in
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a protease cocktail {e.g. ACD protease plus solution). In some aspects, & proteinase solution can
comprise a protease cocktail known in the art, e.g. ACD protease plus solution.

Table 2, Incubation thmes in proteinase solution for varicus biological sample types

Species of Tissue Tvo Patholoey {ocubation Tuue
Biological Sample 155UC 1ype SHOIOSY {mimites)
{ntestine Normal 30
intestine Tumor 30
Embrvo Normal 30
Mouse Bram \ ormal «f}
Spleen Normal 13
Fyve/Retina Normal 30
Liver Normal 30
Kidney Normal 30
Breast Tumor 30
Colon Tumor 39
Colon Normal 30
Lung Tamor 30
Lung Normal 30
Prostatc Trmor 30
Prostate Normal 3G
Lymph node Tunor 30
Lymph node Normal 30
Tonsil Normal 30
Pancreas Mormal 30
Cervical Cancer 30
Cervical Normal 30
Cervical dysplasia Abnormal 30
Bram Tumor 30
Brain Normal 30
Huoman Head Cancer 30
Neck Cancer 3¢
Liver Cancer 360
Kidney MNormal 30
Skin Normal 30
Melanoma Tumor 30
Nevus Benign 30
Placenta Normal 36
Skin (us{fs;;;&\n}z)cmarmy Normal 39
Breast TMA Normal 30
Melanoma TMA Mormal 30
Nevus TMA Benign 30
Stomach TMA Normal 30
Stomach TMA Tumor 30
Ceil pelicts, fixed with 10% i 15
NBF
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Helia cells, fixed with 10%
Formaldebyde/PBS/ACD - 15
Control
Cell Pellcts (gencral) - 15

18076 In some aspects, incubating a roounted biological sample in a proteinase K solution can
further comprise drawing a hydrophobic barrier around the mounted biological sample, for
example, with a PAP pen.

{86771 In some aspects, permeabilizing a mounted biological sarnple can comprise incubating
the mounted biological sample in a proteinase K solution in a container that has been hined with
paper {e.g. lamwipes or a suitable alternative) that have been wet with DEPC-treated water and
prebeated to about 40°C for at least about 30 munutes,

{86781 In some aspects, permeabilizing a mounted biological sample can further comprise, after
mcubating the mounted biological sample i a proteinase K solation, washing the mounted
biological sample with water. The water can be DEPC-treated water. In some aspecis, washing
the mounted hiological sample with water can comprise washing the mounted biological sample
with a first aliquot of DEPC-treated water and then washing the mounted biological sample with
a second aliquot of DEPC-treated water.

[8078]  Accordingly, permeabilizing a mounted biological sample can comprise: a) incubating
the mounted biclogical sample in a proteinase K solution at about 40°C for a tume period as put
forth in Table 2, wherein the concentration of proteinase K in the proteinase K soluticon 1s about 1
we/mi.; by washing the biological sample with a first aliquot of DEPC-treated water; and ¢)
washing the biological sample with a second aliquot of DEPC-treated water.

8080} Accordingly, permeabilizing a mounted biological sample can comprise: a) incubating
the mounted biological sample at about 40°C in a proteinase solution for a time period as put
forth in Table 2, wherein the proteinase soluiion comprises a solution of protease K at a
concentration of about 0.1 to about 5.0 ug/mb., or 0.1 to 5.0 ug/mL; b} washing the bivlogical
sample with a first aliquot of DEPC-treated water; and ¢} washing the biological sample with a
second ahquot of DEPC-treated water.

8081} In some aspects of the methods of the present disclosure, applying at least one fiducial
marker to a mounted biological sample can comprise incubating the mounted biological sarople
m a solution comprising at least one fiducial marker. An at least one fiducial marker can be any

fiducial marker known n the art to be useful for fluorescent imaging, as would be appreciated by
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the skilled artisan. In some aspects, the at least one fiducial marker can be diluted in 2x saline-
sodium citrate (SSC) sohution. In some aspects, the at least one fiducial marker can be dituted in
2x saline-sodium citrate tween {SSCT) solution. In some aspects, the mounted biological sample
can mcubated in the solution comprising at least one fiducial marker for at least about 1 minute,
or at least about 2 minutes, or at least about 3 minutes, or at least about 4 minutes, or at least
about S minutes, or at least about 6 minutes, or at least about 7 minutes, or at least about &
minutes, or at least about 9 minutes, or at least about 10 minutes. In some aspects, the mounted
biological sample can be incubated in the solution comprising at least one fiducial marker for
about 3 minutes. In some aspects, the mounted biological sample can be incubated in the solution
comprising the at least one fiducial marker at about room temperature. In some aspects, after
incubation with the solution comprising at least one fiducial marker, the mounted biological
sarnple can be washed, for example, with phosphate buffered solution {(PBS). In some aspects,
prior to applying the solution comprising at least one fiducial marker to the mounted biological
saraple, the solution can be agitated {e.g. vortexed) for at east 30 seconds.

80821 In some aspects of the methods of the present disclosure, 2x 8SC buffer can comprise
about 300 mM NaCl and about 30 mM sodium citrate. To some aspects of the methods of the
present disclosure, 2x S8C buffer can comprise 300 mM NaCl and 30 mM sodium cuirate.

08831 In some aspects of the methods of the present disclosure, 2x SSCT buffer can comprise
about 0.1% Tween20, about 300 oM NaCl and about 30 mM sodium curate. In soroe aspects of
the methods of the present disclosure, 2x SSCT buffer can comprise 0.1% Tween20, 300 mM
NaCland 30 mM sodiom cifrate,

88847 In some aspects, the at least one fiducial marker can be a 200 nm carboxylated
microsphere 1o red, blue, vellow and/or green. In some aspects, a solution comprising at feast one
fiducial marker can comprise 200 nm carboxyiated microspheres in red, blue and/or green at a
concentration of at least about 0.00025%, or at least about 0.0005%, or at about 0.00075%, or at
{east about (.001%, or at least about 0.00125%, or at least about 0.0015%, or at least about
0.00175%, or at least about 0.002%, or at least about 0.005%, or at least about 0.01%. In some
aspects, a solution comprising at least one fiducial marker can comprise 200 nm carboxylated
microspheres in red, blue and/or green at a concentration of about 8.001%. In some aspects, the
at least one fiducial marker can be a carboxylated microsphere {e.g 200 nm carboxylated

microspheres) stained in red, yellow, blue and/or green. In some aspects, a solution comprising at
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least one fiducial marker can comprise carboxylated microspheres stained in red, yellow, blue
and/or green at a concentration of at least about 0.00025%, or at least about 0.0005%, or at about
0.00075%, or at least about 0.001%, or at least about 0.00125%, or at least about 0.0015%, or at
least about 0.00175%, or at least about 0.002%, or at least about 0.005%, or at least about 0.01%.
in some aspeects, a solution comprising at least one fiducial marker can comprise carboxylated
microspheres stained in red, yellow, blue and/or green at a concentration of about 0.001%. In
some aspects, a solution comprising at least one fiducial marker can comprise carboxylated
microspheres stained in red, yellow, blue and/or green at a concentration of about 0.0005% to
about 0.003%, or 0.0005% to0 0.003%.

10885)  In some aspects, the at least one fiducial marker can be a fluorescent nano-diamond
{FND}). In some aspects, and FNE} can be a non-carboxylated FND. In some aspects, a solution
comprising at least one fiducial marker can comprise FNDs at a concentration of at least about
0.0001%, or at least about 0.00015%, or at least about 0.0002%, or at least about 0.00025%, or at
feast about 0.0003%, or at least about 0.0003 5%, or at least about 0.0004%, or at least about
0.00045%, or at least about 0.0005%, or at least about 0.00055%, or at least about 0.001%. In
some aspects, a solution comprising at least one fiducial warker can comprise FNDs at a
concentration of about 0.00045%.

[p086]  In some aspects, a solution comprising at least one fiducial marker can comprise a
combination of at least two fiducial markers. In a noo-limiting example, a solution comprising at
ieast one fiducial marker can comprise 200 nm carboxyiated microspheres in red, blue and/or
green and non-carboxylated FNDs. In a non-limiting example, a solution comprising at least one
fiducial marker can comprise 200 nm carboxyiated microspheres in red, blue and/or green at a
concentration of about €.001% and non-carboxylated FNDs at a concentration of about
03.00045%.

{80871 In some aspects, a solution comprising at least one fiducial ywarker can comprise a
combmation of at least two fiducial markers. In a non-limiting example, a solution comprising at
least one fiducial marker can comprise carboxylated microspheres stained in red, yeliow, blue
and/or green and non-carboxylated FNDs. In a non-limiting example, a solution comprising at
{east one fiducial marker can comprise nm carboxylated microspheres stained in red, blue and/or
green at a concentration of about 0.0005% to about 0.003%, or 0.0005% to 8.003%, and non-

carboxylated FNDs at a concentration of aboui $.00045%,.
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6888} In some aspecis, a solution comprising at least on fiducial marker can be prepared by
diluting the at least one fiducial marker in a suitable buffer sohution, including, but not limited to
2x S8C solution, and then agitating {e.g. vortexing} the solution for about 1 munute, then
somicating the solution for about Z minutes, then agitating the solution again for about 1 minute,
then sonicating the solution again for about 2 minutes.

108891 In some aspects, a solution comprising at least on fiducial marker can be prepared by
diluting the at least one fiducial marker in a swtable buffer solution, including, but not limited to
2x SSCT solution, and then agitating {e.g. vortexing) the solution for about 1 minute, then
sonicating the solution for about 2 minutes, then agitating the solution again for about 1 minute,
then sonicating the solution again for about 2 minutes.

[Be9e)]  Accordingly, applying at least one fiducial marker to a mounted biological sample can
comprise: a} meubating the mounted biological sample m a solution comprising at least one
fiducial marker for about S nunutes at about room temperature, wherein the solution comprising
at least one fiducial marker s a solution comprising carboxylated microspheres m red, blue
and/or green at a concentration of about 0.001% and non-~carboxylated FNDs at a concentration
of about 0.00045% 10 2x S8C solutton; and b} washing the mounted biciogical with 1x PBS,
{8091} Accordingly, applying at least one fiducial marker to a mounted biological sample can
comprise: a} meubating the mounted biological sample i a solution comprising at least one
fiducial marker for about § minutes at about room temperature, wherein the solution comprising
at least one fiducial marker 15 a solution comprising carboxylated microspheres stained 1n red,
vellow, blue and/or green at a concentration of about 0.0005% to about 0.003%, or 0.0005% to
0.003%; and b} washing the mounted biological with 1x PBS.

{8092} In some aspects of the methods of the present disclosure, fixing a mounted biological
sample can comprise ncubating the mounted biological sample 1o neutral buffered formalin
{NBF} solution, then incubating the mounted biological saruple m a tris glveise butfered
sohution, and then incubating the mounted brological sample in 1x PBS. In some aspects, the
concentration of NBF in the NBF solution can be at least about 5%, or at least about 10%0, or at
least about 15%, or at least about 20%. In some aspects, the concentration of NBF in the NBF
solution can be about 10%. In some aspects, any of the mcubation steps in the fixing of the
mounted biological sample can be for at {east about T minute, or at east about 2 minutes, or at

east about 3 minutes, or at least about 4 minutes, or at least about § minutes, or at least about 6
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minuies, or af least about 7 minuies, or at least about & minuies, or af feast about 9 minuies, or at
least about 10 minutes. In some aspects, any of the incubaiion steps in the fixing of the mounted
biclogical sample can be about 1 minute, or about 2 minutes, or about 3 minutes, or about 4
minutes, or about 5 minutes, or about 6 minutes, or about 7 minutes, or aboui 8 minutes, or about
9 mimutes, or about 10 minuies. In some aspects, any of the incubation steps can be for about 5
minutes. In some aspects, any of the incubation steps can be for about 1 minute. In some aspects,
mcubating the mounted biological sample i a tris glveine buffered solution can comprise
mcubating the mounted biological sample in a first tris glycine buffered solution followed by
mncubating the mounted biclogical sample in a second tris glycine buffered solution.

18093f Accordingly, fixing a mounted bislogical sample can comprise: a) incubating the
mounted biclogical sample in a 10% NBF for about 3 nunutes; b) incubating the mounted
biological sample n a first tris glyeine buffered solution for about 5 munutes; ¢) incubating the
mounted biclogical sample n a second tris glycine buffered solution for about 5 minutes; and d)
meubating the mounted biological sample in 1x PBS for about 5 minutes.

[Be84)  Accordingly, fixing a mounted hiological sample can comprise: a) incubating the
mounted biological sample 1 a 10% NBF for about 1 minute; b) incubating the mounted
biological sample 1 a first tris glycine butfered solution for about 5 minutes; ¢} incubating the
rounted biological sample in a second tris glycine buffered solution for about 5 minutes; and d)
incubating the mounted biclogical sample i 1x PBS for about 5 mionutes,

88951 In some aspects of the methods of the present disclosure, incubating the mounted
hiological sample in a blocking solution can comprise incubating the mounted biological sample
m a Sulfo-NHS-acetate/Tween20 solution. In some aspects, a Sulfo-NHS-acetate/Tween20
solution can comprise about 100 oM Sulfo-NHS-acetate, about 0.5% Tween20 i about 100 mM
sodium phosphate pH & In some aspects, a Sulfo-NHS-acetate/Tween20 solution can comprise
100 mM Sulfo-NHS-acetate, 0.5% Tween20 m 100 mM sodium phosphate pH & In some
aspects, the mounted bislogical sample can be incubated in a Sulfo-NHS-acetate/Tween20
solution for at least about 5 munutes, or at least about 10 minutes, or at least about 15 mimutes, or
at least about 20 munutes. In some aspects, the mounted biclogical sample can be incubated ina
Sulfo-NHS-acetate/Tween20 solution for about 5 minutes, or about 10 minutes, or about 15
minutes, or about 20 minutes. In some aspecis, the mounted biclogical sample can be incubaied

i a Sulfo-NHS-acetate/Tween20 solution for about 15 minutes.
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6896} In some aspecis of the methods of the present disclosure, incubating the mounted
biological sample in a blocking solution can comprise, after incubating the mounted bislogical
sample in a Sulfo-NHS-acetate/Tween2( solution, incubating the mounted biological sample ina
1x PBS for at feast about 1 minute, or at least about 2 minutes, or at least about 3 minutes, or at
ieast about 4 minutes, or at least about 5 minutes, or at feast about 6 minuies, or at least about 7
minutes, or at least about 8 minutes, or at least about 9 minutes, or at least about 10 minutes. In
some aspects of the methods of the present disclosure, incubating the mounted biclogical sample
m a blocking solution can comprise, after incubating the mounted hiological samaple in a Sulfo-
NHS-acetate/Tween20 solution, incubating the mounted biological sample ina 1x PBS for about
1 minute, or about 2 minutes, or about 3 minutes, or about 4 minutes, or about 5 minutes, or
about 6 minutes, or about 7 minutes, or about 8 minutes, or about 9 minutes, or about 10
minutes. In some aspects of the methods of the present disclosure, incubating the mounted
biclogical sample in a blocking solution can comprise, after incubating the mounted biological
samaple in a Sulfo-NHS-acetate/ Tween20 solution, meubating the mounted biological sample ina
1x PBS for about S nunutes.

s Accordingly, incubating the mounted biological sample 1o a blocking solution can
comprise: 1} incubating the mounted biological sarople n a Sulfo-NHS-acetate/ Tween20 solution
for about 15 minutes, wherein the Sulfo-NHS-acetate/ Tween20 solution comprises about 100
mM Sulfo-NHS-acetate, about 0.5% Tween20 1 about 100 mM sodium phosphate pH 8; and 11)
meubating the mounted biological sample in 1x PBS for about § minutes.

[8898] In some aspects of the methods of the present disclosure contacting the mounted
biological sample with at least one nucleic acid probe can comprise meubating the mounted
biological sample with a solution comprising a plurality of ISH probes of the present disclosure.
In some aspects, the mounted biological sample can be incubated with the solution comprising a
plurality of ISH probes for at least about 12 hours, or at least about 13 hours, or at least about 14
hours, or at least about 15 hours, or at least about 16 hours, or at least about 17 hours, or least
about 18 hours, or at least about 19 hours, or at least about 20 hours, or at least about 21 howurs,
or at least about 22 hours, or at least about 23 hours, or at least about 24 hours. In some aspects,
the mounted biological sample can be incubated with the solution comprising a plurality of ISH

probes for about 16 to about 18 howrs.
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{68997 In some aspecis, the mounted biological sample can be imcubated with the solution
comprising a plurality of ISH probes at a temperature of at least about 35°C, or at least about
36°C, or at least about 37°C, or at least about 38°C, or at least about 39°C, or at least about
40°C. In some aspecis, the mounted bislogical sample can be incubated with the solution
comprising a plurality of ISH probes at a temperature of about 35°C.

198100} In some aspects, the solution comprising a plurality of ISH probes of the present
disclosure can comprise a single species of ISH probe. In some aspects, the solution comprising
a plurality of ISH probes of the present disclosure can comprise at least about 2, or at least about
3, or at least about 4, or at least about S, or at least about &, or at least about 7, or at least about §,
or at least about 9, or at least about 10, or at least about 23, or at least about 30, or at least about
75, or at least about 100, or at least about 250, or at least about 500, or at least about 750, or at
feast about 1000, or at least about 5,000, or at least about 10,000, or at least about 15,000, or at
least about 20,000, or at least about 50,000, or at least about 100,000, or at least about 500,000,
or at least about 1,000,000 different species of 1SH probes.

[seie1] In some aspects, the concentration of at least one species of ISH probe in the plurality can
be at least about (.01 oM, or at least about 0.1 oM, or at least about 1 oM, or at least about 5 nM,
or at feast about 10 nM, or at least about 25 nM, or at least about SO oM, or at least about 75 nM,
or at least about 100 oM, or at least about 125 oM, or at least about 150 nM, or at least about 175
nM, or at feast about 200 nM, or at least about 300 oM, or at least about 400 nM, or at least about
500 oM. In some aspects, the concentration of at least one species of ISH probe in the plurality
can be about .01 uM, or about 0.1 nM, or about T oM, or about 5 nM, or about 10 nM, or about
25 nM, or about 50 nM, or about 75 oM, or about 100 oM, or about 125 nM, or about 150 M, or
about 175 nM, or about 200 uM, or about 300 oM, or about 400 nM, or about 500 nM. In some
aspects, the concentration of at least one species of INH probe m the plurality can be about 200
nM. In some aspects, the concentration of at least one species of ISH probe in the plurality can
be about T nM.

