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DESCRIPTION

Technical Field

[0001] The present disclosure generally relates to assays of biological molecules, and in
particular, to methods and assay systems for determining spatial patterns of abundance,
expression, and/or activity of a biological target in a sample using a microfluidic device.

Background

[0002] In the following discussion, certain articles and methods are described for background
and introductory purposes. Nothing contained herein is to be construed as an "admission" of
prior art. Applicant expressly reserves the right to demonstrate, where appropriate, that the
articles and methods referenced herein do not constitute prior art under the applicable
statutory provisions.

[0003] Comprehensive gene expression analysis and protein analysis have been useful tools
in understanding mechanisms of biology. Use of these tools has allowed the identification of
genes and proteins involved in development and in various diseases such as cancer and
autoimmune disease. Conventional methods such as in situ hybridization and other multiplexed
detection of different transcripts have revealed spatial patterns of gene expression and have
helped shed light on the molecular basis of development and disease. Other technologies that
have enabled the quantitative analysis of many RNA sequences per sample include
microarrays (see Shi et al., Nature Biotechnology, 24(9):1151-61 (2006); and Slonim and
Yanai, Plos Computational Biology, 5(10):el000543 (2009)); serial analysis of gene expression
(SAGE) (see Velculescu et al., Science, 270(5235):484-87 (1995)); high-throughput
implementations of qPCR (see Spurgeon et al., Plos ONE, 3(2):e1652 (2008)); in situ PCR
(see Nuovo, Genome Res., 4:151-67 (1995)); and RNA-Seq (see Mortazavi et al., Nature
Methods, 5(7):621-8 (2008)). As useful as these methods are, however, they do not enable
simultaneous measurement of the expression of many genes or the presence and/or activity of
multiple proteins at many spatial locations in a sample.

[0004] Laser capture microdissection has permitted the analysis of many genes at a small
number of locations, but it is very expensive, laborious, and does not scale well. Certain PCR
assays in a 2D format preserve spatial information (see Armani et al., Lab on a Chip,
9(24):3526-34 (2009)), but these methods have low spatial resolution because they rely on
physically transferring tissues into wells, which also prevents random access to tissue samples
and high levels of multiplexing.

[0005] At present, there is a need to analyze at high resolution the spatial expression patterns
of large numbers of genes, proteins, or other biologically active molecules simultaneously.



DK/EP 3013983 T3

There is also a need for reproducible, high-resolution spatial maps of biological molecules in
tissues. The present disclosure addresses these needs.

[0006] US 2011/02451 1 A1 discloses spatially encoded assays.

Summary

[0007] The invention is defined in the claims.

[0008] In one aspect, provided herein but not part of the invention is a method of determining
a spatial pattern of abundance, expression and/or activity of a biological target in a sample,
comprising:

1. (a) delivering a probe for a biological target to a sample, the probe comprising: (1) a
binding moiety capable of binding to the biological target; and (2) an identity tag that
identifies the biological target or the binding moiety;

2. (b) affixing the sample from step (a) to a first microfluidic device having multiple first
addressing channels, wherein each first addressing channel identifies a first area in the
sample;

3. (c) delivering a first address tag through each of the first addressing channels to each
first area in the sample, wherein each first address tag is to be coupled to the probe;

4. (d) affixing the sample from step (c) to a second microfluidic device having multiple
second addressing channels, wherein each second addressing channel identifies in the
sample a second area that intersects with a first area identified by the first addressing
channels at an angle greater than 0 degree;

5. (e) delivering a second address tag through each of the second addressing channels to
each second area in the sample, wherein each second address tag is to be coupled to
the probe, whereby the first address tag and the second address tag at an intersection
between a first area and a second area determine the intersection's address;

6. (f) analyzing the probe bound to the biological target, the analysis comprising: (1)
determining the abundance, expression and/or activity of the biological target by
assessing the amount of the probe bound to the biological target; and (2) determining
the identities of the identity tag and the first and second address tags at each address;
and

7. (g) determining a spatial pattern of the biological target abundance, expression and/or
activity in the sample based on the analysis of step (f).

[0009] In another aspect, disclosed herein but not part of the invention is a method of
determining a spatial pattern of abundance, expression and/or activity of a biological target in a
sample, comprising:

1. (a) affixing a sample to a first microfluidic device having multiple first addressing
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channels, wherein each first addressing channel identifies a first area in the sample;

2. (b) delivering a first probe for a biological target through each of the first addressing
channels to each first area in the sample, the probe comprising: (1) a first binding moiety
capable of binding to the biological target; (2) a first address tag that identifies an area in
the sample to which the first probe is delivered; and (3) a first identity tag that identifies
the biological target or the first binding moiety;

3. (¢) affixing the sample from step (b) to a second microfluidic device having multiple
second addressing channels, wherein each second addressing channel identifies in the
sample a second area that intersects with a first area identified by the first addressing
channels at an angle greater than 0 degree;

4. (d) delivering a second probe for the biological target through each of the second
addressing channels to each second area in the sample, the probe comprising: (1) a
second binding moiety capable of binding to the biological target; (2) a second address
tag that identifies an area in the sample to which the first probe is delivered; and (3) a
second identity tag that identifies the biological target or the second binding moiety,
whereby the first address tag and the second address tag at an intersection between a
first area and a second area determine the intersection's address;

5. (e) analyzing the probes bound to the biological target, the analysis comprising: (1)
determining the abundance, expression and/or activity of the biological target by
assessing the amount of the probes bound to the biological target; and (2) determining
the identities of the first and second identity tags and the first and second address tags
at each address; and

6. (f) determining a spatial pattern of the biological target abundance, expression and/or
activity in the sample based on the analysis of step (e).

[0010] In yet another aspect, provided herein but not part of the invention is a method of
determining a spatial pattern of abundance, expression and/or activity of a biological target in a
sample, comprising:

1. (a) affixing a sample to a first microfluidic device having multiple first addressing
channels, wherein each first addressing channel identifies a first area in the sample;

2. (b) delivering a probe for a biological target through each of the first addressing
channels to each first area in the sample, the probe comprising: (1) a binding moiety
capable of binding to the biological target; (2) a first address tag that identifies an area in
the sample to which the probe is delivered; and (3) an identity tag that identifies the
biological target or the binding moiety;

3. (¢) affixing the sample from step (b) to a second microfluidic device having multiple
second addressing channels, wherein each second addressing channel identifies in the
sample a second area that intersects with a first area identified by the first addressing
channels at an angle greater than 0 degree;

4. (d) delivering a second address tag through each of the second addressing channels to
each second area in the sample, wherein each second address tag is to be coupled to
the probe, whereby the first address tag and the second address tag at an intersection



DK/EP 3013983 T3

between a first area and a second area determine the intersection's address;

5. (e) analyzing the probe bound to the biological target, the analysis comprising: (1)
determining the abundance, expression and/or activity of the biological target by
assessing the amount of the probe bound to the biological target; and (2) determining
the identities of the identity tag and the first and second address tags at each address;
and

6. (f) determining a spatial pattern of the biological target abundance, expression and/or
activity in the sample based on the analysis of step (e).

[0011] In another aspect, disclosed herein but not part of the invention is a method of
determining a spatial pattern of abundance, expression and/or activity of a biological target in a
sample, comprising:

1. (a) affixing a sample to a first microfluidic device having multiple first addressing
channels, wherein each first addressing channel identifies a first area in the sample;

2. (b) delivering a first address tag through each of the first addressing channels to each
first area in the sample;

3. (¢) affixing the sample from step (b) to a second microfluidic device having multiple
second addressing channels, wherein each second addressing channel identifies in the
sample a second area that intersects with a first area identified by the first addressing
channels at an angle greater than 0 degree;

4. (d) delivering a probe for a biological target through each of the second addressing
channels to each second area in the sample, the probe comprising: (1) a binding moiety
capable of binding to the biological target; (2) a second address tag that identifies an
area in the sample to which the probe is delivered; and (3) an identity tag that identifies
the biological target or the binding moiety, wherein each first address tag to be coupled
to the probe, whereby the first address tag and the second address tag at an
intersection between a first area and a second area determine the intersection's
address;

5. (e) analyzing the probe bound to the biological target, the analysis comprising: (1)
determining the abundance, expression and/or activity of the biological target by
assessing the amount of the probe bound to the biological target; and (2) determining
the identities of the identity tag and the first and second address tags at each address;
and

6. (f) determining a spatial pattern of the biological target abundance, expression and/or
activity in the sample based on the analysis of step (e).

[0012] In one aspect, disclosed herein but not part of the invention is a method of determining
a spatial pattern of abundance, expression and/or activity of a biological target in a sample,
comprising:
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1. (a) delivering a probe for a biological target to a sample, the probe comprising a binding
moiety capable of binding to the biological target, and optionally, delivering an adaptor
that specifically binds to the probe, wherein the probe and/or the adaptor comprises an
identity tag that identifies the biological target or target-binding moiety;

2. (b) affixing the sample from step (a) to a first microfluidic device having multiple first
addressing channels, wherein each first addressing channel identifies a first area in the
sample;

3. (c) delivering a first address tag through each of the first addressing channels to each
first area in the sample, wherein each first address tag is to be coupled to the probe
and/or the adaptor;

4. (d) affixing the sample from step (c) to a second microfluidic device having multiple
second addressing channels, wherein each second addressing channel identifies in the
sample a second area that intersects with a first area identified by the first addressing
channels at an angle greater than 0 degree;

5. (e) delivering a second address tag through each of the second addressing channels to
each second area in the sample, wherein each second address tag is to be coupled to
the probe and/or the adaptor, whereby the first address tag and the second address tag
at an intersection between a first area and a second area determine the intersection'’s
address;

6. (f) analyzing the probe and/or the adaptor bound to the biological target, the analysis
comprising: (1) determining the abundance, expression and/or activity of the biological
target by assessing the amount of the probe and/or the adaptor bound to the biological
target; and (2) determining the identities of the identity tag and the first and second
address tags at each address; and

7. (g) determining a spatial pattern of the biological target abundance, expression and/or
activity in the sample based on the analysis of step (f).

[0013] In yet another aspect, provided herein but not part of the invention is a method of
determining a spatial pattern of abundance, expression and/or activity of a biological target in a
sample, comprising:

1. (a) affixing a sample to a first microfluidic device having multiple first addressing
channels, wherein each first addressing channel identifies a first area in the sample;

2. (b) delivering a probe for a biological target through each of the first addressing
channels to each first area in the sample, the probe comprising a binding moiety capable
of binding to the biological target, and optionally, delivering an adaptor that specifically
binds to the probe, wherein the probe and/or the adaptor comprises: (1) a first address
tag that identifies an area in the sample to which the probe and/or the adaptor is
delivered; and (2) an identity tag that identifies the biological target or the binding
moiety;

3. (¢) affixing the sample from step (b) to a second microfluidic device having multiple
second addressing channels, wherein each second addressing channel identifies in the
sample a second area that intersects with a first area identified by the first addressing
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channels at an angle greater than 0 degree;

4. (d) delivering a second address tag through each of the second addressing channels to
each second area in the sample, wherein each second address tag is to be coupled to
the probe and/or the adaptor, whereby the first address tag and the second address tag
at an intersection between a first area and a second area determine the intersection'’s
address;

5. (e) analyzing the probe and/or the adaptor bound to the biological target, the analysis
comprising: (1) determining the abundance, expression and/or activity of the biological
target by assessing the amount of the probe and/or the adaptor bound to the biological
target; and (2) determining the identities of the identity tag and the first and second
address tags at each address; and

6. (f) determining a spatial pattern of the biological target abundance, expression and/or
activity in the sample based on the analysis of step (e).

[0014] In any of the preceding embodiments or combinations thereof, the angle can be about
90 degrees, about 80 degrees, about 70 degrees, about 60 degrees, about 50 degrees, about
40 degrees, about 30 degrees, about 20 degrees, or about 10 degrees. In any of the
preceding embodiments, the multiple first addressing channels may substantially parallel each
other and the multiple second addressing channels may substantially parallel each other.

[0015] In any of the preceding embodiments or combinations thereof, the sample can be a
biological sample selected from the group consisting of a freshly isolated sample, a fixed
sample, a frozen sample, an embedded sample, a processed sample, or a combination
thereof.

[0016] In any of the preceding embodiments or combinations thereof, the first addressing
channels may be disposed on the same device as the second addressing channels. In other
embodiments, the first addressing channels can be disposed on a separate device from the
second addressing channels.

[0017] In any of the preceding embodiments or combinations thereof, the first and/or second
microfluidic device can be manufactured by soft-lithographic techniques. In certain aspects, the
number of the first and/or second addressing channels can be n, n being an integer greater
than 1. In certain examples, n can be 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, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650,
700, 750, 800, 850, 900, 950, or 1000. In other aspects, n can be an integer between 20 and
30, between 30 and 40, between 40 and 50, between 50 and 60, between 60 and 70, between
70 and 80, between 80 and 90, or between 90 and 100. In yet other aspects, n can be an
integer between 100 and 150, between 150 and 200, between 200 and 250, between 250 and
300, between 300 and 350, between 350 and 400, between 400 and 450, between 450 and
500, between 500 and 550, between 550 and 600, between 600 and 650, between 650 and
700, between 700 and 750, between 750 and 800, between 800 and 850, between 850 and
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900, between 900 and 950, or between 950 and 1000. In yet other aspects, n can be an
integer greater than 1000.

[0018] In some embodiments, the width of the first and/or second addressing channels can be
about 5 pm, about 10 pym, about 50 pym, about 100 ym, about 150 pym, about 200 um, about
250 ym, about 300 um, about 350 ym, about 400 pm, about 450 uym, or about 500 ym. In any
of the preceding embodiments, the depth of the first and/or second addressing channels can
be about 5 uym, about 10 um, about 50 ym, about 100 pym, about 150 ym, about 200 ym, about
250 ym, about 300 ym, about 350 uym, about 400 um, about 450 um, or about 500 ym. In
some aspects, the distance between each first addressing channel and/or between each
second addressing channel can be about 5 ym, about 10 pm, about 50 ym, about 100 um,
about 150 pm, about 200 um, about 250 ym, about 300 pm, about 350 ym, about 400 um,
about 450 pm, about 500 um, about 550 ym, about 600 pm, about 650 ym, about 700 um,
about 750 pm, about 800 um, about 850 uym, about 900 pym, about 950 ym, about 1.0 mm,
about 1.2 mm, about 1.3 mm, about 1.4 mm, about 1.5 mm, about 1.6 mm, about 1.7 mm,
about 1.8 mm, about 1.9 mm, or about 2.0 mm. In some embodiments, the first addressing
channels and/or the second addressing channels may be evenly or unevenly spaced. The
distance between each first addressing channel and/or between each second addressing
channel can be chosen and/or adjusted to fit the particular need.

[0019] In any of the preceding embodiments or combinations thereof, the first and/or second
address tag may comprise an oligonucleotide. In other aspects, the identity tag may comprise
an oligonucleotide.

[0020] In any of the preceding embodiments or combinations thereof, the biological target can
be a nucleic acid and the probe for the biological target can comprise an oligonucleotide. In
certain embodiments, the biological target can be a nucleic acid and two probes for the nucleic
acid target may be used.

[0021] In any of the preceding embodiments or combinations thereof, the biological target may
be a protein, and the probe for the target protein can comprise an oligonucleotide and a target-
binding moiety which is a protein.

[0022] In any of the preceding embodiments, the biological target may comprise an enzyme. In
certain aspects, the binding moiety of the probe for the biological target can comprise an
antibody, an aptamer, or a small molecule, or any combination thereof.

[0023] In any of the preceding embodiments or combinations thereof, the analyzing step may
be performed by nucleic acid sequencing, for example, high-throughput digital nucleic acid
sequencing. In any of the preceding embodiments or combinations thereof, spatial patterns of
the abundance, expression, and/or activity of multiple biological targets in the sample may be
determined in parallel.

[0024] In any of the preceding embodiments or combinations thereof, the product of the
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number of biological targets being assayed and the number of addresses being assayed in the
sample can be greater than 20, greater than 50, greater than 75, greater than 100, greater
than 1,000, greater than 10,000, greater than 100,000, or greater than 1,000,000. In any of
the preceding embodiments or combinations thereof, at least one hundred thousand, at least
five hundred thousand, or at least one million probes bound to the biological target may be
analyzed in parallel.

[0025] In any of the preceding embodiments or combinations thereof, software programmed
hardware may perform at least two steps of the delivering steps, the affixing steps, the
analyzing step and the determining step.

[0026] In any of the preceding embodiments or combinations thereof, a known percentage of
the probe for the biological target can be an attenuator probe. In certain aspects, the
attenuator probe may prevent production of an amplifiable product. For example, an attenuator
probe may compete with an active probe for binding to the target. While an active probe can
lead to the generation of an amplifiable product from the target, an attenuator probe does not
or has reduced ability in generating an amplifiable product. In one embodiment, the attenuator
probe can lack a 5' phosphate.

[0027] In any of the preceding embodiments or combinations thereof, the probe for the
biological target can comprise a variable tag region, which can be used to group sequencing
products of the probe that is bound to the biological target. In certain embodiments, the
variable tag region may be a 4-mer, 5-mer, 6-mer, 7-mer, 8-mer, 9-mer, 10-mer, 11-mer, 12-
mer, 13-mer, 14-mer, 15-mer, 16-mer, 17-mer, 18-mer, 19-mer, 20-mer, or even longer
nucleotide sequence. In one aspect, the variable tag region may be randomly produced.

[0028] In any of the preceding embodiments or any combinations thereof, the address tag may
be coupled to the probe by ligation, by extension, by ligation following extension, or any
combination thereof.

[0029] In yet another aspect, provided herein but not part of the invention is a method of
address coding multiple sites in a sample, comprising:

1. (a) providing a sample affixed to a first microfluidic device having multiple first
addressing channels, wherein each first addressing channel identifies a first area in the
sample;

2. (b) delivering a first probe capable of binding to a target in the sample through each of
the first addressing channels to each first area in the sample;

3. (¢) affixing the sample from step (b) to a second microfluidic device having multiple
second addressing channels, wherein each second addressing channel identifies in the
sample a second area that intersects with a first area identified by the first addressing
channels at an angle greater than 0 degree;

4. (d) delivering a second probe capable of binding to the target in the sample through
each of the second addressing channels to each second area in the sample; and



DK/EP 3013983 T3

5. (e) determining an address of an intersection between a first area and a second area in
the sample based on the first probe and the second probe bound to the target at the
intersection.

[0030] In one aspect, the angle can be about 90 degrees, about 80 degrees, about 70
degrees, about 60 degrees, about 50 degrees, about 40 degrees, about 30 degrees, about 20
degrees, or about 10 degrees. In another aspect, the first addressing channels may
substantially parallel each other and the second addressing channels can substantially parallel
each other. In certain embodiments, the sample can be a biological sample selected from the
group consisting of a freshly isolated sample, a fixed sample, a frozen sample, an embedded
sample, a processed sample, or a combination thereof. In other embodiments, the first
addressing channels may be disposed on the same device as the second addressing
channels. Alternatively, in some embodiments, the first addressing channels can be disposed
on a separate device from the second addressing channels. In certain aspects, the first or
second microfluidic device can be manufactured by soft-lithographic techniques. In some
embodiments, the number of the first or second addressing channels is n, n being an integer
greater than 1. In other embodiments, the width of the first and/or second addressing channels
is about 5 ym, about 10 ym, about 50 pym, about 100 um, about 150 ym, about 200 pym, about
250 ym, about 300 pm, about 350 um, about 400 um, about 450 um, or about 500 pm. In one
aspect, the depth of the first and/or second addressing channels is about 5 ym, about 10 um,
about 50 ym, about 100 pym, about 150 ym, about 200 um, about 250 ym, about 300 um,
about 350 uym, about 400 uym, about 450 uym, or about 500 um. In another aspect, the distance
between each first addressing channel and/or between each second addressing channel is
about 5 pm, about 10 pym, about 50 pym, about 100 ym, about 150 pym, about 200 um, about
250 pm, about 300 uym, about 350 ym, about 400 um, about 450 ym, about 500 pym, about 550
pm, about 600 ym, about 650 um, about 700 uym, about 750 ym, about 800 ym, about 850 um,
about 900 pm, about 950 um, about 1.0 mm, about 1.2 mm, about 1.3 mm, about 1.4 mm,
about 1.5 mm, about 1.6 mm, about 1.7 mm, about 1.8 mm, about 1.9 mm, or about 2.0 mm.
In yet another aspect, the first probes may be different from each other, and the second
probes may be different from each other and different from the first probes.

Brief Description of the Drawings

[0031]

Figure 1 is a flow chart illustrating exemplary steps of a method of determining a spatial pattern
of abundance, expression, and/or activity of one or more biological targets across multiple sites
in a sample, according to an embodiment of the present disclosure.

Figure 2 is a flow chart illustrating exemplary steps of a method of determining a spatial pattern
of abundance, expression, and/or activity of one or more biological targets across multiple sites
in a sample, according to an embodiment of the present disclosure.
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Figure 3 illustrates a combinatorial addressing scheme, according to one embodiment of the
present disclosure.

Figure 4 illustrates combinatorial addressing schemes applied to a sample, according to
embodiments of the present disclosure.

Figure 5 illustrates a combinatorial addressing scheme applied to a sample, according to one
embodiment of the present disclosure.

Figure 6 illustrates multiplexable protein detection assays with combinatorial addressing
schemes applied to a sample, according to embodiments of the present disclosure.

Figure 7 illustrates exemplary antibody-DNA conjugate configurations, according to certain
embodiments of the present disclosure.

Figure 8 illustrates a microfluidic device based reagent delivery and address tagging scheme,
according to one embodiment of the present disclosure.

Figure 9 illustrates a microfluidic device based reagent delivery and address tagging scheme,
according to one embodiment of the present disclosure.

Figure 10 illustrates a microfluidic device based reagent delivery and address tagging scheme,
according to one embodiment of the present disclosure.

Figure 11 illustrates a microfluidic device based reagent delivery and address tagging scheme,
according to one embodiment of the present disclosure.

Figure 12 illustrates a microfluidic addressing device, according to one embodiment of the
present disclosure.

Figure 13 illustrates a microfluidic channel network, according to one embodiment of the
present disclosure.

Figure 14 illustrates an extension assay, according to one embodiment of the present
disclosure.

Figure 15 illustrates sequential address tagging schemes, according to embodiments of the
present disclosure.

Figure 16 provides an immunofluorescence image (Figure 16A) and representative expression
maps (Figure 16B-C) generated according to some embodiments of the present disclosure.

Figure 17 illustrates fluorescence images of a sample addressed with microfluidic devices with
different channel width, according to some embodiments of the present disclosure.

Figure 18 illustrates a fluorescence image and expression maps of targets in a sample,
according to some embodiments of the present disclosure.

Figure 19 illustrates a fluorescence image and expression maps of targets in a sample,
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according to some embodiments of the present disclosure.

Figure 20 illustrates a method for reducing random errors during the sequencing step (Figure
20A), and exemplary configurations of probes with integrated X and Y address tags and
variable tag region z (Figure 20B), according to some embodiments of the present disclosure.

Detailed Description

[0032] A detailed description of one or more embodiments of the claimed subject matter is
provided below along with accompanying figures that illustrate the principles of the claimed
subject matter. The claimed subject matter is described in connection with such embodiments,
but is not limited to any embodiment. It is to be understood that the claimed subject matter may
be embodied in various forms, and encompasses numerous alternatives, modifications and
equivalents. Therefore, specific details disclosed herein are not to be interpreted as limiting,
but rather as a basis for the claims and as a representative basis for teaching one skilled in the
art to employ the claimed subject matter in virtually any appropriately detailed system,
structure or manner. Numerous specific details are set forth in the following description in order
to provide a thorough understanding of the present disclosure. These details are provided for
the purpose of example and the claimed subject matter may be practiced according to the
claims without some or all of these specific details. It is to be understood that other
embodiments can be used and structural changes can be made without departing from the
scope of the claimed subject matter. For the purpose of clarity, technical material that is known
in the technical fields related to the claimed subject matter has not been described in detail so
that the claimed subject matter is not unnecessarily obscured.

[0033] Unless defined otherwise, all terms of art, notations and other technical and scientific
terms or terminology used herein are intended to have the same meaning as is commonly
understood by one of ordinary skill in the art to which the claimed subject matter pertains. In
some cases, terms with commonly understood meanings are defined herein for clarity and/or
for ready reference, and the inclusion of such definitions herein should not necessarily be
construed to represent a substantial difference over what is generally understood in the art.
Many of the techniques and procedures described or referenced herein are well understood
and commonly employed using conventional methodology by those skilled in the art.

[0034] The practice of the provided embodiments will employ, unless otherwise indicated,
conventional techniques and descriptions of organic chemistry, polymer technology, molecular
biology (including recombinant techniques), cell biology, biochemistry, and sequencing
technology, which are within the skill of those who practice in the art. Such conventional
techniques include polymer array synthesis, hybridization and ligation of polynucleotides, and
detection of hybridization using a label. Specific illustrations of suitable techniques can be had
by reference to the examples herein. However, other equivalent conventional procedures can,
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of course, also be used. Such conventional techniques and descriptions can be found in
standard laboratory manuals such as Green, et al., Eds., Genome Analysis: A Laboratory
Manual Series (Vols. I-IV) (1999); Weiner, Gabriel, Stephens, Eds., Genetic Variation: A
Laboratory Manual (2007); Dieffenbach, Dveksler, Eds., PCR Primer: A Laboratory Manual
(2003); Bowtell and Sambrook, DNA Microarrays: A Molecular Cloning Manual (2003); Mount,
Bioinformatics: Sequence and Genome Anazvsis (2004); Sambrook and Russell, Condensed
Protocols from Molecular Cloning: A Laboratory Manual (2006); and Sambrook and Russell,
Molecular Cloning: A Laboratory Manual (2002) (all from Cold Spring Harbor Laboratory
Press); Ausubel et al. eds., Current Protocols in Molecular Biology (1987); T. Brown ed.,
Essential Molecular Biology (1991), IRL Press; Goeddel ed., Gene Expression Technology
(1991), Academic Press; A. Bothwell et al. eds., Methods for Cloning and Analysis of
Eukaryotic Genes (1990), Bartlett Publ.; M. Kriegler, Gene Transfer and Expression (1990),
Stockton Press; R. Wu et al. eds., Recombinant DNA Methodology (1989), Academic Press; M.
McPherson et al., PCR: A Practical Approach (1991), IRL Press at Oxford University Press;
Stryer, Biochemistry (4th Ed.) (1995), W. H. Freeman, New York N.Y.; Gait, Oligonucleotide
Synthesis: A Practical Approach (2002), IRL Press, London; Nelson and Cox, Lehninger,
Principles of Biochemistry (2000) 3rd Ed., W. H. Freeman Pub., New York, N.Y.; Berg, et al.,
Biochemistry (2002) 5th Ed., W. H. Freeman Pub., New York, N.Y.; D. Weir & C. Blackwell,
eds., Handbook of Experimental Immunology (1996), Wiley-Blackwell; A. Abbas et al., Cellular
and Molecular Immunology (1991, 1994), W.B. Saunders Co.; and J. Coligan et al. eds.,
Current Protocols in Immunology (1991).

