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and a capture domain; permeabilizing the biological sample under conditions sufficient to make
the genomic DNA in the biological sample accessible to a transposon insertion; providing a
transposon sequence and a transposase enzyme to the biological sample under conditions
wherein the transposon sequence is inserted into the genomic DNA,; allowing the transposase
enzyme to excise the inserted transposon sequence from the genomic DNA thus generating
fragmented genomic DNA; contacting the biological sample comprising the fragmented genomic
DNA with an array under conditions such that a capture probe interacts with the fragmented
genomic DNA, and correlating the location of the capture probe on the array to a location in the
biological sample, thereby spatially analyzing the fragmented genomic DNA.

In one aspect, the present disclosure refers to a method for determining a spatial locationspatial
analysis of genomic DNA presentin a biological sample, the method comprising: (a) providing an arrayed
substrate comprising a plurality of capture probes, wherein a capture probe of the plurality of capture
probes comprises a spatial barcode and a capture domain, wherein the spatial barcode is associated with a
particular location of the capture probe on the arrayed substrate; (b) contacting the biological sample with
the arrayed substrate (c) permeablllzmg the blologlcal sampleendeeeenémens%umerer%makethe
ton;_(d) contacting a transposome

idi anspo yme-to the permeablllzed biological sample to
|nserteneleeeenehtrenswhere+n4he transposo end sequences4srmserteel into the genomic DNA, thereby
generating fragmented qenomlc DNA; el%mng#reﬁar&pe&aseen%ymeteexerse%hemserted—tran&peseh

| DNLA-
brldrzrn eentaeﬂng%heﬂbmlegreal—sampleeempmmg the fragmented genomic DNAto the capture

domain of the capture probe onwith the arrayed substrate-undercenditions-where-the-captureprobe

nteracts-with-the fragmented-genemic-DNA,; and (f) determining the spatial barcode sequence or a

complement thereof, and the fragmented genomic DNA sequence or a complement thereof, wherein the
determined sequences correlate the location of the genomic DNA in the biological sample, thereby

determmmq the spatial Iocatlon of the genomic DNAeerrelatmgtheJeeatrenef—theeaptereprebee#the

In some examples the array comprlsmg a pIurallty of capture probes are prowded ona
substrate. In some examples, the array comprising the plurality of capture probes is provided on
a feature. In some examples, the capture probe is directly or indirectly attached. In some
examples, the array comprising the plurality of capture probes is provided on the feature on the
substrate. In some examples, the substrate comprises a microfluidic channel. In some examples,
the capture probe further comprises one or more of a cleavage domain, a functional domain, and
a unique identifier, or combinations thereof.

In some examples, a further migration step comprising a step wherein the fragmented genomic
DNA is migrated to the substrate. In some examples, the migration step is an active migration step
comprising applying an electric field to the fragmented genomic DNA. In some examples, the migration
step is a passive migration step comprising diffusion. In some examples, the migration of the fragmented
genomic DNA from the biological sample comprises exposing the biological sample and the feature to
heat. In some examples, the biological sample is immobilized on the substrate.

In some examples, the transposase enzyme is a dimer comprised of a first monomer
complexed with a first adapter comprising a transposon end sequence and a sequence
complementary to the capture domain and wherein a second monomer is complexed with a
second adapter comprising a transposon end sequence and a second adapter sequence, wherein
the transposase enzyme ligates the first adapter and the second adapter to the fragmented
genomic DNA. In some examples, the first adapter and the second adapter have a 5’ end and a 3’
end, wherein the 5’ end is phosphorylated in situ. In some examples, prior to fragmenting the
DNA, the 5’ end of the first adapter complexed with the first monomer and the
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genomic DNA. In some examples, the biological sample is imaged before or after contacting the
biological sample with the substrate.
In a another example, the present disclosure generally describes a kit for use in a method

of spatially detecting nucleic acids of a biological sample, wherein the kit comprises any two or
more of an array on which plurality of capture probes are present; one or more biological sample
permeabilization reagents; one or more transposase enzymes; one or more reverse transcriptases;
and one or more cleavage enzymes.

In another aspect, the present disclosure refers to a kit for use in a method of spatially

detecting_genomic DNA from-nueleicacids-ef a biological sample as disclosed herein, wherein

the kit comprises any two or more of: (i) an arrayed substrate comprising-ea-which a plurality of
capture probes-arepresent; (ii) one or more bislogical-sample-permeabilization reagents; (iii) a
plurality of transposomesene-er-more-transposase-enzymes; (iv) a DNA polymerase or aene-6f
maore reverse transcriptases; and (v) instructions for performing the methods as disclosed
hereinone or more cleavage enzymes,

In a different example, the present disclosure generally describes a method for spatial

analysis of genomic DNA and RNA present in a biological sample wherein an array is provided
and the array comprises a plurality of capture probes, wherein a first capture probe of the
plurality of capture probes comprises a spatial barcode and a first capture domain, and wherein a
second capture probe of the plurality of capture probes comprises the spatial barcode and a
second capture domain; permeabilizing the biological sample under conditions sufficient to make
the genomic DNA in the biological sample accessible to transposon insertion; providing a
transposon sequence and a transposase enzyme to the biological sample under conditions
wherein the transposon sequence is inserted into the genomic DNA,;

allowing the transposase enzyme to excise the inserted transposon sequence from the genomic
DNA, thereby generating fragmented genomic DNA, contacting the biological sample
comprising the fragmented genomic DNA and RNA with the array under conditions where the
first capture domain interacts with the fragmented genomic DNA and the second capture domain
interacts with the RNA; and correlating the location of the first capture probe on the array to a
location in the biological sample and correlating the location of the second capture probe on the
array to a location in the biological sample, thereby spatially analyzing the fragmented genomic

