WO 2022/060967 PCT/US2021/050642

CHEMICAL COMPOSITIONS AND METHODS OF USING THE SAME

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

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

BACKGROUND
jpo02;  Although there are cusrently 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
iocation of specific nucleic acids and protems within a tissue sample that has maintained s

original morphology. The present disclosure addresses this need.

SUMMARY
86031 The present disclosure provides methods of determining the abundance and spatial position
of at least two target analyvtes m a biological sample, wherein the biological sample 1s prepared by:
1} contacting the biological sample with at teast one nucleic acid probe by mcubating 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 umque target binding domain that binds to one of at least two target analytes and a unigue barcode
domain specific for the target analyte, wheren the barcode domam comprises at least oune
attachment position; 1) washing the biological sample, the methods comprising: 3} contacting the
prepared biclogical sample with a plurality of reporter probes, wherein each reporter probe
comprises at least one detectable label, thereby hybnidizing a reporter probe to an atiachment
region of a barcode domain of at least one ISH probe hybridized to a target analyte in the bislogical
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 position inn the barcode domains of ISH probes hybridized to a target analvie in 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.

8804 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 1s a single-stranded
polvnuclestide comprising a nucleic acid sequence that s complementary {o 3 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-DNA, and wherein the barcode domain i3 a single-stranded
polynuciectide comprising at least one attachment region, wherein each attachment region
comprises about one attachment sequence, wherein each of the attachment sequences 15 about 14
nuclectides n length, and wherein the sequences of each of the attachment sequences are different,
and wherein the barcode domain comprises L-DNA.

803 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 protein s an antibody, or antigen binding fragment, that specifically binds 1o a target
protein molecule.

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

98671 In some aspects of the methods of the present disclosure, the solution comprises at least
one negative ISH probe that 13 designed not 1o specifically bind to any target analvte i the
biological sample, preferably wherein the ISH probe comprises at least one Evaluation of the
Exterpal RNA Controls Consortiurn (ERCC) sequence, or a complernent thereof. In some aspects
of the methods of the present disclosure, the negative ISH probe 15 used to determime the level of
background nowse 1o the biclogical sample.

98081 In some aspects of the methods of the present disclosure, the reporter probes comprise L-
DNA.

8809 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
iinker located between the first domain and the second domain, wheremn the second domain of the
primary nucleic acid molecule 15 hybridized to about six secondary nucleic acid molecules,
wheretn 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
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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 1s hybnidized 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 molecules comprise
1L-DNA.

[pe10}] In some aspects of the methods of the present disclosure, the at least one detectable label
is a fluorescent moiety.

o1} In some aspects of the methods of the present disclosure, the method further comprises
prior to step {a}; pretreating the biological sample by: 1} mcubating the biological sample i a
Sulfo-NHS Acetate Blocking solution for about 15 minutes; 11} washing the biological sample with
and/or illumnating the biological sample with blue and/or UV hght, thereby quenching sample
autofluorescence via photobleaching; and 1v) washing the biological sample with Reporter Wash
Butter.

8012} In some aspects of the methods of the present disclosure, step (a) comprises incubating the
biological sample with a solution comprising the reporter probes at a concentration of S nM, 8.75x
SSPE solution, 0.53% Tween-20 and, optionally 0 1% RNase mhibitor, in DEPC~treated water for
at least about 15 munutes.

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

80147 In some aspects of the methods of the present disclosure, step (¢} comprises: 1) immersing
the biological sample i Imaging Buffer; and 11} imaging the bislogical sample to record the
identity and spatial position of the detectable labels of the hybnidized reporter probes.

8618} In some aspects of the methods of the present disclosure, step (d) comprises: 1) performing
at Jeast one of or both of iHominating the biological sample with UV light sufficient to cleave
photocleavable finker 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 Buoffer; and v} mmaging the sample {o ensure that there are no remaining

detectable labels.



WO 2022/060967 PCT/US2021/050642

[8816] In some aspecis of the methods of the present disclosure, the method further comprises
performing morphology scanning of the biological sample to determune one or more regions of
mterest, preferably wherein performing morphology scanning comprises at least one of 1) staining
the biological sample with a membrane specific-fluorescent staining solution and imaging the
biglogical sample to tdentify the spatial location of celiular membranes within the sample; u}
staining the biological sample with a nuclear-specific fluorescent staining solution and maging
the biological sample to identify the spatial location of cellular nuclet in the sample; and 1)
performing cell segmentation.

8617} In some aspects of the methods of the present disclosure, the biclogical sample 15 further
prepared prior to contacting the biological 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 formalin fixed paraffin embedded (FFPE)
microtome section; bb) baking the mounted biological sample; c¢) deparatfinizing the mounted
biological sample; dd) performing a target retrieval reaction on the mounted biological sample; ee)
permeabilizing the mounted biclogical sample; ff) applying at least one fiducial marker to the
mounted biological sample; and gg) fixing the mounted biological sample.

9018} In some aspects of the methods of the present disclosure, the method further comprises
after step (31}, assembling the mournted biological sample into a flow cell.

8019} In some aspects of the methods of the present disclosure, the functionalized nucroscope
shide s a positively charged microscope, preferably wherein the functionalized microscope shde
13 a (3-Anmnopropyljirimethoxysilane {APTMS Humctionalized mucroscope shide.

0201 In some aspects of the methods of the present disclosure, the biological sample 15 an FFPE
microtome section of g human tissue sample.

021t 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.

0221 In some aspects of the methods of the present disclosure, step {cc} comprises. 1} incubating
the mounted biological sample 1n a first solution of xylene for about 5 munutes; 1} incubating the
mounted biological sample i a second solution of xylene for about 5 minutes; 111} incubating the
mounted biclogical sample 1 a first 100% ethanol solution for about 2 minutes; 1v) incubating
the mounted biological sample in the second 100% ethanol solution for about 2 munutes; and v}

drying the mounted biological sample at about 60°C for about 5 minutes.
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80231 In some aspects of the methods of the present disclosure, step {(dd} comprises: 1} incubating
the mounted biological sample i target retrieval solotion at about 100°C; 1) mncubating the
mounted biclogical sample in DEPC-treated water for about 15 seconds; 111} incubating the
mounted biological sample in a sohution of 100% ethano! for about 3 nunutes; and 1v) drving the
mounted biological sample.

8024; In some aspects of the methods of the present disclosure, the mounted bislogical sample is
incubated in the target retrieval solution for a time period as put forth in Table 1.

9828 In some aspects of the methods of the present disclosure, the target retrieval solution
comprises TRIS and EDTA solution and has a pH of about 9.

8026§ In some aspects of the methods of the present disclosure, step (ee) comprises: 1) incubating
the mounted biological sample at about 40°C in a proteinase solution, wherein the protemase
solution comprises protease K 1) washing the biological sample with a fust aliquot of DEPC-
treated water; and 11} washing the biological sample with a second aliquot of DEPC-ireated water,
98271 In some aspects of the methods of the present disclosure, the mounted biological sample s
mcubated in the proteinase K solution for a tume period as put forth in Table 2.

80281 In some aspects of the methods of the present disclosure, step (1) coroprises: 1) incubating
the mounted biological sample in a solution comprising at least one fiducal marker for about 5
roinutes at about room temperature, wherein the solution comprising at least one fiducial marker
15 a solution comprising carboxylated microspheres stained 1o red, vellow, blue and/or green at a
concentration of about 0.0005% 1o about 0.003% n 2x SSCT solution; and 1) washing the
mounted biological with 1x PBS.

0291 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 munutes; 11} meobating the mounted
biological sarple 1 a first tris glycine buffered solution for about 5 munutes; 1y incubating the
mounted biological sample 10 4 second tnis glycine buffered solotion for about 5§ mmnutes; and )
meubating the mounted biological sample i 1x PBS for about 5 minutes.

8036} In some aspects of the methods of the present disclosure, the method further comprises
after step {gg), mcubating the mounted biological sample in a blocking solution, wherein
mcubating the mounted biological sample 1n a blocking solution comprises: 1) ncubating the
mounted bislogical sample n a Sulfo-NHS-acetate/Tween20 solution for about 15 munutes,

wherein the Sulfo-NHS-acetate/Tween2( solution comprises about 100 mM Sulfo-NHS-acetate,
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about 6.5% Tween20 m about 160 mM sodium phosphate pH &; and 11} incubating the mounted
biological sample 1n Tx PBS for about § mimites.

18831} Insome aspects of the methods of the present disclosure, incobating the mounted biological
sample with a solution comprising a phuality of ISH probes comprises: incubating the mounted
biclogical sample with a sclution 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 analvie in the binlogical
sample.

#8321 In some aspects of the methods of the present disclosure, washing the biological sample
comprises: 1} incubating the mounted biological sample with a first 2x SSC solution; 1t} incubating
the mounted biclogical sample 1n a first formamide solution; 11t} incubating the mounted bislogical
sample with a second formamide solution; v} incubating the mounted biological sample with a
second 2x SSC solution; and v) mcubating the mounted biological sample with a third 2x §8C
solution

80331 Any of the above aspects or aspects described herein can be combined with any other
aspect.

88347 Unless otherwise definad, all technical and scientific terms used herein have the same
meaning as commounly understood by one of ordinary skill 1o the art to which this disclosure
belongs. In the Spectfication, the singular forms also mclude 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 {0 be mclusive. 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 inchusion of a stated element,
mteger or step, or group of elements, integers or steps, but not the exclusion of any other
element, mteger 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%, 0.3%, . 1%, 0.05%, or (.01% of the stated
value. Unless otherwise clear from the context, all numerical values provided herem are
modified by the term “about.”

18835] Although methods and matenals similar or equivalent to those descnibed herem 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 mentioned

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 mvention. In the case of conflict, the present
Specihication, including defimitions, will control. In addition, the materials, methods, and
examples are ilustrative only and are not intended to be limiting. Other features and advantages

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

BRIEF DESCRIPTION OF THE DRAWINGS
8836} The above and further features will be more clearly appreciated from the following
detatled description when taken 1n cornunction with the accompanying drawings.
90377 FIG. 115 a schematic diagram of an exemplary 1 situ hyvbridization (JSH) probe of the
present disclosure.
98381 FIG. 215 a schematic diagram of an exemplary reporter probe of the present disclosure.
pe3s]  FlGse. 3A, 3B, 30, 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 nuclew acid in
a biological sample.
o4t FIG. 4 shows a series of graphs comparing the abundance of RNA target analytes
various cells measured using the methods of the present disclosure and standard RNA-seq
methods.
pe41]  FIG S shows images of mdividual target analytes detected 10 a bological sample
comprising MDA-MB-4068 cells using the methods of the present disclosure. FIG. 5 also shows
the quantification of the number of transcripts per cell analyzed.
0427 FIG. 6A shows images of individual target analytes detected in Melanoma FFPE tissue
samples using the methods of the present disclosure.
80431  FIG. 6B shows the results of cell typing analvses that can be performed using spatial
abundance data collected using the methods of the present disclosure,
pe44]  FIG 6C shows the results cell mnteraction induced differential expression analyses that
can be performed using spatial abundance data collected using the methods of the present
disclosure.
po43; FIG. 6D shows images of individual target analytes detected i Melanoma FFPE tissue
samples using the methods of the present disclosure.
pods; FIG. 6F shows mmages of individual target analytes detected i non-small cell tung cancer

(NSCLC) FIPE tissue samples using the methods of the present disclosure.
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80477 FIG. OF shows images of individuoal target analvies detected m renal cell carcinoma FFPE
tissue samples using the methods of the present disclosure,
[6048] FIG 06 shows images of individual target analytes detected m colorectal cancer (CRC)

and tonst FFPE tissue samples using the methods of the present disclosure.

DETAILED DESCRIPTION
8049} The present disclosure provides methods for preparing a biological sample for
fluorescent imaging. The present disclosure also provides o situ hybridization (ISH) probes and
reporter probes for use in the methods of the present disclosure, as well as ks comprising these
ISH probes and reporter probes. The present disclosure also provides methods of deternumung the
abundance and spatial position of at least two target nucleic acid molecules in a rological
sample,

[ese]  Methods of Sample Processing

8031}  In some aspects, the present disclosure provides a method of preparing a brological
sample for flusrescent imaging, the method comprising: a) mounting a bislogical sample onto a
functionalized ncroscope slide thereby producing a mounted biclogical sample, wherein the
biological sample 13 a formalin fixed paraffin embedded (FFPE} microtome section; b} baking
the mounted bislogical 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}
foang the mounted biological sample; h} contacting the mounted biological sample with at least
one nucleie acid probe; and 1) washing the mounted biological sample.

80521 In some aspects, the preceding methods can optionally further comprise j} dehydrating
the mounted biological sample.

8033} In some aspects, the preceding methods can further comprise, after step (1) or after step
{1} assembling the mounted biological sample into a flow cell.

8034}  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.

(8035}  In some aspects, the preceding methods can further comprise, before or after any of the
steps, Hluminating the biclogical saraple with blue and/or UV light, thereby quenching sample
autofluorescence via photobleaching In some aspects, any combination of UV and readout

channel illununation can be used to quench sample autofluorescence via photobleaching To

&
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some aspects, the ilumination can be performed concurrently with any of the above steps,
mcluding, but not limited to step (h). In some aspects, the tlumination can be performed using
low-dose Hlumimation over extended time periods.

8036}  In some aspects, a functionalized microscope shide can be 3 (3~

Aminopropy  trimethoxysilane (APTMS-functionalized microscope slide. In some aspects, an
APTMS functionalized microscope shde 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 §.5% APTMS
solution for about 10 seconds; d} repeating steps (b} and {c¢) twice such that the microscope slide
is immersed in the $.5% APTMS solution for about 3.5 mimutes; e) rising the microscope shde
with water at least 3 times; and £} drying the microscope shide under nitrogen.

08571 In some aspects, a functionalized nucroscope slide can be any positively-charged
mucroscope shide. As would be appreciated by the skilled artisan, non-linuting examples of
commercially-avatlable, positively-charged microscope slides mnclude, but are not hmuted to
poly-L-Lysin coated glass shide, Leica BOND Plus shdes and Fisherbrand™ SuperFrost™ Plus
shdes.

[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 shide and drying the mounted biological sample for at least about 12
hours, or at feast 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 compnise baking the mounted biological sample at least about 30°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. In some aspects, baking a mounted biological sample can comprise
baking the mounted sample at about 60°C.

8066} In some aspects of the methods of the present disclosure, baking a mounted biclogical
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.



WO 2022/060967 PCT/US2021/050642

[8861]  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} incubating the mounted biological sample in a first sohution
of xylene for about 5 mimites; by incubating the mounted biological sample 11 a second solution
of xylene for about 5 minutes; ¢} incubating the mounted biological sample in a first 100%
ethanol solution for about 2 minutes; d) incubating the mounted hiological sample in the second
100% ethanol solution for about 2 nunutes; 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 xylene and/or
the second solution of xyiene can comprise agitating the mounted biological sample in the xylene
solution, for example, by moving the biological sample up and down in the solution.

B063 Without wishing to be bound by theory, since FFPE samples contain BDNA molecules that
are crosslinked to each other as well as to RNA and protemn molecules, breakage of these crosslinks
can facilitate the release of DNA for subsequent purification. Breakage of these crosslinks can be
achieved by performing a target retrieval reaction ona biclogical sample, such as an FFPE sample.
In a target retrieval reaction, the biological sample, such as the FFPE sample, can be incubated
with a target retrieval solution, wherein the target retrieval solution 1s suitable for removing
crosshinking between DNA, RNA and protein within the biological sample, thereby allowing for
the recovery of analyzable biomolecules.

8064} 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 rettieval solation
can comprise a buffering agent. In some aspects, the buffering agent can be TRIS.

98631 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 solution
can comprise about 0.1 to about 2 mM EDTA In some aspects, a target retrieval solution can
comprise about 0.5 to about 1.5 mM EDTA. In some aspects, a target retrieval solution can
comprise about 1.0 mM EDTA.

8666} In some aspects, a target retrieval solution can be a TRIS and EDTA soluotion. In some
aspecis, a target retrieval solution can be a solution of about 10 mM TRIS and about 1 mM EDTA

at pH .0,

10
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[8867] In some aspects, a target retrieval solution can be RNAscope® Target Retrieval Sclution
{ACD).

[8868] In some aspects of the methods of the present disclosure, performing a target retrigval
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 15
mcubated n target retrieval solution at about 100°C for an amount of time specific to the type of
mounted biological sample. In a non-linuting example wherein the mounted bislogical sample s
a human breast tumor sarmple, the mounted hiological sample can be incubated m target retrieval
solution at about 100°C for about 15 minutes. Incubation times for different sample types are
shown m 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
in a solution of 100% ethanol for at least about 3 minutes; and dryving the mounted biclogical
saraple. In some aspects, the water can be diethy] pyrocarbonate (DEPC -ireated water.