[p8362] In some aspects, the concentration of each species of ISH probe in the plurality can be at
least about (.01 nM, or at least about 0.1 nM, or at least about 1 nM, or at least about 3 nM, or at
least about 10 nM, or ai least about 25 nM, or at feast about 50 nM, or at least about 75 nM, or at
least about 100 nM, or at least about 125 nM, or at least about 150 nM, or at least about 175 nM,
or at least about 200 nM, or at least about 300 nM, or at least about 400 oM, or at feast about 500

21
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nM. In some aspects, the concentration of each species of ISH probe in the phurality can be about
0.01 oM, or about 0.1 M, or about 1 nM, or about 5 nM, or about 10 nM, or about 25 nM, or
about S0 oM, or about 75 nM, or about 100 nM, or about 125 nM, or about 150 M, or about 175
oM or about 200 nM, or about 300 nM, or about 400 nM, or about 5300 nM. In some aspects, the
concentration of each species of ISH probe in the plurality can be about 200 oM. In some
aspects, the concentration of each species of ISH probe in the plurality can be about 1 oM.

[see3] In some aspects, a solution comprising a plurality of ISH probes can comprise at least one
spectes of ISH probe that comprise target binding domains that are designed not o specifically
bind to any target analyte {e.g target mucleic acid molecule and/or target protein molecule) in the
biological sample. In some aspects, a solution comprising a plurality of ISH probes can comprise
at least two species, or at least three species, or at least four species, or at least five species, or at
least six species, or at least seven species, or at least eight species, or at least nine species, or at
least ten species, or at least 50 species, or at least 100 species, or at least 1000 species of ISH
probes that comprise target binding domains that are designed not to specifically bind to any
target analyvte {e. g target nucleie acid molecule and/or farget protein molecule) in the biclogical
saraple. These ISH probes that comprise target binding domans that are designed not to
specifically bind to any target analyie are referred to heren as "negative ISH probes”. A non-
fumiting example of a negative ISH probe is an ISH probe comprising a target binding domain
that is a single-stranded nucleic acid, wherem the sequence of the single-stranded nucleic acid is
designed such that it 1s not complementary to any known sequence specific to the biological
sample being analyzed and/or complementary to any known sequence present on earth. As would
be appreciated by the skilled artisan, examples of such sequences melude those pubhished by the
Evaluation of the External RNA Controls Counsortium (ERCC). Without wishing to be bound by
theory, the use of these negative ISH probes mn the methods of the present disclosure can allow
the skilled artisan to determune the level of background noise in the results from a biological
sample. As would be appreciated by the skilled artisan, since the negative 1SH probes should not
bind to any target analyte, any signal originating from a negative ISH probe that 1§ recorded
represents non-specific binding of ISH probes within the sample (f.e. background noise). In some
aspects, the skilled artisan can use the level of background noise detected by negative ISH probes
to more accurately determine the absolute abundance of target analytes within the biological

sample.
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60104} In some aspects, the solution comprising a plurality of ISH probes can comprise the ISH
probes diluted in buffer R,

[68108] In some aspecis, buffer R can comprise at least one of dextran sulfate, bovine serum
albumin (BSA), single-stranded DNA (ssBENA}, saline-sodium citrate {88C} and formamide. In
some aspects, buffer R can comprise a combination of dextran suifate, BSA, ssBNA, 88C and
formamide. In some aspects, the single-stranded DINA can comprise salmon sperm DNA.

[seie6] In some aspects, the ISH probes can be diluted i buffer R such that the final
concentration of dextran sulfate is about 0.5% to about 4. 5%, or about 1.5% to about 3.5%. In
some aspects, the ISH probes can be diluted m buffer R such that the final concentration of
dextran sulfate is about 2.5%.

[se107} In some aspecis, the ISH probes can be diluted i buffer R such that the final
concentration of BSA 15 about 0.01% to about 2%, or about 0.1% to about 1%. In some aspects,
the ISH probes can be diuted 1o buffer R such that the final concentration of BSA s about 0.2%.
jo8108] In some aspects, the ISH probes can be diluted in buffer R such that the final
concentration of ssDNA 1s about §.01 mg/md to about 1 ag/ml, or about 0.05 mg/rol to about 0.5
mg/ml. In some aspects, the ISH probes can be diluted 1o buffer R such that the final
concentration of ssDNA 13 about 0.1 mg/ml

je8189] In some aspects, the ISH probes can be diluted in buffer R such that the final
concentration of SSC 15 about 0.5x to about 3.5x or about 1x to about 3x o some aspects, the
ISH probes can be difuted i buffer R such that the final concentration of SSC s about 2x.
#8118} In some aspects, the INH probes can be diluted 1 buffer R sach that the final
concentration of formamide 15 about 20% to about 60%, or about 30% to about 50%. In some
aspects, the ISH probes can be diluted in buffer R such that the final concentration of formamide
1s about 4%,

[pe11] In some aspects, the INH probes can be diluted i buffer R sach that the final
concentration of dextran sulfate 13 about 2.5%, the final conceniration of BSA is about 0.2%, the
fial concentration of ssDBNA 15 about 0.1 mg/mli, the final concentration of S8C 18 about 2x and
the final concentration of formamide 1s about 40%.

80112} In some aspects, the solution comprising a plarality of ISH probes can further comprise
an RNase inhibitor, including, but not limited to, SUPERase-In"™ RNAse inhibitor. The

conceniration of RNAse inhibitor can be about 0.1 Units/ul.
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80113} In some aspecis, prios t¢ incubating the mounted biological sample with the solution
comprising a plurality of ISH probes, the ISH probes are first denatured by incubating the ISH
probes at about 95°C for about 2 nmunutes and then immediately cooling the ISH probes on ice for
about 1 minute.

[68114] In some aspects, the mounted biological sample can be incubated with the solution
comprising a plurality of ISH probes in a container that has been rinsed with an RNAse inhibitor
solution and that has been lined with paper {e.g. kimwipes or a suitable alternative} that have
been wetted with DEPC-treated water.

[ee113) Accordingly, contacting the mounted bislogical sample with at least one nucleic acid
probe can corprise: a) incubating the mounted biological sample with a solution comprising a
plurality of ISH probes of the present disclosure for about 16 to about 18 hours at about 37°C,
wherein the solution comprises at least one species of ISH probe, wherein at least one species of
ISH probe in the plurality 15 present at a concentration of about 200 nM

80116} In some aspects of the methods of the present disclosure, washing a mounted biological
sample can comprise: a} tocubating the roounted biological sample with first 2x SSC solution; b)
mcubating the mounted biclogical sample in a first formanide solution; ¢} mcubating the
mounted biological sample with a second formamide solution; d) incubating the mounted
biological sample with a second 2x S5C solution; and e} incubating the mounted biological
sample with a third 2x SSC solution.

[88117] In some aspects, a formamide solution in be a formanude in 2x 8SC solotion. In some
aspects, the concentration of formannde can be at least about 10%;, or at least about 20%, or at
{east about 309%, or at least about 40%, or at least about 50%, or at least about 60%, or at least
about 70%. In some aspects the concentration of formamide can be about 50%. In some aspects,
the mounted biological sample can be incubated with the first formamide solution and/or the
second formamide solution for at least about 15 mmnutes, or at teast about 20 minutes, or at least
about 25 minutes, or at least about 30 minutes, or at least about 35 minutes, or at least about 40
mimites. In some aspects, the mounted biclogical sample can be mcubated with the first
formamide solution and/or the second formamide solution for about 25 muinutes.

[#8118] In some aspects, the mounted biological sample can be incubated with the second 2x 88C
sohution and/or the third 2x S8 solution for at least about 0.5 minutes, or at least about 1

minute, or at feast about 1.5 minutes, or at least about 2.0 minutes, or at least about 2.5 minutes,
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or at least about 3.0 minutes, or at least about 3.5 minutes, or at least about 4.0 minutes, or at
jeast about 4.5 minutes, or at least about 5 minutes. In some aspects, the mounted biological
sample can be incubated with the second 2x SSC solution and/or the third 2x S8C solution for
about Z minutes.

801191 Accordingly, washing a mounted biological sample can comprise: a} incubating the
mounted biological sample with first Zx SSC solution; b} incubating the mounted biological
sample m a first S0% formamide i 2x S8C solution for about 25 minutes; ¢} incubating the
mounted biological sample with a second 50% formanude in 2x S8C solution for about 25
nunutes; d) incubating the mounted biological sample with a second 2x SSC solution for about
two minuies; and e} incubating the mounted biological sample with a third 2x 88 solution for
about two minutes.

88120} In some aspects of the methods of the present disclosure, debydrating a mounted
biclogical sample can comprise incubating the mounted biological sample 1n an ethanol gradient,
as would be appreciated by the skilled artisan. In some aspects, incubating the mounted
biological sample in an ethanol gradient can comprise: a) incubating the mounted hiclogical
saraple i a 70% ethanol solution for about 3 munwutes; b) incubating the mounted biological
sample i a §5% ethanol solution for about 3 minutes; and ¢) incubating the mounted biological
sample i a 100% ethanol solution for about 3 nunutes.

[sei21} In some aspects, a biological sample can be an FFPE microtome section that is at least
about 1 um, or at least about 2 um, or at Jeast about 3 pm, or at least about 4 um, or at least
about 5 um, or at least about & um, or at least about 7 pm, or at least about & um, or at least
about 9 um, or at least about 10 wm thick. In some aspects, the biological sample 15 an FFPE
microtome section that 15 about 5 pm thick.

80122} In some aspects, the ological sample can be a fissue sample from any organ. In some
aspects, the biological sample 15 a tissue sample from the Intestine, Embryo, Brain, Spleen, Eye,
Retina, Liver, Kidney, Breast, Throat, Colon, Lung, Prostate, Lymph node, Tonsil, Pancreas,
Cervix, Head, Neck, Liver, Skin, Nevus, Placenta or any other organ.

[68123] In some aspecis, the biological sample can comprise non-cancerous cells. In some
aspects, the biclogical sample can comprise cancerous cells. In some aspects, the biological
sample can comprise a combination of both non-cancercus cells and cancerous cells. The

cancercus cells can be from a carcinoma, lvmphoma, blastoma, sarcoma, leukemia and germ cell
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umors. The cancerous cells can be from a adrenocortical carcinoma, bladder urothelial

carcmnoma, breast invasive carcinoma, cervical squamous cell carcinoma, endocervical
adenocarcinoma, cholangiocarcinoma, colon adencearcinoma, lvmphoid neoplasm diffuse large

B-cell fymphoma, ssophageal carcmoma, ghioblastoma multiforme, head and neck squamous ceil

oy

carcinema, Kidnev chromophobe, kidney renal clear cell carcinoma, kidney renal papillary cell
carcinema, acute myelowd leukenua, brain lower grade glhiona, liver hepatoceilular carcinoma,
fung adenocarcinema, lung sguamous cell carcinoma, mesothelicrog, ovarian serous
cystadenacarcinena, pancreatic adenocarcinoma, pheochromocyioms, paraganglioma, prostate
adenocarcinoma, rectim adencearcinema, sarcoma, skin cutanesus melanoma, stomach
adenocarcinoma, testicular germ cell tumors, thyroid carcinoma, thymoma, uterine
carcingsarcoma, vveal melanoma. Other examples inclode breast cancer, lung cancer,
iymphoma, melanoma, hver cancer, colorectal cancer, ovarian cancer, bladder cancer, renal
cancer or gastric cancer, Further examples of cancer include neurcendocrine cancer, non-sroall

cell hung cancer (NSCL

2y, small cell tung cancer, thyrowd cancer, endometnial cancer, hiliary
cancer, esophageal cancer, anal cancer, salivary, cancer, valvar cancer, cervical cancer, Acuie
fymphoblastic feukernia {ALL), Acute myelowd loukeroia {AML), Adrenal gland tumors, Anal
cancer, Bile duct cancer, Bladder cancer, Bone cancer, Bowel cancer, Brain tumors, Breast
canger, Cancer of unknown privoary {CUFY, Cancer spread to bone, Cancer spread to brain,
Cancer spread to liver, Cancer spread to hung, Carcinoid, Carvical cancer, Cluldren's cancers,
Chronie Ivmphocytic feukema (CLLY, Chrome mvelond lenkemia {TML)Y, Colorectal cancer, Har
cancer, Endometrial cancer, Hye cancer, Follicular dendritic cell sarcoma, Gallbladder cancer,
Gaatric cancer, Gastro esophages! junction cancers, Germy cell tumors, Gestational trophoblastic
disease ({ATY), Hary cell levkemia, Head and neck cancer, Hodgkin hvmphoma, Kapost's
sarcoma, Kudney cancer, Laryngeal cancer, Leukemia, Gastric uvunis plastica, Laver cancer, Lang
cangcer, Lymphoma, Malignant schwamoma, Medmastinal gerot cell tumors, Melanoma skin
cancer, Men's cancer, Merkel celf skin cancer, Mesothelioma, Molar pregnancy, Mouth and
oropharvingeal cancer, Myeloma, Nasal and paranasal sinos cancer, Nasopharyngeal cancer,
MNeuroblastoma, Meurcendocrine tumors, Non-Hodglin lymphoma (NHL), Esophageal cancer,
Orvarian cancer, Pancreatic cancer, Pente cancer, Persistent trophoblasiic disease and
choriecarcinoma, Pheochromocyioma, Prostate cancer, Peeudomyxoma peritonel, Rectal cancer.

Retinoblastoma, Salivary gland cancer, Secondary’ cancer, Signat cell cancer, Skin cancer, Small
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bowel cancer, Soft tissue sarcoma, Stomach cancer, T cell childhood non Hodglen lvmphoma

{NHL}, Teg

scufar cancer, Thymus gland cancer, Thyroid cancer, Tongus cancer, Tonsil cancer,
Tumors of the adrenal gland, Uterine cancer. Vaginal cancer, Vulval cancer, Wilms' tumor,
Womb cancer and Gynaecological cancer. Examples of cancer also include, but are not himited
to, Hematologic malignancies, Lymphoma, Cutaneous Tecell iymphoma, Peripheral T-cell
iymphoma, Hodgkin's fymphoma, Non-Hedglin's ymphoma, Multiple myeloma, Chrome
ivrophocytic leukenua, chronic nwvelowd leukemia, acute myvelowd lenkemia, Myelodysplastic
syndromes, Myelofibrogis, Biliary tract cancer, Hepatocethilar cancer, Colorectal cancer, Breast
cancer, Lung cancer, Non-small cell lung cancer, Ovarian cancer, Thyreid Carcinoma, Renal
Cell Carcinoma, Pancreatic cancer, Bladder cancer, skin cancer, malignant melanoma, merkel
cell carcinoma, Uveal Melanoma or Glioblastoma nmultiforme.

j88124] The biclogical sample can be derived from any species, including, but not imuted to,
humans, mice, rats, dogs, cats, sheep, rabbits, cows, goats or any other species.

j98128) Insite hvbndization (ISH) probes of the present disclosure

[88126] Target binding domain

89127} The present disclosure provides m situ hybridization (ISH) probes for use in the methods
of the present disclosure.

je8128] An ISH probe can comprise a target binding domain and a barcode domam. In some
aspects, the target binding domain is operably linked to the barcode domain,

[88129] In some aspecis, a target binding domain can comprise a protein, a peptide, an aptamer,
or a peptord which specificaily binds (o a target analyte in a biclogical sample. In some aspecis,
the protem can be an antibody, or an antigen binding fragment thereof In some aspects, the
protein can be a lectin protein. In some aspects, the protein can be any carbohydrate-binding
protein known n the art.

861381 In some aspects, a target binding domain can be a single stranded polynucleotide. A
target binding domain can comprise a sequence that 13 complementary to a target nucleic acid
that 1s to be identified using the methods of the present disclosure.

80131} In some aspects, a target binding domain in be at least about 35 nuclestides in length to at
ieast about 40 nucleotides 1n length. In some aspects, a target binding domain can be about 35
nucleotides to about 40 nucleotides in length. In some aspects, a target binding domam can

comprise about 20 nucleotides, or about 21 nucleotides, or about 22 nuclestides, or about 23
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nucleotides, or about 24 nucleotides, or about 25 nucleotides, or about 26 nuclestides, or about
27 nucleotides, or about 28 nucleotides, or about 29 nucleotides, or about 30 nucleotides, or
about 31 nucleotides, or about 32 nucleotides, or about 33 nucleotides, or about 34 nucleoiides,
or about 35 nucleotides, or about 36 nuclectides, or about 37 nucleotides, or about 38
nucleotides, or about 3% nucleotides, or about 40 nucleotides, or about 41 nucleotides, or about
42 nucleotides, or about 43 nucleotides, or about 45 nucleotides in length.

{80132} In some aspects, a target binding domain comprises D-DNA. In some aspects, a target
binding domain consisis of D-DNA.

{68133} In some aspecis, a target binding domain can be about 35 nucleotides to about 40
nucleotides in length and comprises D-DNA. In some aspects, a target binding domain can be
about 35 nucleotides to about 40 nuclestides 1 length and consists of D-DNA

{08134) Barcode domain

[86135] In some aspects, a barcode domam can be a single stranded polynucieotide.

[98136] A barcode domain can comprise af least one attachment region. In some aspects, a
barcode domain can comprise at least two, at least three, at least four, at least five, at least six, at
least seven, at least eight, at least nine, or at least ten attachment regions,

88137} In some aspects, a barcode domain can comprise about 4 attachment regions.

j08138] An attachment region can comprise at least one nucleic acid sequence that is capable of
being reversibly bound by a reporter probe of the present disclosure. A nucleic acid sequence
that 15 capable of being reversibly bound by a reporter probe of the present disclosure is herein
referred 10 as an attachment sequence. Accordingly, an attachment region of 4 barcode domam
can comprise at least one attachment sequence. In some aspects, the attachment sequences within
a single attachment region can be identical; thus, the reporter probes that bind within that single
attachment region will be 1dentical. In some aspects, the attachment sequences within a single
attachment can be different; thus, the reporter probes that bind within that smgle attachment will
be different.

{96139} In some aspects, wherein a barcode domain comprises more than one attachment region,
the attachment sequences in each of the different attachment regions can be different; thus,
different reporter probes will bind to each attachment region in the barcode domain.

[68140] In some aspects, an attachment sequence can be about 5 nucleotides, or about 6

nucleotides, or about 7 nucleotides, or about 8 nucieotides, or about 9 nucleotides, or about 10

23
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nucleotides, or about 11 nucleotides, or about 12 nucleotides, or about 13 nuclestides, or about
14 nucleotides, or about 15 nucleotides, or about 16 nucleotides, or about 17 nucleotides, or
about 18 nucleotides, or about 19 nucleotides, or about 20 nucleotides mn length. In some aspecis,
an attachment sequence can be about 14 nuclectides in length.

