WO 2021/067514 1/38 PCT/US2020/053655
Non-Persistent
Visualization system Memory 111 N 116
100 Optional operating system f118
\» Optional network communication module -f119
Visualization module -f1 50
[Clustering module -4
Clustered dataset s 1&23: ]
5 , 102 Cluster 1 e
rocessing |~ Probe spot 1 for cluster 1 126-1-1
core - _f160—1—1
| Cluster attribute value for probe spot 1
114\ Probe spot 2 for cluster 1 16252_;_1
| Cluster attribute value for probe spot 2 -4
.
[ ]
Probe spot Q for cluster 1 1(2358_1
| Cluster attribute value for probe spot Q I162 1.1
Differential value for locus 1 for cluster 1 e
104 :
- —= | ~162-1-M
Network Differential value for locus M for cluster 1
interface Cluster 2 | ~158-2
.
: 158-P
106\ Cluster P ~
User interface .
108 — Display
110 Discrete attribute value dataset 1 S~ 120-1
.
Persistent —_ hd 120-X
Memory 112 Discrete attribute value dataset X LS

Figure 1A



WO 2021/067514 2/38 PCT/US2020/053655

Discrete attribute value dataset 1 | ~120-1
Spatial projection 1 _f121-1
Probe spot locations for spatial projection 1 _f123'1
Image 1 for spatial projection 1 | ~125-1-1
Probe spot 1 _fgg'l '1 '1
Locus 1 for probe spot 1 | ecm T
| Discrete attribute value for locus 1 e 124-1-1-1
Locus 2 for probe spot 1 | ~122-1-1-2
| Discrete attribute value for locus 2 | ~124-1-1-2
[ ]
Locus M for probe spot 1 _)"122'1 -1-M
| Discrete attribute value for locus M | ~124-1-1-M
.
[ ]
Probe spot P | ~126-1-1-P
; 125-1-K
Image K for spatial projection 1 | 1eo-1-
Spatial projection Y | A121-1-Y
Probe spot 1 | ~126-1
Principal component value 1 | ~164-1-1
.

—= | ~164-1-N
Principal component value N 561
Two-dimensional datapoint for probe spot 1 Vahes

i | ~158-1
Cluster assignment for probe spot 1 7011
Category assignment 1 for probe spot 1 e o
Class 1 for category 1 | ~172-1-1
.
- 172-M-1
Class M for category 1 L~
: 170-Q-1
Category assignment Q for probe spot 1 s
Class 1 for category Q | ~172-Q-1-1
.
Class Z for category Q | ~172-Q-2-1
[]
: 126
Probe spot Q | ~126-Q

Figure 1B



WO 2021/067514 3/38

PCT/US2020/053655

Spatial projection 1

| ~121-1

Probe spot locations for spatial projection 1

| A123-1

Image 1 for spatial projection 1

| ~125-1-1

Probe spot 1

| ~126-1-1-1

Locus 1 for probe spot 1

| ~122-1-1-1

| Discrete attribute value for locus 1

| ~124-1-1-1

Locus 2 for probe spot 1

[ ~122-1-1-2

| Discrete attribute value for locus 2

| A124-1-1-2

Locus M for probe spot 1

| 122-1-1-M

| Discrete attribute value for locus M

| ~124-1-1-M

Probe spot P

| ~126-1-1-P

Image K for spatial projection 1

| ~125-1-K

Layer map 1 for spatial projection 1

| ~182-1-1

Layer map M for spatial projection 1

| 182-1-M

Figure 1C



WO 2021/067514 4/38 PCT/US2020/053655

— 202

A visualization system 100 comprising one or more processing cores, a persistent memory and
a non-persistent memory. The persistent memory and the non-persistent memory collectively
storing instructions for performing the following method.

* — 204

Obtain a discrete attribute value dataset associated with a plurality of probe spots having a
spatial arrangement, wherein each probe spot in the plurality of probe spots is assigned a
unique barcode in a plurality of barcodes and the plurality of probe spots comprises at least
1000 probe spots, the discrete attribute value dataset comprising: (i) one or more spatial
projections of a biological sample, (ii) one or more two-dimensional images, for a spatial
projection in the one or more spatial projections, each two-dimensional image in the one or more
two-dimensional images (a) taken of a first tissue section, obtained from the biological sample,
overlaid on a substrate having the plurality of probe spots arranged in the spatial arrangement
and (b) comprising at least 100,000 pixel values.

P ———,—,—, e e - = —_———

| i
: Each locus 122 in the plurality of loci is a respective gene in a plurality of genes. Each :
| discrete attribute value 124 is a count of transcript reads within the probe spot that map to |
: a respective gene in the plurality of genes. :

|

—_—————— e, — e — — — — — — —— —

- 205

* — 206

Obtaining a corresponding cluster assignment in a plurality of clusters, of each respective
probe spot in the plurality of probe spots of the discrete attribute value dataset, wherein the
corresponding cluster assignment is based, at least in part, on the corresponding plurality of
discrete attribute values of the respective probe spot, or a corresponding plurality of
dimension reduction components derived, at least in part, from the corresponding plurality of
discrete attribute values of the respective probe spot

—— o —— — ———————————————————————— —————— ————————— —— o o oy

The clustering the dataset comprises hierarchical clustering, agglomerative clustering :
using a nearest-neighbor algorithm, agglomerative clustering using a farthest-neighbor |
algorithm, agglomerative clustering using an average linkage algorithm, agglomerative :
clustering using a centroid algorithm, or agglomerative clustering using a sum-of-squares :
algorithm. !

: algorithm, or Jarvis-Patrick clustering.

— 208

— 210

— 212

Figure 2A
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s 206 cont.

/-—-—214

| The clustering the dataset comprises k-means clustering of the dataset into a :
, predetermined number of clusters (e.g., between 2 and 50). :

/""216

=h

| The clustering the dataset comprises k-means clustering of the dataset into a number o
: clusters, where the number is provided by a user.

* — 218

Display, in a first window on the display, pixel values of all or portion of a first two-dimensional
image in the one or more two-dimensional images of the first projection.

+ _— 220

Overlay on the first two-dimensional image and co-aligned with the first two-dimensional image
(i) first indicia for each probe spot in the plurality of probe spots that have been assigned to a
first cluster in the plurality of clusters and (ii) second indicia for each probe spot in the plurality
of probe spots that have been assigned to a second cluster in the plurality of clusters, thereby

identifying the morphological pattern. /"'-222

' Each cluster in the plurality of clusters is assigned a different graphic or color code. Each
| respective probe spot in the plurality of probe spots is coded in the second panel with the

|
|
| ! different graphic or color code for the cluster the respective probe spot has been :
I assigned. :

Figure 2B
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