80697 Accordmmgly, performing a target retrieval reaction on a mounted biological sample can
comprise: a} ncubating the mounted biological sample m target retrieval solution at about 100°C
for a time period as put forth tn Table 1; b} mecubating the mounted biclogical sample n DEPC-
treated water for about 15 seconds; ¢) incubating the mounted biological sample in a solution of

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

=y

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

Species of - . o | Incubation Tume
. e Tissue Type Pathology S
Biological Sample - (minutes)
Intesting Normal i5
Intestine Tumor 15
Embrvo Normal i3
- Brain Normal 15
Mouse - =
Spleen Normal 15
Eve/Retina Normal i3
Liver Normal 30
Kidnev MNormal i3
Breast Tumor 135
Colon Tumor i5
Colon MNormal i3
Human Lung Tumor 13
Lung Normal 15
Prostate Tumor i3
Prostate Normal 15

i1
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Lymph vode Tunor 15

Lysmph node Normal 3

Tonsil Normal 15

Pancreas Normal 15

Cervical Cancer i3

Cervical Normal 15

Cervical dvsplasia Abnormal 15

Brain Tumor i3

Bramn Normal 15

Head Cancer 15

Neck Cancer i3

Liver Cancer 15

Kidnev Normal i5

Skin Normal i3

Melanoma Tamor 15

Nevus Bemign 15

Placenta Normal i3

Sk (,t}ﬁ};ﬁ;}x;roarray Normal 15
Breast TMA Normal
Melanoma TMA Mormal
Nevus TMA Beoign

Stomach TMA Normal 15

Storaach TMA Tumor 15

Cell pelleis, fixed with 10% i 15

NBF -

HeLa cells, fixed with 10%
Formaldehyde/PBS/ACD - 15
Control
Cell Pellets {general) - 8
86701 In some aspects of the methods of the present disclosure, permeabilizing the mounted

biological sample can comprise meubating the mounted bislogical sample m a proteinase K
splution.

88711 In some aspects, the proteinase K solution can be a solution wherem the concentration of
proteinase K 1s at least about 0.1 ug/mL, or at least about 8.25 ug/mL, or at least about 0.3
ug/ml, or at least about 0.75 pg/ml, or at least about 1 pg/mL, or at least about 1.25 pg/ml, or
at least about 1.5 pg/mb, or at least about 1.75 pg/mk, or at least about 2 ug/ml. or at least
about 2.25 pug/mL, or at least about 2.5 ug/mL, or at least about 2.75 ug/mb, or at least about 3
ug/ml., or at least about 3.25 ug/ml., or at least about 3.5 pg/mL, or at least about 3.75 ug/mL,
or at least about 4 ug/mi., or at feast about 4.25 ug/mi., or at least about 4.5 ug/mb., or at feast

about 4.75 ug/mi., or at least about 5 ug/mL. In some aspects, the protemase K solution s a

12
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solution wheremn the concentration of proteinase K s about T ug/mb. In some aspects, the
proteinase K solution is a sohution wherein the proteinase K 15 diluted into Phosphate Buffered
Saline (PBX). In some aspects, the proteinase K solution 1s a sohition wherein the protemase K
is diluted mto protease cocktail, mcluding, but not limited to ACD Protease Plus.

188721 In some aspects, the PBS can comprise a combmation of Nal'L, KCI NapyHPOzand
KHoPO:. In some aspects, the PBS can comprise a solution of 137 ;M NaCl 2.7 mM KCL 8
M NapHP Oy, and 2 midM KH:PO: at pH 7.4, Accordingly, in some aspects a proteinase K
solution can be a solution wherein the concentration of proteinase K s about 1 pg/mL in PBS,
wherein the PBS comprises 137 mM NaCl, 2.7 mM KCl 8 mM Na:HPO,, and 2 mM KH;PQOy at
pH 7.4

8673} In some aspects, permeabilizing the mounted biological sample can comprise incubating
the mounted biological sample 10 g proteinase K solution at about 40°C. Tn some aspects,
permeabilizing the mounted biological sample can comprise incubating the mounted biological
sample n a proteinase K solution at about 40°C for an amount of time specific to the type of
mounted hiological sample. In a non-himiting example wherem the mounted biological sample 5
a human breast tumor sample, the mounted biclogical sample can be incubated 10 a proteinase K
solution at about 40°C for about 30 munutes. Incubation times for different sample types are
shown i Table 2.

8074} 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,
permeabihizing the mounted bislogical sample can comprise incubating the mounted hiological
sarople at about 40°C 1 a protemnase solution for an amount of tume specific to the type of
mounted biological sample. In a non-limiting example wherein the mounted biological sample 13
a human breast tumor sample, the mounted bislogical sample can be incubated at about 40°C n
a proteinase solution for about 30 mmutes. Incubation times for dufferent sample types are shown
in Table 2.

18678 In some aspects, a proteinase solution can comprise a solution of protease K at a
concentration of about .1 to about 5.0 ug/mL, or 0.1 to 5.0 ug/mL. In some aspects, a proteinase
sofution can comprise a solution of protease K at a concentration of about 0.1 to about 5.0
ug/mi, or 0.1 to 5.0 ug/mb in PBS. 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/mE, or 0.1 to 3.0 ug/mi m
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a protease cocktail {e.g. ACD protease phus solution}. In some aspects, a proteinase solution can
comprise a protease cocktail known in the art, e.g. AUD protease plus solution.

Table 2. Incubation times in proteinase solution for various bislogical sample types

Species of . ] {ncubation Time
Biological Sample Tissue Type Pathology {mimites)
oical Sample {(roumtes)
{ntestine Normal 30
{ntestine Tumor 30
Embrvo Normal 30
Mouss Brain \ ormal 3 (}
Spleen Normal 13
Eve/Retma Normal 30
Liver Normal 340
Kidney Normal 30
Breast Tumor 30
Colon Tunor 30
Colon Normal 30
Lung Tamor 30
Lung Normal 30
Prostate Tumor 30
Prostate Normal 30
Lymph node Tunor 30
Lvmph node Normal 30
Tonsil Normal 30
Pancreas Mormal 30
Cervical Cancer 30
Cervical Normal 30
Cervical dysplasia Abnormal 30
Bran Tumor 34
Brain Normal 30
Homan Head Cancer 30
Neck Cancer 30}
Liver Cancer 30
Kidney Mormal 30
Skin Normal 34
Melanoma Tumor 30
Nevus Benign 34
Placenta Normal 30
Skisn (us{:s;;:&ii}l;:marmy Normal 30
Breast TMA Normal 30
Melanoma TMA Maormal 30
Nevus TMA Beunign 30
Stomach TMA Normal 30
Stomach TMA Tumor 30
Cell pellets, fixed with 10% i 13
NBF

14
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Hela cells, fixed with 10%
Formaldehyde/PBS/ACD - 15
Control
Cell Pellcts (gencral) - 15

9876]  In some aspects, incubating a mounted biological sample in a protemase K solution can
further comprise drawing a hydrophobic barrier around the mounted biological sample, for
example, with a PAP pen.

86777 In some aspects, permeabilizing a mounted biological sarmple can comprise maubating
the mounted biological sample 1 a proteimase K solution in a container that has been hined with
paper {e.g. kamwipes or a suitable alternative) that have been wet with DEPC-treated water and
preheated to about 40°C for at least about 30 munutes.

8678} In some aspects, permeabilizing a mounted biological sarmple can further comprise, after
meubating the mounted brological sample in a proteinase K solution, washing the mounted
biological sample with water. The water can be DEPC-treated water. In some aspects, washing
the mounted ological 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.

o779 Accordingly, permeabilizing a mounted bislogical sample can comprise: a) mcubating
the mounted biclogical sample in a proteinase K solotion at about 46°C for a time period as put
forth in Table 2, wherein the concentration of proteinase K n the proteinase K solution s about 1
ug/mi; by washing the bislogical sample with a first abquot of DEPC-treated water; and ¢)
washing the bislogical sample with a second aliquot of DEPC-treated water.

8080} Accordingly, permeabilizing a mounted hiological 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 protemase solution comprises a solution of protease K ata
concentration of about 0.1 to about 5.0 ug/mb, or 0.1 to 5.0 ug/mL; b} 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.

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

fiducial marker known in 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 {S5C) solution. In some aspects, the at least one fiducial marker can be difuted in
2x saline-sodium ctirate 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 T minute,
or at least about 2 minutes, or at least about 3 minutes, or at least about 4 minutes, or at least
about 5 minutes, or ai least about 6 minutes, or at least about 7 minutes, or at least about 8
minutes, or at least about 9 munutes, or at least about 10 nmuinutes. In some aspects, the mounted
biological sample can be incubated in the solution comprising at teast one fiducial marker for
about 5 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
mncubation with the solution comprising at least one fiducial marker, the mounted biological
sarople can be washed, for example, with phosphate butfered solution (PBS). In some aspects,
prior to applying the solution comprising at least one fiducial marker to the mounted biclogical
saraple, the solution can be agitated {e.g. vortexed) for at least 30 seconds.

9082} In some aspects of the methods of the present disclosure, 2x 8SC buffer can comprise
about 300 mM Na(l and about 30 mM sodwum citrate. Tn some aspects of the methods of the
present disclosure, 2x SSC huffer can comprise 300 mM NaCl and 30 mM sodium citrate.

9883 In some aspects of the methods of the present disclosure, 2x SSCT bufter can comprise
about 0.1% Tween20, about 300 raM NaCl and about 30 mM sodium curate. In some aspects of
the methods of the present disclosure, 2x SSCT buffer can comprise 0.1% Tween20, 300 mM
NaCland 30 mM sodium citrate,

68841 In some aspects, the at least one fiducial marker can be g 200 nm carboxylated
microsphere 1o red, blue, vellow and/or green. In some aspects, a solution comprising at least one
fiducial marker can comprise 200 nm carboxylated microspheres i red, blue and/or green at a
concentration of at least about G.00025%, or at least about G.0005%, or at about (0. 006075%;, or at
ieast about (.001%, or at least about ¢.00125%, or at least about €.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 sohution comprising at least one fiducial marker can comprise 200 nm carboxvlated
microspheres in red, blue and/or green at a concentration of about $.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 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 0.001%. In
some aspects, a solution comprising at feast 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 .0005% to 0.003%.

pe83)  In some aspects, the at least one fiducial marker can be a fluorescent nano-diamond
(FNI. In some aspects, and NI can be a non-carboxylated FND. In some aspects, a solution
comprising at least one fiducial marker can comprise FNDIs 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 Teast about 0.G0035%, or at least about 0.0004%, or at feast 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 roarker can comprise FNDs at a
concentration of about 0.00045%,

p88s]  In some aspects, a solution comprising at least one fiducial marker can comprisea
combination of at least two fiducial markers. In a non-luniting example, a solution comprising at
ieast one fiducial marker can comprise 200 nm carboxylated microspheres 1 red, blue and/or
green and non-carboxyvlated FNDds. In a non-limiting example, a solution comprising at least one
fiducial marker can comprise 200 nm carboxylated microspheres i red, blue and/or green at a
concentration of about €. 001% and non-carboxyviated FNDs at a concentration of about
3.00045%.

86871 In some aspects, a solution comprising at least one fiducial marker can comprisea
combination of at least two fiducial markers. In a non-limiting example, a solution comprising at
ieast one fiducial marker can comprise carboxylated microspheres stained in red, vellow, blue
and/or green and non-carboxylated FNDs. In a non-limiting example, a soluiion comprising at
ieast one fiducial marker can comprise nm carboxyiated microspheres stamned o red, blue and/or
green at a concentration of about 0.0005% to about 0.003%, or G.0005% to 0.003%, and non-

carboxyiated FNDs at a concentration of about $.60045%.
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[5688] In some aspects, a solution comprising at least on fiducial marker can be prepared by
diluting the at least one fiducial marker in a suitable buffer solution, mcluding, but not limited to
2x S8C solution, and then agitating {e. g. vortexing} the solution for about 1 nunute, then
sonicating the solution for about Z munutes, then agitating the solution again for about 1 munute,
then sonicating the solution again for about 2 mimites.

ipese)  In some aspects, a solution comprising at least on fiducial marker can be prepared by
diluting the at least one fiducial marker in a suitable 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 agamn for about 2 minutes.

ene}  Accordingly, applying at least one fiducial marker to a mounted biological sample can
comprise: a} incubating the mounted biological sample 1 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 solution; and b) washing the mounted biological with 1x PBS.
9091} Accordingly, applying at least one fiducial marker to a mounted biological sample can
comprise: a} incubating the mounted biological sample 1 a solution comprising at least one
fiducial marker for about S nunutes at about room temperature, wherein the solution comprising
at feast one fiducial marker 15 a solution comprising carboxylated microspheres stained 10 red,
yvellow, blue and/or green at a concentration of about 0.0005% to about 0.003%, or 8.0005% to
3.003%; 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 mcubating the mounted biological sample 10 neutral buffered formahn
{NBF} solution, then mecubating the mounted biological saraple m a tris glycive buffered
solution, and then incubating the mounted biological sample in 1x PBS. In some aspects, the
concentration of NBF 1n the NBF solution can be at least about 5%, or at least about 10%, 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 least about I mimute, or at least about 2 minutes, or at

feast about 3 minutes, or at least about 4 minutes, or at least about 5 minutes, or at least about 6
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minutes, or at least about 7 minutes, or at least about & munutes, or at least about 9 minuies, or at
feast about 10 mmutes. In some aspects, any of the incubation steps in the fixing of the mounted
biclogical sample can be about 1 minute, or about 2 minutes, or about 3 minutes, or aboui 4
minmutes, of about 5 minutes, or aboui & minutes, or about 7 minutes, or about 8 minutes, or about
9 minutes, or about 10 minutes. 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 mimite. In some aspects,
mncubating the mounted brological sample in a tris glveine buffered solution can comprise
mceubating the mounted biological sample in a first tris glycine buffered solution followed by
mncubating the mounted biological sample in a second tris glycine buffered solution.

8093 Accordingly, fixing a mounted bislogical sample can comprise: a} incubating the
mounted biological sample in a 10% NBF for about 5 nmunutes; b) incubating the mounted
biological sample in a first tris glycine buffered solution for about 5 nunutes; ¢) incubating the
mounted hiological sample 1 a second tris glycine buffered solution for about 5 minutes; and d)
incubating the mounted biological sample in 1x PBS for about 5 minutes.

B094)  Accordingly, fixing a mounted biological saraple can comprise: a) incubating the
mounted biological sample 1 a 10% NBF for about 1 minute; b} mcubating the mounted
biological sample 10 a first tris glveine buffered solution for about S minutes; ¢) incubating the
mounted biological sample 1n a second tnis glyeine buffered solution for about 5 minutes; and d)
meubating the mounted biological sample in 1x PBS for about 5 minutes.

98931 In some aspects of the methods of the present disclosure, ncubating the mounted
biological sample 10 a blocking solution can comprise mcubating the mounted biological sample
m a Sulfo-NHS-acetate/Tween20 solution. In some aspects, a Sulfo-NHS-acetate/Tween20
splution can comprise about 100 mM Sulfo-NHS-acetate, about 0.5% Tween20 m about 100 mM
sodium phosphate pH & In some aspects, a Sulfo-NHS-acetate/Tween20 solution can comprise
100 oM Sulfo-NHS-acetate, 0.5% Tween20 m 100 mM sodium phosphate pH & In some
aspecis, the mounted bisiogical sample can be incubated in a Sulfo-NHS-acetate/ Tween20
solution for at least about 5 minutes, or at least about 10 mimutes, or at least about 15 mumutes, or
at feast about 20 munutes. In some aspects, the mounted biological sample can be incubated ina
Suifo-NHS-acetate/ Tween20 solution for about 5 minutes, or about 10 minutes, or about 15
minuies, or aboui 20 minutes. In some aspecis, the mounted biological sample can be incubaied

in a Sulfo-NHS-acetate/ Tween2( solution for about 15 minutes.
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[8896]  In some aspects of the methods of the present disclosure, incubating the mounted
biological sample 1n a blocking solution can comprise, after incubating the mounted bislogical
sample in a Sulfo-NHS-acetate/TweenZ0 solution, mncubating the mounted biological sample ina
1x PBS for at least about T minute, or at least about 2 minutes, or at least about 3 minutes, or at
ieast about 4 munutes, or at least about 5 munuies, or at feast about 6 munutes, 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 biological sample
m a blocking solution can comprise, after incubating the mounted biclogical sample in a Sulfo-
NHS-acetate/Tween20 solution, incubating the mounted biological sample mna 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 © 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
saraple i a Suifo-NHS-acetate/ Tween20 solution, incubating the mounted bological sample inag
1x PBS for about S nurutes.

8097} Accordingly, meubating the mounted biological sample 10 a blocking solution can
comprise: 1} incubating the mounted biological sample in 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 i about 100 mM sodium phosphate pH 8; and 1)
meabating the mounted brological sample in 1x PBS for about 5 minutes.

[8698] 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
hological sample with a solution comprising a plurality of ISH probes of the present disclosure.
In some aspects, the mounted bislogical sample can be meubated with the solution comprising a
plurality of ISH probes for at least about 12 hours, or at feast 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 hours,
or at least about 22 howurs, or at least about 23 hours, or at least about 24 hours. In some aspects,
the mounted biclogical sample can be incubated with the solution comprising a plurality of INH

probes for about 16 to about 18 hours.
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[8899] In some aspects, the mounted biological sample can be mcubated with the solution
comprising a plorality 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 aspects, the mounted biological sample can be incubated with the solution
comprising & phurality of ISH probes at a temperatare of about 35°C.