[68141] In some aspects, a barcode domain comprises L-DNA. In some aspects, a barcode
domain consists of L-DNA.

[8e142] In some aspects, a barcode domain can comprise about 4 attachment regions, wherem
each attachment region comprises about 1 attachient sequence, wherein each attachment
sequence s about 14 nucleotides in length, such that the barcode domain is about 56 nucleotides
i length, and wherein the nucleic acid sequence of each of the attachment sequences are
different, wherein the barcode domain comprises L-DNA. In some aspects, a barcode domain
can comprise about 4 attachment regions, wherein each attachment region comprises about |
attachment sequence, wherein each attachment sequence is about 14 nuclectides in length, such
that the barcode domain 1s about 36 nucleotides i length, and wherein the nucleic acid sequence
of each of the attachment sequences are different, wherein the barcode domain consists of L-
[86143] Accordingly, the present disclosure provides an ISH probe comprising a target binding
domain and a barcode domain, wherein the target binding domain s a single-stranded
polynucleotide comprising a nucleic acid sequence that s complementary to a target nucleic
acid, wherein the target binding domain 15 about 35 to about 40 nucleotides n length, and
wherein the target binding domain comprises 3-DNA, and wheren the barcode domain is a
single~stranded polynucieotide comprising about four attachment regions, wheremn each
attachment region comprises about one attachment sequence, wherein each of the attachment
sequences is about 14 nucleotides in length, and wherein the sequences of each of the attachment
sequences are different, and wherem the barcode domain corprises L-DNA. A schernatic of this
exemplary ISH probe i1s shown m FIG 1

[86144] Accordingly, the present disclosure provides an ISH probe comprising a target binding
domain and a barcode domain, wherein the target binding domain 15 a single-stranded
polynucleotide comprising a nucleic acid sequence that 15 complementary to a target nucleic
acid, wherein the target binding domain 15 about 35 to about 40 nucleotides in fength, and

wherein the target binding domain consists of D-DNA, and wherein the barcode domam is a
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single-stranded polynucleotide comprising about four attachment regions, wherein each
attachment region comprises about one attachment sequence, whergin each of the attachment
sequences is about 14 nuclectides in length, and wherein the sequences of each of the atiachment
sequences are different, and wherein the barcode domain consists of L-DNA.

[08145] Reporter probes of the present disclosure

80146} The present disclosure provides reporter probes for use in the methods of the present
disclosure. The reporter probes of the present disclosure bind to the attachment sequences within
the attachment regions of the barcode domains of the ISH probes of the present disclosure. The
reporter probes comprise at least one detectable label, e.g. a fluorescent moiety, that allows them
to be detected in the methods of the present disclosure.

[8¢147; A reporter probe can comprise at least two domains, wherein the first domain hybridizes
to an attachment sequence and the second domain comprises at least one detectable label.

{86148} In some aspects, a reporier probe can comprise at least about 10, or at least about 15, or at
feast about 20, or at least about 28, or at least about 30, or at least about 33, or at least about 40,
or at feast about 45, or at least about 50 detectable labels. In some aspects, a reporter probe can
comprise about 10, or about 15, or about 20, or about 25, or about 30, or about 35, or about 40,
or about 45, or about 30 detectable labels.

j08149] In some aspects, a reporter probe can be pre-assembled prior to being contacted with a
biclogical sample.

j60156} In some aspects, a reporter probe can comprise a primary nucletc acid molecule. A
primary nucleic acid molecude can be a single-stranded polynucleotide. In some aspects, a
primary nucleic acid molecule can comprise L-DNA. In some aspects, a prunary nucleic acid
molecule can consist of L-DNA.

80151} A primary nucleic acid molecule can corprise at feast two domams. In some aspects, the
first domain of a primary nucleic acid molecule can hybridize to an attachmwent sequence in an
attachment region of a barcode domain of an ISH probe of the present disclosure. In some
aspects, the second domain of a primary nucleic acid molecule comprises at least one detectable
label.

88152] In some aspects, the second domain of a primary nucleic acid molecule can hybridize to
at least one secondary nucleic acid molecule. In some aspects, a primary nucleic acid molecule

can hybridize to at least about two, or at least about three, or ai least about four, or at least about
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five, or at feast about six, or at least about seven, or at least about eight, or at least about nine, or
at least about ten secondary nucleic acid molecules. In some aspects, a primary nucleic acid
molecule can hybridize to about 6 secondary nucleic acid molecules.

{80153} In some aspects, a primary nucleic acid molecule can further comprise a cleavable hinker
motety. In some aspects, the cleavable linker moiety can be located between the first domain and
the second domain, such that when the cleavable linker moiety is cleaved, the first domain and
the second domain are separated. In preferred aspects, the cleavable hinker motety is a
photocieavable hinker moiety.

[68134] In some aspecis, the first domain of a primary nucleic acid molecule can be about 3
nucleotides, or about & nucleotides, or about 7 nucleotides, or about & nucleotides, or about
nucleotides, or about 10 nucleotides, or about 11 nucleotides, or about 12 nuclentides, or about
13 nucleotides, or about 14 nucleotides, or about 15 nucleotides, or about 16 nucleotides, or

7
/

about 17 nucleotides, or about 18 nucleotides, or about 19 nucleotides, or about 20 nucleotides in
fength. In some aspects, the first domain of a primary nucleic acid wolecule can be about 14
nucleotides in length

j98138] In some aspects, the second dorsain of & primary nucleic acid molecule can be about 75
nucleotides, or about 76 nucleotides, or about 77 nucleotides, or about 78 nucleotides, or about
79 nucleotides, or about 80 nucleotides, or about 81 nucleotides, or about 82 nucleotides, or
about &3 nucleotides, or about 84 nucleotides, or about 83 nucleotides, or about 86 nucleotides,
or about &7 nucleotides, or about 88 nucleotides, or about &9 nucleotides, or about 90 nucleotides
m tength. In some aspects, the second domain of a primary nucleic acid molecule can be about
84 nucleotides n length.

[8¢1861 In some aspects, a privary nucleic acid molecule can be about 90 nucleotides, or about
91 nucleotides, or about 92 nucleotides, or about 93 nucleotides, or about 94 nucleotides, or
about 95 nucleotides, or about 96 nucleotides, or about 97 nucleondes, or about 98 nucleotides,
or about 99 nucleotides, or about 100 nucleotides, or about 101 nucleotides, or about 102
nucleotides, or about 103 nucleotides, or about 104 nucleotides, or about 103 nucleotides, or
about 106 nucleotides, or about 107 nuclectides, or about 108 nucleotides, or about 109
nucleotides, or about 110 nucleotides in length. In some aspects, a primary nucleic acid can be

about 98 nuclectides in fength.
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[68157] In some aspecis, a reporter probe can comprise at least one secondary nucleic acid
molecule. In some aspects, a reporter probe can comprise at least about two, or a least about
three, or at least about four, or at least about five, or at least about six, or at least about seven, or
at least about eighi, or at least about nine, or at least about ten secondary nucleic acid molecules.
in some aspects, a reporier probe can comprise about six secondary nucleic acid molecules. A
secondary nucleic acid molecule can be a single-stranded polynucleotide Inn some aspects, a
secondary nucleic acid molecule can comprise L-DNA. In some aspects, a secondary nucleic
acid molecule can consist of L-DNA.

[60138] A secondary nucleic acid molecule can comprise at least two domaimns. In some aspects,
the first domain of a secondary nucleic acid molecule can hybridize to a primary nucleic acid
molecule. In some aspects, the second domain of a secondary nucleic acid molecule can
comprise at least one detectable label

[8e159] In some aspects, a secondary nucleic acid molecule can further comprise a cleavable
finker moiety. In some aspects, the cleavable linker moiety can be located between the fust
domain and the second domain, such that when the cleavable linker moiety 15 cleaved, the first
dormain and the second domain of the secondary nucleic acid molecule are separated. In
preferved aspects, the cleavable hinker motety 1s a photocleavable linker motety.

jo8160] In some aspects, the second domain of a secondary nucleic acid molecule can hybridize
to at least one tertiary nuclewc acid molecule In some aspects, the second domain of a secondary
nucleic acid molecule can hybridize to at least about two, or at least about three, or at least about
four, or at least about five, or at least about six, or at least about seven, or at least about eight, or
at least about nine, or at least about ten tertiary nucleic acid molecules. In some aspects, the
second domaim of a secondary nucleie acid molecule can hybridize to about five tertiary nucleic
acid molecules.

{86161} In some aspects, the first domain of 3 secondary nucleic acid molecule can be abowt §
nucleotides, or about 6 nucleotides, or about 7 nucleotides, or about 8 nuclectides, or abowt 9
nucleotides, or about 10 nucleotides, or about 11 nucleotides, or about 12 nucleotides, or about
13 nucleotides, or about 14 nueleotides, or about 15 nucleotides, or about 16 nucleotides, or
about 17 nucleotides, or about 18 nucleotides, or about 19 nucleotides, or about 20 nucleotides in
iength. In some aspecis, the first domain of a secondary nucleic acid molecule can be about 14

nucleoiides in fength
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[68162] In some aspecis, the second domain of a secondary nucleic acid molecule can be about 63
nucleotides, or about 66 nucleotides, or about 67 nucleotides, or about 68 nucleotides, or about
69 nucleotides, or about 70 nucleotides, or about 71 nucleotides, or about 72 nucleciides, or
about 73 nucleotides, or about 74 nucleotides, or about 73 nucleotides, or about 76 nucleotides,
or about 77 nucleotides, or about 78 nucleotides, or about 79 nucleotides, or about 80
nuclectides, or about 81 nucleotides, or about 82 nucleotides, or about 83 nucleotides, or about
84 nucleotides, or about 85 nucleotides in length. In some aspecis, the second domain of a
secondary nucleic acid molecule can be about 75 nucleotides in length

60163 In some aspects, a reporter probe can comprise at least one tertiary nucleic acid molecule.
In some aspects, a reporter probe can comprise at least about 20, or at least about 21, or at least
about 22, or at least about 23, or at least about 24, or at least about 23, or at least about 26, or at
feast about 27, or at least about 28, or at least about 29, or at least about 30, or at least about 31,
or at least about 32, or at least about 33, or at least about 34, or at least about 35, or at least about
36, or at least about 37, or at least about 38, or at least about 39, or at least about 40 tertiary
nucleic acd ruolecules. Tn some aspects, a reporter probe can comprise about 30 tertiary nucleic
acid molecules.

[se164] In some aspects, a tertiary nuclewe acid molecule can comprise a domain that hybridizes
to a secondary nuclete acid molecule.

[8e163] In some aspects, a tertiary nucleic acid molecule can comprise at least one detectable
fabel.

[p8te6] In some aspects, a tertiary nucleic acid molecule can be about § nucleotides, or about 6
nucleotides, or about 7 nucleotides, or about 8 nucleotides, or about 9 nucleotides, or abowt 10
nucleotides, or about 11 nocleotides, or about 12 nucleotides, or about 13 nucleotides, or about
14 nucleotides, or about 15 nucleotides, or about 16 nucleotides, or about 17 nucleotides, or
about 18 nucleotides, or about 19 nucleotides, or about 20 nucleondes, or about 21 nucleotides,
or about 22 nucleotides, or about 23 nucleotides, or about 24 nucleotides, ¢r about 25 nucleotides
m length. In some aspects, a tertiary nucleic acid molecule can be about 15 nucleotides in length.
[68167] In some aspecis wherein a reporter probe comprises more than one detectable label, all of
the detectable labels of the reporter probe can have the same emission spectrum. In aspects
wherein the detectable labels are fluorescent labels, reporter probes wherein all of the detectable

{abels have the same emission spectrum can be referred to as “single-color” reporier probes.

5]
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[68168] In some aspecis wherein a reporter probe comprises more than one detectable label, the
reporter probe can have two or more detectable labels that each have a different emission spectra.
in aspects wherein the deteciable labels are fluorescent labels, reporter probes that have two or
more detectable labels that each have a different emission spectra can be referred to as “mult-
color” reporter probes.

80169} The present disclosure provides a reporter probe comprising a primary nucleic acid
molecule comprising a first domain, a second domain and a photocleavable linker located
between the first domain and the second domain, wherein the second domain of the primary
nucleic acid molecule is hybridized to about six secondary nucleic acid molecules, wherein each
secondary nucleic acid molecule comprises a first domain, a second domain and a
photocleavable linker located between the first domain and the second domain, wherein the first
domain of each of the secondary nucleie acid molecules 15 hybridized to the second domain of
the prumary nucleic acid molecule, wherein the second domain of each of the secondary nucleic
acid molecules s hybridized to about five tertiary nucleic acid molecules, wherein each of the
tertiary nucleie acid molecules comaprise at least ove detectable label, and wherein the primary
nucleic acid molecule, the secondary nucleic acid molecules, and the tertiary nucleic acid
molecules comprise L-DNA. A schematic of this exemplary reporter probe 18 shown i FIG. 2. In
some aspects, the first domain of the primary nucleic acid molecule s about 14 nucleotides in
length, the second domain of the privoary nucleic acid molecule 15 about 84 nucleotides 1o length,
the first domawn of the secondary nucleic acid molecules 15 about 14 nuclestides 1n length, the
second domain of the secondary nucleic acid molecules s about 75 nucleotides n length, and
each of the tertiary nucleic acid molecudes is about 15 nucleotides in length.

88178} The present disclosure provides a reporter probe comprising g primary nucleic acid
molecule comprising a first domain, 4 second domain and a photocleavable linker located
between the first domain and the second domain, wherein the second domain of the primary
nuclei¢ acid molecule is hybridized to about six secondary nucleic acid molecules, wheremn each
secondary nucleic acid molecale comprises a first domain, a second domain and a
photocieavable linker focated between the first domain and the second domain, wherein the first
domain of each of the secondary nucleic acid molecules 1s hybridized to the second domain of
the primary nucleic acid molecule, wherein the second domain of each of the secondary nucleic

acid molecules is hybridized to about five tertiary nucleic acid molecules, wherem each of the
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tertiary nucleic acid molecules comprise at least one detectable label, and wherein the primary
nucleic actd molecule, the secondary nucleic acid molecules, and the tertiary nucleic acid
molecules consists of L-DNA. In some aspects, the first domain of the primary nucleic acid
molecule s about 14 nucleotides in fength, the second domain of the primary nucleic acid
molecule 15 about 84 nucleotides in length, the first domain of the secondary nucleic acid
molecules is about 14 nucleotides in length, the second domamn of the secondary nucleic acid
molecules is about 75 nucleotides m length, and each of the tertiary nucleic acid molecules is
about 15 nucleotides in length.

{60171} In some aspects, a photocleavable moiety can be cleaved upon exposure to UV light. The
fight can be provided by a light source selected from the group consisting of an arc-lamp, a laser,
a focused UV light source, and hight enutting diode.

8031721 A cleavable linker moiety can be
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[86173] A cleavable linker moiety can be

or a sterenisomer or salt thereof
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or a stereoisomer or salt thereof.

88174] A cleavable linker mosety can be
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801761 A cleavable linker moiety can be g

88177} In preferred aspects, a detectable label can be a fluorescent moiety or a fluorescent label.
One of skill in the art can consult references directed to labehing nucleic acids. Examples of
fluorescent moteties include, but are not imued to, yellow fluorescent protein (YFP), green
fluorescent protein {GFP), cyan fluorescent protein {CFP), red fluorescent protein (RFP),
umbelliferone, fluorescein, fluorescein isothiocyanate, thodamine, dichlorotrazinylaming
fluorescemn, cyanines, dansyl chlonide, phycocyanin, phycoerythrin and the like,

j88178] Fluorescent labels and their atiachment to nuclectides and/or shgonucleotides are
described n many reviews, including Haugland, Handbook of Fluorescent Probes and Research
Chemieals, Ninth Edition {Molecuolar Probes, Inc., Eugeune, 2002); Keller and Manak, DNA
Probes, 2nd Edition {Stockton Press, New York, 1993}; Eckstem, editor, Ghgonucleotides and
Analogues: A Practical Approach (IRL Press, Oxford, 1991); and Wetmur, Uritical Reviews i

Biochemistry and Molecular Bislogy, 26:227-259 (1991}, Particular methodologies applicable to
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the disclosure are disclosed in the following sample of references: U.S. Patent Nos. 4,757,141,
5,151,507; and 5,091,519 One or more fluorescent dyes can be used as labels for labeled target
sequences, e.g., as disclosed by U.S. Patent Nos. 5,188,934 {4,7-dichlorofluorescemn dyes);
5,366,860 (spectrally resolvable rhodamine dyes); 5,847,162 (4,7-dichlororhodamine dyes);
4,318,846 {ether-substituted fluorescein dyes); 5,800,996 {energy transfer dyes), Lee er o,
5,066,580 (xanthine dves); 5,088 648 (energy transfer dyes}; and the like. Labelling can also be
carried out with quantum dots, as disclosed in the following patents and patent publications: U.S.
Patent Nos. 6,322,901, 6,576 291 6,423,551, 6,251,303, 6,319,426, 6,426,513, 6,444,143,
3,990,479 6,207,392, 2002/0045045; and 2003/0017264. As used herein, the term “fluorescent
{abel” comprises a signaling moiety that conveys information through the fluorescent absorpiion
and/or emission properties of one or more molecules. Such fluorescent properties include
fluorescence mtensity, fluorescence hifetime, emission spectrumn characteristics, energy transfer,
and the like.

