
 
 

Gene coverages and the actual used short-range and long-range interaction 
numbers 
a. nFeature of exampled samples’ scRNA-seq data. 
b. nFeature of exampled samples’ ST data. 
c. The actual used short-range and long-range interaction numbers in calculating distance 
enrichment score in exampled samples. 
 
  

Figure S1
a

10000

8000

6000

4000

2000

0

P
2_

re
p2

(H
um

an
 S

C
C

)

M
ou

se
 C

or
te

x

S
am

pl
e 

9
(H

um
an

 h
ea

rt) A
4

(H
um

an
 in

te
st

in
e)

nFeature_RNA (scRNA-seq) b

8000

6000

4000

2000

0

P
D

A
C

_A
(H

um
an

 P
D

A
C

)

P
2_

re
p2

(H
um

an
 S

C
C

)

M
ou

se
 C

or
te

x

S
am

pl
e 

9
(H

um
an

 h
ea

rt) A
4

(H
um

an
 in

te
st

in
e)

nFeature_RNA (ST)

c Interaction Types & Number in each Sample 
(without P-value cutoff)

Long-range
Medium-range
Short-range

P
D

A
C

_A
(H

um
an

 P
D

A
C

)

P
2_

re
p2

(H
um

an
 S

C
C

)

M
ou

se
 C

or
te

x

S
am

pl
e 

9
(H

um
an

 h
ea

rt) A
4

(H
um

an
 in

te
st

in
e)

 P
ot

en
tia

l I
nt

er
ac

tio
n 

nu
m

be
r

800

700

600

500

400

300

200

100

    0

7/179/7

24/412/24

76/571/76

16/223/16

23/374/23

P
D

A
C

_A
(H

um
an

 P
D

A
C

)



6%."3)-2%$200/+-()-2&#$&7$%&38/-2#*$%"00$-98"$,2+-)#%"$)#, :;$,)-)4)+"+$&'"(0)8+
$8(:;#(92;#,$%=2(*=<&'#(=..&0%'$%#0(%;#(-')2#/&'#(*)'(2),-&%=!<(2#..(%?-#(/=0%$!2#8(@$2;(
-)=!%(=!/=2$%#0($(0-)%(=!(%;#(9:(/$%$A(%;#(2).)'('#-'#0#!%0(%;#(2#..(%?-#8(:;#(>.$2B(/)%%#/(
.=!#(0;)C0(%;#(@&2.=/#$!(/=0%$!2#(>#%C##!(2)!!#2%#/(0-)%0A(C;=.#(%;#('#/(.=!#(=!/=2$%#0(
%;$%( %;#( 2)!!#2%#/( 0-)%0( ;$D#( %;#( ,=!=,&,( /=0%$!2#( %;$!( )%;#'( >.$2B( /)%%#/( .=!#(
2)!!#2%#/(0-)%08(:;#(/=0%$!2#(>#%C##!(2#..(%?-#0(2$!(>#(7&$!%=*=#/(%;')&<;(%;#(,#$!()*(
,=!=,&,(@&2.=/#$!(/=0%$!2#0(>#%C##!(0-)%08
>8(:;# >$'(-.)%0(0;)C(%;#()D#'.$-0(>#%C##!(=!%#'$2%=)!(/$%$>$0#08

!"#$%&'()

*"#+,-. /&0&123%. 4,2&%+02"3,.

/
&0
3%
-'
,$
5
6&
%

!
"#
#!
$%
&'
(

)*
+&$
,-
&./
,0
1#
"2
"3
4

5
+/
$"
5
"&
'
(

)/
-6
%&
"7
4

3/
8
9:
"&
'
(

!
,:
:"
/&
,0
"'
(

!
"#
#!
$%
&'
(

)*
+&$
,-
&./
,0
1#
"2
"3
4

5
+/
$"
5
"&
'
(

)/
-6
%&
"7
4

3/
8
9:
"&
'
(

!
,:
:"
/&
,0
"'
(

!
"#
#!
$%
&'
(

)*
+&$
,-
&./
,0
1#
"2
"3
4

5
+/
$"
5
"&
'
(

)/
-6
%&
"7
4

3/
8
9:
"&
'
(

!
,:
:"
/&
,0
"'
(

;:+<-"
!,00,:

78&%9+1.'3:'*"#+,-;%&0&123%'4,2&%+02"3,'<+2+6+.&.