[0035] As used herein and in the appended claims, the singular forms "a," "an,” and "the"
include plural referents unless the context clearly dictates otherwise. For example, "a" or "an"
means "at least one" or "one or more." Thus, reference to "a biological target" refers to one or
more biological targets, and reference to "the method" includes reference to equivalent steps
and methods disclosed herein and/or known to those skilled in the art, and so forth.

[0036] Throughout this disclosure, various aspects of the claimed subject matter are presented
in a range format. It should be understood that the description in range format is merely for
convenience and brevity and should not be construed as an inflexible limitation on the scope of
the claimed subject matter. Accordingly, the description of a range should be considered to
have specifically disclosed all the possible sub-ranges as well as individual numerical values
within that range. For example, where a range of values is provided, it is understood that each
intervening value, between the upper and lower limit of that range and any other stated or
intervening value in that stated range is encompassed within the claimed subject matter. The
upper and lower limits of these smaller ranges may independently be included in the smaller
ranges, and are also encompassed within the claimed subject matter, subject to any
specifically excluded limit in the stated range. Where the stated range includes one or both of
the limits, ranges excluding either or both of those included limits are also included in the
claimed subject matter. This applies regardless of the breadth of the range.

[0037] As used herein, an "individual" can be any living organism, including humans and other
mammals. A "subject” as used herein can be an organism to which the provided compositions,
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methods, kits, devices, and systems can be administered or applied. In one embodiment, the
subject can be a mammal or a cell, a tissue, an organ or a part of the mammal. Mammals
include, but are not limited to, humans, and non-human animals, including farm animals, sport
animals, rodents and pets.

[0038] As used herein, a "biological sample” can refer to any sample obtained from a living or
viral source or other source of macromolecules and biomolecules, and includes any cell type or
tissue of a subject from which nucleic acid or protein or other macromolecule can be obtained.
The biological sample can be a sample obtained directly from a biological source or a sample
that is processed. For example, isolated nucleic acids that are amplified constitute a biological
sample. Biological samples include, but are not limited to, body fluids, such as blood, plasma,
serum, cerebrospinal fluid, synovial fluid, urine and sweat, tissue and organ samples from
animals and plants and processed samples derived therefrom.

[0039] As used herein, a "composition" can be any mixture of two or more products or
compounds. It may be a solution, a suspension, liquid, powder, a paste, aqueous, non-
aqueous or any combination thereof.

[0040] The terms "polynucleotide," "oligonucleotide,” "nucleic acid" and "nucleic acid molecule"
are used interchangeably herein to refer to a polymeric form of nucleotides of any length, and
may comprise ribonucleotides, deoxyribonucleotides, analogs thereof, or mixtures thereof. This
term refers only to the primary structure of the molecule. Thus, the term includes triple-,
double- and single-stranded deoxyribonucleic acid ("DNA"), as well as triple-, double- and
single-stranded ribonucleic acid ("RNA"). It also includes modified, for example by alkylation,
and/or by capping, and unmodified forms of the polynucleotide. More particularly, the terms
"polynucleotide,” "oligonucleotide," "nucleic acid” and "nucleic acid molecule” include
polydeoxyribonucleotides (containing 2-deoxy-D-ribose), polyribonucleotides (containing D-
ribose), including tRNA, rRNA, hRNA, and mRNA, whether spliced or unspliced, any other type
of polynucleotide which is an Nor C-glycoside of a purine or pyrimidine base, and other
polymers containing normucleotidic backbones, for example, polyamide (e.g., peptide nucleic
acids ("PNAs")) and polymorpholino (commercially available from the Anti-Virals, Inc., Corvallis,
OR., as Neugene) polymers, and other synthetic sequence-specific nucleic acid polymers
providing that the polymers contain nucleobases in a configuration which allows for base
pairing and base stacking, such as is found in DNA and RNA. Thus, these terms include, for
example, 3'-deoxy-2'5'-DNA, oligodeoxyribonucleotide N3' to P5' phosphoramidates, 2'-O-
alkyl-substituted RNA, hybrids between DNA and RNA or between PNAs and DNA or RNA, and
also include known types of modifications, for example, labels, alkylation, "caps,” substitution of
one or more of the nucleotides with an analog, intemucleotide modifications such as, for
example, those with uncharged linkages (e.g., methyl phosphonates, phosphotriesters,
phosphoramidates, carbamates, efc.), with negatively charged Ilinkages (e.g.,
phosphorothioates, phosphorodithioates, efc.), and with positively charged linkages (e.g.,
aminoalkylphosphoramidates, aminoalkylphosphotriesters), those containing pendant moieties,
such as, for example, proteins (including enzymes (e.g. nucleases), toxins, antibodies, signal
peptides, poly-L-lysine, efc.), those with intercalators (e.g., acridine, psoralen, efc.), those
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containing chelates (of, e.g., metals, radioactive metals, boron, oxidative metals, efc.), those
containing alkylators, those with modified linkages (e.g., alpha anomeric nucleic acids, efc.), as
well as unmodified forms of the polynucleotide or oligonucleotide. A nucleic acid generally will
contain phosphodiester bonds, although in some cases nucleic acid analogs may be included
that have alternative backbones such as phosphoramidite, phosphorodithioate, or
methylphophoroamidite linkages; or peptide nucleic acid backbones and linkages. Other
analog nucleic acids include those with bicyclic structures including locked nucleic acids,
positive backbones, non-ionic backbones and non-ribose backbones. Modifications of the
ribose-phosphate backbone may be done to increase the stability of the molecules; for
example, PNA:DNA hybrids can exhibit higher stability in some environments. The terms
"polynucleotide,” "oligonucleotide," "nucleic acid" and "nucleic acid molecule" can comprise any
suitable length, such as at least 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 100, 200, 300, 400, 500, 1,000
or more nucleotides.

[0041] It will be appreciated that, as used herein, the terms "nucleoside” and "nucleotide” will
include those moieties which contain not only the known purine and pyrimidine bases, but also
other heterocyclic bases which have been modified. Such modifications include methylated
purines or pyrimidines, acylated purines or pyrimidines, or other heterocycles. Modified
nucleosides or nucleotides can also include modifications on the sugar moiety, e.g., wherein
one or more of the hydroxyl groups are replaced with halogen, aliphatic groups, or are
functionalized as ethers, amines, or the like. The term "nucleotidic unit" is intended to
encompass nucleosides and nucleotides.

[0042] "Nucleic acid probe" refers to a structure comprising a polynucleotide, as defined
above, that contains a nucleic acid sequence that can bind to a corresponding target. The
polynucleotide regions of probes may be composed of DNA, and/or RNA, and/or synthetic
nucleotide analogs.

[0043] The terms '“polypeptide"”, "oligopeptide”, "peptide" and "protein" are used
interchangeably herein to refer to polymers of amino acids of any length, e.g., at least 5, 6, 7,
8,9, 10, 20, 30, 40, 50, 100, 200, 300, 400, 500, 1,000 or more amino acids. The polymer may
be linear or branched, it may comprise modified amino acids, and it may be interrupted by non-
amino acids. The terms also encompass an amino acid polymer that has been modified
naturally or by intervention; for example, disulfide bond formation, glycosylation, lipidation,
acetylation, phosphorylation, or any other manipulation or modification, such as conjugation
with a labeling component. Also included within the definition are, for example, polypeptides
containing one or more analogs of an amino acid (including, for example, unnatural amino
acids, etc.), as well as other modifications known in the art.

[0044] The terms "binding agent” and "target-binding moiety" as used herein may refer to any
agent or any moiety thereof that specifically binds to a biological molecule of interest.

[0045] The biological targets or molecules to be detected can be any biological molecules
including but not limited to proteins, nucleic acids, lipids, carbohydrates, ions, or
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multicomponent complexes containing any of the above. Examples of subcellular targets
include organelles, e.g., mitochondria, Golgi apparatus, endoplasmic reticulum, chloroplasts,
endocytic vesicles, exocytic vesicles, vacuoles, lysosomes, efc. Exemplary nucleic acid targets
can include genomic DNA of various conformations (e.g., A-DNA, B-DNA, Z-DNA),
mitochondria DNA (mtDNA), mRNA, tRNA, rRNA, hRNA, miRNA, and piRNA.

[0046] As used herein, "biological activity" may include the in vivo activities of a compound or
physiological responses that result upon in vivo administration of a compound, composition or
other mixture. Biological activity, thus, may encompass therapeutic effects and pharmaceutical
activity of such compounds, compositions and mixtures. Biological activities may be observed
in vitro systems designed to test or use such activities.

[0047] The term "binding" can refer to an attractive interaction between two molecules which
results in a stable association in which the molecules are in close proximity to each other.
Molecular binding can be classified into the following types: non-covalent, reversible covalent
and irreversible covalent. Molecules that can participate in molecular binding include proteins,
nucleic acids, carbohydrates, lipids, and small organic molecules such as pharmaceutical
compounds. Proteins that form stable complexes with other molecules are often referred to as
receptors while their binding partners are called ligands. Nucleic acids can also form stable
complex with themselves or others, for example, DNA-protein complex, DNA-DNA complex,
DNA-RNA complex.

[0048] As used herein, the term "specific binding" refers to the specificity of a binder, e.g., an
antibody, such that it preferentially binds to a target, such as a polypeptide antigen. When
referring to a binding partner (e.g., protein, nucleic acid, antibody or other affinity capture
agent, efc.), "specific binding" can include a binding reaction of two or more binding partners
with high affinity and/or complementarity to ensure selective hybridization under designated
assay conditions. Typically, specific binding will be at least three times the standard deviation of
the background signal. Thus, under designated conditions the binding partner binds to its
particular target molecule and does not bind in a significant amount to other molecules present
in the sample. Recognition by a binder or an antibody of a particular target in the presence of
other potential interfering substances is one characteristic of such binding. Preferably, binders,
antibodies or antibody fragments that are specific for or bind specifically to a target bind to the
target with higher affinity than binding to other non-target substances. Also preferably, binders,
antibodies or antibody fragments that are specific for or bind specifically to a target avoid
binding to a significant percentage of non-target substances, e.g., non-target substances
present in a testing sample. In some embodiments, binders, antibodies or antibody fragments
of the present disclosure avoid binding greater than about 90% of non-target substances,
although higher percentages are clearly contemplated and preferred. For example, binders,
antibodies or antibody fragments of the present disclosure avoid binding about 91%, about
92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, and
about 99% or more of non-target substances. In other embodiments, binders, antibodies or
antibody fragments of the present disclosure avoid binding greater than about 10%, 20%, 30%,
40%, 50%, 60%, or 70%, or greater than about 75%, or greater than about 80%, or greater
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than about 85% of non-target substances.

[0049] The term "antibody” as used herein may include an entire immunoglobulin or antibody
or any functional fragment of an immunoglobulin molecule which is capable of specific binding
to an antigen, such as a carbohydrate, polynucleotide, lipid, polypeptide, or a small molecule,
efc., through at least one antigen recognition site, located in the variable region of the
immunoglobulin molecule, and can be an immunoglobulin of any class, e.g., 1gG, IgM, IgA, IgD
and IgE. 1gY, which is the major antibody type in avian species such as chicken, is also
included. An antibody may include the entire antibody as well as any antibody fragments
capable of binding the antigen or antigenic fragment of interest. Examples include complete
antibody molecules, antibody fragments, such as Fab, F(ab')2, CDRs, VL, VH, and any other
portion of an antibody which is capable of specifically binding to an antigen. Antibodies used
herein are immunoreactive or immunospecific for, and therefore specifically and selectively
bind to, for example, proteins either detected (i.e., biological targets) or used for detection (i.e.,
probes) in the assays of the invention. An antibody as used herein can be specific for any of
the biological targets disclosed herein or any combinations thereof. In certain embodiments, a
biological target itself of the present disclosure can be an antibody or fragments thereof.

[0050] As used herein, a "fragment thereof "region thereof and "portion thereof' can refer to
fragments, regions and portions that substantially retain at least one function of the full length
polypeptide.

[0051] As used herein, the term "antigen" may refer to a target molecule that is specifically
bound by an antibody through its antigen recognition site. The antigen may be monovalent or
polyvalent, j.e., it may have one or more epitopes recognized by one or more antibodies.
Examples of kinds of antigens that can be recognized by antibodies include polypeptides,
oligosaccharides, glycoproteins, polynucleotides, lipids, or small molecules, efc.

[0052] As used herein, the term "epitope” can refer to a peptide sequence of at least about 3
to 5, preferably about 5 to 10 or 15, and not more than about 1,000 amino acids (or any
integer there between), which define a sequence that by itself or as part of a larger sequence,
binds to an antibody generated in response to such sequence. There is no critical upper limit to
the length of the fragment, which may, for example, comprise nearly the full-length of the
antigen sequence, or even a fusion protein comprising two or more epitopes from the target
antigen. An epitope for use in the subject invention is not limited to a peptide having the exact
sequence of the portion of the parent protein from which it is derived, but also encompasses
sequences identical to the native sequence, as well as modifications to the native sequence,
such as deletions, additions and substitutions (conservative in nature).

[0053] The terms "complementary"” and "substantially complementary” may include the
hybridization or base pairing or the formation of a duplex between nucleotides or nucleic acids,
for instance, between the two strands of a double-stranded DNA molecule or between an
oligonucleotide primer and a primer binding site on a single-stranded nucleic acid.
Complementary nucleotides are, generally, Aand T (or A and U), or C and G. Two single-
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stranded RNA or DNA molecules are said to be substantially complementary when the
nucleotides of one strand, optimally aligned and compared and with appropriate nucleotide
insertions or deletions, pair with at least about 80% of the other strand, usually at least about
90% to about 95%, and even about 98% to about 100%. In one aspect, two complementary
sequences of nucleotides are capable of hybridizing, preferably with less than 25%, more
preferably with less than 15%, even more preferably with less than 5%, most preferably with no
mismatches between opposed nucleotides. Preferably the two molecules will hybridize under
conditions of high stringency.

[0054] "Hybridization" as used herein may refer to the process in which two single-stranded
polynucleotides bind non-covalently to form a stable double-stranded polynucleotide. In one
aspect, the resulting double-stranded polynucleotide can be a "hybrid" or "duplex."
"Hybridization conditions” typically include salt concentrations of approximately less than 1 M,
often less than about 500 mM and may be less than about 200 mM. A "hybridization buffer"
includes a buffered salt solution such as 5% SSPE, or other such buffers known in the art.
Hybridization temperatures can be as low as 5°C, but are typically greater than 22°C, and
more typically greater than about 30°C, and typically in excess of 37°C. Hybridizations are
often performed under stringent conditions, ie., conditions under which a sequence will
hybridize to its target sequence but will not hybridize to other, non-complementary sequences.
Stringent conditions are sequence-dependent and are different in different circumstances. For
example, longer fragments may require higher hybridization temperatures for specific
hybridization than short fragments. As other factors may affect the stringency of hybridization,
including base composition and length of the complementary strands, presence of organic
solvents, and the extent of base mismatching, the combination of parameters is more
important than the absolute measure of any one parameter alone. Generally stringent
conditions are selected to be about 5°C lower than the T,, for the specific sequence at a

defined ionic strength and pH. The melting temperature T, can be the temperature at which a

population of double-stranded nucleic acid molecules becomes half dissociated into single
strands. Several equations for calculating the T, of nucleic acids are well known in the art. As

indicated by standard references, a simple estimate of the T, value may be calculated by the
equation, T, =81.5 + 0.41 (% G + C), when a nucleic acid is in aqueous solution at 1 M NaCl

(see e.g., Anderson and Young, Quantitative Filter Hybridization, in Nucleic Acid Hybridization
(1985)). Other references (e.g., Allawi and Santalucia, Jr., Biochemistry, 36:10581-94 (1997))
include alternative methods of computation which take structural and environmental, as well as
sequence characteristics into account for the calculation of T .

[0055] In general, the stability of a hybrid is a function of the ion concentration and
temperature. Typically, a hybridization reaction is performed under conditions of lower
stringency, followed by washes of varying, but higher, stringency. Exemplary stringent
conditions include a salt concentration of at least 0.01 M to no more than 1 M sodium ion
concentration (or other salt) at a pH of about 7.0 to about 8.3 and a temperature of at least
25°C. For example, conditions of 5 x SSPE (750 mM NaCl, 50 mM sodium phosphate, 5 mM
EDTA at pH 7.4) and a temperature of approximately 30°C are suitable for allele-specific
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hybridizations, though a suitable temperature depends on the length and/or GC content of the
region hybridized. In one aspect, "stringency of hybridization” in determining percentage
mismatch can be as follows: 1) high stringency: 0.1 x SSPE, 0.1% SDS, 65°C; 2) medium
stringency: 0.2 x SSPE, 0.1% SDS, 50°C (also referred to as moderate stringency); and 3) low
stringency: 1.0 x SSPE, 0.1% SDS, 50°C. It is understood that equivalent stringencies may be
achieved using alternative buffers, salts and temperatures. For example, moderately stringent
hybridization can refer to conditions that permit a nucleic acid molecule such as a probe to bind
a complementary nucleic acid molecule. The hybridized nucleic acid molecules generally have
at least 60% identity, including for example at least any of 70%, 75%, 80%, 85%, 90%, or 95%
identity. Moderately stringent conditions can be conditions equivalent to hybridization in 50%
formamide, 5 x Denhardt's solution, 5x SSPE, 0.2% SDS at 42°C, followed by washing in 0.2 x
SSPE, 0.2% SDS, at 42°C. High stringency conditions can be provided, for example, by
hybridization in 50% formamide, 5 x Denhardt's solution, 5 x SSPE, 0.2% SDS at 42°C,
followed by washing in 0.1 x SSPE, and 0.1% SDS at 65°C. Low stringency hybridization can
refer to conditions equivalent to hybridization in 10% formamide, 5 x Denhardt's solution, 6 x
SSPE, 0.2% SDS at 22°C, followed by washing in 1x SSPE, 0.2% SDS, at 37°C. Denhardt's
solution contains 1% Ficoll, 1% polyvinylpyrolidone, and 1% bovine serum albumin (BSA). 20 x
SSPE (sodium chloride, sodium phosphate, ethylene diamide tetraacetic acid (EDTA)) contains
3M sodium chloride, 0.2M sodium phosphate, and 0.025 M EDTA. Other suitable moderate
stringency and high stringency hybridization buffers and conditions are well known to those of
skill in the art and are described, for example, in Sambrook et al., Molecular Cloning: A
Laboratory Manual, 2nd ed., Cold Spring Harbor Press, Plainview, N.Y. (1989); and Ausubel et
al., Short Protocols in Molecular Biology, 4th ed., John Wiley & Sons (1999).

[0056] Alternatively, substantial complementarity exists when an RNA or DNA strand will
hybridize under selective hybridization conditions to its complement. Typically, selective
hybridization will occur when there is at least about 65% complementary over a stretch of at
least 14 to 25 nucleotides, preferably at least about 75%, more preferably at least about 90%
complementary. See M. Kanehisa, Nucleic Acids Res. 12:203 (1984).

[0057] A "primer” used herein can be an oligonucleotide, either natural or synthetic, that is
capable, upon forming a duplex with a polynucleotide template, of acting as a point of initiation
of nucleic acid synthesis and being extended from its 3' end along the template so that an
extended duplex is formed. The sequence of nucleotides added during the extension process
is determined by the sequence of the template polynucleotide. Primers usually are extended by
a DNA polymerase.

[0058] "Ligation" may refer to the formation of a covalent bond or linkage between the termini
of two or more nucleic acids, e.g., oligonucleotides and/or polynucleotides, in a template-driven
reaction. The nature of the bond or linkage may vary widely and the ligation may be carried out
enzymatically or chemically. As used herein, ligations are usually carried out enzymatically to
form a phosphodiester linkage between a 5' carbon terminal nucleotide of one oligonucleotide
with a 3' carbon of another nucleotide.
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[0059] "Sequencing," "sequence determination” and the like means determination of
information relating to the nucleotide base sequence of a nucleic acid. Such information may
include the identification or determination of partial as well as full sequence information of the
nucleic acid. Sequence information may be determined with varying degrees of statistical
reliability or confidence. In one aspect, the term includes the determination of the identity and
ordering of a plurality of contiguous nucleotides in a nucleic acid. "High throughput digital
sequencing” or "next generation sequencing” means sequence determination using methods
that determine many (typically thousands to billions) of nucleic acid sequences in an
intrinsically parallel manner, i.e. where DNA templates are prepared for sequencing not one at
a time, but in a bulk process, and where many sequences are read out preferably in parallel, or
alternatively using an ultra-high throughput serial process that itself may be parallelized. Such
methods include but are not limited to pyrosequencing (for example, as commercialized by 454
Life Sciences, Inc., Branford, Conn.); sequencing by ligation (for example, as commercialized

in the SOLID™ technology, Life Technologies, Inc., Carlsbad, Calif.); sequencing by synthesis
using modified nucleotides (such as commercialized in TruSeq™ and HiSeq™ technology by

lllumina, Inc., San Diego, Calif; HeIiScopeT”I by Helicos Biosciences Corporation, Cambridge,
Ma.; and PacBio RS by Pacific Biosciences of California, Inc., Menlo Park, Calif.), sequencing

by ion detection technologies (such as lon Torrent™ technology, Life Technologies, Carlsbad,
Calif.); sequencing of DNA nanoballs (Complete Genomics, Inc., Mountain View, Calif.);
nanopore-based sequencing technologies (for example, as developed by Oxford Nanopore
Technologies, LTD, Oxford, UK), and like highly parallelized sequencing methods.

[0060] "SNP" or "single nucleotide polymorphism” may include a genetic variation between
individuals; e.g., a single nitrogenous base position in the DNA of organisms that is variable.
SNPs are found across the genome; much of the genetic variation between individuals is due
to variation at SNP loci, and often this genetic variation results in phenotypic variation between
individuals. SNPs for use in the present invention and their respective alleles may be derived
from any number of sources, such as public databases (U.C. Santa Cruz Human Genome
Browser Gateway (genome.ucsc.edu/cgi-bin/hgGateway) or the NCBI dbSNP website
(www.ncbi.nlm.nih gov/SNP/), or may be experimentally determined as described in U.S. Pat.
No. 6,969,589; and US Pub. No. 2006/0188875 entitled "Human Genomic Polymorphisms."
Although the use of SNPs is described in some of the embodiments presented herein, it will be
understood that other biallelic or multi-allelic genetic markers may also be used. A biallelic
genetic marker is one that has two polymorphic forms, or alleles. As mentioned above, for a
biallelic genetic marker that is associated with a trait, the allele that is more abundant in the
genetic composition of a case group as compared to a control group is termed the "associated
allele,” and the other allele may be referred to as the "unassociated allele." Thus, for each
biallelic polymorphism that is associated with a given trait (e.g., a disease or drug response),
there is a corresponding associated allele. Other biallelic polymorphisms that may be used with
the methods presented herein include, but are not limited to multinucleotide changes,
insertions, deletions, and translocations. It will be further appreciated that references to DNA
herein may include genomic DNA, mitochondrial DNA, episomal DNA, and/or derivatives of
DNA such as amplicons, RNA transcripts, cDNA, DNA analogs, etc. The polymorphic loci that
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are screened in an association study may be in a diploid or a haploid state and, ideally, would
be from sites across the genome.

[0061] As used herein, the term "microfluidic device" may generally refer to a device through
which materials, particularly fluid borne materials, such as liquids, can be transported, in some
embodiments on a micro-scale, and in some embodiments on a nanoscale. Thus, the
microfluidic devices described by the presently disclosed subject matter can comprise
microscale features, nanoscale features, and combinations thereof.

[0062] Accordingly, an exemplary microfluidic device typically comprises structural or functional
features dimensioned on the order of a milimeter-scale or less, which are capable of
manipulating a fluid at a flow rate on the order of a pL/min or less. Typically, such features
include, but are not limited to channels, fluid reservoirs, reaction chambers, mixing chambers,
and separation regions. In some examples, the channels include at least one cross-sectional
dimension that is in a range of from about 0.1 um to about 500 ym. The use of dimensions on
this order allows the incorporation of a greater number of channels in a smaller area, and
utilizes smaller volumes of fluids.

[0063] A microfluidic device can exist alone or can be a part of a microfluidic system which, for
example and without limitation, can include: pumps for introducing fluids, e.g., samples,
reagents, buffers and the like, into the system and/or through the system; detection equipment
or systems; data storage systems; and control systems for controlling fluid transport and/or
direction within the device, monitoring and controlling environmental conditions to which fluids
in the device are subjected, e.g., temperature, current, and the like.

[0064] As used herein, the terms "channel,” "micro-channel,” "fluidic channel," and "microfluidic
channel" are used interchangeably and can mean a recess or cavity formed in a material by
imparting a pattern from a patterned substrate into a material or by any suitable material
removing technique, or can mean a recess or cavity in combination with any suitable fluid-
conducting structure mounted in the recess or cavity, such as a tube, capillary, or the like. In
the present invention, channel size means the cross-sectional area of the microfluidic channel.

[0065] As used herein, the terms "flow channel" and '"control channel" are used
interchangeably and can mean a channel in a microfluidic device in which a material, such as a
fluid, e.g., a gas or a liquid, can flow through. More particularly, the term "flow channel" refers
to a channel in which a material of interest, e.g., a solvent or a chemical reagent, can flow
through. Further, the term "control channel” refers to a flow channel in which a material, such
as a fluid, e.g., a gas or a liquid, can flow through in such a way to actuate a valve or pump.

[0066] As used herein, "chip" may refer to a solid substrate with a plurality of one-, two- or
three-dimensional micro structures or micro-scale structures on which certain processes, such
as physical, chemical, biological, biophysical or biochemical processes, efc., can be carried
out. The micro structures or micro-scale structures such as, channels and wells, electrode
elements, electromagnetic elements, are incorporated into, fabricated on or otherwise attached
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to the substrate for facilitating physical, biophysical, biological, biochemical, chemical reactions
or processes on the chip. The chip may be thin in one dimension and may have various
shapes in other dimensions, for example, a rectangle, a circle, an ellipse, or other irregular
shapes. The size of the major surface of chips of the present invention can vary considerably,

e.g., from about 1 mm?2 to about 0.25 m2. Preferably, the size of the chips is from about 4 mm?

to about 25 cm? with a characteristic dimension from about 1 mm to about 5 cm. The chip
surfaces may be flat, or not flat. The chips with non-flat surfaces may include channels or wells
fabricated on the surfaces.