188180} 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 25, or at least about 50, or at least about

ol
Ji
7

5, 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 ISH probes.

Beiei] 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 feast about 0.1 oM, or at least about 1 oM, or at least about 5 nM,
or at least about 10 nM, or at least about 25 nM, or at least about SC oM, or at least about 75 oM,
or at least about 100 oM, or at least about 125 oM, or at least about 130 nM, or at least about 175
nvi, or at least about 200 oM, or at least about 300 oM, or at feast about 400 nM, or at least about
SO0 oM. In some aspects, the concentration of at least one species of ISH probe 1o the plurality
can be about 0.01 oM, or about 8.1 oM, or about 1 oM, or aboui 5 nM, or about 10 oM, or about
25 nM, or about 50 oM, or about 75 oM, or about 100 oM, or about 125 oM, or about 1350 oM, or
about 173 nM, or about 200 oM, or about 300 oM, or about 400 nM, or about 500 oM. In some
aspects, the concentration of at least one species of INH probe n the phurality can be about 200
nM. In some aspects, the concentration of at least one species of ISH probe m the plurality can
be about 1 nM.

86162} In some aspects, the concentration of each species of ISH probe in the plurahity can be at
ieast about (.01 nM, or at least about 0.1 nM, or at east about 1 nM, or at least about 5 nM, or at
least about 10 nM, or at least about 25 nM, or at least about 50 nM, or at least about 75 nM, or at
ieast about 100 oM or at least about 125 oM or at least about 150 nb, or at least about 175 nM,

or at feast about 200 nM, or at least about 300 nM, or at least about 400 nM, or at teast about 500
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nM. In some aspects, the concentration of each species of ISH probe in the plurality can be about
.01 nM, or about .1 nM, or about 1 nM, or about 5 nM, or about 10 oM, or about 25 nM, or
about 50 oM, or about 75 nM, or about 100 oM, or about 125 nM, or about 150 oM, or about 175
oM, or about 200 nM, or about 300 nM, or about 400 nM, or about 300 oM. 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 nM.

(80103} In some aspects, a solution comprising a plurality of ISH probes can comprise at least one
species of ISH probe that comprise target inding domains that are designed not to specifically
bind to any target analyte {e.g target nucleic 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
ieast ten species, or at least 30 species, or at feast 100 species, or at least 1000 species of ISH
probes that coraprise target binding domains that are designed not to specifically bind to any
target analyte {e. g target nuclew acid molecule and/or target protein rmolecule) in the biological
saraple. These ISH probes that comprise target binding domains that are designed not to
specifically bind to any target analyte are referred fo heremn as "negative ISH probes”. A non-
futing example of a negative ISH probe 15 an ISH probe comprising a target binding domain
that 1s a single~stranded nucleic acid, wheremn the sequence of the single-stranded nuclewc acid 13
designed such that it 1s not complementary to any known sequence specific to the biological
sample being analyzed and/or complementary {0 any known sequence present on earth. As would
be appreciated by the skidled artisan, examples of such sequences melude those published by the
Evaluation of the External RNA Controls Consortium (ERCC). Without wishing o be bound by
theory, the use of these negative ISH probes in the methods of the present disclosure can allow
the skilled artisan to determine the level of background noise in the results from a biological
sample. As would be appreciated by the skilled artisan, since the negative ISH probes should not
bind to any target analyte, any signal originating from a negative ISH probe that 15 recorded
represents non-specific binding of ISH probes within the sample (/. e. background nowse}. 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 bislogical

sample.
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[80104] In some aspects, the solution comprising a plurality of ISH probes can comprise the ISH
probes difuted in buffer R

168183} In some aspects, buffer R can comprise at least one of dextran sulfate, bovine serum
albumin (BSA), single-stranded DNA (ssDNA}, saline-sodium citrate {SSC} and formamide. In
some aspects, buffer R can comprise a combmation of dextran sulfate, BSA, ssDBNA, 88C and
formamide. In some aspects, the single-stranded DNA can comprise salmon sperm DNA.

[sei06} In some aspects, the ISH probes can be diluted in buffer R such that the final
concentration of dextran sulfate is about 0.5% to about 4.5%, or about 1.5%6 o about 3.5%. In
some aspects, the ISH probes can be diluted i buffer R such that the final concentration of
dextran sulfate is about 2.5%.

[se187} In some aspects, the ISH probes can he diluted in buffer R such that the final
concentration of BSA 13 about 0.01% to about 2%, or about 0.1% to about 1%. In some aspects,
the ISH probes can be dduted 10 buffer R such that the final concentration of BSA 15 about 6.2%.
198188} In some aspects, the ISH probes can be diluted in buffer R such that the final
concentration of ssDNA 15 about ¢.01 mg/mi to about 1 mg/ml, or about 0 05 mg/ml to about 0.5
rog/ml. In some aspects, the ISH probes can be dduted 10 buffer R such that the final
concentration of ssDNA 15 about 0.1 mg/mi

198189} In some aspects, the ISH probes can be diluted in buffer R such that the final
concentration of S5C s about 0 5x to about 3.5x or about Ix 1o about 3x Tn some aspects, the
ISH probes can be difuted in buffer R such that the final concentration of SSC 15 about 2x.
86118} In some aspects, the ISH probes can be diluted n buffer R sach that the final
concentration of formanide 18 about 20% to about 60%, or about 3096 to about 50%. In some
aspects, the ISH probes can be diluted in buffer R such that the final concentration of formamude
1s about 40%.

86111} In some aspects, the ISH probes can be diluted i buffer R sach that the final
concentration of dextran sulfate 15 about 2.5%, the final conceniration of BSA is about 0.2%, the
final concentration of ssDNA 15 about 0.1 mg/mi, the fimal concentration of 88C 15 about 2x and
the final concentration of formamide 1s about 40%.

(86112} In some aspects, the solution comprising a plurality of ISH probes can further comprise
an RNase intubitor, including, but not limited to, SUPERase-In™ RNAse inhibitor. The

concentration of RNAse inhibitor can be about .1 Unuts/ul.

o2
[



WO 2022/060967 PCT/US2021/050642

(80113} In some aspects, prior to incubating the mounted bislogical 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 minutes and then immediately cooling the ISH probes on ice for
about 1 minuie.

188114} In some aspects, the mounted biological sample can be mcubated with the solution
comprising a plurality of ISH probes in a container that has been rinsed with an RINAse inhibitor
solution and that has been lined with paper {e.g. kimwipes or a suitable alternative) that have
been wetted with DEPC-treated water.

80118 Accordingly, contacting the mounted bislogical sample with at least one nucleic acid
probe can comprise: aj incubating the mounted biological sample with a solution comprising a
plurality of ISH probes of the present disciosure 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 M

i80116] In soroe aspects of the methods of the present disclosure, washing a rmoounted biological
sample can comprise a} incubating the mounted biological sample with frst 2x SSC solution; b)
incubating the mounted biological sample in a first formamide solution; ¢} mcubating the
mounted hiological sample with a second formamide solution; d) incubating the mounted
biological sample with a second 2x 8SC solution; and e} incubating the mounted bological
sample with a third 2x SSC solution.

(98117} In some aspects, a formamude solution i be a formamide 1n 2x SSC solution. Tn some
aspects, the concentration of formamide can be at least about 10%, or at least about 20%, or at
feast about 30%, 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 formamude solution for at least about 15 mnutes, or at least about 20 mnutes, or at feast
about 25 minutes, or at least about 30 munutes, or at feast about 35 minutes, or at least about 40
mimites. In some aspects, the mounted biological sample can be mcubated with the first
formamide solution and/or the second formamide solution for about 25 minutes.

86118} In some aspects, the mounted biological sample can be incubated with the second 2x 88C
solution and/or the third 2x S5C solution for at least about 0.5 munutes, or at least about §

minute, or at least 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
ieast about 4.5 munutes, 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 2 minuies.

80119 Accordingly, washing a mounted biological sample can comprise: a} incubating the
mounted biological sample with first 2x S8SC solution; b} incubating the mounted biclogical
sample in a first S0% formamide m Zx SSC solution for about 25 minutes; ¢} incubating the
mounted biological sample with a second 50% formanude 1n 2x SSC solution for about 25
nmunutes; d) incubating the mounted biclogical sample with a second 2x SS8C solution for about
two minutes; and ) incubating the mounted biological sample with a third 2x SSC solution for
about two minutes.

[80120] In soroe aspects of the methods of the present disclosure, dehvdrating a mounted
biological sample can comprise incubating the mounted biological sample m an ethanol gradient,
as would be appreciated by the skilled artisan. Tn some aspects, incubating the mounted
biological sample 10 an ethanol gradient can comprise: a) incubating the mounted biological
saraple m a 70% ethanol solution for about 3 nunutes; b) ncubating the mounted biological
sample m a 85% ethanol solution for about 3 minutes; and ¢} 1ncubating the roounted biological
saraple m a 100% ethanol solution for about 3 munutes.

ge121] In some aspects, a biological sample can be an FFPE microtome section that 18 at least
about T um, or at least about 2 um, or at least about 3 um, or at least about 4 um, or at least
about 3 um, or at least about 6 um, or at least about 7 um, or at least about & um, or at least
about 9 um, or at least about 10 pm thick. In some aspects, the biological sample 15 an FFPE
microtome section that 15 about 5 pm thick.

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

188123} In some aspects, the hiological sample can comprise non-cancerous cells. In some
aspects, the bislogical sample can comprise cancerous cells. In some aspects, the biological
sample can comprise a combination of both non-cancerous cells and cancerous cells. The

cancerous cells can be from a carcinoma, ivmphoma, blastoma, sarcoma, leukemia and germ celi
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tumors. The cancerous cells can be from a adrenocortical carcimoma, bladder urothelial
cargmoma, breast invasive carcinoma, cervical squamous cell carcinema, endocervical
adenocarcinoms, cholangiocarcinoma, eolon adencearcinoma, lvmphoid neoplasm diffuse large
B-cell lymphoma, ssophageal carcimoma, ghioblastoma multiforme, head and neck squamous celdl
carcinoma, kidnev chromophobe, kidoey renal clear cell carcinoma, kidney renal papillary celi
carcinoma, acute myelowd lenkemua, brain lower grade ghioma, iver hepatocellular carcinoma,
fung adenocarcinoma, lung squamous cell carcinomma, mesothelioma, ovarian serous
cystadenocarcinoma, pancreatic adenocarcinoma, pheochromocytoma, paraganglioma, prostate
adenocarcinoma, rectum adenocarcinoma, sarcoma, skin cutaneous melanoma, stomach
adenocarcinoma, testicular germ cell tumors, thyroud carcinoma, thymoma, uterine
carcinosarcoma, uveal melanoma, Other examples include breast cancer, lung cancer,
fymphoma, melanoma, hver cancer, colorectal cancer, ovarian cancer, bladder cancer, renal
cancer or gastric cancer. Further examples of cancer include neurcendocrine cancer, non-small
celf hung cancer (NSCLO), small cell lung cancer, thyrowd cancer, endometnial cancer, ihary
cancer, esophageal cancer, anal cancer, sabivary, cancer, valvar cancer, cervical cancer, Acute
iymphoblastic feukerma (ALLY, Acute myelowd fenkerma (AML}, Adrenal gland tumors, Anal
cancer, Bile duct cancer, Bladder cancer, Bone cancer, Bowel cancer, Bramn tumors, Breast
cancer, Cancer of unknown priroary {CUP), Cancer spread to bone, Cancer spread to bram,
Cancer spread to biver, Cancer spread to lung, Carcinoid, Cervical cancer, Chuldren's cancers,
Chronie vmphoeytic teakerma (CLLY, Chrome mveloid leukenna (UML), Colorectal cancer, Har
cancer, Endometrial cancer, Bve cancer, Follicular dendritie cell sarcorna, Gallbladder cancer,
Gastric cancer, Gastro esophageal pnction cancers, Germ cell tumors, Gestational trophoblastic
disease {GITY), Harry cell leukemia, Head and neck cancer, Hodglon lvmphoma, Kapost's
sarcoma, Kidney cancer, Laryngeal cancer, Leukema, Gastrie hrutis plastica, Liver cancer, Lang
cancer, Lymphora, Mabgnant schwannoma, Meduastinal germ cell turnors, Melanoma skin
cancer, Men's cancer, Merkel celi slun cancer, Mesothelioma, Molar pregnancy, Mouth and
oropharyngeal cancer, Myeloma, Nasal and paranasal sinus cancer, Nasopharyngeal cancer,
Neuroblastoma, Neurcendocrine tumors, Non-Hodgkan lymphoma (NHL), Esophageal cancer,
Chvarian cancer, Pancreatic cancer, Pente cancer, Persistent trophoblastic disease and
chortocarcmoma, Pheochromocytoma, Prostate cancer, Pseudomyxoma peritonel, Rectal cancer.

Retinoblastoma, Salvary gland cancer, Secondary' cancer, Signet cell cancer, Skin cancer, Small

26
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bowel cancer, Soft tissue sarcoma, Stomach cancer, T cell childhood non Hodglan lvmphoma
{NHL}, Testicular cancer, Thymus gland cancer, Thyroid cancer, Tongue cancer, Tonsi cancer,
Tumors of the adrenal gland, Uterine cancer, Vaginal cancer, Vulval cancer, Wilms' tumor,

Womb cancer and Gynaecological cancer. Examples of cancer also mclude, but are not imited

to, Hematologic malignancies, Lymphoma, Cutaneous Tecell ymphoma, Peripheral T-cell

[

ymphoma, Hodgkin's lymphoma, Non-Hedglkin's lymphoma, Multiple miveloma, Chrome

[

iymphocytic leukenua, chronic myelotd leukerig, acute myvelowd leukemia, Myelodysplastic
syndromes, Myelafibrosis, Bilwary tract cancer, Hepatocellular cancer, Colorectal cancer, Breast
cancer, Lung cancer, Nor-small cell lung cancer, Ovarian cancer, Thyroid Carcimoma, Renal

.
<

{Cell Carcinoma, Pancreatic cancer, Bladder cancer, skin cancer, malignant melanoma, merkel
call carcinoma, Uveal Melanoma or Glioblastoma multiforme

88124} The biological sample can be denived from any species, including, but not limited 1o,
humans, muce, rats, dogs, cats, sheep, rabbits, cows, goats or any other species.

198128} In situ hybndization (ISH) probes of the present disclosure

186126} Target binding domain

i80127) The present disclosure provides m situ hybridization (I8H) probes for use i the methods
of the present disclosure

[80128] An ISH probe can comprise a target binding domam and a barcode domam. In some
aspects, the target binding domain 1s operably linked 1o the barcode domamn,

(88129} In some aspects, a target binding domam can comprise a protein, a peptide, an aptamer,
or a peptord which specifically binds to a target analyte in 3 biological sample. In some aspects,
the protein 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.

(86138} In some aspects, a target binding domwain can be 3 single stranded polynucleotide. A
target binding domamn can comprise a sequence that 1s complementary to a target nucleic acid
that 1s to be 1dentified using the methods of the present disclosure,

[80131] In some aspects, a target binding domain in be at least about 35 nucleotides in length to at
ieast about 40 nuclestides in 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 domaim can

comprise about 20 mucleotides, or about 21 nucleotides, or about 22 nucleotides, or about 23
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nucleotides, or about 24 nucleotides, or about 25 nucleotides, or about 26 nucleotides, 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 nucleotides,
or about 35 nucleotides, or about 36 nucleotides, or about 37 nucleotides, or about 38
nucleotides, or about 39 nucleotides, or about 40 nucleotides, or about 41 nucleonides, or about
47 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 consists of D-DNA.

{80133} In some aspects, a target binding domain can be about 33 nucleotides to about 40
nuclectides in length and comprises D-DNA. In some aspects, a target binding domain can be
about 35 nucleotides to about 40 nucleotides in length and consists of D-DNA

08134 Barcode domain

[80135] In some aspects, a barcode domam can be a single stranded polynucleotide.

98136} A barcode domain can comprise at least one attachment region. In sorme aspects, a
barcode domain can comprise at least two, at least three, at least four, at least five, at least six, at
{east seven, at least eight, at least nine, or at least ten attachment regions.

{80137} In some aspects, a barcode domam can comprise about 4 attachment regions.

[80138] 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 18 capable of bemng reversibly bound by a reporter probe of the present disclosure 1s herein
referred 10 as an attachment sequence. Accordingly, an attachment region of a barcode domamn
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 identical. In some aspects, the attachment sequences within a single
attachment can be different; thus, the reporter probes that bind within that single attachment will
be different.

186139} 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.

