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Supplementary Figure 1

Performance comparison of ClusterMap and predefined distribution-based method in
simulated data. Different colors represent different segmentation results. Note that the gene
identity of each spot is randomly assigned from 1 to 5 as pseudo gene type. Left: ground truth;

Middle: ClusterMap results; Right: results using predefined distribution-based method?’.
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Supplementary Figure 2

Comparison of RNA sampling approaches between ClusterMap using absolute physical
distance with other methods?® using k-nearest neighbours (kNN) in simulated data. Three
examples of RNAs with various local density demonstrating that ClusterMap preserves the local

physical density information while KNN does not consider the physical density of RNAs.
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Supplementary Figure 3

Ilustration of sub-cellular, cellular, and tissue region analyses. a, Subcellular analysis process
of the panel IV in Figure 1d by ClusterMap. A three-channel (magenta: Malatl; cyan: ActB; blue:
DAPI) composite image shows raw fluorescent signals. After preprocessing mRNA molecules
with specific genes located, ClusterMap first performs cellular resolution and identifies individual
cells. Then a mesh graph that models the relationships among mRNA spots in the cell is generated
to compute the NGC coordinates and K-means clustering separate spots into two regions using
joint physical and NGC coordinates. 100 times K-means clustering was performed with different
seeds and showed the consistent same results. Finally, a convex hull is constructed from the
nucleus spots, denoting the nucleus boundary. The pattern of ClusterMap-constructed nucleus
boundary is compared with the DAPI staining. Scale bar: 20um. b, Examples of the cell
identification in ClusterMap procedures in Fig. 2a. Upper: DAPI staining showing the cell nuclei.
Middle: mRNA spots. Lower: Clustering results. ¢, The accuracy of cell identification results from
eight STARmap® datasets compared with corresponding expert-annotated labels. BZ5, BZ9, BZ14,
BZ19: four STARmap® 166-gene sets in mouse medial prefrontal cortex (mPFC); BD2, BD6: two
STARmap® 160-gene sets in mouse V1. BY1, BY3: two STARmap 1020-gene sets in mouse V1.
The horizontal line is at 80% accuracy. d, ClusterMap constructs the tissue regions after cell-typing.
First, the neighborhood cell-type composition (NCC) of each cell is computed by considering a
sliding window over the cell-type map. Then both the NCC and physical locations of cells are
combined for K-means clustering. Cells with highly correlated neighboring cell-type composition

and close spatial distances are merged into a single tissue region signature.
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Supplementary Figure 4

Identification of cell types in mouse primary cortex (V1) and medial prefrontal cortex
(mPFC). a,b, UMAP and heatmap visualization of all excitatory, inhibitory and non-neuronal cell
types in STARmap® mouse V1 1020-gene (two replicates: BY 1 and BY3). The heatmap represents
z-scored expression matrix of all cell types, showing clustering of five most differentially
expressed genes per cell type. Genes shown are selected based on a false discovery rate (FDR)-
adjusted p-value threshold of 0.05 (Benjamini-Hochberg correction) and a minimum /log;y fold
change of 0.4, using a two-sided, unpaired t-test, for genes that are expressed in cells within each
cluster versus cells in any other cluster. ¢, e, UMAP visualization of all excitatory, inhibitory and
non-neuronal cell types in STARmap® 160-gene datasets in mouse V1 (two replicates: BD2, BD6,
(¢)), and STARmap® 166-gene datasets in mPFC (four replicates, BZ5, BZ9, BZ14, BZ19, (e)). d,

f, Spatial organization map of cell types in BD2 and BD6 (d), and in BZ5, BZ9, BZ14 and BZ19

(®.
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Supplementary Figure 5

Cell-type correlation matrices comparison of ClusterMap-based and manually-segmented
cell types. a,b, Comparison on STARmap mouse V1 1020-gene datasets. Heatmaps of Pearson
correlation (a) and -/og(p-value) (b) for null hypothesis testing. The p value is based on a t statistic
which has n-2 degrees of freedom and 95% confidence interval. The single-cell gene expression
profiles from ClusterMap with manual annotation are compared. ¢,d, Comparison on STARmap
mouse V1 160-gene datasets. Heatmaps of correlation (¢) and -/og(p-value) (d) comparing the
single-cell gene expression profiles from ClusterMap with manual annotation. e,f, Comparison on
STARmap mouse mPFC 166-gene datasets. Heatmaps of correlation (e) and -log(p-value) (f)
comparing the single-cell gene expression profiles from ClusterMap with manual annotation.

