
SXpplemenWaU\ InfoUmaWion

SpaWiall\ UeVolYed WUanVcUipWomicV UeYealV Whe aUchiWecWXUe of Whe WXmoU-
micUoenYiUonmenW inWeUface

MiUanda V. HXnWeU, ReXben Moncada, JoVhXa M. WeiVV, IWai Yanai, RichaUd M. WhiWe

ConWenWV:

SXSSlemenWaU\ FigXUeV 1-14
SXSSlemenWaU\ TableV 1-3



6XSSOHPHQWDU\ )LJXUH 1. 6SDWLDOO\ UHVROYHG WUDQVFULSWRPLFV GDWD VWDWLVWLFV.
D-E. ViRliQ SlRWV VhRZiQg QXPbeU Rf WUaQVcUiSWV (UMIV) deWecWed SeU ViViXP aUUa\ VSRW (a) aQd
QXPbeU Rf XQiTXe geQeV deWecWed SeU VSRW (b). F. IPageV Rf Whe H&E VWaiQed WiVVXe VecWiRQV
XVed fRU SRT. Scale baU, 2 PP. G-H. NXPbeUV Rf UMIV aQd geQeV deWecWed SeU VSRW, SlRWWed
RQWR Whe WiVVXe aUUa\. I. ViRliQ SlRW VhRZiQg Whe QXPbeU Rf UMIV SeU VSRW acURVV Whe WiVVXe W\SeV
iQ Whe iQdiYidXal SRT VaPSleV. J. ASSUR[iPaWiRQ Rf Whe QXPbeU Rf QXclei SeU ViViXP aUUa\ VSRW
(55 �P diaPeWeU) iQ Whe WXPRU aQd PXVcle UegiRQV (Q = 10 iPageV TXaQWified fRU each).
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a. Cluster assignments plotted onto the Visium array for individual samples. b. Cluster assignments labelled 
in UMAP space for individual samples.

Supplementary Figure 2. A unique interface cluster is found in each SRT sample.
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Supplementary Figure 3. Spatial patterning of biological pathways in the tumor and microenvironment. 
a-b. Average, standardized expression of annotated genes for gene ontology (GO) terms displaying spatially-coherent 
expression patterns in the tumor (a) and microenvironment (b) regions in each SRT sample. P-values represent the comparison 
between the distance between spots expressing that GO term genes and a null-distribution of distances between random spots 
(Wilcoxon’s rank sum test, two-sided, with Bonferroni’s correction).
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Supplementary Figure 4. Non-negative matrix factorization (NMF) analysis on SRT spots, and enriched 
GO terms for top genes in each NMF factor.
Non-negative matrix factorization (NMF) was performed on the integrated expression matrix of the three SRT 
samples, with k = 11 factors. Factor scores were then projected onto spots, and the top 150 scoring genes per 
factor were used for GO enrichment analysis. P values were calculated using the hypergeometric test (one-tailed).



6XSSOHPHQWDU\ FLJXUH 5. VLQJOH-FHOO 51A-VHT GDWD VWDWLVWLFV. D,G. HLVWRJUDPV VKRZLQJ WKH
QXPEHU RI UMIV (OHIW) DQG JHQHV (ULJKW) SHU FHOO IRU HDFK VFRNA-VHT UHDFWLRQ. E,H. 9LROLQ SORWV
VKRZLQJ WKH QXPEHU RI UMIV (OHIW) DQG JHQHV (ULJKW) SHU FHOO IRU WKH GLIIHUHQW FOXVWHUV LQ HDFK
VFRNA-VHT UHDFWLRQ. P-YDOXHV ZHUH FDOFXODWHG XVLQJ WKH :LOFR[RQ UDQN VXP WHVW (WZR-VLGHG)
ZLWK BRQIHUURQL¶V FRUUHFWLRQ. F,I. COXVWHU DVVLJQPHQWV IRU HDFK VFRNA-VHT UHDFWLRQ SORWWHG LQ
UMAP VSDFH. J. PUHGLFWHG SRVVLEOH GRXEOHWV ZLWKLQ WKH LQWHJUDWHG VFRNA-VHT GDWDVHW.
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6XSSOHPHQWDU\ FLJXUH 6. VLQJOH-QXFOHXV 51A-VHT GDWD VWDWLVWLFV. D. HLVWRJUDPV VKRZLQJ
WKH QXPEHU RI UMIV (OHIW) DQG JHQHV (ULJKW) SHU QXFOHXV. E. 9LROLQ SORWV VKRZLQJ WKH QXPEHU RI
UMIV (OHIW) DQG JHQHV (ULJKW) SHU QXFOHXV DFURVV WKH FOXVWHUV LQ WKH VQRNA-VHT GDWDVHW.
P-YDOXHV ZHUH FDOFXODWHG XVLQJ WKH :LOFR[RQ UDQN VXP WHVW (WZR-VLGHG) ZLWK BRQIHUURQL¶V
FRUUHFWLRQ. F-G. MHDQ H[SUHVVLRQ SHU FHOO/QXFOHXV IRU DOO FRPPRQ JHQHV LQ WKH VFRNA-VHT DQG
VQRNA-VHT GDWDVHW (15,022 JHQHV) (F) DQG IRU WKH ILVK RUWKRORJV RI WKH SXEOLVKHG S<SCILIA
JHQHV (320 JHQHV).
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6XSSOHPHQWDU\ FLJXUH 7. E[SUHVVLRQ RI FHOO-W\SH VSHFLILF JHQHV ZLWKLQ WKH VQ51A-VHT
LQWHUIDFH FHOO VXEFOXVWHUV. (OHIW) OYHUODS EHWZHHQ JHQHV VLJQLILFDQWO\ XSUHJXODWHG LQ WKH
WXPRU/PLFURHQYLURQPHQW FHOO FOXVWHUV, DQG JHQHV VLJQLILFDQWO\ XSUHJXODWHG LQ WKH FRUUHVSRQGLQJ
LQWHUIDFH VXEFOXVWHU. (ULJKW) SFRULQJ RI HDFK QXFOHXV IRU WKH SURSRUWLRQ RI JHQHV XSUHJXODWHG LQ
WKH WXPRU/PLFURHQYLURQPHQW FHOO FOXVWHU. P-YDOXHV FDOFXODWHG XVLQJ WKH :LOFR[RQ UDQN VXP WHVW
(WZR-VLGHG).
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6XSSOHPHQWDU\ FLJXUH 8. E[SUHVVLRQ RI FHOO-W\SH VSHFLILF JHQHV IURP WXPRU,
PLFURHQYLURQPHQW DQG UHODWHG LQWHUIDFH FOXVWHUV. COXVWHUV DUH ODEHOOHG RQ WKH WRS FRORUEDU
DQG PDUNHU JHQHV DUH ODEHOOHG RQ WKH OHIW DQG ULJKW D[HV. SFDOHG (=-VFRUHG) H[SUHVVLRQ LV
VKRZQ.
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Figure S9
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Supplementary Figure 9. Deconvolution of the SRT interface region using multimodal intersection analysis (MIA).
MIA map for all snRNA-seq clusters compared to all SRT clusters. P-values were calculated using the hypergeometric test 
(one-tailed). 