[0067] A microfluidic chip can be used for the methods and assay systems disclosed herein. A
microfluidic chip can be made from any suitable materials, such as PDMS
(Polydimethylsiloxane), glass, PMMA (polymethylmethacrylate), PET (polyethylene
terephthalate), PC (Polycarbonate), efc., or a combination thereof.

[0068] "Multiplexing”" or "multiplex assay” herein may refer to an assay or other analytical
method in which the presence and/or amount of multiple targets, e.g., multiple nucleic acid
target sequences, can be assayed simultaneously by using more than one capture probe
conjugate, each of which has at least one different detection characteristic, e.g., fluorescence
characteristic (for example excitation wavelength, emission wavelength, emission intensity,
FWHM (full width at half maximum peak height), or fluorescence lifetime) or a unique nucleic
acid or protein sequence characteristic.

Assays for Determining Spatial Patterns of Biological Targets

[0069] Disclosed herein are spatially-encoded, multiplexed methods and assay systems
capable of high levels of multiplexing with an efficient spatial encoding scheme. In one
embodiment, provided herein is instrumentation capable of delivering reagents to a sample
and thereby spatially encoding multiple sites to which the reagents are delivered. In one
aspect, reagents can be delivered to a sample according to a known spatial pattern, for
example, a spatial pattern determined by histological features of the sample. In another
aspect, microfluidic devices with addressing channels and the like are used to deliver reagents
to a sample, and to spatially encode multiple sites in the sample to which the reagents are
delivered. In some embodiments, the spatially-encoded ("addressed," or "address tagged"),
multiplexed methods and assay systems comprise a decoding feature determined by a readout
that is digital in nature. In one aspect, the methods and assay systems disclosed herein detect
the presence or absence of a biological target or a biological activity indicative of a biological
target. In another aspect, provided herein are methods and assay systems that can detect the
amount or abundance of a biological target or biological activity indicative of a biological target
at multiple sites in a sample, as well as the location of each of the multiple sites in the sample.
Based on the analysis of the amount or abundance and the location information of one or more
biological targets or activities, spatial patterns across the multiple sites in the sample can be
generated. In any of the preceding embodiments, the method or assay system may not
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depend on an imaging technique for determining spatial or location information of the one or
more biological targets in the sample, although the method or assay system may optionally
comprise using an imaging technique for other purposes. Imaging techniques may include but
are not limited to conventional immunohistochemical (IHC) imaging and immunofluorescence
(IF) imaging.

[0070] The present disclosure further provides instrumentation with an ability to deliver
reagents to multiple sites in a sample, wherein each of the multiple sites can be identified by
the reagents delivered thereto. In one embodiment, reagents are delivered in a spatially-
defined pattern. The instrumentation, together with software, reagents and protocols, provides
a key component of the methods and assay systems of the present disclosure, allowing for
measurement of numerous biological targets or activities, including DNA, RNA and/or protein
expression, and spatial localization of such biological targets or activities in a sample. In one
embodiment, the abundance, expression, and/or activity and the location of biological targets
in the biological samples are determined after the assay products of the multiplexed assay are
removed from the biological sample and pooled for analysis. Determination of the abundance,
expression, and/or activity and the location of biological targets can be performed by, e.g.,
next-generation sequencing, which easily provides millions to trillions of data points at low cost.
The assay results such as the amount or activity of biological targets can then be mapped back
to a specific location in the biological sample. The methods and assay systems provide tools to
analyze the complex spatial patterns of cellular function and regulation in biological samples.

[0071] In one aspect, a method of determining a spatial pattern of abundance, expression,
and/or activity of one or more biological targets across multiple sites in a sample is provided in
Figure 1. At Step 110, a probe for each of one or more biological targets is delivered to
multiple sites in a sample, each probe comprising a target-binding moiety, an address tag that
identifies each site to which the probe is delivered, and an identity tag.

[0072] In any of the embodiments of the present disclosure, the sample can be any biological
sample or samples that can be affixed to a support or provided essentially in a two-dimensional
manner, such that an assayed biological target or activity can be tied back to the location within
the biological sample. In certain embodiments, the sample can be a freshly isolated sample, a
fixed sample, a frozen sample, an embedded sample, a processed sample, or a combination
thereof. Exemplary samples of the present disclosure include tissue sections (e.g., including
whole animal sectioning and tissue biopsies), cell populations, or other biological structure
disposed upon a support, such as on a slide (e.g., a microscope slide) or culture dish, and the
like. In preferred embodiments, the methods and assay systems of the present disclosure are
compatible with numerous biological sample types, including fresh samples, such as primary
tissue sections, and preserved samples including but not limited to frozen samples and
formalin-fixed, paraffin-embedded (FFPE) samples. In certain embodiments, the sample can
be fixed with a suitable concentration of formaldehyde or paraformaldehyde, for example, 4%
of formaldehyde or paraformaldehyde in phosphate buffered saline (PBS). In certain
embodiments, the biological samples are immobilized on a substrate surface having discrete,
independently measureable areas.
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[0073] In one embodiment, the biological sample may contain one or more biological targets of
interest. In any of the embodiment of the present disclosure, the one or more biological targets
can be any biological molecules including but not limited to proteins, nucleic acids, lipids,
carbohydrates, ions, or multicomponent complexes containing any of the above. Examples of
subcellular targets include organelles, e.g., mitochondria, Golgi apparatus, endoplasmic
reticulum, chloroplasts, endocytic vesicles, exocytic vesicles, vacuoles, lysosomes, etc. In
some embodiments, the one or more biological targets can be nucleic acids, including RNA
transcripts, genomic DNA sequences, cDNAs, amplicons, or other nucleic acid sequences. In
other embodiments, the one or more biological targets can be proteins, enzymes (protein
enzymes or ribozymes) and the like.

[0074] At Step 110, the probe for each of the multiple biological targets comprise: (1) a target-
binding moiety capable of binding to the probe's corresponding biological target; (2) an
address tag that identifies each site to which the probe is delivered; and (3) an identity tag that
identifies the probe's corresponding biological target or target-binding moiety. Depending on
the nature of the biological target, the target-binding moiety can be a target-specific nucleotide
sequence (for example, a sequence complementary to a sequence of a nucleic acid target),
small molecule, aptamer, antibody, lipid, carbohydrate, ion, affinity capture agent, or
multicomponent complexes containing any of the above. The address tag identifies the position
in the sample to which the probe is delivered, and the identity tag identifies the probe's
corresponding biological target being assayed or the target-binding moiety. Thus, the identities
of the address tag and the identity tag can be used to link assay results to biological targets
and locations in the sample. In preferred embodiments, there can be at least two address tags
for a biological target at each of multiple sites in a sample, each address tag identifying a
parameter of each of the multiple sites. For example, there can be an X-axis address tag and a
Y-axis address tag for each site in a sample placed on an X-Y coordinate plane. Thus, each
site can be uniquely identified by its corresponding (X, Y) coordinates. In preferred
embodiments of the present disclosure, the address tags and/or the identity tags can be
oligonucleotides. In other embodiments, the address tags and/or the identity tags can be mass
tags, fluorescent labels, or other moieties.

[0075] In some embodiments, the target-binding moiety, address tag, and/or identity tag of the
probe are pre-coupled before being delivered to the biological sample. In the case where the
probes are oligonucleotides, the target-binding sequence, address tag sequence, and/or
identity tag sequence can be synthesized as a single oligonucleotide. Alternatively, the target-
binding moiety, address tag, and/or identity tag of the probe can be synthesized or obtained
separately and combined before delivery to the biological sample. For example, two separate
oligonucleotides can be synthesized and coupled by, e.g., ligation; or an antibody and an
oligonucleotide can be prepared separately and conjugated before delivery to the biological
sample. In other embodiments, the probes and the address tags can be synthesized
separately, and delivered to the biological sample at different steps (e.g., probes first and
address tags thereafter, or vice versa) in the assay.
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[0076] At Step 120, the probe is allowed to bind to its corresponding biological target in the
sample and thereby to react or interact with the biological target. For example, conditions are
provided to allow oligonucleotides to hybridize to nucleic acid targets, enzymes to catalyze
reactions with protein targets, antibodies to bind epitopes within a target, etc. In the case
where the biological targets are nucleic acids, the probes are typically oligonucleotides and
hybridize to the target nucleic acids. In the case that the biological targets are proteins, the
probes typically are aptamers, small molecules, or oligonucleotide-conjugated proteins that
interact with target proteins by binding to them or by reacting with them (that is, one of the
proteins is a substrate for the other). Oligonucleotides may be coupled to the probes or
proteins by conjugation, chemical or photocrosslinking via suitable groups and the like.

[0077] In some embodiments, after allowing the probes to bind to or interact with the one or
more biological targets in the sample, probes bound to the biological targets may be separated
from probes delivered to the sample but not bound to the biological targets. In one aspect, in
the case where the biological targets are nucleic acids and the probes are oligonucleotides, the
separation can be accomplished by, e.g., washing the unhybridized probes from the sample.
Similarly, for other assays that are based on affinity binding, including those using aptamer,
small molecule, and protein probes, washing steps can be used to remove low affinity binders.
In the case where the probe is transformed via interaction with the target, e.g., in the case of a
peptide, e.g., via cleavage by a protease or phosphorylation by a kinase, it is convenient to
collect all probes, including both probes that have interacted with the biological targets and
thus transformed and probes not transformed. After collection or pooling, an antibody or other
affinity capture agent can be used to capture probes transformed by addition of a moiety (e.g.,
a phosphate group in cases of phosphorylation by a kinase). In cases where probes have been
transformed via cleavage, the transformed probes can be separated, e.g., by capturing the
non-transformed probes via a tag that is removed from the transformed probes during the
transformation (e.g., by cleavage), or by adding a new tag at the site of cleavage.

[0078] In certain other embodiments, probes bound to the biological targets may not need to
be separated from probes not bound to the biological targets for determining a spatial pattern
of abundance, expression, and/or activity of the biological targets. At Step 130, probes bound
to the one or more biological targets are analyzed. In certain embodiments, the analysis
comprises determining abundance, expression, and/or activity of each biological target and the
identities of the identity tag and the address tag for each biological target at each site.
Numerous methods can be used to identify the address tags, identity tags and/or target-
binding moieties of the probes of the methods and assay systems disclosed herein. The
address tags can be detected using techniques such as mass spectroscopy (e.g., matrix-
assisted laser desorption/ionization-time of flight mass spectrometry (MALDI-TOF), LC-MS/MS,

and TOF/TOF ™ LC/MS/MS), nuclear magnetic resonance imaging, or, preferably, nucleic acid
sequencing. Examples of techniques for decoding the probes of the present invention can be
found, for example, in US Pub. No. 20080220434,. For example, the address tags may be
oligonucleotide mass tags (OMTs or massTags). Such tags are described, e.g., in US Pub. No.
20090305237. In yet another aspect, the probes can be amplified and hybridized to a
microarray. This would require separate amplification reactions to be carried out, in which each
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amplification is specific to a particular address tag or subset of tags, accomplished by using
tag-specific primers. Each amplification would also incorporate a different resolvable label (e.g.
fluorophor). Following hybridization, the relative amounts of a particular target mapping to
different spatial locations in the sample can be determined by the relative abundances of the
resolvable labels. At Step 140, based on the analysis of probes bound to the one or more
biological targets, a spatial pattern of abundance, expression, and/or activity of the one or
more biological targets across the multiple sites in the sample is determined.

[0079] In a preferred aspect, the probes according to the present disclosure are substrates for
high-throughput, next-generation sequencing, and highly parallel next-generation sequencing
methods are used to confirm the sequence of the probes (including, for example, the
sequence of the target-binding moiety, the address tag, and/or the identity tag). Suitable

sequencing technologies include but are not limited to SOLID™ technology (Life Technologies,
Inc.) or Genome Ananlyzer (lllumina, Inc.). Such next-generation sequencing methods can be
carried out, for example, using a one pass sequencing method or using paired-end
sequencing. Next generation sequencing methods include, but are not limited to, hybridization-
based methods, such as disclosed in e.g., Drmanac, U.S. Pat. Nos. 6,864,052; 6,309,824; and
6,401,267; and Drmanac et al, U.S. patent publication 2005/0191656; sequencing-by-
synthesis methods, e.g., U.S. Pat. Nos. 6,210,891; 6,828,100; 6,969,488; 6,897,023;
6,833,246; 6,911,345, 6,787,308; 7,297,518; 7,462,449 and 7,501,245; US Publication
Application Nos. 20110059436; 20040106110; 20030064398; and 20030022207; Ronaghi, et
al., Science, 281:363-365 (1998); and Li, et al., Proc. Natl. Acad. Sci., 100:414-419 (2003);
ligation-based methods, e.g., U.S. Pat. Nos. 5,912,148 and 6,130,073; and U.S. Pat. Appin
Nos. 20100105052, 20070207482 and 20090018024; nanopore sequencing, e.g., U.S. Pat.
AppIn Nos. 20070036511; 20080032301; 20080128627; 20090082212; and Soni and Meller,
Clin Chem 53:1996-2001 (2007), as well as other methods, e.g., U.S. Pat. Appin Nos.
20110033854; 20090264299; 20090155781; and 20090005252; also, see, McKernan, et al,,
Genome Res. 19:1527-41 (2009) and Bentley, et al., Nature 456:53-59 (2008).

[0080] In preferred embodiments, probes bound to the one or more biological targets are
analyzed by sequencing. Such analysis by sequencing comprises determining the amount of a
sequencing product, which indicates the abundance, expression, and/or activity of each
biological target, the sequencing product comprising all or a portion of the address tag
sequence and all or a portion of the identity tag sequence identifying each biological target at
each site. In one embodiment, the address tag sequence of the sequencing product allows the
mapping of the assay results back to the multiple sites in the sample.

[0081] In another aspect, as shown in Figure 2, a method of determining a spatial pattern of
abundance and/or activity of one or more biological targets across multiple sites in a sample is
provided, featuring an efficient implementation of an address tagging scheme for the one or
more biological targets across the multiple sites. In one embodiment, the address tagging
scheme is a combinatorial scheme using at least two address tags for the biological targets for
each of the multiple sites in the sample. At Step 210, a probe for each of one or more
biological targets to multiple sites in a sample is delivered, each probe comprising (1) a target-
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binding moiety capable of binding to the probe's corresponding biological target; and (2) an
identity tag that identifies the probe's corresponding biological target or target-binding moiety.
Depending on the nature of the biological target, the target-binding moiety can be a target-
specific nucleotide sequence (for example, a sequence complementary to a sequence of a
nucleic acid target), small molecule, aptamer, antibody, lipid, carbohydrate, ion, affinity capture
agent, or multicomponent complexes containing any of the above. At Step 220, each probe is
allowed to interact with or bind to its corresponding biological target in the sample, under
appropriate conditions.

[0082] In certain embodiments, probes not bound to the biological targets may be removed,
and thereby separated from probes bound to the biological targets. Such separation can be
performed essentially as discussed above, for example, by washing the sample to remove
unhybridized oligonucleotide probes. In certain other embodiments, probes bound to the
biological targets may not need to be separated from probes not bound to the biological
targets for determining a spatial pattern of abundance and/or activity of the biological targets.

[0083] Next, at Step 230, an address tag is delivered to each of the multiple sites in the
sample, and the address tag is to be coupled to the probe for each biological target and
identifies each site to which the address tag is delivered. Note that in this aspect, the probe
and address tag are delivered in separate steps. In certain embodiments where the probes are
oligonucleotides, the address tags may be coupled to the oligonucleotide probes by various
means known to the skilled artisan, for example, by extension, ligation, ligation followed by
extension, or any combination thereof. For instance, the information in the address tags can be
transferred by using a DNA polymerase to extend a probe oligonucleotide that acts as a
primer, and thereby copy and incorporate the sequence of the address tags.

[0084] At Step 240, probe/address tag conjugates bound to the one or more biological targets
are analyzed. In certain embodiments, the analysis comprises determining an abundance
and/or activity of each biological target and the identities of the identity tag and the address tag
for each biological target at each site. Numerous methods can be used to identify the address
tags, identity tags and/or target-binding moieties of the probes, as discussed above. In
preferred embodiments, probe/address tag conjugates bound to the one or more biological
targets are analyzed by sequencing. Any suitable sequence techniques and methods as
discussed above can be used, including high-throughput, next-generation sequencing, and
highly parallel next-generation sequencing methods. Preferably, in any of embodiments of the
present disclosure, all or a portion of the address tag sequence and all or a portion of the
identity tag sequence are determined from the same sequencing product. Preferably, also
determined at the same time is the abundance and/or activity of the sequencing product, which
indicates an abundance and/or activity of each biological target. In some embodiments, the
abundance of sequence products reveals the relative quantity of biological targets at the
location.

[0085] Based on the analysis of probe/address tag conjugates bound to the one or more
biological targets at Step 240, a spatial pattern of abundance and/or activity of the one or more
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biological targets across the multiple sites in the sample is determined at Step 250, for
example, by mapping the assayed abundance and/or activity of each biological target back to
each site of the sample.

[0086] Although individual steps are discussed in a particular order in certain embodiments to
better explain the claimed subject matter, the precise order of the steps can be varied. For
example, steps 210 and 230 can be combined, so that a mixture of the probes and address
tags is delivered. Coupling of the address tag to the probe may be carried out immediately
after the combined steps 210 and 230, or concomitantly with them. It can therefore be
appreciated that the address tagging of probe molecules and the separation of probes based
on their ability to interact with their corresponding targets can be accomplished with flexibility.
Similarly, there is considerable flexibility in the address tagging scheme. As described infra, the
methods and assay systems disclosed herein are particularly amenable to combinatorial
methods.

[0087] In particular embodiments, the methods and assay systems can be used for nucleic
acid analysis, for example, for genotyping, detecting single nucleotide polymorphisms (SNPs),
quantitation of DNA copy number or RNA transcripts, localization of particular transcripts within
samples, and the like. Figure 3 illustrates an exemplary assay and address tagging scheme.
For illustrative purposes, the target is a nucleic acid sequence, and two oligonucleotide probes
are provided, and it should be understood that the disclosed methods and assay systems can
be used for any suitable target employing one or more suitable probes. Each oligonucleotide
probe comprises a target-specific region seen at 305 and 307, respectively. In certain
embodiments, for example for detecting SNPs, the two target-specific regions are located on
either side of the SNP to be analyzed. Each oligonucleotide probe also comprises a ligation
region, seen at 301 and 303, respectively. The oligonucleotide probes are allowed to hybridize
to a target nucleic acid (not shown) in the biological sample. At Step 302, one or both of the
oligonucleotide probes may be extended and ligated to the other probe to form an extended
probe comprising target nucleic acid region 309 and ligation regions 301 and 303. In some
embodiments, the two probes are immediately adjacent to each other, and only ligation is
needed to form an extended probe. In some embodiments, Step 302 may be used to
incorporate an SNP sequence or other target sequences to be assayed.

[0088] Two address tags, both comprising an address tag region (seen at 315 and 317), a
ligation region (seen at 311 and 313), and a primer region (seen at 319 and 321) are
combined with and ligated to the extended probe at step 304 to form a target-specific
oligonucleotide. In contrast with Figure 1, the probes and address tags are delivered at
separate steps. In some embodiments, a pair of address tags ligate specifically to one side of
the target sequence or the other (i.e., 5' or 3' of the target sequence), respectively. In certain
embodiments, the ligation and primer regions of the address tags and probes are universal,
that is, the set of ligation and primer regions used in constructing the probes and address tags
are constant, and only the target-specific regions of the probes and the address tag region of
the address tag differ. In alternative embodiments, the ligation and primer regions are not
universal and each probe and/or address tag may comprise a different ligation and/or primer
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region.

[0089] Following ligation, the probe/address tag conjugates are eluted, pooled, and, optionally,
sequencing adaptors are added to the probe/address tag conjugates via PCR. In alternative
embodiments, sequencing primers may be ligated to the address tags, or sequencing primer
sequences can be included as part of the address tags. As seen in Figure 3, each sequencing
adaptor comprises primer region 319 or 321, compatible with the primer regions 319 and 321
on the address tags. The final construct comprising first adaptor 327, first primer region 319,
first coding tag 315, ligation regions 311 and 301, target region 309, ligation regions 313 and
303, second coding tag 317, second primer region 325 and second adaptor 329 can be
subject to sequencing, for example, by input into a digital high-throughput sequencing process.

[0090] A combination of extension and ligation reactions are exemplified in Figure 3, but it
should be appreciated that a variety of reactions may be used to couple the address tags to
the target-specific probes, including ligation only (e.g., for oligonucleotides that hybridize to
contiguous portions of the target nucleic acid sequence). Alternatively, an assay utilizing an

additional oligonucleotide, such as in the GOLDENGATE® assay (lllumina, Inc., San Diego,
Calif.) (see Fan, et al., Cold Spring Symp. Quant. Biol., 68:69-78 (2003)), may be employed.

[0091] To maximize the efficiency of address tagging, a combinatorial approach using pairs of
address tags can be used. By de-coupling the target-specific information and the spatial
information in the address tags, the number of oligonucleotides required for determining a
spatial pattern of one or more biological targets across multiple sites in a sample is
dramatically reduced, with a concomitant decrease in cost.

[0092] Figure 4 illustrates one embodiment of a combinatorial address tagging scheme, where
nucleic acids in a representative tissue section (shown at 416) are assayed. Figure 4A shows
two probe/address tag conjugates 420 and 422 specifically bound to a biological target 402 of
interest. The first probe/address tag conjugate 420 comprises address tag 408, associated
with tag 404. Tag 404 can be a universal priming site for amplification of the assay products or
an adaptor to enable identification of the address tag 408 and/or other regions of
probe/address tag conjugates 420, for example, using sequencing technologies. The second
probe/address tag conjugate 422 comprises address tag 406, associated with tag 410. Tag
410 can be a universal priming site for amplification of the assay products or an adaptor to
enable identification of the address tag 406 and/or other regions of probe/address tag
conjugates 422, for example, using sequencing technologies.

[0093] In other embodiments, a biological target 424 is assayed according to the combinatorial
address tagging scheme shown in Figure 4D. Two probes 426 and 428 specifically bind to the
biological target 424 of interest. In some embodiments, a portion of each of probes 426 and
428 specifically binds to the target, while each probe also has a portion that specifically binds
to an adaptor 438, for example, by specific nucleic acid hybridization. In one embodiment, the
probe or probes specifically hybridize to the adaptor. In cases where the biological target is a
nucleic acid and the probes are oligonucleotides, the adaptor can specifically bind to the
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following combinations: 1) the 5' portion of probe 426 and the 3' portion of probe 428; 2) the 3'
portion of probe 426 and the 5' portion of probe 428; 3) the 5' portion of probe 426 and the 5'
portion of probe 428; or 4) the 3' portion of probe 426 and the 3' portion of probe 428. In
certain embodiments, probe 426 or 428 is a linear molecule, a branched molecule, a circular
molecule, or a combination thereof. After binding of the two probes to the biological target and
the adaptor to the two probes, address tags can be delivered to the sample and coupled to the
adaptor. For example, the adaptor can be tagged with address tag 430, associated with tag
434, and/or with address tag 432, associated with tag 436. Tags 434 and 436 can be universal
priming sites for amplification of the assay products or sequences to enable identification of the
address tags and/or other regions of adaptor/address tag conjugates, for example, using
sequencing technologies. In certain embodiments, the address tags are tagged at the same
end of the adaptor, or at different ends of the adaptor. In other embodiments, an address tag
and/or tag 434 or 436 can be pre-coupled to the adaptor, and the adaptor/address tag or
adaptor/tag conjugate or complex is then delivered to the sample in order to bind to the probe
bound to the biological target. In certain aspects, the adaptor is a linear molecule, a branched
molecule, a circular molecule, or a combination thereof. In some embodiments, after an
address tag is attached to each end of the adaptor, the ends can be joined. For example, in
Figure 4D, address tags 434 and/or 436 can comprise structures and/or sequences that allow
the two ends of the tagged adaptor 438 to be joined to form a circular construct, to facilitate
amplification and/or sequencing of the construct.

[0094] In certain embodiments, all or a portion of the adaptor/address tag conjugate sequence
is determined, for example, by nucleic acid sequencing. In other embodiments, all or a portion
of the probe sequence, and/or all or a portion of the adaptor/address tag conjugate sequence,
is determined. For example, a first address tag can be coupled to probe 426, and a second
address tag can be coupled to adaptor 438. The duplex formed between probe 426 and
adaptor 438 can be subjected to extension and sequencing, to generate a conjugate that
comprises sequences of the first address tag, all or a portion of probe 426, all or a portion of
adaptor 438, and the second address tag.

[0095] The tagging scheme is not limited to the use of two or more probes for the same
biological target. For example, in cases where one probe is used, a tag (e.g., an address tag,
an adaptor for ligation, or a universal sequencing primer or amplification primer sequence) can
be coupled to an adaptor that specifically binds to the probe, rather than to the probe itself.

[0096] In some embodiments, at least two adaptors are used. In one aspect, more than one
probes are delivered to the sample, and at least one adaptor is provided for each probe that
specifically binds to the probe. In one aspect, one or more adaptors are provided for
specifically binding to each probe. For example, a pair of adaptors is used to specifically bind
to the probe 426 and 428, respectively. In certain embodiments, the adaptors of the pair are
DNA molecules that: 1) hybridize or otherwise bind to probe 426 or 428; 2) have free 3' and/or
5' ends that enable the encoding sequences (e.g., address tags 430 and 432) to be attached
in a subsequent step or steps, for example, by ligation; 3) are in a form where they can be
joined if they are co-localized or in proximity to each other. In some embodiments, part of
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probe 426 or 428 acts as a splint to enable ligation, or extension and ligation, of the adaptors
in the adaptor pair. Additional tags (e.g., an address tag, an adaptor for ligation, or a universal
sequencing primer or amplification primer sequence) can be coupled to the adaptor generated
by joining the adaptor pair.

[0097] Figure 4B shows an address tagging scheme that may be used for 100 unique sites in
a sample. For example, twenty probe/address tag conjugates a1 through a10 and b1 through
b10 can be used, with each of a1 through a10 corresponding to a probe/address tag conjugate
420 (comprising an address tag 408) and each of b1 through b10 corresponding to a
probe/address tag conjugate 422 (comprising an address tag 406). The address tag
comprised in each of a1l through a10 and b1 through b10 may be uniquely identified.
Probe/address tag conjugate a1, for example, is delivered to the biological sample through an
addressing channel shown as the first horizontal channel in 412. Probe/address tag conjugate
a2 is delivered to the biological sample through the second horizontal channel in 412,
Probe/address tag conjugate a3 is delivered to the biological sample through the third
horizontal channel in 412, and so on. Whereas the "a" probe/address tag conjugates are
delivered in ten horizontal channels, the "b" probe/address tag conjugates are delivered in ten
vertical channels as shown in 414. For example, probe/address tag conjugate b1 is delivered
to the biological sample through the first horizontal channel of 414, probe/address tag
conjugate b2 is delivered to the biological sample through the second horizontal channel of
414, and so on. In other embodiments, the "a" tags may be referred to as the "X" tags and the
"b" tags as "Y" tags. The intersections or junctions between the horizontal and vertical
channels are shown as solid squares. Each intersection or junction can be uniquely identified
by the combination of the "a" probe/address tag conjugate and the "b" probe/address tag
conjugate delivered to the area in the sample corresponding to the intersection or junction.

