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(57) Abstract: The disclosure provides for methods, compositions, systems, devices, and kits for determining the number of distinct
targets in distinct spatial locations within a sample. In some examples, the methods include: stochastically barcoding the plurality of
targets in the sample using a plurality of stochastic barcodes, wherein each of the plurality of stochastic barcodes comprises a spatial

O label and a molecular label; estimating the number of each of the plurality of targets using the molecular label; and identitying the

W

spatial location of each of the plurality of targets using the spatial label. The method can be multiplexed.
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SPATIALLY ADDRESSABLE MOLECULAR BARCODING

RELATED APPLICATIONS
16061} The present application claims priority under 35 US.C. § 119() to
U.S. Provisional Apphcation No. 62/126230, filed on February 27, 2015, and US.
Provisional Application No. 62/162471, filed on May 15, 2015, The content of these

related applications is herein expressly incorporated by reference in its entirety.

BACKGROUND

Field

G002} The present disclosure relates generally to the field of molecular

biology and more particularly to molecular barcoding.

Description of the Related Art

[0603] Methods and  techniques such as i situ hybndization and
immunochistochenmusiry allow the visualization of the locations of target molecules within
the sample. Methods and technigucs for labeling target molecules for amplification and
sequencing, for example stochastic barcoding, are useful for determining the identities of
the target molecules. Determuining the identitics and locations of the targets molecules in
the sample is important for chinical applications, diagnostics, and biomedical research.
Thus, there 15 a need for methods and technigues capable of correlating the ideniities of

the target molecules with the locations of target molecules within the sample.

SUMMARY
[6604] Bisclosed hercin are methods for determining the nomber and spatial
locations of a plurality of targets in a sample. In some embodiment, the methods mclude:
stochastically barcoding the plorality of targets in the sample using a phuality of
stochastic barcodes, wherein each of the plurality of stochastic barcodes comprises a
spatial label and a molecular label; cstimating the number of cach of the plurality of
targets using the molecular label; and identifving the spatial location of each of the

plurality of targets using the spatial label. The method can be multiplexed.
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TLEIRY In some embodiments, stochastically barcoding the plurality of targets
m the sample can include hybndizing the plurality of stochastic barcodes with the
plurality of targets to gencrate stochastically barcoded targets, and at least one of the
plurality of targets is hvbndized to one of the plurality of stochastic barcodes.
Stochastically barcoding the plurality of targets in the sample can include comprises
generating an indexed hibrary of the stochastically barcoded targets. The molecular labels
of different stochastic barcodes can be differcnt from one another. The sample can be
physically divided or i3 mtact during stochastically barcoding the plurality of targets n
the sample. The spatial locations of the plurality of targets in the sample can be on a
surface of the samople, inside the sample, subcellularly o the sample, or any combination
thereof. Stochastic barcoding the plurality of targets i the sample can be performed on
the surface of the sample, subcellularly in the sample, inside the sample, or any
combination thereof.

(G806} In some embodiments, the spatial label can include 5-20 nucleotides.
The molecular label can mclude 5-20 nucleotides. Estimating the number of the plurality
of targets using the molecular label can include determining sequences of the spanal
labels and molecular labels of the plurality of the stochastic labels and counting the
number of the molecular labels with distinct sequences. Determining the sequences of the
spatial labels and the molecular labels of the plurality of the stochastic barcodes can
include sequencing some or all of the plurality of stochastic barcodes. Sequencing some
or all of the plurality of stochastic barcodes can include generating sequences cach with a
read length of 100 or more bases. Identifving the spatial locations of the plurality of
targets can include correlating the spatial labels of the plurality of the stochastic barcodes
with the spatial locations of the plurality of targets in the sample.

[6607] In some embodiments, the methods can include comprising visualizing
the plurality of targets i the sample. Visualizing the plurality of targets n the sample can
include mapping the plurality of targets onto a map of the sample. Mapping the phurality
of targets onto the map of the sample can include generating a two dimensional map or a
three dimensional map of the sample.  The two dimensional map and the three
dimensional map can be generated prior to or after stochastically barcoding the plurality
of targets in the sample. In some embodiments, the two dimensional map and the three
dimensional map can be generated before or afier lvsing the sample. Lysing the sample

before or after gencrating the two dimensional map or the three dimensional map can
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inchude heating the sample, contacting the sample with a detergent, changing the pH of
the sample, or any combination thereof,

6608} In some embodiments, the sample can include a pharality of cells and
the plurality of targets can be associated with the plurality of cells. The plurality of cells
can include one or more cell types. At least one of the one or more cell types can be brain
cell, heart cell, cancer cell, circulating tumor cell, organ cell, epithehial cell, metastatic
cell, benign cell, primary cell, circulatory cell, or any combination thercof. The plurality
of targets can include rnbonucleic acids (RNAg), messenger RNAs (mBRNAs),
microRNAs, small interfering RNAs (siRNAs), RNA degradation products, RNAs each
comprising a polv(A} tail, and any combination thereof. Stochastically barcoding the
plurality of targets in the sample can be performed with a solid support including the
plurality of stochastic barcodes. In some embodiments, the methods can include decoding
the solid support. The solid support can mchude a plurality of synthetic particles
associated with the phlurality of stochastic barcodes. The spatial labels of the plurality of
stochastic barcodes on different solid supports can differ by at least one nucleotide.

3609} In some embodiments, each of the plurality of stochastic barcodes can
mclude one or more of a universal label and a cellular label, wherein wniversal labels can
be the same for the plurality of stochastic barcodes on the solid support and cellular labels
can be the same for the plurality of stochastic barcodes on the solid support. The
universal label can include 5-20 nucleotides.  The celivlar label can include 3-20
nucleotides. The solid support can include the plurality of stochastic barcodes in two
dimensions or three dimensions. The synthetic particles can be beads. The beads can be
stica gel beads, controlled pore glass beads, magnetic beads, Dynabeads,
Sephadex/Sepharose beads, celivlose beads, polystyrene beads, or any combination
thereof. Solid support can include a polymer, a matnix, a hydrogel, a needle array device,
an antibody, or any combination thereof.

16614 Disclosed herein are mgethods for determining spatial locations of a
plurality of targets in a sample. In some embodiments, the methods nclude:
stochastically barcoding the plurality of targets m the sample at one or more time points
using a plurality of stochastic barcodes, wherein cach of the plurality of stochastic
barcodes compnses a spatial label; and dentifving the spatial location of each of the

plurality of targets using the spatial label.



WO 2016/138496 PCT/US2016/019962

6611} In some embodiments, stochastically barcoding the plurality of targets
m the sample using the plurality of stochastic barcodes can include stochastically
barcoding the plurality of targets in the sample at different time points using the phurality
of stochastic barcodes. FEach of the plurality of stochastic barcodes can include a
dimension label, and the dimension iabels of the plurality of stochastic barcedes used for
stochastic barcoding the plurality of targets at the different time points can be different.
The dimension labels can correlate with the different time points.

03612} In some embodiments, stochastically barcoding the plurality of targets
i the sample can include contacting the sample with a device. The device can be a
needle, a needle arrav, a tube, a suction device, an mjection device, an clectroporation
device, a fluorescent activated cell sorter device, a microfhndic device, or any
combination thereof. The device can contact scctions of the sample at a specified rate.
The specified rate can correlate the spatial locations of the plurality of targets with the one
or mare time pomnts. Stochastically barcoding the plurality of targets in the sample can be
performed with a solid support including a plurality of synthetic particles associated with
the plarality of stochastic barcodes.

16013} Disclosed hercin are synthetic particles. In some embodiments, cach
synthetic particle, mclude: a plurahty of stochastic barcodes, wherein each of the plurahity
of stochastic barcodes comprises a cellular label and a molecular label; a first group of
optical labels; a second group of optical labels, wherein each optical label m the first
group of optical labels comprises a first optical moicty and cach optical label in the
second group of optical labels comprises a second optical moiety, and wherein cach of the
plurality of synthetic particles is associated with an optical barcode comprising the first
optical moicty and the second optical moiety.

6614} In some embodiments, the molecular labels of the plurality of
stochastic barcodes are different from one another, and the molecular labels are selected
from a group comprising at least 100 molecular labels with unique sequences. The
cellular 1abels of the plurality of stochastic barcodes can be same. The first optical moiety
and the second optical moiety are selected from a group comprising two or more
spectrally-distinct optical moieties. Each of the plurality of stochastic barcodes can
mclude a spatial label, wherein the spatial labels of the plurality of stochastic barcodes

differ from one another by at least one nucleotide.
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[3615] In some embodiments, ach of the plurality of stochastic barcodes
further comprises a universal {abel, wherein universal iabels of all stochastic barcodes on
the particle are the same. The synthetic particle can be a bead or a magnetic bead. The
bead can be a silica gel bead, a controlled pore glass beads, a magnetic beads, a
Dynabead, a Sephadex/Sepharose bead, a cellulose beads, a polystyrene bead, or any
combination thereof.

G816} Disclosed herein are methods for determining spatial locations of a
plurabity of targets i a sample. In some embodiments, the methods nclude:
stochastically barcoding the phurality of targeis in the sample using a plorality of
stochastic barcodes, wherein cach of the plurality of stochastic barcodes comprises a pre-
spatial label; concatenating one or more spatial label blocks onto the pre-spatial Jabel to
gencrate a spatial label; and idennifying the spatial location of cach of the plurality of
targets using the spatial label.

G817} In some embodiments, stochastically barcoding the plurality of targets
m the sample can include hybndizing the plurality of stochastic barcodes with the
plurabity of targets to generate stochastically barcoded targets, and at least one of the
plurality of targets is hvbridized to onc of the plurality of stochastic barcodes.
Stochastically barcoding the plurality of targets in the sample can include generating an
mdexed hibrary of the stochastically barcoded targets. The spatial label can nclade 5-20
nucleotides. The sample can include a plurality of cells and the plurality of targets that
can be associated with the plurality of cells. The plurality of targets can include
ribonucleic acids (RNAs), messenger RNAs (mRNAs), microRNAs, small mterfenng
RNAs (siRNAs), RNA degradation products, RNAs each comprising a polv{A} tail, and
any combination thereof. Stochastically barcoding the plurality of targets m the sample
can be performed with a solid support comprising the plurality of stochastic barcodes. In
some embodiments, the methods can inclade decoding the sohd support. The sohd
support can inclode a plurahbity of synthetic particles associated with the plurality of
stochastic barcodes. The svnthetic particles can be beads.

3618} Disclosed herein can be methods for deternmuning spatial locations of a
plurakity of targets i a sample. In some embodiments, the methods inclode: imaging the
sample to generate a sample image; stochastically barcoding the plurality of targets in the

sample using a plurality of stochastic barcodes to generate stochastically barcoded targets,
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wherein each of the plurality of stochastic barcodes can include a spatial label; and
identifying the spatial location of each of the phurality of targets using the gpatial label.

16019} In some cmbodiments, identifying the spatial location of cach of the
plurality of targets using the spatial label can include correlating the sample image with
the spatial labels of the plurality of targets in the sample. Tmaging the sample can include
staining the sample with a stain, wherein the stain can be a fluorescent stain, a negative
stain, an anttbody stain, or any combmation thereof. fmaging the sample can melude
imaging the sample asing optical microscopy, electron microscopy, confocal microscopy,
fucrescence microscopy, of any combination thereof

6620} in some embodiments, the sample can include a tissue. a cell
monolayer, fixed cells, a tissue section, or any combination thereof. Correlating the
sample image with the spatial labels of the plurality of targets in the sample can include
overlaving the sample image with the spatial labels of the phurality of targets in the
samople. The sample can include a biological sample, a chinical sample, an environmental
sample, a biological fluid, a tissue, or a cell from a subject. The subject can be a human, a
mouse, a dog, a rat, or a vertebrate.

6021} in some embodiments, the methods can nclude determining genotype,
phenotype, or one or more genetic mutations of the subject based on the spatial labels of
the plurality of targets in the sample. In some embodiments, the methods can include
predicting susceptibility of the subject to one or more diseases. At least one of the one or
more diseases can be cancer or a hereditary discase. The sample can include a plurality of
cells and the plurality of targets can be associated with the plurality of celis. The plurality
of cells can include one or more cell types. In some embodiments, the methods can
mclude determuining cell types of the plurality of cells 1 the sample. The drug can be
chosen based on predicted responsiveness of the cell types of the plurality of cells in the
sample,

16622} Disclosed herein are mgethods for determining spatial locations of a
plurality of singles cells. In some embodiments, the methods can mclude: stochastically
barcoding the plurality of singe cells using a plurality of synthetic particies, wherein cach
of the plurality of synthetic particles can include a plorality of stochastic barcodes, a first
group of optical labels, and a second group of optical labels, wherein cach of the plurality
of stochastic barcodes can inchide a cellular label and a molecular label, wherein each

optical label in the first group of optical labels can include a first optical motety and cach
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optical label in the second group of optical labels can include a second optical moiety, and
wherein each of the plurality of synthetic particles can be associated with an optical
barcode including the first optical moicty and the sccond optical moiety; detecting the
optical barcode of cach of the plurality of synthetic particles to determine the location of
cach of the plurality of synthetic particles; and deternuning the spatial locations of the
plurality of single cells based on the locations of the plurality of synthetic particles.

G823} In some embodiments, stochastically barcoding the plurality of single
cells using the plurality of synthetic particles can mchide contacting the plurality of single
cells with the plurality of syathetic particles, and ecach of the plurality of synthetic
particles can be 1w close proximity to a single cell or a small numaber of cells. Each of the
plurality of single cells can include a plurality of targets, and stochastically barcodimg the
plurality of single cells can include hybridizing the plarality of stochastic barcodes with
the plurality of targets to generate stochastically barcoded targets, and at least ong of the
plurality of targets can be hybridized to one of the plurality of stochastic barcodes.

6024} In some embodiments, the cellular labels of the plurality of stochastic
barcodes on ong synthetic particle can have the same sequence and the cellular labels of
the plurality of stochastic barcodes on differcnt synthetic particles can have different
sequences. 1he molecular labels of the plurality of stochastic barcodes on one synthetic
barcode can be different from one ancther, and the molecular labels can be selected from
a group including at least 100 molecular labels with unique sequences. The first optical
motety and the second optical moiety can be sclected trom a group including two or more
spectratly-distinct optical moieties. Deternuning the optical barcodes of the plurality of
synthetic particles and determining the optical barcodes of the plurality of synthetic
particles can include gencrating an optical image showing the optical barcodes and the
locations of the plurality of synthetic particies.

[0625] In some embodiments, the plurality of single cells can include cells
distributed across a well array including wells, and cach of a majority of the wells in the
well array contains at most one single ccll.  In some embodiments, the methods can
include lvsing the plurality of single cells; and generating an ndexed bibrary of
stochastically barcoded targets, wherein each of the stochastically barcoded targets can
melude a cellular label sequence, 3 molecular label sequence, and at least a portion of the
complementary sequence of one of the plurality of targets. The methods can mnclude

amplifying the stochastically barcoded targets of the tndexed hibrary to generate amplified
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stochastically barcoded targets: and sequencing the amplified stochastically barcoded
targets to determine the number of amplified stochastically barcoded targets with unique
molecular label sequences and identical complementary sequence, wherein the number of
amplified stochastically barcoded targets with umigque molecular label sequences and
identical complementary sequence can be substantially the same as the occarrences of
targets with sequences complementary of the identical complementary sequence in the
single cell or the small number of cells. The plurality of cells can include a tissue, a cell
monclaver, fixed cells, a tissue section, or anv combination thereof.  Amplifying the
labeled target molecules can include bridge amplification, amplification with a gene
specific primer, a universal primer, an oligo{(d'T} primer, or any combination thercof.

6626} Disclosed herein are methods for identifving distinct cells in two or
more samples. In some embodiments, the methods can include: stochastically barcoding
a plurality of targets inn the two or more samples using a plurality of stochagstic barcodes,
wherein each of the plurality of stochastic barcodes can include a spatial label and a
molecular label; estimating the number of the plurality of targets m the two or more
samples using the molecular label; and distinguishing the two or more samples from each
other using the spatial label, wherein the plurality of tarsets associated with stochastic
barcodes with different spatial labels can be from different samples.

16627} In some embodiments, stochastically barcoding the plurality of targets
in the two or more samples can mclude hybndizing the plurality of stochastic barcodes
with the plurality of targets o generate stochastically barcoded targets, and at least one of
the plurahity of targets can be hybridized to one of the phurality of stochastic barcodes.
Stochastically barcoding the phurality of targets in the two or more samples can include
gencrating an indexed hibrarv of the stochastically barcoded targets. The spatial label can
mclude 3-20 nucleotides. The molecular label can include 3-20 nucleotides. Each of the
two or more samples can mclade a phurality of cells and the plurality of fargets can be
associated with the plurality of cells. The plarality of targets can include ribonucleic
acids (RNAs), messenger RNAs (mRNAs), microRNAs, small interfering RNAs
{(siRNAs), RNA degradation products, RNAs each mcluding a polv(A) tail, and any
combination thereof. Stochastically barcoding the plurality of targets in the two or more
samples can be performed with a solid support including a plurality of synthetic particles
associated with the plurality of stochastic barcodes. The synthetic particles can be beads.

The beads can be silica gel beads, controlled pore glass beads, magnetic beads,
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Dvnabeads, Sephadex/Sepharose beads, cellolose beads, polystyrene beads, or any
combination thereof.

16028} Disclosed herein are kits for determining the number and spatial
locations of a plurality of targets m a sample. In some embodiments, the kits can mclude:
a plurality of stochastic barcodes, wherein sach of the plurality of stochastic barcodes can
include a spatial label, wherein the spatial labels of the phirality of stochastic barcodes
differ from one another by at least one nucleotide; and instructions for using the plurality
of stochastic barcodes. The plurality of stochastic barcodes can be associated with a sohd
support. The solid support can include a plurality of synthetic particles associated with
the plurality of svnthetic particles.

[6629] In some embodiments, each of the plurality of synthetic particles can
mclude a first group of optical labels and a second group of optical labels, and cach
optical label in the first group of optical labels can include a first optical moicty, cach
optical label in the second group of optical labels can include a second optical moiety, and
the first optical moiety and the second optical moiety can be selecied from a group
mcluding two or more spectrally-distingt optical moieties.  Each of the plurality of
stochastic barcodes can mclude one or more of a molecular label, a universal label, and a
cellular label, wherein universal labels and cellular labels of all stochastic barcodes on the
solid support can be the same.

16834 In some embodiments, the solid support can include the plurality of
stochastic barcodes in two dimensions or three dimensions. The plurality of synthetic
particles can be beads. The beads can be silica gel beads, controlled pore glass beads,
magoetic beads, Dynabeads, Sephadex/Sepharose beads, cellulose beads, polystyrene
beads, or any combmation thereof. The synthetic particles can be magoetic beads. The
solid support can include a polymer, a matnx, a hydrogel, a needle array device, an
antibody, or any combination thereof In some embodiments, the kits can nclude a
buffer. The kits can include a cartridge. The schid support can be pre-loaded on a
substrate. The kits can include one or more reagents for a reverse transcription reaction.

The kits can include one or more reagents for an amphification reaction.

BRIEF BESCRIPTION OF THE DRAWINGS
0031} Figure I shows a non-limiting exemplary embodiment for determining

spatial locations of distinct targets in a sample.
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3632} Figure 2 tHustrates a non-limiting exemplary stochastic barcode.

[6633] Figure 3 shows a son-lmiting exemplary workflow of stochastic
barcoding and digital counting.

[6034] Figure, 4 15 a schematic tllustration showing a non-limiting exemplary
process for generating an indexed library of the stochastically barcoded targets from a
plurality of targets.

[B035] Figure 5 illustratcs a non-lmiting cxemplary embodiment for
determiming spatial locations of targets in a sample by maintaining physiclogical
origntation of sections of the sample.

[6636] Figure 6 illustratcs a non-bmiting exemplary cmbodunent for
determuning spatial locations of targets in a sample bv time points.

{6637} Figure 7 illustrates a non-limitmg exemplary embodiment for
determining spatial locations of targets in a sample by randomizing the orientation of
sections of the sample.

{3038} Figure 8 shows a non-limiting exemplary schematic of label
lithography.

[6635] Figure 9 shows a non-limiting exeraplary embodiment for determining
spatial locations of targets in a sample using label hithography.

(6044 Figure 18 shows a non-limiting exemplary embodiment for
distimguishing targets of a sample for a plurality of samples.

{6041} Figure 11 shows a non-limtting excmplary embodiment for
distinguishing subcellular localization of targets m a cell.

13642} Figure 12 illustrates a non-limiting exemplary embodiment for
homopolymer tatling.

[6043] Figure 13 shows a non-limiting exemplary mstrument used in the
methods of the disclosure.

{0044} Figure 14 illustrates a non-limiting exemplary architecture of a
compuier system that can be used in connection with embodiments of the present
disclosure.

[3645] Figure 15 tllustrates a non-himiting exemplary architecture showing a

network with a plurality of comaputer systems for use in the methods of the disclosure.
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(3646} Figure 16 illustrates a non-limiting exemplary architecture of a
multiprocessor computer svstem: using a shared virtual address memorv space in
accordance with the methods of the disclosure.

{6647} Figures 17A-C depicts a non-limiting exemplary cartndge for use in
the methods of the disclosure.

[0048] Figures 18A-B shows different arrangements of optical labels on the
surface of a syathetic particle.

(3645} Figure 19 shows the hybridization of chigonucleotides in the first
encoding step of Example 4.

[66356) Figure 20 is a lookup table showing the oligonucleotide content in
cach of the 96 wells i the first plate.

{0851} Figure 21 shows the single stranded oligonucleotides in the various
regions on the svmihetic particles after polymerization, higation, and denaturation of
duplex DNA in the first encoding step.

[3052] Figure 22 shows the hybridization of oligonucleotides in the second
encoding step of Example 4.

16053] Figure 23 is a lookup table showing the oligonucleotide content in
cach of the 96 wells in the second plate.

[0854] Figure 24 shows the single stranded oligonucleotides n the various
regions on the svmihetic particles after polymerization, higation, and denaturation of
duplex DNA in the sccond encoding step.

[B655] Figure 25 shows the hvbridization of oligonucieotides mn the third
encoding step of example 4.

16036} Figure 26 i1s a lookup table showing the oligonucleotide content n
cach of the 96 wells in the third plate.

{0857} Figure 27 shows the single stranded oligonucleotides n the various
regions on the svmihetic particles after polymerization, ligation, and denaturation of
duplex DNA 1n the third encoding step.

{3058} Figure 28 is a schematic illustration of a non-limiting cxemplary
svnthetic particle being coated with DNA barcodes and the spectrally resolvable barcode.

[6059] Figure 29 chows an exemplary combination of the spectrally

resolvable barcode, P51-9, of a synthetic particle.
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DETAILED DESCRIPTION

[(6660] In the following detaded description, reference is made to the
accompanying drawings, which form a part hercof. in the drawings, simiar symbols
typically identify similar components, unless context dictates otherwise. The ilustrative
emboediments described in the detailed description, drawings, and claims are not meant to
be hmiting.  Other embodiments may be wuiilized, and other changes may be made,
without departing from the spirit or scope of the subject matter presented hercin. Ft will
be readily wnderstood that the aspects of the present disclosure, as generally described
herein, and illustrated i the Figures, can be arranged, substituted, combined, separated,
and designed in a wide varety of different configurations, all of which are explicitly
contemplated herein and made part of the disclosure herein,

0061} In one aspect the disclosure provides for a method for determining the
number and spatial location of one or more targets in a sample comprising: contacting the
spatial location in the sample with one or more stochastic barcodes, wherein cach
stochastic barcode comprises a spatial label and a molecular label; estimating the number
of the one or more targets in the spatial location using the molecular label; and identifying
the spatial location of the onc or more fargets using the spatial label. In some
embodiments, the contacting comprises hybridizing the stochastic barcode with the one or
more targets. In some embodiments, the hvbridizing comprises hyvbridizing the one or
more targets such that each of the one or more targets is hybridized to a umigue stochastic
barcode. In some embodiments, molecular labels of the stochastic barcodes are different.
In some embodiments, the sample 1s physically divided during the contacting. In some
embodiments, the sample is intact during the contacting. In some embodiments, the
contacting 1s performed on the surface of the sample. In some embodiments, the
contacting 1s performed inside the sample. In some embodiments, the contacting is
performed subcellularly in the sample. In some embodiments, the spatial location i
subcellular. In some embodiments, the contacting is performed on a substrate. In some
embodiments, the substrate comprises the one or more stochastic barcodes in a known
order. In some embodiments, the substrate comprises the one or more stochastic barcodes
m an unknown order. In some embodiments, the method further comprises decoding the
substrate. In some embodiments, the spatial label comprises from 5-20 nucleotides. In
some embodiments, the estimating comprises generating a target-barcode molecule. In

some embodiments, the target-barcode molecule comprises the sequence of a stochastic
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barcode to which it 1s associated. In some embodiments, the estimating further compnses
determining the sequence of the spatial label and the molecular label. In some
embodiments, the method further comprises counting occurrences of distinct sequences of
the molecular label. In some embodiments, the counting is used to estimate the number of
one or more targets. In some embodiments, the determining comprises sequencing the
stochastic barcodes. In some embodiments, the sequencing comprises sequencing with
read lengths of at least 100 bases. In some embodiments, the sequencing comprises
sequencing with read lengths of at least 500 bases. In some embodiments, the identifying
comprises correlating the spatial label with the spatial location in the sample. In some
embodiments, the method further comprises visualizing the mumber of the one or more
targets at the spatial location. In some embodiments, the visualizing comprises mapping
the number of the one or more targets onto a map of the sample. In some embodiments,
the visualizing comprises imaging the sample at a time point selected from the group
consisting of: imaging the sample prior to the contacting, imaging the sample after the
contacting, imaging the sample before lysing the sample, imaging the sample afier Iysing
the sample. In some embodiments, the imaging produces an image that 13 used to
construct a map of a physical representation of the sample. In some embodiments, the
map 1s two dimensional. In some embodiments, the map is three dimensional. In some
cmbodiments, the sample comprises a single cell. In some embodiments, the sample
comprises a plurality of cells. In some embodiments, the plurality of cells comprises a one
or more different cell types. In some embodiments, the one or more cell types are selected
from the group consisting of brain cells, heart cells, cancer cells, circelating tumor cells,
organ oclls, epithelial cells, metastatic cells, benign cells, primary cells, and circulatory
cells, or any combination thercof. In some embodiments, the sample comprises a solid
tissue. In some embodiments, the sample 13 obtained from a subject. In some
embodiments, the sabject 18 a subject selected from the group consisting of: a human, a
mammal, a dog, a rat, a mouse, a fish, a flv, a worm, a plant, a fungus, a bacterium, a
virus, a verichrate, and an invericbrate. In some embodiments, the one or more targets are
nbonucleic acid moelecules. In some embodiments, the nbonucleic acid molecules are
selected from the group consisting of mRNA, microRNA, mRNA degradation products,
and ribonucleic acids comprising a poly(A) tail, or any combination thereof In some
embodiments, the targets are deoxyribonucleic acid molecules. In some embodiments, the

contacting is performed with a solid support. In some embodiments, the solid support can
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comprise a plurality of stochastic barcodes. In some embodiments, ecach stochastic
barcode of the plurality of stochastic barcodes comprises a spatial label. In some
cmbodiments, spatial labels on ditferent sohid supports differ by at least one nucleotide.
In some embodiments, the stochastic barcode further comprises a universal label, and a
cellular label. In some embodiments, the universal label and the cellular label are the
same for all stochastic barcodes on the solid support. In some embodiments, the sohid
support comprises stochastic barcodes 1n two dimensions. In some embodiments, the solid
support comprises stochastic barcodes in three dimensions. In some embodiments, the
solid supports comprise a bead. In some embodiments, the bead is selected from the group
consisting of. silica gel bead, controlled pore glass bead, magnetic bead, Dynabeads,
Sephadex/Sepharose beads, cellulose beads, and polvstyrene beads, or any combination
thereof. In some embodiments, the bead comprises a magnetic bead. In some
embodiments, the solid support is semi-solid. In some cmbodiments, the solid support
comprises a polvmer, a matrx, or a hydrogel In some embodiments, the solid support
comprises a needle array device. In some embodiments, the sohd support comprises an
antibody. In some embodiments the schid support comprises polvstyrene.

6662} in one aspect the disclosure provides for a method for deternuning
spatial locations of one or more targets in a sample by timing comprising: contacting the
spatial location in the sample with ong or more stochastic barcodes, at one or more time
points, wherein cach stochastic barcode comprises a spatial label; and identifying the
spatial location of the one or more targets m the sample, wherein the one or more time
point correlates to the spatial location. In some embodiments, stochastic barcodes at
different time points comprise different dimension labels. In some embodiments, the
dimension labels correlate to the one or more times points. In some embodiments, the
contacting is performed by a device. In some embodiments, the device s a device selecte
from the group consisting of a needle, a needle array, a tube, a suction device, an
injection device, an electroporation device, a fluorescent activated cell sorter device, and
a microfluidic device, or any combination thercof. In some embodiments, the device
contacts the sections at a specified rate. In some embodiments, the specified rate 1s used
to correlate the time point with the spatial location. In some embodiments, the contacting
comprises hybridizing the one or more stochastic barcodes with the one or more targets.
In some embodiments, the hybrnidizing comprises hybridizing the one or more targets such

that cach of the one or more targets 1s hybndized to a unique stochastic barcode. In some
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embodiments, the one or more stochastic barcodes comprises a molecular label. In some
embodiments, the molecular label is different for each of the one or more stochastic
barcodes. In somc embodiments, the sample s physically divided durning the contacting.
In some embodiments, the sample is mtact during the contacting. In some embodiments,
the contacting is performed on the surface of the sample. In some embodiments, the
contacting is performed inside the sample. In some embodiments, the contacting is
performed subcellilarlv 1n the sample. In some embodiments, the spatial location is
subcelludar. In some embodiments, the contacting is performed on a substrate. In some
embodiments, the sobstrate comprises the one or more stochastic barcodes in a known
order. In some enmbodiments, the substrate comprises the one or more stochastic barcodes
m an unknown order. In some embodiments, the method further comprises decoding the
substrate. In some embodiments, the spatial label comprises from 5-20 nucleotides. In
some embodiments, the method further comprises estimating the number of the one or
more targets using the stochastic barcode. In some cmbodiments, the estimating
comprises generating a target-barcode molecule. In some embodiments, the target-
barcode molecule comprises the seguence of a stochastic barcode to which it is
associated. In some embodiments, the cstimating further comprises determuning the
sequence of the spatial tabel and a molecular label. In some embodiments, the method
further comprises counting occurrences of distinct sequences of the molecular label. n
some embodiments, the counting is used to estimate the number of one or more targets. In
some embodiments, the determining comprises sequencing the stochastic barcodes. In
some embodiments, the sequencing comprises sequencing with read lengths of at least
100 bases. In some embodiments, the sequencing comprises sequencing with read lengths
of at least 500 bascs. In some embodiments, the identifying comprises corrclating the
spatial label with the spatial location in the sample. In some embodiments, the method
further comprises visaalizing the number of the one or more targets at the spatial location.
In some embodiments, the visvalizing comprises mapping the number of the one or more
targets onto a map of the sample. In some embodunents, the visualizing comprises
imagmg the sample at a time point selected from the group consisting of! imaging the
sample prior to the contacting, imaging the sample afier the contacting, imaging the
sample before lysing the sample, imaging the sample after fysing the sample. In some
embodiments, the imaging produces an image that 1s used to construct a map of a physical

representation of the sample. In some embodiments, the map s two dimensional. In some
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embodiments, the map is three dimensional. In some embodiments, the sample comprises
a single cell. In some embodiments, the sample comprises a plurality of cells. In some
embodiments, the plurality of cclls comprises a one or more different cell types. In some
embodiments, the one or more cell types are selected from the group consisting of brain
cells, heart cells, cancer cells, circulating tumor cells, organ cells, epithebial cells,
metastatic cells, benign cells, primary cells, and circulatory cells, or any combination
thereof. In some eombodiments, the sample comprises a solid tissue. In some
embodiments, the sample is obtained from a subject. In some embodiments, the subject is
a subject selected from the group consisting of a human, a mammal, a dog, a rat, a
mouse, a fish, a fly, a worm, a plant, a fungus, a bacterium, a virus, a vertebrate, and an
mvertebrate. In some embodiments, the one or more targets are nbonucleic acid
molecules. In some embodiments, the nbomucleic acid molecoles are selected from the
group consisting of mRNA, microRNA, mRNA degradation products, and ribonucieic
acids comprising a poly{A) tail, or any combination thereof. In some cotboduments, the
targets are deoxvribonucleic acid molecules. In some embodiments, the contacting is
performed with a solid support. In some embodiments, the solid support comprises a
plurality of stochastic barcodes. In some cmbodiments, each stochastic barcode of the
plurality of stochastic barcodes comprises a spatial label. In some embodiments, spatial
labels on different solid supports differ by at least one nucleotide. In some embodiments,
the stochastic barcode further comprises a universal label, a cellular label, and a
molecular label. In some embodiments, the universal label and the cellular label are the
same for all stochastic barcodes on a solid support. In some embodiments, the solid
supports comprise stochagstic barcodes in two dimensions. In some embodiments, the solid
supports comprise stochastic barcodes m three dimensions. In some embodiments, the
solid supports comprise a bead. In some embodiments, the bead 1s selected from the group
consisting of. silica gel bead, controlled pore glass bead, magnetic bead, Dynabeads,
Sephadex/Sepharose beads, cellulose beads, and polystyrene beads, or any combination
thereof. In some embodiments, the bead comprises a magnetic bead. In some
embodiments, the solid support is senu-sohid. In some embodiments, the solid support
comprises a polymer, a matrix, or a hydrogel. In some embodiments, the sohd sepport
comprises a neadle array device. In some embodiments, the solid support comprises an

antibody.
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3663} In one aspect the disclosure provides for a method for deternuning the
spatial location of one or more targets on a sample comprising: contacting one or more
spatial locations of the sample with one or more stochastic barcodes, wherein cach
stochastic barcode comprises a pre-spatial label; concatenating one or more spatial label
blocks onto the pre-spatial label, thereby gencerating a spatial label; and identifving the
one or more spatial locations of the one or more targets in the samplke by correlating a
length of the spatial label with a spatial location in the sample. In some embodiments,
spatial labels at distinet spatial locations have different lengths. In some embodiments,
the contacting comprises hybridizing the stochastic barcode with the one or more targets.
In some cmbodiments, the hybndizing comprises hybridizing the one or more targets such
that cach of the one or more targets i1s hybndized to a unigue stochastic barcode. In some
cmbodiments, the pre-spatial label comprnises a molecular label. In some embodiments,
the molecular label is different for each of the one or more stochastic barcodes. In some
cmbodiments, the sample is physically divided during the contacting. In some
embodiments, the sample is imtact during the contacting. In some embodiments, the
contacting 1s performed on the surface of the sample. In some embodiments, the
contacting is performed inside the sample. In some cmbodiments, the contacting is
performed subcellularly 1o the sample. In some embodiments, the spatial location i
subcellular. In some embodiments, the contacting 1s performed on a substrate. In some
embodiments, the substrate comprises the one or more stochastic barcodes in a kanown
order. In some embodiments, the substrate comprises the one or more stochastic barcodes
m an unknown order. In some embodiments, the method further comprises decoding the
substrate. In some embodiments, the spatial label comprises from 5-20 nucleotides. In
some embodiments, the method further comprises estimating the nuber of the distinet
targets using the stochastic barcodes. In some embodiments, the estimating comprises
generating a target-barcode molecule. In some embodiments, the target-barcode molecule
comprises the sequence of a stochastic barcode to which it is associated. In some
ecmbodiments, the cstimating further comprises determining the sequence of the spatial
label and a molecular label. In some embodiments, the method further comprises counting
occurrences of distinct sequences of the molecular label In some embodiments, the
counting is used to estimate the number of one or more targets. In some embodiments, the
determuning comprises sequencing the stochastic barcodes. In some embodiments, the

sequencing comprises sequencing with read lengths of at least 100 bases. In some
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embodiments, the sequencing comprises sequencing with read lengths of at least 500
bases. In some embodiments, the identifving comprises correlating the spatial label with
the spatial location in the sample. In some embodiments, the method further comprises
visualizing the number of the one or more targets at the spatial location. In some
embodiments, the visualizing comprises mapping the number of the one or more targets
ontc a map of the sample. In some embodiments, the visualizing comprises imaging the
sample at a time point sclected from the group counsisting of: imaging the sample prior to
the contacting, imaging the sample after the contacting, imaging the sample before lysing
the sample, imaging the sample after lvsing the sample. In some embodiments, the
imaging produces an image that is used to construct a map of a physical representation of
the sample. In some embodiments, the map is two dimensional. In some embodiments,
the map is three dimensional. In some cmbodiments, the sample comprises a single cell.
In some embodiments, the sample comprises a plurality of cells. In some embodiments,
the plurality of cells comprises a one or more different cell types. In some embodiments,
the one or more cell types are selected from the group consisting of. brain celis, heart
cells, cancer cells, circulating tumor cells, organ cells, epithehial cells, metastatic cells,
benign cells, primary cells, and circulatory celis, or any combination thereof In some
embodiments, the sample comprises a sohid tissue. In some embodiments, the sample is
obtained from a subject. In some embodiments, the subject is a subject selected from the
group consisting oft a human, a mammal, a dog, a rat, a mouse, a fish, a fly, a worm, a
plant, a fungus, a bactertum, a virus, a vericbrate, and an invericbrate. fn some
embodiments, the one or more targets are tibonucleic acid molecules. In some
embodiments, the ribonuclkeic acid molecules are selected from the group consisting of
mRNA, microRNA, mRNA degradation products, and nbonucleic acids comprising a
polv(A} tail, or any combmation thercof. In some embodiments, the targets are
deoxyribonucleic acid molecules. In some embodiments, the contacting 18 performed with
a solid support. In some cmbodiments, the solid suppoit can compnse a plurality of
stochastic barcodes. In some embodiments, cach stochastic barcode of the plurality of
stochastic barcodes comprises a spatial label. In some embodiments, spatial labels on
different solid supports differ by at least one nucleotide. In some embodiments, the
stochastic barcode further comprises a universal label, and a cellular label In some
embodiments, the wmversal label and the cellular label are the same for all stochastic

barcodes on the solid support. In some embodiments, the schid support comprises
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stochastic barcodes i two dimensions. In some embodiments, the solid support comprises
stochastic barcodes in three dimensions. In some embodiments, the solid support
comprises a bead. In some embodiments, the bead is selected from the group consisting
of. sica gel bead, controlled pore glass bead, magnetic bead, Dynabeads,
Sephadex/Sepharose beads, cellulose beads, and polystyrene beads, or any combination
thereof. In some cmbodiments, the bead comprises a magnetic bead. In some
embodiments, the solid support is semi-solid. In some cmbodiments, the solid support
comprises a polymer, a matrix, or a hydrogel. In some embodiments, the sohd sepport
comprises a neadle array device. In some embodiments, the solid support comprises an
antibody.

6064} In one aspect the disclosure provides for a method for identifving
distimet cells in a population of cells comprising: contacting two or more samples (o a
substrate, wherein the substrate comprises one or more types of stochastic barcodes,
wherein cach tvpe of the types of stochastic barcodes comprises a different spatial label,
and wherein cach stochastic barcode comprises a molecular label; estimating the number
of one or more targets m the plurality of samples osing the molecular label; and
distinguishing a sample from the two or more of samples by the spatial labels, wherein
targets associated with different spatial labels onginate from different samples. In some
cmbodiments, the contacting comprises hybridizing the stochastic barcode with the one or
more targets. In some cmbodiments, the hvbridizing comprises hvbridizing the one or
more targets such that cach of the one or more targets is hvbridized to a unigue stochastic
barcode. In some embodunents, molecular labels of the stochastic barcodes are difterent.
In some embodiments, the two or more samples are physically divided from cach other
during the contacting. In some embodiments, the two or more samples can be intact
during the contacting. In some embodiments, the contacting is performed on the surface
of the two or more samples. In some cmbodiments, the contacting is performed inside the
two or more samples. In some embodiments, the contacting is performed sobeellularly in
the two or more samples. In some cmbodiments, the spatial location s subcellular. In
some embodiments, the subsirate comprises the one or more stochastic barcodes i a
known order. In some embodiments, the substrate comprises the one or more stochastic
barcodes in an unknown order. In some embodiments, the method further comprises
decoding the substrate. In some embodiments, the spatial label comprises from 35-20

nucleotides. In some embodiments, the estimating comprises generating a target-barcode
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molecule. In some embodiments, the target-barcode molecule comprises the sequence of a
stochastic barcode to which it is associated. In some embodiments, the cstimating further
comprises determining the sequence of the spatial label and the molecular label. In some
embodiments, the method further comprises counting occurrences of distinet sequences of
the molecular label. In some embodiments, the counting is used to estimate the number of
one or more targets. In some embodiments, the determining comprises sequencing the
stochastic barcodes. In some embodiments, the sequencing comprises sequencing with
read lengths of at least 100 bases. In some embodiments, the sequencing comprises
sequencing with read lengths of at least 500 bases. In some embodiments, the method
further comprises visualizing the number of the one or more targets at the spatial location.
In some embodiments, the visualizing comprises mapping the number of the one or more
targets onte a map of the sample. In some embodiments, the vispalizmg comprises
imaging the sample at a time point selected from the group consisting of! imaging the
sample prior to the contacting, imaging the sample after the contacting, imaging the
sample before lvsing the sample, imaging the sample afler lysing the sample. In some
embodiments, the imaging produces an image that s used to construct a map of a physical
reprosentation of the sample. In some cmbodiments, the map is two dimensional. In some
embodiments, the map 1s three dimensional. In some embodiments, the sample comprises
a single cell. In some embodiments, the sample comprises a phurality of cells. In some
embodiments, the plurality of cells comprises a one or more different cell tvpes. In some
embodiments, the one or more cell types are sclected from the group consisting oft brain
cells, heart cells, cancer cells, circulating tumor cells, organ cells, epithelial celis,
metastatic cells, benign cells, pnmary cells, and circulatory cells, or any combination
thercof. In some combodiments, the sample comprises a sohid tissue. In some
embodiments, the sample 1s obtained from a subject. In some embodiments, the subject 1s
a subject selected from the group consisting of a human, a mammal, a dog, a rat, a
mouse, a fish, a fly, a worm, a plant, a fungus, a bacterium, a virus, a veriebrate, and an
nverichrate. In some cmbodiments, the one or more targets are nbonucleic acid
molecules. In some embodiments, the ribonucleic acid molecules are selected from the
group consisting of mBNA, microRNA, mRNA degradation products, and ribonucleic
acids comprising a poly{A) tail, or any combination thereof In some embodiments, the
targets are deoxyribonucleic acid molecules. In some embodiments, the contacting is

performed with a sohd support. In some embodiments, the sobid support comprises a
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plurabity of stochastic barcodes. In some embodiments, each stochastic barcode of the
plurahity of stochastic barcodes comprises a spatial label. In some embodiments, spatial
{abels on different solid supports differ by at least one nucleotide. In some crobodiments,
the stochastic barcode further comprises a universal label, and a cellular label. In some
embodiments, the universal label and the cellular label are the same for all stochastic
barcodes on the solid support. In some embodiments, the solid support comprises
stochastic barcodes in two dimensions. In some embodiments, the solid support comprises
stochastic barcodes in three dimensions. In some embodiments, the solid support
comprises a bead. In some embodiments, the bead i selected from the group consisting
of: silica gel bead, controlled pore glass bead, magnetic bead, Dynabeads,
Sephadex/Sepharose beads, cellulose beads, and polvstyrene beads, or any combination
thereof. In some embodiments, the bead comprises a magnetic bead. In some
embodiments, the solid support is semi-solid. In some cmbodiments, the solid support
comprises a polvmer, a matrix, or a hydrogel In some embodiments, the solid support
comprises a needle array device. In some embodiments, the sohd support comprises an
antibody.

[6665] in one aspect the disclosure provides for a kit comprising: one or more
tvpes of stochastic barcodes, wherein each stochastic barcode of the one or more types of
stochastic barcodes comprises a spatial label, wherein spatial labels of the one or more
types of stochastic barcodes differ by at least one nucleotide; and mstructions for use. In
some embodiments, the one or more types of stochastic barcodes are attached to a solid
support. In some embodiments, the one or more types of stochastic barcodes are attached
to a substrate. In some cmbodiments, the kit further comprises a buffer. In some
cmbodiments, the kit further compnses a cartnidge. In some embodiments, the one or
more supports are pre-loaded on a substrate. In some embodiments, the kit further
comprises reagents for a reverse transcription reaction. In some embodiments, the kit
further comprises reagents for an amplification reaction.

[B866] In onc aspect, the disclosure provides for a method comprising:
imagmg a sample contacted to a substrate comprising a plurality of probes, thereby
producing an image; lysing the sample thereby releasing nucleic acids from the sample;
analyzing the nucleic acids from the sample at locations on the substrate; correlating
locations on the mmage with data from the analyzing to identify a spatial location of a

nucleic acid m a sample. In some embodiments, the imaging comprises staining the
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sample. In some embodiments, the staining compriscs staining with a stain selected from
the group consisting of: a fluorescent stain, a negative stain, and an antibody stain, or any
combination thereof. In some cmbodiments, the imaging use a techmique selected from
the group consisting of: optical microscopy, electron microscopy, confocal microscopy,
and fluorescence microscopy. In some embodiments, the performing immanhistological
analysis produces an image. In some embodiments, the sample comprises a cell
monolaver. In some cmbodiments, the sample comprises fixed cells. o some
embodiments, the sample comprises a tissue section. In some embodiments, the lysing is
performed by heating the sample, contacting the sample with a detergent, or changing the
pH of the sample, or any combination thercof. In some embodiments, the analyzing
comprises hvbnidizing the nucleic acids to the oligo(dT)s. In some embodiments, the
nucleic acids comprise polvadenylated mucleic acids. In some embodiments, the method
further comprises homopolvmer tailing the nucleic acids. In some embodiments, the
method further comprises amplifying the nucleic acids. In some embodiments, the
amphifving comprises bndge amplification. In some embodmments, the amplifying
comprises amphifying with a gene-specific primer. In some embodiments, the amplifying
comprises amplifying with a voiversal primer. In some embodiments, the amplifying
comprises amphifving with an oligo{dT) primer. In some embodiments, the method
further comprises detecting the nucleic acids. In some embodiments, the detecting
comprises hybridizing one or more probes to the nucleic acids. In some embodiments, the
one or more probes comprise a fluorescent label. In some embodiments, the one or more
probes can be 4 probes. In some embodiments, the analyzing comprises hybndizing the
nucleic acids to a microarray. In some embodiments, the correlating comprises overlaying
the image with the data. In some embodiments, the correlating comprises mapping the x-v
location of a feature on the substrate onio the image. In some embodiments, the probes
comprise cligo{dT). In some embodiments, the probes comprise gene-specific probes. In
some embodiments, the probes comprise a combination of oligo{dl) probes and gene-
specific probes. fn some cmbodiments, the gene-specific probes are gene-specific for at
least 2 genes.

