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Contact sample with array of spatially-barcoded capture probes
(101)

Capture analytes using capture probes
(102)

Analyze capture probes to obtain spatially-resolved analyte
information
(103)
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Contact sample with array of spatially-barcoded capture probes
(201)

i Optionally cleave capture probes from array and capture
i analyte on/in sample ;

Analyze capture probes to obtain spatially-resolved information
about an analyte
(203)
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Image tissue sample and/or array
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Sample preparation
(401)

Permeabilization
(402)

Analyte capture
(403)

(404)

(405)

i Optional amplification
! (406)

Library preparation
(407)

Library QC
(408)
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Sample preparation
(501)

Permeabilization
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First strand cDNA synthesis
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1000
\

e

Method for tissue classification.

| 1002

'

Obtain an image of a sectioned tissue sample on a substrate 904 (e.g. from
a subject) as a plurality of pixels in electronic form. The image includes a
plurality of fiducial markers on an outer boundary of the substrate.

|~ 1004

— 1006

Assign each respective pixel in the plurality of pixels to a first class or a
second class, where the first class indicates overlay of the tissue sample on
the substrate and the second class indicates background.

Use the plurality of fiducial markers to define a bounding box within the [ 4
image.

Remove respective pixels falling outside the bounding box from the
plurality of pixels. -

Run a plurality of heuristic classifiers on the plurality of pixels (e.g., in
grey-scale space). For each respective pixel in the plurality of pixels, |4
each respective heuristic classifier in the plurality of heuristic classifiers
casts a vote for the respective pixel between the first class and the
second class, thereby forming a corresponding aggregated score for
each respective pixel in the plurality of pixels. Each corresponding
aggregated score is a class in a set of classes comprising obvious first
class, likely first class, likely second class, and obvious second class.

| 1008

— 1010

— 1012

— 1014

FIG. 10A
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1008

________________________ = L~ (cont)

|rThe plurality of heuristic classifiers comprises a first heuristic |
| classifier that identifies a single intensity threshold that divides the |
| plurality of pixels into the first class and the second class, thereby |
| causing the first heuristic classifier to cast a vote for each |
| respective pixel in the plurality of pixels for either the first class or ||
| the second class. The single intensity threshold represents a |
| minimization of intra-class intensity variance between the first and |
| second class or a maximization of inter-class variance between |
| the first class and the second class. |

_______________________ |
| I The plurality of heuristic classifiers comprises a second I

|
: Iheuristic classifier that identifies local neighborhoods of :—l/
| | pixels with the same class identified using the first heuristic |

I I method and applies a smoothed measure of maximum

I | gifference in intensity between pixels in the local
|
|
|

1014
- (cont)

L— 1016

_{— 1018

lto cast a vote for each respective pixel in the plurality of

N
| neighborhood thereby causing the second heuristic classifier : |
|
Lpixels for either the first class or the second class. | |

The plurality of heuristic classifiers comprises a third heuristic
classifier that performs edge detection on the plurality of pixels to
form a plurality of edges in the image, morphologically closes the
plurality of edges to form a plurality of morphologically closed
regions in the image and assigns pixels in the morphologically
closed regions to the first class and pixels outside the
morphologically closed regions to the second class, thereby
causing the third heuristic classifier to cast a vote for each
respective pixel in the plurality of pixels for either the first class or
the second class.

I L— 1020
I

I

|

I
|
I
|
I
I

I

| |1 The plurality of heuristic classifiers consists of the first,

| Isecond, and third heuristic classier. Each respective pixel | | p
| lassigned by each of the heuristic classifiers in the plurality of :“1’

| |classifiers to the second class is labelled as obvious second I
| |class. Each respective pixel assigned by each of the : I
| |
| Ly

— 1022

| plurality of heuristic classifiers as the first class is labelled as
| obvious first class.

FIG. 10B
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Apply the aggregated score and intensity of each respective pixel in the
plurality of pixels to a graph cut segmentation algorithm to

plurality of pixels of being tissue sample or background.

independently assign a probability to each respective pixel in the —1

1008
2 (cont)

— 1024

| The graph cut segmentation algorithm is a GrabCut segmentation :__./"1026

o G

| Overlay a tissue mask on the image, where the tissue mask causes each
| respective pixel in the plurality of pixels of the image that has been assigned |
| @ greater probability of being tissue to be assigned a first attribute and each
| respective pixel in the plurality of pixels that has been assigned a greater

| probability of being background to be assigned a second attribute.

-

|.f1028

|
| The first attribute is a first color and the second attribute is a second Ly~ 1030

| color.

_________________________ |
| The first color is one of red and blue and the second color is the ]I__|/:"1032

| | other of red and blue.

——————————————————————————— 1034
| The first attribute is a first level of brightness or opacity and the second [

| attribute is a second level of brightness or opacity.