[0098] Figure 4C shows a representative tissue section 416 coincident with grid 418. The
arrows show how the "a" probe/address tag conjugates and the "b" probe/address tag
conjugates are delivered on grid 418 that is coincident with tissue section 416. If, once
analyzed, probe/address tag conjugates al and b4, e.g., are associated with a target, then that
target is present in the tissue section at location (a1, b4).

[0099] The methods and assay systems disclosed herein are capable of multiplexing. For
example, Figure 5 provides an address tagging (or "address coding") scheme used in a
multiplexed assay. For clarity, two probes TS01 and TS02, specific for target 1 and target 2,
respectively, are shown at 520. Figure 5 shows address tags 510, comprising a1, a2, a3, a4
and b1, b2, b3 and b4. A delivery or dispensing scheme is shown at 530. Like the grid
exemplified in Figure 4, a1 through a4 are delivered to the sample through horizontal
channels, and b1 through b4 are delivered to the sample through vertical channels. The
intersections between the horizontal and vertical channels are shown as solid squares. Each
intersection can be uniquely identified by the combination of the "a" probe/address tag
conjugate and the "b" probe/address tag conjugate delivered to the area in the sample
corresponding to the intersection.
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[0100] Probes TS01 and TS02 are delivered to the biological sample and allowed to interact
with the entire sample. Probes TS01 and TS02 specifically bind to their corresponding targets if
the targets are present in the sample. Unbound probes are then removed, for example, by
washing. Address tags 510 are then delivered to the biological sample according to the spatial
pattern shown at 530. The address tags are coupled, for example, by ligation (or by extension
followed by ligation), to probes that specifically bind to the biological target 1 or biological target
2 in the sample. The coupled constructs (or "probe/address tag conjugates™) are then eluted
from the biological sample and pooled. In certain embodiments, sequencing adaptors may be
added through, e.g., PCR or ligation, if the sequencing adaptors are not already included in the
address tags or probe/address tag conjugates. The probe/address tag conjugates are
sequenced by, e.g., high throughput or next generation sequencing.

[0101] The pool of resulting assay products is shown at 540. For example, presence of the
"a1T2b1" product in the pool indicates readout is obtained for TS02 at position (a1, b1) and
therefore target 2 is detected at position (a1, b1). Thus, a sequence readout is obtained for
only TS01 at positions (a4, b1), (a4, b2), (a1, b3), (a2, b3), (a3, b3), (a4, b3) and (a4, b4)
(positions shown with horizontal lines in spatial pattern §50), and a sequence readout is
obtained for TS02 only at position (a1, b1) (position shown with vertical lines in spatial pattern
550). A sequence readout is obtained for both TS01 and TS02 at positions (a2, b1), (a3, b1),
(a1, b2), (a2, b2), and (a3, b2) (positions shown with cross-hatching in spatial pattern 550). No
sequence readout is obtained for either TS01 or TS02 at (a1, b4), (a2, b4) or (a3, b4)
(positions shown without shading in spatial pattern 5§50). Thus, in the biological sample, target
1 is detected in a large portion of the left side and at the bottom of the sample, while target 2 is
detected only in the upper left portion of the sample, and neither target is detected in the upper
right portion of the biological sample. The differential expression of the two biological targets
may be mapped back to the biological sample and to the biological structures or cell types in
these locations in the biological sample.

[0102] In addition to location information, relative abundance of the biological targets across
the multiple sites in the sample can be obtained. For example, if it is found that there are ten
times as many a4T1b1 sequences occurring in the data set as compared to a4T1b2
sequences, this would indicate that target 1 is ten times more abundant at location (a4, b1)
than at location (a4, b2).

[0103] In the case of nucleotide analysis as shown in Figure 3, by ligating the address tags
directly to the probes, only 2n probes are needed for n targets. For example, assaying 100
different targets at 10,000 sites in a sample would require 2 x 100 probes and 2 x 100 address
tags which are to be coupled to the probes. The total count of assay oligonucleotides would be
only 400 (200 probes and 200 address tags), not counting universal primers. In contrast, if the
address tags are not decoupled from the probes, the total count of assay oligonucleotides
would be (n x X positions)+(n x Y positions), or in the above example, 20,000 oligonucleotides,
not counting universal primer sequences. In other embodiments, for each site in the sample,
three, four or more address tags may be used, and attached to the probes or one another by
varying means and in varying combinations of steps.
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[0104] In certain embodiments, it is desirable to correlate spatial patterns of a target
polynucleotide expression, for example, mMRNA expression patterns within a 2D sample, with
histological features of the sample. In certain aspects, the histological features may include the
expression pattern of a known marker for the sample, for example, a tissue-specific marker, a
cell type marker, a cell lineage marker, a cell morphology marker, a cell cycle marker, a cell
death marker, a developmental stage marker, a stem cell or progenitor cell marker, a marker
for a differentiated state, an epigenetic marker, a physiological or pathophysiological marker, a
marker for a transformed state, a cancer marker, or any combination thereof. In certain
aspects, the histological feature comprises tissue morphology, for example, as indicate by the
expression pattern of a protein marker. In certain embodiments, in order to obtain spatial
information of the sample, e.g., histological features of the sample, expression pattern of a
protein marker, and/or tissue morphology, an imaging technique can be used. For instance,
immunohistochemical (IHC) and/or immunofluorescent (IF) imaging may need to be used.

[0105] In certain aspects, provided herein are methods called Spatially Encoded Protein In Situ
Assays (SEPIA) for multiplexed in situ analysis of proteins. In some embodiments, SEPIA and
related assay systems can obtain spatial information on the relative abundance of many
proteins in tissue sections. In certain embodiments, the methods and assay systems of the
present disclosure are based on the use of antibodies (or other affinity capture agents capable
of specifically binding to a target, other than by nucleotide sequence complementarity) that are
labeled with an identity tag that identifies the target protein or the antibody, and one or more
address tags that identify the location of each of multiple sites in a sample. In one embodiment,
there are provided at least two address tags for each site, one of the at least two address tags
identifying the location in the tissue section in one dimension (for example, an X coordinate)
and the other identifying the location in another dimension (for example, a Y coordinate).

[0106] In any of the embodiments disclosed herein, the biological target can be a peptide or a
protein, and the methods or assay systems can be used to analyze the presence of antibodies,
enzymatic and other protein activities, posttranslational modifications, active and non-active
forms of peptides, as well as peptide isoforms in a biological sample. Accordingly, the probes
may comprise an active region of an enzyme, a binding domain of an immunoglobulin, defined
domains of proteins, whole proteins, synthetic peptides, peptides with introduced mutations,
aptamers and the like.

[0107] In any of the embodiments disclosed herein, the probes can comprise substrates for
enzymes or proenzymes, e.g., kinases, phosphatases, zymogens, proteases, or fragments
thereof. In certain aspects, the probes may comprise phosphorylation substrates used to
detect proteins involved in one or more signal transduction pathways. In other aspects, the
probes can comprise specific protease substrates that associate with specific individual
proteases or specific classes of proteases. In other aspects, the probes can comprise different
processed forms, isoforms and/or domains of an enzyme. In certain embodiments, a protein-
based probe can be conjugated or otherwise linked to an oligonucleotide address tag. In
preferred embodiments, the oligonucleotide address tag may comprise a nucleotide sequence
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component that allows for identification of the protein probe.

[0108] In preferred embodiments, antibodies that are conjugated to oligonucleotide tags are
compatible with the address tagging scheme disclosed herein. In certain aspects, provided
herein are methods and assay systems that are highly multiplexed, scalable, and high-
throughput for determining a spatial pattern of abundance and/or activity of a target protein
across multiple sites in a sample, using a nucleic acid readout and independent of imaging for
the target protein. In preferred embodiments, provided herein are methods and assay systems
to correlate nucleic acid expression patterns (e.g., DNA or RNA expression patterns) with cell
type-specific protein marker abundance without the need for imaging for the protein marker,
for example, by immunohistochemical or immunofluorescent imaging. In preferred
embodiments, spatial resolution of the present methods and assay systems may approach the
scale of individual cells. In certain aspects, correlated 2D and 3D maps of RNA and protein
abundance can be generated using the present methods and assay systems.

[0109] As shown in Figure 6, in one aspect, a highly multiplexable protein detection assay is
carried out on a sample 616 (shown in Figure 6C). In preferred embodiments, sample 616
preserves the spatial organization of cells in a tissue. For example, sample 616 can be a
paraffin-embedded or fresh-frozen tissue section fixed to a glass slide. Figure 6A shows two
probes 620 and 622 specifically bound to a protein target 602 of interest. The first probe 620
may comprise target-binding moiety 608, associated with oligonucleotide tag 604. Target-
binding moiety 608 and oligonucleotide tag 604 can be conjugated or covalently linked. Target-
binding moiety 608 can comprise any affinity capture agents, e.g., antibodies, that specifically
bind to protein target 602. Probe 620 may further comprise address tag 624 and tag 626. Tag
626 can be a universal priming site for amplification of the assay products and/or an adaptor to
enable identification of the address tag 624 and/or oligonucleotide tag 604 and/or other
regions of probe 620, for example, using sequencing technologies. In certain embodiments,
tag 626 is conjugated or linked to or otherwise associated with address tag 624, for example,
by ligation, extension, ligation followed by extension, or any combination thereof. In one
aspect, conjugated, linked or otherwise associated tag 626 and address tag 624 as a whole
are conjugated or linked to or otherwise associated with oligonucleotide tag 604. In alternative
embodiments, tag 626 and address tag 624 may be separately conjugated or linked to or
otherwise associated with probe 620, for example, at target-binding moiety 608 and/or
oligonucleotide tag 604.

[0110] Similarly, the second probe 622 may comprise target-binding moiety 606, associated
with oligonucleotide tag 610. Target-binding moiety 606 and oligonucleotide tag 610 can be
conjugated or covalently linked. Target-binding moiety 606 can comprise any affinity capture
agents, e.g., antibodies, that specifically bind to protein target 602. Probe 622 may further
comprise address tag 628 and tag 630. Tag 630 can be a universal priming site for
amplification of the assay products and/or an adaptor to enable identification of the address
tag 628 and/or oligonucleotide tag 610 and/or other regions of probe 622, for example, using
sequencing technologies. In certain embodiments, tag 630 is conjugated or linked to or
otherwise associated with address tag 628, for example, by ligation, extension, ligation
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followed by extension, or any combination thereof. In one aspect, conjugated, linked or
otherwise associated tag 630 and address tag 628 as a whole are conjugated or linked to or
otherwise associated with oligonucleotide tag 610. In alternative embodiments, tag 630 and
address tag 628 may be separately conjugated or linked to or otherwise associated with probe
622, for example, at target-binding moiety 606 and/or oligonucleotide tag 610.

[0111] In certain embodiments, target-binding moiety 606 and target-binding moiety 608 bind
to adjacent sites on target 602, so that two free ends of oligonucleotide tags 604 and 610 are
brought close to each other. In one embodiment, oligonucleotide tags 604 and 610 may be
ligated and the ligation product assayed. In other embodiments, one or both of oligonucleotide
tags 604 and 610 may be extended and then ligated to the other probe to form an extended
probe comprising target target-binding moiety 606 and target-binding moiety 608. For
example, a DNA ligase may be added together with a splint to join two free ends of
oligonucleotide tags 604 and 610, and the DNA ligated product can serve as the template
detectable by real-time PCR and/or various sequencing technologies. Such a dual targeting
approach may be used to increase assay specificity. Other aspects and embodiments of the
dual targeting approach that converts specific protein detection into nucleic acid analysis,
including the proximity ligation assay described in Fredriksson et al., 2002, Nat Biotechnol 20,
473-7, may be used in the methods and assay systems of the present disclosure. It is also
within the present disclosure that in certain embodiments, target-binding moiety 606 and
target-binding moiety 608 may bind to different protein targets. When the protein targets are in
close proximity, for example, when the two are in the same complex or brought into contact
with each other in a reaction, a ligation product may be formed between oligonucleotide tags
604 and 610 and detected.

[0112] In certain embodiments, a primary antibody and a secondary antibody may be used.
For example, target-binding moiety 606 and/or target-binding moiety 608, instead of
specifically binding to target 602 directly, may specifically bind to a primary antibody that
specifically recognizes target 602. In this case, target-binding moiety 606 and/or target-binding
moiety 608 may be comprised in a secondary antibody. In certain aspects, the approach
involving a primary antibody and a secondary antibody may be suitable when target expression
in low in a sample, because one molecule of target 602 may be able to bind multiple molecules
of a primary antibody, thereby amplifying the signal.

[0113] In other embodiments, a biological target 632 is assayed according to the combinatorial
address tagging scheme shown in Figure 6D. Two probes 650 and 652 specifically bind to the
biological target 632 of interest. In one embodiment, the first probe 650 comprises target-
binding moiety 638, associated with oligonucleotide tag 634, and the second probe 652
comprises target-binding moiety 636, associated with oligonucleotide tag 640. Target-binding
moiety 638 and oligonucleotide tag 634 (or target-binding moiety 636 and oligonucleotide tag
640) can be conjugated or covalently linked. In particular embodiments, target-binding moiety
638 or 636 comprises an affinity capture agent, e.g., an antibody, that specifically binds to
target 632. In certain embodiments, target 632 comprises a protein moiety, an oligosaccharide
or polysaccharide moiety, a fatty acid moiety, and/or a nucleic acid moiety. In some
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embodiments, each probe has a portion that specifically binds to an adaptor 662, for example,
by specific nucleic acid hybridization. In one embodiment, oligonucleotide tag 634 or 640 (or a
portion thereof) specifically hybridizes to the adaptor. The adaptor can specifically bind to the
following combinations: 1) the 5' portion of oligonucleotide tag 634 and the 3' portion of
oligonucleotide tag 640; 2) the 3' portion of oligonucleotide tag 634 and the 5' portion of
oligonucleotide tag 640; 3) the 5' portion of oligonucleotide tag 634 and the 5' portion of
oligonucleotide tag 640; or 4) the 3' portion of oligonucleotide tag 634 and the 3' portion of
oligonucleotide tag 640. In certain embodiments, oligonucleotide tag 634 or 640 is a linear
molecule, a branched molecule, a circular molecule, or a combination thereof. After binding of
the two probes to the biological target and the adaptor to the two probes, address tags can be
delivered to the sample and coupled to the adaptor. For example, the adaptor can be tagged
with address tag 654, associated with tag 656, and/or with address tag 658, associated with
tag 660. Tags 656 and 660 can be universal priming sites for amplification of the assay
products or sequences to enable identification of the address tags and/or other regions of
adaptor/address tag conjugates, for example, using sequencing technologies. In certain
embodiments, the address tags are tagged at the same end of the adaptor, or at different ends
of the adaptor. In other embodiments, an address tag and/or tag 656 or 660 can be pre-
coupled to the adaptor, and the adaptor/address tag or adaptor/tag conjugate or complex is
then delivered to the sample in order to bind to the probe bound to the biological target.

[0114] In certain embodiments, all or a portion of the adaptor/address tag conjugate sequence
is determined, for example, by nucleic acid sequencing. In other embodiments, all or a portion
of the oligonucleotide tag sequence, and/or all or a portion of the adaptor/address tag
conjugate sequence, is determined. For example, a first address tag can be coupled to
oligonucleotide tag 634, and a second address tag can be coupled to adaptor 662. The duplex
formed between oligonucleotide tag 634 and adaptor 662 can be subjected to extension and
sequencing, to generate a conjugate that comprises sequences of the first address tag, all or a
portion of oligonucleotide tag 634, all or a portion of adaptor 662, and the second address tag.

[0115] The tagging scheme is not limited to the use of two or more probes for the same
biological target. For example, in cases where one probe is used, a tag (e.g., an address tag,
an adaptor for ligation, or a universal sequencing primer or amplification primer sequence) can
be coupled to an adaptor that specifically binds to the probe, rather than to the probe itself.

[0116] Additional details of the polynucleotide-protein conjugates used in the present
disclosure are disclosed in United States Provisional Patent Application Serial No. 61/902,105,
filed November 8, 2013, entitled "Polynucleotide conjugates and methods for analyte
detection,".

[0117] In some embodiments, more than one adaptor is used. For example, a pair of adaptors
is used to specifically bind the oligonucleotide tag 634 and 640, respectively. In certain
embodiments, the adaptors of the pair are DNA molecules that: 1) hybridize or otherwise bind
to the protein-DNA conjugates, for example, probe 650 or 652; 2) have free 3' and/or 5' ends
that enable the encoding sequences (e.g., address tags 654 and 658) to be attached in a
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subsequent step or steps, for example, by ligation; 3) are in a form where they can be joined if
they are co-localized or in proximity to each other. In some embodiments, part of the
oligonucleotide portion of probe 650 or 652 acts as a splint to enable ligation, or extension and
ligation, of the adaptors in the adaptor pair. Additional tags (e.g., an address tag, an adaptor
for ligation, or a universal sequencing or amplification primer sequence) can be coupled to the
adaptor generated by joining the adaptor pair.

[0118] In another embodiment, a method disclosed herein makes it easier to carry out protein-
based assays at the same time as nucleic-acid based assays. For example, the adaptors can
be designed so that they are compatible with the same encoding oligonucleotides used for the
nucleic-acid based assays, e.g., RNA-based assays. Thus, two types of binding assays (i.e.,
detecting a protein target using a protein-polynucleotide conjugate, and detecting a nucleic
acid target using a nucleic acid probe) can be carried out in the same reaction volume or in the
same experimental run, and the spatial addressing can be performed on both types of probes
simultaneously.

[0119] In yet another embodiment, the present disclosure provides a control for assays
detecting a protein target or a biological target comprising a protein moiety. For example, the
nucleic acid portion of the protein-nucleic acid conjugate is used to hybridize to a nucleic acid
in the sample. This anchors an "artificial" protein (known composition and abundance based on
the abundance of the hybridizing sequence) in the sample. The "artificial" protein can then be
detected using a number of means, including protein-binding spatially-addressed assays
disclosed herein. The approach is not limited to proteins. For example, small molecules, such
as haptens, can also be used. In one aspect, Figure 6E illustrates the general concept of a
method of detecting an RNA with known composition and abundance in the sample, thereby
providing a control for the detection of other targets (e.g., protein targets) in the sample. In
Figure 6E, conjugates 662 and 664 each comprises a nucleic acid portion and an antibody-
binding portion (circle indicates the antibody-binding portion of conjugate 662, and triangle
indicates the antibody-binding portion of conjugate 664). In certain aspects, RNA 666 with
known composition and abundance in the sample is specifically bound by the nucleic acid
portions of conjugates 662 and 664. In some embodiments, the composition and/or abundance
of RNA 666 are determined experimentally, for example, using a method of the present
disclosure, and in specific embodiments, simultaneously with the detection of the protein
target. In other embodiments, the composition and/or abundance of RNA 666 is derived from
prior knowledge or knowledge in the art. In particular embodiments, the antibody-binding
portions can be HA or FLAG, and the antibody portions of probes 650 and 652 can be an anti-
HA antibody or an anti-FLAG antibody, for example, polyclonal or monoclonal antibodies. Other
protein-antibody binding pairs are known in the art and can be used in the present disclosure.

[0120] Figure 6B shows an address tagging scheme that may be used for 100 unique sites in
a sample. For example, twenty probes/address tag conjugates X1 through X10 and Y1 through
Y10 can be used, with each of X1 through X10 comprising an address tag 624 and each of Y1
through Y10 comprising an address tag 628. The address tag comprised in each of X1 through
X10 and Y1 through Y10 may be uniquely identified. Probe/address tag conjugate X9, for
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example, is delivered to the biological sample in the ninth vertical channel in 612. \Whereas the
"X" probe/address tag conjugates are delivered in ten vertical channels, the "Y" probe/address
tag conjugates are delivered in ten horizontal channels as shown in 614. For example,
probe/address tag conjugate Y1 is delivered to the biological sample in the first horizontal
channel of 614. In other embodiments, the "X" tags may be referred to as the "a" tags and the
"Y" tags as "b" tags.

[0121] Figure 6C shows a representative tissue section 616 coincident with grid 618. The
arrows show how the "X" probe/address tag conjugates and the "Y" probe/address tag
conjugates are delivered on grid 618 that is coincident with tissue section 616. If, once
analyzed, probe/address tag conjugates X9 and Y1, e.g., are associated with a target, then
that target is present in the tissue section at location (X9, Y1).

[0122] Any suitable configuration of the oligonucleotide/antibody (or other target-specific
binder) conjugate may be used to convert specific protein detection into nucleic acid analysis.
In certain embodiments, for example, as shown in Figure 7A, probe 708 specifically binds to
protein target 702. Probe 708 may comprise target-binding moiety 704, associated with
oligonucleotide tag 706. Target-binding moiety 704 and oligonucleotide tag 706 can be
conjugated or covalently linked. Target-binding moiety 704 can comprise any affinity capture
agents, e.g., antibodies, that specifically bind to protein target 702. Probe 708 may further
comprise "X" address tag 710 and "Y" address tag 712. Both address tags 710 and 712 may
be conjugated to a universal priming site for amplification of the assay products and/or an
adaptor (not shown in Figure 7) to enable identification of the address tags 710 and 712 and/or
oligonucleotide tag 706 and/or other regions of probe 708, for example, using sequencing
technologies. Conjugation of the various tags may be accomplished by ligation, extension,
ligation followed by extension, or any combination thereof. In some embodiments, address
tags 710 and 712 are conjugated to one side of oligonucleotide tag 706 or the other (i.e., 5 or
3' of the sequence), respectively. In alternative embodiments, both address tags 710 and 712
may be conjugated to either 5' or 3' of oligonucleotide tag 706. For example, address tags 710
and 712 may be directly or indirectly conjugated, and address tag 710 or 712 may be directly
or indirectly conjugated to either 5' or 3' of oligonucleotide tag 706.

[0123] In other embodiments, for example, as shown in Figure 7B, probe 720 specifically binds
to protein target 714. Probe 720 may comprise target-binding moiety 716, conjugated, linked,
or otherwise associated with oligonucleotide tag 718. Target-binding moiety 716 can comprise
any affinity capture agents, e.g., antibodies, that specifically bind to protein target 714. Probe
720 may further comprise oligonucleotide sequence 722 that specifically hybridizes to
oligonucleotide tag 718. In one embodiment, sequence 722 is complementary to
oligonucleotide tag 718. Sequence 722 may be conjugated to "X" address tag 724 and "Y"
address tag 726. Both address tags 724 and 726 may be conjugated to a universal priming site
for amplification of the assay products and/or an adaptor (not shown in Figure 7) to enable
identification of the address tags 724 and 726 and/or sequence 722 and/or other regions of
probe 720, for example, using sequencing technologies. Conjugation of the various tags may
be accomplished by ligation, extension, ligation followed by extension, or any combination
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thereof. Similar to Figure 7A, address tags 724 and/or 726 can be conjugated to either side of
oligonucleotide sequence 722 (i.e., 5' or 3' of the sequence), either directly or indirectly.

[0124] In further embodiments, for example, as shown in Figure 7C, a "2-antibody" format may
be used. The "2-antibody" format is similar to the dual targeting approach discussed above, for
example, in Figure 6. In this embodiment, two antibodies specific for a protein target are
conjugated to an oligonucleotide, which can be directly or indirectly conjugated to the "X" and
"Y" address tags and a universal priming site for amplification of assay products and/or an
adaptor for sequencing. In some embodiments, the two antibodies may bind to different
epitopes or sites on the protein target. In preferred embodiments, binding of both antibodies to
the target is required to generate a signal, thus providing higher specificity than using only one
antibody. It is also contemplated that more than two antibodies may be conjugated to an
oligonucleotide and used in the methods and assay systems of the present disclosure.

[0125] As disclosed herein, the methods and assay systems permit high levels of multiplexing.
In one embodiment, the probes can be delivered over the entire surface of a 2D sample in a
bulk process, and then address tagged by delivering the address tags in a spatially defined
pattern. For example, two sets of address tags (the "X" and "Y" tags) can be used in a
combinatorial fashion as discussed supra. Once the in situ assay is completed, the assay
products are eluted and sequenced. The address tag sequence information identifies the
location at which the assay is performed, and the probe sequence information (the identity tag)
identifies the protein that is targeted. In one aspect, the frequency of a particular assay product
(for example, a sequencing product) in the digital readout can be used to infer the relative
abundance of its target in the sample. This information can then be associated with other
information, including conventional histological information, and/or transcript abundance
obtained via the related Spatialy Encoded Genomic Assays (SEGA). In preferred
embodiments, the methods and assay systems do not depend on an imaging technique for the
spatial information of the target protein. Instead, in preferred embodiments, the spatial pattern
of the target protein abundance and/or activity can be determined by sequencing.

[0126] In one embodiment, in order to integrate the protein and gene expression assays, the
same address tagging scheme is compatible with and can be used for both assay types. For
example, for each of multiple sites in a sample, the same combination of "X" and "Y" address
tags can be tagged to an antibody-DNA conjugate for a target protein, and to a probe for a
target polynucleotide sequence. In one embodiment, the target polynucleotide or the
complement thereof encodes all or a portion of the target protein. Therefore, for each site in
the sample, the abundance and/or activity of the target protein and its corresponding
polynucleotide can be detected by assaying for sequencing products with the same set of
address tags. In preferred embodiments, the step of analyzing probes or probe/address tag
conjugates bound to the target protein and the step of analyzing probes or probe/address tag
conjugates bound to the target polynucleotide can be performed in parallel in the same
reaction run. In alternative embodiments, different address tags may be coupled to an
antibody-DNA conjugate for a target protein, and to a probe for a target polynucleotide
sequence, to determine the abundance and/or activity of the target protein and the target
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polynucleotide at a given site. Assay results for the target protein and the target polynucleotide
can then be integrated for each site in the sample.