Horizontal: ClusterMap; vertical: manual annotation.
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Supplementary Figure 6

Analyses of the STARmap® mouse placental dataset. a, ClusterMap generates the cell
segmentation map of the STARmap® mouse placenta 903-gene dataset, including 7,224 cells. Scale
bar: 100 pm. b, Statistics of ClusterMap identified placental cells as shown in (a). Left: Histogram
of detected reads (DNA amplicons) per cell. Middle: Histogram of genes per cell. Right:
Correlation plot between genes per cell and reads per cell. ¢, Heatmap visualization of 12 cell types.
Names are in the right panel of (d). d, UMAP from label transfer results with scRNA-seq,

compared with UMAP of the Louvain clustering?? in ClusterMap.
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Supplementary Figure 7

Sub-clustering within one cell type using cell niche compositions in STARmap mouse
placenta 903-gene dataset. a, Schematic indicating how cells in one cell type are sub-clustered
based on either gene expression (Louvain clustering??) or the cell niche compositions (K-means
clustering!®). b, UMAP of gene expression sub-clustering (top) or cell niche composition sub-
clustering (bottom) in Maternal Decidua-1 (MD-1). ¢, Spatial subtype maps using gene expression
(top) or cell niche composition (bottom) in MD-1. d, Heatmap of sub-clustering using gene
expression (top) or cell niche composition sub-clustering (bottom) in MD-1. Gene markers in the
top heatmaps of gene expression sub-clustering are 0: GPNMB, 1: CXCL14. Row names in the
bottom heatmaps of cell niche composition sub-clustering are cell types in numbers annotated in

Figure 3.
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Supplementary Figure 8

ClusterMap analyses across different experimental methods. a, The cell segmentation map of
whole osmFISH mouse somatosensory cortex (SSp) datasets. Scale bar: 100 um. b,e, UMAP and
heatmap visualization of 31 cell types in osmFISH datasets. d, The 2D cell segmentation map of
whole MERFISH mouse preoptic area (POA) datasets. Scale bar: 200 pm. e,f, UMAP and heatmap
visualization of 9 cell types in MERFISH datasets. The number of cells increased from 6,471 to
8,538 for osmFISH, from 2,620 to 2,924 for pciSeq, from 6,977 to 10,320 for MERFISH. The
number of reads increased from 1,248,106 to 1,690,328 for osmFISH, from 31,246 to 31,750 for

pciSeq, from 1,927,913 to 3,065,171 for MERFISH.
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Supplementary Figure 9

ClusterMap analyses of ISS data. a, Cell segmentation map shows the cell segmentation results
by ClusterMap. Colors are randomly assigned to each cell mask. b, Cell type map shows the cell
type calling results. Colors are assigned according to their corresponding cell type categories. ¢,
Tissue region map shows laminar structure of hippocampus. Scale bar: 200 um. d, Side-by-side
comparison of cell type compositions in each tissue region from ClusterMap and pciSeq of the ISS

data.



a R=0.51 b

8
1200 800
-7
700 =
[53
1000 o .
» 2600 g
= 800 o
D s00
3 S e’
600 3 100 1<
o}
300 S
400 3
200
200 N
100
1
0 ]

° 50 100 150 200 250 300 1 2 3 4 H 6 7 8 [ 50 100 150 200 250 300

# reads #genes Reads per cell

aaid | 10T T i H [

TNNI

il I}IH H I !“I“ I ll\’lll ‘IH | LRl

NANOG

® 0: Cardiomyocyte
@®1:iPSC
®2: MSC
EOMES ‘

TBXT

CD44

1 2
R=0.82
2000
1750 _15
©
muon 22‘7
- Q
1250 Q
o Wis
1000 g
[}
750 (O3
500
5
250
0 100 200 300 400 500 00 5 10 15 20 25 ¢ o 100 ZD? 300 400 500
# reads # genes Reads per cell
0 1 2 345678 9 10 koo
T — o ST TR " T elL2/3
Nt it i e ki i eL4
i : bl qu il TR il M. moud [ ® el5
| afia l.‘.L_.H..E 3 .‘..L.‘...‘.'..‘.m L P @ el6
| Ny (S T ﬁ'\\.}\. e . ... Inhibitory
o gty g o+t e L ® Pv
P i s firailines ® sst
v amma . v s i - Vip
i l i | vl Al b @ Other-In
& i (AN T Non-neuronal
g T ) I ol iy ) g ) L ] Astro
=] il Rl I wilif J Il l. 'j'd' ul I ® Oligo-A
UMAP1 B O . = T e ® Oligo-B
R halag) TR . i