88179} Commercially available fluorescent nucleotide analogues readily incorporated into
nucleotide and/or oligonucleotide sequences inchude, but are not hmited to, Cyv3-dCTPR, Cy3-
dUTP, Cy5-dCTP, CyS-dUTP {Amersham Biosciences, Piscataway, NI, fluorescemn- 12-dUTP,
tetramethyirhodamine-6-dUTP, TEXAS REDT™.S-dUTP, CASCADE BLUE™.7-dUTP,
BODIPY TMFL-14-dUTP, BODIPY TMR-14-dUTP, BODIPY TMTR-14-dUTP,
RHODAMINE GREEN™LS-dUTP, OREGON GREENR™ 4§8-5-dUTP, TEXAS RED™. 12-
dUTP, BODIPY TM 630/650- 14-dUTP, BODIPY T™M 650/665- 14-dUTP, ALEXA FLUQR™
488-5-JUTP, ALEXA FLUOR™ 332-5-dUTP, ALEXA FLUOR™ 568-5-dUTP, ALEXA
FLUQOR™ 504.5.dUTP, ALEXA FLUOR™ 546~ 14-dUTP, fluorescein- 12-UTP,
tetramethylrhodamine-6-UTP, TEXAS RED™.S-UTP, mCherry, CASCADE BLUE™.7-UTP,
BODIPY TM FL-14-UTP, BODIPY TMR-14-UTP, BODIPY TM TR-14-UTP, RHODAMINE
GREENTLS-UTP, ALEXA FLUOR™ 488-5-UTP, LEXA FLUOR™ 546~ 14-UTP (Molecular
Probes, Inc. Eugene, OR) and the like. Alternatively, the above fluorophores and those
mentioned herein can be added during oligonucleotide synthesis using for example
phosphoroamidite or NHS chemustry. Protocols are known in the art for custom synthesis of
nucleotides having other fluorophores (See, Henegarin ef af. (2000) Nature Biotechnol. 18:345).

2-Aminopurineg is a fluorescent base that can be mcorporated directly 1n the oligonucleotide
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sequence during its svathesis. Nucleic acid could also be stained, a prior, with an intercalating
dye such as DAPL YOYO- 1, ethidium bromide, cyanine dyes {e.g, SYBR Green) and the hike.
[80188; Other fluorophores available for posi-synthetic attachment include, but are not limited to,
ALEXA FLUOQR™ 350, ALEXA FLUOR™ 405, ALEXA FLUOR™ 430, ALEXA FLUQR™
532, ALEXA FLUOR™ 546, ALEXA FLUGR™ 568, ALEXA FLUQR™ 594 ATEXA
FLUOR™ 647 BODIPY 493/503, BODIPY FL, BODIPY RoG, BODIPY 534/550, BODIFY
TMR, BODIFY 538/568, BODIPY 558/568, BODIPY 564/570, BODIPY 576/58%, BODIPY
3581/591, BODIPY TR, BODIPY 630/650, BODIPY 650/665, Cascade Blue, Cascade Yellow,
Dansyl, lissamine rhodamine B, Marina Blue, Oregon Green 488, Oregon Green 514, Pacific
Blue, Pacific Orange, thodamine 6G, rhodamine green, rhodamine red, tetramethy! rhodamine,
Texas Red (available from Meolecular Probes, Inc,, Eugene, OR), Uy2, Cy3, Cy3.5, CyS, Tvs.5,
Cy7 { Arersham Biosciences, Piscataway, NJ) and the like, FRET tandem fluorophores can also
be used, imcluding, but not limited to, Per(CP-Cy 3 S, PE-Cy5, PE-Cy3 5, PE-Cy7, PE-Texas Red,
APC-Cy7, PE-Alexa dyes {610, 647, and 680), APC-Alexa dyes and the hike.

[Beistl Metallie silver or gold particles can be used to enhance signal from fluorescently labeled
nucleotide and/or oligonucieotide sequences (Lakowicz er af. {2003} BioTechnigues 34:02).
[se82] Other suitable labels for an ohigonucleotide sequence can nclude fluorescen (FAM,
FITC), digoxigenin, dimitrophenol {DNP), dansyi, biotin, bromodeoxyunidine (Brdl),
hexahistidine {6xHis), phosphor-amivo acids {2.g., P-tyr, P-ser, P-thr) and the like. The
following hapten/antibody pairs can be used for detection, in which each of the antibodies 1s
derivatized with a detectable label: biotin/a-biotin, digoxigenin/a-digoxigenin, dimtropheno]
{DNPYa-DNP, 5-Carboxyfluorescein (FAMYa-FAM.

[86183] Dietectable labels described herein are spectrally resolvable. “Spectrally resolvable™ in
reference to a plarahty of fluorescent labels means that the fluorescent enussion bands of the
labels are sufficiently distinet, i.e., sufficiently non-overlapping, that molecular tags to which the
respective labels are aitached can be distinguished on the basis of the fluorescent signal
generated by the respective labels by standard photodetection systems, e.g., eraploying a system
of band pass filters and photomultiplier tubes, or the like, as exemplified by the systems
described in U.S. Patent Nos. 4,230,558, 4,811,218, or the like, or in Wheeless ef ¢/ | pgs. 21-76,
in Flow Cytometry: Instrumentation and Data Analysis {Academic Press, New York, 1985},

Spectrally resolvable organic dyes, such as fluorescein, thodamine, and the like, means that
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wavelength emission maxima are spaced at least 20 nm apart, and in another aspect, at least 40
nm apart. For chelated lanthanide compounds, quantum dots, and the like, specirally resolvable
means that wavelength emission maxima are spaced at least 10 nm apart, or at least 15 nm apart.
#9184} Imaging methods

j80183] The present disclosure provides a method of detecting the abundance and spatial location
of more than one species of target analyte in a biological sample using the ISH probes and
reporter probes of the present disclosure.

98186} In some aspects, a target analvte can be a nucleic acid (7.e. a target nucleic acid or a target
nucleic acid molecule). Accordingly, the present disclosure provides a method of detecting the
abundance and spatial location of more than one species of target nucleic acid in a biclogical
sample using the ISH probes and reporter probes of the present disclosure.

180187} In some aspects, a target analyte can be a protein {f.e. a target protein or target protein
molecule). Accordingly, the present disclosure provides a method of detecting the abundance and
spatial location of more than one species of target protetn in a biological sample using the ISH
probes and reporter probes of the present disclosure.

80188} In some aspects, a target analyte can be g carbohydrate wolecule {e.g. a sugar mowety,
specific glycosylation motifs, etc). Accordingly, the present disclosure provides a method of
detecting the abundance and spatial location of more than one species of target carbohydrate
molecule.

601891 A target nucleic acid can be any nucleic acid to which an ISH probe of the present
disclosure can hybridize. The target nucleic acid can be DNA or RNA. In preferved aspects, a
target nucleic acid is an mRNA,

801981 In brief, each species of target nucleic acid that 15 1o be detected n a biological sample s
assigned a predetermuned and unique ISH probe that comprizes: a) a target binding domain that
s complementary to that specific species of target nucleic acid {{.e. that 1s designed such that i
only hybridizes to that specific species of target nucleic acid); and b} a unique barcode domain
comprising a unigue nucleic acid sequence that 1s specific {0 that species of target nuclete acid.
The unique nucleic acid sequence of the barcode domain 15 designed such that a specific
sequence of reporter probes of the present disclosure will bind sequentially to the different
attachment regions in the barcode domain, thereby creating a “linear order of detectable labels”

which 15 specific to that species of target nucleic acid.
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68193 A target protein can be any protein to which an ISH probe of the present disclosure can
bind.

[68192] In brief, each species of {arget protein that is to be detected in a biological sample is
assigned a predetermined and unigue [SH probe that comprises: a) a target binding domain that
binds to that specific species of {arget protem (f.e. that is designed such that 1t only binds to that
specific species of protein); and b} a unique barcode domain comprising a unigue nucleic acid
sequence that is specific to that species of protein. The unigue nucleic acid sequence of the
barcode domain 1s designed such that a specific sequence of reporter probes of the present
disclosure will bind sequentially to the different attachment regions in the barcode domain,
thereby creating a “linear order of detectable labels” which is specific to that species of target
protein,

80193} A target carbohydrate molecule can be any carbohydrate molecule to which an ISH probe
of the present disclosure can bind. In some aspects, the target carbohydrate molecule can be part
of a specific glycosylation motif. In some aspecis, the target carbohydrate can be part of a
specific lipid 1o be detected.

00194} In brief, each species of target carbohvdrate that s to be detected wn a biological sarople s
assigned a predetermomed and uruque ISH probe that coroprises: a) a target binding domain that
binds to that specific species of target carbohydrate (.. that is designed such that it only binds to
that specific species of carbohydrate); and b) a unique barcode dooain comprising a unique
nucleic acid sequence that is specific to that species of carbohydrate. The unique nucleic acid
sequence of the barcode domain 1s designed such that a specific sequence of reporter probes of
the present disclosure will bind sequentially to the different attachment regions in the barcode
domaiy, thereby creating a “linear order of detectable labels” which 15 specific to that species of
target carbohydrate.

801831 A schematic of a non-limiting example of these methods 1s shown 1o FIGs. 3A-3H, which
shows the detection of two different species of target nucleic acids in a biclogical sample using
the ISH probes of the present disclosure and reporter probes of the present disclosure. The
method begins in FIG. 3A with a biological sample that comprises two copies of target nucleic
acid #1 {one in the upper left part of the sample and one in the lower right part of the sample)}
and one copy of target nucleic acid #2 (in the upper right part of the biological sample. In the

first step of the method, the biological sample is contacted with a plurality of ISH probes of the
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present disclosure. The ISH probes with target binding domains that are complementary o target
nucleic acid #1 (ISH probe type #1) hybridize to target nucleic acid #1 and ISH probes with
target binding domains that are complementary to target nucleic acid #2 {ISH probe type #2)
hybridize to target nucleic acid #2. A third type of probe (ISH probe type #3), which has a target
binding domain complementary to a third type of target nucleic acid does not hybridize within
the biological sample, because the biological sample does not contain the third tvpe of target
nucleic acid.

08196} In the second step, the non-hybridized ISH probes are washed off of the biological
sample.

198197} In a third step, shown in FIG. 3B, the biclogical sample is contacted with a plurality of
reporter probes comprising detectable labels. In this non-limiting example, the detectable labels
are fluorescent labels. The barcode domain of ISH probe type #1 1s designed such that the first
attachment region hybridizes to a reporter probe with a red fluorescent label and ISH probe type
#2 15 designed such that the first attachment region hybridizes to a reporter probe with a green
fluorescent label

j08198] In a fourth step, shown in FIG. 3, the wdentity and spatial location of the detectable
labels of the hybridized reporter probes are recorded. Accordingly, during the first round of

imaging, a red label was detected in “Location 17, a green label was detected in “Location 27 and

a red label was detected in “Location 37,

[88199] In a fifth step, shown in FIG. 3D, the detectable labels are removed from the hybridized
reporter probes. In this non-limiting example, the reporter probes comprise photocleavable
motefies that can be cleaved by dlummation with UV Light, which releases the detectable labels,
which are subsequently washed away.

jo828¢] In a sixth step, shown m FIG. 3E, the biological sarple 15 contacted with a second
plurality of reporter probes comprising detectable labels. The barcode domaiun of ISH probe type
#1 13 designed such that the second attachment region hybridizes to a reporter probe with a
vellow fluorescent label and ISH probe type #2 15 designed such that the second attachment
region hybridizes to a reporter probe with a red fluorescent label.

88261] In a seventh step, as shown in FIG. 3F, the identity and spatial focation of the detectable

iabels of the hybridized reporter probes are recorded. Accordingly, during the second round of
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imaging, a yellow label was detected in Location 1, a red label was detected in Location 2 and a
vellow label was detected in Location 3.

[68262] In an eighth step, as shown i FIG. 3G the detectable labels are remgoved from the
hybridized reporter probes by UV-induced cleavage of photocleavable moigtigs within the
reporter probes.

180203} These steps are repeated uniil each of the attachment regions in each ISH probe has been
bound by a reporter probe, and the identity of the detectable label of the reporter probe has been
recorded. Thus, at the end of the method, a “linear order of detectable labels” will have been
recorded at each location of interest. As shown in FIG. 3H, in this non-himiting example, the
finear order of deteciable labels at Location 1 and Location 3 was red-vellow-green-red and the
linear order of detectable labels at Location 2 was green-red-yellow-vellow. Thus, given that red-
vellow-green-red is specific to target nucleic acid #1 and green-red-yellow-vellow 15 specific to
target nucleic acid #2, the method has allowed for the identification of two copies of target
nucleic acid #1 1n the biological sample, with one of the copies being present at Location 1 and
one of the copies being present at Location 3, and the wentification of one copy of target nucleic
acid #2 at Location 2.

[se204] The above method can be multiplexed to detect any number of target nucleic acids and/or
target proteins at any number of locations with a biclogical sarople. In some aspects, the methods
of the present disclosure can be used to deternune the spatial abundance of at least about 10, or at
{east about 20, or at least about 30, or at least about 40, or at least about 50, or at least about 60,
or at least about 70, or at least about 80, or at least about 90, or at least about 108, or at least
about 110, or at least about 120, or at least about 130, or at least about 140, or at least about 150,
or at least about 164, or at least about 170, or at least about 180, or at least about 190, or at least
about 200, or at least about 210, or at least about 220, or at least about 240, or at least about 250,
or at least about 260, or at least about 270, or at least about 280, or at least about 290, or at least
about 300, or at least about 500, or at least about 1,000, or at least about 10,000, or at least about
100,000, or at least about 1,000,000 different species of target nucleic acids and/or target
proteins within a biological sample.

802051 Accordingly, the present disclosure provides a method of determining the abundance and
spatial position of at least one target analyte in a biclogical sample, the method comprising: a)

contacting a biological sample prepared according to the sample preparation methods described



WO 2022/060967 PCT/US2021/050642

herein with a plurality of reporter probes of the present disclosure, wherein each reporter probe
comprises at least one detectable label, thereby hybridizing a reporter probe to an attachment
region of a barcode domain of at least one ISH probe bound to a target analyte in the biological
sample; b removing non-hybridized reporter probes from the biclogical sample; ¢) recording the
identity and spatial position of the detectable labels of the hybridized reporter probes; d)
removing the detectable labels of the hybridized reporter probes; and e} repeating steps {a}-{d}
until each attachment region in the barcode domains of ISH probes bound to a target analyte in
the biological sample have been hybridized to a reporter probe comprising at least one detectable
label, thereby determining the abundance and spatial position of the at least one target analyte in
the biological sample based on the sequence in which the detectable labels were recorded.
{80206} Accordingly, the present disclosure provides a method of determuning the abundance and
spatial position of at least one target protem molecule in a biological sample, the method
comprising: a) contacting a biclogical sample prepared according to the sample preparation
methods described herein with a plurality of reporter probes of the present disclosure, wherein
each reporter probe comprises at least one detectable label, thereby hybridizing a reporter probe
to an attachment region of a barcode domain of at least one ISH probe bound to a target protein
molecule in the biclogical sample; b) removing non-hyhridized reporter probes from the
biological sample; ¢) recording the identity and spatial position of the detectable labels of the
hybrudized reporter probes; d) removing the detectable labels of the hybridized reporter probes;
and e} repeating steps {a)-(d} until each attachment region 1u the barcode domains of ISH probes
bound to a target protem molecule m the biclogical sample have been hybridized to a reporter
probe comprising at feast one detectable label, thereby determining the abandance and spatial
posttion of the at east one target protein molecule o the biclogical sample based on the
sequence m which the detectable labels were recorded.

802071 Accordingly, the present disclosure provides a method of determining the abundance and
spatial position of at least one target nucieic acid molecule i a bislogical sample, the method
comprising: a) contacting a biological sample prepared according to the sample preparation
methods described herein with a plurality of reporter probes of the present disclosure, wherein
each reporter probe comprises at least one detectable label, thereby hybridizing a reporter probe
to an attachment region of a barcode domain of at least one ISH probe hybridized fo a target

nucleic actd molecule in the biological sample; b} removing non-hybridized reporter probes from
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the biological sample; ¢} recording the ideniity and spatial position of the detectable labels of the
hybridized reporter probes; d) removing the detectable labels of the hybridized reporter probes;
and e} repeating steps {a)-(d} until each attachment region in the barcode domains of 18H probes
hybridized to a target nucleic acid i the biological sample have been hybridized to a reporter
probe comprising at feast one detectable label, thereby determining the abundance and spatial
position of the at least one target nucleic acid molecule in the biological sample based on the
sequence i which the detectable labels were recorded.

88208 Accordingly, the present disclosure provides a method of determining the abundance and
spatial position of at least one target analyte in a biological sample, the method comprising: a)
contacting a biological sample prepared according to the sample preparation methods described
herein with a plurality of reporter prabes of the present disclosure, wherein each reporter probe
comprises at least one detectable label, thereby hybuidizing a reporter probe to an attachmeng
region of a barcode domain of at least one ISH probe bound to a target analyte i the biological
sample; b} removing non-hybridized reporter probes from the biological sample; ¢ recording the
wdentity and spatial position of the detectable labels of the hybnidized reporter probes; d)
removing the detectable labels of the hybridized reporter probes; and e) repeating steps (a)-{d)
until each attachment region of the at least one, or at least two, or at least three, or at east four,
or at least five, or at least six, or at least seven, or at least eight, or at least nine, or at least ten
attachment regions 1n the barcode domains of ISH probes bound 1o a target analyie in the
biological sample have been hybridized to a reporter probe comprising at least one detectable
label, thereby determuning the abundance and spatial position of the at least one target analyte in
the biological sample based ou the sequence in which the detectable labels were recorded.
802091 Accordingly, the present disclosure provides a method of determining the abundance and
spatial position of at least one target protem molecule 1 a biological sample, the method
comprising: a) contacting a biological sample prepared according to the sample preparation
methods described herein with a plurality of reporter probes of the present disclosure, wherein
each reporter probe comprises at least one detectable label, thereby hybridizing a reporter probe
to an attachment region of a barcode domain of at least one ISH probe bound to a target protein
molecule in the biological sample; b) removing non-hybridized reposter probes from the
biclogical sample; ¢) recording the identity and spatial position of the detectable labels of the

hybridized reporter probes; d) removing the detectable labels of the hybridized reporter probes;
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and e} repeating steps {a)-(d} until each attachment region of the at least one, or at least two, or at
least three, or at least four, or at least five, or at least s1x, or at feast seven, or at least eight, or at
ieast nine, or at least ten attachment regions in the barcode domains of ISH probes boundto a
target protein molecule in the biological sample have been hybridized to a reporter probe
comprising at least one deteciable fabel thereby determimning the abundance and spatial position
of the at least one target protein molecule in the biological sample based on the sequence in
which the detectable labels were recorded.