[0127] The methods and assay systems disclosed herein are particularly suitable for
generating a large amount of information with even a modest number of assays. For example,
five or more biological targets assayed at five or more positions in the sample generates 25 or
more combinations. Using digital sequencing as a readout, the optimum number of sequence
reads per combination depends on the sensitivity and dynamic range required, and can be
adjusted. For example, if for each combination on average 100 reads are sampled, the total for
25 combination is 2,500 reads. If 1,000 targets are assayed at 1,000 locations with an average

sampling depth of 1,000, then 10° reads are required. These numbers, although large, are
within the capacity of intrinsically parallel digital sequencing methods, which can generate
datasets of billions or even trillions of reads in a reasonable timeframe and at a very low cost
per read. Therefore, by varying the numbers of positions or biological targets assayed, or both,
and using digital sequencing, large amounts of information can be obtained. In specific
aspects, multiple locations are assayed for two or more biological molecules.

[0128] Thus, provided herein is an ability to look at many different biological targets in many
locations of a sample at the same time, for example, in the same reaction run. In some
embodiments, the product of the multiple biological targets being assayed and the multiple
sites in the biological sample is greater than about 20. In other embodiments, the product of
the multiple biological targets being assayed and the multiple sites in the biological sample is
greater than about 50. In other embodiments, the product of the multiple biological targets
being assayed and the multiple sites in the biological sample is greater than about 100, greater
than about 500, greater than about 1,000, greater than about 10,000, greater than about
25,000, greater than about 100,000, greater than about 500,000, or greater than about
1,000,000. It will be appreciated that even much larger numbers can be contemplated. For
example, assaying 10,000 targets per location for 10,000 locations in a sample would generate

108 different assays. In some embodiments, sufficient numbers of sites in a sample can be
assayed to reach a resolution on the order of that of single cells. Further, in embodiments
where high-throughput digital sequencing is employed, the sequences of at least 1,000 probes
or probe/address tag conjugates are typically determined in parallel. More typically, using a
digital readout, it is desirable to obtain multiple sequence reads for each assay (defined by a
target and a location, i.e., by the identities of an identity tag and an address tag of a target). It
is desirable to obtain an average of at least 3 copies per assay, and more typically at least 10
or at least 30 copies per assay, depending on the design of the experiment and requirements
of the assay. For a quantitative readout with suitable dynamic range, it may be desirable to
obtain at least 1,000 reads per assay. Therefore, if 1,000,000 assays are carried out, the
number of sequence reads may be 1 billion or more. With high-throughput digital sequencing,
and allowing for redundancy, the sequence of at least 10,000 probes or probe/address tag
conjugates can be determined in parallel, or the sequence of at least 100,000, 500,000,
1,000,000, 10,000,000, 100,000,000, 1,000,000,000 or more probes or probe/address tag
conjugates can be determined in parallel.
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[0129] In certain aspects, disclosed herein are methods and assay systems for evaluating
differences in the amount and/or activity of biological targets between different locations in a
sample and/or between samples. In one embodiment, the method comprises evaluating the
differences in quantity of the biological targets at each location in the biological sample. In
another embodiment, the method comprises comparing spatial patterns of abundance and/or
activity of one or more biological targets among multiple samples.

[0130] Methods and assays systems to determine a spatial pattern of abundance and/or
activity of a biological target in a sample are disclosed in detail in U.S. Application Serial No.
61/839,313, filed June 25, 2013, entitled "Methods and systems for determining spatial
patterns of biological targets in a sample,"” U.S. Application Serial No. 13/080,616, entitled
"Spatially encoded biological assays"” (Pub. No.: US 2011/0245111), and in International
Application No. PCT/US2014/_, filed June 25, 2014, having the Attorney Docket No.
699932000440, entitled "Methods and systems for determining spatial patterns of biological
targets in a sample,".

Spatially Encoded Biological Assays Using Microfluidic Device

[0131] The reagent delivery system of the present disclosure includes instrumentation that
allows the delivery of reagents to discrete portions of the biological sample, maintaining the
integrity of the spatial patterns of the addressing scheme. Reagent delivery systems of the
present assay systems comprise optional imaging means, reagent delivery hardware and
control software. Reagent delivery can be achieved in a number of different ways. It should be
noted that reagents may be delivered to many different biological samples at one time. A single
tissue section has been exemplified herein; however, multiple biological samples may be
manipulated and analyzed simultaneously. For example, serial sections of a tissue sample can
be analyzed in parallel and the data combined to build a 3D map.

[0132] Integral to the assay system of the present disclosure is instrumentation that allows for
spatial patterning of reagents onto the biological sample. Technologies for formulating and
delivering both biological molecules (e.g. oligonucleotides or antibodies) and chemical
reagents (e.g., small molecules or dNTPs) are known in the art, and uses of these instrument
systems are known to one skilled in the art and easily adaptable to the assay systems of the

present disclosure. One example of a suitable reagent delivery system is the Labcyte " Echo
acoustic liquid handler, which can be used to deliver nanoliter scale droplets containing
biological molecules with high precision and reproducibility. One skilled in the art could
incorporate this reagent delivery device into the overall system using software to specify the
locations to which reagents should be delivered.

[0133] In certain embodiments, it may be preferred to segment or sequester certain areas of
the biological samples into one or more assay areas for different reagent distributions and/or
biological target determination. The assay areas may be physically separated using barriers or
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channels.

[0134] In one exemplary aspect, the reagent delivery system may be a flow-based system.
The flow-based systems for reagent delivery in the present invention can include
instrumentation such as one or more pumps, valves, fluid reservoirs, channels, and/or reagent
storage cells. Reagent delivery systems are configured to move fluid to contact a discrete
section of the biological sample. Movement of the reagents can be driven by a pump disposed,
for example, downstream of the fluid reagents. The pump can drive each fluid reagent to (and
past) the reaction compartment. Alternatively, reagents may be driven through the fluid by
gravity. US Pub. Nos. 20070166725 and 20050239192 disclose certain general purpose
fluidics tools that can be used with the assay systems of the present disclosure, allowing for the
precise manipulation of gases, liquids and solids to accomplish very complex analytical
manipulations with relatively simple hardware.

[0135] In a more specific example, one or more flow-cells can be attached to the substrate-
affixed biological sample from above. The flow-cell can include inlet and outlet tubes connected
thereto and optionally an external pump is used to deliver reagents to the flow-cell and across
the biological sample. The flow cells are configured to deliver reagents only to certain portions
of the biological sample, restricting the amount and type of reagent delivered to any specific
section of the biological sample.

[0136] In another aspect, a microfluidic system can be integrated into the substrate upon
which the biological sample is disposed or externally attached on top of the substrate.
Microfluidic passages for holding and carrying fluid may be formed on and/or above the planar
substrate by a fluidics layer abutted to the substrate. Fluid reagents can be selected and
delivered according to selective opening and closing of valves disposed between reagent
reservoirs.

[0137] Pumps generally include any mechanism for moving fluid and/or reagents disposed in
fluid. In some examples, the pump can be configured to move fluid and/or reagents through
passages with small volumes (i.e., microfluidic structures). The pump can operate
mechanically by exerting a positive or negative pressure on fluid and/or on a structure carrying
fluid, electrically by appropriate application of an electric field(s), or both, among other means.
Exemplary mechanical pumps may include syringe pumps, peristaltic pumps, rotary pumps,
pressurized gas, pipettors, etc. For example, external syringes and pneumatic pumps may be
used to inject fluids and generate fluid flow within microfluidic devices. Another type of pump
that may be used is a capillary pump that works on the principle of a fluid filling a set of thin
capillaries. As such, a capillary pump provides a single-pass capability. Since a capillary pump
can be completely passive, the flow of fluid can be "hardwired” into the design. Mechanical
pumps may be micromachined, molded, etc. Exemplary electrical pumps may include
electrodes and may operate by electrophoresis, electroendosmosis, electrocapillarity,
dielectrophoresis (including traveling wave forms thereof), and/or the like. In one embodiment,
a thumb-driven peristaltic mechanism can be used to drive liquid through the addressing
channels. In alternative embodiments, the loading mechanism can be by centrifugation. In one
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aspect, loading by centrifugation is scalable.

[0138] Valves generally include any mechanism for regulating the passage of fluid through a
chatmel. Valves can include, for example, deformable members that can be selectively
deformed to partially or completely close a channel, a movable projection that can be
selectively extended into a channel to partially or completely block a channel, an
electrocapillary structure, and/or the like.

[0139] An open gasket can be attached to the top of the biological sample and the sample and
reagents can be injected into the gasket. Suitable gasket materials include, but are not limited
to, neoprene, nitrile, and silicone rubber. Alternatively, a watertight reaction chamber may be
formed by a gasket sandwiched between the biological sample on the substrate and a
chemically inert, water resistant material such as, but not limited to, black-anodized aluminum,
thermoplastics (e.g., polystyrene, polycarbonate, etc.), glass, etc.

[0140] Embodiments of the present disclosure may comprise integrated pumps, valves, and
fluid actuators, to enable complex and versatile microfluidic networks. Each addressing
channel may contain one, more than one, or no fluid actuator. Fluid actuators integrated within
microfluidic device at asymmetric locations can generate both unidirectional and bidirectional
fluid flow through the channels. Selective activation of multiple fluid actuators located
asymmetrically toward the ends of multiple microfluidic addressing channels enables the
generation of arbitrary and/or directionally-controlled fluid flow patterns. In addition, temporal
control over the mechanical operation or motion of a fluid actuator enables directional control
of fluid flow through an addressing channel. Thus, in some embodiments precise control over
the forward and reverse strokes (i.e., compressive and tensile fluid displacements) of a single
fluid actuator can provide bidirectional fluid flow within an addressing channel and generate
arbitrary and/or directionally-controlled fluid flow patterns within the channel.

[0141] The fluid actuators can be driven by a variety of actuator mechanisms such as thermal
bubble resistor actuators, piezo membrane actuators, electrostatic (MEMS) membrane
actuators, mechanical/impact driven membrane actuators, voice coil actuators,
magnetostrictive drive actuators, and so on. The fluid actuators can be integrated into
microfluidic device systems using conventional micro-fabrication processes. This enables
complex microfluidic devices having arbitrary pressure and flow distributions. The microfluidic
devices may also include various integrated active elements such as resistive heaters, Peltier
coolers, physical, chemical and biological sensors, light sources, and combinations thereof.
The microfluidic devices may or may not be connected to external fluid reservoirs. Advantages
of the disclosed microfluidic devices and networks generally include a reduced amount of
equipment needed to operate microfluidic systems, which increases mobility and widens the
range of potential applications in the methods and assay systems disclosed herein.

[0142] Provided herein is a method of determining a spatial pattern of abundance and/or
activity of a biological target in a sample using a microfluidic device. Basic components,
structures, and mechanisms of microfluidic devices are discussed supra, and are known to one
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of skill in the art. The method comprises delivering a probe for a biological target to a sample,
the probe comprising: (1) a binding moiety capable of binding to the biological target; and (2)
an identity tag that identifies the biological target or the binding moiety. As shown in Figure 8,
after delivering the probe to sample 802 and allowing the probe to interact with its biological
target, sample 802 is affixed to a first microfluidic device having multiple first addressing
channels 804 and 806, wherein each first addressing channel identifies a first area (804" and
806, respectively) in the sample. Two first addressing channels are shown in Figures 8-11 for
illustrative purposes only, and it should be understood that more first addressing channels may
be used. A first address tag is then delivered through each of the first addressing channels to
each first area in the sample, wherein each first address tag is to be coupled to the probe. For
example, in Figure 8, address tag Y1 is delivered through first addressing channel 804 to first
area 804', and address tag Y2 is delivered through first addressing channel 806 to first area
806'. Sample 802 with the delivered first address tags Y1 and Y2 is then affixed to a second
microfluidic device. In certain embodiments, first address tags Y1 and Y2 are coupled to
probes bound to biological targets in first areas 804" and 806°, respectively, before sample 802
is optionally washed (to separate address tags not coupled to probes bound to targets) and
affixed to a second microfluidic device. In alternative embodiments, first address tags Y1 and
Y2 are delivered to the sample, and are not coupled to probes until second address tags X1
and X2 are delivered and coupled to probes, as discussed infra.

[0143] The second microfluidic device comprises multiple second addressing channels 808
and 810, wherein each second addressing channel identifies a second area (808" and 810",
respectively) in the sample. Two second addressing channels are shown in Figures 8-11 for
illustrative purposes only, and it should be understood that more second addressing channels
may be used. In certain embodiments, second areas 808" and 810" intersect with first areas
804" and 806" at an angle greater than 0 degree, for example, at about 90 degrees as shown
in Figure 8. A second address tag is then delivered through each of the second addressing
channels to each second area in the sample, wherein each second address tag is to be
coupled to the probe. For example, in Figure 8, address tag X1 is delivered through second
addressing channel 808 to second area 808’, and address tag X2 is delivered through second
addressing channel 810 to second area 810'. Address tags X1 and X2 are then coupled to
probes bound to biological targets in second areas 808’ and 810', respectively. In this
illustrative example, four intersections are formed between the first and second areas: 812,
814', 816', and 818'. In certain embodiments, before second address tags are delivered,
probes bound to targets at intersection 812" and 814' have already been coupled with first
address tag Y1, and probes bound to targets at intersection 816’ and 818’ have already been
coupled with first address tag Y2. Therefore, in these embodiments, second address tag X1 is
to be coupled to probes already coupled with first address tags Y1 (at intersection 812') and Y2
(at intersection 816°), and second address tag X2 is to be coupled to probes already coupled
with first address tags Y1 (at intersection 814") and Y2 (at intersection 818'). Therefore,
intersections 812', 814', 816’, and 818’ can be identified at location (X1, Y1), (X2, Y1), (X1, Y2),
and (X2, Y2), respectively, in sample 802. The method further comprises analyzing probes
bound to the biological target, including determining an expression and/or activity of the
biological target and the identities of the identity tag and the first and second address tags at
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each address. Thus, this reagent delivery and address tagging scheme is compatible with
methods and assays described supra.

[0144] The reagent delivery and address tagging scheme based on microfluidic device is also
compatible with probes pre-assembled with address tags. For example, in Figure 9, sample
902 is affixed to a first microfluidic device having multiple first addressing channels 904 and
906, wherein each first addressing channel identifies a first area (904' and 906°, respectively)
in the sample. A probe with a first address tag already installed is then delivered through each
of the first addressing channels to each first area in the sample. For example, in Figure 9, a
probe with address tag Y1 ("P-Y1") is delivered through first addressing channel 904 to first
area 904', and the same probe with address tag Y2 ("P-Y2") is delivered through first
addressing channel 906 to first area 906'. Sample 902 with the delivered P-Y1 and P-Y2
probes is then affixed to a second microfluidic device comprising multiple second addressing
channels 908 and 910, wherein each second addressing channel identifies a second area
(908" and 910', respectively) in the sample. A second address tag is then delivered through
each of the second addressing channels to each second area in the sample, wherein each
second address tag is to be coupled to the probe. For example, in Figure 9, address tag X1 is
delivered through second addressing channel 908 to second area 908, and address tag X2 is
delivered through second addressing channel 910 to second area 910'. Address tags X1 and
X2 are then coupled to probes bound to biological targets in second areas 908' and 910°,
respectively. In this illustrative example, four intersections are formed between the first and
second areas: 912', 914', 916', and 918’, comprising probes with the coupled second address
tags X1-P-Y1, X2-P-Y1, X1-P-Y2, and X2-P-Y2, respectively. Therefore, intersections 912’,
914', 916’, and 918’ can similarly be identified at location (X1, Y1), (X2, Y1), (X1, Y2), and (X2,
Y2), respectively, in sample 902.

[0145] In another embodiment as shown in Figure 10, sample 1002 is affixed to a first
microfluidic device having multiple first addressing channels 1004 and 1006, wherein each first
addressing channel identifies a first area (1004’ and 1006°, respectively) in the sample. A first
address tag is then delivered through each of the first addressing channels to each first area in
the sample. For example, in Figure 10, address tag Y1 is delivered through first addressing
channel 1004 to first area 1004, and address tag Y2 is delivered through first addressing
channel 1006 to first area 1006'. Sample 1002 with the delivered address tags Y1 and Y2 is
then affixed to a second microfluidic device comprising multiple second addressing channels
1008 and 1010, wherein each second addressing channel identifies a second area (1008’ and
1010', respectively) in the sample. A probe with a second address tag already installed is then
delivered through each of the second addressing channels to each second area in the sample.
For example, in Figure 10, a probe with address tag X1 ("X1-P") is delivered through second
addressing channel 1008 to second area 1008’, and the same probe with address tag X2 ("X2-
P") is delivered through second addressing channel 1010 to second area 1010 In this
embodiment, the previously delivered address tags Y1 and Y2 must remain in situ until the
probes X1-P and X2-P are made available for reaction. This can be achieved by allowing Y1
and Y2 to dry in situ and avoiding any wash steps prior to attachment to the probes X1-P and
X2-P. After drying, delivery of probes X1-P and X2-P rehydrates the sample and permits
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attachment of Y1 and Y2. Alternatively, in order to achieve greater efficiency, tags Y1 and Y2
can contain a tethering moiety, allowing them to be tethered to the sample to prevent diffusion.
Tethering can be covalent or non-covalent. For example, Y1 and Y2 can be conjugated at their
3' ends to a photo-activatable moiety, and upon delivery, UV irradiation can be used to link Y1
and Y2 to reactive groups in the sample. Non-covalent attachment can be achieved by
conjugating Y1 and Y2 to an antibody that binds to an abundant structural component of the
sample, such as actin, or to proteins in general. Following tethering of Y1 and Y2, probes X1-P
and X2-P are delivered and allowed to hybridize to their targets, without the duration of this
step being limited by the loss of spatial resolution or signal due to diffusion of Y1 and Y2. By
preventing diffusion, tethering also permits stringency washing to remove molecules of X1-P
and X2-P that are non-specifically bound, thereby increasing specificity. Subsequently, Y1 and
Y2 can be untethered for reaction with X1-P and X2-P. This can be accomplished using a
variety of techniques. For example, a photo-cleavable linker that connects Y1 and Y2 to their
tethering moieties can be cleaved by photolysis. If, however, a photo-reactive group is used for
tethering, a type of linker that is not prone to photolysis during the tethering reaction should be
used. A wide variety of cleavable linkers are available, including chemically or enzymatically
cleavable linkers. An example of the latter is a nucleic acid sequence that is specifically cleaved
by a restriction enzyme. If necessary, the sequence can be made double-stranded by
hybridization of a complementary sequence. The complementary sequence can be added
separately or can be a part of the Y1 and Y2 molecules, in which case they would be designed
to fold back and hybridize in a hairpin configuration. Previously delivered address tags Y1 and
Y2 are then coupled to probes bound to biological targets in first areas 1004' and 1006’,
respectively. The untethering of Y1 and Y2 can be carried out contemporaneously with
coupling. For example, the second addressing channels can be kept in place and used to add
a mixture of a suitable restriction enzyme and T4 DNA ligase. The restriction enzyme untethers
Y1 and Y2 by cleaving the linker, and ligase couples Y1 and Y2 to X1-P and X2-P respectively.
Conditions that are compatible with both a restriction endonuclease and a DNA ligase are well
known in the art. In this illustrative example, four intersections are formed between the first and
second areas: 1012, 1014', 1016’, and 1018", comprising probes with the coupled first address
tags X1-P-Y1, X2-P-Y1, X1-P-Y2, and X2-P-Y2, respectively. Therefore, intersections 1012’,
1014', 1016’, and 1018’ can similarly be identified at location (X1, Y1), (X2, Y1), (X1, Y2), and
(X2, Y2), respectively, in sample 1002.

[0146] The reagent delivery and address tagging scheme based on microfluidic device is also
compatible with the two-probe approach (e.g., those shown in Figure 4 and Figure 6) or dual
targeting approach described supra. For example, in Figure 11A, probes P and P' both
specifically bind to a biological target. In Figure 11B, sample 1102 is affixed to a first
microfluidic device having multiple first addressing channels 1104 and 1106, wherein each first
addressing channel identifies a first area (1104’ and 1106, respectively) in the sample. A probe
with a first address tag already installed is then delivered through each of the first addressing
channels to each first area in the sample. For example, in Figure 11B, a probe with address
tag Y1 ("P'-Y1") is delivered through first addressing channel 1104 to first area 1104’, and the
same probe with address tag Y2 ("P'-Y2") is delivered through first addressing channel 1106 to
first area 1106'. Sample 1102 with the delivered P'-Y1 and P'-Y2 probes is then affixed to a
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second microfluidic device comprising multiple second addressing channels 1108 and 1110,
wherein each second addressing channel identifies a second area (1108’ and 1110°,
respectively) in the sample. A probe with a second address tag already installed is then
delivered through each of the second addressing channels to each second area in the sample.
For example, in Figure 11B, a probe with address tag X1 ("X1-P") is delivered through second
addressing channel 1108 to first area 1108’, and the same probe with address tag X2 ("X2-P")
is delivered through second addressing channel 1110 to second area 1110°. In this illustrative
example, four intersections are formed between the first and second areas: 1112', 1114', 1116°,
and 1118’, comprising probe pairs (X1-P, P'-Y1), (X2-P, P'-Y1), (X1-P, P'-Y2), and (X2-P, P'-Y2),
respectively. Therefore, intersections 1112', 1114’, 1116’, and 1118’ can similarly be identified
at location (X1, Y1), (X2, Y1), (X1, Y2), and (X2, Y2), respectively, in sample 1102.

[0147] In any of the embodiments disclosed herein, channel-level probes may be used. In one
aspect, a channel-level probe spatially encodes an entire X or Y channel, and may be used to
assay target abundance, expression, and/or activity in the entire channel. In any of the
embodiments disclosed herein, probes may be designed so that either the X or the Y address
tag is not specific to a particular X or Y channel, respectively. Address tags that are not
channel-specific are designated as "X0" or "Y0" tags. For example, a probe with the sequence
X0-P-Yn is localized to a stripe corresponding to the Yn channel, because the X0 address tag
can be found in all X channels. In certain embodiments, this can be accomplished by including
a probe X0-P together with probe P, which can be pre-hybridized to the sample, for example,
as shown in Figure 8. The X0-P probe can hybridize to targets in the entire sample, together
with probe P. When the sample is affixed to a second microfluidic device, and channel-specific
address tag Xn is delivered and coupled to probe P, the Xn channel would contain a mixture of
probe X0-P and probe Xn-P. In this case, the sample has been affixed to a first microfluidic
device, and channel-specific address tags Y1, Y2, ..., and Yn have been delivered and coupled
to probe P. Thus, target abundance, expression, and/or activity at a particular location (Xn, Yn)
in the sample can be indicated by the level of the Xn-P-Yn probe bound to the sample, while
target abundance, expression, and/or activity in the entire Yn channel can be indicated by
signals from the X0-P-Yn probe. In cases where probes are pre-installed with address tags
before being delivered to the sample (for example, as shown in Figures 9-11), each channel
can receive a mixture of the channel-specific probe together with the X0-P probe (or P-YO
probe). In one embodiment, a channel-level probe or address tag may be used in conjunction
with site-specific probes or address tags X1, X2, ..., and Xn, and/or Y1, Y2, ..., and Yn. X0
and/or X0-P can be delivered to the entire sample, or to the sample through any Y channel
together with the site-specific Y probe or address tag. Similarly, channel-level probe P-YO or
address tag YO can be delivered to the entire sample, or to the sample through any X channel
together with the site-specific X probe or address tag. In certain embodiments, readout based
on probe XO0-P-Yn captures signals from all X-dimension signals of the Yn channel, and
readout based on probe Xn-P-YO captures signals from all Y-dimension signals of the Xn
channel. In certain aspects, the input ratio of a probe containing an X0 address tag can be
adjusted relative to probes containing Xn address tags (where n 2 1) in order to produce a
suitable output ratio of X0 to Xn tagged probes, taking into account, for example, the channel
dimensions or number of intersecting channels. Similarly, in certain embodiments, the input
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ratio of X0 address tags to Xn address tags, the input ratio of YO probes to Yn probes, and the
input ratio of YO address tags to Yn address tags, can also be adjusted. In certain
embodiments, channel-level probes or address tags provide controls for and allow estimation
of ligation efficiency of the address tags to the probe, for example, relative ligation yield of X1
to Xn versus X0, and relative ligation yield of Y1 to Yn versus YO. In other embodiments,
channel-level probes or address tags provide controls for and allow estimation of adaptor-
specific yield variation, for example, relative yields of X1 through Xn paired with YO, and Y1
through Yn paired with X0. In one aspect, channel-level probes or address tags provide
channel-level measurements of target abundance, expression, and/or activity. In another
aspect, channel-level probes or address tags enable comparison of target abundance,
expression, and/or activity at each (X, Y) location in a channel versus the channel average.

[0148] Although a number of different reagent delivery technologies, including random-access
methods (e.g., inkjet and pin-spotting), may be used for the multiplex assays, a system using
microfluidic flow-channel devices is used in preferred embodiments. In certain aspects,
microfluidic devices used in any of the embodiments disclosed herein can be made by soft-
lithographic techniques. Soft-lithographic techniques typically allow rapid development of
microfluidic devices at a fraction of the cost and time needed to develop or buy a suitable
instrument for printing or spotting reagents. In certain other embodiments, the size of the
sampling area can be strictly defined using microfluidic devices of the present disclosure. In
contrast, use of printed droplets of reagents would require special care and more complex
technology to reduce or avoid spreading of reagents non-uniformly on the surface of an FFPE
sample, which may result in sampling areas of varying sizes and shapes. In other
embodiments, the reagent delivery system using microfluidic devices does not require precise
alignment of the sample. This feature allows sequential ligation of the two encoding positional
adaptors (i.e., the two address tags). Compared to simultaneous ligation of the two address
tags, sequential ligation may reduce the formation of undesired products. In certain aspects,
for reagent delivery technologies using inkjet or pin-spotting, the location of each droplet or
spot of the first address tag must coincide with a droplet or spot of the second address tag in
order to form the full construct during sequential ligation. This would require that the precise
registration of the sample be preserved throughout both printing steps. In contrast, in certain
embodiments, the microfluidic device based methods and systems use a pair of microfluidic
devices each having a set of parallel channels, where the first and second devices have their
channels oriented perpendicular to one another as shown in Figure 12A. A microfluidic
addressing device is shown with overlayed layout for a pair of addressing devices in Figure
12A, a poly(dimethylsiloxane) (PDMS) elastomer device with 16 x 16 channels and 100 ym
channel width in Figure 12B, and an assembled device with the clamp and peristaltic pump
mechanism in Figure 12C.