DNA and RNA at the location in the biological sample.
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In another aspect, the present disclosure refers to a method for determining a locationspatiat
anahysis of genomic DNA and RNA present-in a biological sample, the method comprising: (a)
providing an arrayed substrate, wherein the arrayed substrate comprises a plurality of first capture

probes and a plurality of second capture probes:; (i) wherein a first capture probe of the plurality of

first capture probes comprises a spatial barcode and a first capture domain, wherein the spatial

barcode of the first capture probe is associated with a particular location of the first capture probe on

the arrayed substrate; and _(ii) wherein a second capture probe of the plurality of second capture

probes comprises athe spatial barcode and a second capture domain, wherein the spatial barcode of

the second capture probe is associated with a particular location of the second capture probe on the

arrayed substrate; (b) contacting the biological sample with the arraved substrate; (c) permeablllzmg
the biological sample-+ iti ici i

mm%m&%nﬁw&%w&e&m&e&n&ﬂm&m

enzyrecontacting a plurality of transposomes to the biological sample under conditions wherein the

transposon sequences of the transposome are-is inserted into the genomic DNA, thereby generating

fragmented genomic DNA, auewmg#}e%mnspesaseen%wne%exelsﬂh&mseﬁed#anspeseﬂ

GGH-d—I—HGHS—WhGF@—PhE—ﬁ%SI—G&HPH%@—dGHQ&FH—FH%EF&GPSANI—Ph ybrldlzmg (i) the fragmented genomic DNA

to the first capture domains of the first plurality of capture probes and the (ii) RNA from the
biological sample to the second capture domains of the second plurality of capture probesdemain
interacts-with-the- RNA,; and (f) determining (i) the spatial barcode sequence, or a complement
thereof, of the first capture probe comprising the fragmented genomic DNA, or a complement

thereof, wherein the determined sequences correlates the location of the fragmented genomic DNA in

the biological sample; and (ii) the spatial barcode sequence, or a complement thereof, of the second

capture probe comprising the RNA, or a complement thereof, wherein the determined sequences
correlates the location of the RNA in the biological sample, thereby determining the spatial location

of the genomic DNA and RNA in the bloloqlcal sampleee#elanﬂgweeaneﬁreﬁheil&eapm

In some examples, the RNA is a mRNA. In some examples, the first capture domain and the
second capture domain are identical. In some examples, the first capture domain and the second
capture domain comprise a homopolymeric poly (T) sequence. In some examples, the first capture
domain and the second capture domain are different. In some examples, the first capture domain
comprises a random sequence and the second capture domain comprises a poly (T) sequence. In
some examples, the array comprising the plurality of capture probes is provided on a substrate. In
some examples, the array comprising the
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examples, the biological sample is imaged before or after contacting the biological sample with
the substrate.

In another exampleaspeet, the present disclosure refers to a method for determining a
location of an analyte in a biological sample, comprising: (a) contacting a biological sample with
a substrate comprising a plurality of capture probes, wherein a capture probe of the plurality
comprises a spatial barcode and a capture domain that specifically binds to an analyte from the
biological sample; and (b) determining (i) all or a portion of the analyte sequence specifically
bound to the capture domain, or a complement thereof, and (ii) all or a portion of the spatial
barcode, or a complement thereof, and using the determined sequences of (i) or (ii) to determine
the location of the analyte in the biological sample, wherein the biological sample is a cell
culture, an organism, or an organoid.

In another exampleaspeet, the present disclosure refers to a method for spatial analysis of
a nucleic acid in a biological sample, the method comprising: (a) contacting the biological
sample to an array comprising a plurality of capture probes immobilized on the array, wherein a
capture probe of the plurality of capture probes comprises a spatial barcode and a capture
domain; (b) contacting a polymer material to the biological sample, and activating the polymer
material to form a hydrogel-embedded biological sample; (c) permeabilizing the hydrogel-
embedded biological sample under conditions sufficient to allow the nucleic acid in the
biological sample to specifically bind to the capture domain; (d)  amplifying the RNA
specifically bound to the capture domain to generate an amplicon having a sequence, wherein the
amplicon comprises all or a portion of the spatial barcode or a complement thereof, and all or a
portion of the nucleic acid sequence or a complement thereof; and (e) determining the sequence
of the amplicon by sequential hybridization and detection with a plurality of labelled probes, and
using the determined amplicon sequence to identify the location of the nucleic acid in the
biological sample.

In another exampleaspeet, the present disclosure refers to a nucleic acid comprising: (a) a
first single-stranded oligonucleotide comprising: a spatial barcode; a primer binding site; a
unique molecular identifier; and a first hybridization sequence; and (b) a splint oligonucleotide
comprising: a second hybridization sequence that specifically binds to the first hybridization

sequence; and a capture domain.
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In another exampleaspect, the present disclosure refers to a composition comprising: (a) a
nucleic acid disclosed herein; and (b)a single-stranded tagment comprising a first adaptor that
comprises a sequence that is capable of specifically binding to the capture domain.

In another exampleaspect, the present disclosure refers to a composition comprising: (a) a
nucleic acid disclosed herein; (b) DNA from a biological sample; and (c) a transposase dimer
comprising: (i) a first transposase monomer complexed with a first adaptor comprising a first
transposon end sequence and a sequence that is capable of specifically binding to the capture
domain; (ii) a second transposase monomer complexed with a second adaptor comprising a
second transposon end sequence and a primer binding site or a complement thereof.

In another exampleaspect, the present disclosure refers to a composition comprising: (a) a
nucleic acid disclosed herein; (b) DNA from a biological sample; and (c) a first transposase
monomer complexed with a first adaptor comprising a first transposon end sequence and a
sequence that is capable of specifically binding to the capture domain; and (d) a second
transposase monomer complexed with a second adaptor comprising a second transposon end
sequence and a primer binding site or a complement thereof.

All publications, patents, patent applications, and information available on the internet
and mentioned in this specification are herein incorporated by reference to the same extent as if
each individual publication, patent, patent application, or item of information was specifically
and individually indicated to be incorporated by reference. To the extent publications, patents,
patent applications, and items of information incorporated by reference contradict the disclosure
contained in the specification, the specification is intended to supersede and/or take precedence
over any such contradictory material.