124



125

126

127

128

129

130

131

132

133

134

135

136

Supplementary Figure 10

ClusterMap analyses in the 3D datasets. a, Statistics of ClusterMap identified cells in the 3D
STARmap® cardiac organoid®’ 8-gene dataset. Left: Histogram of detected reads (DNA amplicons)
per cell. Middle: Histogram of genes per cell. Right: Correlation plot between genes per cell and
reads per cell. b, ¢, UMAP and heatmap visualization of three cell types in the STARmap® cardiac
organoid 8-gene dataset. The number of cells in each cell type is as follows: cardiomyocytes, 929;
induced pluripotent stem cells (iPSCs), 489; mesenchymal stem cells (MSCs), 101. d, 3D four-
channel composite raw fluorescent image of the first sequencing round shows spatial arrangement
of mMRNA molecules in the STARmap® mouse V1 28-gene dataset. Width 184 pum, height 194 pm,
depth 100 um. e, Statistics of ClusterMap identified cells in (d). Left: Histogram of detected reads
(DNA amplicons) per cell. Middle: Histogram of genes per cell. Right: Correlation plot between

genes per cell and reads per cell. f, g, UMAP and heatmap visualization of three cell types of (d).
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Supplementary Figure 11

Performance comparison of ClusterMap using physical density, gene distance, and joint
information. a, Examples of cell segmentation using only physical density information (left), gene
(NGC) distance information (middle), and joint information (right). b,¢, Bar plots demonstrating
the percentage of over-/under- segmented cells in ground truth cells (b) and overall accuracy (c)
in using physical distances information, gene (NGC) distance information, and joint information.
d,e, Bar plots demonstrating the percentage of over-/under- segmented cells in ground truth cells
(left) and overall accuracy (right) in using physical distances information, random (d) or identical
(e) gene (NGC) distance information, and joint information. f, Raw DAPI image of the targeted
mouse placenta tissue. Scale bar: 20um. g,h, Line plots showing the number of cells and overall
accuracy to the radius. i-m, Two examples of the hippocampus regions in STARmap mouse V1
1020-gene datasets showing raw spatial transcriptomics data (i,I), ClusterMap results without
DAPI (j,m), and ClusterMap results with DAPI (k,n). Scale bar: 20 um. o,p, Bar plots showing
the percentage of over-/under- segmented cells (0) and overall accuracy (p) from ClusterMap

without and with DAPI.
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Supplementary Figure 12

Performance comparison of ClusterMap and other method across different types of in situ
transcriptomic data. a, Example of a region in the STARmap® mouse V1 1020-gene dataset with
DAPI signals (gray) showing ground truth cell nuclei. Red contours show cell boundaries
identified by predefined distribution-based method?® (left) and ClusterMap (right), respectively.
b,c, As in (a) but using the STARmap® mouse placenta 903-gene dataset and published pciSeq*
dataset. d, Bar plots demonstrating the remaining RNA numbers, cell numbers and segmentation
accuracy for each dataset. In each bar plot, results from predefined distribution-based method?’,

ClusterMap, and published reports were shown in blue, red, and yellow, respectively.
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Supplementary Table

Supplementary Table 1. Summary of the name, in situ sequencing protocol, number of genes,

number of cells, number of reads, number of cell types, corresponding figures and note of 7

datasets.

Dataset Experimental | # # # Reads # Cell | Figures Note
Method Genes Cells types

STARmap STARmap 1,020 1,599 863,426 16 Fig. lc, Fig. 2, Source: Ref. 6. 2D
mouse V1 Supplementary Figs. | analysis
1020-gene 34,5
STARmap STARmap 903 7,224 | 5,090,930 | 12 Fig. 3, Fig. 4, New data. 2D
mouse Supplementary Figs. | analysis
placenta 903- 6,7
gene
MERFISH MERFISH 140 10,320 | 3,065,171 | 9 Fig. 5, Source: Ref. 3. 3D
mouse POA Supplementary Fig. 8 | analysis
pciSeq mouse | ISS 98 2,924 31,750 23 Fig. 5, Source: Ref. 4. 2D
hippocampus Supplementary Fig. 9 | analysis
osmFISH osmFISH 33 8,538 1,690,328 | 31 Fig. 5, Source: Ref. 5. 2D
mouse SSp Supplementary Fig. 8 | analysis
STARmap STARmap 8 1,519 47,594 3 Fig. 6, New data, 3D
cardiac Supplementary Fig. analysis
organoid 8- 10
gene
STARmap STARmap 28 24,590 | 753,396 11 Fig. 6, Source: Ref. 6. 3D
mouse V1 28- Supplementary Fig. analysis
gene 10