88210} Accordingly, the present disclosure provides a method of determining the abundance and
spatial position of at least one target nucleic acid molecule in a biological sample, the method
comprising: a) contacting a biological sample prepared according to the sample preparation
methods described herein with a plurality of reporter probes of the present disclosure, wherein
each reporter probe comprises at least one detectable label, thereby hyvbridizing a reporter probe
to an attachment region of a barcode domain of at least one ISH probe hybrnidized to a target
nucleic acid in the biological sample; b) removing non-hybridized reporter probes from the
biological sample; ¢) recording the wentity and spatial position of the detectable labels of the
hybridized reporter probes; d) rernoving the detectable labels of the hybridized reporter probes;
and e) repeating steps {a)~{d) until each attachment region of the at least one, or at least two, or at
least three, or at least four, or at least five, or at least six, or at least seven, or at least eight, or at
least nine, or at least ten attachioent regions in the barcode domams of ISH probes hybridized to
a target nucleic acid in the biological sample have been hybridized to a reporter probe
comprising at least one detectable label, thereby determuning the abundance and spatial position
of the at least one target nucleic acid molecule in the biological sample based on the sequence
which the detectable labels were recorded.

je0211} Accordingly, the present disclosure provides a method of determining the abundance and
spatial position of at least two target analytes in a biclogical sample, the method comprising: a}
contacting a biclogical sample prepared according to the sample preparation methods described
heremn with a plurality of reporter probes of the present disclosure, wherein each reporter probe
comprises at least one detectable label, thereby hybridizing a reporter probe to an attachment
region of a barcode domain of at least one ISH probe bound {0 a target analyte in the biological
sample; b} removing non-hybridized reporter probes from the bislogical sample; ¢} recording the

identity and spatial position of the detectable fabels of the hybridized reporter probes; d)
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removing the deteciable labels of the hybridized reporter probes; and e) repeating steps (a)-(d)
until each attachment region in the barcode domains of 1SH probes bound to a target analyte in
the biological sample have been hybridized to a reporter probe comprising at least one detectable
{abel, thereby determuning the abundance and spatial position of the at least two target analytes in
the biological sample based on the sequence in which the detectable labels were recorded.

180212} Accordingly, the present disclosure provides a method of determining the abundance and
spatial position of at least two target protein molecules in a biological sample, the method
comprising: a) contacting a biological sample prepared according to the sample preparation
methods described herein with a plurality of reporter probes of the present disclosure, wherein
each reporter probe comprises at least one detectable label, thereby hybridizing a reporter probe
to an attachment region of a barcode domain of at least one ISH probe bound to a target protein
molecule n the biological sample; b) removing non-hybnidized reporter probes from the
biological sample; ¢} recording the wdentitv and spatial position of the detectable labels of the
hybridized reporter probes; d) rernoving the detectable labels of the hybridized reporter probes;
and e} repeating steps {a)-{d) until each attachunent region in the barcode domains of ISH probes
bound to & target protein molecule 1o the biological sample have been hybridized to a reporter
probe comprising at least one detectable label, thereby determining the abundance and spatial
position of the at least two target protein molecules 1n the biclogical sample based on the
sequence i which the detectable labels were recorded.

802131 Accordingly, the present disclosure provides a method of determning the abundance and
spatial position of at least two target nucleic acid molecules 1n a biological sample, the method
comprising: a) contacting a biological sample prepared according to the sample preparation
methods deseribed herein with a plurality of reporter probes of the present disclosure, wherein
each reporter probe comprises at least one detectable label, thereby hybridizing a reporter probe
to an attachment region of a barcode domain of at least one ISH probe hybundized to a target
nucleic acid molecule m the biological sample; b} removing non-hybridized reporter probes from
the biological sample; ¢) recording the wdentity and spatial position of the detectable labels of the
hybridized reporter probes; d) removing the detectable labels of the hybridized reporter probes;
and e} repeating steps {a)-{d) until each attachment region in the barcode domains of ISH probes
hybridized to a target nucleic acid in the biglogical sample have been hvbridized to a reporter

probe comprising at least one detectable label, thereby determining the abundance and spatial

.
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position of the at least two target nucleic acid molecules in the biological sample based on the
sequence m which the detectable labels were recorded.

{80214} Accordingly, the present disclosure provides a method of determining the abundance and
spatial position of at least two target analytes m a biological sample, the method comprising: a)
contacting a bislogical sample prepared according to the sample preparation methods described
herein with a plurality of reporter probes of the present disclosure, wherein each reporter probe
comprises at ieast one detectable label, thereby hybridizing a reporter probe fo an attachment
region of a barcode domain of at least one ISH probe bound to a target analvie in the biclogical
sample; b} removing non-hybridized reporter probes from the binlogical sample; ¢} recording the
identity and spatial position of the detectable labels of the hybridized reporter probes; d)
removing the detectable labels of the hybridized reporter probes; and e) repeating steps {a)-(d}
until each attachment region of the at least one, or at least two, or at least three, or at least four,
or at least five, or at least six, or at least seven, or at least eight, or at least nine, or at least ten
attachment regions in the barcode domains of ISH probes bound to a target analyte in the
biological sample have been hybridized to a reporter probe comprising at least one detectable
{abel, thereby determining the abundance and spatial position of the at least two target analvtes in
the hiological sample based on the sequence in which the detectable labels were recorded.

j08218] Accordingly, the present disclosure provides a method of determining the abundance and
spatial position of at least two target protein molecules 1n a biological sample, the method
comprising: a) contacting a biological sample prepared according to the sample preparation
methods deseribed herein with a plurality of reporter probes of the present disclosure, wherein
each reporter probe comprises at least one detectable label, thereby hybnidizing a reporter probe
to an attachment region of a barcode domain of at least one ISH probe bound o a target protem
molecule m the biological sample; b} removing non-hybridized reporter probes from the
biological sample; ¢} recording the wdentity and spatial position of the detectable labels of the
hybridized reporter probes; d) removing the detectable labels of the hybridized reporter probes;
and e) repeating steps {a)-(d) until each attachment region of the at least one, or at Jeast two, or at
least three, or at least four, or at least five, or at least six, or at least seven, or at least eight, or at
feast nine, or at least ten attachment regions in the barcode domains of ISH probes bound to a
target protein molecule 1n the biclogical sample have been hybnidized to a reporter probe

comprising at least one detectable label, thereby determining the abundance and spatial position
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of the at least two target protein molecules n the bislogical sample based on the sequence in
which the detectable labels were recorded.

80216} Accordingly, the present disclosure provides a method of determining the abundance and
spatial position of at least two target nucleic acid molecules 1n a biological sample, the method
comprising: a) coniacting a biological sample prepared according to the sample preparation
methods described herein with a plurality of reporter probes of the present disclosure, wherein
each reporter probe comprises at feast one detectable label, thereby hybridizing a reporter probe
o an attachment region of a barcode domain of at least one ISH probe hybridized to a target
nucleic acid in the biological sample; b) removing non-hybridized reporter probes from the
biological sample; ¢} recording the identity and spatial position of the detectable labels of the
hybridized reporter probes; d} removing the detectable labels of the hybridized reporter probes;
and ) repeating steps {a)-{d) until each attachment region of the at least one, or at least two, or at
least three, or at least four, or at least five, or at least six, or at least seven, or at least eight, or at
{east nine, or at least ten attachment region in the barcode domams of ISH probes hybridized toa
target nuclete acid in the biological sample have been hybridized to a reporter probe comprising
at least one detectable label, thereby determining the abundance and spatial position of the at
least two target nucleic acid molecules in the biological sample based on the sequence in which
the detectable labels were recorded.

{86217} In some aspecis of the preceding methods, deternuning the abundance and spatial
position of the target analyte(s} can comprise usmg the abundance and spatial position of said
target analytes 1o define one or more regions of nterest within the biological sample. In some
aspects, after identifying the one or more regions of nterest within the fissue sample, the nucleic
acid probes {7.e. ISH probes) bound to the target analytes can be removed from the biological
sarmple, the biological sample can be contacted again with at least one nueleic acid probe (f.e.
ISH probe), and the imaging methods described above can be repeated only within the 1dentified
one or more regions of interest within the biological sample. Without wishing to be bound by
theory, by wdentifving the one or more regions of iterest within the biclogical sample,
subsequent imaging rounds can be performed more quickly, as only certain areas of the tissue
sample need to be interrogated as opposed to the entire tissue sample. In a non-himiting example,
determining the abundance and spatial position of said target analytes to define one or more

regions of mterest can allow the skilled artisan performing the preceding methods to identify
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tumorous sections of a biological sample, and only these tumorous sections of the bislogical
sample are then analyzed further i subsequent imaging cycles. This method of determining one
or more regions of interests s referred o herem as morphology scanning,

{80218} in some aspects of the preceding methods, the biological sample can be a mounted
biclogical sample prepared according to the sample processing methods described herein. In
some aspects, the mounted biological sample is in a flow cell prepared using the sample
processing methods described heren

188219] Any steps of the samiple preparation methods described herein can be combined with any
of the steps of the imaging methods described herein.

189220} In some aspects of the preceding method, the method can further comprise, prior o step
{a}, pretreating the biological sample. In some aspects, pretreating the biological sample can
comprise meubating the biological sample in a Sulfo-NHS acetate blocking solution. In some
aspects, pretreating the biological sample can coraprise washing the biological sample with
Reporter Wash Buffer. In some aspects, pretreating the biclogical samiple can comprise
incubating the biological sample 10 an autofluorescence suppressor buffer. Tn some aspects,
pretreating the biological sample can comprise illummating the hiclogical sample with blue
and/or UV light, thereby quenching sample autofluorescence via photobleaching. In some
aspects, any combination of UV and readout channel iHlumination can be used to guench sample
autofluorescence via photobleaching.

je8221] In some aspects, pretreating the biological sample can comprise: 1) incubating the
biological sample 10 a Sulfo-NHS Acetate Blocking solution for about 15 munutes; and 1)
washing the biological sample with Reporter Wash Budfer. In some aspects, pretreating the
biological sample can comprise: 1) incubating the biological sample ina Sulfo-NHS Acetate
Blockimg solution for about 15 munutes; 1) washing the biological sample with Reporter Wash
Buffer; 11} mcubating the biological saraple wn an autofluorescence suppressor buffer; and w)
washing the iological sample with Reporter Wash Buffer. In some aspects, pretreating the
biological sample can comprise: 1} incubating the biological sample in a Sulfo-NHS Acetate
Biocking solution for about 15 minutes; 1) washing the biological sample with Reporter Wash
Buffer; 101} incubating the biological sample in an awtofluorescence suppressor buffer and/or

Hhuminating the bislogical sample with blue and/or UV Hight, thereby quenching sample
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autoffuorescence via photobleachin

Buffer.

g, and iv}) washing the biological sample with Reporter Wash
[68222] In some aspects, washing the biological sample can comprise washing the biological
sample with at least about 1000 mi of Reporter Wash Buffer.

{80223} In some aspecis, Reporter Wash Buffer can comprise a solotion of 0.5% Tween-20 in 1x
SSPE selution.

[8e224] In some aspects, an autofluorescence suppressor buffer can comprise any buffer that
decreases autofluorescence of tissue samples, as would be appreciated by the skilled artisan. A
non-limiting example of an autoflucrescence suppressor buffer s TrueBlack Background
Suppressor Solution (available from Biotium, Inc., Fremont, CA),

802255 As would be appreciated by the skilled artisan, 20x SSPE buffer comprises 0.02M EDTA
and 2.98M NaCL, 1n 0.2M phosphate buffer pH 7.4,

[8e226} In some aspects, a Sulfo-NHS Acetate Blocking Solution can comprise a solution of 100
M Sulfo-NHS acetate and 100 mM Sodium Phosphate pH 8.0,

862271 In some aspecis of the preceding method, contacting the biological sample with a
plurality of reporter probes of the present disclosure can comprise incubating the biological
sample with a solution, wherein the solution comprises at least one species of reporter probe ata
concentration of 5 nM |, 8.73x SSPE solution, 0.53% Tween-20 and 0.1%6 RNase mhibitor in
DEPC-treated water for at least about 15 minutes. In some aspects, of the preceding method,
contacting the biological sample with a plurality of reporter probes of the present disclosure can
comprise meubating the biological sample with a solution for about 15 mmutes, wherein the
sofution comprises more than one species of reporter probe, wherein at least one species of
reporter probe 13 present at a concentration of 5 nM, and the solution further comprises 8.73x
SSPE solution, 0.5% Tween-20 and 0. 1% RNase inhibitor.

[862281 In some aspects of the preceding method, contacting the biological sample with a
plurality of reporter probes of the present disclosure can comprise incubating the biological
sample with a solution, wherein the solution comprises at least one species of reporter probe at a
concentration of 5 oM | 8.75x SSPE solotion, 0.5% Tween-20 and optionally 0.1% RNase
mhibitor in DEPC-ireated water for at least about 15 minutes. In some aspects of the preceding
method, contacting the biological sample with a plurality of reporter probes of the present

disclosure can comprise mcubating the biological sample with a solution for about 15 minutes,
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wherein the solution comprises more than one species of reporter probe, wherein at least one
specigs of reporter probe is present at a concentration of 5 oM, and the solution further comprises
8.75x SSPE solution, 8.5% Tween-20 and optionally 0.1% RNase inhibitor.

(802291 in some aspects of the preceding method, removing non-hybridized reporter probes from
the biological sample can comprise washing the biological sample with Reporter Wash Buffer. In
some aspects, removing non-hybridized reporter probes from the biological sample can comprise
washing the biological sample with at least about 2000 mL of Reporter Wash Buffer.

08230} In some aspects of the preceding method, recording the identity and spatial position
within the biological sample of the detectable label of the hybridized reporter probes can
comprise: 1} immersing the biclogical sample in Imaging Buffer; and 11} imaging the biological
sample to record the identity and spatial position of the detectable labels of the hyvbridized
reporter probes.

{86231} In some aspects, the Imaging Buffer can match the refractive index of water and allow for
maging of fiduwcals and reporter probes without bleaching or reduction of fluorescent signal. In
a non-luutting example, Imaging Buffer can allow for up to 4000 rounds of imaging per location
on the tissue without bieaching or reduction of fluorescent signal

8e232] Imaging Buffers of the present disclosure can comprise one or more of the following:
pyranose oxidase, catalase, ghucose oxidase, tris (2-carboxyethyly phosphune (TCEP),
dithiothreitol {DTT), 2-mercaptoethancl (BME), p-phenylenedianune (PPD), n-propyl gallate
{(NPG}, 1 d-dzobicvelo] 2,2, 2F-octane {DABCO), ascorbic acid, 3-carboxy-proxyl, 4-hydroxy-
2,2,6,6-tetramnethylpiperidin- L-oxy! (TEMPOL), N-tert-butyl-a-phenylnitrone, N-tert-butyl-o-(2-
sulfophenyinttrone, 5, 3-dunethyl-1-pyrroline N-oxide, ethyl 4,4, 4-trifluorobutyrate, 4-
hydrazonomethyl-1-hydroxy-2,2,5, S-tetramethy - 3-imidazoling-3~onde, a-{4-pyridyl N-oxide)-
N-tert-butylnitrone, silver digthyldithiocarbamate, sodiom diethyidithiocarbamate trihydrate,
3,35, S-tetrarnethyl- Lpyrroline Neoxide, 1,3,5-tri-tert-buty -2-nitrosobenzene, 2-(5,5-Dimethyl-
2-0%0-245-{1,3, 2 [dioxaphosphman-2-yi}-Z-methyi-3,4-dihydro-2H-pyrrole 1-oxide (CYPMPO},
vitamin B, ~hydroxy-2,5,7, 8-tetramethylchroman-2-carboxylic acid (Trolox), N-acetyi-L-
cysteine, d-aminobenzohydrazide (myeloperoxidase Inhibitor-1), balsalazide disodium salt
hydrate, lirubin, N-teri-butyl-a-phenyinitrone, caffeic acid, P-carotene, catechin gallate,
chlorogenic acid, chiorophyllin sodium, p-coumaric acid, delphmidin chloride, 5-O-{irans-3,4-

Dihydroxyemnamoy)-D-quinic acid, BL-a-lipoic Acid, ellagic acid, 2,4-dihydro-S-methyl-2-
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phenyvl-3H-pyrazol-3-one (MCI-186}, {~}-epicatechin, (—}-Epicatechin gallate, EUK-&, trans-
ferulic acid, 4-(5-Floore-1H-indol-3-ylibutanamide, MPO Inhibitor I (Myeloperoxidase
inhibitor-11}, Fe{li}etrakis (1-methyl-4-pyridy) porphyrin pentachlorideporphyrin
pentachloride, Fe(ll)5,10,15 20-tetrakis{4-sulfonatophenyDporphyrinato chloride, fucoxanthin

carotenod antioxidant, galiic acid, (—}-gallocatechin, ginkgolide | ghitathione monoethyl ester,

glutathione free acid, hesperidin, 3-hydroxytyrosel, 7-hydroxy-3-{(4-methoxyphenyljchromen-4-
one (formononetin), kaempferol, linoleic acid, (£)-g-lipoic acid, luteclin, lycopene, L-lysine,
pyridvhporphine tetratosylate salt (TMPyP), oletc acid, resveratrol, rutin hydrate, seleno-L-
methionine, se-{Methvl}selenocysteine, sodium selenite, taxifolin hydrate, (+)-a-tocopherol, and
xanthophyil.

180233} In some aspects, Tmaging Buffer can comprise a solution of 98% Low Salt Tmaging
Buffer, 1% Protocatechuic Acid (PCA) and 1% Protocatechuate dioxygenase (PCD3). In some
aspects, Low Salt Imaging Buffer can comprise a solution of 1 M Tris-HCL pH 7.5, 5M Sodium
Chloride and 0.5% Tween-20 tn DEPCtreated water.

89234} In some aspects of the preceding ruethod, removing the detectable labels of the
hybridized reporter probes can comprise: 1) iHuminating the biological sample with UV light
sufficient to cleave photocleavable hinker moteties in the hybridized reporter probes; and it}
washing the hiological sample with Reporter Wash Buffer. Tn some aspects of the preceding
method, removing the detectable labels of the hybridized reporter probes can comprise: 1)
dluminating the bological sample with UV light sufficient to cleave photocleavable linker
motefies jn the hybridized reporter probes; 11} washing the biological sample with Reporter Wash
Buffer; i1} immersing the biological sample in Imaging Buffer; and w) imaging the sample to
ensure that there are no remaiming detectable labels. Tn some aspects, washing the biological
sample with Reporter Wash Buffer can comprise washing the biological sample with at least
about 2000 mL of Reporter Wash buffer.

{96233} In some aspects of the preceding method, removing the detectable labels of the
hybridized reporter probes can comprise: 1} illummating the biological sample with UV light
sufficient to cleave photocleavable linker moieties in the hybridized reporter probes; and i}
washing the biclogical sample with Strip Wash Buffer. In some aspects of the preceding method,

removing the detectable labels of the hybridized reporter probes can comprise: 1} illuminating the
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biological sample with UV light sufficient to cleave photocleavable linker moieties in the
hybridized reporter probes; 1) washing the biclogical sample with Strip Wash Buffer; ui)
immersing the biological sample in Imaging Buffer; and v} imaging the sample to ensure that
there are no remaining detectable labels. In some aspects, washing the biological sample with
Strip Wash Buffer can comprise washing the biological sample with at least about 2000 mL of
Strip Wash bufter.