Where values are described in terms of ranges, it should be understood that the
description includes the disclosure of all possible sub-ranges within such ranges, as well as
specific numerical values that fall within such ranges irrespective of whether a specific
numerical value or specific sub-range is expressly stated.

The term “each,” when used in reference to a collection of items, is intended to identify
an individual item in the collection but does not necessarily refer to every item in the collection,

unless expressly stated otherwise, or unless the context of the usage clearly indicates otherwise.

9a
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WHAT IS I TEMIZEDGEAHMED IS:

1. A method for spatial analysis of genomic DNA present in a biological sample, the

method comprising:

providing an array comprising a plurality of capture probes, wherein a capture probe of
the plurality of capture probes comprises a spatial barcode and a capture domain;

permeabilizing the biological sample under conditions sufficient to make the genomic
DNA in the biological sample accessible to transposon insertion;

providing a transposon sequence and a transposase enzyme to the biological sample
under conditions wherein the transposon sequence is inserted into the genomic DNA;

allowing the transposase enzyme to excise the inserted transposon sequence from the
genomic DNA, thereby generating fragmented genomic DNA;

contacting the biological sample comprising the fragmented genomic DNA with the array
under conditions where the capture probe interacts with the fragmented genomic DNA; and

correlating the location of the capture probe on the array to a location in the biological

sample, thereby spatially analyzing the fragmented genomic DNA.

2. The method of elaimitem 1, wherein the array comprising the plurality of capture probes

is provided on a substrate.

3. The method of elaimitem 1, wherein the array comprising the plurality of capture probes
is provided on a feature.

4. The method of any one of elaimitems 1 to 3, wherein the capture probe is directly or

indirectly attached.

5. The method of any one of elaimitems 1 to 4, wherein the array comprising the plurality of

capture probes is provided on the feature on the substrate.

6. The method of any one of elaimitems 1 to 5, wherein the substrate comprises a

microfluidic channel.
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10.

11.

12.

13.

The method of any one of elaimitems 1 to 6, wherein the capture probe further comprises
one or more of a cleavage domain, a functional domain, and a unique identifier, or

combinations thereof.

The method of any one of elaimitems 1 to 7, further comprising a migration step wherein

the fragmented genomic DNA is migrated to the substrate.

The method of elaimitem 8, wherein the migration step is an active migration step

comprising applying an electric field to the fragmented genomic DNA.

The method of elaimitem 8, wherein the migration step is a passive migration step

comprising diffusion.

The method of any one of elaimitems 8 to 10, wherein the migration of the fragmented
genomic DNA from the biological sample comprises exposing the biological sample and

the feature to heat.

The method of any one of elaimitems 1 to 11, wherein the biological sample is
immobilized on the substrate.

The method of any one of elaimitems 1 to 12, wherein the transposase enzyme is a dimer
comprised of a first monomer complexed with a first adapter comprising a transposon
end sequence and a sequence complementary to the capture domain and wherein a second
monomer is complexed with a second adapter comprising a transposon end sequence and
a second adapter sequence, wherein the transposase enzyme ligates the first adapter and

the second adapter to the fragmented genomic DNA.
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14.

15.

16.

17.

18.

19.

The method of elaimitem 13, wherein the first adapter and the second adapter have a 5’

end and a 3’ end, wherein the 5 end is phosphorylated in situ.

The method of elaimitem 13 or 14, wherein prior to fragmenting the DNA, the 5’ end of
the first adapter complexed with the first monomer and the second adapter complexed

with the second monomer are phosphorylated.

The method of elaimitem 14 or 15, wherein the step of phosphorylating the 5’ end of the
first adapter complexed with the first monomer and the second adapter complexed with
the second monomer comprises contacting a first monomer:first adapter complex and a
second monomer:second adapter complex with a polynucleotide kinase in the presence of

ATP.

The method of any one of elaimitems 1 to 16, wherein the capture domain of the capture
probe comprises a sequence that hybridizes to the sequence complementary to the capture

domain of the first adapter.

The method of any one of elaimitems 13 to 17, wherein the capture probe is a partially
double stranded molecule comprising a first strand comprising the capture domain
hybridized to a second strand, and wherein the first strand templates the ligation of the

first adapter to the second strand.

The method of any one of elaimitems 13 to 18, wherein the first adapter sequence
complementary to the capture domain, or portion thereof, hybridized to the capture probe
templates the ligation and ligating the 5’ end of the first adapter to the 3’ end of the

capture probe.
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20.

21.

22.

23.

24.

25.

26.

The method of any one of elaimitems 1 to 19, wherein the capture probe comprises a
surface probe and a splint oligonucleotide and wherein the splint oligonucleotide
comprises a sequence complementary to a hybridization domain of the surface probe, or

portion thereof.

The method of elaimitem 20, wherein the splint oligonucleotide comprises the capture

domain with a sequence complementary to the first adapter, or portion thereof.

The method of elaimitem 20 or 21, wherein the splint oligonucleotide hybridizes to the
first adapter, or portion thereof, and to the hybridization domain of the surface probe, or

portion thereof.

The method of any one of elaimitems 20 to 22, wherein ligation is performed in the
presence of the splint oligonucleotide, thereby ligating the surface probe of the capture

probe and the first adapter.

The method of any one of elaimitems 13 to 23, wherein the fragmented genomic DNA
hybridized to the capture probe by the first adapter is an extension template used to
produce an extended capture probe that comprises the sequences of the spatial barcode

and a sequence complementary to the fragmented genomic DNA.

The method of elaimitem 24, wherein the capture probe hybridized to the fragmented
genomic DNA is extended with a DNA polymerase.

The method of elaimitem 25, wherein the DNA polymerase has strand displacement

activity.
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217.