3667} In one aspect the disclosure provides for a method for diagnosing a
subject comprising: imaging a sample from the subject comtacted to a substrate
comprising a plurality of probes, therchy producing an image; lysing the sample thereby

releasing nucleic acids from the sample; analvzing the nucleic acids from the sample at

w2V



WO 2016/138496 PCT/US2016/019962

locations on the substrate; diagnosing the subject based on the image and data from the
analyzing. In some embodiments, the subject is a human. In some embodiments, the
subject 1s a mouse, a dog, a rat, or a vertebrate. In some embodiments, the diagnosing
comprises identifying different cell tvpes of the sample. In some embodiments, the
diagnosing comprises determining if different cell types respond to a therapy. In some
embodiments, the diagnosing comprises determining a genotype of one or more cells in
the sample. In some cmbodiments, the method further comprises treating the subject. In
some embodiments, the treating comprises administering a drug to the subject. In some
embodiments, the drug is chosen based on predicted responsiveness to the dentified cell
types of the saraple. In some embodiments, the imaging comprises staining the sample. In
some embodiments, the staining comprises staining with a stam selected from the group
consisting of a fluorescent stain, a negative stain, and an antibody stamn, or any
combination thereof In some embodiments, the imaging use a technigue selected from
the group consisting of. optical microscopy, eloctron microscopy, confocal microscopy,
and fluorescence microscopy. In some embodiments, the performing immunhistological
analysis produces an image. In some embodiments, the sample comprises a cell
monolaver. In some embodiments, the sample comprises fixed cells. In some
embodiments, the sample comprises a tissue section. In some embodiments, the lysing is
performed by heating the sample, contacting the sample with a detergent, or changing the
pH of the sample, or any combination therecof. In some embodiments, the analyzing
comprises hybridizing the nucleic acids to the oligo{dT)s. In some embodiments, the
nucleic acids comprise polyadenvlated nucleic acids. In some embodiments, the method
further comprises homopolvmer tailling the nucleic acids. In some embodiments, the
method further comprises amplifying the nucleic acids. In some embodiments, the
amplifving comprises bridge amphification. In some embodiments, the amplifving
comprises amplifyving with a genc-spectfic primer. In some embodiments, the amplifving
comprises amplifving with a universal primer. In some embodiments, the amplifving
comprises amplifying with an oligo(dT) primer. In some embodiments, the method
further comprises detecting the nucleic acids. In some embodiments, the detecting
comprises hybrdizing one or more probes to the nucleic acids. In some embodiments, the
one or more probes comprise a flucrescent label. In some embodiments, the one or more
probes can be 4 probes. In some embodiments, the analvzing comprises hybnidizing the

nucleic acids to a microarray. In some embodiments, the probes comprise oligo(dT). In
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some embodiments, the probes comprise gene-specific probes. In some embodiments, the
probes comprise a combination of oligo(d'T) probes and gene-specific probes. In some
embodiments, the gene-specific probes arc gene-specitic for at least 2 genes.

[6668] In one aspect, the disclosure provides for a method comprising:
imaging a sample contacted to a first substrate comprising a plurality of probes, thereby
producing an image; lysing the sample thereby releasing nucleis acids from the sample to
hybridize to the plurality of probes; analyzing the nucleic acids from the sample at
locations on the substrate; and replicating the first substrate thereby making a replicate
substrate. In some embodiments, the probes of the first substrate comprise oligo{dT). In
some embodiments, the probes of the first substrate comprise gene-specific primers. In
some embodiments, probes of the replicate substrate comprise gene-specific primers for
another location on the same gene as the gene-specific primers on the first substrate. In
some embodiments, the replicating comprises contacting the first substrate with a
replicate substrate. In some embodiments, the rephicating comprises hybridizing nucieic
acids from the first substrate to the rephicate substrate. In some embodiments, the tnaging
comprises staining the sample. In some embodiments, the staming comprises staining
with a stam selected from the group consisting of. a fluorescent stain, a negative stain,
and an antibody stain, or any combination thereof. In some embodiments, the imaging use
a technigoe sclected from the group consisting of optical microscopy, electron
microscopy, confocal microscopy, and flusrescence microscopy. In some embodiments,
the performing mmunhistological analysis produces an tmage. In some ermbodiments, the
sample comprises a cell monolayver. In some embodiments, the sample comprises fixed
cells. In some embodiments, the sample comprises a tissue section. In some embodiments,
the lysing 15 performed by heating the sample, contacting the sample with a detergent, or
changing the pH of the sample, or any combination thereof. In some embodiments, the
analyzing comprises hybridizing the wmucleic acids o the oligo(dT)s. In some
embodiments, the method further compnses homopolymer tailing the nucleic acids. In
some embodiments, the method further compriscs amplifying the vucleic acids to
generate  amplicons. In some embodiments, the amplifving comprises brdge
amphification. In some embodiments, the amplifving comprises amplifying with a gene-
specific primer. In some cmbodiments, the amplifying comprises amplifving with a

universal primer. In some embodiments, the amplifving comprises amphfving with an
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oligofdT) primer. In some embodiments, the replicating comprises hybridizing the

amplicons onto the replicate substrate.

Definitions

{60691 Unless otherwise defined, all technical terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art in the field to
which this disclosure belongs. As used in this specification and the appended claims, the

b

stngular forms “a,” “an,” and “the” include plural references unless the context clearly
dictates otherwise. Any reference to “or” herein is intended to cncompass “and/or” unless
otherwise stated.

6674} As used herem, the term “adaptor” can mean a sequence o facilitate
amplification or sequencing of associated nucleic acids. The associated nucleic acids can
comprise target nucleic acids. The associated nucleic acids can comprise ong or more of
spatial labels, target labels, sample labels, indexing label, barcodes, stochastic barcodes,
or molecular labels. The adapters can be lincar. The adaptors can be pre-adenviated
adapters. The adaptors can be double- or single-stranded. One or more adaptor can be
located on the 57 or 3 end of a vucleic acid. When the adaptors comprise known
sequences on the 57 and 37 ends, the known sequences can be the same or different
sequences. An adaptor located on the 57 and/or 37 ends of a polynucleotide can be capable
of hybridizing to one or more oligonucleotides immaobilized on a surface. An adapter can,
in some cmbodiments, comprise a universal sequence. A universal sequence can be a
region of nuclectide sequence that 1s common to two or more nucleic acid molecules. The
two or more nucleic acid molecules can also have regions of different sequence. Thus, for
example, the 57 adapters can comprise identical and/or universal nucleic acid sequences
and the 37 adapters can comprise identical and/or universal sequences. A umiversal
sequence that may be present in different members of a plurality of nuocleic acid
molecules can allow the replication or amplification of multiple different sequences using
a single universal primer that is complementary to the universal sequence. Similarly, at
least one, two {e.g., a pair) or more universal sequences that may be present mn different
members of a collection of nucleic acid molecules can allow the replication or
amplification of multiple different sequences using at least one, two {e.g., a pair) or more
single universal primers that are compiementary 1o the umiversal sequences. Thus, a

universal primer meludes a sequence that can hybridize to such a universal sequence. The
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target nucleic acid sequence-bearing molecules may be modified to attach oniversal
adapters {¢.g., non-target nucleic acid sequences) to one or both ends of the different
target nucleie acid sequences. The one or more universal primers attached to the target
nucleic acid can provide sites for hybridization of universal primers. The one or more
aniversal primers attached to the target nucleic acid can be the same or different from
cach other.

{6871} As used herein, the term “associated” or “associated with” can mean
that two or more species are identifiable as being co-located at a point in time.  An
association can mean that two or more species are or were within a simifar container. An
association can be an informatics association, where for example digital information
regarding two or more species s stored and can be used 1o determine that one or more of
the species were co-located at a point m time.  An association can also be a physical
association.  In some embodiments two or more associated species are “tethered”,
“attached”, or “immobilized” to one another or to a common solid or semisolid surface.
An association may refer to covalent or non-covalent means for attaching labels to sohid
or semi-solid supports such as beads. An association may be a covalent bond between a
target and a label.

[6672] As used herein, the term “complementary” can refer to the capacity for
precise pairing between two micleotides. For example, if a nucleotide at a given position
of a nucleic acid i1s capable of hydrogen bonding with a nuclectide of another nucleic
acid, then the two nucleic acids are considered to be complementary to one another at that
position. Complementarity between two single-stranded nucleic acid molecules mayv be
“partial,” in which only some of the nuclestides bind, or it may be complete when total
complementarity cxists between the single-stranded molecules. A first nucleonde
sequence can be said to be the “complement” of a second sequence if the first nucleonide
sequence is complementary fo the second nucleotide sequence. A first nucleotide
sequence can be said to be the “reverse complement” of a second sequence, if the first
nucleotide sequence is complementary to a sequence that 1s the reverse (i.¢., the order of
the nucleotides 1s reversed) of the second sequence.  As used herein, the terms
“complement”, “complementary”, and reverse complement” can  be  used
mterchangeably. It is understood from the disclosure that if a molecule can hybridize to

another molecuie 1t may be the complement of the molecule that 1s hyvbridizing,
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{3673} As used herein, the term “digital counting” can refer to a method for
estimating a number of target molecules in a sample. Digital counting can include the
step of determining a number of unique labels that have been associated with targets in a
sample. This stochastic methodology transforms the problem of counting molecules from
one of locating and identifving identical molecules to a senies of yes/no digital questions
regarding detection of a set of predefined labels.

G874} As used herein, the term “label” or “labels”™ can refer to nucleic acid
codes associated with a target within a sample. A label can be, for example, a nucleic
acid label. A label can be an entirely or partially amplifiable label. A label can be
entirely or partially scquencable label. A label can be a portion of a native nucleic acid
that 1s wdentifiable as distmct. A label can be a known sequence. A label can comprise a
junction of nucleic acid sequences, for example a junction of a pative and non-native
sequence.  As used herein, the term “label” can be used interchangeably with the terms,
“index”, “tag,” or “labcl-tag.” Labels can convev information. For example, in various
embodiments, labels can be used to determine an identity of a sample, a source of a
sample, an identity of a cell, and/or a target.

16075} As used herein, the term “non-depleting reservoirs” can refer to a pool
of stochastic barcodes made up of many different labels. A non-depleting reservoir can
comprise large numbers of different stochastic barcodes such that when the non-depleting
reservolr 15 associated with a pool of targets each target is likely to be associated with a
unique stochastic barcode.  The umiqueness of cach labeled target molecule can be
determined by the statistics of random choice, and depends on the number of copies of
identical target molecules in the collection compared to the diversity of labels. The size
of the resulting set of labeled target molecules can be deteomined by the stochastic nature
of the barcoding process, and analysis of the number of stochastic barcodes detected then
allows calculation of the number of target molecules present 1n the onginal collection or
sample. When the ratio of the number of copies of a target molecule present to the
number of unigue stochastic barcodes is low, the labeled target molecules are highly
unique (i.c. there 18 a very low probability that more than one target molecule will have
been labeled with a given label).

[6676] As used herein, a “nucleic acid” can generally refer to a polynuclectide
sequence, or fragment thereof. A nucleic acid can comprise nucleotides. A nucleie acid

can be exogenous or endogenous to a cell. A nuclete acid can exist in a cell-free
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environment. A nucleic acid can be a gene or fragment thercof. A nucleic acid can be
DNA. A nucleic acid can be RNA. A nucleic acid can comprise ong or more analogs (¢.2.
altered backbone, sugar, or nucleobase}. Some non-limiting examples of analogs include:
S-bromouraci, peptide nucleic acid, xeno nucleic acid, morpholinos, locked nucleic acids,
glyeol nucleic acids, threose nucleic acids, dideoxynucleotides, cordyeepin, 7-deaza-GTP,
flucrophores {(o.g. rthodamine or fluorcscein linked to the sugar), thiol containing
nucleotides, biotin linked nucleotides, fluorescent base analogs, CpG islands, methyl-7-
guanosing, methylated nucleotides, inosine, thicuniding, pseudouridine, dihydrouridine,
gqueuosine, and wyosine. “Nucleic acid”, “polynuclectide, “target polvaucleotide”, and
“target nucleic acid” can be used interchangeably.

[6677] A nucleic acid can comprise ong or more modifications {¢.g., a base
modification, a backbone modification), to provide the nucleic acid with a new or
enhanced featore (c.g.. improved stability}. A mucleic acid can comprise a nucleic acid
affinity tag. A nucleoside can be a bhase-sugar combination. The base portion of the
nucleoside can be a heterocyclic base. The two most common classes of such heterocyelic
bases are the purings and the pyrimidines. Nucleotides can be nucleosides that further
mchude a phosphate group covalently linked to the sugar portion of the nucleoside. For
those nucleosides that include a pentofuranosyl sugar, the phosphate group can be linked
to the 27, the 37, or the 57 hvdroxyl moiety of the sugar. In forming nucleic acids, the
phosphate groups can covalently link adjacent nucleosides to one another to form a lincar
polymeric compound. In tumn, the respective ends of this lincar polymeric compound can

¢ further joined to form a circular compound; however, Imear compounds are generally
suitable. In addition, lnear compounds may have intermal nucleotide base
complementarity and may therefore fold m a manner as to produce a fully or partially
double-stranded compound. Within nucleic acids, the phosphate groups can commonly be
referred to as forming the mternucleoside backbone of the nucleic acid. The hinkage or
backbone can be a3 37 to 537 phosphodiester linkage.

G878} A nucleic acid can comprise a modified backbone and/or modified
mternucleoside Imkages. Modified backbones can include those that retain a phosphorus
atom i the backbone and those that do not have a phosphorus atom in the backbone.
Suitable modified nucleic acid  backbones containing a phosphorus atom therein can
mclude, tor example, phosphorothioates, chiral phosphorothioates, phosphorodithioates,

phosphotniesters, aminoalky! phosphotriesters, methyl and other alkyl phosphonate such
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as 3’-alkviene phosphonates, 5 -alkylene phosphonates, chiral phosphonates,

phosphinates, phosphoramidates inchuding 3 -amino phosphoramidate and aminoalkyl

phosphoramidates, phosphorodiamidates, thionophosphoranudates,
thionoalkylphosphonates, thionoalkyviphosphotriesters, selenophosphates, and

boranophosphates having normal 37-57 linkages, 2°-5" hinked analogs, and those having
inverted polarity wherein one or more internucieotide linkagesisa3 0 3,a3 05 ora
2> 1o 27 linkage.

3679} A nucleic acid can comprise polynucleotide backbones that are formed
by short chain alkyl or cycloalkyl internucleoside inkages, muixed heteroatom and atkyl or
cycloatkyl miemucleoside linkages, or one or more short chain heteroatomic or
heterocyelic mtermnucleoside limkages. These can include those having morpholino
linkages (formed in part from the sugar portion of a nucleoside); siloxane backbones;
sulfide, sulfoxide and sulfone backbones; formacetyl and thioformacety! backbones;
methylene formacetyl and thioformacetyl backbones; riboacetyl backbones; alkenc
containing backbones; sulfamate backbones; methylencimine and methylenchyvdrazino
backbones; sulfonate and sulfonamide backbones; anide backbones; and others having
mixed N, O, S and CHZ component parts.

[6684] A nucleic acid can comprise a nucleic acid mimetic. The term
“mimetic” can be intended to include polynucleotides wherein only the furanose nng or
both the furanose ring and the miernucleotide hinkage are replaced with non-furanose
groups, replacement of only the furanose ring can also be referred as being a sugar
surrogate. The heterocyelic base moiety or a modified heterocyclic base moiety can be
maintained for hybndization with an appropriate target mucleic acid. One such nucleic
acid can be a peptide mucleic acid (PNA). In a PNA, the sugar-backbone of a
polvnucieotide can be replaced with an amide containing backbone, m particular an
aminosthvlglycine backbone. The nucleotides can be retained and are bound directly or
indirectly to aza nitrogen atoms of the amide portion of the backbone. The backbone in
PNA compounds can comprise two or more linked aminocthyviglyveine units which gives
PNA an amide containing backbone. The heterocvelic base moicties can be bound
directly or indirectly to aza nitrogen atoms of the amide portion of the backbone.

6081} A nucleic acid can comprise a morpholine backbone structure. For

example, a nucleic acid can comprise a 6-membered morpholine ring in place of a nbose
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ring. In some of these embodiments, a phosphorodiamidate or other non-phosphodiester
mtemucleoside linkage can replace a phosphodiester linkage.

6682} A nucleic acid can comprise Hnked morpholino units {i.c. morpholino
nucleic acid) having heterocyclic bases attached to the morpholing ring. Linking groups
can link the morpholino monomeric onits in a morpholing nucleic acid. Non-ionic
morpholino-based oligomeric compounds can have less undesired interactions with
cellular proteins. Morpholino-based polvnucieotides can be nonionic mimics of nuclcic
acids. A variety of compounds within the morpholine class can be jomned using different
linking groups. A further class of polvnucleotide mimetic can be referred to as
cyciohexeny! nucleic acids (CeNA). The furanose ring normally present in a nucleic acid
molecule can be replaced with a cyclohexenyl nng. CeNA DMT protected
phosphoramidite monomers can be prepared and used for oligomeric compound synthesis
using phosphoranmidite chemistry. The incorporation of CeNA monomers i0to a nucleic
acid chain can increase the stability of a DNA/RNA hyvbrid. CeNA oligoadenylates can
form complexes with oucleic acid complements with similar stability to the native
complexes. A further modification can include PLocked Nucleic Acids (LNAs) in which
the 2”-hydroxvl group is linked to the 47 carbon atom of the sugar ring thereby forming a
2-C, 4 -C-oxymethviene linkage thereby forming a bicyelic sugar motety. The linkage
can be a methylene (—CH2-}, group bridging the 27 oxvgen atom and the 47 carbon atom
wherein o is 1 or 2. LNA and LNA analogs can display very high duplex thermal
stabilitics with complementary nucleic acid (Tm=+3 to +10 °C), stabilitv towards 3°-
exonucleoiviic degradation and good solubility properties.

[6083] A nucleic acid may also include nucleobase {often referred to simply as
“base”) modifications or substitutions. As used herein, “wnmodified” or “natural”
nucleobases can include the punine bases, {¢.g. adenine (A} and guanine (), and the
pyrimidine bases, (e.g. thymine (T}, cytosine (C) and uracil (U})). Modified nucleobases
can include other synthetic and natural noclechases such as S-methvicviosine {(5-me-(),
S-hydroxymethvl evtosine, xanthine, bvpoxanthine, 2-anunoadenine, 6~-methyl and other
alkyl derivatives of adenme and guanine, 2-propy! and other alkyl derivatives of adenine
and guanine, 2-thiouracil, 2-thiothymine and 2-thiccyvtosine, S-halouracil and cytosine, 3-
propynyl (—L={—CH3) vracil and cytosine and other alkyny! derivatives of pynmidine
bases, 6~azo uracil, cvtosine and thymine, S-uracil {pseudouracit), 4-thiouracil, 8-haio, 8-

amino, 8-thiol, 8-thicalkvl, 8-hydroxyl and other 8-substituted adenines and guanines, 5-
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halo particudarly S-bromo, 5-trifluoromethyl and other 5-substituted uracils and cytosines,
7-methviguanine and 7-methyladenine, 2-F-adenine, 2-amincadenine, §-azaguamine and
#-azaadenine, 7-deazaguanmine and 7-deazaadenine and 3-deazaguanine and  3-
deazaadenine. Modified nucleobases can nclude tricyclic pyrinmudines such  as
phenoxazine  cyvidine(1 H-pyrimido{5 4-b)(1 dbenzoxazin-2(3H)-one), phenothiazine
cytiding  (IH-pyrimido(5,4-b)}{(1 4)benzothiazin-2(3H}-one), G-clamps such as a
substituted  phenoxazine  coytidine  {cg.  9-(Z-aminoccthoxy)-H-pyrimido{5.4-(b)
(1, 4)benzoxazin-2{3H}-one}, phenothiazing cytiding {(IH-pyrimido(3 4-
by{1.4)ybenzothiazin-2(3H}-one), G-clamps such as a substituted phenoxazine cvtidine
(c.g. Y-(Z-anunocthoxy)-H-pyrinmido(5,4-(b} (1,4)benzoxazin-2(3H}-one), carbazole
cytidine {2H-pynimido{4,5-buindol-2-one}, pyvridoindole cytidine {H-
pyridof3’,7 4, Sipyrrolof 2, 3-dlpyrimudin-2-one}.

{00584] As used herein, the term “sample” can rwefer to a composition
comprising targets. Suitable samples for analysis by the disclosed methods, devices, and
svstems include cells, tissues, organs, or organisms.

[3685] Ag used herein, the term “samphing device” or “device” can refer to a

evice which may take a section of a sample and/or place the section on a substrate. A
sample device can refer 1o, for example, fluorescence activated cell sorting (FACS)
machine, a cell sorter maching, a biopsy needle, a biopsy device, a tissue sectioning
device, a microfluidic device, a blade gnd, and/or a microtome.

[G086] As used herein, the term “solid support” can refer to diserete solid or
semi-sohid surfaces to which a plurality of stochastic barcodes may be attached. A sohd
support may encompass any tvpe of solid, porous, or hollow sphere, ball, bearing,
cylnder, or other suimilar configuration composed of plastic, ceramic, metal, or polymeric
material {e.g., hydrogel) onto which a nucleic acid may be immobilized (e.g., covalently
or non-covalently). A solid support may comprise a discrete particle that may be
spherical {e.g., microspheres) or have a non-spherical or trregular shape, such as cubig,
cuboid, pyramidal, cvlindrical, conical, oblong, or disc-shaped, and the like. A solid
support may be used interchangeably with the term “bead.” A solid support can refer to a
“substrate.” A substrate can be a tvpe of sohid support. A substrate can refer 1o a
continuous solid or semi-solid surface on which the methods of the disclosure may be

performed. A substrate can refer to an array, a cartridge, a chip, a device, and a slide, for
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example. As used herem, “solid support” and “substrate” are sometimes used
mterchangeably.

{6687} As used here, the term, “spatial label” can refer to a label which can be
associated with a position in space.

{6088} As used hercin, the ferm “stochastic barcode” can refer to a
polyvaucieotide sequence comprising labels. A stochastic barcode can be a polyvnucleotide
sequence that can be used for stochastic Jabeling. Stochastic barcodes can be used to
quantify targets within a sample. Stochastic barcodes can be used to control for errors
which may occur after a label is associated with a target. For example, a stochastic
barcode can be used to assess amplification or sequencing errors. A stochastic barcode
associated with a target can be called a stochastic barcode-target or stochastic barcode-
tag-target.

{6059] As used herein, the torm “stochastic barcoding” can refer to the random
labeling {c.g., barcoding) of nucleic acids. Stochastic barcoding can utilize a recursive
Poisson strategy to associate and quantify labels associated with targets.

3690} Ag used heremn, the term “target” can refer to a composition which can
be associated with a stochastic barcode. Exemplary suitable targets for analysis by the
disclosed methods, devices, and systems include oligonucleotides, DNA, RNA, mRNA,
microRNA, tRNA, and the like. Targets can be single or double stranded.  In some
embodiments targets can be proteins. In some embodiments targets are hipids.

6091} As used herein, the term “reverse transeriptases” can refer to a group of
enzymes having reverse transcriptase activity (i.e., that catalvze synthesis of DNA from
an RNA template}. In general, such enzymes mclude, but are not limited to, retroviral
reverse  transcriptase, retrotransposon  reverse  transcriptase, retroplasmid  reverse
franscriptases, refron reverse transcriptases, bacterial reverse transcriptases, group
miron-derived reverse transcriptase, and mutants, vanants or denvatives thergof. Non-
retroviral reverse transcriptases inchude non-LTR retrotransposon reverse transcriptases,
retroplasmid reverse transcriptases, retron reverse transciptases, and group I intron
reverse transcriptases. Examples of group I mtron reverse transcriptases mnclude the
Lactococcus lactis LLEGE intron reverse transcriptase, the Thermosynechococcus
clongates Telde mtron reverse transcriptase, or the Geobacillus stearothermophilus Gsl-

HC intron reverse transcriptase. Other classes of reverse transcriptases can include many
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classes of non-retroviral reverse transcriptases (e, retrons, group Il introns, and
diversity-generating retroclements among otherg).

6692} As used herein, the term “template switching” can refer to the abiity of
a reverse transcriptase to switch from an mitial nucleic acid sequence template to the 37
end of a new nucleic acid sequence template having little or no complementarity o the 3°
end of the nucleic acid synthesized from the mitial template. Nucleic acid copies of a
target polymicleotide can be made using template switching. Template switching allows,
e.g., a DNA copy to be prepared using a reverse transcriptase that switches from an initial
nucleic acid sequence template to the 37 end of a new nucleiw acid sequence template
having little or no complementarity to the 37 end of the DNA synthesized from the initial
template, thereby allowing the synthesis of a continuous product DNA that directly links
an adaptor sequence to a target oligonucleotide sequence without ligation. Template
switching can comprise ligation of adaptor, homopolymer tailing {e.g., polvadenylation),

random primer, or an oligonucieotide that the polymerase can associate with.

Stochastic barcodes with spatial labels and dimension labels

3693} Disclosed herein are methods, compositions, devices, systeras, and kits
for spatial stochastic barcoding. Some embodiments disclosed herein provide methods
determining the number and spatial locations of a plurality of targets m a sample. The
methods inchude, in some embodiments, stochastically barcoding the phlurality of targets
m the saraple using a plurality of stochastic barcodes, wherein cach of the plurality of
stochastic barcodes include a spatial label and a molecular label; estimating the number of
cach of the plurality of targets using the molecular label; and identifying the spatial
location of cach of the plurality of targets using the spatial label. In some embodiments,
the method can be muitiplexed. The sample can comprise a plurality of cells and the
plurality of targets can be associated with the plurality of cells.

Disclosed here are methods for determining spatial locations of a plurality of
targets in a sample. In some embodiments, the methods include: stochastically barcoding
the plurality of targets in the sample at one or more time pomis using a plurality of
stochastic barcodes, wherein cach of the plurality of stochastic barcodes comprises a
spatial label; and identifying the spatial location of cach of the plurality of targets using
the spatial label. Stochastically barcoding the plurality of targets n the sample using the

plurality of stochastic barcodes can include stochastically barcoding the plurality of
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targets i the sample at different time pomnts using the phurality of stochastic barcodes.
Each of the phurality of stochastic barcodes can include 3 dimengion label, and the
dimension labels of the plurality of stochastic barcodes used for stochastic harcoding the
plurality of targets at the different time points can be different. The dimension labels can
correlate with the different time points.

16694} Spatial stochastic barcoding can refer to the stochastic barcoding of a
plurality of target molecules m single cells to determine spatial orientation of the target
molecules. As shown in Figure 1, the disclosure provides for a method for correlating
mformation i real phvsical space with information i chemical space. A sample
comprising a two dimensional or three-dimensional sample (e.g.. a cell) 165 can be
divided mio multiple sections, for example 118/111/112/113. In some embodiments,
sections 110/811/312/113 can be physically divided, then chemically divided based on the
physical division. In some embodiments, sections 116/111/112/813 can be chemically
divided without physical division. In some cmbodiments, the sections 110/111/112/113
can be phvsically separated 115 from the sample 105, Each section 118/111/112/113 can
be placed in a separate container 120 on a substrate 125, The sections T1G/111/112/113 0
the substrate 125 can be subjected to stochastic barcoding. Stochastic barcoding can
comprise labcling distinct targets in cach section 1¥8/111/112/3113 with a different
barcode. In some embodiments, the different barcode comprises a spatial label. The
sections can be stochastically labeled, amplified, and/or digitally counted, wherein the
number of distinct targets can be estimated from the digital counting of different
barcodes. The information in the spatial label of the different barcode can correspond to a
location on the sample 185, In this way, the method can be used to determine the number
of distinct targets 1n a sample 1035 at distinct physical locations.

[6695] The methods, devices and systems disclosed herein may be used for a
variety of applications in basic research, biomedical research, environmental testing, and
clinical diagnostics. Examples of applications for the disclosed methods devices and
svstems include, but are not linuted to, genotyping, genc expression profiling, detection
and identification of rare cells, diagnosis of a discase or condition, determining prognosis
for a disease or condition, determining a course of treatment for a disease or condition,
and monitoring the response to treatment for a discase or condition, and understanding
biological development processes. For example, the methods of the disclosure can be

used for whole transcriptome analysis, rare cell {e.g., circulating tumor cell) analysis,
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chimeric antigen receptor T-cell (CAR-T) therapy analvsis {(e.g., determining specific
cells that respond to CAR-T therapy versus non-responders), and neuroscience {e.g.,
therapics and diagnostics for, ¢.g., Autism, Schizophrenia, Bipolar disorder, Parkinson’s
discase, and Alzheumer’s discase). In some embodiments, the methods can include
treating the subject. Treating the subject can include administering a drug to the subject.

16894} A stochastic barcode can refer to a polynuciectide sequence that may
be used to stochastically label {(e.g.. barcode, tag) a target. A stochastic barcode can
comprise one or more labels. Exemplary labels can include a universal label, a cellnlar
label, a molecolar label, a sample label, a plate label, a spatial label, and/or a pre-spatial
fabel. Figurc 2 illustrates an exemplarv stochastic barcode with a spatial label of the
disclosure. A stochastic barcode 204 can comprise a 5 amine that may hink the stochastic
barcode to a solid support 205, The stochastic barcode can comprise a universal label, a
dimension label, a spatial label, a cellular label, and/or a molecular label The wuiversal
label may be 5 -most label. The molecular label mayv be the 3 -most label. The spatial
label, dimension label, and the cellular label may be in any order. In some embodiments,
the universal label, the spatial label the dimension label, the cellular label, and the
molecular label are in any order. The stochastic barcode can comprise a target-binding
region. The target-binding region can interact with a target n a sample. The target can
be, or comprise, ribonucleic acids (RNAs}, messenger RNAs (mRNAg), microRNAg,
small interfering RNAs (siRNAsg), RNA degradation products, RNAs cach comprising a
polv(A) tail, and any combination thercof. In some embodiments, the plurality of targets
can include deoxyribonucleic acids (DNAs).

[6697] For example, a target-binding region can comprise an oligo{dT)
sequence which can interact with polv(A) tails of mRNAs. In some embodiments, the
fabels of the stochastic barcode (¢.g., universal label, dimension label, spatial label,
cellular label, and molecular label) may be separated by 1,2, 3,4, 5,6, 7. 8,9, 10, 11, 12,
13, 14, 15,16, 17, 18, 19, or 20 or more nucleotides.

G038} In some embodiments, stochastically barcoding the plurality of targets
in the sample mclades hvbnidizing the plurality of stochastic barcodes with the plurality
of targets to generate stochastically barcoded targets, and at least one of the plurality of
targets is hyvbridized to one of the plarality of stochastic barcodes. A portion or allf of the
plurality of targets can be hybridized to the plurality of stochastic barcodes. For example,

in some embodiments, each of the plurality of targets is hyvbndized to one of the plurahity
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of stochastic barcodes. In some embodiments, cach of at feast two, three, four, five, ten,
twenty, fifty, one hundred, or one thousand of the plurality of targets is hybridized to one
of the plurality of stochastic barcodes. A stochastic barcode can comprise one or more
universal labels. The one or more universal labels can be the same for all stochastic
barcodes in the set of stochastic barcodes attached to a given solid support. In some
ermbodiments, the one or more universal labels can be the same for all stochastic barcodes
attached to a plurality of beads. To some embodiments, a universal label can comprise a
nocleic acid sequence that is capable of hybnidizing to a sequencing primer. Sequencing
primers can be used for sequencing stochastic barcodes comprising a universal label
Sequencing primers {¢.g., universal scquencing primers) can comprise sequencing priners
associated with high-throughput sequencing platforms. Tn some embodiments, a universal
label can comprise a nucleic acid sequence that is capable of hybridizing to a PCR primer.
In some embodiments, the universal label can comprise a nucleic acid sequence that is
capable of hybridizing to a sequencing pumer and a PCR primer.  The nucleic acid
sequence of the wuversal label that i1s capable of hybrdizing to a sequencing or PCR
primer can be referred to as a pnimer binding site. A universal label can comprise a
sequence that can be used to initiate transcription of the stochastic barcode. A universal
{abel can comprise a sequence that can be used for extension of the stochastic barcode or
a region within the stochastic barcode. A universal label can be atleastabout 1, 2, 3, 4, 5,
10, 15, 20, 25, 30, 35, 40, 45, 50 or more nucleotides 1 length. A universal label can
comprise at least about 10 nucleotides. A universal label can be at most about 1, 2, 3, 4, 5,
10, 13, 20, 25, 30, 35, 40, 45, 30 or more nucleotides n length. In some embodiments, a
cleavable linker or modified nuclectide can be part of the universal label sequence to
cnable the stochastic barcode to be cleaved off from the support.

6699} A stochastic barcode can comprise a dimension label. A dimension
label can comprise a nucleic acid sequence that provides information about a dimension
in which the stochastic labeling ocourred. For example, a dimension label can provide
information about the time at which a target was stochastically barcoded. A dimension
label can be associated with a time of stochastic barcoding in a sample. A dimension
label can be activated at the time of stochastic labeling. Different dimension labels can be
activated at different times. The dimeunsion label provides information about the order in
which targets, groups of targets, and/or samples were stochastically barcoded.  For

example, a population of cells can be stochastically barcoded at the GO phase of the cell
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cycle. The cells can be pulsed again with stochastic barcodes at the G1 phase of the cell
cycle. The cells can be pulsed again with stochastic barcodes at the § phase of the cell
cycle, and so on. Stochastic barcodes at cach pulse {e.g.. cach phase of the cell cycle),
can comprise different dimension labels. In this way, the dimension label provides
information about which targets were labelied at which phase of the cell cyele.
Dimension labels can interrogate many different biclogical times. Exemplary biclogical
times can include, but are not limited 1o, the cell cycle, transcription {¢.g., transcription
mitiation}, and transcript degradation. In ancther example, a sample (e.g., a cell, a
population of ¢clis) can be stochastically labeled before and/or afier treatment with a drug
and/or therapy. The changes in the number of copics of distinct targets can be indicative
of the sample’s response to the drug and/or therapy.

{03 00] A dimension label can be activatable. An activatable dimension label
can be activated at a specific time point. The activatable label can be, for example,
constitutively activated (e.g., not turmed off). The activatable dimension label can be, for
example, reversibly activated {e.g., the activatable dimension label can be tumed on and
turned off). The dimension label can be, for example, reversibly activatable at least 1, 2,
3,4,5, 6, 7.8, 9 or 10 or more times. The dimension label can be reversibly activatable,
for example, at least 1, 2, 3,4, 5,6, 7, 8, 9, or 10 or more times. In some embodiments,
the dimension label can be activated with fluorescence, light, a chemical event {(¢.g.,
cleavage, higation of ancther molecule, addition of modifications {(e.g., pegylated,
sumoyvlated, acetylated, methylated. deacetvlated, demethyiated), a photochemical event
(e.g.. photocaging), and mtroduction of a non-natural nucleotide.

[6101] The dimeunsion label can, in some embodiments, be identical for all
stochastic barcodes attached to a given solid support {c.g. bead), but different for
different solid supports {e.g., beads). In some embodiments, at least 60%, 70%, 80%,
85%, 90%, 95%, 97%, 99% or 100% of stochastic barcodes on the same solid support can
comprise the same dimension label. In some embodiments, at least 60% of stochastic
barcodes on the same solid support can comprise the same dimension label. In some
embodiments, at feast 95% of stochastic barcodes on the same solid support can comprise
the same dimension label.

[6102] There can be as many as 10° or more unique dimension label sequences
represenied mn a plurality of solid supports (e.g., beads). A dimension label can be at feast

about 1, 2 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 or more nucleotides in length, A
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dimension label can be at most about 360, 200, 100, 90, 80, 70, 60, 50, 40, 30, 20, 15, 12,
16, 9, 8, 7, 6, 5, 4 or fewer or more nucleotides in length. A dimension label can
comprise between about 3 to about 200 mucleotides. A dimension label can comprise
between about 10 o about 150 nucleotides. A dimension label can comprse between
about 20 to about 125 nucleotides n length.

[G103] A stochastic barcode can comprise a spatial label. A spatial 1abel can
comprise a nucleic acid sequence that provides information about the spatial orientation
of a target molecule which is associated with the stochastic barcode. A spatial label can
be associated with a coordinate in a sample. The coordinate can be a fixed coordinate.
For cxample a coordinate can be fixed m reference to a substrate. A spatial label can be
m reference to a two or three-dimensional grid. A coordinate can be fixed in reference to
a landmark. The landmark can be identifiable in space. A landmark can be a structure
which can be imaged. A landmark can be a biclogical structure, for example an
anatomical landmark. A landmark can be a cellular landmark, for instance an organelle.
A landmark can be a non-natural landmark such as a structure with an identifiable
identifier such as a color code, bar code, magnetic property, fluorescents, radioactivity, or
a unique size or shape. A spatial label can be associated with a physical partition {¢.g. a
well, a confainer, or a droplet).  In some embodiments, multiple spatial labels are used
together to encode one or more positions in space.

[G104] The spatial label can be identical for all stochastic barcodes attached to
a given sohid support {¢.g., bead), but different for different solid supports {c.g.. beads).
In some embodiments, at feast 60%, 70%, 80%, 85%, 90%, 95%., 97%, 99% or 100% of
stochastic barcodes on the same solid support can comprise the same spatial label. In
some embodiments, at least 60% of stochastic barcodes on the same solid support can
comprise the same spatial label. In some embodiments, at least 95% of stochastic
barcodes on the same solid support can comprise the same spatial label.

[G105] There can be as many as 10° or more unique spatial label sequences
represented in a plurality of solid supports {c.g., beads). A spatial label can be at least
about 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 or more nucleotides i length, A
spatial label can be at most about 300, 200, 100, 90, 80, 70, 60, 50, 40, 30, 20, 15, 12, 10,
9, 8,7, 6,5, 4 or fower or more nucleotides m length. A spatial label can comprise

between about 5 to about 200 nucleotides. A spatial Iabel can comprise between about 10
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to about 150 nuclectides. A spatial label can comprise between about 20 to about 125
nucleotides in length.

[0106] Stochastic barcodes can compnse a coliular label. A cellular label can
comprise a nucleic acid sequence that provides information for determining which target
nucleic acid originated from which cell.  In some embodiments, the cellular label is
identical for all stochastic barcodes attached to a given solid support {(¢.g., bead), but
different for different solid supports {¢.g., beads). In some embodiments, at least 60%,
70%, 80%, 85%, 90%, 95%, 97%, 99% or 100% of stochastic barcodes on the same sohd
support can comprise the same celular fabel. In some embodiments, at least 60% of
stochastic barcodes on the same sohid support can comprise the same cellular label. In
some embodiment, at least 95% of stochastic barcodes on the same solid support can
comprise the same cellular label.

[G107] There can be as many as 10° or more unique cellular label sequences
represented in a plurality of solid supports {(¢.g., beads). A cellular label can be at least
about 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 or more nucleotides i length, A
cellular label can be at most about 300, 200, 100, 90, 80, 70, 60, 50, 40, 30, 20, 15, 12, 10,
9, 8,7, 6,5, 4 or fewer or more nucleotides in length. A cellular label can comprise
between about 3 1o about 200 nucleotides. A celiular label can comprise between about
10 to about 150 nucleotides. A cellular label can comprise between about 20 to about 125
nucleotides in length.

[G108] The cellular label can further comprise a unigue set of nucleic acid sub-
sequences of defined length, ¢.g. 7 nucleotides each {equivalent to the number of bits used
m some Hamming error correction codes), which can be designed to provide error
correction capability. The sct of error correction sub-sequences comprise 7 nuclcotide
sequences can be designed such that any pairwise combination of sequences in the set
exhibits a defined “genetic distance” {or mimber of mismatched bases), for example, a set
of error correction sub-sequences can be designed to exhibit a genetic distance of 3
nucleotides. In this case, review of the error correction sequences i the set of sequence
data for labeled target nucleic acid molecules (described more fully below) can allow one
to detect or correct amplification or sequencing errors. In some embodiments, the length
of the nucleic acid sub-sequences used for creating error correction codes can vary, for

example, they can be 3 nucleotides, 7 nucleotides, 15 nucleotides, or 31 nucleotides n
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length. In some embodiments, nucleic acid sub-sequences of other lengths can be used
for creating error correction codes.

[0109] in some embodiments, stochastic barcodes can comprise a molecular
fabel. A molecular label can comprise a nucleic acid sequence that provides wdentifving
information for the specific type of target nucleic acid species hybridized to the stochastic
barcode. A molecular label can comprise a nuckeic acid sequence that provides a counter
for the specific occurrence of the target nucleic acid species hybridized to the stochastic
barcode (e.g., target-binding region). In some embodiments, a diverse set of molecular
labels are attached to a given schid support {e.g., bead). In some embodiments, there can
be as many as 10° or more unique molecular label sequences attached to a given solid
support {¢.g., bead). In some embodiments, there can be as many as 10% or more unique
molecular label sequences attached o a given solid support {e.g., bead). In some
embodiments, there can be as many as 10° or more unique molecular label sequences
attached to a given solid support {¢.g., bead). In some embodiments, there can be as
many as 107 or more unigue molecular label sequences attached to a given solid support
{e.g.. bead). A molecular label can be at least about 1, 2, 3, 4, 3, 10, 15, 20, 25, 30, 35,
40, 45, 50 or more nucleotides m fength. A molecular label can be at most about 300,
200, 100, 90, 80, 70, 60, 50, 40, 30, 20, 15, 12, 10,9, 8, 7, 6, 5, 4 or fewer nucleotides in
length.

G114 Stochastic barcodes can comprise a target binding region. In some
cmbodiments, the target binding regions can comprise a nucleic acid sequence that
hvbridizes specifically to a target {¢.g. target nucleic acid, target molecule, ¢.g., a cellular
nucleic acid to be analvzed), for example t¢ a specific gene sequence. In some
cmbodunents, a target binding region can comprise a nucleic acid sequence that can
attach {e.g., hvbridize} to a specific location of a specific target nucleic acid. In some
embodiments, the target binding region can comprise a nucleic acid sequence that s
capable of specific hybndization to a restriction enzyme site overhang {e.g. an EcoRl
stickv-end overhang). The stochastic barcode can then ligate to any nucleic acid molecule
comprising a sequence complementary to the restriction site overhang.

3111} In some embodiments, a farget binding region can comprise a non-
specific target nucleic acid sequence. A non-specific target nuecleic acid sequence can
refer to a sequence that can bind to multiple target nucleic acids, independent of the

specific sequence of the target nucleie acid.  For example, target binding region can
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comprise a random multimer sequence, or an oligo-dT sequence that hybndizes to the
polyv(A) tail on mRNA molecules. A random multimer sequence can be, for example, a
random dimer, trimer, guatramer, pentamer, hexamer, septamer, octamer, nONamer,
decamer, or higher multimer sequence of anyv length. In some embodiments, the target
binding region is the same for all stochastic barcodes attached to a given bead. In some
embodiments, the target binding regions for the plurality of stochastic barcodes attached
to a given bead can comprise two or more different target binding sequences. A target
binding region can be at least about 5, 10, 15, 20, 25, 30, 35, 40, 45
nucleotides i length. A target binding region can be at most about 3, 10
35, 40, 45, 50 or more nucleotides in length.

16112} A stochastic barcode can comprise an orientation property which can
be used to orient {¢.g., align} the stochastic barcodes. A stochastic barcode can comprise
a moiety for 1soelectric focusing. Different stochastic barcodes can comprise different
wsoclectric focusing points. When these stochastic barcodes are introduced to a sample,
the sample can undergo 1soelectric focusing in order to orient the stochastic barcodes into
a known way. In this way, the orientation property can be used o develop a known map
of stochastic barcodes m a sample. Exemplary orientation properties can include,
clectrophoretic mobility (e.g., based on size of the stochastic barcode), 1soelectric point,
spin, conductivity, and/or sclf-assembly. For example, stochastic barcodes with an
orientation property of schf-assembly, can self-assemble into a specific orientation {¢.g.,
nucleic acid nanostructure} upon activation.

3113} A stochastic barcode can comprise an affinity property. A spatial label
can comprise an affinity property. An affinily property can include a chemical and/or
biological moicty that can facilitate binding of the stochastic barcode to another cntity
{c.g., cell receptor). For example, an affinity property can comprise an antibody. An

antibody can be specific for a specific moicty (e.g.

P

receptor on a sample. An antibody
can guide the stochastic barcode to a specific cell type or molecule. Targets at and/or
near the specific cell type or molecule can be stochastically labeled. An affinity property
can also provide spatial information in addition to the nucleotide sequence of the spatial
label because the antibody can guide the stochastic barcode to a specific location. An
antibody can be a therapeutic antibody. An antibody can be a monoclonal antibody. An
antibody can be a polvclonal antibody. An antibody can be humamized. An antibody can

be chimeric. An antibody can be a naked antibody. An antibody can be a fusion antibody .
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3114} An antibody, can refer to a full-length (ie, naturally occurring or
formed by normal immunoglobulin gene fragment recombinatorial processes)
immunoglobulin molecule (e.g., an IgG antibody) or an mamunologically active (ie.,
specifically binding} portion of an immunoglobulin molecule, like an antibody fragment.

6115} An antibody can be an antibody fragment. An antibody fragment can
be a portion of an antibody such as F{ab™)2, Fab’, Fab, Fv, sFv and the like. An antibody
fragment can bind with the same antigen that is recognized by the full-length antibody.
An antibody fragment can include isolated fragments consisting of the variable regions
of antibodies, such ag the “Fv” fragments consisting of the variable regions of the heavy
and light chains and recombinant single chain polypeptide molecules m which hight and
heavy variable regions are connected by a peptide linker (UscFv proteins”).  Exemplary
antibodies can mclude, bud are not limited to, antibodies for anttbodies for cancer cells,
antibodics for viruses, antibodies that bind to cell surface receptors {CDS, CD34, CD45),

and therapeutic antibodics.

Solid supports

0116} The stochastic barcodes disclosed herein can be associated to {(c.g.,
attached to) a solid support (¢.g., a bead). In some embodiments, stochastically barcoding
the plurality of targets in the sample can be performed with a solid support including a
plurality of syathetic particles agssociated with the plurality of stochastic barcodes. In
some cmbodiments, the solid support can include a plurality of symthetic particles
associated with the plurality of stochastic barcodes. The spatial labels of the plurality of
stochastic barcodes on different solid supports can differ by at least one nucleotide. The
solid support can, for cxample, mclude the plurality of stochastic barcodes i two
dimensions or three dimensions. The synthetic particies can be beads. The beads can be
sthica gel beads, controlled pore glass beads, magnetic beads, Dynabeads,
Sephadex/Sepharose beads, cellulose beads, polystyrene beads, or any combination
thereof. The solid support can include a polymer, a matnx, a hydrogel, a needle array
device, an antibody, or any combination thercof. In some embodiments, the sohid
supports can be free floating. In some embodiments, the solid supports can be embedded
in a semi-solid or solid array. The stochastic barcodes may not be associated with solid
supports. The stochastic barcodes can be individual nucleotides. The stochastic barcodes

can be associated with a substrate.
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[6117] As used herein, the terms “tethered”, “attached”, and “immobilized”
are used interchangeably, and can refer to covalent or non-covalent means for attaching
stochastic barcodes 1o a solid support. Any of a variety of different solid supports can be
used as solid supports for attaching pre-synthesized stochastic barcodes or for in sifu
solid-phase synthesis of stochastic barcode.

[G118] In some embodiments, a sclid support 8 a bead. A bead can
encomypass one or more types of solid, porous, or hollow sphere, ball, beartng, cvlinder, or
other similar configuration which a nucleic acid can be immohilized (¢ g., covalently or
non-covalently). The bead can be, for cxample, composed of plastic, ceramic, metal,
polvmeric material, or any combination thereof. A bead can be, or comprise, a discrete
particle that is spherical {c¢.g., microspheres) or have a non-spherical or irregular shape,
such as cubic, cuboid, pyramidal, cvhindrical, conical, oblong, or disc-shaped, and the
like. in some cmbodiments, a bead can be non-spherical in shape.

3119} Beads can comprise a variety of matenials mcluding, but not limited 1o,
paramagnetic materials (e.g. magnesium, molvbdenum, lithiwwm, and  tantalum),
superparamagnetic materials {¢.g. fornte (Fe;04, magnetite) nanoparticles), ferromagnetic
materials {(¢.g. iron, nickel, cobalt, some alloys thercot, and some rare earth metal
compounds), ceramic, plastic, glass, polystyrene, silica, methylstyvrene, acrvlic polymers,
titaniuwrn, latex, sepharose, agarcse, hydrogel, polymer, cellolose, nyvlon, and any
combination thereof.

