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Supplementary Figure 1: (a) Comparison of Renoir, SpatialDM, COMMOT, and stLearn for the simulated dataset
for the ligand-target pair IFNG-JCHAIN simulated based on the TNBC dataset. Regions 1, 2 and 3 contain ligand
and target expression, however, these regions harbor B memory cells which do not express the receptor for IFNG
(IFNGR1 and IFNGRZ2) making it unfeasible for these regions to harbor IFNG-JCHAIN activity. (b) Comparison
of Renoir, SpatialDM, COMMOT, and stLearn for the simulated dataset for the ligand-target pair NPY-CARTPT
simulated based on the DLPFC dataset (¢) Comparison of Renoir, SpatialDM, COMMOT, and stLearn in terms of
average precision and recall over all the ligand-target pairs across the tissue types across different threshold values
used for calculating precision and recall. For varying threshold values, Renoir was able to consistently maintain high
precision and recall values across the tissue types.
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y Figure 2: Distribution of cell type abundances across the spots in mouse brain samples (a) S1 and
(b) S2. The spots are ordered according to the spatial communication domains inferred by Renoir.




a b

UMI Count (S1)

Rspo1:Enc1

I. 60000
- 40000
- 20000

0

I. 75000
- 50000
- 25000

0

L L

Sermpine2:Nr2f2
Vegfa:Cend1
Ptn:Nr2f2
1118:Cend1
Apoe:lgfbp2
Sempine2:Zmynd8
Ptn:Pdeddip
Vegfa:S1pr1
Apoe:Crift
Ptn:Bcl6
Agt:Cacnalg
1118:Ccr5
Tnc:Adamts4

e

Vegfb:Lef1

Gas6:Nr2f2

DIk1:Vgf

Gas6:Nraf2

ligand-target
activity
-1.0

-0.8

MAPK SIGNALING
PATHWAY

[e1pawoseq ANY
Jousjsod ANY
FT0IMINIA

€/2¥0 OdH

5
z z NEUROTROPHIN
2z 23 < SIGNALING PATHWAY
is Pils

is £i%8

53 R

) Cck:Nr2f2 th
an ligand-target s?m :Brclz ligand-target pa t'wtay
952, activit Cx3cl1:1d2 ctivit activity
53 Y Nrg1:Pou3f2 Yy
i 1.0 Rspo’Vegfa 1.0 10
13 Cek:Tlcd1
nd 0.8 Sema3e:ld2 [ 0.8 _0.8
i SqrFs s 06 06
rif1:Cent - U.!
%‘R 06 CrlfiAthgeftd B
0.4 RT'%%ZZ;TC‘;HGE -04 0.4
0.2 Vinamaa 02 02
i 0.0 1133:1d3 0.0 0.0
—— —— p——ppe———— -
Communication domains
f Dkk2- | Celltype annotations
Nrg - I
Ntng1-
Npy- (W] Astro AMY -yt 125 Inh Lamp5
L sm;-_ mm Astro AMY CTX == Ext|56 === Inh Meis2 1
Zr:ze:_ == Astro CTX = Ext| 51 = inhMeis22
Ptn- |l == Astro HPC ExtL52 == Inh Meis2 3
Tc- == Astro HYPO = Extl53 Inh Meis2 4
Bmp4- == Astro STR ExtL6 == nh Pvalb
Lama2- [ mm Astro THAL hab ™= Extl6b ™ Inh Sst
Nxph1- [ Il I- == Astro THAL lat ™= Ext Med Inh Vip
Vegfa- I | mm Astro THAL med Ext Pir = owQ 1
Nro2- I - Astro WM ExtThal 1 ™= LowQ 2
Apoe- I | = Endo ExtThal2 == Micro
= Ext Amy 1 == Ext Unk 1 Nb 1
I- = Ext Amy 2 mm Ext Unk 2 Nb 2
I I mm Ext ClauPyr == Ext Unk 3 OPC 1
Ext Hpc CA1 Inh 1 OPC 2
== Ext Hpc CA2 == |nh 2 == Oligo 1
== Ext Hpc CA3 Inh 3 Oligo 2
Ext Hpc DG1 mm |nh4 Unk 1
mm Ext Hpc DG2 Inh 5 e Unk 2
mm Ext 123 w= Inh 6
M T
| “ | I I || Average
“ ””.”””“”””nelghborhoodscoreo 02 04 06 08 1.0
oo .DN 1\ O\ Q= T NN Q) T M= M 000 MO >N T = Q=00 O O FEDONNT = OO0
e AR s U RT e Sodrpiodddad poichcey g %gmso—w.—usssw—xﬁﬁe—cm—-ﬁ'
98 o-8308380 gmﬂngg(ggmsgtzg LT e o e e N e R Ligand score _— —
& - & HETRTATIR O0F 8 55 g0t af =heThgw £t %E ¢ 0 02 04 06 08 1.0