[88236] Without wishing to be bound by theory, the combination of iluminating the biological
sample with UV light sufficient to cleave photocleavable linker moieties in the hybridized
reporter probes and washing the biological sample with Strip Wash Buffer unexpectedly resuits
m more efficient and complete removal of all fluorescent labels, thereby removing possible
fluorescence contamination from future imagine cycles.

180237} In some aspects, washing the biological sample with Reporter Wash Buffer can comprise
washing at a flow rate of about 0.20 ml/mun to about 0.55 mal/min, or about 0.60 mi/mun to about
0.90 mi/min, or about 0.65 ml/min to about 0.85 m/min, or about 0.70 mi/min to about 0.85
ml/oun, or about 0.75 mi/min. In some aspects, washing the biological sample with Reporter
Wash Buffer can comprise washing at a flow rate of about 0.73 ml/nun. In some aspects,
washing the biological sarople with Reporter Wash Buffer can comprise washing at a flow rate
of 020 mi/min to 0.55 mi/min, 0.60 ml/mn to 0.90 mi/min, or 0.65 m/min to 0.85 m/min, or
0.70 mi/min to 0.85 ml/min, or .75 mi/mun. In some aspects, washing the biological sample
with Reporter Wash Buffer can comprise washing at a flow rate of 0.75 ml/min.

[802381 In some aspects, washing the biclogical sample with Reporter Wash Buffer can comprise
washing such that there 13 a sheer stress at the sample plane of about 0 01 dyn/em?® to about 20
dyn/em?, or about 0.01 dyn/cra? to about 100 dyn/em?, or about 8.89 dyn/cm?, or about 9
dyr/em’. In some aspects, washing the biological sample with Reporter Wash Buffer can
comprise washing such that there is a sheer stress at the sample plane of about 8.89 dyn/em®. In
some aspects, washing the biological sample with Reporter Wash Buffer can comprise washing
such that there is a sheer stress at the sample plane of 0.01 dyw/em® to 20 dyn/cm’, or 0.01
dyn/om’ to 100 dyn/em?®, or & 89 dyn/em?, or 9 dyn/cm’. In some aspects, washing the biological
sample with Reporter Wash Buffer can comprise washing such that there 13 a sheer stress at the

sample plane of 8.89 dyn/cm’,
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[68239] In some aspecis, washing the biological sample with Sirip Wash Buffer can comprise
washing at a flow rate of about 0.25 ml/mm to about 0.55 ml/min, or about 0.3 mi/min to about
0.5 ml/min, or about 0.35 ml/min (o about 0.45 mil/min, or about 0.4 mi/min In some aspects,
washing the biological sample with Strip Wash Buffer can comprise washing at a flow rate of
about 0.4 mi/mun. In some aspects, washing the biological sample with Strip Wash Buffer can
comprise washing at a flow rate of 0.25 ml/min to 0.55 ml/min, or 0.3 mb/min to 0.5 ml/min, or
0.35 mi/min 0 0.45 ml/min, or 0.4 ml/min. In some aspects, washing the biological sample with
Strip Wash Buffer can comprise washing at a flow rate of 0.4 ml/min.

{88240} In some aspecis, washing the biological sample with Sirip Wash Butfer can comprise
washing such that there is a sheer siress at the sample plane of about 0.01 dyn/cm?® to about 20
dyn/em?, or about 0.01 dyn/cm? to about 100 dyn/em’, or about 8.89 dyn/em?, or about 9
dyr/ent®. In some aspects, washing the biological sample with Strip Wash Buffer can comprise
washing such that there is a sheer stress at the sample plane of about 8 8% dyn/cm’ In some
aspects, washing the biclogical sample with Strip Wash Buffer can comprise washing such that
there is a sheer stress at the sample plane of 0.01 dyn/em? to 20 dywen?®, or 0.01 dyw/ont® to 100
dyr/ent, or 8.89 dyn/ent’, or 9 dyn/em?. To some aspects, washing the biological sample with
Strip Wash Buffer can comprise washing such that there is a sheer stress at the sarople plane of
8.89 dyn/ecm’.

{86241} In some aspects, any of the methods of the present disclosure can further comprise
morphology scanning of the biological sample. In some aspects, morphology scanning can be
used to determine one or more regions of interest to be imaged. In some aspects, morphology
scanmng ¢an be used to identify specific features of the biological sample {e.g tumorous cells,
healthy cells, tumor margins, cellolar membranes, ceflular nucles, one or more celludar
organelles, vasculature, ot any other features known in the art by the skilled artisan). In some
aspects, the specific features of the iological sample can be correlated with the abundance and
spatial position of target analyies measured using the methods of the present disclosure. In some
aspects, morphology scanning can be used to determine the boundaries of individual cells within
the biological sample. The determination of the boundaries of mdividual cells is referred to
herein as "cell segmentation”.

{80242} In some aspects of the preceding method, the method can further comprise staining the

biological sample with a membrane specific-fluorescent staining solution and mmaging the
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biclogical sample to tdentify the spatial location of celhular membranes within the sample. This
staining can be performed at any step in the protocol, e.g. before contaciing the mounted
biological sample with at least one nucleic acid probe, contacting a biological sample prepared
according to the sample preparation methods described heremn with a phurality of reporter probes
of the present disclosure, after step (e}, etc.

180243} In some aspects of the preceding method, the method can further comprise staining the
biclogical sample with a nuclear-specific fluorescent staining solition and imaging the biclogical
sample to identify the spatial location of cellular nuclet in the sample. This staming can be
performed at any step in the protocol, e.g. before contacting the mounted biological sample with
at least one nucleic acid probe, contacting a biological sample prepared according to the sample
preparation methods described herein with a plurality of reporter probes of the present
disclosure, after step (e}, etc.

[86244] In some aspects of the preceding method, the method can further comprise, after step {(e),
stamning the bwlogical sample with 8 membrane specific-fluorescent staiming solution and
imaging the biological sample to wWentify the spatial location of cellular membranes within the
saraple.

[86243] In some aspects of the preceding method, the method can further comprise, after step {e),
stavning the biological sample with a nuclear-specific fluorescent staining solution and imaging
the biological sample to identify the spatial location of cellular nuclet in the sample.

j88246] In some aspects, membrane and/or nuclear stains are used to perform morphology
scanning on the biclogical sample. Accordingly, in aspects wherein the membrane and/or nuclear
stams are performed before contacting the biological sample with at least one nucleic acid probe
or a plurality of reporter probes, the membrane and/or nuclear status can be used to determme
one or more regions of terest 1o be imaged during determination of the abundance and spatial
position of target analvtes (e.g target nuclete acid molecoles, target protein raolecules, etc.).
Without wishing to be bound by theory, by determining the region to be imaged using the
membrane and/or nuclear stains, the total time 10 run imaging experiments can be decreased by
imaging only particular regions of interest, as the total duration of an experiment increases as
more areas of the biclogical sample are imaged. Morphology scanning using membrane and/or
nuclear stains can be performed before or after any steps of any of the methods of the present

disclosure and can also be repeaied multiple times.
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802471 In some aspects, performing morphology scanning on the biological sample can comprise
mcubating the biological sample with immunostaiming blocking buffer. In some aspects,
immunostaining blocking buffer can comprise Buffer W, In some aspects, immunostaining
blocking buffer can comprise about 2% to about 5% BSA/BUS and about 0.5% Tween20 in
about 8.75x SSPE. In some aspects, immunostaining blocking buffer can comprise 2% to 5%
BSA/BCS and §.5% Tween20 in 8.75x SSPE.

{80248} In some aspects, performing morphology scanning on a biclogical sample can comprise
contacting the biological sample with at least one probe. In some aspects, the at least one probe
can be an ISH probe of the present disclosure. In some aspects, the at least one probe can be an
anttbody conjugated to a barcode domain disclosed herein. In some aspects, the at least one
probe can be a lectin targeting morphology protein conjugated to a barcode domain disclosed
herein.

{86249 In some aspects, after contacting the biological sample with at least one probe,
morphology scanming can continue by washing the biological sample with PBS to remove any
unbound probes.

89230} In some aspects, after washing the biclogical sample with PBS to remove any unbound
probes, morphology scanning can continue with visualizing the probes {e.g through the binding
of one or more reporter probes to the barcode domains). Visualizing the probes can comprise: 1)
contacting the biological sample with reporter probes described herewn that hybridize to the
barcode domains of the ISH probes; 1) washing the biological sample with Reporter Wash
Buffer; 111} meubating the biological samaple with imagiue buffer; iv) recording the identity and
spatial posttion of the detectable labels of the hybridized reporter probes. Visualizing the probes
can further comprise removing the detectable labels of the hybridized reporter probes using
similar steps described herein, and repeating steps (1) — (iv) until each attachment position in the
barcode domamns have been hybridized to a reporter probe.

[6825%] In some aspecis of the preceding method, the method can further comprise, after step {e}:
) washing the biological sample with Strip Wash Buffer; ¢} immersing the biological sample in
imaging Buffer; h) mmaging the biological sample to ensure that there are no remaining
detectable labels; 1} incubating the biological sample with Membrane Stain Blocking Solution; )
ncubating the biological sample with Membrane Stain solution; &) washing the biological

sample Reporter Wash Buffer; 1} immersing the biological sample in Imaging Buffer; m}
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imaging the bislogical sample to record the spatial position of the cellular membranes in the
biological solution; n} incubating the sample with Nuclear Stain Solution; o) washing the
biclogical sample with Reporter Wash Buffer; p} immersing the sample in Imaging Buffer; and
q) imaging the biological sample to record the spatial position of celhilar nuclei in the sample.
{80252} In some aspecis of the preceding method, the method can further comprise, after step {e}:
) washing the biological sample with Strip Wash Buffer; g} immersing the biological sample i
Imaging Buffer; h) imaging the biological sample to ensure that there are no remaining
detectable labels; 1) incubating the sample with Nuclear Stain Solution; 1) washing the biological
sample with Reporter Wash Buffer; k) immersing the sample in Imaging Butfer; and 1) imaging
the biological sample to record the spatial position of cellular nuclet in the sample; m) ncubating
the biological sample with Membrane Stain Blocking Solution; n) incubating the biclogical
sarnple with Membrane Stain solution; o) washing the biological sample Reporter Wash Butter;
p) immersing the biclogical sample in Imaging Buffer; g} imaging the biclogical sample to
record the spatial position of the cellular membranes in the biological solution.

{86283} In some aspects of the preceding method, the method can further comprise, before or
after any step: 1) washing the biclogical sample with Strip Wash Buffer; u) iomersing the
biological sample 10 Imaging Buffer; 11} imaging the biological sample to ensure that there are
no remaining detectable labels; 1v) incubating the bological sample with Membrane Stain
Blocking Solution; v} incubating the biological sample with Membrane Stain solution; vi)
washing the biological sample Reporter Wash Buffer; vii) immersing the biological sample in
Imaging Buffer; vii) imaging the bislogical sample to record the spatial position of the cellular
membranes i the biological solution; 1x} incubating the sample with Nuclear Stain Solution; 1)
washing the biological sarople with Reporter Wash Buffer; i) vumersing the sample in Imaging
Buffer; and x11) ioaging the biological sample to record the spatial position of celiular nucler in
the sample.

{80254} In some aspects of the preceding method, the method can further comprise, before or
after any step: 1) washing the biolpgical sample with Strip Wash Buffer; i1) immersing the
biclogical sample i Imaging Buffer; 11} imaging the biological sample to ensure that there are
no remaiming detectable labels; 1v) incubating the sample with Nuclear Stain Solation; v)
washing the biclogical sample with Reporter Wash Buffer; vi) immersing the sample in Imaging

Buffer; and vii} imaging the biological sample to record the spatial position of cellular nuclet in
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the sample; viii} incubating the biclogical sample with Membrane Stain Blocking Solution; X}
mcubating the biological sample with Membrane Stain selotion; X} washing the biological
sample Reporter Wash Buffer; xi) immersing the biclogical sample in Imaging Baffer; xi)
imaging the biological sample to record the spatial position of the cellular membranes 1n the
biglogical solution.

199235] In some aspects, the biological sample can be incubated with the Membrane Stain
Blocking Solution for at least about 30 minutes.

19823¢6] In some aspects, the biological sample can be incubated with the Membrane Stain
solution for at least about 60 minutes.

189257} In some aspects, the biological sample can be incubated with the Nuclear Stain solution
for at least abowt 3 minutes. In some aspects, nuclear stain solution can comprise 4’ 6-dianudine-
2-phenyhindole (DAPI) or DAPL dilactate. In some aspects, Nuclear Stain solution can comprise
about 100 nM to about 500 oM DAPI dduted 1 PBS. In some aspects, nuclear stan solution can
comprise about 300 nM DAPT diluted in PBS.

{86258} In some aspects, Membrane Stain Solution can comprise a solution of 3% NaNz: and 1%
DAPE in Buffer W, further comprising at least one of a fluorescently labeled anti-CD298
antibody, a fluorescently labeled anti-CD3 antibody, a fluorescently labeled anti-CD20 antibody,
and a fluorescently labeled anti-PanCK antibody.

[86259] In some aspects, Membrane Stain Solution can comprise a solution of Membrane Stain
Blocking Solution, further coraprising at least one of a fluorescently labeled anti-CD298
antibody, a fluorescently labeled anti-B2M antibody, a flucrescently labeled anti-CD3 antibody,
a fluorescently labeled anti-CD20 antibody, a fluorescently labeled anti-PanCK antibody, a
fluorescently labeled anti-CD3 antibody, a fluorescently labeled anti-Histone H3 antibody, g
fluorescently labeled wheat germ agglutinin protein, and a fluorescently labeled concanavalin A
protein.

{80268} In some aspects, Strip Wash Buffer can comprise a solution of 0.0033x SSPE buffer and
0.5% Tween-20. In some aspects, Strip Wash Buffer can comprise a solution of about 0.0033x%
SSPE buffer and about 0.5% Tween-20.

88261] In some aspects, Srip Wash Buffer can comprise a solution of 0.0033x SSPE buffer,
0.1% ProClin 950 and 0.5% Tween-20. In some aspects, Strip Wash Buffer can comprise a

solution of about 0.0033x SSPE buffer, about 0. 1% ProClin 950 and about 8.5% Tween-20.
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[68262] In some aspecis, Membrane Stain Blocking Solution can comprise a solution of 0.
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{80266} In some aspecis of the preceding method, fiducial markers added to the biological sample
can be used to focus the biological sample using methods standard in the art, as would be
appreciated by the skilled artisan. Specifically, the fiducial markers can be used to determine the
best z-position for imaging a particular location within the biological sample Additionally,
802671 Kits

p02681 The present disclosure provides kits for use in the methods of the present disclosure.
[8e269] In some aspects, a kit of the present disclosure can comprise any of the butters and/or
solutions described herein.

862781 In some aspects, a kit of the present disclosure can comprise a plurality of ISH probes of
the present disclosure.

88271} In some aspects, a kit of the present disclosure can comprise a plurality of reporter probes
of the present disclosure.

{86272} In some aspects, a kit of the present disclosure can comprise an apparatus suitable for use
m the methods of the present disclosure.

862731 Exemplary Emboduments:

80274 Embodiment 1. A method of preparing a biological sample for fluorescent imaging, the
method comprising:

a)y mounting a biological sample onto a functionalized microscope shide thereby
producing a mounted biological sample, wherein the biological sample is a formalin fixed
paraffin embedded (FFPE) microtome section;

b} baking the mounted biological sample;

¢ deparaffinizing the mounted biological sample;

d) performing a target refrisval reaction on the mounted biclogical sample,

e) permeabilizing the mounted biological sample,

f} applying at least one fiducial marker to the mounted biological sample;

g} fixing the mounted biological sample;

h} contacting the mounted biological sample with at least one nucleic acid probe;
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iy washing the mounted biological sample.
802751 Embodiment 2. The method of embodiment 1, further comprising after step (§),
assembling the mounted biological sample into a flow cell.
802767 Embodiment 3. The method of any of the preceding embodiments, wherein the
functionalized microscope shde 1s a (3-Aminopropyhitrimethoxysilane (APTMS-functionalized
microscope slide,
[80277F Embodiment 4. The method of any of the preceding embodiments, wherein the
biological sample 1s an FFPE microtome section of a human tissue sample.
80278 Embodiment 5. The method of any of the preceding embodiments, wherein step (b}
comprises haking the mounted biological sample at about 60°C for about 1 hour.
[Be279; Embodiment 6. The method of any of the preceding embodiments, wherein step (¢}
COMPrises’
1) mncubating the mounted biological sample i a first solution of xylene for about S
minutes;
11} incubating the mounted biological sample 10 a second solution of xylene for about §
minutes;
11} incubating the mounted hiological sarople n a first 100% ethanol solution for about 2
minutes;
v} incubating the mounted biological sample in the second 100% ethanol solution for
about 2 minutes; and
v} dryving the mounted biological sample at about 60°C for about 5 minutes,
jeo286; Embodiment 7. The method of any of the preceding emboduments, wherein step {(d}
cComprises:
1} incubating the mounted iological sample in target retrieval solution at about 100°C;
11} ncubating the mounted biological sample 1 DEPC-treated water for about 15
seconds;
11} incubating the mounted biological sarple i a solution of 100% ethanol for about 3
minutes; and
v} drying the mounted biclogical sample.
68281 Embodiment & The method of embodiment 7, whergin the mounted biological sample is

