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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: 

i) 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 situ 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  

ii) 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: 

 i) at least two; 

 ii) at least three; 

 iii) 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: 

i) incubating the biological sample in an N-hydroxysulfosuccinimide (Sulfo-NHS) 

Acetate Blocking solution for 15 minutes;  

ii) washing the biological sample with Reporter Wash Buffer;  
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iii) 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:  

i) immersing the biological sample in Imaging Buffer; and  

ii) 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:  

i) 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: 

iii) immersing the biological sample in Imaging Buffer; and  

iv) 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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 i) staining the biological sample with a membrane specific-fluorescent staining solution 

and imaging the biological sample to identify the spatial location of cellular membranes within 

the sample; 

 ii) 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 

 iii) performing cell segmentation.  

 

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

prepared prior to step i) 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: 

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

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

iii) incubating the mounted biological sample in a first 100% ethanol solution for 2 

minutes;  

iv) 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:  

i) incubating the mounted biological sample in target retrieval solution at 100 °C;  

ii) incubating the mounted biological sample in DEPC-treated water for 15 seconds;  

iii) 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: 

i) incubating the mounted biological sample at 40 °C in a proteinase solution, wherein the 

proteinase solution comprises protease K;  

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

iii) 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:  

i) 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  

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

 

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

i) incubating the mounted biological sample in 10% neutral buffered formalin (NBF) for 

1 minute;  

ii) incubating the mounted biological sample in a first tris glycine buffered solution for 5 

minutes;  

iii) 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: 

i) 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  

ii) 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: 

i) incubating the mounted biological sample with a first 2x SSC solution;  

ii) incubating the mounted biological sample in a first formamide solution;  

iii) incubating the mounted biological sample with a second formamide solution;  

iv) incubating the mounted biological sample with a second 2x SSC solution; and  

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

 

 