28.

29.

30.

31.

32.

33.

34.

35.

The method of any one of elaimitems 1 to 26, further comprising gap repair of single

stranded breaks in the fragmented genomic DNA.

The method of any one of elaimitems 13 to 26, wherein the sequence complementary to

the capture domain is a unique sequence.

The method of any one of elaimitems 1-28, wherein the capture probe is ligated to the

fragmented genomic DNA by a DNA ligase enzyme.

The method of any one of elaimitems 1 to 29, wherein the transposase enzyme is a Tn5

transposase enzyme, or a functional derivative thereof.

The method of elaimitem 30, wherein the Tn5 transposase enzyme comprises a sequence

having at least 80% identity to SEQ ID NO: 1.

The method of any one of elaimitems 1 to 29, wherein the transposase enzyme is a Mu

transposase enzyme, or the functional derivative thereof.

The method of elaimitem 32, wherein the Mu transposase enzyme comprises a sequence

having at least 80% identity to SEQ ID NO: 2.

The method of elaimitem 13, wherein the transposon end sequence comprises a sequence

having at least 80% identity to SEQ ID NO: 8.

The method of elaimitem 13, wherein the transposon end sequence comprises a sequence

having at least 80% identity to any one of SEQ ID NO: 9 to 14.
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36.

37.

38.

39.

40.

41.

The method of any one of elaimitems 1 to 35, wherein permeabilizing the biological
sample is performed under a chemical permeabilization condition, an enzymatic

permeabilization condition, or both.

The method of elaimitem 36, wherein the chemical permeabilization condition comprises

contacting the biological sample with an alkaline solution.

The method of elaimitem 36 or 37, wherein the enzymatic permeabilization condition
comprises contacting the biological sample with an acidic solution comprising a protease

enzyme.

The method of elaimitem 38, wherein the protease enzyme is an aspartyl protease,

preferably a pepsin enzyme, a pepsin-like enzyme, or the functional equivalent thereof.

The method of elaimitem 39, wherein the pepsin enzyme, the pepsin-like enzyme, or the
functional equivalent thereof, comprises a sequence having at least 80% identity to SEQ

ID NO: 3 or4.

The method of any one of elaimitems 36-40, wherein the enzymatic permeabilization
condition comprises contacting the biological sample with:

(i) a zinc endopeptidase, a collagenase enzyme, a collagenase-like enzyme, or a
functional equivalent thereof;

(ii) a serine protease, a proteinase K enzyme, a proteinase K-like enzyme, or a functional
equivalent thereof; or

(iii) both.
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42

43.

44,

45.

46.

47.

48.

49.

50.

. The method of elaimitem 41, wherein the collagenase enzyme, the collagenase-like
enzyme, or the functional equivalent thereof comprises a sequence having at least 80%
identity to SEQ ID NO: 5 or 6.

The method of elaimitem 41 or 42, wherein the proteinase K enzyme, the proteinase K-
like enzyme, or the functional equivalent thereof comprises a sequence having at least
80% identity to SEQ ID NO: 7.

The method of elaimitem 25 or 26, wherein using the fragmented genomic DNA
hybridized to the capture probe as the extension template generates a DNA molecule.

The method of elaimitem 18 or 19, where using the fragmented genomic DNA hybridized

to the capture probe as a ligation template generates a DNA molecule.

The method of elaimitem 44 or 45, comprising a step of analyzing the DNA molecule.

The method of elaimitem 46, wherein the step of analyzing the DNA molecule includes

sequencing.

The method of elaimitem any one of elaimitems 1 to 47, wherein correlating the spatial
barcode of the capture probe with the fragmented genomic DNA associated with the

capture probe spatially analyzes the fragmented genomic DNA.

The method of any one of elaimitems 1 to 48, further comprising a step wherein the
biological sample is imaged before or after contacting the biological sample with the

substrate.

A kit for use in a method of spatially detecting nucleic acids of a biological sample as
defined in any one of elaimitems 1 to 49, wherein the kit comprises any two or more of:

(i) an array on which a plurality of capture probes are present;
(i) one or more biological sample permeabilization reagents;
(iii) one or more transposase enzymes;
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(iv) one or more reverse transcriptases; and

(v) one or more cleavage enzymes.

51. A method for spatial analysis of genomic DNA and RNA present in a biological
sample, the method comprising:

providing an array, wherein the array comprises a plurality of capture probes, wherein a
first capture probe of the plurality of capture probes comprises a spatial barcode and a first
capture domain, and wherein a second capture probe of the plurality of capture probes comprises
the spatial barcode and a second capture domain;

permeabilizing the biological sample under conditions sufficient to make the genomic
DNA in the biological sample accessible to transposon insertion;

providing a transposon sequence and a transposase enzyme to the biological sample
under conditions wherein the transposon sequence is inserted into the genomic DNA;

allowing the transposase enzyme to excise the inserted transposon sequence from the
genomic DNA, thereby generating fragmented genomic DNA;

contacting the biological sample comprising the fragmented genomic DNA and RNA
with the array under conditions where the first capture domain interacts with the fragmented
genomic DNA and the second capture domain interacts with the RNA; and

correlating the location of the first capture probe on the array to a location in the
biological sample and correlating the location of the second capture probe on the array to a
location in the biological sample, thereby spatially analyzing the fragmented genomic DNA and
RNA at the location in the biological sample.

52. The method of elaimitem 51, wherein the RNA is a mRNA.

53. The method of elaimitem 51 or 52, wherein the first capture domain and the second

capture domain are identical.

54. The method of elaimitem 53, wherein the first capture domain and the second capture

domain comprise a homopolymeric poly(T) sequence.
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55. The method of any one of elaimitems 51 to 54, wherein the first capture domain and
the second capture domain are different.

56. The method of elaimitem 55, wherein the first capture domain comprises a random

sequence and the second capture domain comprises a poly(T) sequence.