I The image further comprises a representation of a set of capture spots -I—f 1036

lin the form of a two-dimensional array of positions on the substrate.

|Each respective capture spot in the set of capture spots is at a different
|position in the two-dimensional array and associates with one or more |
lanalytes from the tissue. Each respective capture spot in the set of !
|capture spots is characterized by at least one different corresponding |
Ispatial barcode in a plurality of spatial barcodes. The method further |
Icomprises assigning each respective representation of a capture spot !
lin the plurality of capture spots the first attribute or the second attribute I
Ibased upon the assignment of pixels in the vicinity of the respective :

FIG. 10C
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1028
__________________________ (cont)
- _—__—_______ 1036
| A capture spot in the set of capture spots comprises a capture | :—'r (cont)
| domain. 1038
:::::::::::::::::::::::::H/:’
| A capture spot in the set of capture spots comprises a cleavage 1040
| domain. |
_________________________ I I
| Each capture spot in the set of spots is attached directly or ‘I__"/r' 1042
I

| attached indirectly to the substrate. |

| The one or more analytes comprise five or more analytes, ten or | 1044
| more analytes, fifty or more analytes, one hundred or more L-|/r—-

| analytes, five hundred or more analytes, 1000 or more analytes, |
| 2000 or more analtyes, or between 2000 and 10,000 analytes.

| The corresponding spatial barcode encodes a unique

| predetermined value selected from the set {1, ..., 1024}, {1, ...,
14096}, {1, ..., 16384}, {1, ..., 65536}, {1, ..., 262144} {1, ..., L
11048576}, {1, ..., 4194304}, {1, ..., 16777216}, {1, ...,
|67108864} or{1 .., 1x10".

I Each respective capture spot includes 1000 or more probes, 2000 |
| Or more probes, 10,000 or more probes, 100,000 or more probes,

1 x 10° or more probes, 2 x 10° or more probes, or 5 x 10° or |
| more probes.

| 1Each probe in the respective capture spot includes a poly-A
I sequence or a poly-T sequence and the corresponding T 1050
| | spatial barcode that characterizes the respective capture | |

I spot |
| I |

I | Each probe in the respective capture spot includes the same I | 1052
I | spatial barcode from the plurality of spatial barcodes. |—-|—JAF

|
|
|1 Each probe in the respective capture spot includes a I | : 1054
|1 different spatial barcode from the plurality of spatial I__I_I/r_
| |barcodes. | I I I

FIG. 10D
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_____________________________________________________ 71028

o —— o —— — - | L7 (cont)

| The one or more analytes is a plurality of analytes, a respective | | 1036

| capture spot in the set of capture spots includes a plurality of | || (cont)

| probes, each probe in the plurality of probes including a capture | |

| domain that is characterized by a capture domain type in a |

| plurality of capture domain types, and each respective capture | ||

| domain type in the plurality of capture domain types is configured | I 1056

| to bind to a different analyte in the plurality of analytes.

| _______________________
| The plurality of capture domain types comprises between 5 ] | ||

: | and 15,000 capture domain types and the respective capture | | ||

| |probe plurality includes at least five, at least 10, at least 100, I___I_,l/"" 1058
| loratleast 1000 probes for each capture domain type in the || |

| |plurality of capture domain types. ||

The one or more analytes is a plurality of analytes. A respective I
capture spot in the set of capture spots includes a plurality of
I probes, each probe in the plurality of probes including a capture :__:/l" 1060
domain that is characterized by a single capture domain type
| . ) : . : | 1|
| configured to bind to each analyte in the plurality of analytes in an I
unbiased manner. I I
|

- 1

| Each respective capture spot in the set of capture spots is I | | 1062
| contained within a 100 micron by 100 micron square on the '—-|/I-
Lsubstrate.

A distance between a center of each respective spot to a |
neighboring capture spot in the set of capture spots on the Lyr'
substrate is between 50 microns and 300 microns. |

FIG. 10E
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| A shape of each capture spot in the set of capture spots on the I | 1066
| Substrate is a closed-form shape. :——l)r-

——————————————————————— |
: | The closed-form shape is circular, elliptical, or an N-gon, }_:_“l/l’- 1068
I | where N is a value between 1 and 20.

r
| The closed-form shape is circular, and each capture spot in |
| the set of capture spots has a diameter of 80 microns or ||
| less. ||

|
| e _ L1 1074
spot in the set of capture spots has a diameter of —r—r/r’r_
between 30 microns and 65 microns. |

I

I

A distance between a center of each respective | || :

| capture spot to a neighboring capture spot in the :_'__l_/l——l— 1076

set of capture spots on the substrate is between | I
I

|

|

I

| 50 microns and 80 microns.

FIG. 10F
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[ ]
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[ ]
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