meubated i the target retrieval solution for a time pertod as put forth m Table 1.
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[68282] Embodiment 9. The method of embodiment 7 or embodiment 8, wherein the target
retrieval solution comprises TRIS and EDTA solution and has a pH of abowt 9.
802831 Embodiment 10. The method of any of the preceding embodiments, wherain step (e}
comprises:
i} incubating the mounted biological sample 1 a proteinase K solution at about 40°C,
wherein the concentration of proteinase K in the proteinase K solution 1s about 1 pg/mb
i1} washing the biological sample with a first aliquot of DEPC-treated water; and
111} washing the biological sample with a second aliquot of DEPC-treated water.
joe284] Embodiment 11, The method of emnbodiment 10, wherein the mounted biological sample
is incubated in the proteinase K solution for a time period as put forth in Table 2.
[Be28s; Embodiment 12. The method of any of the preceding embodiments, wherein step ()
COMPrises’
1) mneubating the mounted biological sample i a solution comprising at least one fiducial
marker for about 5 mmmutes at about room temperature, wherein the solution comprising
at least one fiducial marker 15 a solution comprising carboxylated microspheres in red,
blue and/or green at a concentration of about 0 001% and non-carboxylated FNDs ata
concentration of about §.00043% in 2x 8SSC solution; and
1t} washing the mounted biological sample with 1x PBS.
[pe286i Embodiment 13, The method of any of the preceding embodiments, wherein step (g)
comprises
1} incobating the mounted biological sample m a 10% NBF for about 3 minutes;
1t} incubating the mounted biclogical sample m a first tris glveine buffered solation for
about 5 minutes;
it} incubating the mounted biological sample m a second tris glycine buffered solution
for about 5§ minutes; and
v} incubating the mounted biological sample 1n 1x PBS for about 5 minutes.
{#9287] Embodiment 14, The method of any of the preceding embodiments, wherein step (h)
comprises:
incubating the mounted biological sample with a solution comprising a plurality of ISH
probes for about 16 to about 18 hours at about 37°C, thereby hybridizing at least one ISH

probe to a target nucleic acid in the biological sample,
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wherein the solution comprises at least two species of ISH probe, wherein at least one
species of ISH probe is present at a concentration of about 200 n,
wherein at least one species of ISH probe comprises a unique target binding domain that
hyvbridizes (o one of at least two target nucleic acids and a unique barcode domain
specific for the target nucleic acid, wherein the barcode domain comprises at feast four
attachment positions.
jpe288] Embodiment 15 The method of embodiment 14,
wherein the target binding domain 1s a single-stranded polynucleotide comprising a
nucleic acid sequence that is complementary to a target nucleic acid,
wherein the target binding domain is about 35 to about 40 nucleotides in length, and
wherein the target linding domain comprises 3-DNA, and
wherein the barcode domain ts a single-stranded polynucleotide comprising at least four
attachment regions,
wherein each attachment region corprises about one attachment sequence,
wherein each of the attachment sequences s about 14 nucleotides in
fength,
and wherein the sequences of each of the attachment sequences are
different,
and wheretn the barcode domain comprises L-DNA
je02887 Embodiment 16, The method of any of the preceding embodiments, wheren step (i}
COMPrises:
1} incubating the mounted biological sample with first 2x 8SC solution,
11} mcubating the mounted biological sample in a first formamide solution;
111} menbating the mounted biological sample with a second formamide solution;
v} incubating the roounted biological sample with a second 2% SSC solotion; and
v} incebating the mounted brological sample with a third 2x SSC solution.
{#6298] Embodiment 17. A method of determining the abundance and spatial position of at least
two target nucleic acid molecules in a biological sample, the method comprising:
a) contacting the biclogical sample prepared according to any one of the preceding
embodiments with a plurality of reporter probes of the present disclosure, wherein each

reporter probe comprises at feast one detectable label, thereby hybridizing a reporter
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[08291}

probe fo an attachment region of 2 barcode domain of at least one ISH probe hybridized
to a target nucleic acid in the biological sample;

b} removing non-hybridized reporter probes from the bislogical sample;

¢ recording the identity and spatial postiion of the detectable Iabels of the hybridized
reporter probes;

d} removing the detectable labels of the hybridized reporter probes; and

e} repeating steps (a)-(d} until each attachment position of the at least four attachment
positions in the barcode domains of ISH probes hybridized to a target nucleic acid in the
binlogical sample have been hybridized to a reporter probe comprising at least one
detectable label,
thereby determining the abundance and spatial position of the at least two target nucleic
acid molecules in the biological sample based on the sequence in which the detectable
labels were recorded.

Embodiment 18, The method of embodiment 17, wheremn the reporter probes comprise:

a primary nuclewe acid molecule comprising a first domaiy, a second domain and a

photocleavable hnker located between the first domain and the second domain,

wherein the second domam of the primary nucleic acid molecule 1s hybridized to about

six secondary nucletc acid molecules,

wherein each secondary nuclewc acid molecule comprises a first domain, a second domain

and a photocieavable linker located between the first domain and the second domain,

wheren the first domain of each of the secondary nucieic acid molecules 18 hybridized to

the second domain of the prumary nucleic acid molecule,

wherem the second domain of each of the secondary nucleic acid molecules 15 hybridized

to about five tertiary nucleic acid molecules,

and

wheremn each of the tertiary nucleic acid molecules comprise at least one detectable label,

wheremn the primary nucleic acid molecule, the secondary nucleic acid molecules, and the

tertiary mucleic acid molecules comprise L-DNA.

196292}

Embodiment 19. The method of embodiment 17 or 18, wherein the at least one

detectable label 15 a fluorescent moiety.
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[66293] Embodiment 20. The method of any one of embodiments 17, 18 or 19, the method
further comprising prior to step {(a}

pretreating the biclogical sample by:

1) incebating the biclogical sample in a Selfo-NHS Acetate Blocking solution for about

15 minutes;

it} washing the biological sample with Reporter Wash Buffer;

i1} incubating the biclogical sample n avtofluorescence suppressor buffer; and

v} washing the hiclogical sample with Reporter Wash Buffer.
[60294) Embodiment 21. The method of any one of embodiments 17, 18, 19 or 20, wherein step
{a} comprises incubating the biclogical sample with a solution comprising the reporter probes at
a concentration of 5 nM, 8.75x SSPEH sohution, 0.5% Tween-20 and 0.1% RNase inhibitor in
DEPC-treated water for at least about 15 munutes.
[e293; 22, The method of any ove of embodiments 17, 18, 19, 20 or 21, wherein step (b)
comprises washing the biological sample with Reporter Wash Buffer,
[86296] 23. The method of any one of embodiments 17, 18, 19, 20, 21 or 22, wherein step {¢)
comprises: ) immersing the biological sample 10 Inaging Buffer; and 1) 1waging the bological
sample to record the identity and spatial position of the detectable labels of the hybridized
reporter probes,
802871 24, The wethod of any ove of embodiments 17, 18, 19, 20, 21, 22 or 23, wherein step {d}
COMprises:

1) Hhuminating the biclogical sample with UV hght sufficient to cleave photocleavable

hinker moteties in the hybridized reporter probes;

11} washing the biological saraple with Reporter Wash Baffer;

11} nmersing the biological sanmple in Imaging Buffer; and

v} imaging the sample to ensure that there are no remawning detectable labels.
[68298] Embodiment 25 The method of any one of embodiments 17, 18, 19,20, 21,22, 23 or
24, the method further comprising, after step (&), staining the bislogical sample with 2 membrane
specific-fluorescent staining solotion and imaging the biological sample io identify the spatial
jocation of cellular membranes within the sample.
[68299] Embodiment 26. The method of any one of embodiments 17, 18, 19, 20, 21, 22, 23, 24

or 25, the method further comprising, after step (e}, staining the biological sample with a

fatd
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nuclear-specific fluorescent staining solution and imaging the biological sample to 1dentify the
spatial location of cellular nucler in the sample.

[68300] Examples

{#8361] Example ia

j68382] The following non-limiting example describes a sample preparation protocol for use in
the methods of the present disclosure.

[8e3e3] First, a S um FFPE microtome section of tissue 1s mounted onto a first microscope shide
functionalized with 0. 5% (3-Amimopropylitrimethoxysilane. The first microscope slide was
functionalized using methods standard in the art, as would be appreciated by the skilled artisan.
As part of the sample preparation, the first microscope slide will serve as one surface of the flow
cell that is to be assembled.

j08384] The slides are then baked at 60°C oven for 1 hour. Following baking, the paraffin on the
slides s remnoved using xylene. Next, the previous paraformaldebvde fixation is undone by
heating the shides at 100°C for 8 minutes 1 a target retrieval solution {e.g. 10mM Tris, TmM
EDTA at pH 9.0). The length of heating can be adjusted for the different sawple type (e.g
tissue, cell peliet, etc ). In a non-himiting example, the shides can be heated for 8 minutes in the
case of cell pellets.

j08388] After heating, a nuxture of 0.001% 200 carboxylated microsphere fiducials in red,
biue, and green and 0.00045% non-carboxylated fluorescent nano-diamonds (FND) are applied
to the tissge and incubated for 5 mmutes before washed off with 1X Phosphate Buffered Solotion
(PBS).

j80386} Without wishing 1o be bound by theory, the mixture of fidacials and FNDs are used 1o
subsequent imaging steps for autofocusing and image registration.

j88387] Following addition of fiducials and FINDs, the tissue sample is then post-fixed m 10%
Neutral Boffered Formalin (NBF) for § minates. Withouot wishing to be bound by theory, this
post-fixing step is used {o preserve the morphology of the tissue sample. The NBF is then
neutralized with Tris Glycine buffer for 10 minutes and washed with 1X PBS.

{60308 In-situ hybridization (ISH) probe of the present disclosure are then denatured at 95°C for
2 nunuies and crash cooled before being applied to the tissue sample at a 0.5 nM per probe
concentration in 3 hybridization mix that contains Buffer R solution {Stock solution: 3.125%

Diextran Sulfate, 0.25% BSA, 0.125mg/mbL ssIINA, 2.5X S8C, 50% formamide; Working

o)
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concentration: 2 5% Dextran Sulfate, 0.2% BSA, 0.1 mg/mL ssDNA, 2X 88C, 40% formamide)
and RNAse intubitor. The tissue sample is incubated with the ISH probes for 16-18 hours at 37°
C.

88369] Following incubation with the ISH probes, slides are then briefly dipped mto 2x saline-
sodium citrate (SSC) with C.1% Tween-20 solution then incubated in 2 changes of 50%
formamide and 2x S8C solution for at least 50 minutes to wash off excess, unbound ISH probes.
Shdes are then optionally dehydrated in an ethanol gradient using methods standard in the art, as
would be appreciated by the skilled artisan. After dehydration, if any, the tissue sample can be
either stored at 4°C for later use or immediately assembled into a flow cell for subsequent
imagine steps.

[8e310] Example 1b

180311} The following non-limiting example describes a sample preparation protocol for use in
the methods of the present disclosure.

j98312) Furst, a 5 ym FFPE microtome section of tissue 1s mounted onto a first microscope shide
functionalized with 0.5% (3-Ammopropyhittimethoxysilane. The first microscope slhide was
functionalized using methods standard o the art, as would be appreciated by the skilled artisan.
Ags part of the sample preparation, the first microscope slide will serve as one surface of the flow
cell that 1s to be assembled.

{86313} The slides are then baked at 60°C oven for | hour. Following baking, the paraffin on the
shides 1s removed using xylene. Next, the previous paraformaldehyde fixation 1s undone by
heating the shides at 100°C for 8 mumites 1 a target retrieval solation {e.g. 10mM Tris, ImM
EDTA at pH 9.0). The length of heating can be adjusted for the different sample type (e.g.
tissue, cell pellet, ete.}. In a non-liuting example, the shides can be heated for 8 munutes in the
case of cell pellets.

803141 After heating, a solution of 0.0005% to 0.003% 200um carboxylated microsphere
fiducials stained 1n red, yellow, blue, and green are applied to the tissue and mcubated for 5
mimites before washed off with 1X Phosphate Buffered Soluiion (PBX).

[80315; Without wishing to be bound by theory, the mixture of fiducials and FNDs are used in
subsequent imaging steps for autofocusing and image registration.

88316} Followmng addition of fiducials, the tissue sample i3 then post-fixed m 10% Neutral

Buffered Formalin (NBF} for 5 minutes. Without wishing to be bound by theory, this posi-fixing
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step 15 used {0 preserve the morphology of the tissue sample. The NBF 15 then neutralized with
Tris Glycine buffer for 10 minutes and washed with 1X PBS.

[80317] In-situ hybridization (ISH) probe of the present disclosure are then denatured at 95°C for
2 minuies and crash cooled before being applied to the tissue sample at 2 0.5 nM per probe
concentration in a hybridization mix that contains Buffer R solation {Stock solution: 3.125%
Dextran Sulfate, 0.25% BSA, 0.125mg/mb ssPENA, 2.5X S8C, 50% formamide; Working
concentration: 2.5% Dextran Suifate, 0.2% BSA, 0.1 mg/mb ssDNA, 2ZX §8C, 40% formamide)
and RNAse inhibitor. The tissue sample is incubated with the ISH probes for 16-18 hours at 37°
C.

08318] Following incubation with the ISH probes, slides are then briefly dipped mnto 2x saline-
sodium citrate (SSC) with 0,196 Tween-20 solution then incubated in 2 changes of 50%
formamide and 2x SSC solution for at least 50 minutes to wash off excess, unbound ISH probes.
Stides are then optionally dehydrated in an ethanol gradient using methods standard n the art, as
would be appreciated by the skilled artisan. After debydration, if any, the tissue sample can be
either stored at 4°C for later use or immediately assembled nto a flow cell for subsequent
maging steps.

j08320] The following non-limiting example describes a sample preparation protoco! for use in
the methods of the present disclosure.

j80321} Day 0—Prior to the sample preparation protocol, microscope shdes can be functionahized
using the following protocol. First, the microscope shides are cleaned using a plasma machine
using methods standard in the art, as would be appreciated by the skilled artisan. After cleaning,
the slides are placed nto a 0.5% (3-Ammopropytrimethoxysilane solution for soaking for 1
minute. After soaking, the slides are somcated 1o the 0.5% (3-Amnopropyinimethoxysilane
solution for 10 seconds. The scaking and sorucation are then repeated twice, such that the total
time the slides spend in the 0.5% (3-Aminopropyhirimethoxysilane solution is about 3.5
mimites. The shides are then rinsed with water at least 3-4 tumes. Finally the slides are dried with
under nitrogen.

{80322} Prior to the sample preparation, the biological sample {e.g. tissue sample} can be
sectioned for use in the methods of the present disclosure. The biological sample is cut imto a S

um FFPE microtome section and mounted onto a functionalized shide (see above). The slide with
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the mounted microtome section is then dried overnight at room temperature. If shides are not to
be further processed immediately after drying, they are placed into storage at 4°C.

{80323} Day 1—The slide with the mounted microtome section {see above} is first baked at 60°C
for 1 hour.

[68324] Deparaffinizing

198325) After baking, the shide i3 then immediately transferred into a solution of xvlene and
mcubated for 5 minutes with agitation. The slide is then transferred to a fresh solution of xylene
and incubated for another 5 nunutes with agitation. The slide s then transferred to a 100%
ethanol solution and incubated for 2 minutes. The slide is then transferred to a fresh solution of
100% ethano! and incubated for another 2 minutes. After this incubation, the shideis laid flatin a
60°C oven for 5 minutes to dry.

j08326] Targer Retrieval

803271 1X target retrieval solution {prepared using diethy! pyrocarbonate (DEPC) treated water)
1s then preheated to 100°C. The solution can be preheated, for example, using a pressure cooker,
The 1X target retrieval solution s not to be boiled for more than 1S minutes. Once the 1X target
retrieval solution reaches 100°C, the shide is incubated w the 1x target retrieval solution for a
time period that corresponds with the type of sample being processed. Tncubation times for
ditferent sample types are shown in Table 1. After incubation at 100°C, the shide 15 immediately
transferred to DEPC-treated water and meubated for 15 seconds with agitation. The slide 1s then
transterred to a solution of 100% ethanol and incubated for three minutes. The slide is then
rernoved from the ethanol solution and allowed for dry for § mimutes.

[98328] Tissue Permeabilization and FiducialFND application

{80329 After the target rettieval step, a hydrophobic barrier is drawn around the sample mounted
on the slide, for example, using a PAP pen. Care 13 taken to ensure that the barrier s not {oo
close to the fissue.

[68330] After the marking of the hydrophobic barrier, a 1 pg/mb protemnase K solution 1o PBS 18
prepared. The slide 15 then placed in 2 hunudity tray that has been lined with paper wetted with
DEPC water and heated at 40°C for at least 30 minutes. Once the slide is in the hunidity tray,
the proteinase K solution is applied to the biological sample mounted on the shide. The shide 13
then placed mto an oven at 40°C and incubated according to the bislogical sample type.

Incubation times for different sample types are shown in Table 2. After incubation, the
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proteinase K solution is removed from the biological sample. The slide is then washed with
DEPC-treated water with agitation 3-6 times. Fresh DEPC-treated water is used at least for the
{ast washing step.

{88331} Following washing of the slide, a Fiducial/FND mixture that has been vortexed for 30
seconds 1s applied to the biological sample on the shide. An exemplary Fiducal/FND mixture can
be prepared by diluting 0.001% 200nm carboxylated microsphere fiducials in red, blue, and
green to 0.001% and non-carboxylated fluorescent nano-diamonds (FND} to 0.00045% in 2x
saline-sodium citrate (S8C) solution. Thus solution is then vortexed for 1 minute, then sonicated
for 2 minuies, then vortexed again for 1 minute, then sonicated again for 2 minutes. The
Fiducial/FND mixture is incubated with the biclogical sample for 5 minutes at room temperature.
The slide 1s then washed with 1x FBS.

{08332} Post Fix

{83331 Followng tissue permeabilization and fiducial/FND application, the slide 18 incubated m
a 10% Neutral Buffered Forroalin (NBF) for 5 minutes. The slide 15 then incubated 1 Tas
Glycine buffer for § minutes. The shide is then incubated i a fresh batch of Tris Glyeine buffer
for 3 monutes. Finally, the siide 15 ncubated 1n 1x PBS for S minutes.

[86334] Hybridization of ISH probes of the preseni disclosure

19803351 In-sttu hybridization (ISH} probe of the present disclosure are then denatured at 95°C for
2 ramnutes and crash cooled on e for 1 munute before beng applied to the tissue sample ata 0.5
1M per probe concentration in a hybridization mix that contains Buffer R solution (Stock
sofution: 3.125% Dextran Suifate, 0.25% BRA, 0.125mg/ml ssDNA, 25X SS8C, 50%
formamide; Working concentration: 2.5% Dextran Sulfate, 0.2% BSA, 0.1 mg/mL ssDNA, 2X
SSC, 40% formanude) and RNAge infubitor. The tissue sample 13 meubated with the ISH probes
for 16-18 hours at 37° C 1 a container that was prewashed with RNase mhibitor and Hoed with
paper wetted with 2x 8SC solution

{80336} Day 2—Siringent washing of stide

[86337) After the hybridization of the ISH probes, the slide 1s removed from the oven and dipped
briefly in 2x SSC solution. The slide is then incubated for 25 minutes with a 30% formamide in
2x 8SC solution, wherein the formamide was preheated to 37°C. The shide 1s then incubated ina

fresh aliquot of 530% formamide in 2x SSC solution for 25 minutes. The slide is then incubated 1n
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2x S8 solution for 2 munutes. Finally, the shide 18 incubated in a fresh aliquot of 2x 8SC
solution for another two minutes.