57. The method of any one of elaimitems 51 to 56, wherein the array comprising the

plurality of capture probes is provided on a substrate.

58. The method of any one of elaimitems 51 to 56, wherein the array comprising the

plurality of capture probes is provided on a feature.

59. The method of elaimitem 58, wherein the feature comprises the first capture probe,

the second capture probe, or both.

60. The method of any one of elaimitems 51 to 59, wherein the first capture probe, the

second capture probe, or both, are directly or indirectly attached.

61. The method of any one of elaimitems 51 to 60, wherein the array comprising the

plurality of capture probes is provided on the feature on the substrate.

62. The method of any one of elaimitems 51 to 61, wherein the substrate comprises a

microfluidic channel.
63. The method of any one of elaimitems 51 to 62, wherein the first capture probe, the
second capture probe, or both, comprise one or more of a cleavage domain, a functional domain,

and a unique identifier, or combinations thereof.

64. The method of any one of elaimitems 51 to 63, comprising a migration step wherein
the fragmented genomic DNA and the RNA are migrated to the substrate.
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65. The method of elaimitem 64, wherein the migration step is an active migration step.

66. The method of elaimitem 64, wherein the migration step is a passive migration step.

67. The method of any one of elaimitems 64 to 66, wherein the migration of the
fragmented genomic DNA and the RNA from the biological sample comprises exposing the

biological sample to heat.

68. The method of any one of elaimitems 51 to 67, wherein the biological sample is
immobilized on the substrate.

69. The method of any one of elaimitems 51 to 68, wherein the fragmented genomic
DNA is repaired by ligating breaks with a ligase enzyme.

70. The method of any one of elaimitems 51 to 69, further comprising gap repair of single

stranded breaks in the fragmented genomic DNA.

71. The method of any one of elaimitems 51 to 70, wherein a sequence complementary to

the first capture domain of the first capture probe is introduced to the fragmented genomic DNA.
72. The method of any one of elaimitems 51 to 71, wherein the first capture domain of
the first capture probe hybridizes to the sequence complementary to the capture domain

introduced to the fragmented genomic DNA.

73. The method of elaimitem 57, wherein the random sequence of the first capture

domain hybridizes the fragmented genomic DNA.

74. The method of any one of elaimitems 51 to 73, wherein the second capture domain of

the second capture probe hybridizes to a complementary sequence in the mRNA.
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75. The method of any one of elaimitems 71 or 74, wherein the sequence complementary
to the first capture domain and the complementary sequence in the mRNA is a homopolymeric

sequence.

76. The method of elaimitem 75, wherein the homopolymeric sequence is a poly(A)

sequence.
77. The method of any one of elaimitems 51-76, comprising extending the first capture
probe using the fragmented genomic DNA as an extension template, and extending the second

capture probe using the RNA as an extension template.

78. The method of elaimitem 77, wherein extending the first capture probe is performed
with a DNA polymerase.

79. The method of elaimitem 78, wherein extending the second capture probe is

performed with reverse transcriptase.

80. The method of any one of elaimitems 51 to 79, wherein the transposase enzyme is a

Tnb transposase enzyme, or a functional derivative thereof.

81. The method of elaimitem 80, wherein the Tn5 transposase enzyme comprises a
sequence having at least 80% identity to SEQ ID NO: 1.

82. The method of any one of elaimitems 51 to 79, wherein the transposase enzyme is a

Mu transposase enzyme, or a functional derivative thereof.

83. The method of elaimitem 82, wherein the Mu transposase comprises a sequence
having at least 80% identity to SEQ ID NO: 2.

84. The method of elaimitem any one of elaimitems 51 to 83, wherein the transposase

enzyme is complexed with an adapter comprising a transposon end sequence.
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85. The method elaimitem 84, wherein the transposon end sequence comprises a
sequence having at least 80% identity to SEQ ID NO: 8.

86. The method of elatmitem 84, wherein the transposon end sequence comprises a
sequence having at least 80% identity to any one of SEQ ID NO: 9 to 14.

87. The method of any one of elaimitems 51 to 86, wherein permeabilizing the biological
sample is performed under a chemical permeabilization condition, an enzymatic

permeabilization condition, or both.

88. The method of elaimitem 87, wherein the chemical permeabilization condition

comprises contacting the biological sample with an alkaline solution.

89. The method of elaimitem 86 or 87, wherein the enzymatic permeabilization condition
comprises contacting the biological sample with an acidic solution comprising a protease

enzyme.

90. The method of elaimitem 89, wherein the protease enzyme is an aspartyl protease,

preferably a pepsin enzyme, a pepsin-like enzyme, or a functional equivalent thereof.

91. The method of elaimitem 90, wherein the pepsin enzyme, the pepsin-like enzyme, or
functional equivalent thereof, comprises a sequence having at least 80% identity to SEQ ID NO:
3ord4.

92. The method of any one of elaimitems 86 to 91, wherein the enzymatic
permeabilization condition comprises contacting the biological sample with:

(i) a zinc endopeptidase, a collagenase enzyme, a collagenase-like enzyme, or a

functional equivalent thereof;

(ii) a serine protease, a proteinase K enzyme, a proteinase K-like enzyme, or a functional
equivalent thereof; or
(iii) both.
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93. The method of elaimitem 92, wherein the collagenase enzyme, the collagenase-like
enzyme, or the functional equivalent thereof comprises a sequence having at least 80% identity
to SEQ ID NO: 5 or 6.

94. The method of elaimitem 92 or 93, wherein the proteinase K enzyme, the proteinase
K-like enzyme, or the functional equivalent thereof comprises a sequence having at least 80%
identity to SEQ ID NO: 7.

95. The method of elaimitem any one elakmitems 51 to 94, wherein the step of analyzing

the DNA molecule includes sequencing.