Supplementary Figure 3: (a) Distribution of UMI count across mouse brain samples S1 and S2. (b) Spatial map of
neighborhood activity scores for the ligand-target pairs across samples S1 and S2. (c) Differentially active ligand-
target pairs inferred by Renoir across all communication domains for sample S2. (d) - (e) Characterization of
ligand-target interactions between regional astrocyte subtypes and other co-localized cell types in sample S2. (d)
Ligands expressed by regional astrocyte subtypes activating target genes in other cell types. (e) Target genes in
regional astrocyte subtypes activated by ligands expressed by other co-localized cell types. (f) Communication
domain-specific ranking of ligands based on cumulative activities over target genes expressed by major cell types in
the domain for mouse brain sample S2. Top three ligands for each of eight communication domains are represented.
Stacked color bars represent the cell types that express the ligand (right) and target (top). (g) Spatial map of MAPK
SIGNALING and NEUROTROPHIN SIGNALING pathway activity across the spots in sample S2.
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Supplementary Figure 4: (a) - (b) Distribution of various pathway activity across the spots in mouse brain samples
(a) S1 and (b) S2. The spots are ordered according to the spatial communication domains inferred by Renoir.
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Supplementary Figure 5: (a) Distribution of cell types across spots in TNBC sample (b) Distribution of UMI count
across the TNBC sample.
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Supplementary Figure 6: (a) Cell type-specific ligand-target interactions inferred by Renoir for the TNBC dataset
for the major cell types in domains 1, 2, and 3. The inner color bar represents the cell types of the ligand (left) and
target (top) and the outer color bar represents the communication domain. Each cell represents the average Pearson
correlation between the ligand-target neighborhood scores and the abundances of the cell types expressing the ligand
and target across the spots pertaining to the domain being considered. (b) Distribution of pathway activities across
the communication domains in the TNBC sample.
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Supplementary Figure 7: (a) UMAP embeddings and (b) spatial map of communication sub-domains of domain 0
of the TNBC sample. (c) Differentially active ligand-target pairs across the communication sub-domains of domain
0. (d) Inferred cell type distribution across the communication sub-domains. (e) Ranking of ligands based on their
cumulative activities over target genes expressed by major cell types in domain 0.
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Supplementary Figure 8: (a) UMAP embeddings and (b) spatial map of communication sub-domains of domain 1
of the TNBC sample. (c) Differentially active ligand-target pairs across the communication sub-domains of domain
1. (d) Inferred cell type distribution across the communication sub-domains. (e) Ranking of ligands based on their
cumulative activities over target genes expressed by major cell types in domain 1.
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Supplementary Figure 9: (a) UMAP embeddings and (b) spatial map of communication sub-domains of domain 2
of the TNBC sample. (c) Differentially active ligand-target pairs across the communication sub-domains of domain
2. (d) Inferred cell type distribution across the communication sub-domains. (e) Ranking of ligands based on their
cumulative activities over target genes expressed by major cell types in domain 2.
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Supplementary Figure 10: (a) UMAP embeddings and (b) spatial map of communication sub-domains of domain 3
of the TNBC sample. (c) Differentially active ligand-target pairs across the communication sub-domains of domain
3. (d) Inferred cell type distribution across the communication sub-domains. (e) Ranking of ligands based on their
cumulative activities over target genes expressed by major cell types in domain 3.
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Supplementary Figure 11: (a) Differentially active ligand-target pairs inferred by Renoir across all communication
domains for the fetal liver dataset. (b) Distribution of cell types across spots in the fetal liver dataset.
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Supplementary Figure 12: (a) Cell type-specific ligand-target interactions inferred by Renoir for the major cell types
in domains 0, 1, and 2. The inner color bar represents the cell types of the ligand (left) and target (top) and the
outer color bar represents the communication domain. Each cell represents the average Pearson correlation between
the ligand-target neighborhood scores and the abundances of the cell types expressing the ligand and target across
the spots pertaining to the domain being considered. (b) Differentially expressed genes between PLGT and PLG~
Hepatocyte populations.