[68338] Optional Debydration

[88339] After the stringeni washing of the shide, the shide 15 optionally dehydrated in an ethanol
gradient. First the shide 18 incubated in & 70% ethanol solution for 3 minutes, then is incubated in
an 85% ethanol solution for 3 minutes, and then finally 1n a 100% ethanol solution for 3 minutes.
[8e340] After dehydration, if any, the slide is erther immediately asserabled into a flow cell to be
used in the imaging methods of the present disclosure or is stored at 4° C for later use.

[66341) Example 3

1003423 The following non-himiting example describes a flow cell assembly protocol using the
slides prepared in either Example 1 or Example 2 for use in the methods of the present
disclosure.

(803431 Fiest, 300 pm thick coverglass is cleaned with isopropanel to remove dust, debris and/or

7
/

water. 75 um thick flow cell adhesive 1s then applied to the coverglass. The slide comprising the
biological sample {prepared as described 1 Example 1 or Exarople 2) 1s then cleaved with
isopropanol. The sopropanol s used o wipe around the biological sample mounted on the shde
multiple fimes to remove any dust, and/or water. If the sample 18 not dehydrated, a kivawipe or
suitable alternative 15 used to wipe arcund the mounted biological sample until the shide 15 free of
fguid. Care is given 1o ensure that the biological sample remained wet, including applying a
compatible buffered solution if the biological sample appears (o be drying out. The coverglass
with adhesive 1s then pressed onto the slide with the mounted biological sample, for example, in
a hydraubic press at a pressore of 250 psi for at least 30 seconds to form the flow cell. The
coverglass 18 then further cleaned with sopropanol.

08344 Example 4

[8¢3431 The following non-humiting exaroples described various solutions that can be used i the
methods of the present disclosure

[86346] Sulfo-NHS Acetate Blocking Solution: 160 mM Sulfo-INHS aceiate in 100 mM Sodium
FPhosphate pH 8.0.

803471 Reporter Probe Solution: § nM reporter probes of the present disclosure, 8.75x S8PE

Buffer, 1.5% Tween-20, 0.1% RNAse mhibtior in DEPC-treated water.
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[80348; Low Salt Imaging Buffer: 1 M Tris-HCL pH 7.5, SM Sodium Chloride and 0.5% Tween-
20 1n BEPC-treated water,

(60349} Imaging Buffer: 98% Low Salt Imaging Buffer, 1% Protocatechuic Acid (PCA) and 1%
Protocatechuate dioxygenase (PCD).

[68330] Membrane Stain Blocking Solution: .5% NaNs and 1% 4, 6-diamadino-2-phenylindole
{DAPH in Buffer W.

[88351] Membrane Stain Solution: 5% NaN:z and 1% DAP! in Buffer W further comprising at
least one of a fluorescently labeled anti-CD298 antibody, a fluorescently labeled anti-CD3
anttbody, a fluorescently labeled anti-CD20 antibody, and a fluorescently labeled anti-PanCK
antibody.

[68352] Reporter Wash Buffer: 0.5% Tween-20 in 1x SSPH solution

[083383] Strip Wash Buffer: 0.0033x SSPE butfer and 8.5% Tween-20

{86334} Example 5

1803381 The following 13 a non-houting example of the analvsis of biclogical samples using the
sample preparation methods and imaging methods of the present disclosure.

00336} Biologweal saruples, including samples coraprising vanious cell lines such as CCRF-CEM
cells, SUDHLA cells, MDA-MB-46R cells, HSS78T cells, EKVE cells, HCT116 cells, HOP92
cells, and COLO20S cells, as well as various FFPE samples, were prepared as described in the
Examples above. Target analytes were then analyezed using the iroaging methods described
herein by sequential binding of reporter probes to ISH probes bound to target analytes in the
biological samples.

[88357] As a control, the abundance measurements made asing the methods of the present
disclosure were compared to publicly available abundance data collected using standard RNA-
seq techmiques. As shown m FIG. 4, the nacleic acid abundance data measured using the
methods of the present disclosure showed high concordance with the standard RNA-seq data, for
genes above imit of detection (defined as >1 FPKM expression level in Cancer Cell
Encyclopedia database), demonstrating comparable sensutivity and specificity to that of standard
RNA-seq techniques. Without wishing to be bound by theory, these results demonstrate that the
methods of the present disclosure accurately measure target analyte abundance, with the added
advantage that the spatial context of the target analyies is preserved and recorded, unlike with

standard RNA-seq.
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[68358] FIG. S shows images of individual target analytes detected in a biological sample
comprising MDA-MB-468 cells, including the specific target analytes EEF1AT MALATI,
H4C3, Also included 15 the signal recorded from a negative probe (NegPrb 6). The graphs and
iables in FIG. 5 also demonstrate the number of cells that a particelar number of transcripts
detected using the methods of the present disclosure. As shown m FIG. 5, greater than 97% of
the cells having at least 100 transcripts detected, with a median transcripts per cell of 1265,
Moreover, FIG. 5 shows that the methods of the present disclosure were able to individually

7
i

segment 3257 cells in the biological sample analyzed. Without wishing to be bound by theory,
the results shown in FIG. § demonstrate that the methods of the present disclosure can determine
the abundance and spatial location of individual target analytes in a biological sample with
subcellular resolistion, including target analytes that are highly abundant {e.g. EEFI1Al mn FIG.
5y, moderately abundant (MALATI i FIG 5) and rare transcripts {e.g H4C2 10 FIG. §).

[8¢3591 FIG. 6A shows images of an FFPE melanoma tissue sample analyzed according to the
methods of the present disclosure. In this experiment, 1,000 different target analytes were
measured and detected spatially with subeellular resolution. More specifically, 22 species of
negative probes and 997 species of ISH probes targeting specific target nucleic acids were used
Without wishing to be bound by theory, the ability of the methods of the present disclosure to
determoine the spatial abundance of 1,000 target analytes in a target tissue samples allows fora
comprehensive spatial single cell analysis to be performed on a tissue sample, including cell
typing and mapping, wdentification of cellular state, identification of cellular function, iteraction
anafyses, differential expression analyses and hormone activity analyses, as s shown m FIGs. 6B
and 6. This analysis using the methods of the present disclosure was performed on additional
FFPE samples, imcloding non-small-cell lung cancer (NSCLC) FFPE samples, Renal cell
Caremnomsa FFPE samples, colorectal cancer ({CRC) FFPE sarples and Tonsid FFPE samples,
whose cell typing results mapped to the tissue section 18 shown m FIGs, 6D3-6G.

j80368] The resplts described in this example demonstrate that the methods of the present
disclosure aliow for the simultanecus quantification of spatial abundance for thousands of target
analytes i biological samples, such as tissue samples, with subcellufar resolution, thereby
allowing the skilled artisan to perform a variety of different biological analyses at the single cell

fevel.
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Equivalents
#0361t The foregoing description has been presented only for the purposes of Hlustration and 1s
not intended to Hmit the disclosure to the precise form disclosed. The details of one or more
embodiments of the disclosure are set forth in the accompanying description above. Although
any methods and materials similar or equivalent to those described herein can be used mn the
practice or testing of the present disclosure, the preferred methods and materials are now
described. QOther features, objects, and advantages of the disclosure will be apparent from the
description and from the claims. In the specification and the appended claims, the singular forms
nclude plural referents unless the context clearly dictates otherwise. Unless defined otherwise,
all technical and scientific terms used herein have the same meaning as commonly understood by
one of ordinary skill in the art to which this disclosure belongs. Al patents and publications

cited in this specification are ncorporated by reference.

~]
A



WO 2022/060967 PCT/US2021/050642

What is claimed is:

1. A method of determining the abundance and spatial position of at least two target analytes ina
biological sample,
wherein the biological sample is prepared by:
iy contacting the bislogical sample with at least one nucleic acid probe by incubating the
mounted biological sample with a solution comprising a plurality of ISH probes,
wherein the solution comprises at least two species of ISH probes,
wherein at least one species of ISH probe comprises a unique target binding
domain that binds to one of at least two target analytes and a unigue barcode
domain specific for the target analyte, wherein the barcode domain comprises at
feast one attachment position;
11} washing the biological sample,
the method comprising
a) contacting the prepared biological sample with a plurality of reporter probes, wherein
each reporter probe comprises at least one detectable label, thereby hybridizing a reporter probe
to an attachment region of a barcode domain of at least one ISH probe hybridized to a target
analyte in the bwological sample;
b} removing non-hybudized reporter probes from the biological sample;
¢} recording the wdentity and spatial position of the detectable labels of the hybridized
repotter probes,
d) removing the detectable labels of the hybridized reporter probes; and
e) repeating steps {a}-{d} until each attachment posttion m the barcode domains of ISH
probes hybridized o a target analyte in the bological have been hybridized to a reporter probe
comprising at least one detectable label,
thereby determining the abundance and spatal position of the at least two target analytes

in the biological sample based on the sequence in which the detectable labels were recorded.

2. The method of claim 1, wherein the at least two {arget analytes are target nucleic acid

molecules, and
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wherein the target binding domain is a single-stranded polvnuclestide comprising a
nucleic acid sequence that s complementary o a target nucleic acid,
wherein the target binding domain 15 about 35 to about 40 nucleotides in length, and
wherein the target binding domain comprises B-DNA, and
wherein the barcode domain 15 a single-stranded polynucleotide comprising at least one
attachment region,
wherein each attachment region comprises abeut one attachment sequence,
wherein each of the attachment sequences 1s about 14 nucleotides in
tength,
and wherein the sequences of each of the attachment sequences are
different,

and wherein the barcode domamn comprises L-DNA.

3. The method of claim 1, wherein the at least two target analytes are target protein molecules,
and
wherein the target binding domain coraprises a protemn, preferably wherein the protein 1s

an antibody, or antigen binding fragment, that specifically binds to a target protem molecule.

4. The method of any one of the preceding claims, wherein the barcode domain comprises:
1} at least two,
1) at least three;
111} at least four; or
v} at feast five

attachment regions.

5. The method of claim 1, wherein the solution comprises at least one negative ISH probe that is
designed not to specifically bind to any target analyte in the bislogical sample, preferably
wherein the ISH probe comprises at least one Evaluation of the External RNA Controls

Consortium {ERCC) sequence, or a complement thereof.
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6. The meathod of claim 5, wherein the negative ISH probe is used io determine the level of

background notse 1o the bislogical sample.

7. The method of any one of the preceding claims, wherein the reporter probes comprise L-DNA.

8. The methed of any one of the preceding claims, wherein the reporter probes comprise:

a primary nucleic acid molecule comprising a first domain, a second domain and a
photocieavable hinker located between the first domain and the second domain,

wherein the second domain of the primary nucleic acid molecule s hybridized to about
six secondary nucleic acid molecules,

wherein each secondary nucleic acid molecule comprises a first domain, a second domain
and a photocleavable tinker located between the first domain and the second domain,

wherein the first domain of each of the secondary nucleic acid molecules 1s hybridized to
the second domain of the primary nucleic acid wolecule,

wherein the second domain of each of the secondary nucleic acid molecnles s hybridized
to about five tertiary nucleic acid molecules,

wherein each of the tertiary nucleic acid molecules comprise at least one detectable label,
and

wherein the primary nucleic acid molecule, the secondary nuclewc acid molecules, and the

tertiary mucleic acid molecules comprise L-DNA,

9. The method of any one of the preceding claims, wheremn the at least one detectable label 13 a

fluorescent motety.

10. The method of any one of the preceding claims, the method further comprising priot {o step
{(a):
pretreating the biological sample by:
i} incubating the biological sample in a Sulfo-NHS Acetate Blocking solution for about
15 minutes;

i1} washing the biological sample with Reporter Wash Buffer;
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i1} incubating the biclogical sample in avtoflucrescence suppressor buffer and/or
iHuminating the biological sample with blue and/or UV light, thereby quenching sample
autofluorescence via photobleaching; and

v} washing the biological sample with Reporter Wash Buffer.

11. The method of any one of the preceding claims, wheren step {(a) comprises incubating the
biclogical sample with a solution comprising the reporter probes at a concentration of 5 nl,
&.75x SSPE solution, 0.5% Tween-20 and, optionally 0.1% RNase inhibitor, in DEPC-treated

water for at least about 15 minutes.

12. The method of any one of the preceding claims, wherein step (b} comprises washing the

biological sample with Reporter Wash Buffer,

13, The method of any one of the preceding claims, wherein step {¢) comprises:
1} immersing the biological sample in Imaging Buffer; and
1t} imaging the biological sample to record the identity and spatial position of the

detectable labels of the bybridized reporter probes.

14, The method of any one of the preceding claims, wherein step {d) comprises:
i} performing at least one of or both of’
Hhuminating the biclogical sample with UV hight safficient to cleave
photocleavable linker raoieties i the hybridized reporter probes; and
washing the biological sample with Strip Wash Buffer,
optionally, step {d} further comprises:
i1} romersing the biological sample in Imaging Buffer; and

v} imaging the sample to ensure that there are no remaining detectable labels.

15. The method of any one of the preceding claims, further comprising performing morphology
scanning of the biclogical sample to determine one or more regions of interest, preferably

wherein performing morphology scanning comprises at least one of:
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i} staining the biological sample with a membrane specific-fluorescent staining solution
and imaging the biological sample to identify the spatial location of cellular membranes within
the sample;

1t} staming the biological sample with a nuclear-specific fluorescent staining solution and
imaging the biological sample to identdy the spatial focation of cellular nucled in the sample; and

111} performing cell segmentation.

16. The method of any one of the preceding claims, wherein the biological sample s further
prepared prior to contacting the biological sample with at east one nucleic acid probe by:

aa} mounting a hiological sample onto a functionalized microscope shide thereby
producing a mounted biological sample, wherein the biological sample 1s a formalin fixed
pataffin embedded (FFPE) microtome section;

bb} baking the mounted biological sample;

ce) deparaffinizing the mounted biological sample;

dd) performing a target retrieval reaction on the mounted biological sample;

ee} permeabilizing the mounted biological sample;

) applying at least one fiducial marker to the mounted biological sample; and

gg) fixing the mounted biological sample

17. The method of any one of the preceding claims, further comprising after step (11}, assembling

the mounted biological samople mio a flow cell

18 The method of any one of the preceding claims, wherein the functionalized microscope shide
1s a positively charged microscope, preferably wheremn the functionalized microscope slide 1z a

(3~-Amwmopropyirimethoxysilane {APTMS j-functionalized microscope shide.

19. The method of any one of the preceding claims, wherein the biological sample is an FFPE

microtome section of a human tissue sample.

20. The method of any one of claims 16-19, wherein step {bb) comprises baking the mounted

biological sample at about 60°C for about 1 hour.
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21. The method of any one of claims 16-20, wherein step (cc) comprises:

i} incubating the mounted biological sample 1 a first solution of xylene for aboui 5
minutes;

it} incubating the mounted biclogical sample i a second solution of xylene for about 5
minutes;

11} incubating the mounted biological sample in a first 100% ethanol solution for about 2
minutes;

v} incubating the mounted biological sample in the second 100% ethanol solution for
about 2 minutes; and

v} drying the mounted biological sample at about 60°C for about 5 minutes.

22. The method of any one of claims 16-21, wherein step {dd) comprises:

1} incubating the mounted biological sarple in target retnieval solution at about 100°C;

11} incubating the mounted biological sample m DEPC-reated water for about 15
seconds;

11} incubating the mounted hiological sample n a solution of 100% ethanol for about 3
minutes; and

v} drying the mounted biological sample.

23. The method of claim 22, wherein the mounted biological sample 1s incobated m the target

retrieval solution for a time period as put forth 1 Table 1.

24. The roethod of claira 22 or claim 23, wherewn the target retrieval solution comprises TRIS

and EDTA solution and has a pH of about 9.

25. The method of any one of claims 16-24, wherein step (ee) comprises:

i} incubating the mounted biological sample at about 40°C 10 a proteinase solution,
wherein the proteinase solution comprises protease K

i1} washing the biological sample with a first aliquot of DEPC-treated water; and

111} washing the biglogical sample with a second aliquot of DEPC-treated water.
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26. The method of ¢laim 25, wherein the mounted biological sample 15 incubated in the
protemase K solotion for a time period as put forth in Table 2.
27. The method of any one of claims 16-26, wherein step {{f} comprises:

1) incubating the mounted biological sample i a solution comprising at least one fiducial
marker for about S minutes at about room temperature, wherein the solution comprising at least
one fiducial marker is a solution comprising carboxylated microspheres stained in red, yvellow,
blue and/or green at a concentration of about 0.0005% to about 0.003% in 2x SSCT solutton; and

it} washing the mounted bislogical with 1x PBS.

28. The raethod of any one of claums 16-27, wherein step (gg) comprises

i} incubating the mounted biological sample 1 a 10% NBF for about 1 minutes;

1t} incubating the mounted biological sample in a first tris glycine buffered solution for
about 5 minutes;

11t} mncubating the mounted biological sample 1 a second tris glyeine butfered solution
for about S minutes; and

v} neubating the mounted biological sample o Ix PBS for about 3 minutes.
29. The method of any one of clawms 16-28, further comprising after step {(gg}, incubating the
mounted bislogical sample in a blocking solution, wherem incubating the mounted biological
sample m a blocking solufion comprises:

1} incobating the mounted biological sample i a Sulfo-NHS-acetate/Tween20 solution
for about 15 runutes, wherein the Sulfo-NHS-acetate/Tween20 solution comprises about 100
mM Sulfo-NHS-acetate, about 0.5% Tween20 n about 100 mM sodium phosphate pH 8, and

it} incubating the mounted biclogical sample i 1x PBS for about 5 minutes.

30. The method of any of the preceding claims, wherein incubating the mounted biological

sample with a solution comprising a plurality of ISH probes comprises:
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incubating the mounted biological sample with a solution comprising a plurality of ISH
probes for about 16 to about 18 hours at about 37°C, thereby hybridizing at least one ISH probe

to a target analyte in the biological sample.

31. The method of any of the preceding claims, wherein washing the biological sample
comprises:
i} incubating the mounted biological sample with a first 2x S8C solution;
it} incubating the mounted biological sample in a first formamide solution;
i1} incubating the mounted biological sample with a second formamide solution;
v} incubating the mounted biological sample with a second 2x SSC solution; and

v} incubating the mounted biological sample with a third 2x S8C solution.