3120} The diameter of the beads can vary, for example, be at least about
100nm, 500nm, lpm. Spm, 10pm, 20pm, 23pm, 30um, 35um, 40pum, 43pm or 50um. In
some embodiments, the diameter of the beads can be at most about 100nm, 300nm, lum,
Spm, P0pm, 20um, 25pm, 30pm, 35um, 40um, 45um or S0um. In some embodiments,
the diameter of the bead can be related to the diameter of the wells of the substrate. For
example, the diameter of the bead can be at least 10%, 20%, 30%, 40%. 50%, 60%. 70%,
80%, 90% or 100% longer or shorter than the diamcter of the well. In some embodiments,
the diameter of the bead can be at most 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90% or 100% longer or shorter than the diameter of the well. The diameter of the bead
can be related to the diameter of a cell (c.g.. a single cell entrapped by a well of the
substrate}. The diameter of the bead can be at least 10%, 280%, 30%, 40%, 50%, 609%,

70%, 80%, 90%, 100%, 150%, 200%, 250%, or 300% or more longer or shorter than the
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diameter of the cell. The diameter of the bead can be at most 10%, 20%, 30%, 40%, 30%,
60%, 70%, 80%, 90%, 100%, 150%, 200%., 250%, or 300% or more longer or shorter
than the diameter of the cell.

6121} A bead can be attached to and/or embedded in a substrate. A bead can
be attached to and/or embedded in a gel, hydrogel, polyvmer and/or matrix. The spatial
position of a bead within a substrate {e.g.. gel. matrix, scaffold, or polymer) can be
wdentified using the spatial label present on the stochastic barcode on the bead which can
serve as a location address.

[6122] Examples of beads can include, but are not limited to, streptavidin
beads, agarose beads, magnetic beads, Dynabeads®, MACS® microbeads, antibody
conjugated beads (e.g., anti-immunoglobulin microbeads), protein A conjugated beads,
protein G conjugated beads, protein A/G conjugated beads, protem L conjugated beads,
oligo{d T} conjugated beads, silica beads, silica-like beads, anti-biotin microbeads, anti-
fluorochrome microbeads, and BeMag™ Carboxvl-Terminated Magnetic Beads.

3123} A bead can be associated with (e.g. impregnated with) guantum dots or
Hucrescent dyes to make it fluorescent n one fluorescence optical channel or multiple
optical channels. A bead can be associated with iron oxide or chromium oxide to make it
paramagnetic or ferromagnetic.  Beads can be identifiable.  For example, a bead can be
imaged using a camera. A bead can have a detectable code associated with the bead. For
example, a bead can comprise a stochastic barcode. A bead can change size, for example
due to swelling in an organic or inorganic solution. A bead can be hydrophobic. A bead
can be hydrophilic. A bead can be biocompatibie.

[3124] A solid support (e.g.. bead} can be visualized. The solid support can
comprise a visualizing tag {(c.g., fluorcscent dve). A sohid support {c.g., bead) can be
ciched with an identifier {¢.g.. a number). The identifier can be visuahized through
imaging the beads.

G125} A solid sapport can refer to an insoluble, semi-soluble, or insoluble
material. A solid support can be referred to as “functionalized” when it includes a linker,
a scaffold, a bulding block, or other reactive moicty attached thereto, whereas a sohid
support can be “nonfunctionalized” when it lack such a reactive moiety attached thereto.
The solid support can be emploved free in solution, such as in a microtiter well format; 1n

a flow-through format, such as in a column; or n a dipstick.
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3126} The solid support can comprise a membrane, paper, plastic, coated
surface, flat surface, glass, slide, chip, or any combination thereof A solid support can
take the form of resins, gels, microspheres, or other geometnc configurations. A solid
support can comprise silica chips, synthetic particles, nanoparticles, plates, and arravs.
Sohd sopports can inchude beads {(e.g., silica gel, controlied pore glass, magnetic beads,
Dynabeads, Wang resin; Mernifield resin, Sephadex/Sepharose beads, cellulose beads,
polvstyrene beads etc.), capillaries, flat supports such as glass fiber filters, glass surfaces,
metal surfaces (steel, gold silver, aluminum, silicon and copper), glass supports, plastic
supports, stlicon sapports, chips, filters, membranes, microwell plates, slides, or the hke.
plastic materials including multiwell plates or membranes (c.g., formed of polyethylene,
polvpropylene, polvamide, polyvinyvlidene difluonde), wafers, combs, pmns or needles
{e.g., arrays of pins suitable for combinatorial synthesis or analvsis) or beads o an array
of pits or nancliter wells of flat surfaces such as wafers {(e.g., silicon wafers), wafers with
pits with or without filter bottoms.

3127} In some embodiments stochastic barcodes of the disclosure can be
attached to a polymer matrix {e.g., gel, hydrogel). The polymer matrix can be able to
permeate intracellular space (¢.g., around organclies). The polvmer matrix can able to be
pumped throughout the circulatory system.

[0128] A solid support can be a biological molecule. For example a solid
support can be a nucleic acid, a proteim, an antibody, a histone, a cellular compartment, a
lipid, a carbohvdrate, and the like. Solid supports that are biological molecules can be
amphfied, translated, transcribed, degraded, and/or modified {c.g., pegylated,
sumoviated). A solid support that is a biological molecule can provide spatial and time
mformation in addition to the spatial label that 1s attached to the biological molecule. For
example, a biological molecule can comprise a first confirmation when unmodified, but
can change to a sccond confirmation when modified. The different conformations can
expose stochastic barcodes of the disclosure to targets. For example, a biclogical
nmolecule can comprise stochastic barcodes that are inaccessible due to folding of the
biclogical molecule. Upon modification of the biological molecule {¢.g., acetviation), the
biclogical molecule can change conformation to expose the stochastic labels. The timing
of the modification can provide another time dimension to the method of stochastic

barcoding of the disclosure.
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3129} In another example, the biological molecule comprising stochastic
barcodes of the disclosure can be located in the cytoplasm of a cell. Upon activation, the
biological molecule can move o the nucleus, whercupon stochastic barcoding can take
place. In this way, modification of the biological molecule can encode additional space-
time information for the targets identified by the stochastic barcodes.

16334 A dimension label can provide infonmation about space-time of a
biological event {c.g., cell division). For example, a dimension label can be added to a
first cell, the first cell can divide gencrating a second daughter cell, the second daughter
cell can comprise all, some or none of the dimension labels. The dimension labels can be
activated in the onginal cell and the daughter cell. In this way, the dimension label can

provide mformation about time of stochastic barcoded in distinct spaces.

Microarravs

[G131] In some¢ embodiments, a sohd support/substratc can refer to a
microarray. A microarray can comprise a plurality of polymers, e.g., oligomers,
synthesized in situ or pre-synthesized and deposited on a sobstrate in an array pattern.
Microarrays of oligomers manufactured by solid-phase DNA synthesis can bave oligomer
densities approaching 106/micron2. As used herem, the support-bound oligomers can be
referred to as called “probes”™, which function to bind or hybridize with a sample of DNA
or RNA material under test. However, the terms can be used interchangeably wherein the
surface-bound oligonucleotides as targets and the solution sample of nucleic acids as
probes. Further, some investigators bind the target sample under test to the microarray
substrate and put the oligomer probes in solution for hybridization. Either of the “target”
or “probes” can be the one that 1s to be cvaluated by the other (thus, etther one could be
an unknown mixture of polvnucieotides to be evaluated by binding with the other}. All of
these iterations are within the scope of this discussion heremn. For the purpose of
simplicity only, herein the probe is the surface-bound oligonuclectide of known sequence
and the target is the moiety in a mobile phase (typically fluid), to be detected by the
surface-bound probes. The plurality of probes and/or targets 1n each location n the array
can be referred to as 2 “nucleic acid feature” or “feature.” A feature is defined as a locas
onte which a large number of probes and/or targets all having the same nuclectide

sequence are mmmobilize
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[3132] Depending on the make-up of the target sample, hvbridization of probe
features may or may not occur at all probe feature locations and can occur to varying
degrees at the different probe feature locations.

6133} An “array” can refer to an mtentionally created collection of molecules
which can be prepared either svnthetically or biosynthetically. The molecules in the array
can be identical or different from each other. The array can assume a varety of formats,
¢.z., libranies of soluble molecules; libraries of compounds tethered to resin beads, silica
chips, or other sohd supports. Array Plate or a Plate a body having a plurality of arrays in
which each array can be separated from the other arrays by a physical barrier resistant to
the passage of hquids and forming an arca or space, referred to as a well.

[0134] The density of the microarrays can be higher than 500, 5000, 30000, or
S00,000 different probes per em’. The feature size of the probes can be smaller than 500,
150, 25, 9, or 1 pm”. The locations of the probes can be determined or decipherable. For
example, 1 some arrays, the specific locations of the probes are known before binding
assays. In some other arrays, the specific locations of the probes are unknown until after
the assavs. The probes can be immobilized on a substrate, optionally, via a hinker, beads,
etc.

[6135] The array can comprise features made up of oligo{dT} probes. <
array can comprise featores made up of gene-specific probes. In some embodiments, the
array is a microarray. In some embodiments, the array is an array of solid supports {c.g.,
beads). In somc embodiments, the array s planar. In some embodiments, the array has

topographical features.

Substrates

[6136] A substrate can refer to a type of solid support. A substrate can refer to
a solid support that can comprise stochastic barcodes of the disclosure. A substrate can
comprise a plurality of microwcls. A microwell can comprise a small reaction chamber
of defined volume. A wucrowell can entrap one or more celis. A microwell can entrap
only one cell. A microwell can entrap one or more solid supports. A microwell can
entrap only one solid support. In some embodiments, a microwell entraps a single cell
and a single solid support (¢ g., bead).

[6137] The microwells of the array can be fabricated in a variety of shapes and

sizes.  Appropriate well geometries can include, but are not limited to, cvhindrical,
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conical, hemispherical, rectangelar, or polvhedral (e.g., three dimensional geometries
comprised of several planar faces, for example, hexagonal columns, octagonal columns,
mverted triangular pyramids, mverted square pyramids, inverted pentagonal pyramids,
mverted hexagonal pyramids, or mverted truncated pyramids).  The microwells can
comprise a shape that combines two or more of these geometries. For example, a
microwell can be partly cviindrical, with the remainder having the shape of an inverted
cone. A microwell can include two side-by-side cvlinders, one of larger diameter {¢.g.
that corresponds roughly to the diameter of the beads) than the other {c.g. that
corresponds roughly to the diameter of the cells), that are connected by a vertical channel
(that is, parallel to the cylinder axes) that extends the full length (depth) of the cylinders.
The opening of the microwell can be at the upper surface of the substrate. The opening of
the microwell can be at the lower surface of the substrate. The closed end (or bottom) of
the microwell can be flat. The closed end (or bottom) of the microwell can have a curved
surtace {c.g., convex or concave). ‘the shape and/or size of the nucrowell can be
determined based on the types of cells or sohid supports to be trapped within the
microwslls,

[0138] Microwell dimensions can be characterized in terms of the diameter
and depth of the well. As used herein, the diameter of the microwell refers to the largest
circle that can be inscribed within the planar cross-section of the microwell geometry.
The diameter of the microwells can range from about 1-fold to about 10-folds the
diameter of the cells or solid supports to be trapped within the microwells. The microwell
diameter can be at least 1-fold, at least 1. 5-fold, at least 2-folds, at least 3-tolds, at least 4~
folds, at least 5-folds, or at least 10-folds the diameter of the celis or solid supports to be
trapped within the microwells. The microwell diameter can be at most [0-folds, at most
S-folds, at most 4-folds, at most 3-folds, at most 2-folds, at most 1 3-fold, or at most 1-
fold the diameter of the cells or solid supports to be trapped within the mucrowells. The
microwell diameter can be about 2.5-folds the diameter of the cells or solid supports to be
trapped within the nucrowells.

3139} The diameter of the microwells can be specified in terms of absolute
dimensions. The diameter of the microwells can range from about 3 to about 30
micrometers.  The microwell diameter can be at least 5 micrometers, at least 10
micrometers, at least 13 micrometers, at least 20 micrometers, at least 25 micrometers, at

least 30 mucrometers, at lcast 35 micrometers, at least 40 mucrometers, at least 45
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micrometers, or at least 50 micrometers. The microwell diameter can be at most 50
micrometers, at most 45 micrometers, at most 40 micrometers, at most 35 micrometers, at
most 30 nucrometers, at most 25 micrometers, at most 20 micrometers, at most 135
micrometers, at most 10 micrometers, or at most S nucrometers. The microwell diameter
can be about 30 micrometers.

{6144 In some embodiments, the diameter of each microwell can be, or can
beabout, 1,2, 3,4, 5.6,7,8, 9,10, 20, 30, 40, 30, 60, 70, 80, 90. 100, 2060, 300, 400, 500,
600, 700, 00, 900, 1000, or a number between any two of these values, nanometer. In
some cmbodiments, the diameter of each microwell can be. orcan be about, 1.2, 3, 4, &,
6,7, 8,9, 10, 20, 30, 40, 30, 60, 70, 80, 9¢, 100, 200, 300, 400, 500, 600, 700, 8300, 200,
1000, or a number between anv two of these values, micrometer. In some embodiments,
the diameter of cach mucrowell can be, orcan be about, 1, 2, 3.4, 5, 6,7, 8, 9, 10, 20, 30,
40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, or a number
between any two of these values, minimeter.

3141} The microwell depth can be chosen to provide efficient trapping of
cells and solid supports.  The microwell depth can be chosen to provide efficient
cxchange of assav buffers and other reagents comtained within the wells. The ratio of
diameter to height (1.e. aspect ratio) can be chosen such that once a cell and solid support
settle inside a microwell, they will not be displaced by fluid motion above the microwell.
In some embodiments, the height of the microwell can be smaller than the diameter of the
bead. For example, the height of the microwell can be at least 5, 10, 15, 20, 25, 30, 35,
40, 45, 50, 35, 60, 65, 70, 75, 80, 85, 99, 95, or 100% of the diameter of the bead. The
bead can protrade outside of the microwell.

16142} The dimensions of the microwell can be chosen such that the
microwell has sufficient space to accommodate a solid support and a cell of various sizes
without being dislodged by fhed motion above the microwell.  The depth of the
microwells can range from about 1-fold to about 10-fold the diameter of the cells or solid
supports to be trapped within the microwells. The nucrowell depth can be at least 1-fold,
at least 1.5-told, at least 2-folds, at least 3-folds, at least 4-folds, at least 3-folds, or at
least 10-folds the diameter of the cells or solid supports to be trapped within the
microwells. The microwell depth can be at most 10-folds, at most 5-folds, at most 4-
folds, at most 3-folds, at most 2-folds, at most 1 5-fold, or at most 1-fold the diameter of

the cells or solid supports to be trapped within the microwells. The microwell depth can
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be about 2.5-folds the diameter of the cells or sohd supports to be trapped within the
microwells.

16143} The depth of the microwells can be specified in terms of absolute
dimensions.  The depth of the microwells can range from about 10 to about 60
micrometers.  The microwell depth can be at least 10 micrometers, at least 20
micrometers, at least 25 micrometers, at least 30 micrometers, at least 33 mucrometers, at
least 40 micrometers, at least 30 micrometers, or at least 60 micrometers. The microwell
depth can be at most 60 micrometers, at most 5O micrometers, at most 40 micrometers, at
most 35 mucrometers, at most 30 micrometers, at most 25 micrometers, at most 20
micrometers, or at most 10 micrometers.  The microwell depth can be about 30
micTometers.

[0144] In some embodiments, the depth of cach microwell can be, or can be
about, 1,2, 3,4, 5,6,7. 8,9, 10, 20, 30, 40, 30, 60, 70, 80, 90, 100, 200, 300, 400, 500,
600, 700, 800, 900, 1000, or a number between any two of these values, nanometers. In
some embodiments, the depth of each mucrowell can be, or can be about, 1, 2, 3,4, 5,6, 7,
& 9,10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 10600,
or a number between any two of these values, micrometers. {n some cmbodiments, the
depth of each microwelil can be, or can be about, 1, 2,3, 4, 5,6, 7. 8, 9, 10, 20, 30, 40, 59,
60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, or a namber between
any two of these values, minimeters.

[G145] The volume of the microwells used in the methods, devices, and
svstems of the present disclosure can vary, for example range from about 200
micrometers” to about 120,000 micrometers’. The microwell volume can be at least 200
micrometers”, at least 300 micrometers’, at least 1,000 micrometers’, at least 10,000
micrometers’ . at least 25,000 micrometers® , at least 50,000 micrometers’ . at least 100,600
micrometers’, or at least 120,000 micrometers”. The microwell volume can be at most
120,000 micrometers’ , at most 100,000 micmmetersi at most 36,000 micmmetersi at
most 25,000 micrometers’, at most 10,000 micrometers’, at most 1.000 micrometers’, at
most 500 micrometers’, or at most 200 micrometers’. The microwell volume can be
about 25,000 micrometers’. The microwell volume can fall within any range bounded by
any of these values (¢.g. from about 18,000 micrometers’ to about 30,000 micrometers’).

[3146] in some embodimenis, cach of the microwells can have a volume of

10, 20, 30, 40, 50, 60, 70, 80, 80, 100, 200, 300, 400, 300, 600, 700, 800, 900, 1000, or a
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number between any two of these values, nanohiters. In some embodiments, cach of the
microwells can have avolume of 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 20, 30, 40, 30, 60, 70, 80, 90,
160, 200, 300, 400, 500, 600, 7060, 800, 900, 1000, or a number between any two of these
values, mucroliters. In some embodiments, each of the microwells can have a volume of
1,2,3,4,5.6.7,8 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600,
TG40, 800, 900, 1000, or a number between any two of these values, miniliters,

[3147] The volumes of the microwells used i the methods, devices, and
systems of the present disclosure can be further characterized in terms of the varation in
vohume from one microwell to another. The coefficient of varnation {cxpressed as a
percertage) for microwell volume can range from about 1% to about 10%. The
coefficient of vanation for microwell volume can be at least 196, at least 2%, at least 39,
at least 496, at least 5%, at least 696, at least 7%, at least 8%, at least 9%, or at least 10%.
The cocfficient of varnation for microwell volume can be at most 10%, at most 9%, at
most 8%, at most 7%, at most 6%, at most 3%, at most 4%, at most 3%, at most 2%, or at
most 1%. The coefficient of vanation for microwell volume can have any valae within a
range encompassed by these values, for example between about 1.5% and about 6.3%. In
some embodiments, the coefficient of vanation of nucrowell volume can be about 2.5%.

[6148] The ratio of the volume of the microwells to the surface area of the
beads {or to the surface arca of a sohid support to which stochastic barcode
oligonuclectides can be attached) used in the methods, devices, and systers of the present
disclosure can vary, for example range from about 2.5 to about 1,520 mucrometers. The
ratio can be at feast 2.5, at feast 3, at least 10, at teast 100, at least 500, at least 750, at
least 1,000, or at feast 1.520. The ratio can be at most 1,520, at most 1,000, at most 750,
at most 500, at most 100, at most 10, at most 5, or at most 2.5, In some embodiments, the
ratio can be, or be about 67.5. The ratic of microwell volume to the surface area of the
bead {or solid support used for immobilization) can fall within any range bounded by any
of these values {¢.g. from about 30 to about 120},

[B3149] The wells of the microwell array can be arranged in a onc dimensional,
two dimensional, or three-dimensional array. A three dimensional array can be achieved,
for example, by stacking a series of two or more two dimensional arrays (that is, by
stacking two or more substrates comprising microwell arrays).

16154} The pattern and spacing between microwells can be chosen to optimize

the efficiency of trapping a single cell and single solid support {(¢.g., bead} in each well, as
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well as to maximize the number of wells per unit arca of the array. The microwells can
be distributed according to a variety of random or non-random patterns.  For example,
they can be distributed entirely randormly across the surface of the array substrate, or they
can be arranged m a square grid, rectangular gnd, hexagonal grid, or the like. The center-
to-center distance {or spacing} between wells can vary from about 15 micromeiers to
about 75 micrometers. In other embodiments, the spacing between wells is at least 15
micrometers, at least 20 nmucrometers, at least 23 nucrometers, at least 30 nucrometers, at
least 35 micrometers, at least 40 mucrometers, at least 45 micrometers, at least 50
micrometers, at least 55 micrometers, at least 60 micrometers, at least 65 micrometers, at
least 70 micrometers, or at least 75 micrometers. The microwell spacing can be at most
75 wmicrometers, at most 70 micrometers, at most 65 micrometers, at most 50
micrometers, at most 535 micrometers, at most 50 micrometers, at most 45 micrometers, at
most 40 micrometers, at most 35 micrometers, at most 30 micrometers, at most 25
nmicrometers, at most 20 micrometers, or at most 15 micrometers. The microwell spacing
can be about 55 nucrometers. The nucrowell spacing can fall within any range bounded
by any of these values {e.g. from about 18 micrometers to about 72 micrometers).

[6151] in some cmbodiments, microwells can be separated from cach other by
no more than 0.01, 0.1, 1,2, 3,4,5,6,7,8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200,
300, 400, 500, 600, 700, 800, 900, 1000, or a number between any two of these values,
micrometers. In some embodiments, the microwells can be separated from one another
bvnomorethan 1,2, 3, 4,5, 6,7, 8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300,
400, 500, 600, 700, 800, 900, 1000, or a number between any two of these values,
minimeters.

16152} in somc cmbodiments, the nucrowell array can comprise 100, 200,
300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000,
9000, 10000, or a number between any two of these values, wells per inch®. In some
embodiments, the microwell array can comprise 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000,
9000, 10000, or a number between any two of these values, wells per em’,

[3153] The microwell array can comprise surface features between the
microwells that are designed 1o help guide cells and sohid supports into the wells and/or

prevent them from setthing on the surfaces between wells, Examples of suitable surface
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features can include, but are not limited to, domed, ridged, or peaked surface features that
encircle the wells or straddle the surface between wells.

[0154] The total number of wells in the microwell arrav can be determined by
the pattern and spacing of the wells and the overall dimensions of the array. The number
of microwells in the array can vary, for example, range from about 96 to about 5,000,000
or more. The mumber of microwells in the array can be at least 96, at least 384, at least
1,536, at least 5,000, at least 10,000, at least 25,000, at least 50,000, at least 75,000, at
least 100,000, at feast 500,000, at least 1,000,000, or at least 3,000,000, The number of
microwells in the array can be at most 5,000,000, at most 1,000,000, at most 75,000, at
most 50,000, at most 25,000, at most 10,000, at most 5,000, at most 1,536, at most 384, or
at most 96 wells. The number of microwells n the array can be about 96. The number of
microwells can be about 150,000, The number of microwells in the array can fall within
any range bounded by any of these values {¢.g. from about 100 10 325,000},

[B155] Microwell arrays can be fabricated using any of a number of
fabrication techniques. Examples of fabncation methods that can be used include, but are
not hmited to, bulk micromachining techniques such as photolithography and wet
chemical etching, plasma etching, or deep reactive ion etching; micro-molding and micro-
embossing; laser micromachining; 3D printing or other direct write fabrication processes
using curable matenials; and similar technigues.

[B156] Microwell arrays can be fabricated from any of a number of substrate
materials. The choice of material can depend on the choice of fabrication technique, and
vice versa. Examples of suitable materials can include, but are not hmited to, silicon,
fused-silica, glass, polvmers {c.g. agarcse, gelatin, hydrogels, polydimethylsiloxane
(PDMS;  clastomer), polvmethyimethacrvlate  (PMMA),  polycarbonate (PO,
polvpropylene (PP), polyethylene (PE), lugh density polyethyiene (HDPE), polvimide,
cyclic olefin polymers {(COP), cvclic olefin copolymers (COL), polyethylene
terephthalate (PET), epoxy resins, thiol-ene based resins, metals or metal films (e.g.
alununum, stainless steel, copper, nickel, chromium, and titanium}, and the like. A
hyvdrophilic material can be desirable for fabrication of the mucrowell amays {e.g. to
enhance wettability and minimize noun-specific binding of cells and other biological
material}. Hydrophobic materials that can be treated or coated {g.g. by oxygen plasma
treatment, or grafting of a polvethvlene oxide surface layer) can also be used. The use of

porous, hydrophilic materials for the fabrication of the microwell array can be desirable in

.53



WO 2016/138496 PCT/US2016/019962

order to facilitate capillary wicking/venting of entrapped air bubbles in the device. The
microwell array can be fabricated from a single material. The microwel array can
comprise two or more different materials that have been bonded together or mechanically
joined.

G157} Microwell arrays can be fabricated using substrates of any of a variety
of sizgs and shapes. For example, the shape {or fuotpnnt) of the substrate within which
nicrowells arc fabricated can be square, rectangular, circular, or irregular in shape. The
footprint of the microwell array substrate can be similar to that of a microtiter plate. The
footprint of the microwell array substrate can be sinular to that of standard microscope
slides, ¢.g. about 75 mm long x 25 nun wide (about 37 long x 17 wide), or about 75 mm
long % 50 mm wide {about 37 long x 27 wide). The thickness of the substrate within
which the microwells are fabricated can range from about 0.1 mm thick to about 10 mm
thick, or more. The thickness of the microwell array substrate can be at least 0.1 mm
thick, at least 0.5 num thick, at least I mm thick, at least 2 mum thick, at least 3 mm thick,
at least 4 num thick, at least 5 mm thuck, at least 6 nun thick, at least 7 mm thuck, at least 8
mm thick, at least 9 mm thick, or at least 10 mm thick. The thickness of the microwell
array substrate can be at most 10 mm thick, at most 9 mm thick, at most 8 mm thick, at
most 7 mm thick, at most 6 mm thack, at most 5 nun thick, at most 4 nym thick, at most 3
mim thick, at most 2 mum thick, at most 1 mm thack, at most 0.5 mm thick, or at most (.1
mm thick. The thickness of the microwell array substrate can be about 1 mim thick., The
thickness of the microwell array substrate can be any value within these ranges, for
example, the thickness of the microwell array substrate can be between about 0.2 mm and
about 9.5 mm.

16158} A vanety of surface treatments and surface modification techmgues
can be used to alter the properties of microwell array surfaces. Examples can include, but
are not limited to, oxvgen plasma treatments to render hydrophobic material sorfaces
more hydrophilic, the use of wet or dry etching techniques to smooth {or roughen) glags
and silicon surfaces, adsorption or grafting of polvethviene oxide or other polymer lavers
{such as pluronic), or bovine serum albunun to substrate surfaces o render them more
hydrophibic and less prone to non-specific adsorption of biomolecules and cells, the use of
sifane reactions to graft chemically-reactive functional groups to otherwise inert silicon
and glass surfaces, ete. Photodeprotection techniques can be used 1o selectively activate

chemically-reactive functional groups at specific locations n the array structure, for
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example, the selective addition or activation of chemically-reactive functional groups
such as primary amines or carboxyl groups on the inner walls of the microwells can be
used to covalently couple oligonucicotide probes, peptides, proteins, or other
biomolecules to the walls of the microwells. The choice of surface treatment or surface
modification utilized can depend both or either on the type of surface property that is
desired and on the type of matenal from which the microwell array is made.

[3159] The openings of microwells can be sealed, for example, dunng ccll
lysis steps to prevent cross hybridization of target nucleic acid between adjacent
microwells. A microwell {or array of microwells) can be sealed or capped using, for
example, a flexible membrane or shect of solid matenial (i.c. a plate or platten) that
clamps against the surface of the microwell array substrate, or a suttable bead, where the
diameter of the bead is larger than the diameter of the microwell

16164 A seal formed using a flexible membrane or sheet of solid material can
comprise, for example, inorganic nanopore membranes (¢.g., alununum oxides), dialysis
membranes, glass shides, coverships, clastomeric films {(e.g. PDMS}, or hvdrophilic
polymer films {(cg., a polymer film coated with a thin film of agarose that has been
hvdrated with lvsis buffer).

[Bi61] Solid supports {(¢.g., beads) used for capping the microwells can
comprise any of the solid sapports {c.g., beads} of the disclosure. In some embodiments,
the solid supports are cross-linked dextran beads (e.g.. Sephadex). Cross-linked dextran
can range from about 10 micrometers to about 80 micrometers. The cross-linked dextran

cads used for capping can be from 20 micrometers to about 50 micrometers. In some
embodiments, the beads can be at least about 10, 20, 30, 40, 50, 60, 70, 80 or 90% larger
than the diameter of the microwells. The beads used for capping can be at most about 10,
20, 30, 40, 50, 60, 70, 80 or 0% larger than the diameter of the microwells.

[0162] The seal or cap can allow buffer to pass into and out of the microwell,
while preventing macromolecules (e.g.. nucleic acids) from migrating out of the well. A
macromolecule of at least about 1,2, 3,4, 5.6, 7.8, 9, 10, 12, 13, 14, 15, 16, 17, 18, 19,
or 20 or more nucleotides can be blocked from migrating into or out of the microwell by
the seal or cap. A macromolecule of at most about 1,2, 3,4, 5, 6,7, 8,9, 10, 12, 13, 14,
15, 16, 17, 18, 19, or 20 or more nucleotides can be blocked from migrating into or out of

the mucroweli by the seal or cap.
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3163} Solid supports {e.g., beads) can be distributed among a substrate. Sohd
supports {e.g.. beads) can be distributed among wells of the substrate, removed from the
wells of the substrate, or otherwise transported through a device comprising one or more
microwell arrays by means of centrifugation or other non-magnetic means. A microwell
of a substrate can be pre-loaded with a solid support. A microwell of a substraie can hold
at least 1, 2, 3, 4, or 5, or more solid supports. A microwell of a substrate can hold at
most 1, 2, 3, 4, or 5 or more solid supports. In some embodimenis, a microweh of a
substrate can hold one solid support.

[3164] Individual cells and beads can be compartmentahized using altematives
to microwells, for example, a single solid support and single cell could be confined within
a single droplet in an emulsion (¢.g. in a droplet digital microflundic svstem).

[0165] Cells could potentially be confined within porous beads that
themselves comprise the plurality of tethered stochastic barcodes.  Individual cells and
solid supports can be compartmentalized n any tvpe of container, microcontainer,
reaction chamber, reaction vessel, or the hike.

3166} Single cell, stochastic barcoding or can be performed without the use
of microwells. Single cell, stochastic barcoding assays can be performed without the use
of any physical container. For example, stochastic barcoding without a physical contamer
can be performed by embedding cells and beads in close proximity 1o each other within a
polymer laver or gel laver to create a diffusional barrier between different cell/bead pairs.
In another example, stochastic barcoding without a physical container can be performed
n sifu, in vivo, on an intact solid fissue, on an ntact cell, and/or subceliularty.

[3167] Microwell arrays can be a consumable component of the assay system.
Microwell arrays can be reusable. Microwell arravs can be configured for usc as a stand-
alone device for performing assays manually, or they can be configured to comprise a
fixed or removable component of an instrument system that provides for full or partial
automation of the assay procedure. in some embodiments of the disclosed methods, the
bead-based libraries of stochastic barcodes can be deposited in the wells of the microwell
array as part of the assay procedure. In some embodiments, the beads can be pre-loaded
mto the wells of the microwell array and provided to the user as part of, for example, a kit
for performing stochastic barcoding and digital counting of nucleic acid targets.

[6168] In some embodiments, two mated microwell arrays can be provided,

one pre-loaded with beads which are held in place by a first magnet, and the other for use
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by the user m loading mdividual cells. Following distribution of cells into the second
microwell array, the two arravs can be placed face-to-face and the first magnet removed
while a sccond maguoet is used to draw the heads from the first array down mto the
corresponding microwells of the second array, thereby ensuring that the beads rest above
the cells in the second microwell array and thus minimizing diffusional loss of target
molecules following cell lysis, while maximizing efficient attachment of target molecules
to the stochastic barcodes on the bead.

3169} In some embodiments, a substrate does not include microwells. For
example, beads can be assembled {c.g., self-assembled). The beads can self-assembile
mto a monolayer. The monolayer can be on a flat surface of the substratc.  The
monolaver can be on a curved surface of the substrate. The bead monolaver can be

formed by any method, such as alcohol evaporation.

Three-dimensional substrates

6176} A three-dimensional array can be any shape. A three-dimensional
substrate can be made of any matenal used m a substrate of the disclosure. In some
cmbodiments, a three~-dimensional substrate comprises a DNA origami. DNA origani
structures incorporate DNA as a building material to make nanoscale shapes. The DNA
ongami process can involve the folding of one or more long, “scaffold” DNA strands into
a particular shape using a plorality of rationally designed “staple DNA strands. The
sequences of the staple strands can be designed such that they hvbridize to particular
portions of the scaffold strands and, in doing so, forge the scaffold strands mto a
particular shape. The DNA origami can include a scaffold strand and a plurality of
rationally designed staple strands. The scatfold strand can have any sufficiently non-
repetifive sequence.

{6371} The sequences of the staple strands can be selected such that the DNA
origami has at least one shape to which stochastic labels can be attached. In some
embodiments, the DNA origami can be of any shape that has at least one mner surface
and at least one outer surface. An inner surface can be any surface area of
the DNA origami that s sterically prechided from interacting with the surface of a
sample, while an outer surface is any surface arca of the DNA origami that 1s not
sterically precluded from interacting with the surface of a sample. In some embodiments,

the DNA origami has one or more openings {e.g., two openings), such that an mner
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surface of the DNA ongami can be accessed by particles {e.g., solid supports). For
example, in certain embodiments the DNA origami has one or more openings that allow
particles smaller than 10 nucrometers, 5 micrometers, 1 micrometer, 500 nm, 400 nm,
300 nm, 250 nm, 200 nm, 150 nm, 100 nm, 75 nm, 50 nm, 45 nm or 40 nm to contact an
mnner surface of the DNA origami.

16172} The DNA ongami can change shape (conformation} in response io one
or more certain cnvironmental stimubi. Thus an area of the DNA origami can be an tnner
surface when the DNA ornigami takes on some conformations, but can be an outer surface
when the device takes on  other conformations. In  some embodiments,
the DNA origami can respond fo certain environmental stimuli by taking on a new
conformation.

[6373] In some embodiments, the staple strands of the DNA origami can be
selected such that the DNA origami is substantially barrcl- or tube-shaped. The staples of
the DNA ongami can be selected such that the barrel shape is closed at both ends or is
open at ong or both ends, therebv permtting particles 1o enter the mtenor of the barrel and
aceess its inner surface. In certain embodiments, the barrel shape of the DNA origami can
be a hexagonal tube.

[6174] In some embodiments, the staple strands of the DNA onigami can be
selected such that the DNA origami has a first domain and a second domain, wherein the
first end of the first domain is attached to the first end of the second domain by one or
nore single-stranded DNA hinges, and the second end of the first domain is attached to
the second domain of the second domain by the one or more molecular latches. The
plurality of staples can be selected such that the second end of the first domain becomes
unattached to the second end of the second domain if all of the molecular latches are
contacted by their respective external stimuli. Latches can be formed from two or more
staple stands, including at least one staple strand having at least one stimulus-binding
domain that is able to bind o an external stimulus, such as a nucleic acid, a lipid or a
protein, and at least one other staple strand having at least one latch domain that binds to
the stimulus bindimg domain. The binding of the stimulus -binding domain to the latch
domain sapports the stability of a first conformation of the DNA origam.

[3175] Spatial labels can be dehivered to a sample 1n three dimensions. For

example a sample can be associated with an array, wherein the array has spatial labels
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distributed or distributable in three dimensions. A three dimensional array can be a
scaffolding, a porous substrate, a gel, a series of channels, or the like.

3176} A three dimensional pattem of spatial labels can be associated with a
sample bv injecting the samples into known locations with the sample, for example using
arobot. A single needle can be used to serially mnject spatial labels at different depths into
a sample. An array of needles can mnject spatial labels at different depths to generate a
three dimensional distribution of labels.

3177} In some embodiments, a three dimensional solid support can be a
device. For example, a needle array device {e.g., a biopsy necdle array device} can be a
substrate. Stochastic barcodes of the disclosure can be attached to the device. Placing the
device i and/or on a sample can bring the stochastic barcodes of the disclosure nio
proximity with fargets in and/or on the sample. Different parts of the device can have
stochastic barcodes with different spatial labels. For example, on a needle array device,
cach needle of the device can be coated with stochastic barcodes with different spatial
labels on each needle. In this way, spatial labels can provide information about the

location of the targets {e.g., location in orientation to the necdle array).

Probes

[0178] The solid support/substrate of the disclosure can comprise a plurality of
probes. The probescan beatfeast 1, 2, 3,4, 5,6, 7.8, 9, 10, 11, 12 13, 14, 15,16, 17,
18, 19, or 20 or more nucleotides in length. The probes canbeatmost 1,2, 3,4, 5,6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 or more nucleotides in length,

3179} The probes can be oligo(dT} probes. The probes can be any
homopolvmer sequence {¢.g., poly(A}, poly(C), polv{G), polv (i)}

6184} The probes can be gene-specific. The probes can target any location of
agene (e.g., 3" UTR, 5" UTR, coding region, promoter}. The probes on the substrate can
be gene-specific for a plurality of genes. For example, a substrate can comprise probes
that are gene-specific tor at least 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 or more genes.
A substrate can comprise probes that are gene-specific for at least 10, 20, 30, 40, 50, 60,
70, 80, 90, or 100 or more genes. [0055] The plarality of gene-specific probes can be
dispersed throughout the substrate evenly. The plurality of gene-specific probes can be
dispersed throughout the substrate m discrete locations. There can be an cquivalent

mumber of gene-specific probes for ecach gene. There can be an inequivalent number of
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gene-specific probes for each gene. For examples, one or more gene-specific probes can
be represented on the substrate at least 10, 20, 30, 40, 50, 60, 70, or 80% or more
compared to one or more other gene-specific probes. One or more gene-specitic probes
can be represented on the substrate at most 10, 20, 30, 40, 30, 60, 70, or 0% or more
compared to one or more other gene-specific probes.

6181} The substrate can comprise a plurality of gene-gspecific probes for a
plurality of genes and a plurality of oligo{dT) probes. The combination of gene-specific
probes and oligo(dT) probes can be useful for bridge amplification methods of the
disclosure. The ratic of a gene-specific probe o an oligo{dT) probe can be at least 111,
1:2, 1:3, 1:4, or 1:5 or more. The ratio of a gene-specific probe to an oligo(dT) probe can
be at most §:1, 1:2, 1:3, 14, or 1.3 or more. The ravuo of an oligo{dT) probe to a gene-
spectfic probe can be at least 1.1, 1.2, 1.3, 1:4, or 1.5 or more. The ratio of an oligo(dT)
probe to a gene-specific probe can be at most 11, 1.2, 1.3, 14, or 115 or more.

[G182] The probes on the replicate substrate can comprise any of the probes,
or combination of probes of the disclosure. The probes on the replicate substrate can be
the same as the munal substrate. The probes on the rephicate substrate can be different
from the initial substrate. For example, the probes on the inttial substrate can be gene-
specific for a first focation of a gene. The probes on the replicate shide can be gene-
spectfic for a second location on the same gene. In this way, the probes can be used to
dentify {e.g., generate and/or detect) multiple amplicons from the same gene. The
nmultiple amplicons can comprise different genetic features such as SNPs. Identification
of multiple amplicons on the same gene can be uscful for wdentification of SNPs and/or
genetic mobility events (¢ g., truncations, translocations, transpositions}.

6183 in some embodiments, the probes on the mitial substrate can be
oligo{dT) and the probes on the replicate substrate can be gene-specific or a combination

of gene-specific and chigo(dT).

Svnthesis of stochastic barcodes on solid supporis and substrates

3184} A stochastic barcode can be synthesized on a solid support {e.g., bead).
Pre-synthesized stochastic barcodes {e.g., compnsing the STanine that can link to the
solid support) can be attached to sohid supports {¢.g., beads) through any of a variety of
immobilization technigues imvolving functional group pairs on the solid support and the

stochastic barcode. ¢ stochastic barcode can comprise a functional group. The sohd
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support {e.g., bead) can comprise a functional group. The stochastic barcode functional
group and the sohd support functional group can comprise, for e¢xample, bictin
streptavidin, primary amine(s), carboxyi(s), hydroxyl(s}, aldehvde(s), ketone(s), and any
combination thereof. A stochastic barcode can be tethered to a sohid support, for
example, by coupling (e.g. using -Ethyl-3-(3-dimethviaminopropyl) carbodiimide) a §°
amino group on the stochastic barcode to the carboxy! group of the fimetionalized solid
support.  Residual non-coupled stochastic barcodes can be removed from the reaction
mixture by performing multiple rinse steps. In some embodiments, the stochastic barcode
and solid support are attached indirectly via linker molecules {e.g. short, functionalized
hyvdrocarbon molecules or polvethylene oxide molecules) using similar attachment
chemistrics.  The lmkers can be cleavable linkers, e.g. acid-labile linkers or photo-
cleavable linkers.

[B185] The stochastic barcodes can be synthesized on solid supports {e.g.,
beads) using any of a nunther of solid-phase oligonucleotide synthesis technigues, such as
phosphodiester svnthesis, phosphotriester synthesis, phosphite iriester synthesis, and
phosphoramidite svnthesis. Single nucleotides can be coupled in step-wise fashion to the
growing, tethered stochastic barcode. A short, pre-synthesized sequence (or block) of
several oligonucleotides can be coupled to the growing, tethered stochastic barcode.

[0186] Stochastic barcodes can be synthesized by mterspersing step-wise or
block coupling reactions with one or more rounds of split-pool synthesis, in which the
total pool of synthesis beads is divided into a number of individual smaller pools which
arg then each subjected to a different coupling reaction, followed by recombination and
mixing of the individual pools to randomize the growing stochastic barcode sequence
across the total pool of beads. Split-pool synthesis is an example of a combnatorial
synthesis process in which a maximum number of chemical compounds are synthesized
using a minimnen number of chemical coupling steps.  The potential diversity of the
compound library thues created is determined by the number of unique building blocks
(c.z. nucleotides) available for cach coupling step, and the number of coupling steps used
o create the library. For example, a split-pool synthesis comprising 10 rounds of
coupling using 4 different nucleotides at cach step will vield 4'% = 1,048 376 unigue
nucleotide sequences. In some embodiments, split-poct synthesis can be performed using
enzymatic methods such as polymerase extension or ligation reactions rather than

chemical coupling. For example, i cach round of a split-poct polymerase extension
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reaction, the 37 ends of the stochastic barcodes tethered to beads in a given pool can be
hybridized with the 5ends of a set of semu-random primers, e.g. primers having a
structure of 5 -(Mh~(X}-(N)i-3", where (X); 15 a random sequence of nucleotides that is i
nucleotides long (the set of primers comprising all possible combmations of (X)), (N); is
a specific nucleotide (or series of j nucleotides), and (M 18 a specific nucleonde {or
series of k noclestides), wherein a different deoxyribonuclectide triphosphate (dNTP) s
added to each pool and incorporated into the tethered oligonucleotides by the polvmerase.

{3187} The number of stochastic barcodes conjugated to or syathesized on a
solid support can comprise at least 100, 1000, 10000, or 1000000 or more stochastic
barcodes. The number of stochastic barcodes conjugated to or synthesized on a solid
support can comprise at most 100, 1000, 10000, or 1000000 or more stochastic barcodes.
The number of oligonuclectides conjugated to or synthesized on a solid support such as a
bead can be at least 1, 2, 3,4, 5, 6, 7, 8, 9, or 0-folds more than the number of target
nucleic acids in a cell. The number of oligonucleotides conjugated to or synthesized on a
solid support such as abead can be at most 1, 2, 3, 4, 5,6, 7, 8, 9, or 10-folds more than
the number of target nucleic acids in a cell. At least 10, 20, 30, 40, 50, 60, 70, 80, 90 or
100% of the stochastic barcode can be bound by a target nucleic acid. At most 10, 20, 30,
40, 50, 60, 70, 80, 9G or 100% of the stochastic barcode can be bound by a target nucleic
acid. Atleast 1,2, 3,4, 3, 6,7, 8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90 or 100 or more
different target nucleic acids can be captured by the stochastic barcode on the solid
support. Atmost 1, 2, 3,4, 5,6, 7, 8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90 or 100 or more
different target nucleic acids can be captured by the stochastic barcode on the sohd
support.

3188} {n some embodiments, stochastic barcodes can be svnthesized by
randomly distobuting a single-stranded DNA mixture onto a substrate pre-coated with
primers. The single-stranded DNA can hyvbrdize to the primers. Bridge amplification
can be performed to convert the single-stranded DNAs into a cluster. Sequencing can be
performed to determine the sequence of the DNA at cach cluster on the substrate. A
sample can be applied to the substrate, followed by the stochastic barcoding methods of
the disclosure.

[3189] In some embodiments, barcodes can be synthesized using size and/or

clectrophoretic mobility. For example, a mixture of stochastic barcodes can be prepared
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and separated into two-dimensions using gel electrophoresis.  The gel can be the

substrate.

Methods of stochastic barcoding

(6147} The disclosure provides for methods for estimating the number of
distimet targets at distinct locations in a physical sample (¢ g., tissue, organ, tumor, cell}.
The methods can comprise placing the stochastic barcodes m close proxunity with the
sample, lysing the sample, associating distinet targets with the stochastic barcodes,
amplifving the targets and/or digitally counting the targets. The method can further
comprise analyzing and/or visnalizing the mformation obtained from the spatial labels on
the stochastic barcodes. In some embodiments, the methods comprise visualizing the
plurality of targets in the sample. Mapping the plurality of targets onto the map of the
sample can include generating a two dimensional map or a three dimensional map of the
sample. The two dimensional map and the three dimensional map can be gencrated prior
to or after stochastically barcoding the plurality of targets in the sample. Visualizing the
plurality of targets in the sample can mclode mapping the plurality of targets onto a map
of the sample. Mapping the plurality of targets onto the map of the sample can include
generating a two dimensional map or a three dimensional map of the sample. The two
dimensional map and the three dimensional map can be gencrated prior to or after
stochastically barcoding the plurality of targets i the sample. in some embodiments, the
two dimensional map and the three diumensional map can be generated before or after
lysing the sample. Lysing the sample before or after generating the two dimensional map
or the three dimensional map can include beating the sample, contacting the sample with
a detergent, changing the pH of the sample, or any combination thercof,

6154} Figure 3 idlustrates an exemplary embodiment of the stochastic

barcoding method of the disclosure. A sample (e.g.

g., section of a sample, thin slice, and
cell} can be contacted with a schid support comprising a stochastic barcode. Targets in the
sample can be associated with the stochastic barcodes. The solid supports can be
collected. cDNA synthesis can be performed on the solid support. ¢DNA synthesis can be
performed off the solid sopport. ¢DNA synthesis can mcorporate the label mformation
from the labels i the stochastic barcode into the new cDNA target molecule being

synthesized, thereby generating a target-barcode molecule. The target-barcode molecules
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can be amplified using PCT. The sequence of the targets and the labels of the stochastic

barcode on the target-barcode molecule can be determined by sequencing methods.

Contacting 2 sample and a stochastic barcode

{6191} The disclosure provides for methods for contacting a sample {¢.g.,
cells) to a substrate of the disclosure. A sample comprising, for example, a ccll, organ, or
tissuc thin section, can be contacted to stochastic barcodes. The cells can be contacted,
for example, by gravity flow wherein the cells can settle and create a monolayer. The
sample can be a tissue thin section. The thin section can be placed oo the subsirate. The
sample can be one-dimensional (¢.g., form a planar surface}. The sample {(¢.g., cells) can
be spread across the substrate, for example, by growing/culturing the cells on the
substrate.

16192} When stochastic barcodes are in close proximity to targets, the targets
can hybridize to the stochastic barcode. The stochastic barcodes can be contacted at a
non-depletable ratio such that each distinct target can associate with a distinet stochastic
barcode of the disclosure. To ensure efficient association between the target and the

stochastic barcode, the targets can be crosslinked to the stochastic barcode.

Cell Lysis

6193} Following the distribution of cells and stochastic barcodes, the cells
can be lysed to liberate the target molecules. Cell lyvsis can be accomplished by anv of a
variety of means, for example, by chenucal or biochemical means, by osmotic shock, or
by means of thermal lysis, mechamcal lysis, or optical lysis. Cells can be lysed by
addition of a cell lvsis bufter comprising a detergent {e.g. SDS, L1 dodecyl sulfate, Triton
X-100, Tween-20, or NP-40), an organic solvent (¢.g. methanol or acetone), or digestive
enzymes {e.g. proteinase K, pepsin, or trypsin}, or any combination thereof. To increase
the agsoeiation of a target and a stochastic barcode, the rate of the diffusion of the target
molecules can be altered by for example, reducing the temperature and/or increasing the
viscosity of the lysate.