188146} In some aspects, an attachment sequence can be about 5 nuclestides, or abowt 6

nucleotides, or about 7 nucleotides, or about 8 nucleotides, or about 9 nucleotides, or about 10
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nucleotides, or about 11 nucleotides, or about 12 nucleotides, or about 13 nucleotides, or about
14 nucleotides, or about 15 nucleotides, or about 106 nucleotides, or about 17 nucleotides, or
about 18 nuclectides, or about 19 nucleotides, or about 20 nucleotides i length. In some aspects,
an attachment sequence can be about 14 nuclectides 1n length.

188141} In some aspects, a barcode domain comprises L-DNA. In some aspects, a barcode
domain consists of L-DNA.

{80142} In some aspects, a barcode domain can comprise about 4 attachment regions, wherein
each attachment region comprises about 1 attachruent sequence, wherein each attachment
sequence 1s about 14 nucleotides in length, such that the barcode domain 1s about 56 nucleotides
m 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 nucleotides 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-
DNA.

(80143} Accordingly, the present disclosure provides an ISH probe comprising a target binding
domain and a barcode domain, wherein the target binding domain 5 a single-stranded
polynucleotide comprising a nucleic acid sequence that 1s complementary to a target nucleic
acid, wheremn the target binding domain 15 about 35 {0 about 40 nucleotides n length, and
wherein the target binding domain comprises D-DBNA, and wherein the barcode domain s a
single~-stranded polynucleotide compnising about four attachment regions, wheremn gach
attachment region comprises about one attachment sequence, wherem each of the attachment
sequences is about 14 nucleotides i length, and wherein the sequences of each of the attachment
sequences are different, and wherem the barcode domam comprises L-DNA. A schematic of this
exemplary INH probe is shown n FIG 1.

[80144] Accordingly, the present disclosure provides an ISH probe comprising a target binding
domain and a barcode domamn, wherein the target binding domain 15 a single-stranded
polynuclectide comprising a nucleic acid sequence that 18 complementary 1o a target nucleic
acid, wherein the target binding domain 18 about 35 (o about 40 nucleotides i length, and

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

601451 Reporter probes of the present disclosure

i80146] 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.

{80147} A reporter probe can comprise at least two domains, wherein the first domain hybridizes
to an attachment sequence and the second domamn comprises at least one detectable label.

(80148} In some aspects, a reporter probe can comprise at least about 10, or at least about 15, or at
feast about 20, or at least about 25, or at least about 30, or at least about 35, or at least about 40,
or at least about 45, or at least about 50 detectable labels. In some aspects, a reporter probe can
comprise about 10, or about 13, or about 20, or about 25, or about 30, or about 33, or about 40,
or about 45, or about 530 detectable labels.

[80149] In soroe aspects, a reporter probe can be pre-assembled prior to being contacted with a
biological sample.

80136} In some aspects, a reporter probe can comprise a primary nucleic acid molecule A
primary nucleic acid molecule can be a single-stranded polynuclectide. In some aspects, a
primary nucleic acid molecule can comprise L-DNA . In some aspects, a primary nucleic acid
molecule can consiat of L-DNA.

80151 A primary mucleic acid molecule can comprise at feast two domams. In some aspects, the
first domaim of a prinary nucleic acid molecule can hybnidize to an attachment sequence m 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.

186152} 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 at 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 nucieic acid molecules.

(86133} In some aspects, a primary nucleic acid molecule can further comprise a cleavable linker
motety. In some aspects, the cleavable hinker moiety can be located between the first domam and
the second domain, such that when the cleavable linker motety 1s cleaved, the first domam and
the second domain are separated. In preferred aspects, the cleavable linker motety 152
photocleavable linker motety.

(80184} In some aspects, the first domam of a primary nucleic acid molecule can be about 5
nucleotides, or about & nucleotides, or about 7 nucleotides, or about 8 nucleotides, or about &
nucleotides, or about 10 nucleotides, or about 11 nucleotides, or about 12 nucleotides, or about
13 nucleotides, or about 14 nucleotides, or about 15 nucleotides, or about 16 nucleotides, or

7
H

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

198138} In some aspects, the second domain of a primary nucleic acid mwolecule 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 nucleotidss, or
about 83 nucleotides, or about 84 nucleotides, or about 85 nuclestides, or about R6 nucleotides,
or about 87 nucleotides, or about 88 nucleotides, or gbout 892 nucleotides, or about 90 nucleotides
m length. In some aspects, the second domain of a primary nucleic acid molecule can be about
34 nucleotides n length.

[86136] In some aspects, a primary nucleic acid molecule can be about 90 nucleotides, or about
91 nucleotides, or about 92 nucleotides, or about 93 nucleoiides, or about 94 nucleotides, or
about 95 nucleotides, or about 96 nucleotides, or about 97 nucleotides, 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 nuclectides, or about 107 nucleotides, or about 108 nucleotides, or about 109
nucleotides, or about 110 nucleotides m length. In some aspecis, a primary nucleic acid can be

about 98 nuclectides in length
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180157} In some aspects, 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 at least about
three, or at least about four, or at least about five, or ai least 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 reporter probe can comprise about six secondary nucleic acid molecules. A
secondary nucleic acid molecule can be a single-stranded polynucleotide. In some aspects, a
secondary nucleic acid molecule can comprise L-DNA . In some aspects, a secondary nucleic
actd molecule can consist of L-DNA.

[80158) A secondary nucleic acid molecule can comprise at least two domains. In some aspects,
the first domain of a secondary nucleic acid molecule can hybridize to a primary nucleic acid
molecule. In some aspecis, the second domain of a secondary nucleic acid molecule can
comprise at least one detectable label

(80159} In some aspects, a secondary nucleie acid molecule can further comprise a cleavable
finker moiety. In some aspects, the cleavable linker molety can be located between the first
domain and the second domain, such that when the cleavable linker moiety s cleaved, the first
domain and the second domain of the secondary nucleic acid molecule are separated. In
preferred aspects, the cleavable hinker motety s a photocleavable hinker motety.

i80160] In soroe aspects, the second doman of a secondary nucleic acid molecule can hybridize
to at least one tertiary nuclewe acid molecule. In some aspects, the second domam of a secondary
nucleic acid molecule can hybridize to at least about two, or at least about three, or at feast about
four, or at least about five, or at least about six, or at least about seven, or at least about eight, or
at feast about nine, or at least about ten tertiary nucleic acid molecules. In some aspects, the
second domaim of a secondary nuclewe acid molecule can hybridize to about five tertiary nucleic
acid molecules.

[pet61] In some aspects, the first domain of a secondary nucleic acid molecule can be about 5
nucleotides, or about 6 nucleotides, or about 7 nucleotides, or about 8 nuclectides, or about 9
nucleotides, or about 10 nucleotides, or about 11 nucleotides, or about 12 nucleotides, or about
13 nuelectides, or about 14 nucleotides, or about 15 nucleotides, or aboui 16 nucleotides, or
about 17 nucleotides, or about 18 nucleotides, or about 19 nucleotides, or about 20 nucleotides in
length. In some aspects, the first domam of a secondary nucleic acid molecule can be about 14

nucleotides in length.
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188162} In some aspects, the second domain of a secondary nucleic acid molecule can be about 65
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 nucleotides, or
about 73 nucleotides, or about 74 nucleotides, or about 75 nucleotides, or about 76 nucleotides,
or about 77 nucleotides, or about 74 nucleotides, or about 79 nucleotides, or about 80
nucleotides, or about 81 nucleotides, or about 82 nucleotides, or about 83 nucleotides, or about
84 nucleotides, or about 85 nucleotides 1n length. In some aspects, the second domaimn of a
secondary nucleic acid molecule can be about 75 nucleotides in length.

{80163} 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 25, 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 teast about 32, or at least about 33, or at least about 34, or at least about 33, 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 acid molecules. Tn some aspects, a reporter probe can comprise about 30 tertiary nucleic
acid molscules.

[8e164} In some aspects, a tertiary nucleie acid molecule can comprise a domain that hybridizes
to a secondary nucleie acid molecule.

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

{86166} In some aspects, a tertiary nucleie acid molecule can be about 5 nucleotides, or about 6
nucleotides, or about 7 nucleotides, or about 8 nucleotides, or about 9 nucleotides, or about 10
nucleotides, or about 11 nucleotides, or about 12 noclsotides, 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 nucleotides, or about 21 nucleotides,
or about 22 nucleotides, or about 23 nucleotides, or about 24 nucleotides, or about 25 nucleotides
i fength. In some aspects, a tertiary nucleic acid molecule can be about 15 nucleotides in length.
180167} In some aspects 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 wheremn all of the detectable

labels have the same emission spectrum can be referred to as “single-color” reporter probes.
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[80168] In some aspects wherein a reporter probe comprises more than one detectable label, the
reporter probe can have two or more detectable abels that each have a different emission specira.
in aspects wherem the deteciable labels are fluorescent iabels, reporter probes that have two or
more detectable labels that each have a different emussion spectra can be referred {0 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 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 linker located between the first domain and the second domain, wherein the first
domain of each of the secondary nuclew acid molecules 15 hybridized to the second domain of
the primary nucleic acid molecule, wherein the second domain of each of the secondary nucleic
acid molecules 1s hybridized to about five tertiary nucleic acid molecules, wherein each of the
tertiary nuclewe acid molecules coraprise at least one 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 exemiplary reporter probe 18 shown i FIG. 2. In
some aspects, the first doman of the primary nucleic acid molecule 15 about 14 nucleotides
length, the second domain of the primary nucleic acid molecule 15 about 84 nucleotides 1o length,
the first domam of the secondary nucleic acid molecules 15 about 14 nuclestides o length, the
second doman of the secondary nucleic acid molecules 1s about 75 nacleotides in length, and
each of the tertiary nucleic acid moleculdes 1s about 15 nacleotides in tength

861781 The present disclosure provides a reporter probe comprising a primary nucleic acid
molecule comprising a first domamn, a second domain and a photocleavable linker located
between the first domain and the second domain, wherein the second domai of the primary
nucleic acid molecule 15 hybridized to about six secondary nucleic acid molecules, wherem each
secondary nuclewc acid molecule comprises a first domam, a second domain and a
photocleavable linker located between the first domain and the second domam, wherein the first
domain of each of the secondary nucleic acid molecules 1s hybridized to the second domain of
the primary nucletc acid molecule, wherein the second domain of each of the secondary nucleie

actd molecules ts hybridized to about five tertiary nucletc acid molecules, wheremn each of the
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tertiary nucleic acid molecules comprise at least one detectable label, and wheremn the primary
nucleic acid 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 is about 14 nucleotides in length, the second domain of the primary nucleic acid
molecule 1s about 84 nucleotides in length, the first domain of the secondary nucleic acid
molecules 1s about 14 nucleotides in length, the second domain of the secondary nucleic acid
molecules s about 75 nucleotides 1 length, and each of the tertiary nucleic acid molecules is
about 15 nucleotides in length.

80171} In some aspects, a photocieavable 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 light enutting diode.

[88172] A cleavable linker moiety can be
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or a steresisomer or salt thereof

861731 A cleavable hinker moiety can be
Y
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[88176] A cleavable linker moiety can be S

180177} In preferred aspects, a detectable label can be a fluorescent moiety or a fluorescent label.
One of skill 10 the art can consult references directed to labehng nucleic acids. Examples of
fluorescent mwoteties include, but are not himued to, yellow flucrescent protein (YFP), green
fluorescent protein {GFP), cyan fluorescent protein {CFP), red fluorescent protein (RFP),
umbelliferone, fluorescern, fluorescein 1sothiocyanate, rhodamme, dichlorotrazinylamine
fluorescem, cvanines, dansyl chloride, phycocyanin, phycoerythrin and the like.

(861781 Fluorescent labels and their attachment to nuclestides and/or shgonucleotides are
described n many reviews, including Haugland, Handbook of Fluorescent Probes and Research
Chemicals, Ninth Edition {Molecular Probes, Inc., Eugene, 2002); Keller and Manak, DNA
Probes, 2nd Edition (Stocktion Press, New York, 1993}, Eckstem, editor, Ohigonucleotides and
Analogues: A Practical Approach (IRL Press, Oxford, 1991); and Wetmur, CUritical Reviews i

Biochemustry and Molecular Biology, 26:227-259 (1991). Particudar methodologies applicable to
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the disclosure are disclosed in the following sample of references: U8, 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-dichlorofluorescein dyves);
5,366,860 (spectrally resolvable rhodamine dyes); 5,847,162 {4, 7-dichlororhodaming dyes);
4,318,846 {ether-substituted fluorescein dyes}); 5,800,996 {energy transfer dves), Lee er &/,
5,066,580 (xanthine dves); 5,688 64¥ (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
5,990,479 6,207.392; 2002/0045045; and 2003/00172564. As used herein, the term “Tluorescent
iabel” comprises a signaling moiety that conveys information through the fluorescent absorption
and/or emisston properties of one or more molecules. Such fluorescent properties include
fluorescence intensity, fluorescence lifetime, ernission spectrurn characteristics, energy transfer,
and the like.

8179} Commercially available fluorescent nucleotide analogues readidy incorporated mto
nucleotide and/or oligonucleotide sequences mclude, but are not houted to, Cy3-dCTP, Cy3-
dUTP, Cy5-dCTP, CyS-dUTP {Amersham Biosciences, Piscataway, NI}, fluorescen~ 12-dUTP,
tetramethyirhodammne-6-dUTP, TEXAS RED™.S-dUTP, CASCADE BLUEM-7-dUTP,
BODIPY TMFPL-14-dUTP, BODIPY TMR-14-dUTP, BODIPY TMTR-14-dUTP,
RHODAMINE GREEN™.S-dUTP, OREGON GREENR™ 48§-5-dUTP, TEXAS RED™. 12-
dUTP, BODIPY T™M 630/650- 14-dUTP, BODIPY T™M 650/665- 14-dUTP, ALEXA FLUQR™
488-5-dUTP, ALEXA FLUOR™ 532.5-dUTP, ALEXA FLUOR™ $68-5-dUTP, ALEXA
FLUQR™ 594-5-dUTP, ALEXA FLUOR™ 346~ 14-dUTP, fluorescein- 12-UTP,
tetramethyirhodamine-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
GREENTVSUTP, ALEXA FLUOR™ 488-5-UTP, LEXA FLUOR™ 5346- 14-UTP (Molecular
Probes, Inc. BEugene, OR) and the like. Alternatively, the above fluorophores and those
mentioned herein can be added durning olhigonucleotide synthesis using for example
phosphoroamidite or NHS chenustry. Protocols are known in the art for custom synthesis of
nucleotides having other fluorophores {(See, Henegarm ef of. (2000} Nature Biotechnol. 18:345).

2-Aminopunine 1s a fluorescent base that can be imcorporated directly in the oligonucleotide
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sequence during its synthesis. Nucleic acid could also be stained, a prior, with an intercalating
dye such as DAPL YOYO- 1 | ethidium bromide, cyanine dves {e.g, SYBR Green) and the hike.
[80186] Other fluorophores available for post-synthetic attachment include, but are not limited to,
ALEXA FLUQR™ 350, ALEXA FLUODR™ 405, ALEXA FLUOR™ 430, ALEXA FLUQR™
532, ALEXA FLUOGR™ 5346, ALEXA FLUGR™ 568, ALEXA FLUQR™ 594 ALEXA
FLUOGR™ 647 BODIPY 493/503, BODIPY FL, BODIPY RoG, BODIPY 534/550, BODIPY
TMR, BODIPY 558/568, BODIFY 538/568, BODIPY 364/570, BODIPY 376/58%9, BODIPY
S81/591, BODIPY TR, BODIPY 630/650, BODIPY 650/663, Cascade Blue, Cascade Yellow,
Dansyi, lissamine thodamine B, Marina Blue, Oregon Green 488, Oregon Green 514, Pacific
Blue, Pacific Orange, rthodamine 6G, rthodamine green, thodamine red, tetramethy! rhodamine,
Texas Red (available from Molecular Probes, Inc., Fugene, OR), Uy2, Cy3, Cy3.5, CyS, Cvs.5,
Cy7 {Amersham Biosciences, Piscataway, NJ) and the like, FRET tandem fluorophores can also
be used, including, but not limiuted to, Per(CP-Cy 5 S, PE-CyS, PE-Cy5.5, PE-Cy7, PE-Texas Red,
APC-Cy7, PE-Alexa dyes {610, 647, and 680), APC-Alexa dves and the like.

seis1] Metallic stlver or gold particles can be used to enhance signal from fluorescently labeled
rucleotide and/or oligonucleotide sequences (Lakowicz ef af. {2003) BioTechmugues 34:62).
(9e182] Other suitable labels for an ohgonucleotide sequence can 1nclude fluorescen (FAM,
FITC), digoxngenin, dimttrophenol (DNP), dansyl, biotin, bromodeoxyuridine (BrdU),
hexahistidine (6xHis), phosphor-amine acids {e.g., P-tyr, P-ser, P-thr) and the like. The
following hapten/antibody pairs can be used for detection, 1 which each of the antibodies 18
derrvatized with a detectable label: biotin/a-biotin, digoxigenin/a-digoxigenin, dintiropheno!
{DNPYa-DNP, S-Carboxyfluorescein (FAM)Ya-FAM.