6XSSOHPHQWDU\ FLJXUH 10. CRPSXWDWLRQDO PRGHOLQJ RI LQWHUIDFH FHOO LQWHUDFWLRQV ZLWK
1LFKH1HW. D. PUHGLFWHG OLJDQGV H[SUHVVHG E\ LQWHUIDFH FHOOV, UDQNHG E\ SUHGLFWHG OLJDQG DFWLYLW\
(PHDUVRQ FRUUHODWLRQ FRHIILFLHQW). E. PUHGLFWHG UHFHSWRUV H[SUHVVHG E\ QRQ-LQWHUIDFH FHOOV IRU WKH
SUHGLFWHG OLJDQGV LQ D. F. PUHGLFWHG WDUJHW JHQHV IRU WKH OLJDQGV LQ D. G-H. NRUPDOL]HG H[SUHVVLRQ
RI WKH ]HEUDILVK RUWKRORJV RI HMGB2 (KPJE2a DQG KPJE2E) DQG CDH1 (FGK1) LQ WKH
VQRNA-VHT, VFRNA-VHT DQG SRT FOXVWHUV.
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6XSSOHPHQWDU\ FLJXUH 11. A FRPPRQ LQWHUIDFH JHQH VLJQDWXUH VKDUHG EHWZHHQ WKH
VF51A-VHT, VQ51A-VHT, DQG 657 GDWDVHWV. HHDWPDSV VKRZLQJ H[SUHVVLRQ RI WKH FRPPRQ
JHQHV XSUHJXODWHG LQ WKH VFRNA-VHT, VQRNA-VHT, DQG SRT LQWHUIDFH FOXVWHUV. FXOO JHQHOLVW FDQ
EH IRXQG LQ 7DEOH 62. GHQHV DUH SORWWHG LQ WKH VDPH RUGHU DFURVV DOO WKUHH KHDWPDSV.
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6XSSOHPHQWDU\ FLJXUH 12. AFHW\ODWHG WXEXOLQ VWDLQLQJ ZLWKLQ WKH WXPRU, PXVFOH, DQG
WXPRU-PXVFOH LQWHUIDFH UHJLRQV. IPPXQRIOXRUHVFHQFH LPDJHV RI WXPRU (JUHHQ), HRHVFKW
(EOXH) DQG DFHW\ODWHG WXEXOLQ (PDJHQWD) LQWHQVLW\ DW WKH WXPRU-PXVFOH LQWHUIDFH (WRS), FHQWHU RI
WXPRU (PLGGOH) DQG GLVWDQW PXVFOH (ERWWRP). SFDOH EDUV, 100 �P (40; PDJQLILFDWLRQ).
RHSUHVHQWDWLYH LPDJHV DUH VKRZQ IURP Q = 3 LQGHSHQGHQW H[SHULPHQWV.
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GFP acetylated tubulin

Figure S12Figure S13Supplementary Figure 13

Supplementary Figure 13. Cilia are occasionally present on cultured zebrafish melanoma cells. 
Staining of cultured ZMEL1 cells expressing a transgenic cilia reporter (ARL13B-GFP), stained for GFP (left) and the cilia 
marker acetylated tubulin (right). Scale bar, 5 µm. Representative images are shown from n = 3 independent experiments.