96. The method of any one of elaimitems 51 to 95, wherein correlating the spatial
barcode of the first capture probe with the fragmented genomic DNA associated with the first

capture probe spatially analyzes the fragmented genomic DNA.
97. The method of any one of elaimitems 51 to 96, wherein correlating the spatial
barcode of the second capture probe with the mRNA associated with the second capture probe

spatially analyzes the mRNA.

98. The method of any one of elaimitems 51 to 97, further comprising a step wherein the
biological sample is imaged before or after contacting the biological sample with the substrate.
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WHAT IS CLAIMED 1S:

1. A method for determining a spatial locationspatial-anatysis of genomic DNA
presentin a biological sample, the method comprising:

(a) providing an arrayarrayed substrate comprising a plurality of capture probes, wherein

a capture probe of the plurality of capture probes comprises a spatial barcode and a capture

domain, wherein the spatial barcode is associated with a particular location of the capture probe

on the arrayed substrate;

(b) contacting the biological sample with the arrayed substrate;
(c) permeabilizing the biological sample-underconditions-sufficient-to-make-the-genomic
in the biological I bl . ion:
(d) contacting a transposome withprevidinga-transpeson-sequence-and-a-transposase
enzyme-to the permeabilized biological sample to insertunderconditions-wherein-the transposon

end sequences is-aserted-into the genomic DNA, thereby generating fragmented genomic DNA,;

(e) hybridizingesentacting-the-biclogical-sample-comprising the fragmented genomic
DNA to the capture domain of the capture probe on with-the arrayed substrate-under-conditions

ANara tna a e hrope-He AtN Tha agmented-genom ;and

(f) determining the spatial barcode sequence or a complement thereof, and the

fragmented genomic DNA sequence or a complement thereof, wherein the determined sequences

correlate the location of the genomic DNA in the biological sample, thereby determining the

spatial location of the genomic DNA.
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3.2.The method of claim 1, wherein the-array-comprising-the plurality of capture probes isare

provided on a plurality of features on the arrayed substrate.

4-3.The method of claim 1 or 2any-ene-ofclatms1-te-3, wherein the plurality of capture
probes areis directly or indirectly attachedaffixed on the arrayed substrate.

6-4.The method of any one of claims 1 to 53, wherein the arrayed substrate comprises a

microfluidic channel.

7-5.The method of any one of claims 1 to 64, wherein the capture probe of the plurality of

capture probes further comprises one or more of a cleavage domain, a functional domain,

and-a unique identifier, ander combinations thereof.

8.6.The method of any one of claims 21 to 75, further comprising a migration step wherein

the fragmented genomic DNA is migrated from the biological sample to the arrayed

substrate.

9.7.The method of claim 86, wherein the migration step is an active migration step

comprising applying an electric field to the biological samplefragmented-genemic DNA.

10:8. The method of claim 86, wherein the migration step is a passive migration step

comprising diffusion.
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11.9. The method of any one of claims 68 to 818, wherein the migration of the
fragmented genomic DNA from the biological sample comprises exposing the biological

sample and-the-feature-to heat.

12.10. The method of any one of claims 21 to 119, wherein the biological sample is

immobilized on the arrayed substrate.

13:11. The method of any one of claims 1 to 210, wherein the transposome comprises a

transposase enzyme asis a dimer comprisingeemprised-of a first monomer complexed
with a first adapter comprising a transposon end sequence and a sequence complementary
to the capture domain and wherein a second monomer is complexed with a second
adapter comprising a transposon end sequence and a second adapter sequence, wherein

the transposase enzyme inserts the transposon end sequences andhigates the first adapter

and the second adapter into the genomic DNA, thereby generating fragmented genomic

DNA.

14.12. The method of claim 1113, wherein the first adapter and the second adapter have

a5’ end and a 3’ end, wherein the 5’ end is phosphorylated-ia-sitt.

15.13. The method of claim 1113 or 1234, wherein prior to fragmenting the genomic

DNA, the 5’ end of the first adapter complexed with the first monomer and the second

adapter complexed with the second monomer are phosphorylated.

16:14. The method of claim 1214 or 1315, wherein the-step-ef-phosphorylating the-5*

end-of-the first adapter complexed with the first monomer and the second adapter
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complexed with the second monomer comprises contacting a first monomer:first adapter
complex and a second monomer:second adapter complex with a polynucleotide kinase in

the presence of ATP.

17.15. The method of any one of claims +-t6-1611 to 15, wherein the capture domain of

the capture probe comprises a sequence that hybridizes to the-sequence-complementary-to
the-capture-demain-of-the first adapter.

20:16. The method of any one of claims 111 to 4915, wherein the capture domain of the

capture probe comprises-a-surfaceprobe-andis complementary to a portion of a splint

oligonucleotide and wherein the splint oligonucleotide comprises a sequence

complementary to a hy

portion

of the first adapter of the fragmented genomic DNA.
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22.17. The method of claim 20-6+2116, wherein the splint oligonucleotide hybridizes to

the first adapter, or a portion thereof, and to the capturehybridization domain of the

capturesurface probe, or a portion thereof.

23-18. The method of claim 17any-ene-ofclaims20-to-22, wherein the first adapter and

the capture domain of the capture probe hybridized to the splint oligonucleotide are

24-19. The method of claim 15any-ene-ofclaims13-t0-23, wherein the fragmented

genomic DNA hybridized to the capture domain of the capture probe is by-thefirst

adapter-is-an-extension-template-used-to-produceused as a template to generate an

extended capture probe comprisingthat-cemprises the sequences of the spatial barcode

and a sequence complementary to the fragmented genomic DNA.

25-20. The method of claim 1924, wherein the capture-prebe-hybridized-to-the
fragmented-genomic BNA-is-extended capture probe is generated usingwith a DNA

polymerase.

26:21. The method of claim 2025, wherein the DNA polymerase has strand displacement

activity.
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2722. The method of any one of claims 1 to 2126, further comprising gap repair of

single stranded breaks in the fragmented genomic DNA.