(861831 Detectable labels described herein are spectrally resolvable. “Spectrally resolvable”™ m
reference to a plorality of fluorescent labels means that the fluorescent emussion bands of the
labels are sufficiently distingt, i.e, sufficiently non-overlapping, that molecular tags to which the
respeciive labels are attached can be distinguished on the basis of the fluorescent signal
generated by the respective labels by standard photodetection systems, e.g., employing 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, rhodamine, and the like, means that
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wavelength enmission 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.
186184} Imaging methods

[80185] The present disclosure provides a method of detecting the abundance and spatial location
of more than one species of target analyte in a biclogical sample using the ISH probes and
reporter probes of the present disclosure.

{8018¢6] 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 m a biological
sample using the ISH probes and reporter probes of the present disclosure.

[80187] In soroe aspects, a target analyie can be g protein {i.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 protein 1n a biological sample using the ISH
probes and reporter probes of the present disclosure,

[80188] In soroe aspects, a target analyie can be a carbohydrate molecule {e.g. a sugar motety,
specific glycosylation motifs, et ). Accordingly, the present disclosure provides a method of
detecting the abundance and spatial location of more than one species of target carbohydrate
molecule.

[80189] A target nucleic actd can be any nueleic acid to which an ISH probe of the present
disclosure can hybnidize. The target nocleic acid can be DNA or RNA In preferred aspects, a
target nucleic acid 15 an mRNA,

0198} In brief, each species of target nucleic acid that 1s 1o be detected in a bislogical sample s
assigned a predetermined and unigue ISH probe that comprises: a) a target binding domain that
i3 complementary 1o that specific species of farget nucleic acid {i.e. that 1s designed such that it
only hybridizes to that specific species of target nucleic acid); and b} a umique barcode domain
comprising a umque nucletc acid sequence that 1s specific to that species of target nucleic acid.
The unique nucleic acid sequence of the barcode domain 18 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 “hinear order of deteciable labels”

which 15 specific to that species of target nuclerc acid.
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[80191] A target protein can be any protein to which an ISH probe of the present disclosure can
bind.

180192] In brief, each species of target protein that s to be detected in a iological sample is
assigned a predeternmined and unique INH probe that comprises: a a target binding domain that
binds to that specific species of target proten (7.e. that is designed such that it only binds to that
specific species of protein}; and b} a unigue barcode domain comprising a unique nucleic acid
sequence that is specific to that species of protem. The unigue nucleic acid sequence of the
barcode domain is 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
protem.

[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 aspects, the target carbohydrate can be part of a
specific ipid 1o be detected.

i80194] In brief, each species of target carbohydrate that 1s to be detected i a biological sample s
assigned a predetermmned and uruque ISH probe that comprises: a) a target binding domain that
binds to that specific species of target carbohydrate (7., that 1s designed such that it only binds to
that specific species of carbohydrate); and b} a unigue barcode domain comprising a unique
nucleic acid sequence that 18 specific to that species of carbohydrate. The unique nucleic acid
sequence of the barcode domain 18 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 “hinear order of detectable labels” which 15 specific to that species of
target carbohydrate.

[80193] 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 biological sample using
the ISH probes of the present disclosure and reporter probes of the present disclosure. The
method begins in FIG. 3A with a iological sample that comprises two copies of target nucleic
acid #1 {one in the upper left part of the sample and one 1n 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 15 contacted with a phurality 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 o target nucleic acid #2 (ISH probe tvpe #2)
hybridize to target nucleic acid #2. A third tvpe of probe (INH probe type #33, which has a target
binding domain complementary to a third type of target nucleic acid does not hybridize within
the biological sample, because the bislogical sample does not contain the third tvpe of target
nucleic acid.

{80196] In the second step, the non-hybridized ISH probes are washed off of the biological
sample.

188197} In a third step, shown in FIG. 3B, the biological sample i1s contacted with a plurahity 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 15 designed such that the first
attachment region hybridizes o a reporter probe with a red fluorescent label and ISH probe type
#2 15 designed such that the first attachioent region hybridizes to a reporter probe with a green
fluorescent label.

98198} In a fourth step, shown in FIG. 3C, the wentity 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 1 “Location 37,

(98199} In a fifth step, shown 1n FIG. 3D, the detectable labels are removed from the hybnidized
reporter probes. In this non-limiting example, the reporter probes comprise photocleavable
moteties that can be cleaved by dlummation with UV hight, which releases the detectable labels,
which are subsequently washed away.

(98280} In a sixth step, shown mn FIG. 3E, the biological sample 1s contacted with a second
plurality of reporter probes comprising detectable labels. The barcode domain of ISH probe type
#1 18 designed such that the second attachment region hybridizes to a reporter probe with a
yellow fluorescent Iabel and ISH probe type #2 15 designed such that the second attachment
region hybridizes to a reporter probe with a8 red fluorescent label.

86261} In a seventh step, as shown i FIG. 3F, the identity and spatial location of the detectable

labels 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
veliow label was detected in Location 3.

186202} In an eighth step, as shown in FIG. 3G the detectable labels are removed from the
hybridized reporter probes by UV-induced cleavage of photocleavable moigties within the
reporter probes,

{80203] These steps are repeated until 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-limiting example, the
linear order of detectable labels at Location 1 and Location 3 was red-vellow-green-red and the
iinear order of detectable labels at Location 2 was green-red-yellow-veliow. Thus, given that red-
vellow-green-red 1s specific to target nucleic acid #1 and green-red-yellow-yellow 15 specific to
target nucleic acid #2, the method has allowed for the identification of two copies of target
rwicleic acid #1 10 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 wdentification of one copy of target nucleic
acid #2 at Location 2.

180204] 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 sample. In some aspects, the methods
of the present disclosure can be used to deternune the spatial abundance of at least about 10, or at
feast about 20, or at least abowt 30, or at least about 40, or at teast about 30, or at least about 60,
or at feast about 70, or at least about 80, or at least about 90, or at least about 100, or at least
about 110, or at least about 120, or at east about 130, or at least about 140, or at least about 150,
or at feast about 160, 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 feast 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 teast about 10,000, or at least about
100,000, or at least about 1,000,000 different species of target nuclec acids andfor target
protems within a biological sample.

[80203] Accordingly, the present disclosure provides a method of determining the abundance and
spatial position of at feast one target analyte in a biological sample, the method comprising: a)

contacting a biological sample prepared according to the sample preparation methods described
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herein with a plurality of reporter probes of the present disclosure, wherein each reporter probe
comprises at least one detectable label, thereby hybricdhizing 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
iabel, 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 protein 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 coraprises at least one detectable label, thereby hybridizing a reporter probe
to an attachment region of a barcode doman of at least one ISH probe bound to a target protein
molecule o the biological sample; b rernoving non-hybridized reporter probes from the
biological sample; ¢ recording the 1dentity 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} uoti] each attachment region 1 the barcode domans of ISH probes
bound to a target protein molecule m the biological sample have been hybridized to a reporter
probe comprising at least one detectable label, thereby determming the abundance and spatial
position of the at least one target protein molecule n the biological sample based on the
sequence i which the detectable labels were recorded.

[80207] Accordingly, the present disclosure provides a method of determimng the abundance and
spatial position of at feast one target nucieic acid molecule 1 a bislogical sample, the method
comprising: a) contacting a biological sample prepared according 1o 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 (o a target

nucleic acid molecule in the biological sample; b) removing non-hybridized reporter probes from
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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 e} repeating steps {a}-{d} unti each attachment region in the barcode domains of ISH probes
hybridized to a target nucleic acid m the hiological 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 nucleic acid molecule in the bioclogical sample based on the
sequence in which the detectable labels were recorded.

{80208 Accordingly, the present disclosure provides a method of determining the abundance and
spatial position of at least one target analvte 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 hybrnidizing a reporter probe to an attachment
region of a barcode domamn of at least one ISH probe bound to a target analyte i the bological
saraple; b} removing non-hybridized reporter probes from the biological sarmple; ¢ recording the
identity and spatial position of the detectable labels of the hybridized reporter probes; d)
removing the detectable labels of the hybnidized reporter probes; and ) repeating steps (a)-{d)
untit 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 hybnidized to a reporter probe comprising at least one detectable
label, thereby deternmuning the abundance and spatial position of the at least one target analyte in
the biological sample based on the sequence 1o which the detectable labels were recorded.
[80209] Accordingly, the present disclosure provides a method of determimng the abundance and
spatial position of at feast one target protemn molecude n 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 reporter probes from the
biclogical sample; ¢} recording the dentity and spatial position of the detectable labels of the

hybridized reporter probes; d) removing the detectable labels of the hvbridized reporter probes;
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and e} repeating steps {ai-{d} untid 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 atiachment regions n the barcode domains of ISH probes bound to a
target protein molecule n the biological sample have been hybridized to a reporter probe
comprising at least one detectable label, thereby determimning the abundance and spatial position
of the at least one target protein molecule in the biclogical sample based on the sequence in
which the detectable labels were recorded.

{8218} Accordingly, the present disclosure provides a method of determining the abundance and
spatial position of at least one target nucleic acid 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 hvbridizing a reporter probe
to 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 wentity 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 attachument region of the at least one, or at least two, or at
{east three, or at least four, or at least five, or at least six, or at least seven, or at least eight, or at
least rune, or at least ten attachroent regions 1 the barcode domans of ISH probes hybridized 1o
a target nuclewc acid in the biological sample have been hybridized to a reporter probe
comprising at least one detectable label, thereby determimming the abundance and spatial position
of the at least one target nucleic acid molecule 10 the biological sample based on the sequence
which the detectable labels were recorded.

jp0211] Accordingly, the present disclosure provides a method of determining the abundance and
spatial position of af least two target analytes in 3 biological sample, the method comprising: a)
contacting 8 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 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 bislogical sample; ¢} recording the

identity and spatial position of the detectable fabels of the hybridized reposter probes; d)
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removing the detectable labels of the hybridized reporter probes; and e) repeating steps {(a}-{(d}
until each attachment region in the barcode domaims of ISH probes bound 1o 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 two target analytes n
the biological sample based on the sequence in which the detectable labels were recorded.

{80212) 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, wheremn
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 i the biological sample; b) removing non-hyvbridized 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 e} repeating steps {a)-{d) until each attachment region n the barcode domains of ISH probes
bound to a target protein molecule m the biclogical sample have been hybnidized to a reporter
probe comprising at least one detectable label, thereby deternuning the abundance and spatial
position of the at least two target protein molecules 10 the hiological sample based on the
sequence m which the detectable labels were recorded.

(98213} Accordingly, the present disclosure provides a method of determining the abundance and
spatial position of at least two target nucleic acid molecules 10 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 hyvbnidizing a reporter probe
to an attachment region of a barcode domam of at least one ISH probe hybridized to a targst
nucleic acid molecule i the biological sample; b) removing non-hybridized reporter probes from
the biological sample; ¢) recording the wdentity and spatial posttion 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 bislogical sample have been hyvbridized to a reporster

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 bislogical sample based on the
sequence in 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 i a biclogical sample, the method comprising: a)
contacting 8 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 fo an attachment
region of a barcode domain of at least one ISH probe bound to a target analyte in the biclogical
sample; b) removing non-hybridized reporter probes from the bislogical 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 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 1o a reporter probe comprising at least one detectable
iabel, thereby determinung the abundance and spatial position of the at least two target analvtes in
the biological sample based on the sequence in which the detectable labels were recorded.

80218} Accordingly, the present disclosure provides a method of determining the abundance and
spatial position of at least two target protein molecules 10 a biclogical 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 protemn
molecude m the biological sample, b} removing non-hybridized reporter probes from the
hological sample; ¢ recording the wdentity and spatial posttion 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
ieast nineg, or at least ten attachment regions in the barcode domains of ISH probes bound to a
target protein molecule in the biclogical sample have been hybridized 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 in the biological sample based on the sequence m
which the detectable labels were recorded.

[B0216] Accordingly, the present disclosure provides a method of determining the abundance and
spatial position of at least two target nucleic acid molecules 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 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 postiion 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) untid each attachment region of the at least one, or at least two, or at
ieast three, or at least four, or at least five, or at least six, or at least seven, or at least eight, or at
ieast nine, or at least ten attachment region 1 the barcode domains of ISH probes hybridized to a
target nucleic acid in the bological sample have been hybridized to a reporter probe comprising
at least one detectable label, thereby deternnung 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.

(80217} In some aspects of the preceding methods, deternurung the abundance and spatial
posifion of the target analyte{s) can comprise using the abundance and spatial position of said
target analytes to define one or more regions of 1nterest within the biological sample. In some
aspects, after identifying the one or more regions of mterest within the tissue sample, the nucleic
acid probes {(i.e. ISH probes} bound to the target analytes can be removed from the biological
sarnple, the biological sample can be contacted agam with at least one nucleic acid probe {i.e.
ISH probe), and the imaging methods deseribed above can be repeated only within the identified
one or more regions of mierest within the biological sample. Without wishing fo be bound by
theory, by wdentifving the one or more regions of mnterest 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 fissue sample. In a non-limiting example,
determining the abundance and spatial position of said target analvies to define one or more

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

(86218} In some aspects of the preceding methods, the biological sample can be a mounted
biological sample prepared according to the sample processing methods described herein. In
some aspects, the mounted biological sample 15 in a flow cell prepared using the sample
processing methods described herein.

[80219] Any steps of the sample preparation methods described herein can be combined with any
of the steps of the imaging methods described herein.

{80220] In some aspects of the preceding method, the method can further comprise, prior to step
{a), pretreating the biological sample. In some aspects, pretreating the biological sample can
comprise mcubating the biclogical sample in a Sulfo-NHS acetate blocking solution. In some
aspects, pretreating the biological sample can corprise washing the biological sample with
Reporter Wash Buffer. Tn some aspects, pretreating the biological sample can comprise
mecubating the bological sample 10 an autofluorescence suppressor butfer. In some aspects,
pretreating the biological sample can comprise tlluminating the biological sample with blue
and/or UV light, thereby quenching sample autofluorescence via photobleaching. In some
aspects, any combination of UV and readout channel illumination can be used to guench sample
autoftuorescence via photobleaching.

80221} In sorue aspects, pretreating the biological sample can comprise: 1) ncubating the
hiological sample 10 a Sulfo-NHS Acetate Blocking solution for about 15 minutes; and 1)
washing the biological sample with Reporter Wash Butfer, In some aspects, pretreating the
hological sample can comprise: 1} incubating the biological sample in a Sulfo-NHS Acetate
Biockig solution for about 15 munutes; 1) washing the biological sample with Reporter Wash
Buffer; 1) incubating the biological samaple n an autofluorescence sappressor buffer; and v)
washing the biclogical sample with Reporter Wash Buffer. In some aspects, pretreating the
hological sample can comprise: 1} incubating the biological sample in a Sulfo-NHS Acetate
Biocking solution for about 15 munutes; 1) washing the biological sample with Reporter Wash
Buffer; 11} incubating the biological sample i an autofluorescence suppressor buffer and/or

ihiminating the biological sample with blue and/or UV light, thereby quenching sample
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autofluorescence via photobleaching; and v} washing the biclogical sample with Reporter Wash
Buffer.

168222} In some aspects, washing the biological sample can comprise washing the biological
sample with at least about 1000 mi of Reporter Wash Buffer.

180223} In some aspects, Reporter Wash Buffer can comprise a solution of 0.5% Tween-20 1 1x
SSPE solution.

(86224} In some aspects, an autofluorescence suppressor butfer can comprise any buffer that
decreases autofluorescence of tissue samples, as would be appreciated by the skilled artisan. A
non-limiting example of an autofluorescence suppressor buffer s TrueBlack Background
Suppressor Solution (available from Biotium, Inc., Fremont, CA},

180228 As would be appreciated by the skilled artisan, 20x SSPE buffer comprises 0. 0ZM EDTA
and 2.98M Naf’L. 1n 0.2M phosphate buffer pH 7 4.

(80226} In some aspects, a Sulfo-NHS Acetate Blocking Solution can comprise a solution of 100
oM Suifo-NHS acetate and 100 mM Sodium Phosphate pH 8.0,

180227} 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
concendration of 5 nM , 8. 75x SSPE solution, 0.5% Tween-20 and 0,196 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 mcubating the biological sample with a solution for about 15 munutes, wherein the
solution comprises more than one species of reporter probe, wherem at feast one species of
reporter probe 13 present at a concentration of 5 nM, and the sohution further comprises 8.75x
SSPE solution, 0.5% Tween-20 and 0. 1% RNase mhubitor.

[80228] 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 solotion comprises at least one species of reporter probe ata
concentration of 5 nM , 8.75x SSPE solotion, 0.5% Tween-20 and optionally 0.1% RNase
mhibitor 1 DEPC-ireated water for at least about 15 minutes. In some aspects of the preceding
method, contacting the biclogical sample with a plurality of reporier probes of the present

disclosure can comprise incubating the biological sample with a solution for about 15 minutes,
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wheretn the solution comprises more than one species of reporter probe, wherein at least one
species of reporter probe s present at a concentration of 5 nM, and the solution further comprises
8.75x KSPE solution, 0.5% Tween-20 and optionaily 0.1% RNase inhuibitor.