6XSSOHPHQWDU\ FLJXUH 14. AQ LQWHUIDFH-OLNH FHOO VWDWH PD\ EH SUHVHQW LQ KXPDQ
PHODQRPD. D-F. UMAP SURMHFWLRQ RI KXPDQ PHWDVWDWLF PHODQRPD VFRNA-VHT GDWD IURP
SPDOOH\ HW DO., 2021. COXVWHU DVVLJQPHQWV (D), LQWHUIDFH PDUNHU JHQH H[SUHVVLRQ VFRUH (E), DQG
LQWHUIDFH FODVVLILFDWLRQ (F) DUH LQGLFDWHG. TKH FXWRII IRU FODVVLILFDWLRQ DV DQ LQWHUIDFH-OLNH FHOO VWDWH
LV LQGLFDWHG LQ (E). G. IQWHUIDFH JHQH H[SUHVVLRQ VFRUHV DFURVV WKH GLIIHUHQW FOXVWHUV LQ WKH
GDWDVHW. H. NRUPDOL]HG H[SUHVVLRQ RI WKH LQWHUIDFH-VSHFLILF JHQHV PLK1, HMGB2, TUBB4B, DQG
TPX2. I. S<SCILIA JHQH H[SUHVVLRQ VFRUH DFURVV WKH 3 PDLQ LQWHUIDFH FHOO VWDWHV UHODWLYH WR WKH
FRUUHVSRQGLQJ WXPRU/TME FHOO W\SH. G,I. S-YDOXHV ZHUH FDOFXODWHG XVLQJ WKH :LOFR[RQ UDQN VXP
WHVW (WZR-VLGHG) ZLWK BRQIHUURQL¶V FRUUHFWLRQ DV QHHGHG. J. HHDWPDS GLVSOD\LQJ VFDOHG
H[SUHVVLRQ RI LQWHUIDFH, WXPRU, T/NK FHOO, DQG P\HORLG PDUNHU JHQHV DFURVV DOO FHOOV.
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SXpplemenWaU\ Table 1
CRPPRQ LQWeUIace JeQe VLJQaWXUe acURVV WKe SRT, VcRNA-VeT aQd VQRNA-VeT daWaVeWV.
GeQeV ZeUe caOcXOaWed XVLQJ WKe WLOcR[RQ UaQN VXP WeVW (WZR-VLded).

common inWeUface geneV
VWPQ1a
K2aIYb
KPJQ2
KPJb2a

ScQa
UUP2

KPJa1a
VQUSd1
QXWI2O

WXbb4b
BRAFKXPaQ

VXPR3a
]Jc:123068

VQUSe
KLQW1
cLUbSa
VQUSb

]Jc:152791
INbS1aa
VQUSd2

UaQ
SSLab
cNbb

SVPb6
cVW14a.2

]Jc:56493
cR[6a1
SVPa1

NKdUbV1a
KVSe1
dad1

WXba8O4
cIO1

acWb1
JVWS1

]Jc:153867
PLbS2

VL:dNe\-188L13.11
eLI3I

SSLaa



Supplementar\ Table 2
AcWiYaWor/repressor sWaWXs for Whe hXman ETS genes. AcWiYaWor/repressor sWaWXs and fish
orWholog(s) Zere obWained from UniproW and ZFIN.

Human gene Fish ortholog(s)
(Source: ZFIN)

Activator or repressor?
(Source: Uniprot)

ERF eUf, eUfO1, eUfO3 Repressor

ELK1 eON1 AcWiYaWor

ELK3 eON3 EiWher

ELK4 eON4 EiWher

ERG eUg UnknoZn

FLI1 fOL1, fOL1UV AcWiYaWor

FEV feY Repressor

ETS1 eWV1 AcWiYaWor

ETS2 eWV2 AcWiYaWor

ETV2 eWVUS AcWiYaWor

GABPA gabSa AcWiYaWor

ETV5 eWY5a, eWY5b AcWiYaWor

ETV1 eWY1 AcWiYaWor

ETV4 eWY4 AcWiYaWor

SPDEF VSdef AcWiYaWor

EHF eKf EiWher

ELF3 eOf3 EiWher

ELF4 eOf1 AcWiYaWor

ELF2 eOf2a, eOf2b EiWher

ETV6 eWY6 Repressor

ETV7 eWY7 Repressor

SPI1 VSL1b AcWiYaWor

SPIC VSLc, VSLcO1 AcWiYaWor



Supplementary Table 4 
 
List of primers used in this study 
 
Primer name Sequence (5’-3’) 
MH027 GCCGCCCCCTTCACCATGTTCAGTCTGATGG 
MH028 gcccttgctcaccatTGAGATCGTGTCCTGAGCATCACC 
MH029 atggtgagcaagggcgag 
MH030 GGTGAAGGGGGCGGC 

 

Supplementary Table 3