28.23. The method of any one of claims 1113 to 1626, wherein the sequence

complementary to the capture domain is a unique sequence.

29.24. The method of claim 18any-ene-ofelaims1-28, wherein the capture domain of the

capture probe is ligated to the fragmented genomic DNA by a DNA ligase enzyme.

30:25. The method of claim 11any-ene-ofclatms1-te-29, wherein the transposase

enzyme of the transposome is a Tn5 transposase enzyme, or a functional derivative

thereof, and comprises a sequence having at least 80% identity to SEQ ID NO: 1.

32.26. The method of claim 11any-ene-ofclatms1-te-29, wherein the transposase

enzyme of the transposome is a Mu transposase enzyme, or the functional derivative

thereof, and comprises a sequence having at least 80% identity to SEQ ID NO: 2.

34.27. The method of claim 13, wherein the transposon end sequence comprises a

sequence having at least 80% identity to SEQ ID NO: 8.
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35:28. The method of claim 13, wherein the transposon end sequence comprises a

sequence having at least 80% identity to any one of SEQ ID NO: 9 to 14.

36-29. The method of any one of claims 1 to 3528, wherein permeabilizing the biological
sample is performed under a chemical permeabilization condition, an enzymatic

permeabilization condition, or both.

3730. The method of claim 3629, wherein the chemical permeabilization condition

comprises contacting the biological sample with an alkaline solution.

38-31. The method of claim 2936-6+-37, wherein the enzymatic permeabilization

condition comprises contacting the biological sample with-an-acidicselution-comprising

a protease enzyme.

39.32. The method of claim 3831, wherein the protease enzyme is an aspartyl protease,

preferably-a pepsin enzyme, a pepsin-like enzyme, or the functional equivalent thereof.

40:33. The method of claim 3239, wherein the pepsin enzyme, the pepsin-like enzyme,
or the functional equivalent thereof, comprises a sequence having at least 80% identity to

SEQ ID NO: 3 or 4.

4134. The method of any one of claims 31-3336-40, wherein the enzymatic

permeabilization condition comprises contacting the biological sample with:
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(i) a zinc endopeptidase, a collagenase enzyme, a collagenase-like enzyme, or a
functional equivalent thereof;

(ii) a serine protease, a proteinase K enzyme, a proteinase K-like enzyme, or a functional
equivalent thereof; or

(iii) betha combination thereof.

42.35. The method of claim 4134, wherein the collagenase enzyme, the collagenase-like
enzyme, or the functional equivalent thereof comprises a sequence having at least 80%
identity to SEQ ID NO: 5 or 6.

43.36. The method of claim 3441-6+42, wherein the proteinase K enzyme, the proteinase

K-like enzyme, or the functional equivalent thereof comprises a sequence having at least
80% identity to SEQ ID NO: 7.

47.37. The method of claim 146, wherein the determining step comprises step-of
analyzing-the BPNA-molecule-ineludes-sequencing.

38. The method of claim 37, wherein sequencing comprises sequencing the spatial barcode

sequence or a complement thereof, and the fragmented genomic DNA sequence or a complement

thereof.
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4939. The method of any one of claims 1 to 3848, further comprising a step of

imagingwherein the biological sample is-imaged-before or after contacting the biological
sample with the arrayed substrate.

5040. A kit for use in a method of spatially detecting genomic DNA fromaucleicacids-of

a biological sample as defined in any one of claims 1 to 3949, wherein the kit comprises any two

or more of:
(i) an arrayed substrate comprisingen-which a plurality of capture probes-are-present;
(i) one or more bislegical-sample-permeabilization reagents;
(iii) a plurality of transposomesene-er-more-transposase-enzymes;
(iv) a DNA polymerase or a reverse transcriptaseene-er-mere-reverse-transeriptases; and

(v) instructions for performing the methods of any one of claims 1-39ene-er-mere

clempoecrnines,

5141. A method for determining a locationspatial-analysis of genomic DNA and RNA
presentin a biological sample, the method comprising:

(a) providing an arrayed substrate, wherein the arrayed substrate comprises a plurality of

first capture probes and a plurality of second capture probes:;

(1) wherein a first capture probe of the plurality of first capture probes comprises a spatial

barcode and a first capture domain, wherein the spatial barcode of the first capture

probe is associated with a particular location of the first capture probe on the arrayed

substrate; and

(i1) wherein a second capture probe of the plurality of second capture probes comprises

athe spatial barcode and a second capture domain, wherein the spatial barcode of the
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second capture probe is associated with a particular location of the second capture

probe on the arrayed substrate;

(b) contacting the biological sample with the arrayed substrate;
(c) permeabilizing the biological sample-underconditions-sutficient-to-make-the-genemic
ir the bioloaical | bl : ioR:

yecontacting a plurality of

transposomes to the biological sample under conditions wherein-the transposon sequences of the

transposome areis inserted into the genomic DNA, thereby generating fragmented genomic
DNA;

fragmented genomic DNA to the first capture domains of the first plurality of capture probes and

the (ii) RNA from the biological sample to the second capture domains of the second plurality of
capture probesdemain-nteracts-with-the RNA; and
(f) determining (i) the spatial barcode sequence, or a complement thereof, of the first

capture probe comprising the fragmented genomic DNA, or a complement thereof,

wherein the determined sequences correlates the location of the fragmented genomic

DNA in the biological sample; and

(ii) the spatial barcode sequence, or a complement thereof, of the second capture probe

comprising the RNA, or a complement thereof, wherein the determined sequences

correlates the location of the RNA in the biological sample, thereby determining the

spatial location of the genomic DNA and RNA in the biological sample.

5242. The method of claim 4154, wherein the RNA is amRNA.
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5343. The method of claim 4151 or 4252, wherein the first capture domain and the

second capture domain are identical.

5444. The method of claim 5343, wherein the first capture domain and the second capture

domain comprise a homopolymeric poly(T) sequence.