(862291 In some aspects of the preceding method, removing noen-hybridized reporter probes from
the biological sample can comprise washing the biological sample with Reporter Wash Butfer. In
some aspects, removing non-hybridized reporter probes from the hiclogical sample can comprise
washing the biclogical sample with at least about 2000 mL of Reporter Wash Buffer.

188230} In some aspects of the preceding method, recording the identity and spatial position
within the biclogical sample of the detectable label of the hybridized reporter probes can
comprise: 1} immersing the biological 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.

(80231} In some aspects, the Imaging Buffer can match the refractive index of water and allow for
imaging of fidincals and reporter probes without bleaching or reduction of fluorescent signal. In
a nov-limiting example, Imaging Buffer can allow for up to 4000 rounds of imaging per location
on the tissue without bleaching or reduction of Hluorescent signal.

90232] Imagimg Buffers of the present disclosure can comprise one or more of the following:
pyranose oxidase, catalase, glucose oxidase, tris (2-carboxyethyl) phosphine (TCEP),
dithiothreitol (DTT), 2-mercaptoethanol (BME), p-phenvienedianune {(PPD), n-propyl gallate
{(NPG), 1 4-diazobieyelo{ 2,2, 21-octane {DABCQO), ascorbic acid, 3-carboxy-proxyl, 4-hydroxy-
2,2,6,6-tetramethyipiperidin-1-oxyi (TEMPOL), N-tert-butvl-a-phenyinitrone, N-tert-butyl-a-{2-
sulfophenynttrone, S, 5-dunethyl-1-pyrroline N-oxide, ethyl 4,4 4-trifluorobutyrate, 4-
hydrazonomethyl-T-hydroxy-2,2,3, S-tetramethyl-3-imidazoline-3~-oxide, a~{4-pyridy! N-oxide}-
N-tert~butylmitrone, silver digthyldithiocarbamate, sodium dethyldithiocarbamate tribydrate,
3,3,5, S-tetramethyl- L-pyrroline N-oxide, 1,3,5-tri-tert-butyl-2Z-nitroscbenzene, 2-(5,5-Dimethyl-
2-0x0-2A5-{1,3 21dioxaphosphman-2-yi}-2-methyi-3 4-dihydro-2H-pyvrrole 1-oxide (CYPMPO),
vitanun B, -hydroxy-2,5,7 8-tetramethylchroman-2-carboxyhic acid (Trolox)}, N-acetyl-L-
cysteine, d-aminobenzohyvdrazide (myeloperoxidase Inhibitor-1), balsalazide disodium salt
hydrate, bilirubin, N-teri-butyl-a-phenyinitrone, caffeic acid, B-carotene, catechin gallate
chlorogenic acid, chlorophyilin sodium, p-coumaric acid, delphimidin chlonide, 5-O-{irans-3 4-

Dihydroxyemnamoyi}-D-quunic acid, BL-a-hipoic Acid, ellagic acid, 2,4-dihydro-S-methyi-2-
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phenyi-3H-pyrazol-3-one (MCI-186}, {—}-epicatechin, {~)-Epicatechin gallate, EUK-&, trans-
feralic acid, 4-(5-Fluoro-1H-indol-3-yiibutanamide, MPO Inhibitor If (Myeloperoxidase
inhibitor-11}, Fe{liljtetrakis (1-methyl-4-pyridvl} porphyrin pentachlorideporphyrin
pentachloride, Fe(lH)5,10,15 20-tetrakis{4-sulfenatophenyliporphyrinato chloride, fucoxanthin
carotenod antioxidant, gallic acid, {(—}-galiocatechin, ginkgolide | ghitathione monoethyl ester,
elutathione free acid, hesperidin, 3-hydroxytvrosol, 7-hydroxy-3-{4-methoxvphenyljchromen-4-
one {formononetin}, kaempferol, linoleic acid, (£}-o-lipoic acid, luteolin, lycopene, L-lysine |
pyridvhporphine tetratosylate salt (TMPyP), oleic acid, resveratrol, rutin hydrate, seleno-L-
methionine, se-{Methvl)selenocysteine, sodium selente, taxifolin hydrate, (+)-a-tocopherol, and
xanthophyil

[89233] In soroe aspects, Tmaging Buffer can comprise a solution of 98% Low Salt Imaging
Buffer, 1% Protocatechuic Acid (PCA) and 1% Protocatechuate dioxygenase (PCD). 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 in DEPC-treated water.

[89234] In soroe aspects of the preceding roethod, reroving the detectable labels of the
hybridized reporter probes can comprise: 1) itlluminating the biological sample with UV light
sufficient to cleave photocleavable hinker moieties 1o the hybridized reporter probes; and 1)
washing the biclogical saraple with Reporter Wash Buffer. In some aspects of the preceding
method, removing the detectable labels of the hybridized reporter probes can comprise: 1)
dluminating the biological sample with UV light sufficient to cleave photocleavable inker
moteties in the hybridized reporter probes; 11} washing the biological sample with Reporter Wash
Buffer; i) immersing the biological sample in Imaging Buoffer; and v} imaging the sample to
ensure that there are no remaming 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.

186233} In some aspects of the preceding method, removing the detectable labels of the
hybridized reporter probes can comprise: 1} ilumimating the biological sample with UV light
sufficient to cleave photocleavable linker moieties m the hybridized reporter probes; and 1)
washing the biological sample with Strip Wash Buffer. In some aspects of the preceding method,

removing the detectable labels of the hybridized reporter probes can comprise: 1) lluminating the
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biological sample with UV hight sufficient to cleave photocieavable finker moieties in the
hybridized reporter probes; 1) washing the biclogical sample with Strip Wash Buffer; 1i1)
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 buffer.

[80236] Without wishing to be bound by theory, the combination of tHuminating the biological
sample with UV hight sufficient to cleave photocleavable linker moieties i the hybridized
reporter probes and washing the biological sample with Strip Wash Butfer unexpectedly results
m more efficient and complete removal of all fluorescent labels, thereby removing possible
fluorescence contamination from future imagine cycles.

189237} In sormoe aspects, washing the biological sample with Reporter Wash Buffer can comprise
washing at a flow rate of about 0.20 mi/min to about .55 wl/min, or about 0.60 mi/nun to about
.90 ml/min, or about 0.65 mi/nun to about .85 ml/min, or about 6.70 mi/mun to about 0 85
ml/omun, or about 075 mi/min. In some aspects, washing the biological sample with Reporter
Wash Buffer can comprise washing at a flow rate of about 0.75 ml/nun. In some aspects,
washing the biclogical saraple with Reporter Wash Buffer can comprise washing at a flow rate
of 0.20 mVmm to 0.55 ml/mun, .60 mVmm to 0.90 md/mun, or .65 mVmm to 0.85 rol/mun, or
0.70 mb/mmn to 0.85 ml/mim, or 8.75 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.

[86238] 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/ern?, or about 0.01 dyn/em? to about 100 dyn/em?, or about 8.89 dyn/cm’, or about §
dyr/emt’. In some aspects, washing the biological sample with Reporter Wash Buffer can
comprise washing such that there is a sheer siress at the sample plane of about 8.89 dyn/em®. In
some aspects, washing the hiological sample with Reporter Wash Buffer can comprise washing
such that there is a sheer stress at the sample plane of 0.01 dyrw/em® to 20 dyn/ocm?, or 0.01
dyn/em? to 100 dyn/em?, or & 89 dyn/em?, or 9 dyn/em?. 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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[8023%] In some aspects, washing the biological sample with Strip Wash Buffer can comprise
washing at a flow rate of about 0.25 ml/mm to about 8.55 ml/mun, or about 0.3 mi/min to about
0.5 ml/mun, or about .35 ml/min o about 0.45 mi/mun, 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 ml/min. In some aspects, washing the biological sample with Strip Wash Buffer can
comprise washing at a flow rate of 0.25 m¥/min to 0.55 ml/mun, or 0.3 mi/min to 0.5 mVmin, or
0.35 mi/min to 0.45 ml/min, or 0.4 mi/min. In some aspects, washing the biological sample with
Strip Wash Butter can comprise washing at a flow rate of 0.4 ml/min.

{80248} In some aspects, washing the biological sample with Strip Wash Butfer can comprise
washing such that there is a sheer stress at the sample plane of about 0.01 dyrvem® to about 20
dyn/cm?, or about 0.01 dyn/em? to about 100 dyn/ent’, 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/em’®. In some
aspects, washing the biological sample with Strip Wash Butfer can comprise washing such that
there is a sheer stress at the saraple plane of 0.01 dyn/em® to 20 dyw/en?, or ©.01 dyr/om? to 100
dyr/ent’, or 8.89 dyn/ent’, or 9 dyn/om?®. In some aspects, washing the biological sample with
Strip Wash Buffer can comprise washing such that there 18 a sheer siress at the sample plane of
8.89 dyn/cm’.

(80241} 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 determune one or more regions of interest to be 1maged. In some aspects, morphology
scanmng can be used to 1dentify specific features of the biological sample {e.g. tumorous cells,
healthy cells, tumor margins, cellular membranes, cellular nucles, one or more cellular
organelles, vasculature, or any other features known in the art by the skilled artisan). In some
aspects, the specific features of the biological 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 scanming can be used to determine the boundaries of indivaduoal cells within
the biological sample. The determination of the boundaries of individual cells s referred to
herein as "cell segmentaiion”.

[80242] In some aspecis of the preceding method, the method can further comprise staining the

biological sample with a membrane specific-fluorescent staining sohution and mmaging the

(4]
(W1



WO 2022/060967 PCT/US2021/050642

biclogical sample to identify the spatial location of celhilar membrangs within the sample. This
staining can be performed at any step in the protocol, e.g. before contacting the mounted
biclogical 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.

{80243] In some aspects of the preceding method, the method can further comprise staining 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. This staining 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.

{80244} In some aspects of the preceding method, the method can further comprise, after step (e},
statning the bological sample with a membrane specific-fluorescent staining solution and
wnaging the bological sample 1o wdentify the spatial location of cellular membranes withun the
saraple.

{80243} In some aspects of the preceding method, the method can further comprise, after step (e},
statning the bological sample with a nuclear-specific fluorescent stainung solution and imaging
the biological sample to 1dentify the spatial location of cellular nuclet in the sample.

88246} In some aspects, membrane and/or nuclear stains are used to perform morphology
scanning on the biclogical sample. Accordingly, in aspects wheremn the membrane and/or nuclear
stamns are performed before contacting the biological sample with at least one nueleic acid probe
or a phurality of reporter probes, the membrane and/or nuclear stains can be used to determine
one or more regions of miterest to be imaged during deternunation of the abundance and spatial
position of target analyies {e.g target nucleic acid molecules, target protein molecules, ete ).
Without wishing 1o be bound by theory, by determining the region to be imaged using the
membrane and/or nuclear stains, the total time to run maging experiments can be decreased by
imaging only pariicular regions of mterest, as the total duration of an experiment increases as
more areas of the bislogical sample are imaged. Morphology scanning using membrane and/or
nuclear siains can be performed before or after any steps of any of the methods of the present

disclosure and can also be repeated multiple times.
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180247} In some aspects, performing morphology scanning on the biological sample can comprise
mcubating the biological sample with immunostaming 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/BCS 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 1n 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
antibody 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 scanning can condinue by washing the biological sample with PBS to remove any
unbound probes.

198230} In some aspects, after washing the biological sarple with PBS 1o 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 herein that hybridize to the
barcode domains of the ISH probes; 1) washing the biological sample with Reporter Wash
Buffer; i) incubating the biological sample with yimagie buffer; iv) recording the identity and
spatial position 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 domams have been hvbridized to a reporter probe.

[80251] In some aspects of the preceding method, the method can further comprise, after step {e}:
£y washing the biological sample with Strip Wash Buffer; g} immersing the biological sample in
imaging Buffer; h) imaging the biological sample 1o ensure that there are no remaining
detectable labels; 1} incubating the biological sample with Membrang Stain Blocking Solution; 3}
mcubating the biclogical sample with Membrane Stain sohition; k) washing the biological

sample Reporter Wash Buffer; 1} immersing the bislogical sample in Imaging Buffer; m)
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imaging the biclogical sample to record the spatial position of the cellular membranes i the
biological solution; n} incubating the sample with Nuclear Stain Solution; o} washing the
biological sample with Reporter Wash Buffer; p} immersing the sample 1 Imaging Buffer; and
q) imaging the biological sample to record the spatial position of cellular nuclet m the sample.
[80252] In some aspects of the preceding method, the method can further comprise, after step {e}:
£y washing the biclogical sample with Strip Wash Butffer; ¢} immersing the biological sample in
Imaging Buffer; h) imaging the biological sample to ensure that there are no remainng
detectable labels; 1) incubating the sample with Nuclear Stain Solution; 1) washing the biological
sample with Reporter Wash Butter; k} immersing the sample in Imaging Buffer; and 1} imaging
the biological sample to record the spatial position of cellular nuclet in the sample; m) incubating
the biclogical sample with Membrane Stain Blocking Solution; n}) incubating the bislogical
saraple with Membrane Stan solution; o} washing the biological sample Reporter Wash Bufter;
p} immersing the biological sample in Imaging Buffer; g} imaging the hiological sample to
record the spatial position of the cellular membranes in the biological solution,

180253} In some aspects of the preceding method, the method can further comprise, before or
after any step: 1) washing the biological sample with Strip Wash Buffer; 1) vnmersing the

no remaining detectable labels; 1v) incubating the biological sample with Membrane Stain
Blocking Solution; v} incubating the biological sample with Membrane Stain solution; vi)
washing the biological sample Reporter Wash Buffer; vu) smmersing the biological sample in
Imaging Buffer, vin} imaging the biological sample to record the spatial position of the cellular
membranes n the biological solution; 1x) meubating the sample with Nuclear Stain Solution; k)
washing the biological sample with Reporter Wash Buffer, x1) nmumersing the sample in Imaging
Buffer; and xu} imaging the biclogical sample to record the spatial position of cellular nucler n
the sample.

[80284] In some aspects of the preceding method, the method can further comprise, before or
after any step: 1} washing the biological sample with Strip Wash Buffer; 11} immersing the
biclogical sample in Imaging Buffer; 1) imaging the biological sample to ensure that there are
no remaining detectable labels; 1v) incubating the sample with Nuclear Stain Solution; v}
washing the biological 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 nucler in
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the sample; viit} incubating the bislogical sample with Membrane Stain Blocking Solution; ix}
mcubating the biological sample with Membrane Staimn solution; X} washing the biological
sample Reporter Wash Buffer; xi1) immersing the biological sample i Imaging Buoffer; ki)
imaging the biological sample to record the spatial position of the cellular membranes in the
biglogical solution.

{80235] In some aspects, the biclogical sample can be incubated with the Membrane Stain
Blocking Solution for at least about 30 minutes.

{80236] In some aspects, the biclogical sample can be incubated with the Membrane Stain
solution for at least about 60 minutes.

{80237] In some aspects, the biological sample can be incubated with the Nuclear Stain solution
for at least about 5 minutes. In some aspects, nuclear stain solution can comprise 4’ 6-dianudine-
Z-phenylindole (DAPY or DAPIL, didactate. In some aspects, Nuclear Stain solution can comprise
about 100 nM to about 500 oM DAPI dduted m PBS. In some aspects, nuclear stam solution can
comprise about 300 nM DAPT diluted in PBS.

{80258} In some aspects, Membrane Stain Solution can comprise a solution of 3% NaNz and 1%
DAPI in Butfer 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 comprising at least one of a fluorescently labeled anti-CD293
antibody, a fluorescently labeled anti-B2M antibody, a flucrescently labeled anti-CD3 antibody,
a fhuorescently labeled anti-CD20 antibody, a fluorescently labeled anti-PanCK antibody, a
fluorescently labeled anti-CD3 antibody, a fluorescently labeled anti-Histone H3 antibody, a
fluorescently labeled wheat germ agglutinin protein, and a fluorescently labeled concanavalin A
protein.

180266] In some aspects, Strip Wash Buffer can comprise a sohition of 0.0033x SSPE buffer and
0.5% Tween-20. In some aspects, Strip Wash Buffer can comprise a solution of about ¢.0033x
SSPE buffer and about 0.5% Tween-20.