[0149] In certain embodiments, the device can be cast out of a PDMS elastomer. In alternative
embodiments, the device can be made of compression molded silicone rubber. In other
aspects, the device can be made by a multilayer plastic and elastomer bonding process. In yet
another aspect, thermoplastics may also be used for the manufacture of the present device.
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[0150] In certain aspects, the geometry of the devices defines a rectangular array of junctions
(or intersections), each having an area that is defined by the width of the two channels. When
each first channel and each second channel receive and deliver a different address tag, the
result is a unique pair of identifying address tags for each junction or intersection in the array.
In certain embodiments, fluid flow in microfluidic devices can be driven by external syringe
pumps or vacuum. In other embodiments, microfluidic devices may include connections
between the microscopic channels and the macroscopic components of the systems. In
preferred embodiments, the reagent delivery system used in the present disclosure can be a
self-contained system for loading reagents into the channels. In some aspects, the device may
include reagent reservoirs and microscopic addressing channels, each of which can be
connected to a larger peristaltic pump channel either upstream or downstream of the reservoir,
and either upstream or downstream of the addressing channels. In other aspects, the device
can be applied to the surface of an FFPE sample and clamped in place. In other embodiments,
a thumb-wheel or other rolling device can be applied across some or all the pump channels
and the rolling action can draw or push the liquid from each reservoir through the addressing
channels. In other embodiments, centrifugal force can be used to move liquid through the
channels. In other embodiments, liquid can be moved by electroosmotic force, surface acoustic
waves, or other electromechanical means. In further embodiments, the liquid can contain
reagents, for example, address tags, and can contact the tissue sample via the addressing
channels.

[0151] When address tags are delivered to the sample through the addressing channels, each
address tag can be ligated onto the hybridized probes. In certain aspects, after the first
ligation, the device can be removed and the sample optionally washed, for example, to remove
address tags not ligated or otherwise coupled to the probes. In certain embodiments, a second
device positioned on the sample with its addressing channels substantially perpendicular to the
addressing channels of the first device may be used to install the second set of address tags.
In these embodiments, the first addressing channels are disposed on a separate device from
the second addressing channels. In alternative embodiments, the first addressing channels are
disposed on the same device as the second addressing channels. In particular embodiments,
the sample after receiving a first set of reagents, for example, a first set of address tags to be
coupled to the probe, may be rotated about 90 degrees and affixed on the same device to
receive a second set of reagents. In this case, the first and second addressing channels are
not only disposed on the same device but also are essentially the same set of addressing
channels. In certain aspects, only the areas of the sample at the intersection of the first and
second addressing channels receive both address tags. In some aspects, the devices can be
cleaned and reused. Other configurations of microfluidic devices providing a first and second
set of addressing channels may be used, and the process of placing or affixing samples to the
devices, the process of transferring samples between or within devices, the process of sample
processing (e.g., washing), and the process of delivering reagents to samples may be
automated or streamlined.

[0152] In certain embodiments, the angle between the first and second addressing channels
may be about 90 degrees, about 80 degrees, about 70 degrees, about 60 degrees, about 50
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degrees, about 40 degrees, about 30 degrees, about 20 degrees, or about 10 degrees. In
certain other embodiments, the angle between the first and second addressing channels may
be between about 90 degrees and about 80 degrees, between about 80 degrees and about 70
degrees, between about 70 degrees and about 60 degrees, between about 60 degrees and
about 50 degrees, between about 50 degrees and about 40 degrees, between about 40
degrees and about 30 degrees, between about 30 degrees and about 20 degrees, or between
about 20 degrees and about 10 degrees. In other embodiments, the multiple first addressing
channels may substantially parallel each other and the multiple second addressing channels
may substantially parallel each other.

[0153] In certain embodiments, the number of the first and/or second addressing channels can
be any integer greater than 1. In any of the preceding embodiments, the width of the first
and/or second addressing channels can be about 1 ym, about 2 um, about 5 ym, about 10 um,
about 15 ym, about 20 pym, about 25 ym, about 30 uym, about 35 ym, about 40 ym, about 45
pm, about 50 ym, about 55 pm, about 60 ym, about 65 pm, about 70 um, about 75 ym, about
80 pm, about 85 ym, about 90 ym, about 95 ym, about 100 ym,about 105 uym, about 110 um,
about 115 ym, about 120 ym, about 125 ym, about 130 ym, about 135 pm, about 140 um,
about 145 ym, about 150 ym, about 155 pm, about 160 pm,about 165 um, about 170 um,
about 175 ym, about 180 ym, about 185 um, about 190 um, about 195 ym, or about 200 um.
In some aspects, the width of the first and/or second addressing channels can be between
about 200 ym and about 250 pym, between about 250 ym and about 300 um, between about
300 um and about 350 um, between about 350 ym and about 400 ym, between about 400 ym
and about 450 pym, between about 450 ym and about 500 pym, between about 500 ym and
about 550 pym, between about 550 ym and about 600 um, between about 600 um and about
650 um, between about 650 ym and about 700 pm, between about 700 ym and about 750 um,
between about 750 ym and about 800 um, between about 800 ym and about 850 ym,
between about 850 ym and about 900 uym, between about 900 ym and about 950 ym, or
between about 950 ym and about 1000 uym. In other aspects, the width of the first and/or
second addressing channels can be greater than about 1000 pm.

[0154] In any of the preceding embodiments, the depth of the first and/or second addressing
channels can be about 1 ym, about 2 ym, about 5 ym, about 10 ym, about 15 ym, about 20
pm, about 25 ym, about 30 pm, about 35 ym, about 40 pym, about 45 um, about 50 ym, about
55 um, about 60 um, about 65 ym, about 70 um, about 75 pym, about 80 ym, about 85 um,
about 90 uym, about 95 ym, about 100 ym, about 105 uym, about 110 um, about 115 pym, about
120 ym, about 125 uym, about 130 ym, about 135 um, about 140 ym, about 145 pym, about 150
pm, about 155 ym, about 160 um,about 165 um, about 170 ym, about 175 ym, about 180 um,
about 185 ym, about 190 ym, about 195 ym, or about 200 pm. In some aspects, the depth of
the first and/or second addressing channels can be between about 200 um and about 250 um,
between about 250 ym and about 300 ym, between about 300 ym and about 350 ym,
between about 350 ym and about 400 ym, between about 400 ym and about 450 ym,
between about 450 ym and about 500 ym, between about 500 ym and about 550 ym,
between about 550 ym and about 600 ym, between about 600 ym and about 650 ym,
between about 650 ym and about 700 ym, between about 700 ym and about 750 ym,



DK/EP 3013983 T3

between about 750 ym and about 800 um, between about 800 ym and about 850 ym,
between about 850 ym and about 900 uym, between about 900 ym and about 950 ym, or
between about 950 ym and about 1000 uym. In other aspects, the depth of the first and/or
second addressing channels can be greater than about 1000 pm.

[0155] In any of the preceding embodiments, the distance between each first addressing
channel and/or between each second addressing channel can be about 1 um, about 2 um,
about 5 ym, about 10 ym, about 15 uym, about 20 ym, about 25 ym, about 30 um, about 35
pm, about 40 ym, about 45 pm, about 50 ym, about 55 pm, about 60 um, about 65 um, about
70 ym, about 75 um, about 80 um, about 85 pm, about 90 uym, about 95 ym, about 100 um,
about 105 ym, about 110 pm, about 115 pm, about 120 ym, about 125 pm, about 130 um,
about 135 pm, about 140 um, about 145 ym, about 150 ym, about 155 ym, about 160 um,
about 165 pm, about 170 um, about 175 ym, about 180 pm, about 185 ym, about 190 um,
about 195 ym, or about 200 um. In certain aspects, the distance between each first addressing
channel and/or between each second addressing channel can be between about 1 ym and
about 2 ym, between about 2 ym and about 5 ym, between about 5 ym and about 10 um,
between about 10 ym and about 15 ym, between about 15 ym and about 20 uym, between
about 20 ym and about 25 ym, between about 25 ym and about 30 ym, between about 30 um
and about 35 pm, between about 35 um and about 40 ym, between about 40 ym and about 45
pm, between about 45 um and about 50 um, between about 50 um and about 55 pm, between
about 55 ym and about 60 ym, between about 60 um and about 65 ym, between about 65 ym
and about 70 ym, between about 70 yum and about 75 ym, between about 75 ym and about 80
pm, between about 80 um and about 85 um, between about 85 um and about 90 um, between
about 90 ym and about 95 ym, between about 95 ym and about 100 ym, between about 100
pm and about 105 pym, between about 105 ym and about 110 ym, between about 110 pm and
about 115 ym, between about 115 pm and about 120 ym, between about 120 ym and about
125 um, between about 125 ym and about 130 pm, between about 130 ym and about 135 um,
between about 135 pym and about 140 ym, between about 140 ym and about 145 ym,
between about 145 pm and about 150 ym, between about 150 ym and about 155 ym,
between about 155 pym and about 160 ym, between about 160 ym and about 165 ym,
between about 165 pym and about 170 ym, between about 170 ym and about 175 ym,
between about 175 pym and about 180 um, between about 180 ym and about 185 ym,
between about 185 uym and about 190 pym, or between about 190 ym and about 200 um. In
other aspects, the distance between each first addressing channel and/or between each
second addressing channel can be about 0.2 mm, about 0.3 mm, about 0.4 mm, about 0.5
mm, about 0.6 mm, about 0.7 mm, about 0.8 mm, about 0.9 mm, about 1.0 mm, about 1.1
mm, about 1.2 mm, about 1.3 mm, about 1.4 mm, about 1.5 mm, about 1.6 mm, about 1.7
mm, about 1.8 mm, about 1.9 mm, or about 2.0 mm. In yet other aspects, the distance
between each first addressing channel and/or between each second addressing channel can
be between about 0.2 mm and about 0.3 mm, between about 0.3 mm and about 0.4 mm,
between about 0.4 mm and about 0.5 mm, between about 0.5 mm and about 0.6 mm,
between about 0.6 mm and about 0.7 mm, between about 0.7 mm and about 0.8 mm,
between about 0.8 mm and about 0.9 mm, between about 0.9 mm and about 1.0 mm,
between about 1.0 mm and about 1.1 mm, between about 1.1 mm and about 1.2 mm,
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between about 1.2 mm and about 1.3 mm, between about 1.3 mm and about 1.4 mm,
between about 1.4 mm and about 1.5 mm, between about 1.5 mm and about 1.6 mm,
between about 1.6 mm and about 1.7 mm, between about 1.7 mm and about 1.8 mm,
between about 1.8 mm and about 1.9 mm, or between about 1.9 mm and about 2.0 mm. In
certain other aspects, the distance between each first addressing channel and/or between
each second addressing channel can be about 2.2 mm, about 2.4 mm, about 2.6 mm, about
2.8 mm, about 3.0 mm, about 3.2 mm, about 3.4 mm, about 3.6 mm, about 3.8 mm, about 4.0
mm, or greater than about 4.0 mm.

[0156] Creation of devices according to the present disclosure that have various numbers of
sites, various sizes of site areas, and/or different spacing between sites will allow assays of
tissues at varying resolutions in order to observe long-range and short-range variation in
expression levels. In some embodiments, the microfluidic devices disclosed herein can be
used to address areas of the size of or even smaller than a single cell.

[0157] In certain embodiments, a user of the present device prepares and loads into each
reservoir for each addressing channel a different reagent, for example, an address tag. For
instance, for a 32 x 32 microfluidic device, a total of 64 different address tag mixes for each
experiment may need to be prepared and correctly loaded. A relatively costly component (DNA
ligase) may also be wasted during the individual preparation and loading processes. Provided
herein are methods and designs that decease the risk of pipetting error and help save time
and cost. In certain embodiments, the microfluidic device may be pre-loaded with the address
tags prior to use, and users may then only need to add a single master mix comprising
enzymes and other reagents. In certain aspects, the master mix can be pipetted into all wells
or reservoirs without risk of mix-ups, and in other aspects, only a single master well or
reservoir may need to be loaded with master mix, which would be distributed within the
microfluidic device to each addressing channel. Delivery of the master mix or any other
reagent of the present disclosure may be implemented by using a connected microfluidic
channel network device. For example, a set of microfluidic channels on a microfluidic device
can be connected together so as to achieve a desired function (mix, pump, redirect and/or
allow chemical reactions). The network of microfluidic channels can be connected to the
outside by inputs and outputs, through which liquid or gas reagents are injected and/or
removed from the connected microfluidic channel network. Exemplary microfluidic channel
network devices are described in U.S. 7,223,371,. One such arrangement is shown in Figure
13. In this embodiment, a single master well is loaded with a precise volume of master mix
through a loading port. The mix travels through a network of chambers and channels where it
is divided into smaller volumes at each level of the network until it reaches the adaptor
chambers, which have been preloaded with addressing adaptors. These adaptors are then
resuspended in the master mix as it travels into the addressing channels. A somewhat similar
approach for distributing a master mix within a microfluidic system has been employed by the
384-well microfluidic card Tagman gene expression assays developed by Applied Biosciences

(Custom TagMan® Array Cards, Life Technologies, Inc., Carlsbad, Calif.).

[0158] Under suitable conditions, DNA oligonucleotides can be stored dry for long periods of
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time. In certain aspects, provided herein is a liquid carrier formulation of the address tags
(oligonucleotides) that can be added to the device and subsequently dried down in situ. In
preferred embodiments, the carrier is chemically compatible with the device and reagents and
is capable of being delivered and dried without adversely affecting the device or oligos. Upon
drying, the oligos may be robustly fixed in location and are stable during long-term storage
under suitable conditions. In preferred embodiments, the oligos can be easily resuspended
when a master mix is added, for example, months later. In another aspect, the address tag
mixes can be loaded into the devices and then stored frozen. In certain aspects, a master mix
is added to resuspend the dried oligonucleotides rapidly and efficiently. In one aspect, passive
mixing may be sufficient. In another aspect, an active resuspension procedure may be needed.
For example, the active resuspension procedure may be accomplished by pipetting up and
down upon addition. In another aspect, the active resuspension procedure may involve
building additional mixing functionality into the device, preferably without introducing
unnecessary complexity.

[0159] In one embodiment, the assay systems and devices disclosed herein can discriminate
different tissue types on the basis of tissue-specific differences in gene expression. In one
aspect, the assay systems and devices disclosed herein can be used to assay and discriminate
MRNA and hnRNA, and therefore can be used for parallel analysis of RNA processing in situ.
In one aspect, probes are designed to target introns and/or exons. In one aspect, intronic
probes give signal from hnRNA, but not from mRNA. The gDNA background signal can be
measured using selective pretreatments, with DNase and/or RNase. In one aspect, splice-site
specific probes that are selective for spliced RNAs may be designed and used. In certain
embodiments, a combination of intronic probes, exonic probes, and/or splice-site specific
probes may be used to identify the relative level of processing intermediates and their
differences between different cells in a tissue section. In general, RNA may be bound to
proteins of various types, and hnRNA, in particular, is complexed with proteins to form hnRNP
(heterogeneous nuclear ribonucleoprotein). In one embodiment, the devices and assay
systems disclosed herein can be used to perform highly parallel in situ footprinting
experiments. In certain aspects, instead of targeting 1,000 different RNAs, probes can be tiled
densely through a smaller number of RNAs in order to generate a signal profile along the
molecule. Relative changes in this profile between cell types would then indicate differences in
availability of the RNA, at the specific locations assayed.

[0160] In certain embodiments, two probes that bind to the same target molecule (for example,
two polynucleotide probes that hybridize to adjacent sites on a nucleic acid target) may be
assayed by extension followed by ligation (the extension-ligation assay). The extension-ligation
assay allows certain target sequence to be determined de novo. For example, if the primer and
the downstream oligo are separated by 20 bases and reverse transcriptase is used to fill this
20-base gap, 20 bases of sequence of the RNA target can be obtained. In certain
embodiments, by using the extension-ligation assay in the present methods or assay systems,
regions of sequence that are of particular interest may be characterized. For example, these
regions may comprise mutations or variations, for example, with implications in cancer, MHC
variations, and RNA editing.
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[0161] In any of the embodiments disclosed herein, an extension assay may also be used and
may allow certain target sequences to be determined de novo. In one embodiment, an
extension assay of the present disclosure may be performed as shown in Figure 14. First,
Primer 1 is used to make cDNA from a target sequence. In certain embodiments, the primer
can be a random primer (e.g., random hexamer) or a sequence-specific primer. A random
primer can be used to make cDNA from the entire transcriptome, while a sequence-specific
primer may be used to make cDNA from a specific target sequence. In certain aspects, the
primer may comprise a universal priming site for amplification of the assay products, an
adaptor to enable sequence identification by sequencing techniques, and/or an adaptor for
attaching address tags. Here in Figure 14, Primer 1 is conjugated to an adaptor for attaching
address tags. The X and Y address tags are then coupled to Primer 1 via the adaptor. Note
that in this case the X and Y address tags are coupled to the same side relative to the target
sequence, and this configuration may be used in any of embodiments disclosed herein. The Y
address tag in this case is further linked to a universal priming site or an adaptor for
sequencing coupled to biotin (shown as "B" in the figure). The cDNA with conjugated X and Y
address tags are then eluted and captured on a streptavidin bead (shown as "SA" in the
figure), and Primer 2 is then installed. Installation of Primer 2 can be by more than one means,
e.g. hybridizing Primer 2 and extending it using a polymerase, or by ligating an adaptor that
contains the Primer 2 priming site. In some embodiments, capture of the polynucleotide
sequence can be based on other hapten-binder combinations other than biotin-streptavidin, or
be sequence-based. In certain embodiments, Primer 2 can be a random primer (e.g., random
hexamer) or a sequence-specific primer. In certain aspects, the primer may comprise a
universal priming site for amplification of the assay products, an adaptor to enable sequence
identification by sequencing techniques, and/or an adaptor for attaching address tags. Here in
Figure 14, Primer 2 may be conjugated to a universal priming site or an adaptor for
sequencing. Together with the priming site or adaptor coupled to biotin, the sequence can be
extended from Primer 2, amplified, and sequenced. The target sequence in the product
following extension is indicated in Figure 14.

[0162] The methods and assay systems disclosed herein may comprise an amplification step,
and in particular, a nucleic acid amplification step. In certain aspects, the amplification step is
performed by PCR. In some embodiments, linear amplification (e.g., by T7 RNA polymerase)
may be used instead of PCR or as a partial replacement for PCR. In one aspect, linear
amplification of polynucleotides may cause less distortion of the relative abundances of
different sequences. This can be accomplished by including a T7 RNA pol promoter in one of
the universal portions of the sequence. In this case, the promoter itself and regions upstream
of the promoter are not copied. In yet other embodiments, other amplification methods may be
used in the methods and assay systems disclosed herein. For some sequencing methods
(e.g., nanopore sequencing), amplification may be optional.

[0163] Various methods can be used to form an amplifiable construct, for example, by using
ligation of proximal probes followed by sequential ligation of a pair of spatial encoding adaptors
(address tags) as shown in Figure 15A. In one embodiment, two DNA probes are hybridized
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proximal to one another on an RNA target (or template). The probes are subsequently ligated
to one another and the quantity of the ligated pair is taken as a measure of the amount of the
target present in the sample. In certain cases, however, the efficiency of T4 DNA ligase is
reduced when the ligation reaction occurs on an RNA template as compared to a DNA
template. In other cases, the ligation efficiency is dependent on the sequence of the DNA
probes that are being joined, the particularly on the identity of the first few bases on either side
of the junction. In some embodiments, a method disclosed herein mitigates both problems.
Figure 15B shows the general principle of the method. In this case, instead of using probes
that hybridize in direct proximity on an RNA target, the probes are separated by some distance
with non-hybridizing overhanging sequences on their proximal ends. These overhanging
sequences are designed to be complementary to a short DNA splint. This splint can be
universal for all the probe pairs in a multiplexed assay or can be specific for a given probe pair
or subset of probe pairs. The distance between the two probes in a pair can be adjusted to
optimize ligation efficiency. There is flexibility in this distance, which provides an additional
degree of freedom when designing probes versus the use of proximal probes. Once the
probes are hybridized to the RNA target, excess probes are washed away. The splint is
hybridized to the overhanging regions at the proximal ends of the probes, and the probes are
joined by enzymatic ligation. After ligation, the remaining steps of the assay are performed, for
example, ligating the spatial encoding adaptors to each end of the ligated probe pair. In certain
aspects, since DNA splinted ligation is more efficient than RNA splinted ligation, a method
disclosed herein improves the efficiency at which the two probes are joined. In addition, using a
universal splint eliminates the sequence-dependent variation in ligation efficiency between the
multiple probe sets in a multiplexed in situ assay. In another aspect, probes can be more easily
designed, and more suitable probe sets can be designed, due to increased freedom of varying
the distance between probes.

[0164] The T7 RNA polymerase based amplification is a commonly used protocol for mRNA
amplification originally described by van Gelder et al., Proc. Natl. Acad. Sci. USA 87, 1663-
1667 (1990). The protocol consists of the synthesis of a cDNA complementary to the mRNA
("first strand synthesis"), effected by reverse transcription, followed by second strand synthesis
to yield double-stranded cDNA, and in vitro transcription using the double-stranded cDNA as
template effected with T7 RNA polymerase. The last step provides single-stranded antisense
RNA (aRNA), which may be labeled in case labeled nucleotides are provided. The nucleotides
may be labeled by radioactive labeling or non-radioactive labeling methods. Eberwine et al.
(Proc. Natl. Acad. Sci. USA 89, 3010-3014 (1992)) extended van Gelder's method by adding a
second round of amplification using the RNA obtained in the first round as template. Wang et
al. (Nature Biotechnol. 18, 457-459 (2000)) provided a variant of the original T7 method,
characterized by a modified second strand synthesis method. The second strand synthesis

method of Wang et al. is known in the art as the SMART " technology (Clontech) for cDNA
synthesis. Baugh et al. (Nucleic Acids Res. 29, E29 (2001)) describe an optimized variant of
the method according to van Gelder ef al. and analyze the performance on Affymetrix DNA

chips (GeneChip®). Affymetrix GeneChips are designed to probe the anti-sense strand. Any
other DNA chip or microarray probing the anti-sense strand may be envisaged when
performing a T7 RNA amplification, wherein labeling occurs during the in vitro transcription
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step.

[0165] In other embodiments, amplification techniques such as rolling circle amplification
(RCA) and circle to circle amplification (C2CA) may be used for probe, target, tag, and/or
signal amplification of the present disclosure. RCA is a linear-isothermal process in the
presence of certain DNA polymerases, using an ssDNA mini-circle as a template (Fire and Xu,
Proc. Natl. Acad. Sci., 92: 4641-4645 (1995); Daubendiek et al., J. Am. Chem. Soc. 117:77818-
7819 (1995)). In certain aspects, a polynucleotide sequence can be replicated about 500 to
1000 times, depending on the amplification time. For example, in a dual targeting assay for a
target protein as discussed supra, a linear ligated product is formed (e.g., when two antibodies
bind to adjacent domains on a target protein, the antibodies' oligonucleotide tags can be
ligated), and can be cut by restriction enzymes and then re-ligated to form a DNA circle by a
DNA ligase and a template. In certain embodiments, phi29 DNA polymerase can be used to
extend the primer, which is also the template, to form a long ssDNA containing a number of
sequences complementary to the initial DNA circle. C2CA is based on RCA, and may include
three steps: replication, monomerization and ligation (Dahl et al., Proc. Natl. Acad. Sci., 101:
4548-4553 (2004)). The original circular DNA is considered as the positive polarity. After one
step of replication (RCA reaction), the product is converted into the opposite polarity.

Restriction oligos with the positive polarity (RO*) can form duplex regions with the RCA
product, and the duplex regions can be cleaved by restriction enzymes to generate monomers.
Then the monomers can be guided into a ligation step and circularized. These circles serve as

the templates for the next round of RCA, primed by the RO*. The process can be further
repeated to produce around 100-fold higher concentration of target sequences than
conventional PCR.

[0166] In an optional embodiment, the assay system comprises imaging means to determine
features and organization of the biological sample of interest. The images obtained, e.g., may
be used to design the delivery pattern of the reagents. Imaging means are optional, as an
individual can instead view the biological sample using, e.g., a microscope, analyze the
organization of the biological sample, and specify a spatial pattern for delivery assay reagents.
If included, the delivery system can comprise a microcircuit arrangement including an imager,
such as a CCD or IGFET-based (e.g., CMOS-based) imager and an ultrasonic sprayer for
reagent delivery such as described in US Pub. No. 20090197326,. Also, it should be noted that
although an X-Y grid configuration is illustrated herein, other configurations can be used, such
as, e.g., following the topology of a tissue sample; targeting certain groups of cells, cell layers
and/or cell types in a tissue, and the like.

[0167] In yet another alternative, semiconductor techniques such as masking and spraying
may be used in conjunction with the reagent delivery methods and systems disclosed herein, in
order to control the delivery of reagents to specific locations on a biological sample surface.
Specific areas of a biological sample can be protected from exposure to reagents through use
of a mask to protect specific areas from exposure. The reagents may be introduced to the
biological sample using conventional techniques such as spraying or fluid flow. The use of
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masked delivery results in a patterned delivery scheme on the substrate surface.

[0168] In order to target specific sites of interest, an informative image of the biological sample
to be assayed may be used to assist in the reagent delivery methods and associated encoding
scheme. Sample regions of the biological sample can be identified using image processing
(e.g., images of cell types differentiated by immunohistochemistry or other staining
chemistries) integrated with other features of the assay system. In some aspects, software is
used to automatically translate image information into a reagent delivery pattern. In some
embodiments, a mechanism to register and align very precisely the biological sample for
reagent delivery is an important component of the assay systems. Mechanisms such as the
use of fiducial markers on slides and/or other very accurate physical positioning systems can
be adapted to this purpose.

[0169] The present methods and assay systems may comprise a complete suite of software
tailored to the methods or assay systems. Optionally, oligonucleotide design software is used
to design the encoding nucleotides (and in embodiments where nucleic acids are assayed, the
target-specific oligonucleotides) for the specific assay to be run, and may be integrated as a
part of the system. Also optionally, algorithms and software for reagent delivery and data
analysis (i.e., sequence analysis) may be integrated to determine assay results. Integrated
data analysis is particularly useful, as the type of dataset that is generated may be massive as
a consequence of scale. Algorithms and software tools that are specifically designed for
analysis of the spatially-associated data generated by the assay systems, including pattern-
analysis software and visualization tools, enhance the value of the data generated by the
assay systems.

[0170] In certain aspects, the assay system comprises processes for making and carrying out
the quality control of reagents, e.g., the integrity and sequence fidelity of oligonucleotide pools.
In particular, reagents are formulated according to factors such as volatility, stability at key
temperatures, and chemical compatibility for compatibility with the reagent delivery
instrumentation and may be analyzed by instrumentation integrated within the assay system.

