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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

Store the dataset 120 in persistent memory. The dataset 120 comprises a corresponding GEX
discrete attribute value 124 for each gene 122 in a plurality of genes for each respective cell 126
in a plurality of cells. The dataset 120 further comprises a corresponding ATAC fragment count
125 for each ATAC peak 123 in a plurality of ATAC peaks for each respective cell 126 in the
plurality of cells. In some embodiments, the dataset 120 redundantly represents the
corresponding discrete attribute value 124 for each gene in the plurality of genes for each
respective cell in the plurality of cells in both a compressed sparse row format and a
compressed sparse column format in which genes for a respective cell that have a null discrete
attribute data value are discarded. In some embodiments the dataset 120 is compressed in

| [Each gene 122 in the plurality of genes is a respective gene in a plurality of genes. Each |
|  discrete attribute value 124 is a count of transcript reads within the cell that map to a :
l respective gene in the plurality of genes. Each cell 126 is a single cell. The GEX data :
|
|

- 205
accordance with a blocked compression algorithm. /_

| represents a whole transcriptome shotgun sequencing experiment that quantifies gene
' | expression from a single cell in counts of transcript reads mapped to the genes.

+ 206

Cluster the dataset using the discrete attribute values for each gene in the plurality of genes for
each respective cell in the plurality of cells thereby assigning each respective cell in the plurality
of cells to a corresponding cluster in a first plurality of clusters. Each respective cluster in the
first plurality of clusters consists of a unique different subset of the plurality of cells. The
clustering loads less than the entirety of the dataset into the non-persistent memory at any given
time during the clustering. Separately cluster the dataset using the ATAC fragment counts for
each ATAC peak 123 in the plurality of ATAC peaks for each respective cell in the plurality of
cells thereby assigning each respective cell in the plurality of cells to a corresponding cluster in a
second plurality of clusters. Each respective cluster in the second plurality of clusters consists

of a unique different subset of the plurality of cells.
| The clustering is performed on a computer system remote from the visualization system |
| p_ngr_tg_st_ogrlg_tbg dataset in persistent memory. ____________________ _7,<L-—

I[ 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
|

_agorthm. [,J‘
| The clustering the dataset comprises k-means clustering, a fuzzy k-means clustering :

|

|

{ algorithm, or Jarvis-Patrick clustering.

—208

~210

—212
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Y 206 cont.

____________________________________________________ -

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

: clusters, wherein the number is provided by a user.

| The clustering the dataset comprises k-means clustering of the dataset into a number of :
|
|

214

+ — 218

Compute, for each respective gene in the plurality of genes for each respective cluster in the
first plurality of clusters, a difference in the discrete attribute value for the respective gene
across the respective subset of cells in the respective cluster relative to the discrete attribute
value for the respective gene across the plurality of clusters other than the respective cluster,
thereby deriving a differential value for each respective gene in the plurality of genes for each

respective cluster in the first plurality of clusters. /"
-1

3 The differential value for each respective first entity in the plurality of first entities for [
each respective cluster in the plurality of clusters is a fold change in (i) a first measure :
of central tendency of the discrete attribute value for the first entity measured in each of :
the second entities in the plurality of second entities in the respective cluster and (ii) a :

|
|
|

second measure of central tendency of the discrete attribute value for the respective
first entity measured in each of the second entities of all clusters other than the

|
|

|

|

|

|

|

|

|

| .

| respective cluster. /IV’-
|

| [T T T T oo 5

| .

|

|

|

|

|

r
Each discrete attribute value 124 is normalized prior to computing the differential value :
162 for each respective gene 122 in the plurality of genes for each respective cluster :

158 in the plurality of clusters. K
|

|
|
|
|
|
: | The normalizing comprises modeling the discrete attribute value 124 of each | :
: | gene 122 associated with each cell 126 in the plurality of cells with a negative : :
: : binomial distribution having a consensus estimate of dispersion without loading : |
: | the entire dataset 120 into non-persistent memory 111. : :

|
' [

— 220

~ 222

— 224

~ 226

~ 228
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O

230

Display in a first panel a heat map that comprises a representation of the differential value for
each respective gene in the plurality of genes for each cluster 158 in the first plurality of

clusters.
v ~

232

Derive a plurality of GEX principal component values 164 for each cell 126 in the plurality of
cells based upon respective discrete attribute values 124 of each gene 122 for each cell 126 in
the plurality of cells. Apply a dimension reduction technique to the plurality of GEX principal
component values 164 for each cell 126 in the plurality of cells thereby determining a two-
dimensional data point 166 for each cell 126 in the plurality of cells. Plot each respective cell
126 in the plurality of cells 126 in a second panel 420 (Figure 4A) based upon the two-
dimensional data point 166 for the respective second entity (e.g., as a GEX t-SNE projection
196 or a GEX UMAP projection 197).

Derive a plurality of ATAC principal component values 165 for each cell 126 in the plurality of
cells based upon respective ATAC fragment counts 125 of each ATAC peak 123 for each cell
126 in the plurality of cells. Apply a dimension reduction technique to the plurality of ATAC
principal component values 165 for each cell 126 in the plurality of cells thereby determining a
two-dimensional data point 167 for each cell 126 in the plurality of cells. Plot each respective
cell 126 in the plurality of cells 126 in a second panel 420 (Figure 4B) based upon the two-
dimensional data point 167 for the respective second entity (e.g., as an ATAC t-SNE projection

198 or an ATAC UMAP projection 199). /’
_______________________________________________________ .
: Each cluster in the plurality of clusters is assigned a different graphic or color code. Each :
|
[

: respective cell in the plurality of cells is coded in the second panel with the different
I graphic or color code for the cluster the respective cell has been assigned. /:—"‘
|

|
| [ -
I I—

|

|
| e ]

|
|
' [
: I The dimension reduction technique is Sammon mapping, curvilinear components : :
: : analysis, stochastic neighbor embedding, Isomap, maximum variance unfolding, | :
| : locally linear embedding, or Laplacian Eigenmaps. : :
' [

|

: Each said respective plurality of principal component value is derived from the discrete
: attribute values of each gene or ATAC peaks in a corresponding cell in the plurality of
I cells by principal component analysis that is performed on a computer system remote
| from the visualization system 100 prior to storing the dataset 120 in persistent memory,
: and the dataset includes each said respective plurality of principal component values. |

- 234

- 236

-238

- 240
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Figure 24A
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Figure 25A
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C. Gene Expression of Open Chromatin clusters
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D. Open chromatin regions of Gene Expression clusters
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