86261} In some aspects, Sirip Wash Buifer can comprise a solution of 0.0033x SSPE buffer,
0.1% Pro{Clin 950 and 0.5% Tween-20. In some aspects, Strip Wash Buffer can comprisea

sotuiion of about 0.0033x SSPE buffer, about 0.1% ProClin 950 and about 0.5% Tween-20.
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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 bioclogical sample using methods standard 1n 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,
[Be2s7) Kits
i80268] The present disclosure provides kits for use in the methods of the present disclosure.
(80269} In some aspects, a kit of the present disclosure can comprise any of the buffers and/or
solutions described heremn.
{86278} In some aspects, a kit of the present disclosure can comprise a plurabity of ISH probes of
the present disclosure.
86271} 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
in the methods of the present disclosure.
190273] Exemplary Embodiments:
j[80274] Embodiment 1. A method of preparing a biological sample for fluorescent imaging, the
method comprising

a) mounting a biological sample onto a functionabized microscope shide thereby
producing a mounted biological sample, wherein the brological sample 15 a formalin fixed
paraffin embedded (FFPE) microtome section;

b} baking the mounted biological sample;

¢y deparaffinizing the mounted biological sample;

d} performing a target retrieval reaction on the mounted biclogical sample;

e) permeabilizing the mounted biological sample;

f} appiving at feast one fiducial marker to the mounted biological sample;

g} fixing the mounted biological sample;

h) contacting the mounted biclogical sample with at least one nucleic acid probe,
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i} washing the mounted biclogical sample.
[80273] Embodiment 2. The method of embodiment 1, further comprising after step (§),
assembling the mounted biological sample into a flow cell,
j80276] Embodiment 3. The method of any of the preceding embodiments, wherein the
functionalized microscope shde 15 a (3-Amnopropyhirimethoxysilane (APTMS-functionalized
microscope shide,
86277 Embodiment 4. The method of any of the preceding embodiments, wherein the
biological sample 15 an FFPE microtome section of a human tssue 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.
e279) Embodiment 6. The method of any of the preceding embodiments, wherein step (c)
COMPrizes’
1} incubating the mounted biological sample 1 a first solution of xylene for about 5
minutes;
11} incubating the mounted biological sample 10 a second solution of xvlene for about §
minutes;
i1} incubating the mounted hiological sarople i a first 100% ethanol solution for about 2
minutes;
v} incubating the mounted biological sample i the second 100% ethanol solution for
about 2 minutes, and
v} drying the mounted biological sample at about 607C for about 5 minutes,
jp0286] Embodiment 7. The method of any of the preceding embodiments, wherem step (d}
comprises:;
1} incubating the mounted biological sample 1o target retrieval solotion at about 100°C;
11} incubating the mounted biological sample 1 DEPC-treated water for about 15
seconds;
11} incubating the mounted bislogical sarmple in a solution of 100% ethanol for about 3
minutes; and
v} drying the mounted biclogical sample.
86281} Embodiment & The method of embodiment 7, wherein the mounted biological sample 15

mcubated in the target retrieval solution for a time period as put forth in Table 1.
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166282} Embodiment 9. The method of embodiment 7 or embodiment 8, wherein the target
retrieval solotion comprises TRIS and EDTA solotion and has a pH of about 9.
[50283] Embodiment 10, The method of any of the preceding embodiments, whergin step (e}
COMPrises:
i} incubating the mounted biological sample in a proteinase K solution at about 40°C,
wherein the concentration of proteinase K i the proteinase XK solution 1s about 1 pg/mi |
i1} washing the biological sample with a first ahiquot of DEPC-treated water; and
111} washing the biological sample with a second aliquot of DEPC-treated water,
80284} Embodiment 11, The method of embodiment 10, wherein the mounted hiological saraple
is incubated in the proteinase K solution for a time period as put forth in Table 2.
[80283] Embodiment 12, The method of any of the preceding embodiments, wherein step ()
COMPrizes’
1} incubating the mounted biological sample 1n a solution comprising at least one fiducial
marker for about 3 minutes at about room temperature, wherein the solution comprising
at least one fiducial marker 15 a solution coroprising carboxylated microspheres in red,
blue and/or green at a concentration of about 0.001% and non-carboxylated FNDs at a
concentration of about §.00043% in 2x 8SC solution; and
1t} washing the mounted bological sample with 1x PBS.
ge286] Embodiment 13, The method ot any of the preceding embodiments, wherein step {g)
COMPrises
1} incubating the mounted biological sample m a 10% NBF for about 5 mmnutes;
11} incubating the mounted biological sample in a first tr1s glyeime buffered solution for
about 5 minutes;
11} incubating the mounted bological sample in a second tris glycine buffered solution
for about 5 mmnutes; and
v} mcubating the mounted biological sample 1in 1x PBS for about § munutes.
(80287 Embodiment 14, The method of any of the preceding embodiments, wherein step (h)
COMpPrises:
mncubating the mounted biological sample with a solution comprising a plurality of ISH
probes for about 16 to about 18 hours at about 377, thereby hybridizing at least one ISH

probe to a target nucleic acid i 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 nM,
wherein at least one species of ISH probe comprises a umique target binding domain that
hvbridizes to one of at least two target nucleic acids and a unigue barcode domain
specific for the target nucleic acid, wherein the barcode domain comprises at least four
attachment positions.
[pe288] Embodiment 15, The method of embodiment 14,
wherein the target binding domain 1s a single-siranded polynucieotide comprising a
nucleic acid sequence that s complementary to a target nucleic acid,
wherein the target binding domain i1s about 35 to about 40 nucleotides in length, and
wherein the target binding domain comprises D-DNA | and
wherein the barcode domain s a single-stranded polynucleotide comprising at least four
attachment regions,
wherein each attachment region comprises about one attachment sequence,
whereim each of the attachment sequences 15 about 14 nucleotides 1n
length,
and wherein the sequences of each of the attachment sequences are
different,
and wherein the barcode domain comprises L-DNA,
j80289] Embodiment 16, The method of any of the preceding embodiments, wheren step (1)
comprises:;
1} incubating the mounted biological sample with first 2x 8SC solution,
11} incubating the mounted biological sample 1o a first formamude solution;
111} incubating the mounted biological sample with a second formamide solution,
v} imcubating the mounted biological sample with a second 2x 8SC solution; and
v} incubating the mounted biological sample with a third 2x SSC solution.
pe290] Embodiment 17. A method of determining the abundance and spatial position of at feast
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 least one detectable label, thereby hybridizing a reporter
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probe to 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 bislogical sample;

¢} recording the identity and spatial postiion 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 attachument position of the at least four attachiment

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 i the biological sarople based on the sequence in whuch the detectable

labels were recorded.
98291} Embodiment 18 The method of embodiment 17, wherein the reporter probes comprise:

a primary nucleic acid molecule comprising a first domain, a second domam and a
photocleavable hoker located between the first doman 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 nuclewe acid molecule comprises a furst 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 nucleic acid molecuoles 15 hybridized to
the second domain of the primary nucleic acid molecule,

wherein the second domamn of each of the secondary mucleic 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 pnimary nucleic acid molecule, the secondary nucleic acid molecules, and the
tertiary nucleic acid molecules comprise L-DNA.
o292 Embodiment 19, The method of embodiment 17 or 18, wherein the at least one

detectable label 15 a fluorescent moiety.
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186293F 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} incubating the biclogical sample in 2 Sulfo-NHS Acetate Blocking solution for about

15 minutes,;

11} washing the biological sample with Reporter Wash Buffer;

11} incubating the biological sample i autofiuorescence suppressor buffer; and

v} washing the biological sample with Reporter Wash Buffer.
(86294} Embodiment 21. The method of any one of embodiments 17, 18, 19 or 20, wherein step
{a} comprises incubating the biological sample with a solution comprising the reporter probes at
a concentration of 5§ nM, 8.75x SSPE solution, 0.5% Tween-20 and 0.1% RNase inhibitor in
DEPC-treated water for at least about 15 nunutes.
(90293] 22, The roethod of any one of embodiments 17, 18, 19, 20 or 21, wherein step (b)
comprises washing the biological sample with Reporter Wash Butfer,
80296} 23, The method of any one of embodiments 17, 18, 19, 20, 21 or 22, wherein step {¢)
comprises’ 1) immersing the biological sample 10 Imaging Buffer; and 1) imaging the bological
sample to record the identity and spatial position of the detectable labels of the hybridized
reporter probes.
180297 24. The method of any one of embodiments 17, 18, 19, 20, 21, 22 or 23, wherein step {d}
COMPrises’

1} tluminating the biological sample with UV hight sufficient to cleave photocleavable

hinker moteties 1o the hybridized reporter probes;

11} washing the biological sample with Reporter Wash Baffer;

n} immersing the biological sample 10 Imagimg Buffer; and

v} imaging the sample to ensure that there are no remainimg detectable labels.
186208} Embodiment 235, The method of any one of embodiments 17, 18,19, 20, 21, 22, 23 or
24, the method further comprising, after step (), staining the biological sample with a membrane
specific-fluorescent staining solotion and imaging the biological sample to identify the spatial
iocation of celhilar membranes within the sample.
88209 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 witha
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nuclear-specific fluorescent staining solution and imaging the biological sample to 1dentify the
spatial location of celiular nuclet in the sample.

[60386] Examples

863611 Example Ia

i80302] The following non-hmiting example describes a sample preparation protocol for use in
the methods of the present disclosure.

(80303} First, a2 S pm FFPE microtome section of tissue 18 mounted onto a first nucroscope shide
functionalized with 0.5% (3-Aminopropyittrimethoxysilane. 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 shide will serve as one surface of the flow
cell that s to be assembled.

i80304] The slides are then baked at 60°C oven for 1 hour. Following baking, the paraffin on the
slides 1s removed using xvlene. Next, the previous paraformaldehvde fixation is undone by
heating the slides at 100°C for 8 minutes 10 a target retrieval solution {e.g. 10mM Tris, TmM
EDTA at pH 9.0} The length of heating can be adjusted for the different sample type (e.g.
tissue, cell pellet, etc ). In a non-hnuting example, the shides can be heated for 8 munutes i the
case of cell pellets.

[80308] After heating, a nuxture of §.001% 200nm carboxylated microsphere fiducials i red,
blue, and green and 0.00045% non-carboxylated fluorescent nano-diamonds (FND) are applied
to the tissue and ncubated for 5 munutes before washed off with 1X Phosphate Buffered Solution
{PBS).

(88386} Without wishing to be bound by theory, the mixture of fiducials and FNDs are used in
subsequent imaging steps for autofocusing and image registration.

188387} Following addition of fidacials and FNDs, the tissue sample 1s then post-fixed n 10%
Neutral Boffered Formahn (NBF) for 5 mmutes. Withouot wishing to be bound by theory, this
post-fixing step 15 used to preserve the morphology of the tissue sample. The NBF 15 then
neutralized with Tris Glyeine buffer for 10 minutes and washed with 1X PBS.

180308} In-sutu hybnidization (ISH} probe of the present disclosure are then denatured at 95°C for
2 munutes and crash cooled before being applied to the tissug sample at 2 0.5 nM per probe
concentration i a hybridization mux that contains Buffer R solution {Stock solution: 3.125%

Drexiran Suifate, 0.25% BSA, 0.125mg/mbL ssBNA, 2. 53X S8C, 56% formamide; Working
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concentration: 2.5% Dextran Suifate, 0.2% BSA, 0.1 mg/mL ssDNA, 2X 88C, 40% formamide)
and RNAse inhibitor. The tissue sample is incubated with the ISH probes for 16-18 hours at 37°
C.

186309} Following incubation with the ISH probes, shides are then briefly dipped mto 2x saline-
sodium citrate (SSCy with 0.1% Tween-20 solution then mcnbated in 2 changes of 50%
formanude 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 in the art, as
would be appreciated by the skilled artisan. After dehvdration, if any, the tissue sample can be
either stored at 4°C for later use or immediately assembled into a flow cell for subsequent
magine steps.

{86310} Example 1b

98311} The following non-limiting example describes a sample preparation protocol for use in
the methods of the present disclosure.

198312} Furst, a 5 pm FFPE microtome section of tissue s mounted onto a first microscope shide
functionalized with 0.5% (3-Ammnopropyltnimethoxysilane, The first microscope shide was
functionalized using methods standard 1o the art, as would be appreciated by the skilled artisan.
As part of the sample preparation, the first microscope shide will serve as one surface of the flow
cell that 1s to be assembled.

186313} The shdes are then baked at 60°C oven for 1 hour. Following baking, the paraffin on the
shdes 15 removed using xyiene. Nexi, the previous paraformaldehyde fixation 18 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.2
tissue, cell peliet, etc.}). In a non-limiting example, the shides can be heated for 8 mmnutes m the
case of cell pellets.

863141 After heating, a solution of 0.0005% to 0.003% 200um carboxylated microsphere
fiducials stained in red, yellow, blue, and green are apphied to the tissue and incubated for 5
mimites before washed off with 1X Phosphate Buffered Solution (PBX).

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

188316} Following addition of fiducials, the tissue sample 1s then post-fixed m 10% Neuiral

Buffered Formalin (NBF} for 5 munutes. Without wishing o be bound by theory, this post-fixing
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step 18 used to preserve the morphology of the tissue sample. The NBF 15 then neutralized with
Tris Glycine buffer for 10 minutes and washed with 1X PBS.

1803171 In-situ hybnidization (ISH} probe of the present disclosure are then denatured at 95°C for
2 munutes and crash cooled before being applied to the tissug sample at 2 0.5 nM per probe
concentration i a hybridization mux that contains Buffer R solution {Stock solution: 3.125%
Dextran Suifate, 0.25% BSA, 0.125mg/mbL ssDNA, 2. 5X 88C, 50% formamide; Working
concentration: 2.5% Dextran Suifate, 0.2% BSA, 0.1 mg/mb ssDNA, 2ZX 88C, 40% formamide)
and RNAse inhihitor. The tissue sample s incubated with the ISH probes for 16-18 hours at 37°
C.

ipg318} Following incubation with the ISH probes, slides are then briefly dipped into 2x saline-
sodium citrate (SSC) with §.1% Tween-20 solution then incubated in 2 changes of 50%
formamide and 2x SSC solution for at feast 50 minutes to wash off excess, unbound ISH probes.
Shides are then optionally dehydrated in an ethanol gradient using methods standard m the art, as
would be appreciated by the skilled artisan. After dehydration, ifany, the tissue sample can be
either stored at 4°C for later use or immediately assembled into a flow cell for subsequent
imaging steps.

198320} The following non-limiting example describes a sample preparation protocol 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. Fust, the microscope slides are cleaned using a plasma machine
using methods standard 10 the art, a5 would be appreciated by the skilled artisan. After cleaning,
the shides are placed mnto a 0.5% (3-Ammopropyirimethoxysiiane solution for seaking for |
minate. After soaking, the shides are sonicated 1o the 0.5% 3~-Ammopropyinimethoxysilane
splution for 10 seconds. The soaking and sonication are then repeated twice, such that the total
time the slides spend in the 0 5% (3-Aminopropvitrimethoxysilane solution 1s about 3.5
minutes. The shides are then rinsed with water at feast 3-4 tunes. Finally the shides are dnied with
under nitrogen.

180322} Prior to the sample preparation, the biclogical sample {e.g tissue sample} can be
sectioned for use in the methods of the present disclosure. The biological sample is cut into a 5

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

[80323] Day 1-—The shde with the mounted microtome section {see above) 1s first baked at 60°C
for 1 hour.

188324} Deparaffinizing

1883258} After baking, the slide 1s then immediately transferred into a solution of xylene and
mncubated for 5 minutes with agitation. The slide 1s then transferred to a fresh solution of xylene
and incubated for another 5 nunutes with agitation. The slide is then transferred to a 100%
ethanol solution and incubated for 2 munutes. The slide is then transferred to a fresh solution of
100% ethanol and incubated for ancther 2 minutes. After this incubation, the shideis laid flat n a
60°C oven for 5 minutes to dry.

98326} Targer Retrieval

190327] 1 X target retrieval solution (prepared using diethyi pyrocarbonate (DEPC) treated water)
is 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 15 minutes. Once the 1X target
retrieval solution reaches 100°C, the slide 15 incubated i the Ix target retrieval solution for a
time period that corresponds with the type of sample being processed. Incubation times for
different sample types are shown in Table 1. After incubation at 100°C, the shide 13 immediately
transferred to DEPC-treated water and incubated for 15 seconds with aguation. The slide 13 then
transterred to a solution of 100% ethano! and meubated for three munuotes. The slide 1s then
removed from the ethanol solution and alfowed for dry for § munutes.

1068328} Tissue Permeabilization and Fiducial/FND application

[80329] After the target retrieval step, a hydrophobic barrier 18 drawn around the sample mounted
on the shide, for example, using a PAP pen. Care 15 taken to ensure that the barrier 1s not too
close to the tissue,

180336] After the marking of the hyvdrophobic barrier, a 1 pg/mb proteinase K solution in PBS s
prepared. The slide 1s then placed in 2 humudity tray that has been lined with paper wetted with
DEPC water and heated at 40°C for at least 30 minutes. Once the slide 15 10 the hunudity tray,
the proteinase K solution is applied to the biological sample mounted on the shide. The shide 18
then placed mto an oven at 40°C and mcubated according to the bislogical sample type.

Incubation times for different sample types are shown in Table 2. After incubation, the
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protemase K solution 1s removed from the biclogical sample. The shide is then washed with
DEPC-treated water with agitation 3-6 times. Fresh DEPC-ireated water 1s used at least for the
last washing step.