3194} In some embodiments, the sample can be lysed using a filter paper.
The filter paper can be soaked with a lvsis buffer on top of the filter paper. The filter
paper can be applied to the sample with pressure which can facilitate lvsis of the sample

and hybridization of the targets of the sample to the substrate.
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[3195] In some embodiments, lysis can be performed by mechanical lysis,
heat lysis, optical lysis, and/or chemical lysis. Chemical lvsis can include the use of
digestive enzymes such as proteinase K, pepsin, and trypsin. Lysis can be performed by
the addition of a lysis buffer to the substrate. A lysis buffer can comprise Tris HCL A
lvsis buffer can comprise at least about 0.01, 6.05, 0.1, 0.5, or 1M or more Tris HCL. A
lysig buffer can comprise at most about .01, 0.05, 0.1, 0.5, or 1M or more Tris HCL. A
tysis buffer can comprise about 0.1 M Tris HCL The pH of the lvsis buffer can be at least
about 1,2, 3,4, 5 6,7, & 9, or 1} or more. The pH of the lysis buffer can be at most

about 1,2, 3, 4.5, 6,7 8,9, or 10 or more. In some embodiments, the pH of the lysis

"4

buffer is about 7.5, The lysis buffer can comprise a salt {e.g., LiCl). The concentration of
salt in the lysis buffer can be at least about 0.1, 0.5, or 1M or more. The concentration of
salt m the lysis buffer can be at most about 0.1, 05, or IM or more. In some
embodiments, the concentration of salt in the lysis buffer is about 0.5M. The lysis buffer
can comprise a detergent {e.g., SDS, Li dodecyl sufate, triton X, tween, NP-40). The
concentration of the detergent in the lvsis buffer can be at least about 0.0001, 8.000S5,
0.001, 0.003,0.01,0.05,0.1, 05, 1,2, 3, 4, 5, 6, or 7% or more. The concentration of the
detergent m the lysis buffer can be at most about 0.0001, 0.0005, 6.001, 0.003, 0.01, 0.05,
0.1, 05, 1, 2, 3,4, 5, 6, or 7% or more. In some embodiuments, the concentration of the
detergent in the lysis buffer is about 196 Li dodecy] sulfate. The time used 1o the method
for lysis can be dependent on the amount of detergent used. In some embodiments, the
more detergent used, the less time needed for iysis. The lysis buffer can comprise a
chelating agent (e.g., EDTA, EGTA). The concentration of a chelating agent in the lvsis
buffer can be at least about 1, 5, 10, 15, 20, 25, or 30mM or more. The concentration of a
chelating agent in the lysis buffer can be at most about 1, 5, 10, 15, 20, 25, or 30mM or
more. In some embodiments, the concentration of chelating agent in the lvsis butfer is
about 10 mM. The lysis buffer can comprise a reducing reagent {c.g., beta-
mercaptocthanol, DTT)Y. The concentration of the reducing reagent in the lysis buffer can
be at least about 1, 5, 10, 15, or 20 mM or more. The concentration of the reducing
reagent in the lvais buffer can be at most about 1, 5, 10, 15, or 20 mM or more. In some
embodiments, the concentration of reducing reagent in the lysis buffer 1s about 5 mM. In
some embodiments, a lvsis buffer can comprise about 0. 1M TrisHCI, about pH 7.5, about
0.5M LiCl, about 1% hithium dodecyl sulfate, about 10mM EDTA, and about 5mM DTT.

{0087} Lysis can be performed at a temperature of about 4, 10, 15, 20, 25, or 30 €. Lysis
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can be performed for about 1, 3, 10, 15, or 20 or more minutes. A lysed cell can comprise
at least about 100000, 200000, 300000, 400000, 500000, 600000, or 700000 or more
target nucleic acid molecules. A fysed ccll can comprise at most about 100000, 200000,

300000, 400000, SOG0O00, 606000, or 700000 or more target nucleic acid molecules.

Attachment of stochastic barcodes to tareet nucleic acid molecules

[3196] Foliowing lvsis of the cells and relcase of nucleie acid molecules
therefrom, the nucleic acid molecules can randomly associate with the stochastic barcodes
of the co-localized solid support. Association can comprise hybridization of a stochastic
barcode’s target recognition region to a complementary portion of the target nucleic acid
molecule (e.g., oligo(dT) of the stochastic barcode can interact with a poly(A) tail of a
target). The assay conditions used for hybridization {e.g. buffer pH, ionic strength,
temperature, ¢tc.} can be chosen to promote formation of specific, stable hyvbrids. In some
embodiments, the nucleic acid molecules released from the lysed cells can associate with
the plurality of probes on the substrate {e.g., hybridize with the probes on the substrate).
When the probes comprise oligo{dT), mRNA maolecules can hybndize to the probes and
be reverse transcrbed. The oligofdT) portion of the oligonucieotide can act as a prnmer
for first strand synthesis of the ¢DNA molecule.

{6197} Attachment can further comprise ligation of a stochastic barcode’s
target recognition region and a portion of the target nucleic acid molecule. For example,
the target binding region can comprise a nucleic acid sequence that can be capable of
specific hybridization to a restriction site overhang {e.g. an EcoRI sticky-end overhang).
The assay procedure can further comprise treating the target nucleic acids with a
restriction enzyme {e.g. EcoRl) to create a restriction site overhang. The stochastic
barcode can then be ligated to any nucleic acid molecule comprising a sequence
complementary to the restriction site overhang, A ligase {c.g., T4 DNA ligase) can be
used to join the two fragments.

[3198] The labeled targets from a plurality of celis (or a plurality of samples)
{e.g., target-barcode molecules) can be subsequently pooled, for example by retrieving the
stochastic barcodes and/or the beads to which the target-barcode molecules are attached.
The retrieval of solid support-based collections of attached target-barcode molecules can
be implemented by use of magnetic beads and an externally-applied magnetic field. Once

the target-barcode molecules have been pooled, all further processing can proceed m a

-56-



WO 2016/138496 PCT/US2016/019962

single reaction vessel. Further processing can include, for example, reverse transcription
reactions, amphification reactions, cleavage reactions, dissociation reactions, and/or
nucleic acid extension reactions. Further processing reactions can be performed within
the microwells, that is, without first pooling the labeled target nucieic acid molecules

from a plurality of cells.

Reverse Transcription

[3199] The disclosure provides for a method to create a stochastic target-
barcode conjugate using reverse tramscription. The stochastic target-barcode conpugate
can comprise the stochastic barcode and a complementary sequence of all or a portion of
the target nucleic acid (ie. a stochastically barcoded c¢DNA molecule). Reverse
transcription of the assoctated RNA molecule can occur by the addition of a reverse
transcription primer along with the reverse transcriptase. The reverse transcription primer
can be an oligo-dT primer, a random hexanucleotide primer, or a target-specific
oligonucleotide primer. Oligo-dT primers can be, or can be about, 12-18 mucleotides m
length and bind to the endogenous polv(A) taid at the 37 end of mammahan mRNA.
Random hexanucleotide primers can bind to mRNA at a variety of complementary sites.
Target-specific oligonucleotide primers tyvpically selectively prime the mRNA of interest.

[0204] In some cmbodiments, reverse transcription of the labeled-RNA
molecule can occur by the addition of a reverse transcription primer. In some
cmbodiments, the reverse transcripiion prnmer is an oligo{dT) prmer, random
hexanucleotide primer, or a target-specific oligonuclectide primer. Generally, ohgo{dT)
primers are 12-18 nucleotides in fength and bind to the endogenous poly{A)+ tail at the 3°
end of mammalian mRNA. Random hexanucleotide prumers can bind to mRNA at a
variety of complementary sites. Target-specific oligonucleotide primers typically
selectively prime the mRNA of interest.

[G201] Reverse transcription can occur repeatedly to produce multiple labeled-
cDNA molecules. The methods disclosed herein can comprise conducting at feast about 1,
2,3, 4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, i9, or 20 reverse transcription
reactions. The method can comprise conducting at least about 25, 30, 35, 40, 45, 50, 55,

60, 65, 70, 75, 80, 85, 90, 95, or 100 reverse transcription reactions.

Amplification
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3202} One or more nucleic acid amplification reactions can be performed to
create multiple copies of the labeled target nucleic acid molecules. Amplification can be
performed in a multiplexed manner, wherein multiple target nucleic acid sequences are
amplified simultancously. The amphification reaction can be used to add sequencing
adaptors to the nucleic acid molecules.  The amplification reactions can comprise
amplifving at least a portion of a sample label, if present. The amplification reactions can
comprise amplifying at least a portion of the cellular and/or molecular label.  The
amplification reactions can comprise amplifying at least a portion of a sample tag, a
cellular label, a spatial label, a molecudar label, a target nucleic acid, or a combination
thercof. The amplification reactions can comprise amplitving 0.5%, 1%, 2%, 3%, 4%,
5%, 6%, T%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%., 50%
65%, T0%, 75%, 80%, 85%, 90%, 95%, 97%, 100%., or a range or a number between any
two of these values, of the phurality of nucleic acids. The method can further comprise
conducting one or more cDNA svnthesis reactions to produce one or more cDNA copies
of target-barcode molecules comprising a sampie label, a cellular label, a spatial label,
and/or a molecular label.

3203} in some cmbodiments, amplification can be performed using a
polvmerase chain reaction (PCR}. As used herein, PCR can refer to a reaction for the n
vitro amplification of specific DNA sequences by the stimultancous primer extension of
complementary strands of DNA. As used herein, PCR can encompass derivative forms of
the reaction, mcluding but not limited to, RT-PCR, real-time PCR, nested PCR,
quantitative PCR, multiplexed PCR, digital PCR, and assembly PCR.

16204} Amplification of the labeled nucleic acids can comprise non-PCR
based methods. Examples of non-PCR based methods nclude, but are not hinuted to,
multiple displacement amplification (MDA}, transcription-mediated amplification
(TMA), nucleic acid sequence-based amphlification (NASBA), strand displacement
amplification (8DA), real-time SBA, rolling circle amplification, or circle-to-circle
amplification. Other non-PCR-based amplification methods include multiple cvcles of
DNA-dependent BNA polvmerase-dniven RNA transcription amplification or RNA-
directed DNA synthesis and transcription to amplify DNA or RNA targets, a ligase chain
reaction (LCR), and a QP replicase {(QB) method, use of palindromic probes, strand
displacement amplification, oligonucleotide-dniven amplification using a resiriction

endonuclease, an amplhification method in which a pnimer 18 hvbridized to a nucleic acid
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sequence and the resulting duplex is cleaved prior to the extension reaction and
amplification, strand displacement amphification using a nucleic acid polymerase lacking
5" exonuclease activity, rolling circle amplification, and ramification cxtension
amplification (RAM). In some embodiments, the amplification does not produce
circularized transcripts,

[G205] In some embodiments, the methods disclosed herein further comprise
conducting a polymerase chain reaction on the labeled nucleic acid {e.g., labeled-RNA,
labeled-DNA, labeled-cDNA) to produce a stochastically labeled-amplicon. The labeled-
amplicon can be double-stranded molecule. The double-stranded molecuie can comprise
a double-stranded RNA molecule, a double-stranded DNA molecule, or a RNA molecule
hyvbridized to a DNA molecule. Onc or both of the strands of the double-stranded
molecule can compnse a sample Iabel, a spatial label, a cellular label, and/or a molecular
label. The stochastically labeled-amplicon can be a single-stranded molecule. The
single-stranded molecule can comprise DNA, RNA, or a combination thercof. The
nucleic acids ot the disclosure can comprise svnthetic or altered nucleic acids.

16206} Amplification can comprise use of onme or more non-natural
nucleotides. Non-natural nucleotides can compuse photolabile or triggerable nucleotides.
Examples of non-natural nucleotides can include, but are not limited to, peptide nucleic
acid (PNA}, morpholino and locked nucleic acid (LNA), as well as glveol nucleic acid
{(GNA) and threose nucleic acid (TNA). Non-natural nucleotides can be added to one or
nmore cveles of an amplification reaction. The addition of the non-natural nucleotides can
be used to identify products as specific cycles or time points in the amplification reaction.

106287} Conducting the one or more amplification reactions can compnse the
use of one or more primers. The one or more primers can comprise, for example, 1, 2, 3,
4,5,6,7,8,9, 10, 11, 12, 13, 14, or 15 or more nucleotides. The one or more primers can
comprise at least 1,2 3,4, 5 6,7, 8,9, 10, 11, 12, 13, 14, or 15 or more nucleotides. The
one or more primers can comprise less than 12-15 nucleotides. The one or more primers
can anneal to at least a portion of the plurality of stochastically labeled targets. The one
or more primers can anneal 1o the 37 end or 57 end of the plurality of stochastically
labeled targets. The ong or more pnimers can anneal to an internal region of the plurality
of stochastically labeled targets. The internal region can be at least about 50, 100, 150,
200, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380,
390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500, 510, 520, 530, 340, 550, 564,
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370, 380, 5390, 600, 650, 700, 750, 800, 850, 900 or 1000 nucleotides from the 37 ends the
plurality of stochastically labeled targets. The one or more primers can comprise a fixed
panel of primers. The one or more primers can comprise at feast one or more custom
primers. The one or more primers can comprise at least one or more control primers. The
one OF more primers can comprise at least one or more gene-specific primers.

[6208] The cne or more primers can comprise a universal primer.  The
universal primer can anneal to a umiversal primer binding site. The one or more custom
primers can anneal (o a first sample label, a second sample label, a spatial Iabel, a cellular
label, a molecular label, a target, or any combmation thereof. The one or more primers
can comprise a universal primer and a custom primer. The custom primer can be designed
to amplify one or more targets. The targets can compnse a subset of the total nucleic acids
in one or more samples. The targets can comprise a subset of the total stochastically
labeled targets 1o one or more samples. The one or more primers can comprise at least 96
or more custom primers. The one or more primers can comprise at feast 960 or more
custom primers. The one or more primers can comprise at least 9600 or more custom
primers. The one or more custom primers can anncal to two or more different labeled
nucleic acids. The two or more different labeled nucleic acids can correspond to one or
MOTe genes,

[0249] Any amplification scheme can be used in the methods of the present
disclosure. For example, in one scheme, the first round PCR can amphfy molecules
attached to the bead using a genc specific primer and a primer against the universal
Hlumina sequencing primer 1 sequence. The sccond round of PCR can amphify the first
PCR products using a nested gene specific primer flanked by Hlumina sequencing primer
2 sequence, and a primer against the universal llunina sequencing primer | sequence.

¢ third round of PCR adds P53 and P7 and sample index to turn PCR products into an
Hlumina sequencing Hibrary.  Sequencing using 150bp x 2 sequencing can reveal the
cellular label and molecolar index on read 1, the gene on read 2, and the sample mdex on
mdex | read.

3210} In some embodiments, nucleic acids can be removed from the substrate
using chemical cleavage. For example, a chemical group or a modified base present in a
nucleic acid can be used to facilitate #s removal from a3 sohd support. For example, an
enzyme can be used o remove a nucleic acid from a substrate. For example, a nucleic

acid can be removed from a sobstrate through a restriction endonucelase digestion. For
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example, treatment of a nucleic acid containing a dUTP or ddUTP with wracil-d-
glvecosvlase (UDG) can be used to remove a nucleic acid from a substrate. For example, a
nucleic acid can be removed from a substrate using an cnyme that performs nucleotide
excision, such as a base excision repair enzyme, such as an apurinic/apynimidinic (AP)
endonuclease. In some embodiments, a nucleic acid can be removed from a substrate
using a photocleavable group and Hght. In some embodiments, a cleavable linker can be
used to remove a nucleic acid from the substrate. For example, the cleavable linker can
comprise af least one of biotin/avidin, botin/streptavidin, bictin/neutravidin, Ig-protein A,
a photo-labile linker, acid or base labile linker group, or an aptamer.

6211} When the probes are gene-specific, the molecules can hybridize to the
probes and be reverse transcribed and/or amplified. In some embodiments, after the
reverse transcribed), it can be amphified.

nucleic actd has been synthesized (eg.

Amplification can be performed in a multiplex manner. wherein multiple target nucleic
acid scquences are amplified simultancously. Amplification can add sequencing adaptors
to the nucleic acid.

3212} In some embodiments, amplification can be performed on the
substrate, for example, with bridge amplification. ¢DNAs can be homopolymer tailed in
order to generate a compatible end for bridge amplification using oligo{dT) probes on the
substrate. In bridge amplification, the primer that 15 complementary to the 37 end of the
template nacleic acid can be the first primer of each pair that is covalently attached to the
solid particle. When a sample containing the template nucleic acid s contacted with the
particle and a single thermal cycle 1s performed, the template molecule can be annealed to
the first primer and the first primer 1s elongated in the forward direction by addition of
nucleotides to form a duplex molecuie consisting of the template molecule and a newly
formed DNA strand that 1s complementary to the teroplate. In the heating step of the next
cycle, the duplex molecule can be denatured, releasing the template molecule from the
particle and leaving the complementary BNA strand attached to the paisticle through the
first primer. In the anncaling stage of the anncaling and elongation step that follows, the
complementary strand can hvbndize to the second pomer, which is complementary 1o a
segment of the complementary strand at a location removed from the first primer. This
hybridization can cause the complementary strand to form a brnidge between the first and
second primers secured to the first prmer by a covalent bond and to the second primer by

hybridization. In the clongation stage, the second primer can be elongated m the reverse
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direction by the addition of nucleotides in the same reaction mixture, thereby converting
the bndge to a double-stranded bridge. The next cvcle then begins, and the double-
stranded bridge can be denatured to vield two single-stranded nucleic acid molecules,
cach having one end attached to the particle surface via the first and second primers,
respectively, with the other end of cach unattached. In the annealing and elongation step
of this second cycle, cach strand can hybridize to a3 further complementary prmer,
previously unused, on the same particle, to form new single-strand bridges. The two
previously anused primers that are now hybridized eclongate to convert the two new
bridges to double-strand bridges.

6213} The amplification reactions can comprise amplifving at least 1%, 2%,
3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, or 100% of the plurality of nucleic
acids.

[6214] Amplification of the labeled nucleic acids can comprise PCR-based
methods or non-PCR based methods. Amplification of the labeled nucleic acids can
comprise exponential amplification of the labeled nucleic acids. Amplification of the
fabeled mucleic acids can comprise linear amplification of the labeled nucieic acids.
Amplification can be performed by polymerase chain reaction (PCR). PCR can referto a
reaction for the in vitro amplification of specific DNA sequences by the simudtancous
primer extension of complementary strands of DNA. PCR can encompass derivative
forms of the reaction, including but not imited to, RT-PCR, rcal-time PCR, nested PCR,
quantitative PCR, multiplexed PCR, digital PCR, suppression PCR, semi-suppressive
PCR and assembly PCR.

6215} in some embodiments, amplification of the labeled nucleic acids
comprises non-PCR based methods. Examples of non-PCR based methods include, but
are not limited to, multiple displacement amplification (MDA}, transcription-mediated
amplification (TMA}, oucleic acid sequence-based amplification {(NASBA), strand
displacement amplification (SDA), rcal-time SDA, rolling circle amplification, or circle-
to-circle amplification. Other non-PCR-bascd amplification methods include multiple
cycles of DNA-dependent RNA polymerase-driven RNA transeription amplification or
RNA-directed BNA synthesis and transcription to amplify DNA or RNA targets, a ligase
cham reaction (LCR), a QP rephicase (QP), use of palindromic probes, strand

displacement amplification, oligonucleotide-driven amplification using a restriction
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endonuclease, an amplification method m which a primer 15 hybridized to a nucleic acid
sequence and the resulting duplex is cleaved prior to the extesnsion rgaction and
amplification, strand displacement amplification using a nucleic acid polvmerase lacking
5 exomuclease activity, rolling circle amplification, and/or ramufication extension
amplification (RAM).

16216} In some embodiments, the methods disclosed herein further comprise
conducting a nested polymerase chain reaction on the amplified amplicon {¢.g., target).
The amplicon can be double-stranded molecule. The double-stranded molecule can
comprise a double-stranded RNA molecule, a double-stranded BNA molecule, or a RNA
molecule hybridized to a DNA molecule. One or both of the strands of the double-
stranded molecule can comprise a sample tag or molecular identifier fabel. Alternatively,
the amplicon can be a single-stranded molecule. The single-stranded molecule can
comprise DNA, RNA, or a combination thereof. The nucleic acids of the present
mvention can comprise synthetic or altered nucleic acids.

3217} In some embodiments, the method comprises repeatedly amplifving the
labeled nucleic acid to produce multiple amplicons. The methods disclosed herein can
comprise conducting at least about 1, 2, 3. 4.5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, or 20 amphfication reactions. Aliematively, the method comprises conducting at
least about 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 amphification
reactions.

[G218] Amplification can further comprise adding one or more control nucleic
acids to one or more samples comprising a plurality of nucleic acids. Amplhification can
further comprise adding one or more control mucleic acids to a plurality of nucleic acids.
The control nucleic acids can comprise a control label.

6219} Amplification can comprnse use of one or more non-natural
nucleotides. Non-natural nucleotides can comprise photolabile and/or triggerable
nucleotides. Examples of non-natural nuclectides include, but are not limited to, peptide
nucleic acid (PNA), morpholino and locked nucleic acid (LNA), as well as glveol nucleic
acid (GNA} and threose nucleic acid {TNA). Non-natural nucleotides can be added to one
or more cycles of an amplification reaction. The addition of the non-natural nucleotides
can be used to identify products as specific cycles or time points in the amplification

reaction.
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3220} Conducting the one or more amplification reactions can comprnse the
use of one or more primers. THe One of mMOIC Primers can COMmprise one of more
oligonucleotides. The one or more oligonucleotides can comprise at least about 7-9
nucleotides. The one or more oligonucleotides can comprise less than 12-15 nucleotides.
The one or more primers can anneal to at least a portion of the plurality of labeled nucleic

o

acids. The one or more primers can anneal to the 37 end and/or 57 end of the plorality of
labeled nucleic acids. The one or more primers can anncal to an intemal region of the
plurality of labeled nucleic acids. The mternal region can be at least about 50, 100, 150,
200, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 330, 360, 370, 380,
390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500, 510, 520, 530, 540, 550, 560,
S70, 580, 590, 600, 650, 700, 750, 800, 850, 900 or 1000 nucleotides from the 37 ends the
plurality of labeled nucleic acids. The ong or more primers can comprise a fixed panel of
primers. The one or more primers can comprise at least one or more custom primers. The
one OF MOore primers can comprise at least one or more control primers. The one or more
primers can comprise at least one or more housckeeping gene primers. The one or more
oligonucleotides can comprise a sequence selected from a group consisting of sequences
m Table 23. The one or more primers can compwise a universal prmer. The universal
primer can anneal to a universal primer binding site. The one or more custom primers can
anncal to the first sample tag, the second sample tag, the molecular identifier label, the
nucleic acid or a product thercof. The one or more primers can comprise a umiversal
primer and a custom primer. The custom primer can be designed to amplify onc or more
target nucieic acids. The target nucleic acids can comprise a subset of the total nucleic
acids in one or more samples. In some e¢mbodiments, the primers are the probes attached
1o the array of the disclosure.

6221} In some embodmments, stochastically barcoding the plurality of targets
in the sample firther comprises generating an indexed bibrary of the stochastically
barcoded targets. The molccular labels of different stochastic barcodes can be different
from one another. Generating an indexed librarv of the stochastically barcoded targets
mcludes generating a plurality of indexed polynucleotides from the plurahity of targets
the sample. For example, for an indexed library of the stochastically barcoded targets
comprising a first indexed target and a second mdexed target, the label region of the first
mdexed polvnucleotide can differ from the label region of the second indexed

polvaucieotide by at least one, two, three, four, or five nucleotides. In some

J74-



WO 2016/138496 PCT/US2016/019962

embodiments, generating an indexed library of the stochastically barcoded targets
mcludes contacting a plurality of targets, for example mRNA molecules, with a plurality
of oligomucleotides ncluding a poly(T) region and a label region; and conducting a first
strand synthesis using a reverse transcriptase to produce single-sirand labeled ¢cDNA
molecules cach comprising a ¢DNA region and a label region, wherein the phurabity of
targets includes at least two mRNA molecules of different sequences and the plurality of
olizonucleotides includes at least two oligonucleotides of different sequences. Geunerating
an indexed library of the stochastically barcoded targets can further comprise amplifying
the single-strand labeled c¢DNA molecules to produce double-sirand labeled cDNA
molecules; and conducting nested PCR on the double-strand labeled cDNA molecules to
produce labeled amplicons. In some embodiments, the method can include generating an
adaptor-labeled amplicon.

16222} Stochastic barcoding can use nucleic acid barcodes or tags to label
individual nucleic acid {c.g., DNA or RNA} molecules. In some embodiments, it involves
adding DNA barcodes or tags to ¢DNA molecules as they are generated from mRNA.
Nested PCR can be performed to minimize PCR amplification bias.  Adaptors can be
added for sequencing using, for example, next generation sequencing (NGS).

6223} Figure 4 15 a schematic iHlustration showing a non-limiting exemplary
process of generating an mmdexed library of the stochastically barcoded targets, for
example mRNAs. As shown in stop 1, the reverse transcription process can encode cach
mBRNA molecule with a unique molecular label, a spatial label, and a universal PCR site.
In particular, RNA molecules 402 can be reverse transcribed to produce labeled ¢cDBNA
molecules 404, mcluding a cDBNA region 486, by the stochastic hvbridization of a set of
molecular wdentificr labels 410 to the polv(A) tail region 408 of the RNA molccules 402,
Each of the molecular identifier labels 410 can comprise a target-binding region, for
example a poly(dT) region 412, a label region 414, and a universal PCR region 416.

16224} In some embodiments, the spatial label can include 3 to 20 nucleotides.
In some embodiments, the molecular label can mclude 3 to 20 nucleotides. In some
embodiments, each of the plurality of stochastic barcodes turther comprises one or more
of a universal label and a celhular label, wheren universal Iabels are the same for the
plurality of stochastic barcodes on the solid support and celtular labels are the same for

the plurality of stochastic barcodes on the solid support. In some embodiments, the
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universal label can include 3 to 20 nucleotides. In some embodiments, the celiular label
comprises 3 to 20 nuclectides.

[6225] in some embodiments, the label region 414 can include a molecular
label 418 and a spatial label 428, In some embodiments, the label region 414 can include
one or more of a universal label, a dimengsion label, and a cellular label. The molecular
label 418 can be, or can be about, 1,2, 3,4, 5,6, 7, 8.9, 10, 20, 30, 40, 50, 60, 70, 80, 90,
100, or a mwmber or a range between any of these values, of nucleotides in length. The
spatial label 420 can be, or can be about, 1,2, 3,4, 5, 6,7, 8,9, 10, 20, 30, 40, 58, 60, 70,
%0, 90, 100, or a mumber or a range between any of these values, of nuclectides in length.
The universal label can be, orcan be about, 1, 2,3, 4, 5, 6,7, 8,9, 10, 20, 30, 40, 50, 60,
76, 80, 90, 100, or a number or a range between anv of these values, of nucleotides
length. Universal labels can be the same for the plurality of stochastic barcodes on the
solid support and cellular labels are the same for the plurality of stochastic barcodes on
the solid support. The dimension label can be, or can be about, 1,2, 3,4,5,6,7, 8,9, 10,
20, 30, 40, 50, 60, 70, 80, 90, 100, or a number or a range between any of these values, of
nocleotides in length.

[0226] in some embodiments, the label region 414 can comprise 1, 2, 3, 4, 5,
6. 7. 8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900,
1000, or a number or a range between any of these values, different labels, such as a
molecular label 418 and a spatial label 428, Each label can be, or can be about, 1, 2, 3, 4,
5,6,7,8,9,10, 20, 30, 40, 50, 60, 70, 80, 90, 100, or a number or a range between any of
these values, of nucleotides in length. A set of molecular wdentifier labels 419 can contain
10, 20, 40, 50, 70, 80, 90, 10%, 107, 10%, 107, 10°, 107, 10%. 10°, 10" 10*, 10", 10°) 10%,
16 102’0, or a number or a range between any of these values, molecuiar identafier labels
416, And the set of molecular identifier labels 418 can, for example, cach contain a
unique label region 434, The labeled ¢BNA molecules 484 can be purified to remove
excess molecular identifier labels 418 Punification can comprise Ampure bead
purification.

3227} Ag shown in step 2, products from the reverse transcription process in
step 1 can be pooled into 1 tube and PCR amplified with a 1¥ PCR primer pool and a 1%
universal PCR primer. Pooling is possible because of the unique label region 414, In
particular, the labeled ¢cDNA molecules 4684 can be amplified to produce nested PCR

labeled amplicons 422,  Amphification can comprise multiplex PCR amplification.
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Amplification can comprise a multiplex PCR amplification with 96 multiplex primers in a
stngle reaction volume. In some embodiments, muoltiplex PCR amplification can utilize
10, 20, 40, 50, 70, 80, 90, 107, 10°, 10%, 10°, 10°, 107, 10%, 10°, 10", 10", 10, 10V, 107,
107, 10™ or a number or a range between any of these values, roultiplex primers in a
single reaction volume. Amplification can comprise 1% PCR primer pool 424 of custom
primers 426A-C targeting specific genes and a universal prmer 428. The custom primers
426 can hybridize to a region within the cDNA portion 466° of the labeled cDNA
molecule 484, The universal primer 428 can hybridize to the umiversal PCR region 416 of
the labeled ¢DNA molecule 464,

16228} As shown in step 3 of Figure 4, products from PCR amplification in
step 2 can be amplified with a nested PCR primers pool and a 2™ universal PCR primer.
Nested PCR can minimize PCR amplification bias. In particudar, the nested PCR labeled
amplicons 422 can be further amplified bv nested PCR. The nested PCR can comprise
nmultiplex PCR with nested PCR primers pool 430 of nested PCR primers 4324-C and a
2™ yniversal PCR primer 428" in a single reaction volume. The nested PCR primer pool
428 can contain, or contain about, 1,2, 3,4, 5, 6,7, 8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90,
100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, or a number or a range between any of
these values, different nested PCR primers 430, The nested PCR primers 432 can contain
an adaptor 434 and hybridize to a region within the ¢cDNA portion 406" of the labeled
amplicon 422. The universal primer 428" can contain an adaptor 436 and hvbridize to the
vniversal PCR region 416 of the labeled amplicon 422, Thus, step 3 produces adapior-
labeled amplicon 438, In some embodiments, nested PCR primers 432 and the 2™
universal PCR primer 428” may not contain the adaptors 434 and 436. The adaptors 434
and 436 can instead be ligated to the products of nested PCR to produce adaptor-labeled
amplicon 438,

[6229] As shown in step 4, PCR products from step 3 can be PCR amplified
for sequencing using librarv amplification primers. In particular, the adaptors 434 and
436 can be used to conduct one or more additional assays on the adaptor-labeled amplicon
438. The adaptors 434 and 436 can be hvbndized to primers 444 and 442. The one or
more primers 440 and 442 can be PCR amplification primers. The one or more primers
449 and 442 can be sequencing pnmers. The onc or more adaptors 434 and 436 can be
used for further amplification of the adaptor-labeled amplicons 438. The one or more

adaptors 434 and 436 can be used for sequencing the adaptor-labeled amplicon 438. The

P Tatd
.,?l..
i



WO 2016/138496 PCT/US2016/019962

primer 442 can contain a plate index 444 so that amplicons generated using the same set
of molecular identifier labels 408 can be sequenced in one sequencing reaction using

NGS.

Sequencing

16234 In some embodiments, estimating the number of the plurality of tareets
using the molecular label includes deternuning sequences of the spatial labels and
molecular labels of the plurality of the stochastic labels and counting the number of the
molecular labels with distinet sequences. Determining the sequences of the spatial Iabels
and the molecular labels of the plurality of the stochastic barcodes can include sequencing
some or all of the plurality of stochastic barcodes. Sequencing some or all of the plurakity
of stochastic barcodes can mnclade generating sequences each with a read length of 100 or
more bases.

[6231] Determining the number of different stochastically labeled nucleic
acids can comprise determining the sequence of the labeled target, the spatial label, the
molecular label, the sample label and the cellular label or any product thereof {eg.
labeled~-amplicons, labeled-cDNA molecules). An amplified target can be subjected 1o
sequencing. Determining the sequence of the stochastically labeled nucleic acid or any
product thersof can compnise conducting a sequencing reaction to determine the sequence
of at least a portion of a sample label, a spatial label, a cellular label, a molecular label, at
lcast a portion of the stochastically labcled target, a complement thercof, a reverse
complement thereof, or any combination thercof.

[6232] Betermunation of the sequence of a nucleic acid {e.g. amplified nucleic
acid, labeled nuclewc acid, ¢cDNA copy of a labeled nucleic acid, ctc) can be performed
using variety of sequencing methods including, but not hmited to, sequencing by
hybridization (SBH), sequencing by hgation (SBL), quantitative incremental fluorescent
nucleotide addition sequencing (QIFNAS), stepwise ligation and cleavage, fluorescence
resonance energy transfer (FRET), molecular beacons, TagMan reporter probe digestion,
pyvrosequencing, fluorescent in situ sequencing (FISSEQ), FISSEQ beads, wobble
sequencing, multiplex sequencing, polymerized colony (POLONY) sequencing; nanogrid
rotling circle sequencimg {(ROLONY), allele-specific oligo ligation assays {e.g., oligo
figation assay (OLA), single template molecule QLA using a hgated tinear probe and a

rolling circle amplification (RCA) readout, ligated padlock probes, or single template
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molecule OLA using a ligated circular padlock probe and a rolling circle amplification
{(RCA) readout), and the like.

16233} In some embodiments, determung the sequence of the labeled nucleic
acid or anv product thereof comprises paired-end sequencing, nanopore sequencing, high-
throughput sequencing, shotgun sequencing, dye-terminator sequencing, multiple-primer
DNA sequencing, primer walking, Sanger dideoxy sequencing, Maxim-Gilbert
sequencing, pyroscquencing, truc single molecule sequencing, or any combination
thereof. Alternatively, the sequence of the labeled nucleic acid or any product thereof can
be determined by electron microscopy or a chemical-seositive field effect transistor
{chemFET) array.

[6234] High-throughput sequencing methods, such as cyclic armay sequencing
using platforms such as Roche 454, Hlumina Solexa, ABI-SOLiB, ION Torrent,
Complete Genomics, Pacific Bioscience, Helicos, or the Polonator platform, can also be
utilized. In some embodiment, sequencing can comprise MiSeq sequencing. In some
embodiment, sequencing can comprise HiSeq sequencing.

3235} The stochastically labeled targets can comprise nucleic acids
representing from about 0.01% of the genes of an organisn’s genome to about 100% of
the genes of an orgamism’s genome. For example, about 0.01% of the genes of an
organism’s genome to about 100% of the genes of an organism’s genome can be
sequenced using a target complimentary region comprising a plurality of multimers by
capturing the genes containing a complimentary scquence from the sample. In some
embodiments, the labeled nucleic acids compnse nucleic acids representing from about
0.01% of the transcripts of an organism’s transcriptome to about 100% of the transcripts
of an organisnt’s transcriptome. For example, about 0.501% of the transcripts of an
organism’s transcriptome to about 100% of the transcripts of an organism’s transcriptome
can be sequenced using a target complimentary region comprising a polyv-T tail by
capturing the mRNAs from the sample.

6236} Determining the sequences of the spatial labels and the molecular
labels of the plurality of the stochastic barcodes can include sequencing 0.G0001%,
0.0001%, 0.001%, 0.01%, 0.1%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 20%,

30%, 40%, 30%, 60%, 70%, 30%, 90%, 99%, 100%, or any number or range between

>

two of these values, of the plurality of stochastic barcodes. Determining the sequences of

the spatial labels and the molecular Iabels of the plurality of the stochastic barcodes can
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include sequencing 1, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 107, 10%, 10°, 10°, 107, 108,
107, 10%%, 10", 10%, 105, 10M, 107, 10'°, 107, 10", 107, 10°°, or any number or range
between two of these values, of the plurality of stochastic barcodes. Sequencing some or
all of the plurality of stochastic barcodes can include generating sequences each with a
read length of 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800,
900, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000, or any number or
rangc between two of these values, of nucleotides or bases.

{3237} Sequencing can comprise sequencing at least about 10, 20, 30, 40, 50,
60, 70, 80, 90, 100 or more nucleotides or base pairs of the labeled nucleic acid
Sequencing can comprise sequencing at least about 200, 300, 400, 500, 600, 700, 800,
G4, 1,000 or more nucleotides or base pairs of the labeled nucleic acid. Sequencing can
comprise sequencing at least about 1,500; 2,000; 3,000; 4,000; 5,000, 6,000, 7,000; 8 000,
9,000; or 10,000 or more nucleotides or base pairs of the labeled mucleic acid.

[0238] Sequencing can comprise at least about 200, 300, 400, 500, 660, 700,
800, 900, 1,000 or more seqaencing reads per nun. In some embodiments, sequencing
comprises sequencing at least about 1.3500; 2,000, 3,000; 4,000, 5,000, 6,000, 7.000;
8,000; 9,000; or 10,000 or more sequencing reads per run. Sequencing can comprise less
than or equal to about §,600,000,000 sequencing reads per run. Sequencing can comprise

less than or equal to about 200,000,000 reads per run.

Samples

3239} A sample for use in the method of the disclosure can comprise one or
more cells. A sample can refer to one or more cells. In some embodiments, the plarality
of cells can mclude one or more cell types. At feast one of the one or more cell types can
be brain cell, heart cell, cancer cell, circulating tumor cell, organ cell, epithelial cell,
metastatic cell, benign cell, primary cell, circulatory cell, or any combination thereof. In
some cmbodiments. the cells are cancer cells excised from a cancerous tissue, for
example, breast cancer, lung cancer, colon cancer, prostatc cancer, ovarian cancer,
pancreatic cancer, brain cancer, melanoma and non-melanoma skin cancers, and the like.
In some embodiments, the cells are derived from a cancer but collected from a bodily
fluid {e.g. circulating tumor cells). Nos-limiting examples of cancers can include,
adenoma, adenocarcinoma, squamous cell carcinoma, basal cell carcinoma, small cell

carcinoma, large cell undifferentiated carcinoma, chondrosarcoma, and fibrosarcoma.
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The sample can include a tissue, a cell monolaver, fixed cells, a tissue section, or any
combination thereof. The sample can include a biological sample, a clinical sample, an
environmental sample, a biological fhud, a tissue. or a cell from a subject. The sample
can be obtained from a human, a mammal, a dog, a rat, a mouse, a fish, a flyv, a worm, a
plant, a fungus, a bacieriom, a virus, a vertebrate, or an invertebrate,

16244] In some embodiments, the cells are cells that have been mmfected with
virus and contain viral oligonuclcotides. In some embodiments, the viral infection can be
caused by a virus selected from the group consisting of double-stranded DNA viruses
{c.g. adenoviruses, herpes viruses, pox viruses), single-stranded {(+ strand or "sense™)
DNA viruses {e.g. parvoviruses), double-stranded RNA viruses {¢.g. reoviruses), single-
stranded (+ strand or sense) RNA viruses {e.g. picornaviruses, togaviruses), single-
stranded (- strand or antisense} RNA viruses (e.g. orthomyxoviruses, rhabdoviruses),
single-stranded {((+ strand or sensc) RNA viruses with a BNA intermediate in their life-
cycley RNA-RT viruses (o.g. retroviruses), and double-stranded DNA-RT viruses {c.g.
hepadnaviruses). Exemplary viruses can include, but are not limited to, SARS, HIV,
corgnaviruses, Ebola, Malaria, Dengue, Hepatitis C, Hepatitis B, and Influgnza.

6241} in some embodiments, the cells arc bacteria. These can include cither
gram-positive or gram-negative bacteria. Examples of bacteria that can be analyzed using
the disclosed methods, devices, and systems inclode, but are not limited to,
Actinomedurae, Actinomyces israglil, Bacillus anthracis, Bacillus cereus, (lostridium
botulinum,  Clostnidium  difficile,  Clostridium  perfringens,  Clostndmm  tetani,
Corynebacterium,  Enterococcus  faecahis, Listeria  monocviogenes, Nocardia,
Propionibacterium acnes, Staphylococous aureus, Staphylocoocus epiderm, Streptococcus
mutans, Streptococcus pueumoniac and the like. Gram negative bacteria include, but are
not limited to, Afipia felis, Bacteriodes, Bartonella bacillifornus, Bortadella pertussis,
Borrelia burgdorferi, Borrelia recurrentis, Brucella, Calvmmatobacterium granulomatis,
Campyviobacter, Escherichia coli, Francisella tularensis, QGardnerella vaginalis,
Haemophilius acgyptius, Hacmophilius ducreyi, Haemophilius influenziae, Heliobacter
pvlori, Legionclla pueumophila, Leptospiva interrogans, Neisseria memngitidia,
Porphyromonas gingivalis, Providencia sturti, Psecadomonas acrugimosa, Salmonella
enteridis, Salmonella typhi, Serratia marcescens, Shigella boydi, Streptobacillus
moniliformis, Streptococcus pyvogenes, Treponema pallidum, Vibrio cholerae, Yersima

enterocolitica, Yersinia pestis and the hike. Other bacteria can include Myobacterium
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avium, Mycbacteriam  leprae, Myobacternmm  tuberculosis, Bartonella  hensetag,
Chlamydia psittaci, Chlamyvdia trachomatis, Coxiella bumeti, Mycoplasma pneumoniae,
Rickettsia akari, Ricketisia prowazeku, Rickettsia rickettsi, Rickettsia tsutsugamushi,
Rickettsia tvphi, Ureaplasma urealvticum, Diplococcus pneumoniae, Ehrlichia chafensis,
Enterococcus faccium, Meningococci and the tike.

{6242} In some embodiments, the cells are fungi. Non-limiting examples of
fungi that can be analvzed using the disclosed methods, devices, and svstems include, but
are not limited to, Aspergill, Candidae, Candida albicans, Coccidicides immmtis,
Cryptococct, and combinations thereof.

324 3] in some cmbodiments, the cells are protozoans or other parasiies.
Examples of parasites to be analyzed using the methods, devices, and systems of the
present disclosure mclude, but are not hmted to, Balantidium cob, Cryptosporidium
parvam,  Cyclospora  cayatanensis,  Encephalitozoa, Entamoceba  histolvtica,
Enterocytozoon bicneusi, Giardia lambhia, Leishmaniae, Plasmodii, Toxoplasma gondii,
Trypanosomae, trapezoidal amoeba, worms (e.g., helminthes), particularly parasitic
worms  including, but not limited to, Nematoda (roundworms, e.g., whipworms,
hookworms, pinworms, ascands, filarids and the like), Cestoda (.3, tapewormas).

[6244] As used herein, the term “cell” can refer to one or more celis. In some
embodiments, the cells are normal cells, for example, human cells 1 different stages of
development, or human cells from different organs or tissug types {(¢.g. white blood cells,
red blood cells, platclets, epithelial cells, endothelial cells, neurons, glial cells, fibroblasts,

skeletal muscle cells, smooth muscle cells, gametes, or cells from the heart, lungs, brain,

liver, kadney, spleen, pancreas, thymus, bladder, stomach, colon, small intestine}. In
some embodiments, the cells can be undifferentiated human stem cells, or human stem
cells that have been mnduced to differentiate. In some embodiments, the cells can be fetal
human cells. The fetal human celis can be obtained from a mother pregnant with the fetus.
In some embodiments, the cells are rare cells. A rare cell can be, for example, a
circulating tomor cell (CTC), cuculating epithehal cell, circulating endothelial ccll,
circulating endometrial cell, circulating stem cell, stem cell, undifferentiated stem cel,
cancer stem cell, bone marrow cell, progenitor cell, foam cell, mesenchymal cell,
trophoblast, immune system cell {host or graft), cellular fragment, cellular organclle (e g.

mitochondria or nuclei}, pathogen infected cell, and the hike.
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3245] In some embodiments, the cells are non-human cells, for example,
other types of mammalian cells (c.g. mouse, rat, pig, dog, cow, or horse}. In some
embodiments, the cells are other tvpes of amumal or plant cells. In other embodiments, the
cells can be any prokarvotic or eukarvotic ceils.

06246} I some embodiments, a first cell sample is obtained from a person not
having a discase or condition, and a second cell sample is obtained from a person having
the discase or condition. In some embodiments, the persons are different. fn some
embodiments, the persons are the same but cell samples are taken at different ttme points.
In some embodiments, the persons are patients, and the cell samples are patient samples.
The discase or condition can be a cancer, a bactenial mifection, a viral mfection, an
mflammatory disease, a neurodegenerative disease, a fungal disease, a parasitic disease, a
genetic disorder, or any combination thereof.

16247} In some embodiments, cells suitable for use m the presently disclosed
methods can range in size from about 2 micrometers to about 100 micrometers in
diameter. In some embodiments, the cells can have diameters of at least 2 micrometers, at
feast 5 nuworometers, af least 10 micrometers, ab least 15 mucrometers, at least 20
micrometers, at least 30 micrometers, at least 40 micromcters, at least 30 micrometers, at
feast 60 mucrometers, at least 70 micrometers, at least 80 mucromcters, at least 80
micrometers, or at least 100 micrometers. In some embodiments, the cells can have
diameters of at most 100 mucrometers, at most 90 micrometers, at most 80 micrometers,
at most 70 nucrometers, at most 60 micrometers, at most 50 micrometers, at most 40
nucrometers, at most 30 nucrometers, at most 20 nucrometers, at most 13 micrometers, at
most 10 micrometers, at most 5 micrometers, or at most 2 micrometers. The cells can
have a diameter of any value within a range, for example from about 5 micrometers to
about 85 micrometers. In some embodiments, the cells have diameters of about 10
MICTometers.

[6248] In some embodiments the cells arc sorted prior to associating a cell
with a bead. For example the celis can be sorted by fluorescence-activated cell sorting or
magnetic-activated cell sorting, or more generally by flow cviometry. The ceils can be
filicred by size. In some embodiments a retentate contains the cells to be associated with
the bead. In some embodiments the flow through containg the cells to be associated with
the bead.
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(3249} A sample can refer to a plurality of cells. The sample can refer to a
monalaver of cells. The sample can refer to a thin section {e.g., tissue thin section). The
sample can refer to a solid or semi-solid collection of cells that can be place in one

dimension on an array.

Resolution of spatial labels

[3256] The methods of the disclosure relate to the relationship between the
resolution of spatial labels and the size and/or spacing of the stochastic barcodes (e.g.,
cellsy). When samples are larger the spacing of spatial labels, the resolution of targets in
the sample can be higher. When samples arc smalier than the spacing of spatial labels the
resolution of the location of targets in the sample can be lower.

[0251] The stochastic barcodes can be spaced at a distance at least 5, 10, 13,
20, 25, 30, 35, 40, 43, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100% of the longest
dimension of the sample. The stochastic barcodes can be spaced at a distance at most 5,
10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 93, or 100% of the longest
dimension of the sample. The stochastic barcodes can be spaced at a distance at least 5.
16, 15, 20, 25, 30, 35, 40, 43, 30, 535, 60, 63, 70, 73, 80, 85, 90, 93, or 100% of the
shortest dimension of the sample. The stochastic barcodes can be spaced at a distance at
most 3, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100% of the
shortest dimension of the sample.

[3252] A sample can associate with one or more types of stochastic barcodes,
wherein each type of stochastic barcode comprises a different spatial label. A sample can
associate with at least 1, 2, 3, 4, 3, 6, 7, 8, 9, or 10 or more types of stochastic barcodes
(c.g., different spatial labels). A sample can associate with at most 1,2, 3,4, 5,6, 7,8, 9,
or 10 or more tvpes of stochastic barcodes (e.g., different spatial fabels). The number of
types of stochastic barcodes to which a sample can associate with can be related to the
spacing of the barcodes relative to the size of the sample.