Applications of Assay System

[0171] It will be apparent to one skilled in the art upon reading the present disclosure that
there are numerous important areas of biological research, diagnostics, and drug development
that will benefit from a high throughput multiplexed assay system that can measure
simultaneously the amount and spatial location of a biological target in a biological sample. For
example, combining the ability to estimate the relative abundance of different RNA transcripts
with the ability to reconstruct an image of spatial patterns of abundance across many locations,
which may be as small as or even smaller than individual cells, in a tissue enables many
different areas of basic research. The following are exemplary uses and are by no means
meant to be limiting in scope.
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[0172] In one example, 3-dimensional patterns of gene expression are determined by
analyzing a series of tissue sections, in a manner analogous to image reconstruction in CT
scanning. Such a method can be used to measure changes in gene expression in disease
pathology, e.g., in cancerous tissue and/or a tissue upon injury, inflammation, or infection. With
the assay systems of the invention, more detailed information on gene expression and protein
localization in complex tissues is obtained, leading to new insights into the function and
regulation both in normal and diseased states, and provides new hypotheses that can be
tested. For example, an assay system of the invention may enable some of the insights gained
from many individual studies and larger programs like ENCODE (Birney, et al., Nature,
447:799-816 (2007)) and modENCODE to be integrated at the tissue level. The assay systems
also aid computational efforts to model interacting networks of gene expression in the field of
systems biology.

[0173] The assay systems also provide a novel approach to analysis of somatic variation, e.g.,
somatic mutations in cancer or variability in response to infectious organisms. For example,
tumors are typically highly heterogeneous, containing cancer cells as well as genetically normal
cells in an abnormal local environment. Cancer cells undergo mutation and selection, and in
this process it is not unusual for local clones to develop. Identifying relatively rare somatic
mutations in the context of tumors may enable the study of the role of key mutations in the
selection of clonal variants. Transcriptional patterns associated with angiogenesis,
inflammation, or other cancer-related processes in both cancer and genetically normal cells
can be analyzed for insights into cancer biology and assist in the development of new
therapeutic agents for the treatment of cancers. In another example, individuals have varying
susceptibility to infectious organisms, and the assay systems of the invention can be used to
study the interaction between microbes and tissues or the various cell types within the tissue.

[0174] Importantly, in addition to providing spatially-associated information, the invention
allows a great increase in the sensitivity of detecting rare mutations, as signal to noise can be
dramatically increased since only a small location is assayed in any given reaction. In a typical
assay for rare mutations in a mixed sample, the sample is treated in bulk, /.e., nucleic acids are
extracted from many cells into a single pool. Thus, if a mutation is present in one cell in 10,000,
it must be detected against a background of normal DNA from ~10,000 cells. In contrast, with
the assay systems of the invention many cells can be analyzed, but individual cells or small
groups of cells would be identified by the spatial coding system. Therefore, in the assay
systems of the present invention, background is reduced by orders of magnitude, greatly
increasing sensitivity. Furthermore, the spatial organization of mutant cells can be observed,
which may be particularly important in detecting key mutations in tissue sections in cancer.
Already molecular histological analyses are yielding insights into cancer biology and may have
potential for use in diagnostics. The technology of the invention promises to greatly increase
the power of such approaches.

[0175] The following exemplary embodiments and examples are intended to further describe
and illustrate various aspects of the invention, but not to limit, the scope of the invention in any
manner, shape, or form, either explicitly or implicitly.
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Example 1 Proof of concept of the addressing scheme and scalability

[0176] A model system was developed using a microarray to demonstrate a working
multiplexed spatially encoded abundance assays for polynucleotide targets. The basic design
validates the concept of the assay, and the addressing scheme, and establishes a working
assay prior to addressing issues related to the analysis of a more complicated biological
sample.

[0177] A microarray was used as a proxy for a tissue section. The target sequences of the
microarray were fully specified, so that the composition of the targets was known and was
varied systematically, simplifying analysis by next-generation sequencing. One of skill in the art
would appreciate that similar assays can be performed on various samples including tissue
sections, and for various targets including polynucleotide or protein targets, as well as other
biological targets, according to the present disclosure.

A 16-plex x 8-site assay using 8-section microarray as artificial sample

[0178] This 16-plex x 8-site assay was performed using a custom DNA microarray (Agilent) as
an artificial sample. Eight sites were used because of the commercial availability of 8-section
microarrays. Sixteen different target sequences were each assayed over a 128-fold range in
DNA amount. Differences in DNA amount were obtained by varying the surface area over
which each sequence was synthesized. Differences in DNA amount were detected over the
entire range for all sixteen targets, using next-generation sequencing as the readout. This
example demonstrated a working multiplex assay using a microarray as an artificial sample,
and the spatial encoding accuracy for the model system.

Example 2 A demonstration of spatial encoding using a spotted microarray

[0179] Scalability of both the spatial addressing and assay systems is demonstrated by
carrying out a 24-plex x 24-site assay using a microarray model system.

[0180] The amount of biological target, here a DNA target sequence, at each assay location is
systematically varied on the microarray substrate. For example, in a microarray with 50 micron

spot size (center to center), a 1 mm? area contains ~400 spots. The region around each site is
optionally occupied by a region that is devoid of these spots to allow individual resolvability of
the target sequences. Alternatively, the spots may be clustered, with two or more directly
adjacent spots surrounded by or adjacent to a region that is devoid of target sequences.

[0181] In order to demonstrate that spatial addressing or encoding is accurate, the sites
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comprise different target compositions to show that the assay readout matches the expected
composition of each site. With 24 target sequences, a simple digital pattern is made with each
site having a different set of 12 targets present and 12 targets absent, to make a binary code
(0 = absent, 1 = present). The assay readout is then determined to show that the detected
regions match the expected signal after spatial decoding. In this particular example, the code
(address tag) space is large enough (2*24) so that even a few errors would not result in
different codes being mixed up. Moreover, this design allows identification of errors and allows
estimation not only of accuracy of spatial encoding but also of accuracy calling the presence or
absence of target sequences.

[0182] The ability to detect quantitative differences is evaluated by generating dose-response
curves for each of the 24 assays that are carried out at each site in a 24-site assay. This allows
estimation of the limit of detection, dynamic range, and power to detect a given fold-change
across the range.

[0183] In one aspect, a latin square design is used to represent individual targets at different
ratios by varying the number of features for each target. In other words, with multiple spots in a
site, the number of spots allocated to each of the 24 target sequences can be varied and each
of the 24 sites can have a different composition. A 1 x 3 inch microarray is sufficiently large to
permit multiple replicates. This larger set of 24 sequences will require deconvolution, and this
is accomplished by using high throughput techniques such as next-generation sequencing

technologies (e.g., SOLID™ technology (Life Technologies, Inc., Carlsbad, Calif.) or Genome
Analyzer (lllumina, Inc., San Diego, Calif.)). The use of the 24-plex assay demonstrates both
the accuracy of spatial encoding and decoding, and the quantitative response of the assay
system.

Example 3 Assays for preserved samples and biological samples

[0184] Genomic DNA is assayed in order to characterize variation in coding and regulatory
sequences, such as single nucleotide polymorphisms (SNPs) or mutations, small insertions
and deletions (indels), copy number variants such as gene deletions or amplifications, and
genetic rearrangements such as translocations, all of which may be functionally significant in
cancer and other diseases. Genomic sequence variation as a function of position in the sample
may indicate somatic mosaicism in the sample. In cancer samples, mutations may provide
prognostic or diagnostic markers that may be useful in determining the best course of
treatment. Mutations may identify regions of the sample that contain cancer cells and assist in
distinguishing them from normal cells, or cells in the tumor microenvironment that are
genetically normal at the sequence level but perturbed in other ways as a result of the
influence of cancer cells. In order to distinguish signal generated from DNA targets from those
generated by RNA targets, probes can be designed to hybridize to non-coding sequences that
are not transcribed. Alternatively, or in order to confirm the specificity of DNA targeting, RNA
may be degraded by treatment with RNase. Genomic DNA is also assayed in order to obtain
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information about its organization and to provide information on the state of activation of
certain genes. For example, the ability of probes to bind to DNA may be used as an indicator of
whether DNA is condensed or otherwise inaccessible, or whether DNA is in an open
conformation for transcription. This type of determination can benefit from comparative
analysis of samples in which genes are differentially active. Similarly it may be useful to relate
information about RNA and/or protein abundance to information about the activation state of
genes. Other types of information are obtained from analysis of epigenetic markers associated
with genomic DNA, such as methylation state and the presence of histones and other proteins
and modifications.

[0185] The handling of small absolute numbers of product molecules generated from very
small or compromised samples are enhanced to counter the issue of low recovery efficiency;
that is, elution is efficient and losses resulting from adsorption of molecules to surfaces are
prevented. An approach to addressing the latter issue is to include a carrier material, such as
glycogen or carrier nucleic acids.

[0186] In order to adapt the assay to a biological sample and make the tissue section RNA
assays as informative as possible, pre-existing information on expression levels in specific
tissues to target transcripts across a range of abundances are used in the assay design. Both
high abundance transcripts, as well as some medium and low abundance transcripts, are
targeted to enable an initial assessment of the quantitative performance characteristics of the
assay. In this assay, a control RNA template is immobilized to a solid support in order to create
an artificial system. The assay is performed using T4 DNA ligase, which can repair nicks in
DNA/RNA hybrids. Assays are carried out on matched slides, or different sections of the same
slide, where in one case gDNA is assayed and in the other RNA is assayed. When assaying
gDNA the slide can be pretreated with RNase, and when assaying RNA the slide is pretreated
with DNase. Results of the assay are confirmed by extracting gDNA or RNA and quantitating
the relative amounts by gPCR or RT-qPCR, respectively.

Example 4

Multiplex spatially encoded polynucleotide abundance assays

[0187] This example describes representative multiplex spatially encoded abundance assays
for polynucleotide targets. One of skill in the art would appreciate that similar assays can be
performed for protein targets, as well as other biological targets, according to the present
disclosures.

A 57-plex assay using formalin-fixed. paraffin-embedded (FFPE) samples
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[0188] A scheme using ligation of proximal probes followed by sequential ligation of a pair of
spatial encoding adaptors (address tags) was used to form an amplifiable construct. For
example, as shown in Figure 15A, two target-specific probe oligos were ligated together
following in situ hybridization. A unique adaptor or address tag encoding the X position was
introduced via a microfluidic channel and ligated to the 5' end of the probes. A second address
tag encoding the Y position was similarly installed at the 3' end of the probes. The address
tags contained universal priming sites that allowed installation of additional sequencing
adaptors via PCR. The final construct was a substrate for next-generation sequencing.

[0189] A 57-plex assay was performed using a pool of probes for 57 targets on commercially
sourced FFPE sections of normal human liver and pancreas (Pantomics). The pool included
probes for 18 liver specific targets, 19 pancreas specific targets, 4 housekeeping targets, 6
custom-generated negative controls sequences, and 10 pluripotency markers. All liver-specific
probes were strongly enriched in liver and all but 3 of the pancreas-specific probes were
strongly enriched in pancreas. These 3 probes had very few total counts so it is likely that they
were sequences that hybridized or ligated inefficiently and thus were not reporting accurately.
The results of this assay were consistent with published data for expression in normal liver and
pancreas (BioGPS, available at biogps.org/#goto=welcome).

[0190] A set of microfluidic devices with a 5-site x 5-site layout was fabricated, to match a set
of custom-designed tissue microarrays (TMAs) that contained a corresponding 5 x 5
checkerboard pattern was produced. The TMAs contained the same commercially sourced
FFPE sections of normal human liver and pancreas (Pantomics) used above in this example,
arranged in a checkerboard pattern. This known pattern of tissue spots on the array was used
to verify the accuracy of the spatial encoding system. Figure 16 shows an immunofluorescence
image of a TMA as well as expression maps generated by the assay system using the
microfluidic reagent delivery system. Figure 16A shows immunofluorescence (IF) image of a
custom TMA stained with two liver specific antibodies: PYGL, specific to hepatocytes and
Annexin A2, specific to bile-duct cells. The reference was Protein Atlas, available at
www.proteinatlas.org. The brightly stained spots are liver tissue and dim spots are pancreas.
Figure 16B shows a map of the sum of the 22 most abundant liver-specific genes by
abundance, normalized to housekeeping genes (GAPDH and ActB). Each square corresponds
to the signal mapped to one junction, a 500 ym x 500 ym area centered on one of the tissue
cores of the TMA. Figure 16C shows a map of the sum of the 22 most abundant pancreas
genes by abundance, normalized by housekeeping genes. The addressing channels of the
microfluidic devices used are 500 ym wide at a 2 mm pitch with a depth of 50 pym, which
corresponds to a "virtual-volume" of 12.5 nL that encompasses the intersection of the
perpendicular channels.

[0191] These results demonstrate that mapped sequencing data using the multiplex system
reproduced the expected expression pattern of the tissue sample, and that the multiplex assay
is compatible with immunofluorescence imaging, allowing the determination of cell types based
on protein markers and correlation with gene expression data.
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A 134-plex assay using formalin-fixed, paraffin-embedded (FFPE) samples

[0192] A probe pool and two device layouts were developed. The probe pool consisted of 134
targets representing 69 unique genes shown in Table 1. WWhen reading out expression by
sequencing, a few highly expressed genes can account for the majority of the reads, limiting
dynamic range of the assay. This issue was mitigated by attenuating some of the most highly
expressed genes in the pool. This was accomplished by adding in attenuator probes in known
ratios with the active probes. An attenuator probe lacks a 5' phosphate necessary for ligation,
preventing production of an amplifiable product and thus decreasing the signal from that
target. Table 2 shows the results of attenuation of the top 5 genes. Before attenuation they
accounted for 73% of the reads whereas afterwards they accounted for less than 18%. This
strategy can be used to achieve very high levels of multiplexing with current sequencing

technology while still achieving high dynamic range.
Table 1: List of genes and number of unique targets per gene in 134-plex probe pool.

Fluripotency Livar Liver Pancreas Pancreas
AURKE 3 AGXT 2 [KRTIS 2 laoP8 2 loPePr 2
HMGBY 2 AIDO 2 |kR77 2 lCARS 2 lGP2 2
JARIDZ. 3 (APOB 2 IMCAM 2 JcEL 2 RSS2
LUN28BA 1 BHMT 2 |wmyHe 2 laes 2 |sOX9 2
SOXZ 1 cpa? 3 |eoez 2 lepal 7 |wor3z 2
| Housekeeplng ICYPZAG 2 (SMIARCAG 2 GC0 2 |AsBY 2
ACTR . 2 cvepcs 2 AR 7 BNS 1 IcHeA 2
GAPDH 2 mMPK 3 laRs1 2 lpnup 2 lgapz o 2
HIARX 2 SAM4 2 oDl 7 IPNUPRPZ 2 INSML 2

Controls SERPINDI 2 |MBL2Z 2 [PPPAC 2 |NCAMI 2
18 3 WIN 2 Yot 2 REGIE 2 pAX6 2
RandNeg 3 [CAS 2 [SLC27AS 2 [SELIL. 2 ey 2
..Other  ePBatlz 2z |sToM 2 oAz 2 2R 2
PXRL. 2 WNEIB 2 | Clepaz 2o juowmn 2

Table 2: Attenuation of top 5 assay targets

Probe Name Fraction of Reads w/o Atten. w/ Atten. Atten. Factor
PNLIP_2 0.253 0.048 5.268
PNLIP_1 0.203 0.035 5.871
PRSS1_2 0.114 0.034 3.343
CPA1_J 0.1 0.023 4.841
CLPS_2 0.051 0.037 1.373

Sum 0.732 0.177

Example 5 Elution and preparation of spatially encoded probes for next generation

sequencing
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[0193] Using the methods described supra, a 134-plex pool of probe pairs was hybridized to
an FFPE sample, ligated and spatially encoded with X-positional and Y-positional adaptors. In
preparation for elution, a hybridization chamber (Agilent) was applied to the slide and clamped
in place to form a leakproof chamber containing the FFPE tissue sample. Using syringes, this
chamber was filled with deionized water and the assembly was heated to 80°C for 30 minutes
after which time the eluate was removed using a syringe and transferred to a tube.

[0194] The spatially encoded constructs were purified by two rounds of positive selection using
magnetic beads to isolate them from any un-encoded probes, leftover positional-encoding
adaptors, or malformed constructs. In the first round of purification, the eluate was hybridized
to a biotinylated capture probe comprising a sequence that was complementary to a sequence
spanning the junction of the X positional adaptor (address tag) and the 5' end of the joined
probe pair. This capture probe was then captured on streptavidin functionalized magnetic
beads, which were then washed extensively to remove unbound material. Constructs
hybridized to capture probes were then eluted by heating in an elution buffer containing a
blocking oligonucleotide that was complementary to the capture probe. The eluate was
separated from the magnetic beads using a magnet, transferred to a new container, and
hybridized with a biotinylated capture probe comprising a sequence that was complementary to
a sequence spanning the junction of the 3' end of the joined probe pair and the Y positional
adaptor (address tag). This capture probe, together with hybridized constructs, was
subsequently captured on streptavidin functionalized magnetic beads and washed.

[0195] The beads were transferred directly into a PCR mix that included primers comprising
sequences that enable sequencing of the PCR products on an lllumina MiSeq instrument. The
primers also comprised TruSeq barcodes to allow demultiplexing of multiple samples in a
single sequencing run. A fraction of the PCR product was analyzed by gel electrophoresis to
verify the presence of the amplified spatially encoded constructs. The remaining product was
purified using a Qiagen PCR purification Kit. Finally, the spatially encoded constructs were
purified by size selection using either a conventional gel electrophoresis device or the Pippen
Prep System (Sage Science).

[0196] The purified encoded construct was sequenced using an lllumina MiSeq instrument and
the data were used to generate expression maps.

Example 6 Spatially encoded protein in situ assays

[0197] This example describes a spatially encoded protein in situ assay. A highly multiplexable
protein detection assay was carried out on a tissue microarray like the ones described supra
containing a checkerboard pattern of liver and pancreas tissue cores. In this case a two-plex
assay was encoded using a 5-site x 5-site addressing scheme. The assay was performed by
first applying a typical immunostaining procedure with two different primary antibodies, one
specific to exocrine cells in the pancreas and one specific to hepatocytes in the liver. Two
antibody-DNA conjugates were used as secondary antibodies and were applied to the entire
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tissue microarray. The conjugates included an oligonucleotide comprising an identity tag as
well as an upstream and downstream splint region to allow ligation of X and Y address tags.
After applying the primary antibody and secondary antibody conjugate to the entire sample and
washing sufficiently, a pair of microfluidic channel devices was used to deliver sequentially the
X and Y address tags, which were ligated to the oligonucleotide on the conjugate. The
conjugates were eluted from the sample and the combined X and Y tags plus the intervening
identity tag formed an amplifiable construct which was amplified, purified and subjected to next
generation sequencing to identify the abundance of the antibody targets at each spatially
encoded location.

Example 7 Spatially encoded protein in situ assays

[0198] This example describes a spatially encoded protein in situ assay. As shown in Figure
6A, a highly multiplexable protein detection assay can be carried out on a sample that
preserves the spatial organization of cells in a tissue, e.g., a paraffin-embedded or fresh-frozen
tissue section fixed to a glass slide. Assay reagents are protein binders (e.g. antibodies) that
are identified via linked DNA tags that can be further encoded with tag sequences that encode
positional or address information (in this example, indicated as "X" dimension and "Y"
dimension). The address tags X and Y are flanked by universal sequences (UP1 and UP2) that
can be used as PCR priming sites, adaptors for next-generation sequencing, or both.

[0199] As shown in Figure 6B, the binders, for example, the DNA-labeled antibody probes in
this example, are delivered over the entire sample surface in a bulk process. The X and Y
address tags are then delivered to the sample and coupled to the probes, so that the probes
are encoded by the X and Y address tags in a spatially defined pattern. In this example, two
sets of tags (i.e., a set of 10 X address tags, namely X1, X2, X3, ..., X10, and a set of 10 Y
address tags, namely Y1, Y2, Y3, ..., Y10) are used in a combinatorial fashion, and 100 sites in
the sample can be uniquely identified by the combinations of X and Y address tags. For
example, a site in the sample shown in Figure XB is uniquely identified as (X9, Y1).

[0200] Once the in situ assay is completed, the assay products are eluted and sequenced. The
address tag sequence information identifies the site at which the assay is performed, and the
probe sequence information identifies the protein that is targeted. The frequency of a particular
assay product in the digital readout can be used to infer the relative abundance of its target
sequence in the sample. This information can then be associated with other information,
including conventional histological information, and/or transcript abundance obtained via the
related spatially encoded genomic assay.

Example 8 Microfluidic device layouts with decreased size and increased number of
sites
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[0201] Four different pairs of microfluidic addressing devices were fabricated, each with a
different layout. Each pair of devices comprised and X-axis device and a Y-axis device, each
device in the pair having an equal number of parallel channels with the same size and pitch.
The first pair had sixteen 100 ym wide channels at 300 uym pitch per device. The second
device design had sixteen 10 ym wide channels at 300 uym pitch. The third design had twelve
50 ym wide channels at 100 um pitch and the fourth had sixteen 25 ym channels at 50 ym
pitch. The first two designs were tested on tissue sections by using fluorescent probes to
visualize the area addressed by the addressing channels. It was found that channel width
provided an accurate measure of the addressed area. Figure 17 shows fluorescence image of
FFPE sample after addressing with 100 ym wide channels using fluorescent-labeled spatial
encoding oligo (Figure 17A), and fluorescence image of FFPE sample after addressing with 10
pm wide channels using fluorescent-labeled spatial encoding oligo (Figure 17B-C). The 10 ym

channel device samples an area of ~ 100 ym?2, on the order of the area of a single cell. In both
cases, the width of the addressed area matches the physical width of the addressing channel.
These results suggest that in this case, diffusion did not cause the effective addressing width to
be much larger than the physical channels, and that the technique may be able to address
areas smaller than a single cell.

[0202] Each of the device pairs was also used to assay a pancreas sample. Gene expression
maps generated for the FFPE tissue sample were correlated with immunofluorescence (IF)
data. Figure 18 shows maps generated using the first device design. Figure 18A shows the IF
image stained with CARS, Figure 18B shows IF intensity sampled at each microfluidic junction
and plotted as an expression map, Figure 18C shows expression map of sum of all targets,
and Figure 18D shows expression maps of three individual targets. When the IF data was
sampled at the location of each microfluidic junction and plotted as an expression map, the
major features (lobes and voids) of the tissue were recognizable even at the low resolution.
These features were reproduced in the gene expression map when all genes are summed and
even for individual genes, although the images became somewhat noisy.

[0203] A similar experiment was performed using the third device design. Anti-CARS and Anti-
Insulin antibodies were used to stain a pancreas section and identify Islets of Langerhans
within the sample. Islets are identifiable as the four small bright "dots" in Figure 19A. The islets
were sparsely distributed throughout the tissue and were roughly the size of one or two
channel junctions. Figure 19B shows a protein expression map of CARS, and Figure 19C
shows a protein expression map of Insulin. Gene expression maps were also generated for the
sum of all genes (Figure 19D) assayed as well as for Insulin (Figure 19E showing Insulin
MRNA levels). The sum of all genes reproduces the overall shape of the tissue core (large
circle) while the insulin expression map identifies each of the islets present in the protein
expression map, providing a correlation between gene and protein expression.

Example 9 A method to reduce background and increase signal-to-noise ratio
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[0204] This example describes a method of detecting rare variant sequences in a mixed
population of nucleic acids. The method can be integrated into the methods and assay
systems disclosed herein, for example, to reduce the background contributed by random
errors and thus to increase the signal to noise ratio (S/N).

[0205] Parallel clonal amplification methods in combination with digital sequencing have
permitted large-scale analysis of variation at resolutions in the range of 1% (Druley et al., 2009,
Nat. Methods 6: 263-65), but not much below. Although next-generation sequencing enables
de novo discovery and holds great promise for deep analysis of variation across the genome, a
combination of factors at various steps in the sequencing process have made it difficult to
obtain very low error rates at readout. These factors include cross-talk between detection
channels, incomplete reactions leading to signal loss, increased background as a result of loss
in synchronicity of nucleotide addition, and noise and errors in image processing and signal
extraction, which worsen significantly at higher sequencing densities. Thus the sequencing
readout error rate is far above intrinsic rates exhibited by the high fidelity polymerases used in

sequencing reactions. For example, an error rate of 4.4 x 10" is estimated for Pfusion'"
polymerase (New England Biolabs, Ipswich, MA).

[0206] The method described in this example addresses the above technical issues, by using
tags to identify target sequences that are "identical by descent." As illustrated in Figure 20A,
sequence reads can be partitioned into related groups on this basis.

[0207] Figure 20A shows the concept of the rare variant assay, and Figure 20B provides
exemplary configurations of probes that can be used to integrate the rare variant assay in the
spatially encoded assays of the present disclosure. The top panel of Figure 20A shows a target
sequence of interest flanked by adaptors that contain lllumina adaptor sequences for surface
PCR (labeled a and b). The target can be obtained from a variety of sources, for example, a
PCR amplicon. The adaptors contain a variable tag region (labeled z). Both strands are shown
to illustrate that the lllumina adaptors are asymmetric. The tagged adaptors are used to
construct libraries for sequencing. Single molecules are amplified to form "clusters" on the
surface of a flowcell. Sequences are determined for each target region and its associated tag
regions. In the final step shown, reads are grouped according to their tag regions, based on
the assumption that reads with the same tag sequences are identical by descent, given that z
is sufficiently long. The groupings are then analyzed to identify rare variant sequences (e.g.
targets in the last set numbered 4 are shown in darker color compared to those in sets 1-3 to
indicate that the target sequence differs from those in sets 1-3). Similar methods for rare
variant sequence detection have been described in Fu et al., 2011, Proc. Natl. Acad. Sci., 108:
9026-9031, and in Schmitt et al., 2012, Proc. Natl. Acad. Sci., 109: 14508-14513

[0208] With this strategy, the contribution of random sequencing errors can be virtually
eliminated. Therefore, barring contamination, the ability to detect a rare variant will be limited in

theory by the sample size.

[0209] Note that although the design shown in Figure 20A references the lllumina adaptors
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and surface amplification methodology, the method is general and can be used with other
sequencing platforms such as the SOLID platform (Life Technologies), the 454 platform
(Roche), and the Pacific Biosciences and lon Torrent library constructions methods.

[0210] A model system was established to quantitate the improvements in the limit of detection
over standard sequencing with the Illlumina GAllx instrument. The model system consisted of a
wild-type 100-mer oligo and a mutant sequence containing a unique, single point mutation in
the wild-type sequence. Synthetic oligos were cloned into an E. coli plasmid vector and
individual clones were picked and sequence verified in order to obtain constructs that
contained the desired sequences, providing pure, well defined sequence constructs free from
oligonucleotide chemical synthesis errors (typically in the range of 0.3-1%). The 100-mer of
interest was then excised from the plasmid clone by restriction digestion. Mutant and wild-type
oligos were quantitated and mixed at ratios of 1:0, 1:20, 1:1000, 1:10,000, 1:100,000 and
1:1,000,000, and 0:1 to simulate the presence of a rare variant in a wild-type DNA background.