186331} Following washing of the shide, a Fiducial/FND mixture that has been vortexed for 30
seconds 1s applied to the biological sample on the shide. An exemplary Fiducial/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 (FNID) to 0.00045% in 2x
saline-sodm citrate {SSC) solution. This solution is then vortexed for 1 minute, then sonicated
for 2 munutes, then vortexed again for 1 minute, then sonicated again for 2 minutes. The
Fiducial/FND mixture s incubated with the biological sample for 5 minutes at room temperature.
The shde 1s then washed with 1x PBS.

[B8332) Post Fix

180333} Following tissue permeabilization and fiducial/FND application, the shide 15 incubated m
a 10% Neutral Butfered Forrpalin (NBF} for 3 mawmutes. The slide 1s then incubated 1w Tris
Glyeine buffer for S munutes. The shide 1s then incubated in a fresh batch of Tris Glyeine buffer
for 5 mnutes. Finally, the slide 15 incubated 11 1x PBS for S nunutes.

180334] Hybridization of ISH probes of the present disclosure

[80338) In-sttu hybridization (ISH) probe of the present disclosure are then denatured at 95°C for
2 mmnutes and crash cooled on e for 1 nunute before being applied 1o the tissue sample ata ¢.5
nM per probe concentration i a hybridization mux that contaims Buffer R solution (Stock
sofution: 3.125% Dextran Sulfate, 0.253% BSA, 0.125mg/mb ssDBNA, 23X S8C, 50%
formanude; Working concentration: 2.5% Dextran Sulfate, 0.2% BSA, 0.1 mg/mL ssDNA, 2X
SSC, 40% formanude) and RNAge mhibitor. The fissoe sample 15 mncubated with the ISH probes
for 16-18 hours at 37° C 1 a contamer that was prewashed with RNase inhibitor and hued with
paper wetted with 2x 8SC solution.

180336] Day 2—Siringent washing of siide

180337 After the hybridization of the ISH probes, the shde 1s removed from the oven and dipped
briefly in 2x S8SC solution. The slide 15 then incubated for 25 minutes with a 30% formamide i
2x 88C solution, wherem the formamide was preheated to 37°C. The slide 1s then incubated in a

fresh aliquot of 30% formamide in 2x SSC solution for 25 minutes. The slide is then incubated in
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2x SSC solution for 2 minutes. Finally, the slide 13 incubated in a fresh aliquot of 2x 8SC
solution for another two minutes.

168338} Optional Dehydration

[80339] After the stringent washing of the shide, the slide 13 optionally dehydrated 1n an ethanol
gradhent. First the shide 15 incubated i a 70% ethanol solution for 3 nmunutes, then 1s incubated in
an 85% ethanol solution for 3 minutes, and then finally in a 100% ethanol solution for 3 minutes.
180340} After dehydration, if any, the slide 15 etther immediately asserabled into a flow cell to be
used in the imaging methods of the present disclosure or 15 stored at 4° C for later use.

{80341} Example 3

{80342) The following non-himiting example describes a flow cell assembly protocol using the
shides prepared in etther Example 1 or Example 2 for use in the methods of the present
disclosure.

180343} First, 300 pro thick coverglass 1s cleaned with 1sopropanol to remove dust, debris and/or

7
H

water. 75 um thick flow cell adhesive 1s then applied to the coverglass. The slide comprising the
biological sample {(prepared as described m Example | or Exarople 2) 15 then cleaned with
isopropanol. The isopropanol is used to wipe around the hiological sample mounted on the shde
multiple times to remove any dust, and/or water. If the sample 13 not dehydrated, a kimwipe or
suitable alternative 15 used to wipe around the mounted biological sample ungil the shide s free of
hiquid. Care s given to ensure that the biological sample remained wet, mcluding applyving a
compatible buffered solution if the biological sample appears to be drying out. The coverglass
with adhesive 1s then pressed onto the slide with the mounted bislogical sample, for example, in
a hydraudic press at a pressure of 250 pai for at least 30 seconds to form the flow cell. The
coverglass 15 then further cleaned with 1sopropanol.

68344} Example 4

[80343] The following non-himiting examples described various solutions that can be used m the
methods of the present disclosure

186346] Sulfo-NHS Acetate Blocking Solufion: 160 mM Sulfo-NHS acetate in 100 mM Sodium
Phosphate pH 8.0.

180347] Reporter Probe Solution: § oM reporter probes of the present disclosure, 8.75x SSPE

Buffer, 0.5% Tween-20, 0.1% RNAse mhibitor in DEPC-ireated water.
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[80348] Low Salt Imaging Buffer: 1 M Trnis-HCL pH 7.5, 5SM Sodivm Chloride and 0.5% Tween-
20 1n DEPC-treated water.

[80349] Imaging Buffer: 98% Low Salt Imaging Buffer, 1% Protocatechuic Acid (PCA) and 1%
Protocatechuate dioxygenase (PCD).

188356} Membrane Stain Blocking Solution: 0.5% NaMNs and 1% 4 6-diamudino-2-phenyhndole
{DAPI) in Buffer W,

(80351} Membrane Stain Solution: 5% NaNs and 1% DAPI in Buffer W further comprising at
ieast one of a fluorescently labeled anti-CID298 antibody, a fluorescently labeled anti-CD3
antibody, a fluorescently labeled anti-CD20 antibody, and a flucorescently labeled anti-Pan{CK
antibody.

186352} Reporter Wash Buffer: 0.5% Tween-20 in 1x SSPH solution

198333} Strip Wash Buffer: 0.0033x SSPE buffer and 0.5% Tween-20

{80354} Exampled

i80338) The following 15 a non-houting examiple of the analysis of biclogical samples using the
sample preparation methods and imaging methods of the present disclosure.

i803s6] Biological samples, including sarmples comprising varous cell lines such as CCRF-CEM
cells, SUDHLA cells, MDA-MRB-468 cells, HSS73T cells, EKVE cells, HCT116 cells, HOP9Z
cells, and COLOZO0S cells, as well as various FFPE samples, were prepared as described in the
Examples above. Target analytes were then analvzed using the imaging methods described
herem by sequential binding of reporter probes to ISH probes bound to target analytes in the
hological samples.

(80357} As a control, the abundance measurements made asing the methods of the present
disclosure were compared to publicly avadable abundance data collected using standard RNA-
seq techniques. As shown m FIG. 4, the nucleic acid abundance data measured using the
methods of the present disclosure showed high concordance with the standard RNA-seq data, for
genes above hmut of detection {defined as >1 FPKM expression level in Cancer Cell
Encyclopedia database), demonstrating comparable sensitivity 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
advaniage that the spatial context of the target analvies 1s preserved and recorded, unhke with

standard RNA-seq.
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166358) FI(z 5 shows images of individual target analytes detected m a biological sample
comprising MEA-MB-468 cells, including the specific target analytes EEFTAL MALATI,
H4C3, Also mcluded is the signal recorded from a negative probe (NegPrh 6). The graphs and
tables 1n FIG. 5 also demonstrate the number of celis that a particolar 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 transcripis per cell of 1265
Moreover, FIG. S shows that the methods of the present disclosure were able to individually
segment 3257 cells in the biological sample analyzed. Without wishing to be bound by theory,
the results shown in FIG. S demonstrate that the methods of the present disclosure can determine
the abundance and spatial location of individual target analytes in a biological sample with
subceliular resolution, including target analytes that are highly abundant {e.g. EEF1Al m FIG
$), moderately abundant (MALATI w FIG. §) and rare transceripts {e.g H4C2 1 FIG S).

180339] FIG. 6A shows images of an FFPE melanoma tissue samiple analyzed according to the
roethods of the present disclosure. In this experiment, 1,000 different target analytes were
measured and detected spatially with subcellular resolution. More specifically, 22 species of
negative probes and 997 species of [SH 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
determane the spatial abundance of 1,000 target analvtes 10 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 celhular state, identification of cellular function, interaction
analyses, differential expression analyses and hormone activity analyses, as 13 shown i FIGs, 6B
and 6C. This analysis using the methods of the present disclosure was performed on additional
FFPE samples, imcluding non-small-cell lung cancer (NSCLC) FFPE samples, Renal cell
Carcinoma FFPE samples, colorectal cancer (CRC) FFPE samples and Tonsil FFPE samples,
whose cell typing results mapped to the tissue section 18 shown m FIGs, 616G

188366} The results deseribed m this example demonstrate that the methods of the present
disclosure aliow for the simulianecus quantification of spatial abundance for thousands of target
analytes i biological samples, such as tissue samples, with subcellular resolution, thereby
allowing the skilled artisan to perform a variety of different hiological analyses at the single cell

fevel.
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Eguivalents
j80361] The foregoing description has been presented only for the purposes of dlustration and 1s
not imtended to Himit the disclosure to the precise form disclosed. The details of one or more
embodiments of the disclosure are set forth in the accompanving description above. Although
any methods and materials similar or equivalent to those described herein can be used i the
practice or testing of the present disclosure, the preferred methods and materials are now
described. Other 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
melude plural referents unless the context clearly dictates otherwise. Unless defined otherwise,
all technical and scientific terms used herein have the same meaning as conunonly understood by
one of ordinary skill in the art to which this disclosure belongs. Al patents and publications

cited 1n this specification are mcorporated by reference.
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What is claimed is:

1. A method of determining the abundance and spatial position of at least two target analytes in a
biological sample,

wherein the biological sample is prepared by:

1) contacting the biological sample with at least one nucleic acid probe by incubating a
mounted biological sample with a solution comprising a plurality of in sifu hybridization (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 the at least two target analytes and a unique barcode
domain specific for the one target analyte, wherein the barcode domain comprises
at least one attachment region; and

i1) washing the mounted 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 the barcode domain of at least one ISH probe hybridized to a target
analyte in the prepared biological sample;

b) removing non-hybridized reporter probes from the prepared biological sample;

c¢) recording the identity and spatial position of the at least one detectable label of the
hybridized reporter probes;

d) removing the at least one detectable label of the hybridized reporter probes; and

e) repeating steps (a)-(d) until each attachment region in the barcode domains of the ISH
probes hybridized to a target analyte in the prepared 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 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 target analytes are target nucleic acid

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

and wherein the barcode domain 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 comprises a protein.

4. The method of claim 3, wherein the protein is an antibody, or antigen binding fragment, that

specifically binds to a target protein molecule.

5. The method of any one of the preceding claims, wherein the barcode domain comprises:
1) at least two;
i1) at least three;
1i1) at least four; or
iv) at least five

attachment regions.

6. The method of any one of claims 1-5, wherein the solution comprises at least one negative

ISH probe that is designed not to specifically bind to any target analyte in the biological sample.

7. The method of claim 6, wherein the negative ISH probe comprises at least one Evaluation of

the External RNA Controls Consortium (ERCC) sequence, or a complement thereof.
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8. The method of claim 6 or claim 7, wherein the negative ISH probe is used to determine the

level of background noise in the biological sample.

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

10. The method 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
photocleavable linker located between the first domain and the second domain,

wherein the second domain of the primary nucleic acid molecule is hybridized to 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 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 is hybridized
to five tertiary nucleic acid molecules,

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

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

tertiary nucleic acid molecules comprise L-DNA.

11. The method of any one of the preceding claims, wherein the at least one detectable label is a

fluorescent moiety.

12. The method of any one of the preceding claims, the method further comprising prior to step
(a):
pretreating the biological sample by:
1) incubating the biological sample in an N-hydroxysulfosuccinimide (Sulfo-NHS)
Acetate Blocking solution for 15 minutes;

i1) washing the biological sample with Reporter Wash Buffer;
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ii1) incubating the biological sample in an autofluorescence suppressor buffer and/or
illuminating the biological sample with blue and/or ultraviolet (UV) light, thereby
quenching sample autofluorescence via photobleaching; and

iv) washing the biological sample with Reporter Wash Buffer.

13. The method of any one of the preceding claims, wherein step (a) comprises incubating the
biological sample with a solution comprising the reporter probes at a concentration of 5 nM,
8.75x SSPE solution, 0.5% Tween-20 and, optionally 0.1% RNase inhibitor, in diethyl

pyrocarbonate (DEPC)-treated water for at least 15 minutes.

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

biological sample with Reporter Wash Buffer.

15. The method of any one of the preceding claims, wherein step (c) comprises:
1) immersing the biological sample in Imaging Buffer; and
i1) imaging the biological sample to record the identity and spatial position of the

detectable labels of the hybridized reporter probes.

16. The method of any one of the preceding claims, wherein 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:
i1i1) immersing the biological sample in Imaging Buffer; and

1v) imaging the sample to ensure that there are no remaining detectable labels.

17. The method of any one of the preceding claims, further comprising performing morphology

scanning of the biological sample to determine one or more regions of interest.

18. The method of claim 17, wherein the morphology scanning comprises at least one of:
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1) 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;

i1) staining the biological sample with a nuclear-specific fluorescent staining solution and
imaging the biological sample to identify the spatial location of cellular nuclei in the sample; and

ii1) performing cell segmentation.

19. The method of any one of the preceding claims, wherein the biological sample is further
prepared prior to step 1) contacting the biological 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, wherein the biological sample is a formalin fixed

paraffin embedded (FFPE) microtome section;
bb) baking the mounted biological sample;
cc) deparaffinizing the mounted biological sample;
dd) performing a target retrieval reaction on the mounted biological sample;
ee) permeabilizing the mounted biological sample;
ff) applying at least one fiducial marker to the mounted biological sample; and

gg) fixing the mounted biological sample.

20. The method of any one of the preceding claims, further comprising after step (ii), assembling

the mounted biological sample into a flow cell.

21. The method of any one of the preceding claims, wherein the functionalized microscope slide

is a positively charged microscope.

22. The method of claim 21, wherein the functionalized microscope slide is a (3-

Aminopropyl)trimethoxysilane (APTMS)-functionalized microscope slide.

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

microtome section of a human tissue sample.
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24. The method of any one of claims 19-23, wherein step (bb) comprises baking the mounted

biological sample at 60 °C for 1 hour.

25. The method of any one of claims 19-24, wherein step (cc) comprises:

1) incubating the mounted biological sample in a first solution of xylene for 5 minutes;

i1) incubating the mounted biological sample in a second solution of xylene for 5 minutes;

ii1) incubating the mounted biological sample in a first 100% ethanol solution for 2
minutes;

1v) incubating the mounted biological sample in the second 100% ethanol solution for 2
minutes; and

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

26. The method of any one of claims 19-25, wherein step (dd) comprises:
1) incubating the mounted biological sample in target retrieval solution at 100 °C;
i1) incubating the mounted biological sample in DEPC-treated water for 15 seconds;
iil) incubating the mounted biological sample in a solution of 100% ethanol for 3
minutes; and

iv) drying the mounted biological sample.

27. The method of claim 26, wherein the mounted biological sample is incubated in the target

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

28. The method of claim 26 or claim 27, wherein the target retrieval solution comprises TRIS

and EDTA solution and has a pH of 9.

29. The method of any one of claims 19-28, wherein step (ee) comprises:

1) incubating the mounted biological sample at 40 °C in a proteinase solution, wherein the
proteinase solution comprises protease K;

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

i11) washing the biological sample with a second aliquot of DEPC-treated water.
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30. The method of claim 29, wherein the mounted biological sample is incubated in the

proteinase K solution for a time period as put forth in Table 2.

31. The method of any one of claims 19-30, wherein step (ff) comprises:

1) incubating the mounted biological sample in a solution comprising at least one fiducial
marker for 5 minutes at room temperature, wherein the solution comprising at least one fiducial
marker is a solution comprising carboxylated microspheres stained in red, yellow, blue and/or
green at a concentration of 0.0005% to 0.003% in 2x saline-sodium citrate tween (SSCT)
solution; and

i1) washing the mounted biological with 1x phosphate buffered saline (PBS).

32. The method of any one of claims 19-31, wherein step (gg) comprises

1) incubating the mounted biological sample in 10% neutral buffered formalin (NBF) for
1 minute;

i1) incubating the mounted biological sample in a first tris glycine buffered solution for 5
minutes;

i11) incubating the mounted biological sample in a second tris glycine buffered solution
for 5 minutes; and

iv) incubating the mounted biological sample in 1x PBS for 5 minutes.

33. The method of any one of claims 19-32, further comprising after step (gg), incubating the
mounted biological sample in a blocking solution, wherein incubating the mounted biological
sample in a blocking solution comprises:

1) incubating the mounted biological sample in a Sulfo-NHS-acetate/Tween20 solution
for 15 minutes, wherein the Sulfo-NHS-acetate/Tween20 solution comprises 100 mM Sulfo-
NHS-acetate, 0.5% Tween20 in 100 mM sodium phosphate pH 8; and

i1) incubating the mounted biological sample in 1x PBS for 5 minutes.

34. The method of any one 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 16 to 18 hours at 37 °C, thereby hybridizing at least one ISH probe to a target analyte

in the biological sample.

35. The method of any one of the preceding claims, wherein washing the biological sample
comprises:
1) incubating the mounted biological sample with a first 2x SSC solution;
i1) incubating the mounted biological sample in a first formamide solution;
i11) incubating the mounted biological sample with a second formamide solution;
1v) incubating the mounted biological sample with a second 2x SSC solution; and

v) incubating the mounted biological sample with a third 2x SSC solution.
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