[3253] In some embodiments, the methods of the disclosure relate to the
relationship between the resolution of spatial labels and the spacing of the samples.
When samples are spaced far apart (e.g., on a substrate}, the spatial resolution of the
targets in the sample can be higher because diffusion between samples may not

contamunate the samples. When samplies are spaced close together {¢.g., on a substratg),
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the spatial resolution of the targets in the sample can be lower because diffusion of targets
between the samples can contaminate a neighboring sample.

[6254] The samples can be spaced at least 1, 100, 200, 300, 400, 500, 600,
700, 800, 900 or more micrometers apart. The samples can be spaced at most §, 100, 200,
300, 400, 500, 660, 700, 800, 900 or more micrometers apart. The samples can be spaced
at least 1, 100, 200, 300, 400, 500, 600, 700, %00, 900 or more millimeters apart. The
samples can be spaced at most 1, 100, 200, 300, 400, 500, 600, 700, 800, 900 or more
millimeters apart. The samples can be spaced at least 1, 100, 200, 300, 400, 500, 600,
760, 800, 900 or more meters apart. The samples can be spaced at most 1, 100, 200, 300,
400, 500, 500, 700, 800, 900 or more meters apart.

3235} Targets from a sample can diffuse at Jeast 1, 2, 3,4, 5,6, 7,8, 9, 10,
15, 20, 25, 30, 35, 40, 45, 30, 53, 60, 65, 70, 75, 80, 85, 90, 95, or 100 or more

2
Ln

> 2

nanometers. Targets from a sample can diffuse at most 1,2, 3,4, 5,6, 7. 8, 9, 10, 15, 20,
25, 30, 33, 40, 45, 50, 35, 60, 65, 70, 75, 80, 85, 90, 95, or 100 or more nanometers.
Targets from a sample can diffuse at least 0.1, 0.2, 0.3,04,05,06,07, 08,09, orl or
more mullimeters. Targets from a sample can diffuse at most 0.1, 0.2, 0.3, 04, 0.5, 0.6,

0.7, 0.8, 0.9, or 1 or more millimeters.

Methods for spatial identification of a nucleic acid in a sample

10256} Disclosed herein are methods for determining spatial locations of a
plurality of targets m a sample. In some embodiments, the methods include: imaging the
sample to generate a sample image; stochastically barcoding the plurality of targets in the
sample using a plarality of stochastic barcodes to generate stochastically barcoded targets,
wherein each of the plurality of stochastic barcodes comprises a spanal label; and
identifying the spatial location of cach of the plurality of targets using the spanial label.
Identifving the spatial location of gach of the phlurality of targets using the spatial label
can inclade correlating the sample image with the spatial labels of the plurality of targets
m the sample. Imaging the sample can include staining the sample with a stain, whercin
the stain 1s a fluorescent stain, a negative stain, an antibody stain, or any combination
thereof. Imaging the sample can mclude tmaging the sample using optical microscopy,
electron microscopy, confocal microscopy, fluorescence micrascopy, or any combination
thercof. Correlating the sample 1mage with the spatial labels of the plurality of targets in

the sample can include overlaying the sample image with the spatial labels of the plurality
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of targets in the sample. The sample can mclude a bislogical sample, a clinical sample,
an environmental sample, a biological fluid, a tissue, or a cell from a subject.  In some
embodiments, the methods can clude determining genotype, phenotype, 01 one or more
genetic mutations of the subject based on the spatial labels of the pluralitv of targets mn the
sample. In some embodiments, the methods can include predicting susceptibility of the
subject to one or more diseases. At least ong of the one or more diseases can be cancer or
a hereditary discase. The sample can include a plurality of cells and the plurality of
targets can be associated with the plurality of cells. The plurality of cells can include one
or morg cell types. In some embodiments, the methods can include determining cell types
of the plurality of cells in the sample. The drug can be chosen based on predicted

responsiveness of the cell types of the plurality of cells i the sample.

Imaging

[3257] The sample contacted to the substrate can be analyvzed {e.g., with
momunohistochenustry,  stamning  and/or  imaging). Exemplary  methods  of
immunchistochemistry can comprise a step of reacting a labeled probe biclogical
substance obtamed by introducing a label into a substance capable of recognizing a
biclogical substance to be detected to a tissue scction, to visualize the biological
substance to be detected present on the tissue section via a specific binding reaction
between the biological substances.

[3258] For histology specimens, the tissue picces can be fixed in a suitable
fixative, typically formalin, and embedded in melted paraffin wax. The wax block can be
cut on a microtome to yield a thin slice of paraffin containing the tissue. The specimen
shice can be applied to a substrate, air dried, and heated to cause the specimen to adhere to
the glass shide. Residual paraffin can be dissolved with a suitable solvent, tyvpically
xvlene, toluene, or others. These so-called deparatfinizing solvents can be removed with a
washing-dehvdrating type reagent prior to stainimg. Shices can be prepared from frozen
specimens, fixed bricfly in 10% formalin, then infused with dehydrating reagent. The
dehydrating reagent can be removed prior to stamning with an agueous stain,

3259} In some embodiments, the Papanicolaou staining technique can be used
{c.g.. a progressive stain and/or hematoxyhineosin [H&E] 1e., a regressive stain) HE
(hematoxviin-cosin} stain uses hematoxyiin and cosin as a dve. Hematoxvhin is a blue-

violet dyve, and has a property of staining basophilic tissues such as cell nuclei, bone
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tissues, part of cartilage tissues, and serous components. Eosin is a red to pink dye, and
has a property of staining cosinophilic tissues such as cvtoplasm, connective tissues of the
softtissue, red blood cells, fibrin, and endocrine granules.

G264} Immunohistochemistry (FHC) can be referred to as “immunoclogical
staiming” due to the process of color development for visealizing an antigen-antibody
reaction which 1s otherwise imvisible (hercinafier, the term “immunochistochemical
staintng” can be used for immunobistochemistry). Lectin staming is a techmique that can
use a property of lectin of binding to a specific sugar chain in a non-immunoclogical and
specific manner in order to detect a sugar chain in a tissue specimen using lectin.

[6261] HE staining, immunchistochemistry and lectin staining can be used for
detecting a location of, for example, cancer cells in a cell specimen. For example, when i
is desired to confirm a location of cancer cells in a ccll specimen, a pathologist, in order
to determine the presence or absence of cancer cells in the cell specimen, can prepare
tissue sections and place them on a substrate of the disclosure. The section on the array
can be subjected to HE staining, imaging, or any immunochistochemical analysis in order
to obtain #ts morphological information and/or any other identifying features (such as
presence or absence of rare cells). The sample can be lysed and the presence or absence
of nucleic acid molecules can be deternuned usimg the methods of the disclosure, e
nucleic acid information can be compared {e.g., spatially compared) to the image, thereby
indicating the spatial location of nucleic acids in a sample.

[3262] In some embodiments, the tissue is stained with a staining enhancer
{e.g.. a chemical penetrant enhancer). Examples of tissue chemical penetrant enhancers
that facilitate penctration of the stain into the tissue inchude, but are not limited to,
polvethylene  glyveol  (PEG),  surfactants  such  as  polyvoxyethvienesorbitans,
polvoxyethvicne ethers {(polvoxvethylenesorbitan monolaurate (Tween 20) and other
Tween derivatives, polvoxyethylene 23 lawryl ether (Briy 35), Triton X-100, Bny 35,
Nomidet P-40, detergent-like substances such as lysolecithins, saponins, non-ionic
detergents such as TRITON® X-100, etc., aprotic solvents such as dimethy! sulfoxide
{(DMSO), ethers such as tetrahydrofuran, dioxane, etc.; esters such as ethyl acetate, butyl
acetate, isopropyl acetate; hydrocarbons such as tohuene, chlormated solvents such as
dichloromethane, dichlorocthane, chlorobenzene, ¢ic.; ketones such as acctone, nitriles

such as acetonitrile, and/or other agents that increase cell membrane permeability.
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3263} In some embodiments, a composition is provided that facilitates
staining of a mammalian tissue sample. The composition can comprise a stain, such as
hematoxvlin, or hematoxylin and cosin-Y, at least one tissuc chemical penctrant enhancer,
such as a surfactant, an aprotic solvent, and/or PEG, or any combination thereof,

6264} In some embodiments, the sample 18 imaged {¢.g., either before or after
IHC or without IHC). Imaging can comprise microscopy such as bright ficld imaging,
oblique illumination, dark ficld imaging, dispersion staining, phasc contrast, diffcrential
mterference contrast, interference reflection microscopy, fluorescence, confocal, electron
microscopy, transmission electron microscopy, scanning clectron migroscopy, and single
plane illumination, or any combination thercof Imaging can comprise the use of a
negative stain {e.g., migrosin, ammonium molybdate, uranyl acetate, uranyl formaie,
phosphotungstic acid, osmium tetroxide}. Imaging can comprise the use of heavy metals
(¢.g., gold, osmiam) that can scatter electrons.

6265] Imaging can comprise imaging a portion of the samplc {eg.,
slide/array). Imaging can comprise imaging at least 10, 20, 30, 40, 50, 60, 70, 80, 90, or
100% of the sample. bnaging can comprise imaging at most 10, 20, 30, 40, 50, 60, 70, 80,
90, or 100% of the sample. Imaging can be done in discrete steps {¢.g., the image may
not need to be contiguous). Imaging can comprise taking atleast 1,2, 3,4, 53,6,7, 8,9, or
10 or more different images. Imaging can comprise taking at most 1,2, 3,4, 5, 6,7 8, 9,

or 10 or more different images.

Detection

3266} The substrate surface can be contacted with one or more targets under
conditions that promote specific, high-affinity binding (1.¢.. hybridization} of the target to
one or more of the probes. The target nucleic acids can hybridize with complementary
nucleic acids of the known oligonucleotide optical labels and thus, information about the
target samples can be obtained. The targets can be labeled with an optically detectable
label, such as a fluorescent tag or fluorophore, so that the targets are detectable with
scanning equipment afler a hvbnidization assay. The targets can be labeled either prior o,
during, or even after the hyvbrdization protocol, depending on the labehing system chosen,
such that the flucrophore will associate only with probe-bound hybridized targets.

6267} The targets (e.g., molecules, amplified molecules) can be detected, for

example, using detection probes {c.g., fluorescent probes). The array can be hybridized
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with at least 1, 2, 3, 4, 5,6, 7, 8, 9, or 10 or more detection probes. The array can be
hybridized with at most 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 or more detection probes. In some
embodiments, the array is hvbridized with 4 detection probes.

[6268] The detection probes can comprise a sequence complementary 1o a
sequence of a gene of iterest. The length of the detection probe can be at least 1, 2, 3, 4,
5,6,7,8, 9,10, 11, 12, 13, 14, or 15 or more nucleotides. The length of the detection
probe canbeatmost 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 or more nucleotides.
The detection probes can comprise a sequence that is perfectly complementary (o a
sequence i a gene of imterest {(o.g., target). The detection probes can comprise a
sequence that s mperfectly complementary to a sequence in 2 geoe of interest {¢.g.,
target). The detection probes can comprise a sequence with atleast 1,2, 3,4, 3,6, 7,8, 9,
or 10 or more mismatches to the sequence of the gene of interest. The detection probes
can comprise a sequence with at most 1,2, 3,4, 5, 6, 7, 8, 9, or 10 or more mismatches to
the sequence of the gene of nterest.

269} The detection probes can comprnse a detectable label.  Exemplary
detectable labels can comprise a fhuorophore, chromophore, small molecule, nanoparticle,
hapten, enzvme, antibody, and magnetic property, or any combination thercof.

6274 Hybridized probes can be imaged. The image can be used to deternmine
the relative expression level of the genes of mterest based on the mtensity of the
detectable signal {c.g., flucrescent signal}. Scanning laser fluorescence microscopes or
readers can be used to acquire digital tmages of the emitted light from substrate {(e.g.,
microarray). A focused light source (usually a laser) can be scanned across the
hybridized substrate causing the hybridized areas to emit an optical signal, such as
fluorescence. The fluorophore-specific fluorescence data can be collected and measured
during the scanning operation, and then an image ot the substrate can be reconstructed via
appropriate algorithms, software and computer hardware. The expected or intended
locations of probe nucleic acid features can then be combined with the fluorescence
intensitics measured at those locations, to vield the data that is then used to determine
gene expression levels or nucleic acid sequence of the target samples. The process of
collecting data from expected probe locations can be referred to as “feature extraction”.
The digital images can be comprised of several thousand to hundreds of millions of pixels
that typicallv range m size from S to 50 microns. Fach pixel in the digital image can be

represented by a 16 bit integer, allowing for 65,535 different grayscale valoes. The reader
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can sequentially acquire the pixels from the scanned substrate and writes them mto an
image file which can be stored on a computer hard dnve. The substrates can contain
several different fluorescently tagged probe DNA samples at cach spot location. The
scanner repeatedly scans the entire substrate with a laser of the appropriate wavelength to
excite each of the probe DNA samples and store them in their separate image files. The
image files are analyrzed and subsequently viewed with the aid of a programmed
compuicr.

3271} The substrate can be mmaged with a confocal laser scanner. The
scanner can scan the substrate shide to produce onc image for ecach dye used by
sequentially scanning the with a laser of a proper wavelength for the particular dye. Each
dve can have a known excitation spectra and a known emission spectra. The scanner can
mclude a beam splitter which reflects a laser beam towards an objective lens which, in
turn, focuses the beam at the surface of shide to cause fluorescence spherical emission. A
portion of the emussion can travel back through the lens and the beam splitter. After
traveling through the beam sphiter, the fluorescence beam can be reflected by a murror,

travels through an emission filter, a focusimg detector fens and a central pinhole.

Corvelation between probing and imaging daia

[6272] The data from the substrate scan can be correlated to the image of the
unlvsed sample on the substrate. The data can be overlayed thereby generating a map. A
map of the location of targets from a sample can be constructed using mfoumation
generated using the methods described herein. The map can be used to locate a physical
location of a target. The map can be used to identify the location of multiple targets. The
muftiple targets can be the same species of target, or the multiple targets can be multiple
different targets. For example a map of a bramn can be constructed to show the amount
and location of multiple targets.

{6273} The map can be generated from data from a single sample. The map
can be constructed using data from multiple samples, thereby generating a combined map.
The map can be constructed with data from tens, hundreds, and/or thousands of samples.
A map constructed from multiple samples can show a distribution of targets associated
with regions common to the multiple samples. For example, replicated assays can be
displaved on the same map. Atleast i, 2, 3,4, 5,6, 7, 8,9, or 10 or more replicates can

be displayed {e.g., overlaid) on the same map. Atmost 1, 2,3, 4, 5,6, 7. 8,9, 0or 10 or
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more replicates can be displaved {cg., ovedaid) on the same map. The spatial
distribution and number of targets can be represented by a variety of statistics.

16274} Combining data from multiplc samples can increase the locational
resolution of the combined map. The orientation of multiple samples can be registered by
common landmarks and/or x-v positions on the array, wherein the individual locational
measurements across samples are at least in part non-contiguous. Multiplexing the above
approach will allow for high resolution maps of target nucleic acids i a samople.

3275} The data analysis and corrslation can be useful for determining the
presence and/or absence of a specific cell type (e.g., rare cell, cancer cell). The data
corrclation can be useful for determining the relative ratios of target nucleic acids
distinet locations either within a cell, or within a sample.

16276} The methods and compositions disclosed herein can be companion
diagnostics for a medical professional {(¢.g., a pathologist) wherein a subject can be
diagnosed by visually looking at a pathologv image and correlating the image to genectic
expression {e.g., identification of expression of oncogenes). The methods and
compositions can be vseful for identifving a cell from a population of cells, and
determining the genetic heterogencity of the cells within a sample.  The methods and
compositions can be useful for determining the genotvpe of a sample.

16277} The disclosure provides for methods for making replicates of
substrates. The substrates can be reprobed with different probes for different genes of
urterest, or to selectively choose specitic genes. For example, a sample can be placed on
a substrate comprising a plurality of oligo{dT} probes. mRNAs can hybridize to the
probes. Replicate substrates comprising oligo{d'T) probes can be contacted to the initial
slide and make replicates of the mRNAs. Replicate substrates comprising RNA gene-
specific probes can be contacted to the initial slide to make a replicate.

[6278] The mRNA can be reverse transcribed into ¢DNA. The ¢DNA can be
homopolymer tailed and/or amplified {c.g., via bridge amplification). The array can be
contacted with a replicate array. The replicate amray can comprise gene-specific probes
that can bind to the ¢cDNAs of interest. The replicate array can comprise poiyA probes
that can bind to ¢cBNAs with a polyvadenylation sequence.

[6279] The number of replicates that can be made can be at least 1, 2, 3, 4, 5,
6,7, 8, 9, or 10 or more. The number of replicaies that can be made can be at most 1, 2, 3,

4,5,6,7, 8,9 or 10 or more.
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16286} In some embodiments, the mitial substrate comprises a phurality of

ene-specific probes and the replicate substrate comprises the same gene-specific probes,

U2

or differcnt probes that correspond to the same genes as the gene-specific probes.

Stochastic barcoding with physical separation of samples

16281} In some embodiments, the sample can be physically divided or can be
urtact during stochastically barcoding the plurality of targets in the sample. The spatial
locations of the phirality of targets 1n the sample can be on a surface of the sample, nside
the sample, subcellularly in the sample. or any combination thergof In some
cmbodiments, stochastic barcoding the plurality of targets in the sample can be performed
on the surface of the sample, subeellulardly in the sample, inside the sample, or any
combination thereof.

6282} A sample can be physically separated into different containers.
Physical separation can be accomplished by dissection, for example by physically cutting
a sample. Physical separation can be accomplished by sectioning, for example scctioning
with a microtome. Physical separation can be accomplished by using a blade grid (e.g.. a
substratc wherem the edges of containers in the substrate are sharp such that thev can cut
a sample, and wherein the pieces of the cut sample can fall mio the containers on the
substrate}. A blade grid can stmultaneously separate and physically 1solate the parts of
the samples.

G283} The process of physical separation can preserve information about the
physically separated sample. Information preservation can occur by associating a known
part of the sample with a particular spatial label and/or container. The containers can
comprise spatial labels which can be used to represent the onginal physical relationships
present before the sample was separated.  The spatial labels can then then be associated
with targets within the parts of the physically separated samples.  In this way targets from
an wdentifiable location within the sample can be stochastically labeled and digitally
counted.

3284} In a basic example, a sample, for example a solid tissue, can be
bisceted along a midsagittal plane. The right half of the organ can be placed m one
container. The lefi half of the organ can be placed in a second container. A pool of non-
depletable labels can be associated with targets in cach contamer. The labels can be used

to stochastically label targets within the sample. The labels can comprise a spatial fabel

-97.



WO 2016/138496 PCT/US2016/019962

which can be used to identify which targets were in each container.  The labeled targets
from each container can be recombined for analysis. The analysis can include an
amplification step. The amplificd labeled-targets can be sequenced or hybridized to an
array for analysis. The data generated from the analysis can include a stochastic count of
the number of starting targets and, for each target, spatial information regarding whether
the target was to the left or night of the midsagittal bisection.

[G285] A sample can be physically separated into more than two sections. A
sample can be divided into atleast 2, 3,4, 5, 6, 7. &, 9, 10 or more sections. A sample can
be divided imto at most 2, 3,4, 5, 6,7, 8, 9, 10 or more sections. A sample can be divided
mio hundreds of sections. A sample can be divided mto at least 100, 200, 300, 400, 500,
600, 700, 800, or 900 or more sections. A sample can be divided into at most 100, 200,
304, 400, 500, 600, 700, 800, or 900 or more sections. A sample can be divided into
thousands of sections. A sample can be divided into at least 1000, 100006, 20000, 30000,
40000, 50000, 60000, 70000, 80000 or 90000 or more sections. A sample can be divided
nto at most 1000, 10000, 20000, 30000, 40000, 50000, 66000, 70000, 80000 or 90000 or
more sections. A sample can be divided mmto 16, 32, 48, 96, or 384 sections. The higher
the number of sections the sample is divided into the greater the spatial resoclution
ymparted by the spatial labels.

[0286] The sections {¢.g., of the sohid tissue and/or comprising the targets) can
be arranged such that a physical relationship of sections is similar to the physical
relationship between containers on a substrate (e.g., a gnid). For example a target that is
in a “top right” section of a sample can be located m a “top right” container. This can
allow for a sample to be directly applied to a substrate to preserve the physical
relationship between the sections of the sample {c.g., solid tissue). Figure 8 ilustrates
how a solid tissue 505 can be divided into sections 818 {e g., sections 1-10}. The sections
can be placed on a substrate 315 (e.g., grid}. The sections 510 of the solid tissue 565 can
be placed onto a specific location within the substrate 515, wherein the specific location is
a replicated map of the solid tissue 505, The placement of scctions of a solid tissuc onto
the substrate can be performed i two or three dimensions. Figure 5 illustrates an
exemplary embodiment of a two dimensional substrate. In some cmbodiments, the
substratc can be three-dimensional. Tens, hundreds, thousands, or millions of sections

from a sample can be reflected by physical locations of containers on the substrate.
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3287} If the location of the first section in the sample s known, then that
mformation can be associated with targets within the container containing the section.
For exarmaple, as shown in Figure 5, after the sections 316 of the solid tissue 5035 have
been placed n contamners on the substrate 513, the targets of the sections can be
stochastically labeled, amphified, and/or counted. The imformation {(¢.g., number of types
of molecules) arising from container aa on the gnid 815 can correspond 528 to physical
section {e.g., location) 1 of the solid tissue 805, Suniarly, the mformation arising from
container ab of the substrate 515 can correspond 52¢ to physical section 4 of the sohd
tissue SO5.

[6288] In some embodiments, the methods of the disclosure can be used for
dentifying the surface of a sample. For example, spatial labels can be added to the
surface of sample (e.g., solid tissng). The sample can be lysed, stochastically Iabeled with
the spatial labels, amplified, and/or digitally couvnted. Targets which were on the surface
of the sample can be distinguished from targets on the interior of the sample, based on the
spatial label.  Identifving the surface of a sample, and/or distinguishing between the
interior and exterior of a sample can be uscful for determining boundaries of a solid tissue
(c.g., tumor), determining if resection of a solid tissue was performed compleiely, and/or
identifying boundaries of different physiological structure or cell types.

[6289] Spatial labels can be associated with a spatially intact sample. For
example, a needle, or array of needles, can iusert spatial labels into an intact sample.
Spatial labels can be inserted 1nto an intact sample in a variety of wavs, mchuding but not
limited to, needle msertion, pin insertion, msertion through blood capiliaries, njection,
electroporation, transduction, and transformation. The intact sample can then be lysed for

stochastic barcoding, amplification, and digital counting.

Stochastic barcodine with physical separation of samples combined with time

separation

[(3284] In some embodiments, stochastically barcoding the plurality of targets
in the sample can include contacting the sample with a deviee. The device can be a
needle, a needle array, a tube, a suction device, an imection device, an electroporation
device, a fuorescent activated cell sorter device, a microfluidic device, or any

combination thereof. The device can contact sections of the sample at a specified rate.
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The specified rate can correlate the spatial locations of the plurality of targets with the one
OF Ta0T¢ time points.

[06291] Containers on a substrate can be filled n an order that reflects a
physical location. Spatial labels can be combined with a section as a part of the sample
collection. For example a sampling device comprising a suction device could be used to
remove a sample i a predefined pattern. As the section of the sample travels through the
suction device spatial labels can be associated with the section. The senal addition of the
spatial labels can identify where the suction device was in space at the time of sectioning.

[6292] For example, as shown in Figure 6, a solid tissue 685 can be divided
mto sections 610 with a sampling device. The sections 616 can be transported 1o a
substrate 613 based on the order in which they were obtamed from the sample. For
example, section 1 can be placed in a container in the substrate 618 which correaponds to
time 1 {T1). The container which corresponds to T1 can comprise a time Iabel (see
below). The targets in the sections can be stochastically labeled, amplified, and/or
counted. The mformation {e.g., number of types of molecules) ansing from container Ti
on the substrate 615 can correspond 628 to physical section {(g.g., location) 1 of the sohd
tissue 605, Smmilarly, the information ansing from container T4 of the substrate 615 can
correspond 620 to physical section 4 of the solid tissue 668, The time label can indicate
the physical location of the section in the sample by comparing the rate at which the
sampling device processes cach section from the sample to the substrate. Obtainment of
the sections by the sampling device can be performed senallv. The time labels can be
added to sections and/or containers n senal before sections are added, simultaneously
with addition of the section to the container, or after the section is added to the contatner.

16293} For example, a needlc amay device can mmject solid supports
comprising stochastic barcodes with spatial labels nto a solid tissue.  As the needle
retracts the solid support is left in the tissue. As the needle retracts further up a column of
a sohid tissue, a series of solid supports can be placed in the tissue {¢.g., along a column).
The rate of movement of the device can be correlated to a time that the device was m a
spectfic position. In this way, the time a spatial label was associated with a target can be
indicative of its position in the sample.

[3294] In another example, the sampling device can comprise a microfhudic
chip. The sampling device can be capable of taking a section of a sample, and placing o

in a nucrotluidic chip. Inside the microfluidic chip the section can be encapsulated m an
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emulsion {¢.g., droplet}. The emulsion can comprise a stochastic barcode with a spatial
fabel. The emulsion can be placed in a contamner of a substrate. The location in the
substrate in which the emulsion is placed can be indicative of the physical location of the

section in the sample because of the mformation carried in the time Iabel.

Meon-phvsical representation of containers

[3295] The disclosure provides for a method for estimating the nuwmber of
molecules i a specific location of a sample. The method can comprise dividing the
sample mto sections and stochastically labeling the sections with a barcode such that they
contain information about the physical location of the sections. The stochastic barcoding
does not have to occur in containers that have a similar physical relationship to the
sample, as described 1in Figures 3 and 6. The contaimers do not have a similar physical
relationship to the sample. The method do not need to make use of containers. For
example, as shown 1o Figure 7, the sample 603 can be divided mto sections 7160, The
sections 718 can be placed info one or more randomiy located containers on a substrate
715, wherein the location of the section has no physical relationship to the physical
structure, shape and/or morphology of the sample 705, The placcaent of sections of a
solid tissue onto the substrate can be performed i two or three dimensions. Figure 7
dlustrates an exemplary embodiment of a two dimensional substrate.  In some
embodiments, the substrate can be three-dimensional.  Tens, hundreds, thousands, or
millions of sections from a sample can be reflected by physical locations of containers on
the substrate.

[(6296] If the location of the first section in the sample is known, then that
mformation can be associated with targets within the container contatning the section.
For example, as shown in Figure 7, afier the sections 710 of the solid tissue 705 have
been placed i contamers on the substrate 715 the targets of the sections can be
stochastically labeled, amplified, and/or counted. The information (.g., number of types
of molecules) arising from container aa on the gnd 715 can correspond 7280 to a physical
section {e.g., location) of the solid tissue 605 (container aa corresponds to section 5,

though it is located where section 1 of the sample 13).

Addition of stochastic barcodes to samples
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3297} Samples and/or sections of samples can be added to contammers on a
substrate in parallel. A sampling device can obtain spatially known samples in parallel
and then be used associate the samples with a spatial label. For example an array of
biopsies can be obtained. The biopsies can be associated with labels on the device which
obtains the biopsies. The biopsies can be associated with labels after the biopsies are put
it containers. In some embodiments a needle array is used to obtain samples.

[(3288] The spatial labels can be combined with a sample as a part of the
sample collection. For example a suction device could be used to remove a sample in a
predefined pattern. As the sample travels through the suction device spatial labels can be
associated with the sample. The sertal addition of the label can identify where the suction
device was in space at the time of collection.

16299} For example a solid tumor can be resected. The resected tumor has ifs
exterior labeled with spatial labels, for example by spraying the sample, immersing the

sample, or contact the sample with a composition comprising a spatial label.

Spatial barceding of specific cells

[6300] in some embodiments, spatial labels are delivered to a specific target
lfocation. The target location can refer to a location in the body, a specific type of celi,
and/or a subcellular compartment. A spatial label can be associated with a molecule
known to target a specific organ in the body. For example, a spatial label can be
associated with a molecule that is processed i the liver, a spatial label can be associated
with a molecule that can cross the blood brain barrier, a spatial label can be associated
with a molecule that can be taken up by blood capillaries. The molecule to which a
spatial label 15 associated with can bring the spatial label m close proxinuty to a location
i the body of interest. The location of the body of mterest can be isolated, stochastically
labeled with the spatial labeled, amplified, and/or digitally counted to obtain information
about the number of targets in the location of interest.

[G301] A spatial label can be associated with 2 molecule known to target a
spectfic cell. For example, a spatial label can be associated with a molecule that targets
an mnmune cell {g.g., a targeting molecule). A spatial label can be associated with a
molecule that targets a virus. A spatial label can be associated with a molecule that
targets the blood bramn barrier. The molecule can be a targeting molecule that can bring

the spanial label to a location in a sample (¢.g., subject).
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3302} A spatial label can be associated with a molecule known to target a
specific subcelivlar compartment. For example, a spatial label can be associated with a
vesicle which can comprise a location tag, such as for the endoplasmic reticulum. The
vesicle can deliver the spatial label within close proximity of the endoplasmic reticulum.
The endoplasmic reticulom can be isolated, stochastically labeled with the spatial label,
amplified, and/or digitally counted.

[B303] Exemplary subcellular compartients can include, but are not limited to
mitochondria, Golgt complex, cell wall, endoplasmic reticolum, nucleus, nucleolus,
lysosomes, protein complexes {e.g., APC, lincRNAg), and the like. Exemplary targeting
molecules can mclude but are not hmited to nuclear localization sequences. nuclear
export sequences, chloroplast localization signals, mitochondrial localization signals, and
the like. In some embodiments, the targeting molecule can comprise a vesicle.
Exemplary vesicles can include liposomes, microsomes, nanodots, quantum  dots,

nanoparticles, and viral capsids, or anv combination thercof.

Method of label lithooraphy

[0304] The methods of the disclosure can provide for building a spatial label
atier the label has been constricted within and/or contacted to a sample. In some
embodiments, the methods mclude: stochastically barcoding the plurality of targets n the
sample using a plarality of stochastic barcodes, wherein each of the plurality of stochastic
barcodes comprises a pre-spatial label: concatenating one or more spatial label blocks
onto the pre-spatial label to generate a spatial label; and identifyving the spatial location of
each of the plurality of targets using the spatial label.

16365} Figure 8 shows an exemplary embodiment of the label hithography
method of the disclosure. A target 804 can associate with a pre-spatial label 805, A pre-
spatial label 805 can comprise a nucleotide sequence that can hybridize with targets of
nterest {e.g., gene specific nucleotide sequence or oligo{dT)) 818, The pre-spatial fabel
805 can comprise an activatable consensus scquence 815, The activatable consensus
sequence 813 can be a nucleotide sequence that can be linked to another nucleotide
sequence or base. For example, an activatable sequence 815 can be a restriction site, a
site for TA-ligation, and/or a photo-activatable nucleotide. The activatable consensus
sequence 815 can be linked to a spatial label block 820/821. A spatial label block

B28/821 can comprise a nucleotide sequence that is mdicative of a spatial location 825, A
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spatial label block can comprise linking sequences 83€¢. Linking sequences 83€ can
mteract with the activatable consensus sequence 815 and/or other linking sequences in
spatial label blocks 828, For example, a first group (Group I} of spatial label blocks
B2/821 can comprise a first (A’) and sccond (B) hinking sequence. The first linking
sequence (A”) can interact with the activatable consensus sequence 815 in the pre-spatial
label 705. A second group (Group ) of spatial label blocks 821 can comprise a first {B™)
and second (A} hinking sequence. The first linking sequence (B") can interact with the
second linking scquence {B) of the first group of spatial label blocks 821, In this way

spatial label blocks 828/821 can be linked together.

Pre-spatial labels, spaiial label blocks, and spatial labels

[0306] A pre-spatial label can comprise a sequence that can associate with a
target of interest. A pre-spatial label can associate with nucleic acid, including but not
timited to, DNA, mRNA, RNA fragments, gene-specific regions, and regulatory clements
{e.g., promoter, enhancer). A sequence that can bind to a target of interest can comprise
a gene-specific region (e.g., a nucleotide sequence that is adapted to bind to a specific
region of a gene), or a non-specitic binding region {c.g., oligo{dT), random hexamer,
random oligomer). A sequence that can associate with a target of interest can be at least
1,2,3,4,5,6,7,8 9, or 10 or more nucleotides in length. A sequence that can associate
with a target of interest can be at least 1,2, 3,4, 5,6, 7. 8, 9, or 10 or more nucleotides in
length.

16367} A pre-spatial label can comprise a molecular label a cellular label,
and/or a sample label. A pre-spatial label can comprise a sequence that can associate
(c.g., hybndize) with a target. A pre-spatial label can be associated with a solid support.
A pre-spatial label can be associated with a substrate.

[0308] A pre-spatial label can comprise an activatable consensus sequence. An
activatable consensus sequence can comprise a sequence that can be activated to bind tc a
spatial label block. An activatable consensus sequence can be a cleavable sequence (e,
restriction endonuclease cleavage site}, a sequence that can be tagged, and/or a sequenced
that can be ligated. An activatable consensus sequence can comprise a chemical moiety
that can be activated. For example, the chemical moiety can comprise a fluorophore that
can be exciied, a photo-cleavable moiety, a moiety that responds to magnets, and a

binding moiety {¢.g., biotin/streptaviding,
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(3369} An activatable consensus sequence can comprise atleast 1,2, 3.4, 5,6,
7, 8, 9, or 10 or more nucleotides. An activatable consensus sequence can comprise at
most 1,2, 3,4,5,6,7.8,9, or 10 or more nucleotides.

(6314} A pre-spatial label can comprise a sequence that can associate with a
target of interest, a molecolar label, a sample label and/or an activatable consensus
sequence. In some embodiments, a pre-spatial label comprises a sequence that can
associate with a target of interest, a molecular label, a sample label and/or an activatable
consensus sequence.

[6311] A pro-spatial label can be atleast 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13,
14, 15 16, 17, 18, 19,20, 21,222, 23,24, 25,26, 27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 or more nucleotides in length. A pre-
spatial Jabel canbe atmost 1,2, 3, 4,3, 6,7, 8,9, 10, 11,12, 13, 14, 15 16, 17, 18, 19, 20,
21,222,723, 24,25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 43, 46, 47, 48, 49, or 50 or more nucleotides in length.

3312} A spatial label block can comprise a sequence of nucleotides. The
sequence can comprise at least 1, 2,3, 4,3, 6, 7, 8, 9, or 10 or more mucleotides. The
sequence can comprise at most 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 or more nucleotides. A
spatial label block can be linked to another (e.g., previous) spatial label block. Spatial
label blocks can be linked together, for example, by chemistry (¢.g., click chemistry),
ligation, split-pool synthesis, combinatorial chemistry, and/or photoactivatable chemistry.

G313} For example, a first group of spatial label blocks can comprise two
sticky end sequences, wherein the sense strand has a first sticky end sequence, and the
antisense strand has a second sticky end sequence on the 57 ends of each strand. A second
group of spatial label blocks can comprise two sticky end sequences, wheremn the sense
strand has the second complementary sticky end sequence and the antisense strand has the
first complementary sticky end sequence. The first group can be ligated to the second
group. Only one ligation can occur. Subsequently, the first group can be contacted to the
growing spatial label. The first group can ligate to the sticky end of the second group.
Only one higation can occur. In this way, a spatial label can be able to be hithographically
produced on sample.

[36314] Lanking of spatial label blocks can be performed before, during, and/or
atter contacting the pre-spatial label with a target of interest. Pre-spatial labels can be

associated with targets before, during and/or after Hinking with spatial label blocks using
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chemical means such as cross-linking, hvbridization to aid the association between the
pre-spatial fabel and the target. This can reduce dissociation and/or diffusion of the pre-
spatial labels away from the targets.

[6315] Linking of spatial label blocks can be performed in a geometric mamner
such that the resulting length of the spatial label corresponds to the geometric manner in
which the spatial label blocks were linked. Figare 3 shows an exemplary embodiment of
a geometric manner of hinking spatial label blocks. For example, as one moves left to
right on a sample, spatial label blocks can be mcreasingly added to the pre-spatial label,
thereby generating spatial labels with different lengths, The length of the spatial label can
correspond to a physical location in the sample. A sample 9058 can be divided mto
sections 918. The sections can be contacted with a pre-spatial label. The pre-spatial label
can be contacted with an integer number of spatial label blocks. For example, the
sections in row a are contacted with one spatial label block. The sections in row b are
contacted with two spatial label blocks. The sections in row ¢ are contacted with three
spatial label blocks. The sections in row d are contacted with four spatial label blocks.
Moving right to left, sections in colomn A can be contacted with one spatial label block,
sections i colummn B can be contacted with two spatial label blocks. Sections in colunm
C can be contacted with three spatial label blocks. The number of spatial label blocks in
cach section can be a representation of its focation in a first dimension (v, vertical) and a
second dimension (x horizontal} space within the sample.

[3316] The sections can be comtacted with the spatial label blocks in any
order. The sections can be contacted by rows only. The sections can be contacted by
columns only. The sections can be contacted first by rows and then by columns. The
sections can be contacted first by columms and then by rows.

{6317} The sections can be stochastically labeled, amplified, and/or digitally
counted. The length of the spatial label can provide information about the x and v
location of the section in the sample. In the embodiment shown in Figure 7, the shortest
spatial label corresponds to the top left-most comer and the longest spatial label

corresponds to the bottom right-most corner.

Methods for determining spatial location of taroets

16318} [Jisclosed herein are methods for identifving distinct cells in two or

more samples. In some embodiments, the methods include: stochastically barcoding a
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plurality of targets i the two or more samples using a plurality of stochastic barcodes,
wherein cach of the plurality of stochastic barcodes comprises a spatial label and a
molecular label; estimating the nuber of the plumlity of targets 1o the two or more
samples using the molecular label; and distinguishing the two or more samples from cach
other using the spatial label, wherein the plurality of targets associated with stochastic
barcodes with different spatial labels are from different samples.

[6319] Stochastically barcoding the plurality of targets in the two or more
samples can include hybndizing the phlurality of stochastic barcodes with the phuality of
targets to generate stochastically barcoded targets, and at least one of the plurality of
targets can be hybridized to one of the plurality of stochastic barcodes. Stochastically
barcoding the plurality of targets i the two or more sampies can mchide generating an
imndexed library of the stochastically barcoded targets.

16324 Each of the two or more samples can include a plurality of cells and the
plurality of targets are associated with the plurality of cells. Stochastically barcoding the
plurality of targets m the two or more samples can be performed with a solid support
comprising a plurality of synthetic particles associated with the plurality of stochastic

barcodes.

Identification of specific cells in a pepulation of cells

16321} Spatial labels can be used to identify and label distinet samples {e.g.,
cells) in a mixed population of samples {(¢.g., cells). The samples can be, for exanple,
cells in a mixed population of cells.

16322} Figure 18 illostrates an exemplary embodiment of the method of
identifying distinct cells with a spatial label. A sample, for example, comprising a mixed
population of cells 1013/1028 can be contacted to a substrate 10985, wherein the substrate
1008 comprises a distnbution of different groups of spatial labels 1016/1011/1012.
Targets from an individual cell 1015 can be physically close to a first group of same
spatial labels 16189, Targets from a differont individual cell 1026 can be physically nore
distant from the first group of spatial labels 1016, but can be close in physical space to
other spatial labels 1812 (e.g., a second group of spatial labels).  The cells can be lysed,
stochastically labeled, amplified, and/or digitally counted. The spatial label can then be

used as a code to distinguish between targets from different individual cells.
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3323} The targets can be associated with the closest spatial labels. Spatial
labels can be any spatial labels of the disclosure {¢.g., pre-spatial labels, spatial labels).
The targets can be associated with spatial labels that arc at feast 1,2, 3,4, 5,6, 7, 8,9, 10,
15,20, 25, 30, 35, 40, 45, or 50 more micrometers trom the outer edge of the sample (e.g.,
cell).  The targets can be associated with spatial labels that are at most 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 15, 20, 25, 30, 35, 40, 45, or 50 more micrometers from the outer edge of the

sample (c.g., cell).

Identification of spatial location of targets in a sample

[06324] The disclosure provides for methods for determining the subcellular
location of targets in a cell. Figure 11 illustrates how subeellular mformation can be
obtained asing spatial labels. A sample {e.g., a cell} 1105 can be contacted to a substrate
1009 comprsing one or more groups of spatial labels 1116/31118/1112/1113. The groups
of spatial labels 1116/1111/1112/1113 can be distributed over the surface of a substrate.
The groups of spatial labels 111/1111/1112/1113 can be distnbuted over containers {e.g.,
microwells) of the substrate. The groups of spatial labels 1110/1118/1112/1113 can be
distributed into the sample 1105, The groups of spatial labels 1116/1181/1312/31113 can
be arranged such that the sample {¢.g., a cell) 1108 contacts multiple distinct groups of
spatial labels 1110/1111/1112/1813. The sample 1805 can be crosslinked, physically
separated, lvsed, stochastically labeled with the distinct groups of spatial labels
PII0/3118/1112/3113, amplified, and/or digitally counted.  Because the location of the
distinct groups of spanal labels TIIG/1111/8112/1113 can be known, the location of the
targets in the cell can be cormelated io the identification of the spatial labels
HIO/1111/1112/1113.  In thus way, spatial labels can be used to wdentify the spatial

location of targets m a sample.

Methods for optical barcodine and optical barcedings

[3325] Disclosed herein are methods for determining spatial locations of a
plurality of singles cells. In some embodiments, the methods mclude: stochastically
barcoding the plurality of singe cells using a plurality of svanthetic particles, wherein each
of the plurality of syuthetic particles comprises a phurality of stochastic barcodes, a first
group of optical labels, and a second group of optical labels, wherein each of the plurality

of stochastic barcodes comprises a cellular label and a molecular label, wherein cach
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optical label in the first group of optical labels comprises a first optical moisty and gach
optical fabel in the second group of optical labels comprises a second optical moiety, and
wherein ecach of the plurality of synthetic particles 1s associated with an optical barcode
comprising the first optical moiety and the second optical moiety; detecting the optical
barcode of cach of the plurality of synthetic particles to determine the location of cach of
the phlurality of synthetic particles; and determining the spatial locations of the plurality of

single cclis based on the locations of the plurality of synthetic particies.

Svnthetic particles with stochastic barcodes and optical barcodes

[06326] Disclosed herein are synthetic particles (for examples beads and
magnetic beads) associated with {(e.g., attached withy stochastic barcodes and optical
labels. For example, a syathetic particle can have one or more optical label regions in
which the optical labels are associated with the synthetic particle. In some embodiments,
cach synthetic particle can have, or have about, 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, 2000, 3000, 4000, 5000,
6000, 7000, 8000, 9000, 10000, or a number or a range between any two of these values,
optical label regions. The size of the optical label region can vary, for example, an optical
fabel region can be, or be about, a few microns to tens of microns in width, length, or
diameter. In some embodiments, the width, length, or daimeter of the optical label region
can be. orbe about, 1, 2,3, 4,5, 6,7, 8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 30,
40, 50, 60, 70, 80, 20, 100, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000
microns, or a number or a range between any two of these values. In some cmbodiments,
the fength of the optical label region can be, orbe about, 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, 2000, 3000, 4000,
5600, 6000, 7000, 8000, 5000, 10000 microns, or a number or a range between any two of
these values. For a synthetic particle with more than one optical label regions, each of the
optical label regions can have the same size or different sizes. For example, at least 1, 2,
3.4,3,6,7, 8,9, 10, 20, 30, 40, 30, 60, 70, 80, 90, 100, 1000, 2000, 3600, 4000, 5000,
6000, 7000, 8000, 9000, 10000, or a number or a range between any two of these values,
of the optical label regions can have different sizes. For example, atleast 1,2, 3, 4, 5, 6,
7,8, 9. 10, 20, 30, 40, 50, 60, 70. 80, 90, 100, 1000, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9600, 10000, or a number or a range between any two of these values, of the optical

label regions can have the same size.
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{3327} The arrangement of the optical label regions can vary. Non-limiting
examples of the arrangement of the optical label regions include a longitudinal format, a
vertical format, a grid manner, a circular format, or any combination thercof. The shape
of the optical label regions can also vary. For example, the optical label regions can be
oval-, rectangle-, triangle-, diamond-shaped, or any combination thercof. The optical label
regions can be grouped together or be separated from one another. For example, two
optical label regions can be separated trom onc another by, or by about, 1,2, 3.4, 5,6, 7,
&9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, 2000,
3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000 microns, or a number or a range
between any two of these values.

[6328] The optical label regions can occupy substantially the entire synthetic
particle surface, or part of the synthetic particle surface. In some embodiments, the
optical label regions can oocupy, or occupy about, 8.00001%, 0.0001%, 0.01%, 0.1%,

%, 2% 4%, 5%, 6%, 1%, 8%, 9%, 10%, 20%, 30%, 40%, 50%. 60%, 70%, 80%,

) /o 0/
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90%, 99.9%, or a number or a range between any two of these values, of the synthetic
particle surface. Optical label regions can include optical labels. In some embodiments,
an optical label region can have an optical label (OL) attached to the surface of the
syathetic particle.  The number of optical labels in each of the optical label region can
vary, for example, beorbe about, 1,2,3,4,5,6,7,8 9, 10, 11, 12, 13,14, 15,16, 17, 18,
19, 20, 30, 40, 50, 60, 70, 80. 20, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000. In
some embodiments, an optical label comprises a probe sequence.

3329} In some embodiments, each synthetic particle can mclude 9 types of
optical labels, OL1I-9, attached tc the surface of the synthetic particle. In some
embodiments, each svothetic particle can include 1,2, 3,4,5,6,7, 8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, 2000, 3000, 4000, 5000,
6000, 7000, 8000, 9000, 10000, or a number or a range between any two of these
numbers, types of optical labels. For each synthetic particle, OL1-9 can be the same or
different. In some embodiments, cach tyvpe of optical labels is attached to the synthetic
particle in one optical label region. In some embodiments, at least one of the optical label
regions on the synthetic particle comprises more than one type of optical labels. In some
embodiments, two, three, four, five, or more types of optical labels are present in ong

optical label region.
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13330} An optical label can comprise an cligonucleotide sequence. The
optical label can comprise an chigonucleotide. In some embodiments, the optical label
can comprise two or more oligonucleotides with the same sequence. The optical label can
be, or be about, 1,2, 3,4,5,6,7, 8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, 2000,
3000, 4000, 3000, 6600, 7000, 8000, 5000, 16000, or a number or a range between any
two of these values, nucleotides in length. The cligonucleotides of optical labels can be,
or be about, 1,2, 3,4, 5,6, 7,8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, 2000,
3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000, or a number or a range between any
two of these values, sucleotides in length.