10000 4
0
E 8000 -
o
Y
o
. 6000 1
)]
0
= 4000 -
Z
2000 A
0 T T T y r T
5 % £ ® 5 ¥ & & T %
o o 9 = u' o © g r
e = o < = -
[ o Q . O [ | [
v = = + 4 2 o
+ S, 2, a + g © T
~ [t} + § E s II
o " o pt ) v =
s 8 3 = g ;
2 5 & 2
=)
—
O
Cell types

TGFB1
SPP1
MMP9
IFNG L o0
VWF L 0.25
GAS6 fg-fg
TNF - .
POSTN+ FOLR2+ g;g
CAF TAM Loo
10 7 15
3 24.\ CXCL12
6 COL18A1
e /i/
BMP7
CLCF1
TNFSF14 S
VIN BMP2
VCAM1 PLVAP+ VEGFA
EC TGFB3
PGF
COL4A1
avg ligand-

HSP90AB1

target activity
-1.0
0.8
0.6
0.4
0.2
0.0

Supplementary Figure 13: (a) Distribution of major cell types located in the neighborhoods of onco-fetal cell types
for the Nanostring CosMx hepatocellular carcinoma dataset. Cell types are ranked in the ascending order based on
their number. (b) Venn diagram depicting the distribution of top 50 ranked ligands across onco-fetal cell types they
are associated to. (b) Heatmap of cell type-specific activity (MUC6™T bipotent cells) for ligand-target pairs with high
average scores in the neighborhoods harboring onco-fetal cells and MUC6T bipotent cells.



Supplementary Tables

Supplementary Table 1: Association of genes in deferentially active ligand-target pairs and corresponding communi-
cation domains (inferred for mouse brain dataset) with known anatomical brain regions (with supporting literature).

Associated .
. . Associated . .
Gene Communication . Supporting Literature
. Region
Domain

Cend1 13 Amygdala www.proteinatlas.org/ENSG00000110092-CCND1 /brain
Nr2f2 13 Amygdala www.proteinatlas.org/ENSG00000185551-NR2F2 /brain

Cort 0 Cortex www.proteinatlas.org/ENSG00000241563-CORT /brain
Rspol 9 Cortex www.proteinatlas.org/ENSG00000169218-RSPO1/brain

Vip 5 Cortex elifesciences.org/articles/55130

Crif1 16 Hippocampus www.proteinatlas.org/ENSG00000006016-CRLF1/brain

116 17 Hippocampus www.proteinatlas.org/ENSG00000172349-IL16 /brain

Nif3 16 Hippocampus learnmem.cshlp.org/content,/13/3/307

journals.plos.org/-

Dik1 3 Hypothalamus plosone/article?idzl().1371/joug;/nal.pone.0036134

Tacl 14 Hypothalamus academic.oup.com/endo/article/156,/2/627 /2422577

Tyfa 7 Striatum www.jneurosci.org/content,/8/6/1901.long

Avp 15 Thalamus onlinelibrary.wiley.com/doi/10.1002/cne.22635

Lef1 2 Thalamus link.springer.com/article/10.1007/s00429-012-0474-6
Ning1 910 Thalamus molecularbrain.biomedcentral.com/articles/10.1186 /1756~

6606-7-19
link.springer.com/article/10.1007/s00429-012-0474-6;
Tcf712 2,10 Thalamus neuraldevelopment.biomedcentral.com/articles/10.1186 /s13064
018-0107-8
Cnin? 1 White www.proteinatlas.org/ENSG00000184144-CNTN2 /brain;
Matter www.frontiersin.org/articles/10.3389/fncel.2019.00454 /full
Csf1 1 h\/}l\;}é{ctei www.frontiersin.org/articles/10.3389 /fimmu.2019.02199/full




Supplementary Table 2: Association of top-ranked ligands and corresponding communication domains (inferred for
mouse brain dataset) with known anatomical brain regions (with supporting literature).

Associated .
. Associated . .
Gene Communication . Supporting Literature
. Region
Domain
Bdnf 16 Hippocampus https://www.nature.com/articles/4001957
www.frontiersin.org/journals/cellular-

Tofi g Cortex neuroscience/articles/10.3389/fncel.2017.00014 /full
Vegfa 3 Thalamus link.springer.com/article/10.1007/s00018-013-1280-x
Nrg1 1 Cortex www.sciencedirect.com/science/article/pii/S221112471400610X

Npy 0 Amygdala www.nature.com/articles/s41467-024-49766-0
Nrg2 5 Cortex https://www.nature.com/articles/mp201722