[0211] Next, custom adaptors containing random 10-mer tags were designed and synthesized.
Libraries were prepared from the defined oligo mixtures, and sequenced on an lllumina GAllx
instrument according to the constructs and steps outlined in Figure 20A. The data were first
analyzed without utilizing the tag information (tag z as shown in Figure 20A). This resulted in
detection of the point mutation only in the 1:20 sample. A second round of analysis utilizing the
tags was done using only high quality reads in which tag1/tag2 pairs were retained if the tags
were grouped with each other >99% of the time and had = 2 replicates. In order for a tag group
to be scored as a mutation, at least 90% of reads in the group had to agree.

[0212] The mutant allele was also successfully detected in the 1:10,000, 1:100,000, and
1:1,000,000 samples as shown in Table 3. Mutant allele frequencies within a factor of 2 of the
expected value were observed, and this difference was accounted for in dilution and pipetting
error. The power to observe a mutation in the wild-type (negative control) sample with ~7.5 M
tag groups is greater than 0.999. Therefore, the difference between the 1:1,000,000 spiked
sample and the negative control was highly significant.

Table 3: Demonstration of ability to detect a mutant allele over ~ 6 orders of magnitude

Mutant: Number of Tag Number of Mutant Estimated Allele
WT Groups Assayed Alleles Observed Frequency

1:20 3,433 273 0.08

1:1,000 2,539 6 0.0024

1:10,000 157,431 26 1.65E-04
1:100,000 {1,752,922 33 1.88E-05
1:1,000,000{4,186,545 5 1.19E-06
(Negative 7,488,853 0 0

Ctrl) 1:0

[0213] The power to observe a mutant with frequency f is 1-(1-f)*#tags, so additional
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sequencing depth can increase the detection power. The limit of detection in this model system
is determined only by sample size and any background contamination that might be present.

[0214] This method can be used to distinguish in vitro amplification errors from rare variants
present in the original sample. For example, a simple threshold that the mutation frequency
within a tag group must be >0.9 can be used to exclude PCR amplification errors from the
analysis. This is based on the observation that the expected fraction of copies containing an
error at that particular location equals 0.5, conditional on the error occurring in the very first
cycle and neglecting the chance of consecutive PCR errors at the same position. No tags in the
negative control pass this criterion.

[0215] This method can be integrated into the methods and assay systems for determining a
spatial pattern of a target abundance, expression, or activity, in order to reduce the
background contributed by random errors and thus to increase the signal to noise ratio (S/N).
Non-limiting exemplary configurations of probes that integrate the X and Y address tags and
the variable tag region z are shown in Figure 20B.

Example 10 Analysis of brain tissue

[0216] This example describes production of an at least 24-plex protein assay panel and
confirmation of its tissue/cell-type specificity by correlation with fluorescent labeling and by
analysis of tissue microarrays.

[0217] A set of 26 antigens is selected. These antigens are expressed in neurons, astrocytes,
oligodendrocytes, microglia or proliferating cells, and antibodies that have been raised against
the antigens are commercially available (Table 4). These antibodies have been successfully
used, in conjunction with well-established staining techniques, to mark different cell types and
regions within brain sections (Lyck, et al., 2008, J Histochem Cytochem 56, 201-21). For the
purposes of the assay it is necessary to avoid procedures for antibody binding that damage
RNA.

[0218] Antigen accessibility is addressed by exploring systematically a range of "antigen
retrieval” protocols and testing their compatibility with RNA. See, Macintyre, 2001, Br J Biomed
Sci. 58,190-6; Kap et al., 2011, PLoS One 6, €27704; Inoue and Wittbrodt, 2011, PLoS One 6,
€19713. A panel of antibody assays rather than any individual assay are explored to identify a
suitable subset for use in a multiplexed panel.

[0219] The assay system is also validated by using spatially-encoded and conventional IHC
fluorescence data and spatially encoded RNA data, applied to brain tissue. High-dimensional
protein and mRNA data from 32 x 32 sites in sections of human brain tissue are generated and
compared with published data and brain atlas data.

[0220] The Allen Brain Atlas (www.brain-map.org) can be used to select target genes for
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production of a panel of gene expression assays with high information content, using the
methods and assay systems of the present disclosure. The "Differential Search" tool is used to
interrogate the rich spatial expression dataset (generated by in situ hybridization), it is
identified that ~200 genes are present at a range of abundances in at least one
structure/compartment of the brain, and/or are strongly differentially expressed between the
different structures/compartments. The selection is reviewed to incorporate any new
information or criteria. Probes against the set of ~200 mRNAs are designed and tested for their
performance in the multiplexed assay, using the online gene expression data as a reference.

[0221] Protein panels and RNA assay panels are applied simultaneously to analyze sections of
normal human brain. For example, the abundance of at least 24 proteins and 192 mRNA
analytes over a 32 x 32 grid of 50 ym pixels from sections of healthy human brain is analyzed.
The results are used to generate a rich map of the brain's spatially-organized molecular
terrain, and are amenable to analysis in various ways, including those that reveal:

1. 1. The organization of brain into distinct sub-structures: both at the anatomical scale,
and at the lower-level multicellular level;

2. 2. Spatial variation in the representation of different cell types across the tissue (e.g.
using sets of proteins/mRNAs known to be specific to particular cell types); and

3. 3. The relation between mRNA and protein expression from the same gene at different
tissue locations.

Table 4: Candidate proteins to differentiate brain tissues, which have been used in
immunohistochemistry and have commercially available antibodies.

Protein Observed Specificity {Lyck, 2008}

b-tubulin [lI Neuropil and neuronal bodies

CD11b None

CD14 Perivascular macrophages

CD34 Endothelium and white blood cells

CD39 Endothelium, astroglia, and
macrophages

CD45 Microglia, macrophages, and
lymphocytes

CD68 Microglia and macrophages

CD169 Endothelial and perivascular
macrophages

CNPase Myelinated fibers and round cell bodies

GFAP Astroglia in white matter and neocortex

HLA-DR Microglia/macrophages and lymphocytes

Ki-67 Perivascular space and sub-ventricular
zone

MAP-2 Neurons and proximal part of apical
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Protein Observed Specificity {Lyck, 2008}
dendrites

MBP Myelinated fibers

Nestin Endothelial cells/vessel wall

NeuN Neuronal cell bodies

Neurofilament Neuronal cell processes

NG2 None

Nkx-2.2 None

NSE Neuropill

04 sulfatide Myelinated fibers

PDGFa-R None

p25a Neuropil and round cell bodies

S100b Astroglia in white matter and neocortex

TOAD-64 Neuropil

Vimentin Astﬁoglia and endothelial cells/vessel
wa

[0222] All headings are for the convenience of the reader and should not be used to limit the
meaning of the text that follows the heading, unless so specified.

[0223] Citation of the above publications or documents is not intended as an admission that
any of them is pertinent prior art, nor does it constitute any admission as to the contents or
date of these publications or documents.

[0224] While various embodiments of the invention have been described above, it should be
understood that they have been presented by way of example only, and not by way of
limitation. Likewise, the various diagrams may depict an example architectural or other
configuration for the disclosure, which is done to aid in understanding the features and
functionality that can be included in the disclosure. The disclosure is not restricted to the
illustrated example architectures or configurations, but can be implemented using a variety of
alternative architectures and configurations. Additionally, although the disclosure is described
above in terms of various exemplary embodiments and implementations, it should be
understood that the various features and functionality described in one or more of the
individual embodiments are not limited in their applicability to the particular embodiment with
which they are described. They instead can, be applied, alone or in some combination, to one
or more of the other embodiments of the disclosure, whether or not such embodiments are
described, and whether or not such features are presented as being a part of a described
embodiment. Thus the breadth and scope of the present disclosure should not be limited by
any of the above-described exemplary embodiments.



DK/EP 3013983 T3

REFERENCES CITED IN THE DESCRIPTION

Cited references

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description

o USZ2011024511A1% [0008]
o USEI60582E [0060]
o USZO0C0A8RBRTEA [0GEN]
o USZO080220434A 10878
o USZ0080305237A [0878}
o USBBB40528 IBET Y]
o USB308824E [607 3]
o USB4012678 IRG7 9]
o USZOO501D1656A 0878
o USB210881B I8G741
o USE8281008 IBET Y}
o USEI6048580 [007 3]
o USHERG70238 IRG7 9]
o USBR332460 [8G7 8]
o USE2113458 [007 9}
o USBT787308E IBETY]
o USY287518B [0G7S]
o UST4624498 IRG7 9]
o UST7S012458 [8G7 8T
o USZ0110059438A [GGT7Y1
o USZ20040106110A [0878]
o LSZ200300843984 [6G78]
o USZ0030022207A10678]
o USE812148A 8078
o USBI30073A [B078Y
o USZO1G0105082A [0G7 8]
o US200702074824 [G0G79]




DK/EP 3013983 T3

o USZ0050018024A 06783
o USZ0070038511A [08781
o USZO0800323014 1067491
o USIOOE01280827A 08T
o USZ20080082212A [0879%
o USZ20110033854A [0074]
o USZ0080264293A [6G781
o USZO0001557314 06741
o USZOO0000G5252A 10878
o USB18021085 [8118]

o USB1838313 [8138]

o US08J616 181381

o USZO01102458111A 183301
o USIOI4WIGI30]

o USZ0070166725A [0134}
o USZ00580230192A 10134}
o USY223371B 0187

o USZO080187326410188]

Non-patent literature cited in the description

« SHI et al.Nature Biotechnology, 2006, vol. 24, 91151-61 {8883}

+ SLONIMYANAIPlos Computational Biology, 2009, vol. 5, 10el000543- {4803}

« VELCULESCU et al.Science, 1995, vol. 270, 5235484-87 [4{03]

» SPURGEON et al.Plos ONE, 2008, vol. 3, 2e1652- [&383]

+ NUOVOGenome Res., 1995, vol. 4, 151-67 [G383}

» MORTAZAVI et al.Nature Methods, 2008, vol. 5, 7621-8 {3303}

« ARMANI et al.Lab on a Chip, 2009, vol. 9, 243526-34 {3{041

o Genome Analysis: A Laboratory Manual SeriesCold Spring Harbor Laboratory
Press19990000vol. I-IV, [(334]

s Genetic Variation: A Laboratory ManualCold Spring Harbor Laboratory
Press20070000 [§334]

+ PCR Primer: A Laboratory ManualCold Spring Harbor Laboratory Press20030000 {38341

« BOWTELLSAMBROOKDNA Microarrays: A Molecular Cloning ManualCold Spring
Harbor Laboratory Press20030000 [8834]

« MOUNTBioinformatics: Sequence and Genome AnazvsisCold Spring Harbor Laboratory
Press20040000 [§334]

« SAMBROOKRUSSELLCondensed Protocols from Molecular Cloning: A Laboratory
ManualCold Spring Harbor Laboratory Press20060000 {§8341

» SAMBROOKRUSSELLMolecular Cloning: A Laboratory ManualCold Spring Harbor



DK/EP 3013983 T3

Laboratory Press20020000 {3834}

Current Protocols in Molecular Biology19870000 {§&34}

Essential Molecular BiologylRL Press19910000 [$834]

Gene Expression TechnologyAcademic Press19910000 [&834]

Methods for Cloning and Analysis of Eukaryotic GenesBartlett Publ.19900000 §& 341

M. KRIEGLERGene Transfer and ExpressionStockton Press19900000 {84341
Recombinant DNA MethodologyAcademic Press19890000 (83341

M. MCPHERSON et al.PCR: A Practical ApproachlRL Press at Oxford University
Press19910000 {434}

STRYERBiochemistryW. H. Freeman19950000 {3341

GAITOligonucleotide Synthesis: A Practical ApproachlIRL Press20020000 [&8834}
NELSONCOXLehninger, Principles of BiochemistryW. H. Freeman Pub.20000000 {8334}
BERG et al.BiochemistryW. H. Freeman Pub.20020000 {$$34]

Handbook of Experimental ImmunologyWiley-Blackwell19960000 {38341

A. ABBAS et al.Cellular and Molecular ImmunologyVW.B. Saunders Co.19910000 {88341
Current Protocols in Immunology19910000 [88341

ANDERSONYOUNGQuantitative Filter HybridizationNucleic Acid Hybridization, 1985,
{00541

ALLAWISANTALUCIA, JR.Biochemistry, 1997, vol. 36, 10581-94 [{(54}

SAMBROOK et al.Molecular Cloning: A Laboratory ManualCold Spring Harbor
Press19890000 (4551

AUSUBEL et al.Short Protocols in Molecular BiologyJohn Wiley & Sons19990000 {4885}
M. KANEHISANucleic Acids Res., 1984, vol. 12, 203- [§85881

RONAGHI et al.Science, 1998, vol. 281, 363-365 [${37 %}

LI et al.Proc. Natl. Acad. Sci., 2003, vol. 100, 414-419 {887 %]

SONIMELLERCIin Chem, 2007, vol. 53, 1996-2001 [G47 %]

MCKERNAN et al.Genome Res., 2009, vol. 19, 1527-41 [G47 8]

BENTLEY et al.Nature, 2008, vol. 456, 53-59 {3479}

FAN et al.Cold Spring Symp. Quant. Biol., 2003, vol. 68, 69-78 [33S{}

FREDRIKSSON et al.Nat Biotechnol, 2002, vol. 20, 473-7 {114}

VAN GELDER et al.Proc. Natl. Acad. Sci. USA, 1990, vol. 87, 1663-1667 [{184]
EBERWINE et al.Proc. Natl. Acad. Sci. USA, 1992, vol. 89, 3010-3014 {164}

WANG et al.Nature Biotechnol., 2000, vol. 18, 457-459 (184}

BAUGH et al.Nucleic Acids Res., 2001, vol. 29, E29- {§184]}

FIREXUProc. Natl. Acad. Sci., 1995, vol. 92, 4641-4645 {185}

DAUBENDIEK et al.J. Am. Chem. Soc., 1995, vol. 117, 77818-7819 {145}

DAHL et al.Proc. Natl. Acad. Sci., 2004, vol. 101, 4548-4553 3185}

BIRNEY et al.Nature, 2007, vol. 447, 799-816 {172}

DRULEY et al.Nat. Methods, 2009, vol. 6, 263-65 [§23&]

FU et al.Proc. Natl. Acad. Sci., 2011, vol. 108, 9026-9031 [§2871

SCHMITT et al.Proc. Natl. Acad. Sci., 2012, vol. 109, 14508-14513 {42871}

LYCK et al.J Histochem Cytochem, 2008, vol. 56, 201-21 {4217}

MACINTYREBr J Biomed Sci., 2001, vol. 58, 190-6 [#218]

KAP et al.PLoS One, 2011, vol. 6, e27704- {§218]



DK/EP 3013983 T3

» INOUEWITTBRODTPLo0S One, 2011, vol. 6, e19713- {218}



10

15

20

25

30

35

40

DK/EP 3013983 T3

SPATIALT KODEDE BIOLOGISKE ASSAYS VED BRUG AF EN MIKROFLUIDISK
ANORDNING

PATENTKRAV

1. EFn in situ metode til bestemmelse af en placering af en
malrettet polynukleotid i en preove, omfattende:

(a) anbringelse af den fastgjorte prove péd en forste
mikrofluidisk anordning med flere fogrste adresseringskanaler,
hvori en fgrste adresseringskanal identificerer et feorste omrade 1
proven;

(b) levering af en forste sonde gennem den forste
adresseringskanal til det forste omrade 1 preven, hvori den ferste
sonde omfatter (i) en sekvens som er mindst 80% komplementer 1
forhold til mindst en del af den malrettede polynukleotid, (ii) en
forste adressemarkering som identificerer det forste omrade i
preoven, og (iii) et forste ligations omrade;

(c) anbringelse af den fastgjorte prove pad en anden
mikrofluidisk anordning med flere anden adresseringskanaler, hvori
en anden adresseringskanal identificerer et andet omrade som
krydser det forste omrade i en vinkel sterre end 0 grader, f.eks.,
omkring 90 grader, omkring 80 grader, omkring 70 grader, omkring
60 grader, omkring 50 grader, omkring 40 grader, omkring 30
grader, omkring 20 grader, eller omkring 10 grader; og

(d) levering af en anden sonde gennem den anden
adresseringskanal til det andet omrade i preven, hvori den anden
sonde omfatter (i) en anden adresseringsmarkering som
identificerer det anden omrade i1 proven og (ii) et anden ligations
omrade, hvori den anden sonde er koblet til den forste prove
gennem ligation mellem det forste og det andet ligations omréade,
og den fgrste og den anden adresseringsmarkeringer er benyttede
til at identificere placeringen af den madlrettede polynukleotid
ved skaringspunktet i proven.

2. En in situ metode til bestemmelse af en placering af et
malrettet protein i en preove, omfattende:

(a) levering af en forste sonde af preoven, hvori den
forste sonde omfatter (i) en bindende moiety som sarligt kan
bindes til det mélrettede protein, og (ii) en oligonukleotid
konjugeret til den bindende moiety;

(b) fastgeorelse af proven til en feorste mikrofluidisk
anordning som har flere forste adresseringskanaler, hvori en
forste adresseringskanal identificerer et forste omrade i proven;

(d) levering af en anden sonde gennem den ferste
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adresseringskanal til det forste omrade i preven, hvori den anden
sonde omfatter: (i) en sekvens som er mindst 80% komplementer 1
forhold til en del af sekvensen af oligonukleotiden i trin (a),
(ii) en forste adresseringsmarkering som identificerer det forste
omrade 1 preven; og (iii) et forste ligations omrade;

(d) fastgerelse af proven i trin (c) til en anden
mikrofluidisk anordning med flere anden adresseringskanaler, hvori
en anden adresseringskanal identificerer i preven et andet omréade
som krydser det forste omrade i en vinkel sterre end 0 grader,
f.eks., omkring 90 grader, omkring 80 grader, omkring 70 grader,
omkring 60 grader, omkring 50 grader, omkring 40 grader, omkring
30 grader, omkring 20 grader, eller omkring 10 grader; og

(e) levering af en tredje sonde gennem den anden
adresseringskanal til det andet omradde i preven, den tredje sonde
omfatter (i) en anden adresseringsmarkering som identificerer det
andet omrade i preven, og (ii) et andet ligations omrade, hvori
den anden sonde er koblet med den tredje sonde gennem ligation
mellem det forste og det andet ligations omrader med et
skeringspunkt mellem det feorste omrade og det andet omrade, og den
forste og den anden adresseringsmarkeringer er benyttede til at
identificere placeringen af det malrettede protein ved
skeringspunktet i proven.

3. En in situ metode til bestemmelse af en placering af et
malrettet protein i en preove, omfattende:

(a) levering af en forste sonde til et malrettet protein
til flere placeringer i proven, den forste sonde omfatter (i) en
bindende moiety som sarligt kan bindes til et malrettet protein,
og (ii) en oligonukleotid konjugeret til den bindende moiety;

(b) levering af en anden sonde til en feorste placering i
proven, hvori den anden sonde omfatter: (i) en sekvens som er
mindst 80% komplementar i forhold til en del af sekvensen af
oligonukleotiden i trin (a), (ii) en forste adresseringsmarkering
som identificerer den forste placering i proven; og (iii) et
forste ligations omréade; og

(c¢) levering af en tredje sonde til en anden placering i
preoven, hvori den tredje sonde omfatter (i) en anden
adresseringsmarkering som identificerer den anden placering 1
proven til hvilken den tredje sonde er leveret, og (ii) et anden
ligations omrade, hvori den anden sonde er koblet med den tredje
sonde gennem ligation mellem den forste og anden ligations omréader
ved et skaringspunkt mellem den fegrste og den anden placeringer i
proven, og den fegrste og anden adresseringsmarkeringer er
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benyttede til at bestemme placeringen af det malrettede protein
ved skaringspunktet.

4, Metoden i1 henhold til patentkravene 1 eller 2, hvori
vinklen er omkring 90 grader.

5. Metoden i henhold til et af patentkravene 1, 2 og 4,
hvori flere af forste adresseringskanalerne er parallelle med
hinanden og flere af anden adresseringskanalerne er parallelle med
hinanden.

o. Metoden 1 henhold til et af patentkravene 1, 2, 4, og 5,
hvori preven er en biologisk prove udvalgt fra gruppen bestaende
af en frisk isoleret prove, en fikseret preove, en indlejret prove,
en behandlet preve, eller en kombination heraf.

7. Metoden i1 henhold til et af patentkravene 1, 2 og 4-6,
hvori den feorste adresseringskanal er tilstede i1 den samme
anordning som den anden adresseringskanal, eller er tilstede i en
separat anordning fra den anden adresseringskanal.

8. Metoden i1 henhold til et af patentkravene 1, 2 og 4-7,
hvori antallet af forste og/eller anden adresseringskanaler er n,
n er et heltal mellem 100 og 150, mellem 150 og 200, mellem 200 og
250, mellem 250 og 300, mellem 300 og 350, mellem 350 og 400,
mellem 400 og 450, mellem 450 og 500, mellem 500 og 550, mellem
550 og 600, mellem 600 og 650, mellem 650 og 700, mellem 700 og
750, mellem 750 og 800, mellem 800 og 850, mellem 850 og 900,
mellem 900 og 950, mellem 950 og 1000, eller steorre end 1000,

valgfrit hvori bredden af den forste og/eller den anden
adresseringskanaler er omkring 5 pm, omkring 10 pm, omkring 50 um,
omkring 100 pm, omkring 150 um, omkring 200 um, omkring 250 um,
omkring 300 pm, omkring 350 um, omkring 400 um, omkring 450 um,
eller omkring 500 um,

valgfrit hvori dybden af den forste og/eller den anden
adresseringskanaler er omkring 5 pm, omkring 10 pm, omkring 50 um,
omkring 100 pm, omkring 150 um, omkring 200 um, omkring 250 um,
omkring 300 pm, omkring 350 um, omkring 400 um, omkring 450 um,
eller omkring 500 um, og

valgfrit hvori afstanden mellem hver forste
adresseringskanal og/eller mellem hver anden adresseringskanal er
omkring 5 um, omkring 10 pm, omkring 50 pm, omkring 100 um,
omkring 150 pm, omkring 200 um, omkring 250 um, omkring 300 um,
omkring 350 pm, omkring 400 um, omkring 450 um, omkring 500 um,
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omkring 550 pm, omkring 600 um, omkring 650 um, omkring 700 um,
omkring 750 pm, omkring 800 um, omkring 850 um, omkring 9200 um,
omkring 950 um, omkring 1,0 mm, omkring 1,2 mm, omkring 1,3 mm,
omkring 1,4 mm, omkring 1,5 mm, omkring 1,6 mm, omkring 1,7 mm,
omkring 1,8 mm, omkring 1,9 mm, eller omkring 2,0 mm.

9. Metoden i henhold til patentkravl, hvori den malrettede
polynukleotid er en RNA, valgfrit hvori RNA'en er en mRNA.

10. Metoden i1 henhold til patentkravene 2 eller 3, hvori den
bindende moiety omfatter et protein, wvalgfrit hvori den bindende
moiety omfatter et antistof og/eller en aptamer.

11. Metoden i henhold til et af patentkravene 1-10, omfatter
endvidere, inden trin (a), farvning af proven med et
fluorescerende maerket antistof, wvalgfrit omfatter endvidere
billeddannelse af proven.

12. Metoden i1 henhold til et af patentkravene 1-11, hvori
placeringerne af flere malrettede polynukleotider eller flere
malrettede proteiner i1 preven er bestemt parallelt,

valgfrit hvori produktet af antallet af malrettede
polynukleotider eller malrettede proteiner der bliver analyseret
og antallet af adresseringer der bliver analyseret 1 pregven er
storre end 20, 50, 75, 100, 1.000, 10.000, 100.000 eller
1.000.000, og/eller hvori mindst ethundredetusinde, mindst
femhundredetusinde, eller mindst en million sonder bundet til den
malrettede polynukleotid eller malrettede protein bliver
analyseret parallelt, og

valgfrit hvori software programmeret hardware udferer
mindst to af leverings trinnene og de tilknyttede trin.

13. Metoden i henhold til et af patentkravene 1-12, hvori den
forste sonde, den anden sonde og/eller den tredje sonde er en
attenuator sonde,

valgfrit hvori attenuator sonden forhindrer produktion af
et amplifikerbart produkt, og

valgfrit hvori attenuator sonden mangler et 5' fosfat.

14. Metoden 1 henhold til patentkrav 1, omfatter endvidere,
under eller efter trin (d),

forsterkning af en sekvens som er mindst 80% komplementar
i forhold til hele eller en del af den malrettede polynukleotid,
og en sekvens af den forste eller anden adresseringsmarkering;

©g
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analyse af den malrettede polynukleotid ved sekventering
af sekvensen som er mindst 80% komplementer i forhold til hele
eller en del af den malrettede polynukleotid, og sekvensen af den
forste og anden adresseringsmarkering.

15. Metoden 1 henhold til patentkrav 2, omfatter endvidere,
under eller efter trin (e),

forsterkning af en sekvens af den forste og anden
adresseringsmarkering; og en sekvens som er mindst 80%
komplementer i forhold til hele eller en del af sekvensen af
oligonukleotiden i trin (a); og

analyse af den malrettede polynukleotid ved sekventering
af sekvensen som er mindst 80% komplementer i forhold til hele
eller en del af oligonukleotiden i trin (a), og sekvensen af den
forste og anden adresseringsmarkering.
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DRAWINGS

Figure 1

Deliver a probe for each of one or more S110
biological Largets to multiple siles in a sample, /
each probe comprising a target-binding moiety, |_.~
an address tag that identifies each site to which
the probe is delivered, and an identity tag

| 5120

Allow each probe to bind to its corresponding /
biological target in the sample B

Analyze probes bound to the one or more S130
biological targets by determining an abundance
and/or activity of each biological target and the [~
identities of the identity tag and the address tag
[or cach biological target al cach site, for
example, by sequencing

L4 S140

Determine a spatial pattern of abundance and/or
activity of the one or more biological targets r
across the multiple sites in the sample based on
the analysis of probes bound o the one or more
biological targets




Figure 2
Deliver a probe for each of one or more S210
biological targets to multiple sites in a sample, ]
edch probe comprising a target-binding moiety, _ -~
and an identity tag

Allow each probe to bind to its corresponding
biological target in the sample

v $230

Deliver an address tag to each of the multiple
sites in the sample, which address tag is to be
coupled to the probe for each biological target
and identifies each site to which the address tag
is delivered

Analyze probe/address tag conjugates bound to /
the one or more biological targets by
determining an abundance and/or activity of
each biological target and the identities of the
identity tag and the address tag for cach
biological target at each site, for example, by
sequencing

i S250

Determine a spatial pattern of abundance and/or i
activity of the one or more biological targets -
across the multiple sites in the sample based on
the analysis of probe/address lag conjugales
bound to the one or more biological targets
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Figure 7
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Figure 12
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