106331} in some cmbodiments, OL1-3 can be used to encode cellular label part
I corresponding to a first 96 unique cellular labels i the first encoding step; 054-6 can
be used to encode celhular label part 2 corresponding to a second 96 unigue cellular labels
in the second split step; and OL7-9 can be used to encode cellular label part 3
corresponding to a third 95 unique cellular labels in the third split step. In some
embodiments, OLs encode 1, 2, 3, 4,5, 6,7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
or a number between any two of these values cellular label parts. In some embodiments,
1, 2,3, 4,5, 6,7, 8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, 2000, 3000, 4000,
5600, 6000, 7000, 8000, 9000, 10000, or a number between any two of these values,
optical labels can be used to encode a part of a cellular label. In some embodiments, cach
part of a cellular label can represent 1,2, 3,4, 5,6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80,
80, 100, 1060, 10000, 160000, 1000000, 10000000, 10000000, 100600000, 1000000000,
or a number or a range between any two of these values, umique cellular labels. An
optical barcode of a syathetic particle can include the optical labels on the synthetic
particle. The optical barcode of a synthetic particle can include 1.2, 3, 4,5, 6,7, 8, 9, 10,
20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, 2000, 3000, 4000, 3000, 6000, 7000, 8000,
9000, 10000, or a number between any two of these values, optical labels,

16332} In some embodiments, an optical label can comprise an optical moiety,
for example a fluorophore or a chromophore. In some embodiments, each nucleotide of
an optical Iabel can be associated with an optical moiety, for example a fluorophore or a
chromophore, on the 37 end. The optical moiety can be selected from a group of
spectrally-distinct optical moicties.  Spectrally-distinet optical moteties nclude optical
moicties with distingwishable emission spectra even if their emission spectral may

overlap.
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16333} Non-limiting  examples of optical moeties include Xanthene
dentvatives: fluorgscein, rhodamine, Oregon green, eosin, and Texas red; Cyaning
denvatives:  cvanine, mdocarbocvanine, oxacarbocvanine, thiacarbocyanine, and
merocyaning, Sguaraine derivatives and ring-substituted squaraines, mcluding Seta,
Sc¢Tau, and Square dyes; Naphthalene derivatives {dansyl and prodan derivatives);
Coumarin denvatives; oxadiazole derivatives: pyridyloxazole, nitrobenzoxadiazole and
benzoxadiazole, Anthracene denivatives: anthraguinones, including DRAQS, DRAQ7 and
CyTRAK Orange; Pyrene derivatives: cascade blue; Oxazine derivatives: Nile red, Nile
blue, cresvl violet, oxazine 170; Acrnidine derivatives: proflavin, acridine orange, acnding
vellow, Arvimethine derivatives: auramine, crvstal violet, malachite green; and
Tetrapyrrole denivatives: porphin, phthalocyamne, bilirubin, Uther non-limiting examples
of optical motetics include Hydroxyeoumarim, Aminocoumarin, Methoxycoumarin,
Cascade Blue, Pacific Blue, Pacific Orange, Lucifer vellow, NBD, R-Phycoervihrin {(PE),
PE-Cvy3 conmjugates, PE-Cy7 conjugates, Red 613, Per(CP, TruRed, FluorX, Fluorescein,
BODIPY-FL, Cv2, Cv3, Cy3B, Cv335, Cys, G35, Cv7, TRITC, X-Rhodamne,
Lissamine Rhodamine B, Texas Red, Allophycocyanin (APC), APC-Cy7 conjugates,
Hoechst 33342, DAPIL Hoechst 33258, SYTOX Blue, Chromomycin A3, Mithramycin,
YOYO-1, Etdudium Bromide, Acridine Orange, SYTOX Green, TOTG-1, TO-PRO-1,
TO-PRO: Cyanine Monomer, Thiazole Orange, CyTRAK QOrange, Propidium lodide (PI),
LBS 751, 7-AAD, SYTOX Orange, TOTO-3, TO-PRO-3, DRAQS, DRAQ7, Indo-1,
Fluo-3, Fluo-4, DCFH, DHR, and SNARF.

3334} The excitation wavelength of the optical moieties can vary, for
example be, or be about, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150,
160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330,
340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500, 510,
320, 530, 540, 550, 560, 570, 380, 590, 600, 610, 620, 630, 640, 630, 660, 670, 680, 690,
700, 710, 720, 730, 740, 750, 760, 770, 780, 790, 800, 810, 820, 830, 840, 830, 860, 870,
880, 890, 900, 910, 920, 930, 940, 950, 960, 970, 980, 990, 1000 nanometers, or a
number or a range between any two of these values. The emission wavelength of the
optical moietics can also vary, for example be, or be about, 10, 20, 30, 40, 50, 60, 70, 80,
90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260,
270, 280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440,
450, 460, 470, 480, 490, 500, 310, 520, 330, 540, 550, 560, 570, 580, 590, 600, 610, 620,
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630, 640, 630, 660, 670, 680, 690, 700, 710, 720, 730, 740, 750, 760, 770, 780, 790, 800,
210, 820, 830, 840, 850, 860, 870, 880, 890, 900, 910, 920, 930, 940, 950, 960, 970, 980,
990, 1000 nanometers, or a number or a range between anv two of these values.

[6335] The molecular weights of the optical moieties can vary, for example
be, or be about, 10, 20, 30, 40, 30, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170,
180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350,
360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500, 510, 520, 530,
340, 550, 560, 570, 580, 590, 600, 610, 620, 630, 640, 650, 660, 670, 680, 690, 700, 710,
720, 730, 740, 750, 760, 770, 780, 790, 800, 810, 820, 830, 840, 850, 860, 870, 880, 890,
900, 910, 920, 930, 940, 950, 960, 970, 980, 990, 1000 Daltons (Da), or a number or a
range between any two of these values. The molecular weights of the optical moicties can
also vary, for example be, or be about, 10, 20, 30, 40, 30, 60, 70, 80, 80, 100, 110, 120,
130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300,
310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480,
490, 500, 510, 520, 530, 540, 350, 560, 570, 580, 590, 600, 610, 620, 630, 640, 650, 660,
670, 680, 690, 700, 710, 720, 730, 740, 750, 760, 770, 780, 790, 800, €10, 820, 830, 840,
850, 860, 870, 880, 890, 900, 910, 920, 930, 940, 950, 960, 970, 980, 990, 1000 kilo
Dalions (kDa), or a number or a range between any two of these values.

18336} The groop of spectrally distinct optical moieties can, for example,
include five different fluorophores, five different chromophores, a combination of five
fluorophores and chromophores, a combination of four different fluorophores and a non-
fluorophore, a combination of four chromophores and a non-chromophore, or a
combination of four fluorophores and chromophores and a non-flucrophore non-
chromophore. In some embodiments, the optical moicties canbe onc of 1,2, 3,4, 5,6, 7,
8.9, 10, 20, 30, 40, 30, 60, 70, 80, 90, 100, 1000, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9000, 10000, or a munber or a range between any two of these values, of spectrally-
distinct moictics.

[3337] In some embodiments, cach of a plurality of synthetic particles has a
unigue optical barcode. For example, the plurality of synthetic parficles can include,
mclude about, or mclude more than 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 100, 200, 300, 400, 500,
600, 700, 800, 900, 107, 10°, 107, 10°, 107, 10%, 10°, 10°. 16", 10" or a number or a
range between any two of these values, synthetic particles cach with a unique optical

barcode. Some of a plurality of synthetic particles can have the same optical barcode.
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The plurality of synthetic particles can mclude, include about, or include more than 1, 2,
3,4, 5,6, 7. 8.9, 10, 100, 200, 300, 400, 500. 600, 700, 800, 900, 10", 10°, 10°, 10°, 107,
16%, 10°, 10, 10", 10" or a number or a range between any two of these values,
synthetic particles some of which with the same optical barcodes.

{6338} I addition to the “optical labels,” substantially entire synthetic particle
surface or some part of the synthetic particle surface can be attached with stochastic
barcodes. For example, the stochastic barcodes can occupy 0.00001%, 0.0001%, 0.01%,
(.1%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 20%, 30%, 40%, 50%, 60%, 70%,
0%, 90%, 99.99%, or a mumber or a range between any two of these values, of the
synthetic particle surface. The stochastic barcodes can be, orbe about, 1, 2,3, 4,5, 6,7,
8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, or a number or a range between any two

of these values, nuclectides i length.

Methods for loading spatial labels on a substraie

3339} Spatial iabels can be pre-located on a substrate. A surface of substrate
can be pre~-imprinted with stochastic barcodes. In other words, the coordinates of each
stochastic barcode on the surface of the substrate can be known. Stochastic barcodes can
be pre-tmprinted in any geometric manner.  In some embodiments, a solid support
comprising stochastic barcodes can be pre-located on a substrate. In some embodiments,
the coordinates of the stochastic barcodes on a substrate can be unknown. The location of
the stochastic barcodes can be user-gencrated. When the location of the stochastic
barcodes on a substrate is unknown, the location of the stochastic barcodes can be

decoded.

Methods for encoding sofid supports

0344} Disclosed heremn are methods for creating encoded sohid supports, such
as encoded synthetic particles, for determinimg spatial locations of a plurality of singles
cells. FHach synthetic particle can contain 9 “anchor regions.” In some embodiments,
each svnthetic particle can contam, or contain about, 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 30, 40, 530, 60, 70, 80, 90, 100, 1000, 2000, 3000, 4000, 5000,
6000, 7000, 8000, 9000, 10000, or a number or a range between any two of these values,
anchor regions. Each anchor region can have a size of about a fow microns to tens of

microns wide. In some embodiments, sach anchor region can have asize of 1, 2,3, 4, 5,
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6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 9¢, 100, 1600,
2000, 3004, 4000, 5600, 6000, 7000, 8000, 9000, 10000, or a number or a range between
any two of these values, microns i size.

[6341] The arrangement of the anchor regions can vary. Non-limiting
examples of the arrangement of the anchor regions include a longitudinal format, a
vertical format, a grid manner, a circular format, or any combination thereof. The shape
of the anchor regions can also vary. For example, the anchor regions can be oval-
rectangle-, triangle-, diamond-shaped, or any combination thereof, in shape. The anchor
regions can be grouped together or be separated from one another. For example, two an
chor regions can be separated from one another by, or by about, 1,2, 3,4,5.6,7, 8,9, 10,
PL, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, 2000, 3000,
4000, 5000, 6000, 7000, 8000, 8000, 10000 microns, or a number or a range between any
two of these values.

[3342] The anchor regions can occupy substantially the entire synthetic
particle surface, or part of the synthetic particle surface In some embodiments, the anchor
regions can occupy, or occapy about, 0.00001%, 0.0001%, 0.01%, ¢.1%, 1%, 2%, 3%,
4%, 5%, 6%, 7%, 8%, 9%, 10%, 20%, 30%, 40%, 50%, 60%, 70%., 80%, 90%, 99.9%, or
a number or a range between any two of these values, of the synthetic particle swrface.
Anchor regions can inclade optical labels. In some embodiments, an anchor region can
have an optical label (OL) attached to the swrface of the synthetic particle. The mumber of
optical labels in cach of the anchor region can vary, for example, be or be about, 1, 2, 3, 4,
5,6,7,8,9 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200,
300, 400, 500, 600, 700, 800, 900, 1000. In some embodiments, an optical label
comprises a probe sequence. Anchor regions with optical labels attached can be referred
1o as optical label regions.

[6343] Each anchor region can have a unigue optical label (0L} attached to
the surface of the synthetic particle. In some embodiments, cach synthetic particle can
mclude 9 types of optical labels, OL1-9, attached to the surface of the synthetic particle.
In some embodiments, each synthetic particle can include 1, 2, 3,4, 5,6, 7,8, 9, 10, 11,

2,13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, 2000, 3000, 4000,
3600, 6000, TG00, 3000, 9000, 10000, or a number or a range between any two of these
numbers, tvpes of optical labels. For each synthetic particle, OL1-9 can be the same or

different. In some embodiments, each type of optical labels 15 attached to the synthetic
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particle in one anchor region. In some embodiments, at least one of the anchor regions on
the synthetic particle comprises more than one type of optical labels. In some
embodiments, two, three, four, five, or more types of optical labels are present in one
anchor region.

(63441 An optical label can comprise an oligonucleotide sequence. The
optical label can comprise an oligonuciectide. In some embodiments, the optical label
can comprise two or more oligonucleotides with the same sequence. The optical label can
be, orcan be about, 1,2, 3, 4,3, 6,7, & 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000,
2000, 3004, 4000, 5600, 6000, 7000, 8000, 9000, 10000, or a number or a range between
any two of these values, nucleotides 1n length. The ohigonucleotides of optical labels can
be, or can be about, 1, 2, 3, 4,5, 6,7, 8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000,
24400, 3000, 4000, 53600, 6000, 7000, 8000, 9000, 10000, or a number or a range between
any two of these values, nuclectides in length.

[3345] In some embodiments, OL1-3 can be used to encode cellular label part
I corresponding to a first 96 unique cellular labels n the first encoding step; 054-6 can
be used to encode cellular label part 2 corresponding to a second 96 umigue cellular labels
i the second split step, and OL7-9 can be used to encode celiular label part 3
corresponding to a third 96 unique cellular iabels in the third split step. In some
embodiments, 1, 2, 3, 4.5, 6,7, 8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, or a number
between any two of these values, optical labels can be used to encode a part of a cellular
label. In some embodiments, cach part of a cellular label correspond to0 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, 10000, 100000, 1000000, 10000000,
16000006, 100000000, 1000000000, or a number or a range betwesn any two of these
valucs, unigue cellular labels. An optical barcode of a synthetic particle can nclude the
optical labels on the synthetic particle. The optical barcode of a synthetic particle can
imclude 1, 2,3, 4,5,6,7, 8, 9,10, 20, 30, 40, 50, 60, 70, &0, 90, 100, 1000, or a number
between any two of these values, optical labels.

[63346] In addition to the “optical label” constituting the optical barcode, the
entire synthetic particle surface or part of the synthetic particle surface can be attached
with the universal sequence {(US) with 37 up, 1e. 37 end of the cligonucleotide 1s not
attached to the synthetic particle. In some embodiments, the OL oligonucleotides can be
57 up and not 37 ends up. If the OL oligonucleotides are 5 up, the optical moicties can be

added by higation method. The uwniversal scquence can occupy 0.00001%, 0.0001%,

-1t



WO 2016/138496 PCT/US2016/019962

0.01%, 0.1%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 99.9%, or a number or a range between any two of these values, of the
synthetic particle surface. The universal sequence can be, or can be about, 1, 2, 3, 4, 5, 6,
7, 8,9, 10, 20, 30, 40, 30, 60, 70, 80, 90, 100, 1000, or a number or a range between any
two of these values, nucleotides in length.

16347} For cellular labels each comprising three parts, encoding the synthetic
particles can include three encoding steps. The celiular label can include part 1 of the
cellular label, part 2 of the cellular label, and part 3 of the cellular label. In some
embodiments, the cellular label can include 1, 2,3, 4, 3, 6,7, 8, 9, 10, 20, 30, 40, 30, 60,
70, 80, 90, 100, 1000, or a number or a range between any two of these values, parts.
Encoding the synthetic particles can mclude 1, 2, 3,4, 5,6, 7, 8, 9, 10, 20, 30, 40, 50, 69,
70, 80, 90, 106, 1000, or a number or a range between any two of these valugs, encoding
steps.

[3348] At the first encoding step/the first sphit step, synthetic particles can be
distributed across 96 wells of a first plate and hybnidize to oligonucleotides in each well.
In some embodiments, the first plate can include 96, 384, 1000, 2000, 3000, 4000, 5000,
6000, 7000, 8000, 9000, 10000, or a number between any two of these values, wells.
Each well can contain 4 types of oligonucleotides, possibly mcluding the umiversal
sequence {US) and three additional tvpes of ohigonucleotides. Each additional type of
oligonuclectides can include an optical label with an optical moiety, for example a
fluorophore or a chromophore, on the 37 end.  The three additional types of
oligonucleotides encode a cellular label part. Tn some embodiments, cach well can
contain, or contain about, 1,2,3,4.5, 6,7, % 9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
30, 40, 50, 60 70, 80, 90, 100, 1000, or a number of range between any two of these
values, additional types of oligonucleotides. Each type of oligonucleotides can be, or can
be about, 1,2, 3,4, 5, 6,7, 8.9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, 10000, or a
number or a range between any two of these values, nucleotides in length. Each celhular
part can be, or can be about, 1, 2, 3,4, 5, 6,7, 8. 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
1600, or a number or a range between any two of these values, nucleotides in length.

13349} The first type of oligonmucleotides each can contain a region
complementary to the universal sequence (US), followed by part 1 of the cellular label (1
of 96}, followed by a hinker sequence (hinker 1}, The region complementary to the

universal sequence can be, orcan be about, 1,2, 3,4, 5,6, 7, 8,9, 10, 20, 30, 40, 50, 60,
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70, 80, 90, 100, 1000, or a number or a range between any two of these values,
nucleotides in length. Linker 1 canbe, orcan be about, 1,2, 3. 4,5, 6, 7.8, 9, 10, 20, 30,
40, 50, 60, 70, 80, 90, 100, 10006, 10000, or a number or a range between any two of these
values, nucleotides in length.

16358 The second type of oligonucleotides each can include a duplex
structure that contains a strand complementary to OL1 with a small 5 extension, and a
shorter strand complementary to the extension on the longer strand. The shorter strand
can melude an optical label with an optical moiety, for example a flucrophore or a
chromophore, on the 3° end. In some embodiments, the optical label is on the 5’s end, or
neither 57s end nor 3’s end. The optical label can be, orcan be about, 1,2, 3.4, 5,6, 7. 8,
9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9000, 10000, or a number or a range between any two of these values, nucleoctides
in length. The optical moiety can be selected from a group of spectrally-distinct optical
notetics. Spectralty-distinct  optical moietics include optical moicties  with
distinguishable emission spectra even if their enussion spectral may overlap.

{3351} [8349]  [83538] The third type of chigonucleotides cach can include
a duplex structure that contains a strand complementary to OL2 with a small 57 extension,
and a shorter strand complementary to the extension on the longer strand. The shorter
strand can melude an optical label with an optical moiety, for example a fluorophore or a
chromophorg, on the 37 end. In some embodiments, the optical label is on the 5's end, or
neither 57°s end nor 3's end.  The optical moicty can be selected from a group of
spectratly-distinct optical moicties.

6352} The fourth tvpe of oligonucleotides cach can include a duplex structure
that contains a strand complementary to OL3 with a small 5° extension, and a shorter
strand complementary to the extension on the longer strand. The shorter strand can
mclude an optical label with an optical moiety, for example a fluorophore or a
chromophorg, on the 37 end. In some embodiments, the optical label is on the 5's end, or
neither 57°s end nor 3's end.  The optical moicty can be selected from a group of
spectratly-distinct optical moicties.

{3353} After the synthetic particles are distributed across 96 wells of the first
plate and hyvbridize to oligonoclestides in ¢ach well, a polymerase such as a DNA
polvmerase and a higase such as a DNA ligase can be mtroduced into each well. DNA

polymerase can extend the universal sequence with cellular label part 1 and linker 1
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sequences.  DNA ligase can covalently attach the optical moisties onto the OL
ohigonucieotides.

[06354] At the second encoding step including pool and sccond split, synthetic
particles from all the wells of the first plate can be pooled, and split into cach of the 96
wells of a second plate. In some embodiments, the second plate can include 96, 394,
1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000, or a number between any
two of these values, wells. Each well can contain 4 types of oligonucleotides, possibly
mcluding the aniversal sequence (US) and three additional types of oligonucleotides.
Fach additional tvpe of oligomucleotides can include an optical label with an optical
moicty, for example a fluorophore or a chromophore, on the 37 end. The three additional
tvpes of oligonucleotides encode a cellular label part. In some embodiments, cach well
can contain, or contain about, 1, 2,3, 4,5, 6,7, 8,9, 104, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 30, 40, 50, 60 70, 80, 90, 100, 1600, or a number of range between any two of these
values, additional types of oligonucleotides. Each type of oligonucleotides can be, or can
be about, 1, 2, 3,4,5,6,7, 8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, 10000, or a
number or a range between any two of these values, nucleotides 1n length. Each celiular
part can be, or can be about, 1, 2,3, 4,5, 6,7, 8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
1000, or a number or a range between any two of these values, nucleotides i length.

18355} The first type of oligonucleotide each can inchude linker 1, followed by
part 2 of the cellular label {1 of 96, for example), followed by another linker sequence
(linker 2). Linker 2 can be, orcanbe about, 1,2, 3,4, 5, 6,7, 8, 9, 10, 20, 30, 40, 50, 60,
70, 80, 90, 100, 1000, 10000, or a number or a range between any two of these values,
nucleotides in length.

16336} The sccond type of oligonucleotides cach can include a duplex
structure that contains a strand complementary to OL4 with a small 57 extension, and a
shorter strand complementary to the extension on the longer strand. The shorter strand
can include an optical label with an optical moicty, for example a fluorophore or a
chromophore, on the 3° end. In some embodiments, the optical label is on the 5’s end, or
netther 57s end nor 3's end. The optical iabel can be, or can be about, 1, 2, 3,4,5,6,7, 8,
9, 10, 20, 30, 40, 30, 60, 70, 80, 90, 100, 1000, 2000, 3000, 4000, 5000, 6000, 7000,
%000, 9000, 10000, or a number or a range between any two of these values, nucleotides

i fength. The optical moiety can be selected from a group of spectrallv-distinct optical
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moietics. Spectrally-distingt  optical moieties  include  optical moteties  with
distinguishable emission spectra even if the emission spectral may overlap.

163587} The third type of oligonuclcotides cach can mclude a duplex structure
that containg a strand complementary to OLS with a small 537 extension, and a shorter
strand complementary to the extension on the longer strand. The shorter sirand can
include an optical label with an optical moiety, for example a fuorophore or a
chromophore, on the 3° end. In some embodiments, the optical label is on the 5’s end, or
neither 57s end nor 37s end. The optical moiety can be selected from a group of
spectrally-distinct optical moisties.

16358} The fourth type of oligonucleotides cach can include a duplex structure
that containg a strand complementary to OL6 with a small 57 extension, and a shorter
strand complementary to the extension on the longer strand. The shorter strand can
include an optical label with an optical moiety, for example a fuorophore or a
chromophore, on the 3° end. In some embodiments, the optical label is on the 5’s end, or
neither 57s end nor 37s end.  The optical moiety can be selected from a group of
spectrally -distinct optical moieties.

16359} After the synthetic particles are distributed across 96 wells of the
second plate and hybridize to ohgonucleotides i each well, a polvmerase such as a DNA
polvmerase and a ligase such as a DNA ligase can be mtroduced into each well. DNA
polymerase can extend the universal sequence with cellular label part 2 and linker 2
sequences.  DNA ligase can covalently attach the optical moicties onto the OL
oligonucleotides.

[3360] At the third encoding step including pool and third split, synthetic
particles from all the wells of the second plate can be pooled, and sphit mto cach of the 96
wells of a third plate. In some embodiments, the third plate can include 96, 394, 1000,
2400, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000, or a number between any two of
these values, wells. Each well can contain 4 types of oligonucleotides, possibly including
the umiversal sequence (US) and three additional types of oligonucleotides. Each
additional type of ohigonucleotides can include an optical label with an optical moiety, for
example a flusrophore or a chromophore, on the 37 end. The three additional types of
oligonucleotides encode a cellular label part.  In some embodiments, cach well can
contain, or contain about, 1,2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,

30, 40, 50, 60 70, 80, 90, 100, 1000, or a number of range between any two of these
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values, additional types of oligonucleotides. Each type of oligonucleotides can be, or can
be about, 1. 2. 3.4, 5, 6,7, &, 9,10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, 10000, or a
number or a range between any two of these values, nucleotides in length. Each cellular
part can be, or can be about, 1, 2,3,4,5, 6,7, 8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
1600, or a number or a range between any two of these values, nucleotides in length.

6361} The first type of oligonucleotide each can include linker 2, followed by
part 3 of the cellular label {1 of 96), followed bv molecular index (randomers) and
oligo{dA}. The molecular index can be, or can be about, 1, 2,3, 4,5 6,7, 8,9 10, 20,
30, 40, 50, 60, 70, 80, 90, 100, 1000, 10000, or a number or a range between any two of
these values, nucleotides in fength. The oligo{dA) can be, or can be about, 1, 2, 3,4, 5, 6,
7,8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, 10000, or a number or a range
between any two of these values, nucleotides in length.

16362} The second type of oligomucleotides cach can include a duplex
structure that contains a strand complementary to OL7 with a small 57 extension, and a
shorter strand complementary to the extension on the longer strand. The shorter strand
can melude an optical label with an optical moiety, for example a flucrophore or a
chromophore, on the 3° end. In some cmbodiments, the optical label is on the 57s end, or
neither 37s end nor 37s end. The optical label can be, orcan be about, 1,2, 3,4, 3,6, 7, 8,
9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9000, 10000, or a number or a range between any two of these values, nuclectides
m length. The optical moiety can be selected from a group of spectrallv-distinct optical
moteties. Spectrally-distinet  optical moieties include optical moieties  with
distinguishable emission spectra even if the emission spectral may overlap.

16363} The third type of oligonucleotides cach can mclude a duplex structure
that contains a strand complementary to OLE with a small 7° extension, and a shorter
strand complementary to the extension on the longer strand. The shorter strand can
include an optical label with an optical moeiety, for example a fuorophore or a
chromophore, on the 3° end. In some embodiments, the optical label is on the 5’s end, or
netther 37s end nor 37s end.  The optical moiety can be selected from a group of
spectrally-distinct optical moieties,

63364} The fourth tvpe of oligonucleotides cach can include a duplex structure
that contains a strand complementary to OLY with a small §° extension, and a shorter

strand complementary to the extension on the longer strand. The shorter strand can
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mnchude an optical label with an optical moiety, for example a flaorophore or a

chromophore, on the 3° end. In some embodiments, the optical label is on the 5’s end, or

neither 57s end nor 3's end. The optical moiety can be sclected from a group of
spectrallv-distinct optical moieties.

[6365] After the synthetic particles are distributed across 96 wells of the third
plate and hybridize to oligomucleotides in each well, a polvmerase such as a DNA
polvmerase and a ligase such as a DNA ligase can be introduced into cach well. DNA
polymerase can extend the universal sequence with cellular label part 3 sequence. DNA
ligase can covalently attach the optical moiety onto the OL oligonuclectides.

[6366] At the i" encoding step including pool and second split, svnthetic
particles from all the wells of the (i-1)" plate can be pooled, and split into each of the 96
wells of a ™ plate. In some embodiments, the it plate can inclade 96, 394, 1000, 2000,
3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000, or a mumber between any two of these
values, wells. Each well can contain m tvpes of oligonucleotides, possibly including the
universal sequence (US) and j additional types of oligonucieotides. Each additional type
of oligonucleotides can include an optical label with an optical moiety, for example a
fluorophore or a chromophore, on the 3° end. The optical moicty can be part of an
oligonucleotide. The j additional types of oligonucleotides encode a cellular label part.
In some embodiments, each well can contain, or contain about, 1, 2, 3,4, 5,6, 7, 8, 9, 10,
P1, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 30, 60 70, 80. 90, 100, 1000, or a number of
rangc between any two of these values, additional types of oligonucleotides. Each type of
oligonucleotides can be, orcan be about, 1,2, 3,4, 5,6, 7. &, 9, 10, 20, 30, 40, 50, 60, 70,
%0, 90, 100, 1000, 10000, or a number or a range between any two of these values,
nucleotides in length. Fach cellular part can be, orcan be about, 1, 2, 3, 4, 5,6, 7, 8, 9,
10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, or a number or a range between any two of
these values, nucleotides m length.

6367} The first type of oligonuclestide cach can include linker (i-1), followed
by part 1 of the cellular label (1 of 96, for example), followed by another linker sequence
{linker 13, Linker 1 and hinker (i-1) can be, or can be about, 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 20,
30, 40, 50, 60, 70, 80, 90, 100, 1000, 10000, or a mumber or a range between any two of
these values, nucleotides in length.

[6368] Fach of the | additional tvpes of oligonucleotides can include a duplex

structure that contains a strand complementary to OLm with a small 57 extension, and a
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shorter strand complementary to the estension on the longer strand. The shorter strand
can inglude an optical label with an optical moiety, for example a flucrophore or a
chromophore, on the 3° end. In some cmbodiments, the optical label is on the 57s end, or
neither 37s end nor 3’s end. The optical label can be, or can be about, 1, 2,3, 4,5,6, 7, 8,
9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, 2000, 3000, 4000, 53000, 6000, 7000,
8000, 9000, 10000, or a number or a range between any two of these vahues, nuclectides
in length. The optical motety can be selected from a group of k spectrallv-distinct optical
moteties. Spectrally-distinet  optical  moicties include optical moieties with
distinguishable emission spectra even if the emission spectral may overlap.

16369} After the synthetic particles are distributed across 96 wells of the i
plate and hybndize to oligonucieotides 1 each well, a polymerase such as a DNA
polvmerase and a ligase such as a DNA ligase can be mtroduced nto each well. DNA
polymerase can extend the universal sequence with celiular label part 1 and linker i
sequences.  DNA ligase can covalently attach the optical moictics onto the OL
oligonucleotides. In some embodiments, optical moieties can be added to cach ot the OL
ohigonucleotides by polymerase extension with optical moietics labeled nucleotides. For
an optical barcode comprising n optical labels, possibly encoded by i encoding steps each
with j additional types of ohigonucleotides, each selected from a group of k spectrally-
distinet optical moieties, the optical barcode can represent K* = k' ™/ unigque cellular labels.

16374 In some embodiments, the first encoding reaction with coupling of
(081-3 and 1 of the 96 cell label part 1 can be achicved by an enzymatic process. {n some
embodiments, the first encoding reaction can be mcorporated in the lithography process.
Instead of generating 1 type of core svnthetic particle with lithography, 96 types of
svnthetic particles can be gencrated by lithography. The umiversal sequence can be
replaced by one of the 96 ‘cell label part 17 oligonucleotides. The corresponding
combination of OS1, 082, and 083 optical moicties can be attached to the synthetic

particles during the lithography process.

Synthetic particie synthesis

3371} In some embodiments, the synthetic particles are generated using
photolithography. In some embodiments, the synthetic particles are generated using stop
flow bthography. To generate synthetic particles with o OL oligonucleotides, for

example 9 OL oligonucleotides, fabricate a microfluidic device (e.g. PDMS or NOA)
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with n 1nput ports converging to a single channel, leading to 1 output port. In each of the
mput port, feed in a mixture of. for example, Polv{cthyvienc glveol} diacrviate PEGDA.
photoinitiator, 57 acrvdite modified universal sequence (US) oligonucleotide, and 57
acrydite modified OL oligonucleotide (OL1 oligonucleotide for mput port 1, OL2
oligonucleotide for input port 2, ..., OLa oligonucleotide for input port n). Subsequently,
apply pressure at each of the input ports. The n mnputs will form n paralle] streams under
laminar flow regime. Expose a region of the converged channel with, for example, UV
through a photomask with the outline of the shape of the synthetic particle. Upon UV
exposure, PEGDA and acrvdite oligonucleotides can crosslink to form a sclid hydrogel
synthetic particle, with n regions cach with a different OL oligonucleotide arranged side
by side. The synthetic particles can be collected at the output port and used for the

encoding solid supports such for synthetic particles.

Methods for decoding substrates

3372} In some embodiments, the methods can include decoding the sohbid
support. In some embodiments, the method can include decoding the plurality of
synthetic particles. Decoding the plurality of synthetic particles can include detecting the
optical barcode of the plurality of synthetic particles. The methods can include
determuning the locations of the plurality of synthetic particles. Detecting the optical
barcode of cach of the plurality of synthetic particles to determine the location of cach of
the plurality of synthetic particles can include generating an optical image showing the
optical barcodes and the locations of the plurality of synthetic particles.

[6373] The disclosure provides for methods for decoding substrates {e.g.,
arrays) comprising stochastic barcodes.  In some embodiments, the methods comprise
decoding the solid support. In some embodiments, decoding does not rely solely on the
use of optical signatures, for example optical barcodes (although as described herein, the
use of beads with optical signatures can aliow the “reuse” of the decoding probes), but
rather on the use of combinatorial decoding nucleic acids that are added during
adecoding step. Decoding can be performed with sequential  hybndizations.
The decoding nucleic acids can hvbridize cither to a distinet identifier coding nucleic acid
{(identifier probe) that is placed on the beads, or to the bioactive agent itself, for example
when the biocactive agent is a nucleic acid, at least some portion of wiich is single

stranded to allow hybridization to a decoding probe. The decoding nucleic acids can be
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either directly or indirectly labeled. Decoding occurs by detecting the presence of the
label.

3374} The coding nucleic acids {also termed identifier probes (P} or
identifier nucleic acids) can comprise a primer sequence and an adjacent decoding
scquence. Each decoder {ordecoding) probe can comprise a priming sequence
(sometimes referred to herein as an “invariant sequence”}, that can hybridize to the primer
sequence, and at least one decoding nucleotide, generally contained within a vanable
sequence. The decoder probes can be made as sets, with each set comprising at least four
subsets that each have a different decoding mucleotide at the same position iLe. the
detection position, (1.e. adenine, thynudine (or uracil, as desired}, cytosine and guaning),
with each nucleotide at the detection position {detection nucleotide) comprising a unique
label, preferably a fluorophore. The decoder probes can be added under conditions that
allow discrimination of perfect complementarity and mmperfect complementarity. Thus,
the decoding probe that comprises the correct base for basepairing with the coding
nucleotide being nterrogated can hybridize the best. The other decoding probes can be
washed away. The detection of the unigque fluorophore associated with the detection
nucleotide can allow for the identification of the coding nucleotide at that position. By
repeating these steps with a new set of decoding probes that extends the position of the
detection nucleotide by one base, the identity of next coding nucleotide can be elucidated.
Decoding can use a large number of probes. Split and mix combinatorial synthesis can be
used to prepare the decoding probes.

[3375] Panty analysis can be used dunng decoding to mcrease the robustmess
and accuracy of the system. Parity analysis can refer to a decoding step wherein the sigoal
of a particular clement can be analyzed across a plurality of decoding stages. That s,
following at least one decoding step, the signal of an array clement across the decoding
stages can be analyzed. The signal from a particular bead can be evaluated across multiple
stages. Although the analysis can include any parameter that can be obtained from the
signals, such as evaluating the total signal obtained across the stages, the parity of the
signals across the stages can be analyzed.

13376} Parity can refer to the digital or modular readout of signals, 1. odd or
even, when binary signals are used. The digit sum of the signals across a plorality of
stages can be translated into a parnty deternunation. The parity determination can be

usefild in evaluating the decoding process. For example, codes can be designed to have an
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odd number of a particular signal, for example a red signal, when viewed across all stages
or decoding steps, or a pre-determined phurality of stages or decoding steps. The detection
of an even number of red stages can provide an indication that an crror has occurred at
some pomnt in decoding. When this result 1s obtained, the faulty code can either be
discarded, or the analysis repeated.

16377} The disclosure provides for mtroducing a “redundant stage” into
the decoding system. A redundant stage can refer to a stage that serves as a parity check.
That 1s, following the decoding stages, an additional stage can be included to analvze the
parity. This analysis can provide an indication of the competence or validity of
the decoding. When codes are designed with a pre-determined parity, the redundant stage
can be used 1o detect the parity of the signals obtained from the decoding step. The
redundant stage can detect errors 1n parity because if there has been an error in decoding,
the parity detected folowing the redundant stage will be different from the panty
designed into the codes.

3378} In some embodiments, decoding can occur through the use of 8-mer
oligonucleotides stnmg together to create a decoding oligonuacleotide with a few &-mers
on it. The decoding oligonucleotide can comprise at feast 1,2, 3,4, 5,6,7, 8,9, or 10 or
more 8~-mers on it. The decoding oligonucleotide can comprise at most 1, 2, 3,4, 5,6, 7,
8, 9, or 10 or more 8-mers on it. The decoding oligonuclectide can hyvbndize to a few
different stochastic barcodes {e.g., by hybndizing its differcnt 8-mer regions to different
8-mer regions on stochastic barcodes). The decoding oligonucieotide can be fluorescently
labeled, melted off, and sequenced. The decoding oligonucieotides can be fluorescently
labeled in different colors. The decoding oligonucleotides can be flucrescently labeled
with the same color but with various levels of fluorescent ntensity, thercby gencrating a
“gray-scale” map of a probe. Repeating this can provide a solvable map of where cach 8-
mer of a stochastic barcode is n relation to each other. The method can be repeated at
least 1,2,3,4.5,6,7 8,9, or 10 or more times. The method can be repeated at most 1, 2,
3.4,5,6,7, 8,9, or 10 or more times.

3379} In some embodiments, decoding can be performed by sequencing by
synthesis {e.g., using 454 and/or 1on torrent sequencing). Decoding can be performed by
imaging of optically encoded beads. For example, beads can be encoded with quantum
dots or fluorvophores which can be embedded n the beads. The quantum dots or

fluorophores can be used i the decoding process. In some embodiments, the optically
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encoded beads can comprise a dye. The dve can be used to distinguish beads with
different stochastic barcodes. Decoding can occur with the use of physically encoded
solid supports {¢.g., beads). For example, a bead can be patierned or engraved with an
identifier. The identifier can be etched into the bead with a laser or with lithography
methods. In some embodiments, the beads can be physically encoded based on size
and/or shape. Decoding can occur with electronically encoded beads. Decoding can use
an electronic readout to read the electronic wdentificr in the beads. An clectronic identifier
can mclude, for example, an RFID tag, an electrical resistance, and/or an electrical

capacitance.

Diffusion across a substrate

16384} When a sample {c.g., cell} is stochastically barcoded according to the
methods of the disclosure, the cell can be lysed. In some embodiments, lysis of a cell can
result in the diffusion of the contents of the lysis (e.g., cell contents) away from the mitial
location of lysis. In other words, the lysis contents can move into a larger surface arca
than the surface area taken up by the cell.

06381} Diffusion of sample lvsis mixture {¢.g., comprising targets) can be
modulated by vanous parameters including, but not limited to, viscosity of the lysis
mixture, temperature of the lysis mixture, the size of the targets, the size of physical
barriers in a substrate, the concentration of the lysis mixture, and the like. For example,
the temperature of the lysis reaction can be performed at a temperature of at least 1, 2, 3,
4,5, 10, 15, 20, 25, 30, 35, or 40 C or more. The temperature of the lysis reaction can be
performed at a temperature of at most 1, 2, 3, 4, 5, 10, 15, 28, 25, 30, 35, or 40 C or more.
The viscosity of the lysis nuxture can be altercd by, for cxample, adding thickening
reagents {e.g., glveerol, beads) to slow the rate of diffusion. The viscosity of the lysis
mixture can be altered by, for example, adding thinning reagents {¢.g., water) to mcrease
the rate of diffusion. A substrate can comprise physical barriers {e.g., wells, microwells,
nucrohills) that can alter the rate of diffusion of targets from a sample. The concentration
of the Ivsis mixture can be altered to increase or decrease the rate of diffusion of targets
from a sample. The concentration of a lvsis mixture can be increased or decreased by at
least 1,2, 3.4, 5,6,7, 8 or 9 or more fold The concentration of a lysis mixture can be

mcreased or decreased by atmost 1,2, 3,4, 5,6, 7, &, or 9 or more fold.
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3382} The rate of diffusion can be increased. The rate of diffusion can be
decreased. The rate of diffusion of a lysis mixture can be mereased or decreased by at
least 1,2, 3,4,5,6,7, 8,9, or 10 or more fold compared to an un-altered fysis mixture.
The rate of diffusion of a lvsis mixture can be increased or decreased by at most 1, 2, 3, 4,
5.6,7, 8 9, or 10 or more fold compared to an un-altered lysis mixture. The rate of
diffusion of a lvsis mixture can be increased or decreased by at least 10, 20, 30, 40, 50,
60, 70, 80, 90 or 100% compared to an un-altered tvsis nuxture. The rate of diffusion of a
lysts mixture can be increased or decreased by at least 10, 20, 30, 40, 58, 60, 70, 80, 90 or

160% compared to an un-altered lysis mixture.

Sample imacing

[6383] The disclosure provides for compositions, methods, kits, and systems
for identifying the spatial location of nucleic acids in a target from a sample. Figure 12
dlustrates an exemplary embodiment of the homopolymer tailing method of the disclosure
The disclosure provides for a substrate 1210 comprising a plurality of probes 1208
attached to the surface of the substrate. The substrate 1210 can be a microarray. The
plurality of probes 1208 can comprise an ohigo(dT). The plurality of probes 1208 can
comprise a gene-specific sequence. The plurality of probes 105 can comprise a stochastic
barcode. A sample {e.g., cells) 1215 can be placed and/or grown on the substrate 1218
The substratc comprising the sample can be analyzed 12286, for example by imaging
and/or tmnnunohistochenustry. The sample 1215 can be lvsed 1223 on the substrate 12160
The nucleic acids 1238 from the sample 1215 can associate (e.g., hyvbridize) with the
plurality of probes 1285 on the substrate 1218, In some cmbodiments, the nucleic acids
1238 can be reverse transcribed, homopolymer tailled, and/or amplified {c.g., with bridge
amplification). The amplified nucleic acids can be mterrogated 1235 with detection
probes 1248 (c.g., fhuorescent probes). The detection probes 1248 can be gene-specific
probes. The location of binding of the detection probes 1240 on the substrate 1218 can be
correlated with the image of the substrate, thereby producing a map that indicates the
spatial location of nucleic acids i the sample.

3384} In some embodiments, the methods of the disclosure can comprnse
making 1245 a replicate 1246 of the original substrate 1218, The replicate substrate 1246
can comprise a plurality of probes 1231, The plurality of probes 1231 can be the same as

the plorality of probes 1205 on the original substrate 1218, The plurality of probes 1231
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can be different than the plurality of probes 1205 on the original substrate 1218, For
example, the plurality of probes 1285 can be oligo{dT) probes and the plurality of probes
1231 on the replicate substrate 1246 can be gene-specific probes. The replicate substrate
can be processed like the original substrate, such as with mterrogation by detection {c.g.,

fluorescent) probes.

Data analysis and displav software

Daia analysis and visualization of spatial resolution of fargeis

[3385] The disclosure provides for methods for estimating the number and
position of targets with stochastic barcoding and digital counting using spatial labels. The
data obtained from the methods of the disclosure can be visualized on a map. A map of
the nmumber and location of targets from a sample can be constructed using nformation
generated using the methods described herein. The map can be used to locaie a physical
location of a target. The map can be used to identify the location of multiple targets. The
multiple targets can be the same species of target, or the multiple targets can be multiple
different targets. For example a map of a brain ¢can be constructed to show the digital
count and location of multiple targets.

[6386] The map can be generated from data from a single sample. The map
can be constructed using data from multiple samples, thereby generating a combined map.
The map can be constructed with data from tens, hundreds, and/or thousands of samples.
A map construcied from multiple samples can show a distribution of digital counts of
targets associated with regions common to the multiple samples. For example, replicated
assays can be displaved on the same map. Atleast 1,2, 3,4, 5.6, 7. 8,9, or 10 or more
replicates can be displaved (c.g., overlaid) on the same map. Atmost 1,2, 3,4, 5,6, 7,8,
9, or 10 or more rephicates can be displaved (e.g., overlaid) on the same map. The spatial
distribution and number of targets can be represented by a vanety of statistics,

{6387} Combining data from multiple samples can increase the locational
resolution of the combined map. The oriertdation of multiple samples can be registered by
common landmarks, wherein the individual locational measurements across samples are
at least n part non-contiguous. A particular example is sectioming a sample using a
microtome o one axis and then sectioning a second sample along a different access. The

combined dataset will give three dimensional spanal locations associated with digital
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counts of targets. Multiplexing the above approach will allow for high resolution three
dimensional maps of digital counting statistics.

16388} In some embodiments of the instroment system, the systerm will
comprise computer-readable media that includes code for providing data analysis for the
sequence datascis generated by performing single cell, stochastic barcoding assays.
Examples of data analysis functionality that can be provided by the data analysis software
include, but arc not limited to, (1} algorithms for decoding/demultiplexing of the sample
label, cellular label, spatial label, and molecular label, and target sequence data provided
by sequencing the stochastic barcode library created in nunning the assay, (1} algorithms
for deternuning the number of reads per gene per cell, and the number of unique transcript
molecules per gene per cell, based on the data, and creating summary tables, (i)
statistical analysis of the sequence data, ¢.g. for clustering of cells by gene expression
data, or for predicting confidence intervals for determinations of the number of transcript
molecules per gene per cell, et () algorithms for identifving sub-populations of rare
cells, for example, using principal component analysis, hierarchical clustering, k-mean
clustering, self-organizing maps, neural networks etc., (v} sequence alignment capabibities
for alignment of gene sequence data with known refercnce sequences and detection of
mutation, polymorphic markers and splice vanants, and (vi} astomated clustering of
molecular labels to compensate for amphification or scquencing errors.  In some
embodiments, commercialiy-available software can be used to perform all or a portion of
the data analysis, for example, the Seven Bridges (htips:/www sbgenomics.cony/}
software can be used to compile tables of the number of copies of one or more genes
occurring in ¢ach cell for the entire collection of cells. In some embodiments, the data
analysis software can include options for outputting the sequencing results in usetul
graphical formats, ¢.g. heatmaps that indicate the number of copies of one or more genes
occurring in each cell of a collection of cells. In some embodiments, the data analysis
software can further comprise algorithms for extracting biological meaning from the
sequencing results, for example, by correlating the number of copies of one or more genes
occurring in each cell of a collection of cells with a type of cell, a type of rare cell, or a
cell derived from a subject having a specific discase or condition. In some embodiment,
the data analysis software can further comprise algorithms for comparing populations of

cells across different biological samples.
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3389} In some embodiments all of the data analysis functionality can be
packaged within a single software package. In some embodiments, the complete set of
data analysis capabilitics can comprise a suitc of software packages. In some
embodiments, the data analysis sofiware can be a standalone package that 15 made
available to users independently of the assay mstrument system.  In some embodiments,
the software can be web-based, and can allow users to share data.

[G384] In some embodiments all of the data analysis functionality can be
packaged within a single software package. In some embodiments, the complete set of
data analysis capabiliiecs can comprise a suite of software packages. In some
embodiments, the data analysis software can be a standalone package that is made
available o users independently of the assay instrument system. In some embodiments,

the software can be web-based, and can allow users to share data.

SVSIEm processors and networks

3391} In general, the compuier or processor included in the presently
disclosed instrument systems, as illustrated in Figare 13, can be further understood as a
logical apparatus that can read instructions from media 1311 or a network port 1305,
which can optionally be connected to server 1309 having fixed media 1312, The system
1308, such as shown in Figure 13 can include a CPU 1301, disk drives 1363, optional
nput devices such as kevboard 1315 or mouse 1316 and optional monitor 1307, Data
communication can be achieved through the indicated communication medium to a server
at a local or a remote location. The communication medium can include any means of
transmitting or receiving data. For example, the communication medium can be a network
comnection, a wireless connection or an iniemet connection. Such a connection can
provide for communication over the World Wide Web. It is envisioned that data relating
to the present disclosure can be transmitted over such networks or comnections for
reception or review by a party 1322 as illustrated in Figure 13

6392} Figure 14 illustrates an exemplary embodiment of a first example
architecture of a computer sysiem 1400 that can be used m connection with example
embodiments of the present disclosure. As depicted in Figure 14, the example computer
svstem can nciude a processor 1482 for processing instructions. Noun-limiting examples
of processors include: Intel XeonTM processor, AMD Opteron™ processor, Samsung 372-

bit RISC ARM 117612(F}-5 vio™ processor, ARM Cortex-A8 Samsung S5PCI00TM
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processor, ARM Cortex-A8 Apple A4TM processor, Marvell PXA 930TM processor, or a
functionally-equivalent processor. Multiple threads of execution can be used for parallel
processing. fn some embodiments, multiple processors or processors with multiple cores
can also be used, whether 1 a single computer svstem, in a cluster, or distributed across
systems over a network comprising a plarality of computers, cell phones, or personal data
assistant devices.

[(3383] As dlustrated i Figure 14, a high speed cache 1404 can be connected
to, or incorporated in, the processor 1482 to provide a high speed memory for instructions
or data that have been recently, or are frequently, used by processor 1402, The processor
1402 is connected to a north bridge 1496 by a processor bus 1408, The north bridge 1406
is connected to random access memory (RAM) 1418 by a memory bus 1412 and manages
access to the RAM 1418 by the processor 1402, The north bridge 1486 15 also connected
to a south bridge 1414 by a chipset bus 1416, The south bridge 1414 is, in turn, connected
to a pernpheral bus 1418. The peripheral bus can be, for example, PCL, PCI-X, PCH
Express, or other peripheral bus. The north brnidge and south bridge are often referred to
as a processor chipset and manage data transfer between the processor, RAM, and
peripheral components on the penpheral bus 118, In some alternative architectures, the
functionality of the north bridge can be incorporated into the processor mstead of using a
separate north bridge chip.

16394} In some embodiments, system 1480 can inchude an accelerator card
1422 attached to the peripheral bus 1418, The accelerator can include field programmable
gate arrays (FPGAs) or other hardware for accelerating certain processing. For example,
an accelerator can be used for adaptive data restructuning or to evaluate algebraic
cxpressions used in extended sct processing.

[6395] Software and data are stored in external storage 1424 and can be
loaded into RAM 1418 or cache 1484 for use by the processor. The system 1480 includes
an operating system for managing system resources; non-limiting examples of operating
systems include: Linux, Windows'™, MACGS™, BlackBerry OS™. i08™, and other
functionally-equivalent operating systems, as well as application software running on top
of the operating system for managing data storage and optimization in accordance with
example cmbodiments of the present invention.