5545. The method of claim 41 or 42any-one-ef-claims 51-te-54, wherein the first capture
domain and the second capture domain are different.

5646. The method of claim 4555, wherein the first capture domain comprises a non-

homopolymerrandem sequence and the second capture domain comprises a poly(T) sequence.

5847. The method of any one of claims 4151 to 4656, wherein the-array-comprising-the

plurality-of capture probes-isprovided-on-athe arrayed substrate comprises a plurality of features.

5948. The method of claim 4758, wherein athe feature of the plurality of features

comprises the first capture probe, the second capture probe, or both.

6049. The method of claim 48any-one-ofclaims 511659, wherein the first capture probe,
the second capture probe, or both, are directly or indirectly affixed to a feature of the plurality of

featuresattached.
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6250. The method of claim 41any-ene-efclaims51i-to-61, wherein the arrayed substrate
comprises a microfluidic channel.

6351. The method of any one of claims 4152 to 5062, wherein the plurality of first

capture probes; and the plurality of second capture probes;-erbeth; comprise one or more of a

cleavage domain, a functional domain, are-a unique molecular identifier, ander combinations
thereof.

6452. The method of any one of claims 4151 to 5163, comprising a migration step

wherein the fragmented genomic DNA and the RNA are migrated_from the biological sample to

the arrayed substrate.

6553. The method of claim 5264, wherein the migration step is an active migration step

comprising applying an electric field to the biological sample.

6654. The method of claim 5264, wherein the migration step is a passive migration step

comprising diffusion.

6755. The method of any one of claims 5264 to 5466, wherein the migration of the
fragmented genomic DNA and the RNA from the biological sample comprises exposing the
biological sample to heat.

6856. The method of claim 41any-one-ofclaims 511667, wherein the biological sample
is immobilized on the arrayed substrate.

7057. The method of claim 41any-ene-ofclaims 511669, further comprising gap repair
of single stranded breaks in the fragmented genomic DNA.
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#158. The method of any one of claims 4151 to 5779, wherein a sequence

complementary to the first capture domain of the first capture probe is introduced to the

fragmented genomic DNA and hybridizes to the first capture domain of the first capture probe.

7459. The method of any one of claims 4151 to 5873, wherein the second capture domain
of the second capture probe is a poly(T) sequence and hybridizes to a complementary sequence
in the RNAMRNA.

7760. The method of any one of claims 41 to 595176, further comprising extending the

first capture probe using the hybridized fragmented genomic DNA as a an-extension-template,
and extending the second capture probe using the hybridized RNA as a an-extenston-template.

7#861. The method of claim 6077, wherein extending the first capture probe is performed

with a DNA polymerase and extending the second capture probe is performed with a reverse

transcriptase.
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8062. The method of claim 41any-one-ofclaims 511679, wherein the transposase

enzyme of the transposome is a Tn5 transposase enzyme, or a functional derivative thereof and

comprises a sequence having at least 80% identity to SEQ ID NO: 1.

8263. The method of claim 41any-ene-ofclaims 511679, wherein the transposase
enzyme of a transposome is a Mu transposase enzyme, or a functional derivative thereof and

comprises a sequence having at least 80% identity to SEQ ID NO: 2.

8564. The method claim 6284, wherein the transposon end sequence of a transposome

comprises a sequence having at least 80% identity to SEQ ID NO: 8, and further comprising an

adapter sequence.

8665. The method of claim 6384, wherein the transposon end sequence of a transposome

comprises a sequence having at least 80% identity to any one of SEQ ID NO: 9 to 14, and further

comprising an adapter sequence.
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8766. The method of claim 41any-one-ofclaims51-t6-86, wherein permeabilizing the
biological sample is performed under a chemical permeabilization condition, an enzymatic

permeabilization condition, or both.

8867. The method of claim 6687, wherein the chemical permeabilization condition

comprises contacting the biological sample with an alkaline solution.

8968. The method of claim 6686-6+87, wherein the enzymatic permeabilization condition

comprises contacting the biological sample with-an-acidic-selution-comprising a protease

enzyme.

9069. The method of claim 6889, wherein the protease enzyme is an aspartyl protease,

preferably-a pepsin enzyme, a pepsin-like enzyme, or a functional equivalent thereof.

9170. The method of claim 69968, wherein the pepsin enzyme, the pepsin-like enzyme, or
the functional equivalent thereof, comprises a sequence having at least 80% identity to SEQ ID
NO: 3 or 4.

9271. The method of claim 66ary-one-ofclaims-86-t6-91, wherein the enzymatic
permeabilization condition comprises contacting the biological sample with:

(i) a zinc endopeptidase, a collagenase enzyme, a collagenase-like enzyme, or a
functional equivalent thereof;

(ii) a serine protease, a proteinase K enzyme, a proteinase K-like enzyme, or a functional
equivalent thereof; or

(iii) a combination thereofbeth.

9372. The method of claim 7192, wherein the collagenase enzyme, the collagenase-like
enzyme, or the functional equivalent thereof comprises a sequence having at least 80% identity
to SEQ ID NO: 5 or 6.
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9473. The method of claim 7192-6+93, wherein the proteinase K enzyme, the proteinase
K-like enzyme, or the functional equivalent thereof comprises a sequence having at least 80%
identity to SEQ ID NO: 7.

9574. The method of claim 41any-ene-claims51-te-94, wherein the determining step
comprisesstep-of-analyzing-the BNA-molecule-ineludes sequencing.

75. The method of claim 74, wherein the sequencing comprises sequencing: (i) the spatial

barcode sequence, or a complement thereof, of the first capture probe comprising the fragmented

genomic DNA, or a complement thereof, and (ii) the spatial barcode sequence, or a complement

thereof, of the second capture probe comprising RNA, or a complement thereof.

9876. The method of any one of claims 415 to 7597, further comprising imaginga-step
wherein the biological sample is-imaged-before or after contacting the biological sample with the
arrayed substrate.
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