6396} In this example, system 1400 also includes network interface cards

(NICs) 1420 and 1421 connected to the peripheral bus for providing network interfaces to
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external storage, such as Network Attached Storage (NAS) and other computer systems
that can be used for distributed parallel processing,

16397} Figure 15 illustrates an exemplary diagram showing a network 1506
with a plurality of computer systems 15302a, and 1502b, a pluralitv of cell phones and
personal data assistants 1582¢, and Network Attached Storage (NAS) 1504a, and 1584b.
In example embodiments, systems 1512a. 1512b, and §1512¢ can manage data storage and
optimize data access for data stored in Network Attached Storage (NAS) 1514a and
1514b. A mathematical model can be used for the data and be evaluated using distributed
paraliel processing across computer systems 15312a. and 1512b, and cell phone and
personal data assistant systerns 15812¢. Computer systems 1512a, and 1512b, and cell
phone and personal data assistant svstems 151 2¢ can also provide paratlel processing for
adaptive data restructuring of the data stored in Network Attached Storage (NAS) 1514a
and 1514k, Figure 15 illustrates an example only, and a wide varety of other computer
architectures and systems can be used in conjunction with the various embodiments of the
present mvention, For example, a blade server can be used to provide parallel processing.
Processor blades can be connected through a back plane to provide parallel processing.
Storage can also be connected to the back plane or as Network Attached Storage (NAS)
through a separate network interface.

{3398} In some example embodiments, processors can maintain separate
memory spaces and transmut data through network interfaces, back plane or other
connectors for parallel processing by other processors. in other embodiments, some or all
of the processors can use a shared virtual address memory space.

[(3399] Figure 16 illustrates an exemplary a block diagram of a multiprocessor
computer system 1606 using a shared vutual address memory space 1 accordance with
an example embodiment. The svstem includes a plurality of processors 1662a-f that can
access a shared memory subsystern 1664, The system incorporates a plurality of
programmable hardware memory algorithm processors (MAPs) 1606a-f in the memory
subsystem 1664, Fach MAP 1606a-f can comprise a memory 1608a-f and onc or more
field programmable gate arrays (FPGAs) 1618a-f The MAP provides a configurable
functional unit and particular algorithms or portions of algonthms can be provided to the
FPGAs 1610a-f for processing in close coordination with a respective processor. For
example, the MAPs can be used to evaluate algebraic expressions regarding the data

model and to perform adaptive data restructuring in example embodiments. In this
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example, each MAP is globally accessible by all of the processors for these purposes. In
one configuration, each MAP can use Direct Memory Access (DBMA) to access an
associated memory 308a-f, allowing it to cxecute tasks independently of, and
asvochronously from, the respective microprocessor 382a-f. In thus configuration, a MAP
can feed results directly to ancther MAP for pipelining and parallel execution of
algorithms.

[G400] The above computer architectures and systems are examples only, and
a wide variety of other computer, cell phone, and personal data assistant architechires and
systems can be used in connection with example embodiments, mchiding systems using
any combination of general processors, co-processors, FPGAs and other programmable
logic devices, svstem on chips (SOLs), application specific integrated circuits (ASICs),
and other processing and logic elements. In some embodiments, all or part of the
compuier system can be implemented in software or hardware. Any variety of data
storage media can be used m connection with example embodiments, including random
access memory, hard drives, flash memory, tape dnives, disk arrayvs, Network Attached
Storage (NAS) and other local or distributed data storage devices and systems.

0401} in cxample cmbodiments, the computer subsystermn of the present
disclosure can be mmplemented using software modules executing on any of the above or
other computer architectures and systems. In other embodiments, the functions of the
system can be implemented partially or completely in firmware, programmable logic
devices such as field programmable gate arravs (FPGAs), system on chips (50Ls),
apphication specific mtegrated circuits (ASICs), or other processing and logic elements.
For example, the Set Processor and Optimizer can be implemented with hardware

acceleration through the use of a hardware accelerator card, such as accelerator card.

Kits

[G402] Disclosed herein are kits for performing single cell, stochastic
barcoding assays. The kit can comprise one or more substrates {¢.g., microwell array),
either as a free-standing substrate (or chip) comprising one or more microwell arrays, or
packaged within one or more flow-cells or cartridges, and one or more schd support
suspensions, wherein the individual solid supports within a suspension comprise a
plurality of attached stochastic barcodes of the disclosure. In some embodiments, the kit

can further comprise a mechanical fixtare for mounting a free-standing substrate in order
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to create reaction wells that facilitate the pipetting of samples and reagents into the
substrate. The kit can further comprise reagents, ¢.g. bysis buffers, rinse buffers, or
hybridization buffers, for performing the stochastic barcoding assay. The kit can further
comprise reagents {¢.g. enzvmes, primers, or buffers) for performing nucleic acid
extension reactions, for example, reverse transcription reactions.  The kit can further
comprise reagents {(C.g. enzvmes, universal primers, sequencing primers, target-specific
primers, or buffers) for performing amplification reactions to prepare sequencing
librartes. The kit can comprise reagents for performing the label hithography method of
the diselosure {e.g., pre-spatial labels and reagents for activating the activatable consensus
sequence).

[3403] The kit can comprise ong or more molds, for example. molds

comprising an array of micropiliars, for casting substrates {e.g., microwell arrays}, and

one or more solid supports {e.g., bead), wherein the individual beads within a suspension
comprise a plurality of attached stochastic barcodes of the disclosure. The kit can further
comprise a material for use in casting subsirates {e.g. agarose, a hydrogel, PDMS, and the
like}.

[0404] The kit can comprise one or more substrates that are pre-loaded with
solid supports comprising a plurality of attached stochastic barcodes of the disclosure. In
some embodiments, there can be on solid support per microwell of the substrate. In some
embodiments, the plurality of stochastic barcodes can be attached directly to a surface of
the substrate, rather than to a solid support. In any of these embodiments, the one or more
microwell arrayvs can be provided in the form of free-standing substrates (or chips), or
they can be packed m flow-cells or cartridges.

16405} in some embodiments of the disclosed kits, the kit can comprise one or
more cartridges that incorporate one or more substrates. In some embodiments, the one or
more cartridges can further comprise one or more pre-loaded sohid supports, wherein the
individual solid supports within a suspension comprise a plurality of attached stochastic
barcodes of the disclosure. o some embodiments, the beads can be pre-distributed into
the one or more microwell arrays of the cartridge. In some embodiments, the beads, in
the form of suspensions, can be pre-loaded and stored within reagent wells of the
cartridge. In some embodiments, the one or more cartridges can further comprise other

assay reagents that are pre-loaded and stored within reagent reservoirs of the cartridges.
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3406} Disclosed herein are kits for performing spatial analvsis of nucleic
acids in a sample. The kit can comprise one or more substraies (e g., array) of the
disclosure, cither as a free-standing substrate {or chip} comprising one or more arrayvs.

¢ array can comprise probes of the disclosure. The kit can comprise one or more
replicate arrays of the disclosure. The replicate arrays can comprise either gene-specific
or oligo{dT)/poly(A) probes.

[G407] The kit can further comprise reagents, ¢.g. lysis buffers, rinse buffors,
or hybridization buffers, for performing the assay. The kit can further comprise reagenis
{c.g. enzymes, primers, dNTPs, NTPs, RNase inhibitors, or buffers) for performing
nucleic acid extension reactions, for example, reverse transcription reactions and primer
extension reactions. The kit can further comprise reagents (e.g. enzyvmes, universal
primers, sequencing primers, farget-specific primers, or buffersy for performing
amplification reactions to prepare sequencing bibraries. The kit can comprise reagents for
homopolymer tailing of molecules (¢.g., a ternunal transferase enzyme, and dNTPs). The
kat can comprise reagents for, for example, any enzymatic cleavage of the disclosure (e.g.,
Exol nuclease, restriction enzyme).

16408} Kits can gencrally mclude instructions for carrving out onc or more of
the methods described herein. Instructions mcluded in kits can be affixed to packaging
material or can be incloded as a package msert. While the instructions are typically
written or printed materials they are not limited to such. Any medium capable of storing
such instructions and communicating them to an end user is contemplated by the
disclosure. Such media can include, but are not limited to, electronic storage media (e.g.,
magoetic discs, tapes, cartridges, chips), optical media {c.g., {D ROM), RF tags, and the
fike. As used herein, the term “instructions” can include the address of an mtemet site that

provides the instructions.

Bevices
Flow cells

3409} The microwell array substrate can be packaged within a flow cell that
provides for convement interfacing with the rest of the flud handling system and
facilitates the exchange of fluids, ¢.g. coll and solid support suspensions, lysis buffers,
rinse butfers, etc., that are delivered to the microwell array and/or emulsion droplet.

Design features can include: (1) one or more inlet ports for introducing cell samples, solid
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support suspensions, or other assay reagents, {11} ong or more microwell array chambers
esigned to provide for uniform filling and efficient fluid-exchange while minimizing
back cddics or dead zones, and (111} one or more outlet ports for delivery of fluids to a
sample collection point or a waste reservoir. The design of the flow cell can mclude a
plurality of microarray chambers that interface with a phurality of microwell arrays such
that onc or more different cell samples can be processed in paraliel. The design of the
flow cell can further include features for creating uniform flow velocity profiles, 1.e. “plug
How™, across the width of the array chamber to provide for more uniform delivery of cells
and beads to the mucrowells, for gxample, by using a porous barrier located near the
chamber mlet and upstream of the microwell array as a “flow diffuser”, or by dividing
cach array chamber into several subsections that coliectively cover the same total array
area, but through which the divided inlet fhud stream flows m parallel  In some
embodiments, the flow ccll can enclose or imcorporate more than one microwell array
substrate. In some embodiments, the integrated microwell array / flow cell assembly can
constitute a fixed component of the system. In some embodiments, the microwell
array/flow cell assembly can be removable from the instrument.
3410} in gencral, the dimensions of tluid channels and the array chamber(s)
m flow cell designs will be optimized to (3} provide uniform delivery of cells and beads to
the microwell array, and (1) to munimize sample and reagent consumption. In some
embodiments, the width of fluid channels will be between 50 um and 20 mm. In other
embodiments, the width of fluid channcls can be at least 30 um, at least 100 um, at least
200 um, at least 300 um, at least 400 um, at least 500 um, at least 750 uwm, at least | mm,
at least 2.5 mm, at least 5 mum, at least 10 mmy, at least 20 mum, at least 50 mm, at least 100
ram, or at least 150 mm. In vet other embodiments, the width of fluid channels can be at
most 1530 nun, at most 100 mam, at most 30 mm, at most 20 mm, at most 10 mm, at most 5
miv, ab most 2.5 mm, at most T mm, at most 750 um, at most 500 um, at most 400 om, at
most 300 um, at most 200 um, at most 100 um, or at most 50 um. In one embodiment, the
width of fluid channels is about 2 mm. The width of the fluid channels can fall within
any range bounded by any of these values {e.g. from about 250 um to about 3 mm).
3411} In some embodiments, the depth of the fluid channels will be between
36 um and 2 mm. In other embodiments, the depth of fhud channels can be at least 50
wm, at least 100 um, at least 200 um, at least 300 um, at least 400 wm, at least 500 um, at

feast 750 wm, af feast 1 mm, at feast 1.25 mm, at feast 1.5 mun, af least 175 mm, or at
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least 2 mm. In vet other embodiments, the depth of fluid channels can at most 2 mm, at
most 1.75 mam, at most 1.5 mm, at most 1.25 mm, at most I mm, at most 750 um, at most
500 um, at most 400 um, at most 300 um, at most 200 um, at most 100 um, or at most 50
um. In one embodiment, the depth of the fluid channels 18 about 1 mm. The depth of the
fluid channels can fall within any range bounded by any of these values {¢.g. from about
800 wm to about 1 mum).

[G412] Flow cells can be fabricated using a varety of techniques and materials
known to those of skill in the art. In general, the flow cell will be fabricated as a separate
part and subsequently either mechanically clamped or permanently bonded to the
microwell array substrate.  Examples of suitable fabnication techniques imnclude
conventional machining, CNC machining, injection molding, 3D prnting, alignment and
lamination of one or more layers of laser or die-cut polymer films, or any of a number of
microfabrication techniques such as photolithography and wet chemical eiching, dry
ctching, decp reactive ion ctehing, or laser micromachining. Once the flow cell part has
been fabricated 1t can be attached to the nucrowell array substrate mechanically, e.g. by
clamping it agammst the microwell array substrate (with or without the use of a gasket), or
it can be bonded directly to the microwell array substrate using any of a variety of
technigues {depending on the choice of matenals used) known to those of skill in the art,
for example, through the use of anodic bonding, thermal bonding, or any of a variety of
adhesives or adhesive films, mchiding epoxy-based, acrvhic-based, silicone-based, UV
curable, polyurethane-based, or cyanoacrvlate-based adhesives.

3413} Flow cells can be fabricated using a vanety of materials known to
those of skill in the art. In general, the choice of material used will depend on the choice
of fabrication techiuque used, and vice versa. Examples of suitable matenials include, but
are not boted to, silicon, fused-silica, glass, any of a vanety of polymers, e.g.
polvdimethylsiloxang  (PDMS;  elastomer),  polymethyimethacrvlate  (BMMA),
polyvcarbonate (PC), polypropylene (PP), polyethvlene {(PE), high density polyethylene
(HDPE), polyinude, cyclic olefin polvmers {(COP), cyclic olefin copolyvmers (COL),
polyethviene terephthalate (PET), epoxy resins, metals (e.g. aluminum, stainless steel,
copper, nickel, chromium, and titanium), a non-stick matenial such as teflon (PTFE), or a

combination of these materials.

Cartridges
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3414} In some embodiments of the system, the sucrowell aray, with or
without an attached flow cell, can be packaged within a consumable cartridge that
mtertaces with the mstrument system. Design features of cartridges can include (1) one or
more inlet ports for creating fluid connections with the instrument or manually
introducing cell samples, bead suspensions, or other assay reagents into the cartnidge, (i)
one or more bypass channels, 1.¢. for self-metering of cell samples and bead suspensions,
to avoid overfilling or back flow, (111} one or more mtegrated microwell array / flow cell
assemblies, or one or more chambers within which the mucroarrav substrate{s) are
positioned, (iv) integrated muniature pumps or other fhnd actuation mechanisms for
controlling fluid flow through the device, (v} integrated mimature valves {(or other
containment mechanisms) for compartmentalizing pre-loaded reagents (for example, bead
suspensions) or controlling fluid flow through the device, {vi) one or more vents for
providing an escape path for trapped air, {vit) ong or more sample and reagent waste
reservoirs, {(vil) one or more outlet ports for creating fluid connections with the
mstrument or providing a processed sample collection point, (1x) mechanical mterface
features for reproductbly positioning the removable, consumable cartridge with respect to
the mmstrument system, and for providing access so that external magnets can be brought
mto close proximity with the microwell amray, (%) integrated temperature control
components or a thermal interface for providing good thermal contact with the matrument
system, and (x1} optical mnterface features, e.g. a transparent window, for use in optical
urterrogation of the microwell array.

341 5] The cartnidge can be designed to process more than one sample in
paraliel. The cartridge can further comprise one or more removable sample collection
chamber(s) that are suitable for interfacing with stand-alone PCR thermal cyclers or
sequencing mmstruments, The cartrnidge itself can be smitable for inierfacing with stand-
alone PCR thermal cyclers or sequencing mstruments. The term “cartridge” as used in this
disclosure can be meant to include any assembly of parts which contains the sample and
beads during performance of the assay.

3416} The cartnidge can further comprise components that are designed to
create physical or chemical barners that prevent diffusion of (or increase path lengths and
diffusion times for) large molecules in order to minimize cross-contamination between
microwells. Examples of such barriers can include, but are not himiated to, a pattern of

serpenting channels used for delivery of cells and solid supports (e.g., beads) to the
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microwell array, a retractable platen or deformable membrane that is pressed into contact
with the surface of the microwell amray sobstrate during lvsis or incubation steps, the use
of larger beads, ¢.g. Sephadex beads as described previously, to block the openings of the
microwells, or the release of an immiscible, hydrophobic fluid from a reservoir within the
cartridge during lysis or incabation steps, to effectively separate and compartmentalize
cach microwcil in the array.

[G417] The dimensions of fluid channels and the array chamber(s) in cartridge
designs can be optimized to (3) provide uniform delivery of cells and beads to the
microwell array, and (i1} to minimize sample and reagent consumption. The width of
fluid channels can be between 50 nucrometers and 20 mm.  In other embodiments, the
width of fhid channels can be at least 30 micrometers, at least 100 nucrometers, at least
200 micrometers, at least 300 micrometers, at icast 400 micrometers, at least 500
micrometers, at feast 750 micrometers, at least 1 mm, at least 2.5 mm, at least 5 mm, at
least 10 mum, or at least 20 mm. In yet other embodiments, the width of fluid channels
can at most 20 rom, at most 10 rom, at most S mm, at most 2.5 mm, at most 1 mm, at most
750 micrometers, at most 300 micrometers, at most 400 mucrometers, at most 300
micrometers, at most 200 micrometers, at most 100 nucrometers, or at most 50
micrometers. The width of fluid channels can be about 2 mm. The width of the fluid
channels can fall within any range bounded by any of these values {e.g. from about 250
um to about 3 mm}).

[G4138] The fluid channels in the cartridge can have a depth. The depth of the
fluid channvels in cartridge designs can be between 50 micrometers and 2 mm. The depth
of fhud channels can be at least 30 micrometers, at least 100 micrometers, at least 200
micrometers, at least 300 micrometers, at least 400 micrometers, at least 300 micrometers,
at least 750 micrometers, at least 1 mm, at least 1.25 num, at teast 1.5 mo, at least 1.75
mm, or at least 2 mm. The depth of fluid channels can at most 2 mm, at most 1.75 mm, at
most 1.5 mm, at most .25 mum, at most 1 mm, at most 750 micrometers, at most 500
micrometers, at most 400 micrometers, at most 300 micrometers, at most 200
micrometers, at most 100 micrometers, or at most 30 micrometers. The depth of the fhnd
channels can be about 1 mm. The depth of the flaid channels can fall within any range
bounded by any of these vahues {e.g. from about 800 micrometers to about 1 mm).

[3419] Carinidges can be fabricated vsing a vanety of techniques and matenals

known to those of skill in the art. In general, the cartridges will be fabricated as a series
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of separate component parts (Figures 17A-C) and subsequently assembled using any of a
number of mechanical assemblies or bonding techniques.  Examples of suitable
fabrication techniques include, but are not limited to, conventional machining, UNC
machinimg, njection molding, thermoforming, and 3D prnting. Once the cartridge
components have been fabricated they can be mechanically assembled using screws,
clips, and the like, or permanently bonded using any of a variety of techniques {depending
on the choice of materials used), for example, through the use of thermal bonding/welding
or any of a variety of adhesives or adhesive films, including epoxy-based, acrvhic-based,
sthicone-based, UV curable, polvurethane-based, or cyvancacrylate-based adhesives.

[06426] Cartridge components can be fabricated using any of a number of
suitable materials, including but not imited to silicon, fused-silica, glass, any of a vanety
of polymers, eg. polvdimethyisiloxane (PDMS; clastomer), polymethyvlmethacrylate
(PMMA)}, polycarbonate (PC), polvpropylens (PP}, polyethylene (PE). high density
polyethvicne (HDPE), polvinide, cyelic olefin polymers (COP), cyclic olefin copolymers
(COL), polvethylene terephthalate (PET), epoxy resing, non-stick materials such as teflon
(PTFE), metals (e.g. alummum, stainless steel, copper, nickel, chromium, and titanium},
or any combination thercof.

[6421] The miet and outlet features of the cartridge can be designed to provide
convenient and leak-proof fluid connections with the instrument, or can serve as open
reservoirs for manual pipetting of samples and reagents nto or ocut of the cartridge.
Examples of convenient mechanical designs for the mnlet and outlet port connectors can
melude, but are not limited to, threaded connectors, Luer lock connectors, Luer slip or
“shp tip” connectors, press fit connectors, and the like. The nlet and outlet ports of the
cartridge can further comprise caps, spring-loaded covers or closures, or polymer
membranes that can be opened or punctured when the cartridge is positioned m the
instrament, and which serve to prevent contamination of internal cartridge surfaces during
storage or which prevent fluids from spilling when the cartridge is removed from the
nstrument.  The one or more outlet ports of the cartridge can further comprse a
removable sample collection chamber that is suitable for interfacing with stand-alone
PCR thermal cyclers or sequencing instruments,

[3422] The cartridge can include mtegrated mimature pumps or other fhuid
actuation mechanisms for control of fhud flow through the device. Examples of suitable

miniature pumps or fluid actuation mechanisms can mclude, but are not limited to,
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electromechanically- or pneumatically-actuated miniature svringe or plunger mechanisms,
membrane  diephragm  pumps actuated pneumatically or by an external piston,
poncumatically-actuated reagent pouches or bladders, or electro~osmotic pumps.

[6423] The cartridge can include minmature valves for compartmentalizing pre-
loaded reagents or controlling fluid flow through the device. Examples of suitable
mamature valves can include, but are not limited to, one-shot “valves” fabricated using
wax or polymer plugs that can be melted or dissolved, or poiymer membranes that can be
ponctured; pinch valves constructed using a deformable membrane and pneumatic,
magoetic, electromaguetic, or clectromechanical (sclenoid) actuation, ong-way valves
constructed using deformable membrance flaps, and mimature gate valves,

16424} The cartridge can include vents for providing an escape path for
trapped air. Vents can be constracted according to a vanety of techniques, for example,
using a porous plug of polyvdimethylsiloxane (PDMS) or other hydrophobic material that
allows for capillary wicking of air but blocks penetration by water.

3425} The mechanical interface features of the carindge can provide for
castly removable but highly precise and repeatable positioning of the cartridge relative to
the mstrument system.  Suitable mechanical interface features can include, but are not
limited to, alignment pins, alignment guides, mechanical stops, and the like. <
mechanical design features can include relief features for bringing external apparatus, e.g.
magnets or optical components, into close proximity with the microwell array chamber
(Figure 178).

3426} The cartndge can also include temperature control components or
thermal nterface features for mating to extemnal termperature control modules. Examples
of suitable temperature control elements can mclude, but arc not hinuted to, resistive
heating elements, mimature mfrared-emitting light sources, Peltier heating or cooling
devices, heat sinks, thermistors, thermocouples, and the like. Thermal interface featores
can be fabricated from maternials that are good thermal conductors {e.g. copper, gold,
sibver, etc.} and can comprise one or more flat surfaces capable of making good thermal
contact with external heating blocks or cooling blocks.

3427} The cartndge can mclude optical interface features for use n optical
imaging or spectroscopic mterrogation of the microwell array. The cartridge can imclude
an optically transparent window, ¢.g. the microwel} substrate itself or the side of the flow

cell or microarray chamber that is opposite the microwell array, fabricated from a material
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that meets the spectral requirements for the mmaging or spectroscopic technigue used to
probe the microwell array. Examples of suitable optical window materials can include,
but are not limited to, glass. fused-silica, polymethylmethacrylate (PMMA),
polvearbonate (PC), cyclic olefin polvmers (COP), or cvelic olefin copolymers (COL).
(6428} While preferred embodiments of the present invention have been
shown and described herein, it will be obvious to those skilled in the art that such
embodiments are provided by way of example only. Numerous variations, changes, and
substitutions will now occur to those skilled m the art without departing from the
mvention. It should be understood that various alternatives to the embodiments of the
mvention described hercin can be emploved m practicing the invention. [t is intended that
the following claims define the scope of the invention and that methods and structures

within the scope of these claims and their equivalents be covered thereby.

EXAMPLES
3429} Some aspects of the cmbodiments discussed above are disclosed
further detail in the following examples, which are not m any way intended to limit the

scope of the present disclosure.

Exampie 1

Methods for determuning the number of distingt targets at spatial locations in a sample

using a spatial label

(34306} The disclosure provides for methods for determining the number of
distinct targets and their distinet spatial locations in a sample using a spatial label on a
stochastic barcode of the disclosure. A tissue thin-shice is separated into sections. The
sections are placed on a substrate in a known way. The sections are placed on a substrate
such that they preserve the physical order of the tissue section. The sections are placed on
a substratec such that they do not preserve the physical order of the tissue section. The
tissue section is contacted with a plurality of solid supports. The tissue section is
contacted with a plorality of solid supports in a known way such that a user knows which
solid support with which spatial label contacted which section. A single solid support can
contact cach section of the tissue thin slice. The solid supports comprise a plurality of
stochastic barcodes. The stochastic barcodes comprise a universal label, a spatial label, a
cellular label, a molecular label, and a target-association region. The tissue thin section is

tmaged with the solid supports. The image captures the physical structure of the tissue
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thin slice and identifics the onentation of the solid supports associated with the tissue thin
stice. For example, solid supports can be etched with an identifier that can be visible in
the moage. The scquence of the spatial label on each of the etched solid supports is pre-
known.

{6431} The targets in the section of the tissue thin shice associate with the
target-association region {e.g ., through their poly{A) tail}. The targets are cross-linked to
the target-association region. The solid supports are removed from the tissue thin scction.
The targets associated with the target-association region are reverse transcribed using a
reverse transcriptase, thereby generating a target-barcode molecule which is a transcript
mcorporating the labels of the stochastic barcode into its polynucleotide sequence. The
target-barcode molecule 1s amplified using polymerase chain reaction. The sequence of
the target-barcode molecule is determined, for example, through sequencing. The
sequence reaction determings the spatial label, the cellular label. the molecular label, and
some or all of the sequence of the target. The number of distinct targets are counted,
wherein the unique occurrences of a specific molecular label indicate a distinet target.
The sequence of the spatial label is used to correlate the namber of the distinct targets
with a position in physical spacc of the tissue thin slice. A map is generated that displays
the location and amount of a disunct target in the tissue thin section. The amount of the

distinct target is displayed as a colorimetric mtensity.

E

Exanmwle 2

Methods for deternuning the number of distinet tareet at a spatial location in a sample

using a timing correlation

10432} The disclosure provides for methods for determining the number of
distinet targets and their distinet spatial locations in a sample using a spatial label on a
stochastic barcode of the disclosure and a timing correlation. A tissue thin-slice is
separated mto sections using a device. The device places the sections on a substrate in a
known way. The sections are placed on a substrate such that thev preserve the physical
order of the tissue section. The sections are placed on a substrate such that thev do not
preserve the physical order of the tissue section.

[3433] In some embodiments, a device takes biopsies of a solid tissue at a
given rate. The device places the biopsy samples on a subsirate at a given location. The

location of the biopsy sample 18 related to the rate at which the device took the biopsy
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samples. This s related to the time the device was in a specific location to take the
biopsy sample,

3434} in either case, the sample/section is contacted with a plurality of solid
supports. The sample/section is contacted with a plurality of solid supports i a known
way such that a user knows which solid support with which spatial iabel contacted which
section. A single solid support can contact each section of the sample/section. The solid
supports comprise a plurality of stochastic barcodes. The stochastic barcodes comprise a
untversal label, a spatial label, a cellular label, a molecular label, and a target-association
region. The sample/section is imaged with the solid supports. The image captures the
physical structure of the tissue thin slice and identifies the orientation of the solid supports
associated with the tissue thin slice. For example, solid supports can be etched with an
identifier that can be visible in the image. The sequence of the spatial label on each of the
giched solid supports is pre-known.

[6435] The targets in the section of the sample/section associate with the
target-association region {(e.g., through their polv(A) tail). The targets are cross-linked to
the target-association region. The solid supports are removed from the sample/section.
The targets associated with the target-association region arc reverse transcribed using a
reverse {ranscriptase, thereby generating a target-barcode molecule which is a transcript
mcorporating the Iabels of the stochastic barcode mto its polynucleotide sequence. The
target-barcode molecule is amplified using polymerase chain reaction. The sequence of
the target-barcode molecule is determined, for example, through sequencing.  The
sequence reaction determines the spatial iabel, the cellular Jabel, the molecular label, and
some or all of the sequence of the target. The number of distinct targets are counted,
wherein the unigque occurrences of a specific molecular label indicate a distinct target.
The sequence of the spatial label 1s used to correlate the number of the distinct targets
with a specific solid support, which s correlated with a specific time at which the solid
support was contacted to the sample/section.  In this way, the position of the distingt
targets in physical space of the sample/section and be analyzed. A map is generated that
displays the location and amount of a distinet target in the sample/section. The amount of

the distinct target is displayved as a colorimetric intensity.

Example 3
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Method for determunine the number of distinct tareets at a spatial location in g sample

using label Lithooraphy

0436} The disclosure provides for methods for determining the number of
distinct targets and their distinet spatial locations in a sample using lengths of spatial
labels on a stochastic barcode of the disclosure. A tissue thin-shice is separated nto
sections. The sections are placed oo a substrate in a known way. The sections are placed
on a substratc such that thev preserve the physical order of the tissue section. The
sections are placed on a substrate such that they do not preserve the physical order of the
tissue section. In some cmbodiments, the tissue thin slice is not separated into section. In
some embodiments, the tissue thin-slice is left intact.

[6437] In either instance, the tissue is contacted with a plurality of solid
supports. A single sohid support can contact each section of the tissug thin slice. The
solid supports can comprise a pre-spatial label. The pre-spatial label is attached to the
solid support. The pre-spatial label comprises a cellular label, a molecular label, and a
target-association region.  The pre-spatial label comprises an activatable consensus
sequence. The activatable consensus sequence is activated 1o link to a spatial label block
which comprises a corresponding activatable sequence. For example, the pre-spatial label
comprises biotin and the spatial 1abel block comprises avidin on one end and biotin on the
other end. The spatial label block is a sequence of nucleotides that when concatenated
together forms a spatial label.

[0438] Concatenation of the spatial label occurs in a geometric manner such
that discrete spatial label blocks are added to specific pre-spatial labels at specific
physical locations. Spatial label blocks are added in an increasing manner while moving
from top to bottom across the tissue thin-slice. Spatial label blocks are then added o an
mereasing maoner while moving from left to right across the tissue thin-shce. In this
way, the length of the spatial label (1., comprising concatenated spatial label blocks) 1s
indicative of a phvsical location in the tissue sample.

(3439} The tissue thin section is imaged with the solid supports before they
have been hinked to spatial Iabel blocks. The image captures the physical structure of the
tissue thin shee and identifies the orientation of the solid supports associated with the
tissue thin slice. For example, solid supports can be etched with an identifier that can be
visible m the mmage. The sequence of the spatial label on each of the etched sohid

supports s pre-known,
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3440} The targets in the section of the tissue thin slice associate with the
target-association region {e.g., through their poly(A) tail). The targets are cross-linked to
the target-association region. The solid supports are removed from the tissue thin section.

¢ targets associated with the target-association region are reverse transciibed using a
reverse transcriptase, thereby gencrating a target-barcode molecule which s a transcript
incorporating the labels of the stochastic barcode into #ts polynucleotide sequence. The
target-barcode molecule 13 amplified using polvmerase chain reaction. The sequence of
the target-barcode molecule 15 determined, for exammple, through sequencing.  The
sequence reaction determines the spatial label, the celludar label, the molecular abel, and
some or all of the sequence of the target. The number of distingt targets are counted,
wherem the unigque occurrences of a specific molecular label indicate a distinct target.
The length of the spatial label 18 used to correlate the namber of the distinct targets with a
posttion in physical space of the tissue thin slice. A map is generated that displavs the
location and amount of a distinct target in the tissue thin section. The amount of the

distinet target is displayed as a colonimetrnic intensity.

Combinatonial methods for senerating larze hbrades of unigue synthetic particles with

both DNA barcodes and spectrallv resolvable barcodes

0441} This example demonstrates a combinatorial method to gonerate large
libraries of at least 96" unique synthetic particles with both DNA barcodes such as
stochastic barcodes and spectrally resolvable barcodes such as optical barcodes.

3442} The method 1s used to encode synthetic particles. As shown in Figure
184, cach synthetic particle can contain 9 “anchor regions.” Each anchor region can have
a size 1802 of about a fow microns to tens of microns wide. The anchor regions can be
arranged in a longitudinal format as shown m Figure 18A, or a gnid format as shown in
Figure 188 The anchor regions can ocoupy the entire synthetic particle surface as
shown in Figure 184, or part of the synthetic particle surface as shown m Figure 188,
Fach anchor region can have a unique optical label (OL) attached to the surface of the
synthetic particle. Figures 18A-B show 9 optical labels, OL1-9, attached to the surface
of the synthetic particle.  The unigue optical label can mclude an cligonoclestide
sequence. The unique optical label can include a unigue optical moiety. The unique

optical motety can be a fluorophore. OL1-3 can be used to encode cellular label part 1
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corresponding to a first 96 uniqac cellular labels in the first encoding step. OL4-6 can be
used to encode cellular label part 2 corresponding to a second 96 umique cellular labels in
the second split step. OL.7-9 can be used to encode cellular label part 3 corresponding to
a third 96 unique cellular fabels i the thivd split step. In addifion to the “optical label,”
the entire synthetic particle surface or part of the synthetic particie surface can be attached
with universal sequence (US) with 37 up, 1.e. 37 end of the oligonucleotide is not attached
to the synthetic particle.

3443} At the first encoding step/the first sphit step, synthetic particles are
distributed across 96 wells of a first plate and hybridize to oligonucleotides in sach well.
Figure 19 shows the hybridization of oligonucleotides in the first encoding step. Each
well can contam, for example, 4 types of oligonucleotides. The first type of
oligonucleotides each can contain a region complementary to the wmversal sequence
(US), followed by part 1 of the cellular label {1 of 96), followed by a hinker sequence
(linker 1. The second tvpe of oligonucleotides each can include a duplex structure that
contains a strand complementary to OL1 with a small 57 extension, and a shorter strand
complementary to the extension on the longer strand. The shorter strand can mchude an
optical label with an optical moiety, for example a fluorophore, on the 3”7 ¢nd. The
fluorophore can be one of five possibilities such as 3 different fluorophores, or 4 different
fluorophores and the possibility of having no fluorophore.  The third tvpe of
oligonucleotides cach can include a duplex structure that contains a strand complementary
to OLZ with a small 5° extension, and a shorter strand complementary to the extension on
the longer strand. The shorter strand can mclude an optical label with an optical moiety,
for exampic a fluorophore, on the 37 end. The fluaorophore can be one of five possibilities
such as 5 different fluorophores, or 4 different fluorophores and the possibility of having
no fluorophore. The fourth type of oligonucicotides cach can include a duplex structure
that contamns a strand complementary to OL3 with a small 57 extension, and a shorter
strand complementary to the extension on the longer strand. The shorter strand can
mclude an optical label with an optical moiety, for example a fluorophore, on the 37 end.
The fluorophore can be one of five possibilities such as 5 different fluorophores, or 4
different fluorophores and the possibility of having flaorophore).

3444 Figure 28 i3 a lookup table showing the ohigomucleotide content in
cach of the 96 wells in the fivst plate. The oligonucleotide content in each ot the 96 wells

in the first plate shows the correspondence of cellular fabel part T and encoding by OL1-3.

-}43-



WO 2016/138496 PCT/US2016/019962

The number of optical moieties in a group of spectrally-distinct optical moteties, 1.¢. the
number of possibilities of fluorophores, has to be sufficient to allow encoding of at least
the number of the unigque synthetic particles. To encode 96 unique synthetic particles, ¥
has to be greater or equal to 96, where k 1s the number of optical moieties in the group of
spectrally-distinct optical moictics, n is the number of regions. In this example, n of OL1-
3is 3. n of OL4-6 is 3, and n of OL7-9 is 3. Thus k bas to be at least 5, with k" = 3"3 =
125> 96,

344 5] After the synthetic particles are distributed across 96 wells of the first
plate and hvbridize to oligonucleotides in cach well, BDNA polymerase and DNA ligase
can he miroduced imto cach well. DNA polymerase can extend the US scquence with
cellular label part 2 and binker 2 sequences. DNA ligase can covalently attach the
fluorescent probe onto the OL oligonucleotides. Figure 21 shows the single stranded
oligonucleotides in the various regions on the synthetic particles after polymenzation,
ligation, and denaturation of duplex DNA in the first encoding step.

3446} At the second encoding step including pool and second split, synthetic
particles from all the wells of the first plate can be pooled, and split into each of the 96
wells of a second plate. Figure 22 shows the hvbndization of oligonucleotides in the
second encoding step.  Each well of the sccond plate can comtain 4 fypes of
oligonucleotides. Each well contains 4 types of oligonucleotides. The first type of
oligonuclectide each can include linker 1, followed by part 2 of the cellular label {1 of
963, tollowed by another linker sequence (linker 2). The second type of oligonucleotide
cach can include a duplex structure that contains a strand complementary to OL4 with a
small 5” exiension, and a shorter strand complementary to the exiension on the longer
strand. The shorter strand can nclude an optical label with an optical moicty, for
example a fluorophore, on the 3™ end. The fluorophore can be one of five possibilities
such as 5 different fluorophores, or 4 different fluorophores and the possibidity of no
fluorophore. The third tvpe of oligonucleotide each can include a duplex structure that
contains a strand complementary to OLS with a small 57 extension, and a shorter strand
complementary to the extension on the longer strand. The shorter strand can mclude an
optical label with an optical moiety, for example a fluorophore, on the 37 end. The
flucrophore can be one of five possibilities such as 5 different fluorophores, or 4 different
fluorophores and the possibility of no fluorophore. The fourth type of ohgonucleotide

cach can include a duplex structure that contains a strand complementary to QLS with a
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small 57 extension, and a shorter strand complementary to the extension on the longer
strand. The shorter strand can include an optical label with an optical moiety, for
example a fluorophore, on the 3” cnd. The fluorophore can be one of five possibilities
such as 5 different fluorophores, or 4 different fluorophores and the possibility of no
fluorophore.

{6447} Figure 23 1s a lookup table showing the oligonuclectide content in
cach of the 96 wells i the second plate. The oligonucleotide content in cach of the 96
wells in the second plate shows the correspondence of cellular label part 2 and encoding
by 0L4-6.

16448} After the synthetic particles are distributed across 96 wells of the
second plate and hyvbnidize to oligonucieotides in each well, DNA polymerase and DNA
ligase can be introdaced into each well. DNA polymerase can extend the US sequence
with cellular label part 1 and linker 1 sequences. DNA ligase can covalently attach the
fluorescent probe omto the OL oligonucieotides. Figure 24 shows the single stranded
oligonucleotides m the various regions on the synthetic particles after polyvmenzation,
ligation, and denaturation of duplex DNA in the second encoding step.

16449} At the third encoding step including pool and third split, synthetic
particles from all the wells of the second plate can be pooled, and split mto cach of the 96
wella of a third plate. Figure 23 shows the hybridization of oligonucleotides in the third
encoding step. Each well of the third plate can contain 4 types of oligonuclectides. Each
well contains 4 tvpes of oligonucleotides. The first tvpe of ohigonucieotide cach can
mclude linker 2, followed by part 3 of the cellular label {1 of 96}, followed by molecalar
mdex (randomers) and oligo{dA). The second type of oligonucleotides each can include a
duplex structurc that contains a strand complementary to OL7 with a small 57 extension,
and a shorter strand complementary to the extension on the longer strand. The shorter
strand can include an optical label with an optical moiety, for example a fluorophore, on
the 37 end. The fluorophore can be one of five possibilities such as 5 different
fluorophores, or 4 fluorophores and the possibility of no fluorophore. The third tvpe of
oligonucleotide each can mclude a duplex structure that contains a strand complementary
to OL8 with a small 5 extension, and a shorter strand complementary to the extension on
the longer strand. The shorter strand can include an optical label with an optical moiety,
for example a fluorophore, on the 3° end. The fluorophore can be one of five possibilities

such as 5 different flaorophores, or 4 fluorophores and the possibility of no fluorophore.
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The fourth type of oligonucleotides each can mechide a duplex structure that contains a
strand complementary to OLY with a small 37 extension, and a shorter strand
complementary to the extension on the longer strand. The shorier strand can mclude an
optical label with an optical moiety, for example a fluorophore, on the 37 end. The
fluorophore can be one of five possibilities such as 5 different fluorophores, or 4
fluorophores and the possibility of no fhuosrophore.

(G450 Figure 26 13 a lookup table showing the oligonucleotide content in
cach of the 96 wells in the third plate. The oligonucleotide content in each of the 96 wells
in the third plate shows the correspondence of cellular label part 2 and encoding by OL4-
6.

[6451] After the synthetic particles are distributed across 96 wells of the third
plate and hybridize to oligonuclestides in each well, DNA polymerase and DNA ligase
can be introduced into each well. DNA polymerase can extend the US sequence with
cellular label part 1 and linker 1 sequences. DNA ligase can covalently attach the
fluorescent probe onto the OL oligonucieotides. Figure 27 shows the single stranded
oligonucleotides m the varicus regions on the synthetic particles after polymerization,
figation, and denaturation of duplex DNA 1o the third encoding step.

16452} Figure 28 shows an entire synthetic particle coated with both DNA
barcodes and the spectrally resolvable barcode. Each DNA barcode, such as a stochastic
barcode, can include a universal sequence, a cellular label a molecular label, and an
oligo(dT) region. The cellular label can include celiular label part 1, cellular label part 2,
and cellular label part 3 separated by linker 1 and linker 2. Each resolvable barcode, such
as an optical barcode, can include OL1-9 and the accompanying optical moieties.

16453} Figure 29 shows an oxcmplary combination of the spectrally
resolvable barcode, OL1-9, of a synthetic particle. The synthetic particle can be attached
with a unigue combination of 9 optical moieties, such as 9 fluorescence regions. The
unigue combination of optical moietics corresponds 10 a unigue cellular label sequence.
The flucrescence in each fluorescence region within the synthetic particle can be detected
using fluorescent imaging and image analysis. The cellular label attached with the
synthetic particle can then be deternined based on the three tables in Figures 268, 23, and

26. The combination of the 9 fluorescence regions correspond to cellular label 12, 70, 22,
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[3454] Altogether, these data demonstrate the use split-pool method to encode
synthetic particles with both DNA labels and spectral barcodes to generate large libraries

of synthetic particles.

Example 5

Generation of spatial sene expression map of tissue slices

[G455] This example demonstrates the use of encoded synthetic particles from
Example 4 to generate spatial gene expression map of tissue shices.

[(3456] First, the encoded synthetic particles are randomly sprinkled on a shde.
Second, suspend the encoded synthetic particles. Upon drying, synthetic particles will be
mmmobilized and form a non-overlapping monolaver. Third, scan the slide under different
fluorescent channels. Fourth, analyze the image to deduce the spectral signature of cach
encoded synthetic particle, and deduce the cellular label identity using the lookup tables.
Fifth, place a thin tissue section on top of the slide with the encoded synthetic particles.
Sixth, place a piece of filter paper soaked with lysis buffer on top of the tissue section and
apply pressure, and hold to allow cell lysis and mRBRNA hybridization.  Seventh, layer
cDNA synthesis reagents on top of the shide to carry out ¢cDNA synthesis reaction.
Eighth, layer PCR rcagents on top of shide to generate copies of the ¢cDNA. Altemnatively,
encoded syathetic particles can be retricved at any step after mRNA hybridization, and
the subsequent reactions can be camied out with encoded synthetic particles in tubes.
Ninth, sequence PCR products to deternune cellular label, molecule label, and gene
identity. Tenth, map the molecules associated with each cell to the location on the shde.
For cach gene, obtain a 2D picture of the number of target molecules found at a specific
location.

[6457] Altogether, these data demonstrate the use of encoded svnthetic

particles to generate spatial gene expression map of tissue shces.

Svanthetic particle synthesis

[3458] This example demonstrates syvnthetic particle synthesis by stop flow
lithography.
[34539] First, fabricate a microfluidic device {¢.g. PDMS or NOA) with 9 mput

ports converging to a single channel, leading to 1 output port. Second, in cach of the
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mput port, feed i a mixtare of: Poly{ethylene glyvcoly diacrviate PEGDA, photonitiator,
537 acrvdite modified universal sequence (US) oligonucleotide, and 57 acrydite modified
OL oligonucleotide (OL1 oligonucleatide for nput port 1, OLZ oligonucleotide for input
port 2, ..., OL9 oligonucleotide for input port 9. Third, apply pressure at each of the
mput ports. The 9 inputs will form 9 parallel streams under laminar flow regime. Fourth,
expose a region of the converged channel with UV through a photomask with the outline
of the shape of the synthetic particle. Upon UV exposurc, PEGIDA and acrydite
oligonucleotides can crosshink to form a solid hydrogel syathetic particle, with 9 regions
each with a different OL cligonucleotide arranged side by side. The gynthetic particles
can be collected at the output port and used for the split-pool encoding process outlined
Example 4.

0464} Altogether, these data demonstrate the use of synthetic particle

synthesis by stop flow lithography.
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3461} In at least some of the previously described embodiments, one or more
clements used in an embodiment can interchangeably be used in another embodiment
unless such a replacement is not technically feasible. It will be appreciated by those
skilled i the art that various other omissions, additions and modifications may be made
to the methods and stroctures described above without departing from the scope of the
claimed subject matter. All such modifications and changes are intended to fall within the
scope of the subject matter, as defined by the appended claims.

3462} With respect to the use of substantially any plaral and/or singular terms
herein, those having skill in the art can translate from the ploral to the singular andfor
from the singular to the plural as is appropriate to the context and/or application. The
various singular/plural permutations may be expressly set forth herein for sake of clanty.

[0463] It will be understood by those within the art that, in general, terms used
herein, and especially in the appended claims {e.g, bodies of the appended claims) are
generally intended as “open” terms {e.g., the term “including” should be uderpreied as
“including but not himited to,” the term “having” should be interpreted as “having at
least,” the term “includes” should be interpreted as “meludes but is not limited to,” gtc.).
It will be further understood by those within the art that if a specific number of an
miroduced claim recitation 1s intended, such an intent will be exphcitly recited in the
claim, and in the absence of such recitation no such intent s present. For example, as an
aid to uvoderstanding, the following appended claims may contain usage of the
utroductory phrases “at least ong” and “onc or more” to itroduce claim recitations.
However, the use of such phrases should not be construed to imply that the mtroduction

<5,

of a claim recitation by the indefinite articles “a” or “an” limits any particuler claim
containing such wmiroduced claim recitation to cmbodiments contatuing ounly one such
recitation, even when the same claim includes the mtroductory phrases “one or more™ or
“at least one” and indefinite articles such as “a” or “an” {e.g., a7 and/or “an” should be
interpreted to mean “at least one” or “one or more’); the same holds true for the use of
definite articles used to introduce claim recitations. In addition, cven if a specific number
of an introduced claim recitation is exphicitly recited, those skilled m the art will
recognize that such recitation should be interpreted to mean at least the rocited number
{e.g., the bare recitation of “two recitations,” without other modifiers, means at least two
reciiations, or two or more recitations). Furthermore, in those instances where a

convention analogous to “at least one of A, B, and C, etc.” 15 used, in general such a
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construction is intended in the sense once having skill in the art would understand the
convention {e.g., * a system having at least one of A, B, and C” would inclade but not be
fimited to systems that have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and € together, etc.). In those instances where a
convention analogous to “at least one of A, B, or , ¢tc.” is used, in general such a
construction ig intended in the sense one having skill in the art would vaderstand the
convention {e.g., * a system having at least one of A, B, or €7 would mclude but not be
limited to systems that have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and € together, etc). It will be further
understood by those within the art that virtually any dispunctive word and/or phrase
presenting two or more aliernative ferms, whether in the description, claims, or drawings,
should be understoed to contemplate the possibilities of meluding one of the terms, either
of the terms, or both terms. For example, the phrase “A or B” will be understood o
mclude the possibilities of “A” or “B” or “A and B.”

3464} In addition, where features or aspects of the disclosure are described m
terms of Markush groups, those skilled i the art will recognize that the disclosure is also
therchby described in terms of anv individual member or subgroup of members of the
Markush group.

[0465] As will be understood by one skilled in the art, for any and all
purposes, such as in terms of providing a written description, all ranges disclosed herein
also encompass any and all possible sub-ranges and combinations of sub-ranges thereof,
Ay listed range can be casily recognized as sufficiently deseribing and enabling the same
range being broken down into at least equal halves, thirds, guarters, fifths, tenths, etc. As
a non-limiting example, cach range discussed herein can be readily broken down mto a
lower third, middle third and upper third, etc. As will also be understood by one skalled in
the art all language such as “up to,” “at least,” “greater than,” “less than,” and the hike
include the number recited and refer to ranges which can be subsequently broken down
nto sub-ranges as discussed above. Finally, as will be understood by one skilled n the
art, a range includes each mdividual member. Thus, for example, a group having i-3
articles refers to groups having 1, 2, or 3 articles. Similarly, a group having 1-5 articles
refers to groups having 1, 2, 3, 4, or 5 articles, and so forth.

[6466] While various aspects and embodiments have been disclosed herein,

other aspects and embodiments will be apparent to those skilled n the art. The various
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aspects and embodiments disclosed herein are for purposes of illastration and are not
mtended to be lmiting, with the true scope and spint being indicated by the following

clatms.
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WHATIS CLAIMED I5:

1. A method for determining the number and spatial locations of a plurality of
targets in a sample, comprising:

stochastically barcoding the plurality of targets in the sample using a plurality of
stochastic barcodes, wherein cach of the phurality of stochastic barcodes comprises a
spatial label and a molecular label;

cstimating the number of cach of the plurality of targets using the molecular label;
and

identifying the spatial location of each of the plurality of targets using the spatial
fabel.

2. The method of claim 0, wheremn stochastically barcoding the plurality of
targets in the sample comprises hvbridizing the plurality of stochastic barcodes with the
plurality of targets to gencrate stochastically barcoded targets, and at least one of the
plurality of targets is hybridized to onc of the plurality of stochastic barcodes.

3. The method of claim 0, wherem stochastically barcoding the plurality of
targets in the sample further comprises generating an indexed library of the stochastically
barcoded targets.

4, The method of any one of claims 0-0, wherein the molecular labels of
different stochastic barcodes are different from one another.

3. The method of any one of claims 0-0, wherein the sample is physically
divided or is intact during stochastically barcoding the plurality of targets in the sample.

6. The method of any one of claims 0-0, wherein the spatial locations of the
plurality of targets in the sample are on a surface of the sample, inside the sampie,
subcellularly m the sample. or any combination thereot.

7. The method of any one of claims (-0, wherein stochastic barcoding the
plurality of targets in the sample is performed on the surface of the sample, subcelhularlly
in the sample, inside the sample, or any combination thereof.

8. The method of any one of claims 0-0, wherein the spatial label comprises
5-20 nucleotides.

9. The method of any one of claims 0-0, whercin the molecular label
comprises 5-20 nucleotides.

10.  The method of any one of claims 0-0, wherein estimating the number of

the plurality of targets using the molecular label comprises determining sequences of the

-}52-



WO 2016/138496 PCT/US2016/019962

spatial labels and molecolar labels of the plurality of the stochastic labels and counting the
number of the molecular labels with distinct sequences.

11, The method of claim 0, wherein determining the sequences of the spatial
fabels and the molecular labels of the plurality of the stochastic barcodes comprises
sequencing some or all of the plurality of stochastic barcodes.

12, The method of claim 0, wherein sequencing some or all of the plurality of
stochastic barcodes comprises gencrating sequences each with a read length of 100 or
more bases.

13, The method of any ong of claims 0-0, wheremn identifying the spatial
locations of the plurality of targets comprises correlating the spatial labels of the plurality
of the stochastic barcodes with the spatial locations of the plurahity of targets mn the
sample,

14. The method of any one of claims 0-0, further comprising visualizing the
plurality of targets in the sample.

15, The method of claim 0, wherein visualizing the plurality of targets m the
sample comprises mapping the plurality of targets onto a map of the sample.

16.  'The method of claim 0, whercin mapping the plurality of targets onto the
map of the sample comprises generating a two dimensional map or a three dimensional
map of the sample.

17 The method of claim 0, wherein the two dimensional map and the three
dimensional map arc generated prior to or after stochastically barcoding the plurality of
targets i the sample.

18, The method of claim 0, wherein the two dimensional map and the three
dimensional map arc gencrated before or afier lysing the sample.

19, The method of claim 0, wherem lysing the sample before or after
generating the two dimensional map or the three dimensional map comprises heating the
sample, contacting the sample with a detergent, changing the pH of the sample, or any
combination thereof,

28, The method of any one of claims -0, wherein the sample comprises a
plurality of cells and the plurality of targets are associated with the plurality of cells.

2Y.  'the method of claim 20, wherein the plurality of cells comprise one or

more cell types.
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22, 'The method of claim 0, wherein at least one of the one or more cell types
is brain cell, heart cell, cancer ¢ell, circulating tumor cell, orean cell, epithehial cell
metastatic cell, benign ccll, primary cell, circulatory ccli, or any combination thereof.

23, The method of any one of claims (-0, wherein the plurality of targets
comprise ribonucleic acids (RNAs), messenger RNAs (mRNAg), microRNAs, small
mterfering RNAs (siRNAsg), BRNA degradation products, RNAs ecach comprising a
poly{A) tail, and any combination thercof.

24, 'The method of any one of claims 0-0, wherein stochastically barcoding the
plurality of targets n the sample is performed with a solid support comprising the

plurality of stochastic barcodes.

25, The method of claim 0, further compnising decoding the solid support.
26.  The method of claim 0, wherein the solid support comprises a plorality of

syathetic particles associated with the plarality of stochastic barcodes,

27 The method of anv one of claims (-0, wherem the spatial labels of the
plurality of stochastic barcodes on different sohid supports differ by at least one
nocleotide.

28, The method of any one of claims 0-0, wherein cach of the plurality of
stochastic barcodes further comprises one or more of a universal label and a cellular label,
wherein untversal labels arc the same for the plurality of stochastic barcodes on the solid
support and cellolar labels are the same for the plurality of stochastic barcodes on the

solid support.

29, The method of claim 0, wherem the universal label comprises 5-20
nuclectides.
30.  The method of anv one of claims 31-0, wherein the cellular label

comprises 3-20 nucleotides.
31, The method of anv one of claims 0-0, wherein the solid support comprises
the plurality of stochastic barcodes in two dimensions or three dimensions.
32. The method of any one of claims 0-0, wherein the synthetic particles are
cads.
33. The method of claim 0, wherein the beads are silica gel beads, controlled
pore glass beads, magnetic beads, Pynabeads, Sephadex/Sepharose beads, cellulose

beads, polystvrene beads, or any combination thereof,
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34, The method of any one of claims 0-0, wherein the solid support comprises
a polymer, a matrix, a hyvdrogel. a needie array device, an antibody, or any combination
thercof.

35, The method of any one of claims 0-0, whercin the method is multiplexed.

36, A method for determining spatial locations of a plurality of targets in a
sample, comprising:

stochastically barcoding the plurality of targets in the sample at one or more time
points using a plurality of stochastic barcodes, wherein each of the plurality of stochastic
barcodes comprises a spatial label; and

identifying the spatial location of each of the plurality of targets using the spatial
fabel.

37.  The method of claim 0, wherein stochastically barcoding the phirabity of
targets in the sample using the plurality of stochastic barcodes comprises stochastically
barcoding the plurality of targets in the sample at different time points using the plurality
of stochastic barcodes.

38, The method of claim 0, wherein cach of the plurality of stochastic
barcodes comprises a dimension label, and the dimension labels of the plurality of
stochastic barcodes used for stochastic barcoding the plurality of targets at the different
time points are different.

39 The method of claim 0, wheremn the dimension labels correlate with the
different time points.

40, The method of any one of claims 0-0, wherein stochastically barcoding the
plurahity of targets in the sample comprises contacting the sample with a device.

41. The method of clamm 0, wherein the device 1s a needle, a needle array, a
tube, a suction device, an injection device, an electroporation device, a fluorescent
activated cell sorter device, a microfluidie device, or any combination thereof.

42, The method of any one of claims -0, wherein the device contacts sections
of the sample at a specified rate.

43, The method of claim 0, wherein the specified rate correlates the spatial
locations of the plurality of targets with the one or more time points.

44 'The method of any one of claims 0-0, wherein stochastically barcoding the
plurality of targets in the sample 1s performed with a sohid support comprising a plurality

of synthetic particles associated with the plurality of stochastic barcodes.
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45, A method for determining spatial locations of a plurality of targets in a
sample, comprising;

stochastically barcoding the plurality of targets in the sample using a plurality of
stochastic barcodes, wherein each of the plurahity of stochastic barcodes compnises a pre-
spatial label;

concatenating one or more spatial label blocks onto the pre-spatial label to
sencrate a spatial label; and

identifving the spatial location of each of the plurality of targets using the spatial
label.

46.  The method of claim 0, wherein stochastically barcoding the plurality of
targets in the sample compnses hvbnidizing the plurality of stochastic barcodes with the
plurality of targets to generate stochastically barcoded targets, and at least one of the
plurality of targets is hvbridized to one of the plurality of stochastic barcodes.

47, The method of claim 0, whercim stochastically barcoding the plurality of
targets in the sample further comprises generating an indexed bibrary of the stochastically
barcoded targets.

48%.  The method of any one of claims 0-0, wherem the spatial label comprises
5-20 nucleotides.

49, The method of any one of claims 0-0, wherein the sample comprises a
plurality of cells and the plurality of targets are associated with the plurality of cells.

50, The method of any one of claims 0-0, wherem the plurality of targets
comprise ribonucleic acids (RNAg), messenger RNAs (mRNAs), microRNAg, small
mierfering RNAs (siRNAs), RNA degradation products, RNAs ecach comprising a
poly(A} tail, and any combination thereot.

51, The method of any one of claims 0-0, wheremn stochastically barcoding the
plurality of targets in the sample is performed with a solid support compnsing the
plurality of stochastic barcodes.

52, The method of claum 0, further comprising decoding the solid support.

53, The method of claim 0, wherein the solid support comprises a plurality of

synthetic particles associated with the plurality of stochastic barcodes,

54, The method of claim 0, wherein the svathetic particles are beads.
55. A method for determiming spatial locations of a plurality of targets in a

sample, comprising:
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imaging the sample to generate a sample image;

stochastically barcoding the plurality of targets in the sample using a plurality of
stochastic barcodes to gencrate stochastically barcoded targets, wherein cach of the
plurality of stochastic barcodes comprises a spatial label; and

identifying the spatial location of cach of the plurality of targets using the spatial
label.

56.  The method of claim 0, wherein identitving the spatial location of each of
the plurality of targets using the spatial label comprises correlating the sample image with
the spatial labels of the plurality of targets in the sample.

57.  The method of anv one of claims 0-0, wherein imaging the sample
comprises staining the sample with a stain, wherein the stain is a fluorescent stain, a
negative stain, an antibody stain, or any combination thereof.

58, The method of any one of claims (-0, wherein imaging the sample
comprises imaging the sample using optical nuicroscopy, electron microscopy, confocal
microscopy, fluorescence microscopy, or any combination thereof,

59.  The method of any one of claims 0-0, wherein the sample compnses a
tissue, a cell monolayer, fixed cells, a tissue section, or any combination thercof,

60.  The method of any one of claims 0-0, wherein correlating the sample
image with the spatial labels of the plurality of targets in the sample comprises overlaying
the sample image with the spatial labels of the plurality of targets in the sample.

61.  The method of any onc of claims (-0, whercin the sample comprises a
biological sample, a clinical sample, an environmental sample, a biological fluid, a tissue,
or a cell from a subject.

62.  The method of claim 0, wherein the subject 1s a human, a mouse, a dog, a
rat, or a verichrate.

63.  The method of any one of claims 0-0, farther comprising determining
genotvpe, phenotype, or one or more genctic mutations of the subject based on the spatial
labels of the plurality of targets in the sample.

64, The method of anv one of claims 0-0, further comprising predicung
susceptibility of the subject to one or more discases.

65. The method of claim 0, wherein at least one of the one or more diseases is

cancer or a hereditary disease.
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66.  The method of any one of claims 0-0, wherein the sample compnses a
plurality of cells and the plurality of targets are associated with the plurality of cells.

67.  The method of claim 0, wherein the plurality of cells comprises one or
more cell types.

68.  The method of claim 0, further comprising determining cell types of the
plurality of cells in the sample.

69.  The method of claim 0, wherein the drug is chosen based on predicted
responsiveness of the cell types of the plurality of cells in the sample.

70. A method for determining spatial locations of a phlurality of singles cells,
comprising:

stochastically barcoding the plurality of singe celis using a plurality of synthetic
particles,

wherein e¢ach of the phurality of synthetic particles comprses a plurality of
stochastic barcodes, a first group of optical labels, and a second group of optical labels,

wherein each of the plurality of stochastic barcodes comprises a cellular label and
a molecular label,

wherein cach optical label in the first group of optical labels comprises a first
optical moiety and each optical iabel in the second group of optical labels comprises a
second optical moiety, and

wherein ¢ach of the phurality of synthetic particles is associated with an optical
barcode comprising the first optical moiety and the second optical moicty;

detecting the optical barcode of cach of the plurality of synthetic particles to
determineg the location of cach of the plurality of synthetic particles; and

deternuning the spatial locations of the plurality of single celis based on the
locations of the plurality of synthetic particies.

71, The method of claim 0, wherein stochastically barcoding the phirabity of
single cells using the plurality of synthetic particles comprises contacting the plurality of
single cclis with the plurality of syuthetic particles, and

wherein each of the plurality of synthetic particles is 1 close proxinuty to a smgle
cell or a small number of cells.

72. The method of claim 71, wherein cach of the plurality of single cells

comprises a plurality of targets, and
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wherein stochastically barcoding the plurabity of single cells further compnses
hybridizing the plurality of stochastic barcodes with the plurality of targets to gencrate
stochastically barcoded targets, and at least one of the plurality of targets is hybridized to
one of the plurality of stochastic barcodes.

73, The method of any one of claims 0-72, wherein the celludar labels of the
plurality of stochastic barcodes on one synthetic particle have the same sequence and the
cellular labels of the plurality of stochastic barcodes on different synthetic particles have
different sequences.

74.  'The method of any one of claims 0-73, wherein the molecular labels of the
plurality of stochastic barcodes on one synthetic barcode are different from one another,
and the molecular labels are selected from a group comprising at least 100 molecular
labels with unigue sequences.

75 The method of any one of claims (-74, wherein the first optical moiety and
the second optical moiety are sclected from a group comprising two or more spectrally-
distinct optical moieties.

76.  The method of any one of claims 0-75, wherein detecting the optical
barcode of cach of the plurality of synthetic particles to determine the location of cach of
the plurality of synthetic particles comprises gencrating an optical wmage showing the
optical barcodes and the locations of the plurality of synthetic particles.

77, The method of any one of claimg 0-76, wherein the plurality of single cells
comprises cells distributed across a well array comprising wells, and each of a majority of
the wells in the well array contains at most one single cell.

78. The method of claim 77, further comprising;

lvsing the plurality of single cells; and

generating an indexed hibrary of stochastically barcoded targets, wherem cach of
the stochastically barcoded targets comprises a celhular label sequence, a molecular fabel
sequence, and at least a portion of the complementary sequence of one of the phurality of
targets.

79, The method of claim 78, further comprising:

amplifving the stochastically barcoded targets of the indexed library to generate
amplified stochastically barcoded targets; and

sequencing the amplified stochastically barcoded targets to determine the number

of amplified stochastically barcoded targets with unigue molecular label sequences and
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identical complementary sequence, wherein the number of amplified stochastically
barcoded targets with unigue molecular label sequences and ideatical complementary
sequence 1s substantially the same as the occurrences of targets with sequences
complementary of the identical complementary sequence in the single cell or the small
number of cells.

80.  The method of any one of claims 0-79, wherein the plurality of cells
comprise a tissue, a cell monolaver, fixed cells, a tissue section, or any combination
thereof.

81 The method of any one of claims 79-80, wheretn amplifying the labeled
target molecules comprises bridge amplification, amplification with a gene specific
primer, a universal primer, an oligo{dT) primer, or any combination thereof,

82. A method for identifying distinct cells mm two or more samples,
COMprising:

stochastically barcoding a plurality of targets in the two or more samples using a
plurality of stochastic barcodes, wherein each of the plurality of stochastic barcodes
comprises a spatial label and a molecular label;

cstimnating the number of the plurality of targets in the two or more samples using
the molecular label; and

distimguishing the two or more samples from each other using the spatial label,
wherein the plurality of targets associated with stochastic barcodes with different spatial
labels arc from different samples.

83.  The method of claim 0, wherein stochastically barcoding the plurality of
targets in the two or more samples comprises hyvbridizing the plurality of stochastic
barcodes with the plurality of targets 1o generate stochastically barcoded targets, and at
least one of the plurality of targets is hybnidized to one of the plurality of stochastic
barcodes.

84,  The method of claim 0, wherein stochastically barcoding the plurality of
targets in the two or more samples further comprises generating an indexed library of the
stochastically barcoded targets.

85, The method of any one of ¢claims 0-0, wherein the spatial label comprises
5-20 nuclestides.

86.  The method of any one of claims 0-0, wherein the molecular label

comprises 3-20 nucleotides.
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87.  The method of any one of claims (-0, wherein cach of the two or more
samples comprises a plurality of cells and the plurality of targets are associated with the
plurality of cells.

88.  The method of any one of claims -0, wherein the plurality of targets
comprise ribonucleic acids (RNAs), messenger RNAs (mRNAg), microRNAs, small
mterfering RNAs (siRNAsg), BRNA degradation products, RNAs ecach comprising a
poly{A) tail, and any combination thercof.

89.  The method of any one of claims (-0, wherein stochastically barcoding the
plurality of targets m the two or more samples is performed with a solid support

comprising a plurality of synthetic particles associated with the plurality of stochastic

barcodes.
90.  The method of claim 0, wherein the synthetic particles are beads.
01,  The method of claim 0, whergin the beads are silica gel beads, controlied

pore glass beads, magnetic beads, Dynabeads, Sephadex/Sepharose beads, cellulose
beads, polvstyrene beads, or any combination thereot.

82, Akit comprising:

a plurality of stochastic barcodes, wherein cach of the plurality of stochastic
barcodes comprises a spatial label, wherein the spatial Iabels of the plurality of stochastic
barcodes differ from one another by at least one nucleotide; and

instructions for using the plurality of stochastic barcodes.

93 The kit of claim 0, wherein the plurality of stochastic barcodes are
associated with a solid support.

94, The kit of claim O, wherein the schid support comprises a phirality of
synthetic particles associated with the plurality of synthetic particles.

85, The kit of claim 95, wherein cach of the phwality of synthetic particles
comprise a first group of optical labels and a second group of optical labels,

wherein cach optical label in the first group of optical labels comprises a first
optical moiety, each optical label in the second group of optical labels comprises a second
optical moiety, and the first optical moicty and the second optical motety are sclected
from a group comprising two or more spectrally-distinet optical moieties.

96,  The kit of any one of claims 0-0, wherein cach of the plurality of stochastic

barcodes further comprises one or more of a molecular label, a universal label, and a

-i6l-



WO 2016/138496 PCT/US2016/019962

cellular label, wherein wversal labels and cellolar iabels of all stochastic barcodes on the
solid support are the same.
97.  The kit of any one of claims 0-0, wherein the solid support compriscs the

plurality of stochastic barcodes in two dimensions or three dimensions.

68.  The kit of any one of claims 0, wherein the plurality of synthetic particies
are beads.
99.  The kit of claim 0, wherein the beads are silica gel beads, controlled pore

glass beads, magnetic beads, Dhynabeads, Sephadex/Sepharose beads, cellulose beads,
polystyrene beads, or any combination thereof,

106, The kit of any one of claims 0-0, wherein the synthetic particles are
magnetic beads.

101, The kit of any one of claims 0-0, wherein the solid support comprises a
polymer, a matrix, a hvdrogel, a needle array device, an antibody, or any combination
thereof.

102, The kit of any one of claims (-0, further compnising a buffer,

103, The kit of any one of claims 0-0, further comprising a cartridge.

104,  The kit of any one of claims 0-103, wherein the solid support is pre-loaded
on a substrate.

105, The kit of any ong of claims 0-0, further comprising one or more reagents
for a reverse transcription reaction.

106.  The kit of any one of claims (-0, further comprising one or more reagents
for an amphification reaction.

107. A synthetic particle, comprising:

a plurality of stochastic barcodes, wherein each of the plurality of stochastic
barcodes compriscs a cellular Iabel and a molecular label;

a first group of optical labels;

a second group of optical labels,

wherein cach optical label in the first group of optical labels comprises a first
optical moiety and each optical iabel i the second group of optical labels comprnises a
second optical moiety, and

wherein cach of the plurality of syathetic particles 1s associated with an optical

barcode comprising the first optical moiety and the second optical moiety.
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108.  The synthetic particle of claim 107, wherein the molecular labels of the
plurality of stochastic barcodes are different from one another, and the molecular labels
are sclected from a group comprising at least 100 molecular labels with unique sequences.

109, The synthetic particle of any one of clawms 107-108, wherein the cellular
labels of the plurality of stochastic barcodes are same.

110.  The synthetic particle of any one of claims 107-109, wherein the first
optical moiety and the second optical moicty are sclected from a group comprising two or
more spectrally-distinet optical moigties.

111, 'The synthetic particle of anv one of claims 107-110, wherein each of the
plurality of stochastic barcodes comprises a spatial label, wherein the spatial labels of the
plurality of stochastic barcodes differ from one another by at least one nucleotide.

112, The synthetic particle of any one of claims 107-111, wherein each of the
plurality of stochastic barcodes further compnses a universal label, whercin universal
labels of all stochastic barcodes on the particle are the same.

113, The synthetic particle of any one of claims 107-112, wherein the syothetic
particle is a bead.

114.  The particle of claun 113, wherein the bhead is a stlica gel bead, a
controlled pore glass beads, a magnetic beads, a Dvnabead, a Sephadex/Sepharose bead, a
cellulose beads, a polystyrene bead, or any combination thereof.

115,  The synthetic particle of any one of claims 107-114, wherein the syathetic

particle is 2 magnetic bead.

-163-



WO 2016/138496 PCT/US2016/019962

115

FIG. |

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/019962

WO 2016/138496

¢ Il

4474
:
/
H
7 !
FA %
uoHsy e BgET 180 19927 (3087
Bupuig-iedigg InoSioy | AR | eoedy UOIBUSUIG 1ESABALIN

SUBSTITUTE SHEET (RULE 26)



WO 2016/138496

7

RN

N

N W

2000

B
R

SN
o

oo
SN

LN
Ry

%
£

Lt
A A i i gy Sirtny

PCT/US2016/019962

QUYL
K :
3§

3

&

bl b, Yo

R

3
a

N8
o NN

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/019962

WO 2016/138496

88y kIl

I

P4 4 2 - Ovy
i
A T v = T3 (eqm e1BuIS) WO X8pU; Y
Zzy
NNy
a2y giw-’
HOd PaISsN ¢
YOy
307 |
i =
gLy
TUEY
. Sem vy
guzy |
vozh- (sany | o polood) HOd o) 2
0y
0Ly | 80% )

piy

) aLy
Y O B e LTI L] e e e i s
YV Y YYYYYYY Y m

80

Z0% (yero] fom-96) 13 '

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/019962

WO 2016/138496

3
t
§
3
3

(R

3 T
i v e B e e e e e S e e A e e e i e o e e
:

{
 —

3
;
3
H
£
3
3
1

'3
{
§
¥
!
H
4

§

H H d
wv..»Mw-;.w.mew.»mmw*MM'*W*MMWW.LMMV.WMM}{MM
3 H i

R

iog

s
b
o S O e

I

L2

g
MWMH dYﬂf(

AN

RS

\\s;zzi:&‘sss;::ss=m\msw::ss:x%f\

sk il e e i it e o 3.
: N
o
~sn, o
Nrinni o

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/019962

WO 2016/138496

ARS

B.L

8L

LLL

3
t
§
3
3

(R

t 3
& s e e e e e e e e e A e s e e o e e
:
B

i

i

{
-

A A S A A Y A S A v A o A R R A R
3 H :

7
{
E
{
}
X

iog

s
b
o S O e

I

el

9911

OLL

T I
o rag,

ot

/

\ m
e e i \

renf s
Qdff
PR
P
i
¢

048

/

N

5

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/019962

WO 2016/138496

§

e [ \\\ o1

\
;
i
i
/

\{-‘3-
.»-“Mw
S
T
&
&
20
o

s
b
i VNPRIER SRl

&d
N
S

}
§
;
¢
¢
;
}
1

e e o o e o e
& ¢ :
H : :
H i 3
. H I‘
H

"f
7
{
E
{
3
N,
3y
&
f!
J
¢
¥
{
\
4
X
\

L2

2

0
4

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/019962

WO 2016/138496

I dnoio

g8

gz

/
/

{ dnous

A

EEEEEWEBBEEE.@:ﬁOmﬁQ

sEEsswese VYYY-—— -

4WmmmwmummmNm%ﬁcmmmO
EESEBEBEBEEE VYVY T

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/019962

WO 2016/138496

6 Il

SUBSTITUTE SHEET (RULE 26)



WO 2016/138496 PCT/US2016/019962
19/36

L
O
)
=,
e
-
\_\\ o
S X
D
Z h
Y
N ?
S
‘%\\ - ngm
N Y
o
S/ T
™
Xy
o
S ;
et e
N
N
AN
S <y
R =
f
one

SUBSTITUTE SHEET (RULE 26)



WO 2016/138496 PCT/US2016/019962
11/36

SUBSTITUTE SHEET (RULE 26)



WO 2016/138496 PCT/US2016/019962

12/36
e
N
N
e
/
------------- N o
wossossosodoso R ¥
_____________ N
L ] Ay
e,
\
S o
S g
e

1205

SUBSTITUTE SHEET (RULE 26)

FIG. 12



WO 2016/138496 PCT/US2016/019962

13/36
N
Y
.
X
N
&
i N
LN
AN ™ {
] —
.
f A
r?,ﬁ
i ™~
T
0 ¥ ]
1
R
Ay 3 =
N i{ R
Ny / Wi )
=3 : - L \ S
™ 2 } L

- P
@>
l,/_ZJ
/

/]
O
-

N
<

: % i \\\
= AN ‘
o> )03 N
~7 Z0 h 3
/x/ g iLl } '
g\\ ,/ = = ) e
P ! o
3 ' O -
;\{ § Q '(\\: {'}:}
) o -
\\ v

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/019962

WO 2016/138496

14/36

Rl 9l

bzl . A2 HAES
A A A
H i )
abeiois JOIRIBIBIOY SIN

0T

‘
2T, T ST 24 = LT
ETb T 575 I f o

s .

pIpl—

sbpug ynog

GIPT ST JASEL) ™

e

oyl

abpug WHoN :

y

\
\

WV N

\

ST 777 OSSO o e

FTED S5 AUy

a0l

JOSE8004

ayoen

.
~.

2474

i

SUBSTITUTE SHEET (RULE 26)



WO 2016/138496 PCT/US2016/019962

..{\-\“\ ™
/}5----\-\,\ \\
{ AV 3
ST
RE7
v o
SN
AN ®
= T&‘ Qa-:}
""j/// 75 N %:
\/.4:::;’.5/ /M/’ig,\, TR SO0
e §y// B‘\: Lm&m
o 5/ 1
A
/\-“<\\ \\
T e MY
7 ;::::;}):/7
Vi e
bvf’:évf
Sy
b4 )
RS
= T ‘:\\t
.. N
- NG
&y
o . §
nnn El\,
™
N
A\
e )
Vil

Lo it? 2y
R

VVVV 4

.
/) \‘\\ \“\B
L ATV )
--V 17T N
/A NS
e !
/g
SN
"y
/>>\\\> \
""L// I s
AN
==
& -

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/019962

WO 2016/138496

16/36

9 i

JoTsT — L2 u j0s58004d |\
18051 4| MOWBIN dvA R 19007 32051
- d
20151 v u 408533014 a/l
08067 —t MOWSIN dYN N sggct AZOST
T vodd
POTST 2 m 20553304 HBMQMM
pgosT —f_MOWSIN dYIN N\ pgost
20151 —L_Y2d3 u 10559004d N0
2805T —_MOWSIN dVIN  agps7
[ vodd
40151 — u J0O5520044 u/c
48061 —4_MOWSIA dYN N qg05T qz0ST
e01ST —fL_Y2dd M jossa30id [\
ey —a-] MOWBIN dYIN K poner BZ0ST
C y \ y
Y Y

POST  WRIsASONgG AlowRy

ZOST  SI0S58304d

SUBSTITUTE SHEET (RULE 26)



WO 2016/138496 PCT/US2016/019962
17/36

FIG. 178

SUBSTITUTE SHEET (RULE 26)



WO 2016/138496 PCT/US2016/019962
18/36

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/019962

WO 2016/138496

19/36

48! Il

S+ S+ S+
610 g0 L0
S+ S+ AR
910 S0 VIO
Sh+ S+ S+
210 210 130
~afpronnnassssscceline
&081
V8l 9l 2081

SN+
610

SN+
8710

SN+
L1710

SN+
910

S+
¢10

SN+
10

SN+
€10

SN+
¢10

SN+
110

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/019962

WO 2016/138496

20/36

6l 9l1

UOISUZIXES |G YA Juswsidwies 20 |
&
mkézaakummﬂu 764 5
jAIBItIOD juslsgdion
o 2N a7 L S0
? T yed & T ued
B0 K0 S ¢ pue el B G-
&
HOISUSINS LG YA JUBWSIdIL0T ‘10 | UoIBUAE G UM Juswaidiunt ‘710 |
«m Nm. Y
mkﬁﬁaé&,.{mﬁw £§10 5 Eeﬁaﬁ:ﬁ@ I 5
juaisldiuen BSOS
T e 80 T JBsu °n
o
r_ T wed
2 el B g
i
SO SO LSO+ | SO S SO SN S SN+
610 18101 4109101510 | V10 810 210 1 110

SUBSTITUTE SHEET (RULE 26)



WO 2016/138496

21/36
cell label color of § color of | color of
well ond part i _ _
_ i grobe probe grobe
plate 1| oligo | ¢ il for 0821 for 0S3
index
Al 1 § g {3
AZ 2 G O i
A 3 {3 {3 2
Ad 4 3 a 3
AS 5 0 O 4
AD & 0 1 3
K7 7 {3 1 1
AR 3 3 1 2
AS g § 1 3
ALD i0 G 1 4
Al% i1 {3 P §
Al2 12 O 2 i
81 13 O 2 2
B2 i4 {3 2 3
83 15 O 2 4
B4 iG § 3 {3
B85 i7 0 3 1
B i8 {3 3 2
BR7 i9 3 3 3
B8 28 § 3 4
B9 21 0 4 O
810 22 {3 4 1
81l 23 O 4 2
BiZ 24 § 4 3
{1 25 0 4 4
o RS 1 {3 §
{3 27 i { 1
{4 2% i 3 2
s 28 i O 3
Ce 30 1 {3 4
7 31 i 1 0
{8 32 1 i 1
5 33 i 1 2
€10 34 1 1 3
i1 35 1 i 4
Ci2 38 i 2 O

SUBSTITUTE SHEET (RULE 26)

PCT/US2016/019962

FIG. 20



WO 2016/138496

22/36
cell label color of | colorof | color of
welloni partl
olate 11 aligo probe pm_b& “pmbe
_ for 081 for Q82| for OS3
index
231 27 1 P 1
D2 38 1 2 2
D3 33 i 2 3
24 40 1 P 4
) 41 1 3 0
D& 42 1 3 1
D7 43 3 3 2
23 44 1 3 3
D9 4% 1 3 4
D10 48 i 4 O
RN 47 1 4 1
D1z 48 1 4 2z
£l 49 1 4 3
E2 S0 i 4 4
E3 51 3 {3 0
£4 52 2 g i
ES 53 2 O 2
E& 54 2 b 3
E7 55 2 { 4
E3 56 2 1 {
£ES 57 2 L 1
£E10 58 3 1 pd
£ii 58 2 1 3
£i2 60 2z i 4
Fi 61 2 P &
F2 &2 2 2 i
F3 63 2 2 2
F4 64 2 2 3
F5 &5 2 2 4
F& &6 2 3 3
F7 67 2z 3 1
F8 688 2 3 2
Fo £9 2 3 3
FL0 70 2 2 4
L1 71 2 4 §
F12 72 2 4 i

SUBSTITUTE SHEET (RULE 26)

PCT/US2016/019962

FIG. 20 CONT,



WO 2016/138496

23/36
cell label cotor of | color of | color of
well ont partl ,
olate 11 oligo probe | probe | probe
' , for OS1] for OR2 | for 0OS3
index
ol 73 5 7 3
52 F4 3 ) 3
G3 75 3 A ry
24 75 3 o 5
G5 77 3 & 3
GE 78 3 5 5
a7 74 3 & 3
G8 S0 3 0 4
9 81 3 1 0
G16 &2 3 1 1
Gil &3 3 7 5
G12 R4 3 1 3
f1 35 3 1 4
HZ 86 3 3 5
H3 &7 3 3 1
H4 88 3 3 5
H5 89 3 3 3
HE 30 3 3 7
H7 91 3 3 0
Ak 52 3 3 1
HS Q3 3 3 5
Hio g4 3 3 3
Hil g5 3 3 3
Hiz 13) 3 A a

FIG. 20 CONT

SUBSTITUTE SHEET (RULE 26)

PCT/US2016/019962

O no fluorophore
1:fluorophore
2:fluorophors 2
3-fluorophore 3
4:flucrophore 4



PCT/US2016/019962

WO 2016/138496

24/36

Ic Il

ssoudason3(O

R
230
T ed T ued
I HES: EiLRIES:
PR T 1 5 T AU 567 Gu
A A
sioydaionO 5 sacydascn3(O) i
2 T R o 7
T wed T ued
[OgRHSD [BUEHBD
T AU S0 U PP 1N 50 g
§
ST ST | SO ST ST ST SO ST ST
610870 10191010 FI0 1 €10, 2710 110

SUBSTITUTE SHEET (RULE 26)



¢¢ Ild

PCT/US2016/019962

/36

WO 2016/138496

UOISUSING G UIim EmEqmnEou ‘6 4l HOBUDIS & m:ﬁ Ea&mwaéau ‘G5l
& ‘
saosdosoniy (U : asoydosonyO
saoydaions g5q G 54 =
¥ yied 7 34ed
Cede] e e O ki A R %
STEun TN
e duey  THED  on Em&&uéeu tued o |
“TABYUTT BgRHIRD ST BECHLIER UL C 5
A
UOSUBS G ﬁ;? ﬁ&a&méau ‘ol |
240 3@53&0 =
¥ed 7
7 yied
- e Sy PAE] P §Ienul
g 2 AU
e PAE] Py Tieun wawsdwaod THed oo
AR DIF _ TauL gR| R &
wswsdwoy Tised
T AU PR IR
A
g
SO SO | ST ST ST S0 | 501+ | SN | SN
610|810 L10 | 910 | S0 | $10 | €10 210 | 110

SUBSTITUTE SHEET (RULE 26)



WO 2016/138496

26/36
: celliabel | colorof | colorof | colorof
Wfii ef part 2 ¢ligo | probefor | probefor | probefor
petel | ygex | osa | oss | ose
Al 1 @ 0 0
Az 2 { 0 1
A3 3 { 0 2
A4 4 0 0 3
AL 5 i ¢ 4
AB 8 0 1 0
A b g 1 1
Al 8 g 1 2
A% 9 @ 1 3
AlD 16 { 1 4
All i1 { 2 4
Al 12 { 2 1
81 i3 0 2 2
82 14 0 2 3
83 i5 g Z 4
84 16 g 3 ¢
85 i7 ¢ 3 1
B 18 { 3 2
R7 18 { 3 3
8 20 0 3 4
39 21 { 4 8
810 22 0 4 1
511 23 0 4 2
812 24 g 4 3
i 25 g 4 4
2 26 1 0 0
3 27 1 0 1
4 28 1 0 2
s 28 1 0 3
£ 30 1 @ 4
{7 31 1 1 o
8 32 1 1 1
{8 33 1 1 2
€10 24 1 1 3
it 35 1 i 4
{12 36 1 2 4

SUBSTITUTE SHEET (RULE 26)

PCT/US2016/019962

FIG. 23



WO 2016/138496

27/36
; el labed color of color of color of
weil on . . :

: part 2 oligo | probefor | provefor | probe for
pRte e os4 | oss | 0Ss
01 37 1 2 1
02 3R 1 2 2
03 39 1 2 3
&4 40 1 2 4
D5 41 1 3 f
D6 42 1 3 1
D7 43 1 3 ?
DE 44 1 3 3
D 45 1 3 4
ALY 46 1 4 g
b1l 47 1 4 1
D12 48 1 4 2
£l 49 1 4 3
£2 50 1 4 4
£3 51 ? {3 g
£4 52 2 a 1
£5 53 2 g 2
£5 54 2 iy 3
£7 55 2 ¢ 4
£8 56 2 i {
£S 57 2 1 1
E1Q 58 2 1 ?
Bl 58 2 1 3
ElZ 50 2 1 4
F1 61 2 2 g
Fe 62 2 2 1
F3 63 2 2 2
4 64 2 2 3
£S 65 ¢ 2 4
Fo 66 2 3 {
£7 67 2 3 1
8 63 2 3 2
Fa 6% 2 3 3
F10 70 2 3 4
Fi1 71 2 4 {0
F12 {2 2 4 1

SUBSTITUTE SHEET (RULE 26)

PCT/US2016/019962

FIG. 23 CONT.



PCT/US2016/019962

WO 2016/138496
28/36

wellon | Cehiabel }colorof | colorof | colorof

alate 2 part 2 0igo | probe for | probefor | probe for

! index {054 0S5 086
Gl 73 ? 4 5
2 74 2 A 3
&3 75 3 A 3
G4 76 3 ; 5
G5 77 3 7 ;
Gb 78 2 & 2
G7 74 3 3 3
58 80 3 0 A
&% 81 3 1 3
Gi0 82 3 1 :
Gil g3 3 1 3
12 84 3 1 3
H2 86 3 g o
H3 87 3 2 1
H4 &8 3 3 2
H 89 3 2 3
Hb S 3 2 i
H7 a1 3 3 5
HE Gz 3 3 1
HS G3 3 3 5
H1{ 44 3 3 3
Hil 85 3 3 i
HiZ 86 3 a 5

FIG. 23 CONT.

SUBSTITUTE SHEET (RULE 26)




PCT/US2016/019962

WO 2016/138496

29/36

k¢ Il

S0y : aoydotorg O :
asoydasonyy O T ydoorny o O
7 1ed L e 7 e el
FE0R 180 808 180 pEdfE] e LRI
7 1] | U] g I LS S0 g
A
sudoionid @, e
2 ued
7 ved jBge] 1180 jage] 1ol
15051 190 g deury L defl 50 g
g L LT
F 3

SOvE | SOVE ST | SO
610 | 810 | 110 19710

SO L SIve SO SN SN
1010 10 | 0110

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/019962

G¢ Ilf

WO 2016/138496

HOISUSIXS m Uit JuSUIBICUIos 810 UOISLEINS G Ui uewmidinD 210
o s104dou0nid O N asoydoionid O =
a0y PR I —_ jadey o 20
.w = , Py I N e 7 AR | %7
! pary ad d SR “ ypobio ¢ yad i .
poies L. LR Shg wpob ™ o
ade] jio SUR) a7 . 9 .\n R
jage 8 s R e e e (i mmm a0 oty ?
R
UOISLENEE § UM JUBLSKILOD 610
&
sioudosony O = -
oge 610 = I N,
LGNS ZWT | e P i | I w LT
S yRomio mmwmwmmo 7 e ‘ el a0 . FPOUHIO Wmmmmm.mkmmx \m wwmu a‘wmxmm; SN o
B3 elmes peEpn O 'y : LR -
f }
ST SO | SO SN S0 | SN (SO | SO L8N
10 Q10 210 1910 | 510 (V10 1§10 | 110 1110

SUBSTITUTE SHEET (RULE 26)



WO 2016/138496

BE

31/34
cell fabel color of color of color of
well on - . .
_ipart3cligol probefor | oprobefor | oprobe for
P31 e os7 | oss | 089
A1 i { i {
Al 2 { { 1
A3 3 { { 2
Ad 4 & { 3
A5 5 a 0 4
A & 0 1 0
7 ? { i 1
AS 8 { 1 2
A 9 { 1 3
AlD ig { 1
All il ¢ 2
A1 12 { 2
B1 i3 { 2
12 id { P
B3 15 a 2
4 18 0 3
85 i7

g7

CECay s

[R50 RESY RV

B

Lo

<D

o0

Db P L 3 P b PO ] S G I | e D] o | G ] M | e D S

2

89 21 0 4

g0 22 0 4

Bt 23 8 4

B1Z 24 g 4

Ci 25 a 4

oe 25 i {

£ 27 i g

£ 28 1 o

{5 30 i & 4
¢ 31 i 1 {
£ 32 1 1 1
£ 33 1 1 i
£18 34 i 1 3
{11 35 i 1 4
{12 35 i 2 {

SUBSTITUTE SHEET (RULE 26)

PCT/US2016/019962

FIG. 26



WO 2016/138496

32/36
well on cell fabel cotor ?f color §f color ?f
req | PErt3oligo ) probefor | probefor | probe for
piee s index 087 058 088G
D2 3R 1 2 P
03 34 1 2 3
D4 4G i ] 4
D& 42 1 3 1
0y 43 1 3 5
09 45 1 3 7
D18 46 1 A 5
i1 47 1 4 7
12 4R 1 4 5
£l 4% 1 4 3
£d 50 i 4 4
£3 1 3 o 5
£S 53 Z O 2
24 56 2 1 0
£S 57 3 1 T
£10 58 2 7 5
F11 55 3 ; ;
£12 §0 2 1 3
ke G2 2 3 1
3 63 ; ) s
F5 ix 5 5 -
FE &6 3 3 5
8 &8 2 3 5
Fo &4 2 3 3
F18 70 3 3 7
F11 7 5 ; -
F12 73 ; -

SUBSTITUTE SHEET (RULE 26)

PCT/US2016/019962

FIG. 26 CONT.



WO 2016/138496

33/34
ol cell iai?ei color of oolor of color E}f
.. ipart3ofige| probefor | probefor | probefor
PRt 1 dex os7 | oss | ose
Gl 73 Z 4 2
G2 74 2 4 2
(3 75 2 4 4
G4 76 3 0 0
G5 77 3 g 1
55 78 3 8 ?
47 74 3 4 3
ER 80 3 8 4
49 81 3 1 g
G160 ]2 3 i 1
&1l 82 3 1 2
Gi2 R4 3 i 3
Hi g% 3 i 4
H2 R6 3 2 g
H3 g7 3 2 i
H4 83 3 2 2
H5 §9 3 2 3
HE 80 3 2 4
H7 21 3 3 {
HA g2 3 3 1
HY 93 3 3 2
HiD 94 3 3 3
Hil 95 3 3 4
Hiz2 % 3 4 ¢

FIG. 26 CONT.

SUBSTITUTE SHEET (RULE 26)

PCT/US2016/019962

8 no fluorophore
1: fluorophore 1
2 fluorophore 2
3: fluorophore 3
4 fluorophore 4



PCT/US2016/019962

34/36

WO 2016/138496

m%gm?ﬁmﬁﬂv 10 - 89&8%;@ -
FAL 0 B
) £ ued 7 yed L ped . - o
ipoflo  pGRIRO RGBS 1eqe 8D 080 oL e o
. [5E] 2 I | 3N 5N 5 s mmﬁ“ Sy R
BINOBION - o ummmﬁ £ 425U § soRuy 50 gl
* %
Soﬁméanao ps ¥
| g1 ¢ g 7 ugd 1
, ¢ ued zped : ved 1pobiyo Poe a0 1BYELEBD BOE ]
1 pobuo i U8 R0 U8 120 T 7 IONUT BEI R G o
e 7 I | IGHT S ¢ SNUBIOYY S - U
SHTIHOH 51 5
[ 1

SO [+ | SN+ | SN+ S+ | SN+ SN+ | SN+ | S+
610 [810 | 10 | 970 |50 |¥10 €10 | 210|110

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/019962

WO 2016/138496

8¢ Il

GI0RLYC Y ET L0

ssoydoson3 (O =
5

. ¢ ped z yed L e
(Ip)obyo  1©deife)  1BGELIBD  8qei feg

a0e = 1o _ .
mm%um% 2 S | JOUIT 5 g

SUBSTITUTE SHEET (RULE 26)



WO 2016/138496 PCT/US2016/019962

N
5§
ot
.
2
&3
=$ ol e
&
w5
P ™ - L
b O
R
R
W0 -
=
L 5 =¥ Pooe,
&
ok
B
(4] QE%
£ ot Mo~ oo AN
i & -
£3 LD
] E"‘“ﬂmm
&4 = 4 W
L3 o3 {3
-
RS
o o
S v N
L
o
o
L. [ ey
O
&
@ 5 - -
O L
— L2
”
S
Q
L
3
3
Boo
o
=
Lia

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/019962

A. CLASSIFICATION OF SUBJECT MATTER

INV. C12Q1/68
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C12Q

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, BIOSIS, Sequence Search, EMBASE, FSTA, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X M. CASTELLARNAU ET AL: "Stochastic 1-115
Particle Barcoding for Single-Cell
Tracking and Multiparametric Analysis",
SMALL,

vol. 11, no. 4,

2 September 2014 (2014-09-02), pages
489-498, XP055278697,

DE

ISSN: 1613-6810, DOI:
10.1002/sm11.201401369

figures 1-2

X WO 2013/130674 Al (CELLULAR RES INC [US];: 1-115
FU GLENN K [US]; FODOR STEPHEN P A [US];
WILHEL) 6 September 2013 (2013-09-06)
figure 1

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other

. e "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified)

considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

9 June 2016 17/06/2016

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016 DO]CE, Luca

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/019962

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X G. K. FU ET AL: "Counting individual DNA
molecules by the stochastic attachment of
diverse labels",

PROCEEDINGS OF THE NATIONAL ACADEMY OF
SCIENCES,

vol. 108, no. 22, 31 May 2011 (2011-05-31)
, pages 9026-9031, XP055164127,

ISSN: 0027-8424, DOI:
10.1073/pnas.1017621108

figure 1

X US 20137116130 Al (FU GLENN K [US] ET AL)
9 May 2013 (2013-05-09)

paragraph [0011]; figures 1-3

A WO 2012/048341 Al (HARVARD COLLEGE [US];
CHURCH GEORGE M [US]; VIGNEAULT FRANCOIS
[US]) 12 April 2012 (2012-04-12)

the whole document

A SPEICHER M R ET AL: "The new
cytogenetics: blurring the boundaries with
molecular biology",

NATURE REVIEWS GENETICS, MACMILLAN
MAGAZINES, GB,

vol. 6, no. 10,

1 October 2005 (2005-10-01), pages
782-792, XP003006460,

the whole document

1-115

1-115

1-115

1-115

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/019962
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2013130674 Al 06-09-2013 AU 2013226081 Al 18-09-2014
CA 2865575 Al 06-09-2013
CN 104364392 A 18-02-2015
EP 2820158 Al 07-01-2015
GB 2504240 A 22-01-2014
GB 2513024 A 15-10-2014
HK 1194109 Al 22-04-2016
HK 1206069 Al 31-12-2015
JP 2015511819 A 23-04-2015
SG 11201405274W A 30-10-2014
US 2015133319 Al 14-05-2015
WO 2013130674 Al 06-09-2013

US 2013116130 Al 09-05-2013  NONE

WO 2012048341 Al 12-04-2012 CA 2814049 Al 12-04-2012
EP 2625320 Al 14-08-2013
GB 2497912 A 26-06-2013
GB 2512213 A 24-09-2014
US 2013274117 Al 17-10-2013
WO 2012048341 Al 12-04-2012

Form PCT/ISA/210 (patent family annex) (April 2005)




	Bibliography
	Abstract
	Description
	Claims
	Drawings
	Search report