+

6



<=)380"$&7$+"0"%-2#*$%"00$-98"+$)#,$720-"(2#*$+23/0)-",$:;$8)2(+
)5$:;#(02$%%#'(-.)%(/=0-.$?0 %;#(#+$,-.# )*( '$!/),.?(0#.#2%=!<(E(2#..( %?-#0( =!( %;#(/$%$(
0=,&.$%=)!(-')2#/&'#8(@$2;(-)=!%( '#-'#0#!%0($( 0-)%( =!(9:(/$%$A( %;#( 0#.#2%#/( 0-)%0( $'#(
2).)'#/( $22)'/=!<( %)( %;#='( 2#..( %?-#0(C;=.#( %;#( &!0#.#2%#/( 0-)%0( 2).)'#/( =! <'$?8(F0=!<(
0$,-.#(5E($0($!(#+$,-.#8
45 %;#(>$'(-.)%(0;)C0(%;#(!&,>#'()*(0=,&.$%#/(G3(-$='0 $*%#'(*=.%#'=!<8(:;#(B#-%(G3(-$='0(
$'#( 2).)'#/( $22)'/=!<( %)( %;#='( =!%#'$2%=)!( %?-#08(:;#( G3(-$='0(C;=2;( *$=.#/( %)( -$00( %;#(
*=.%#'=!<($'#(2).)'#/(=!(<'$?8

!"#$%&'()
* +



>)-)$8(&%"++2#*$("+/0-+$)#,$"=)380"+$&7$-."$+)380"$?>@AB@
)5$:;#(FH5I )*(0234560#7(/$%$()*(%;#(0$,-.#(IJ5KL5A(2).)'#/(>?(2#..(%?-#08
45 :;#(9:3MJ@(/#2)!D).&%=)!( '#0&.%()*( %;#(0$,-.#(IJ5KL58(:;#(-=#(-.)%( =!(#$2;(0-)%(
'#-'#0#!%0(%;#(-'#/=2%#/(2#..(%?-#(-')-)'%=)!08
%5 :;#(/#!0=%?(-.)%()*(%;#(!"#$%&' /=0%'=>&%=)!(=!(%;#(0$,-.#(IJ5KL58(:;#(>.$2B(/)%%#/(.=!#0(
0;)C(%;#(!"#$%&' >)&!/$'=#0()*(0;)'%6'$!<#($!/(.)!<6'$!<#(=!%#'$2%=)!0A('#0-#2%=D#.?8

−15

−10

−5

0

5

10

−10 0 10

35

30 !"##$%&'"

!()*

(+,%-#

./01%2"#3-#

4-#35/-/%$,#-667$

4-#35/-/%$,#-668$

4-6%

41/194-,:1

25

20

15

10

10 20 30

!

"#$%&'()*+*,-./01,%-#%20'3/%-#.04*&5#-6
71%8,2*094:;3:<

!"#$%

&
'(

)*
%+

;*220=6,*09%#/04#5-%&+*04#5-/#!>-#.&
71%8,2*094:;3:<

&*)%$(,'
- . / 0 1 2 3

1?./-0@0".&$(/%&$*0A&-*/%+-#.&5B0
"#$%&'(/*+*,-./0C*&*0DE,/*55#.&04#5-/#!>-#.&0DE%8,2*5

71%8,2*094:;3:<

F*%/0@0G%/0;*220=6,*09%#/0
1,%-#%204#5-/#!>-#.&0DE%8,2*5

71%8,2*094:;3:<

+

' H

*

%

4&35
&6,%$7
8(!9%:'7*$7
;$7*<($(%=,7$))>
;$7*<($(%=,7$))-
;$)%
;9(9?;$,#9

1=)A4D05,%-#%20'*+.&I.2>-#.&
71%8,2*094:;3:<

@;AB_>

@
;

A
P
_-

5+)F:(5*J0+*220-6,*0%&&.-%-#.&
71%8,2*094:;3:<

G#$>/*01K

$ A&-*/%+-#.&09%--*/&5071%8,2*094:;3:<

!"##!$## !"##!%$& !"##'%()"*+ ,!-../-0 102.3 41)5#"!"##415)$#6

.6789(:;<& !"##'%()"*+7=> ?1(&&( @&."$9)

!())"<&(A" *(A1)( !B&(0$#C /20D, /1<%"/"& @<D.)"&



d. The examples of ligands (blue) and receptors’ (orange) expression distributions in short-
range (top) and long-range (bottom) interactions. The transparency of spot indicates the 
gene expression level. 
e. The dot plot shows the distances of all cell type pairs in the sample PDAC_A, and the 
clustering results. The dot color stands for the type of cell type pair, blue for near cell type 
pair; green for medium cell type pair; orange for far cell type pair. The dotted lines are just 
for better displaying the different groups of cell type pairs and do not stand for the actual 
distance boundaries. 
f. The examples of near (top) and far (bottom) cell type pairs’ spatial distributions. The spot 
color is for dividing cell types. 
g. The chord plot of the overall interaction pattern in the sample PDAC_A predicted by 
each tool. Color indicates cell types. For readability, only cell types in near and far cell type 
pairs are included in chord plots. The segment size reflects the relative number of 
interactions that the corresponding cell type participated in. The arrow indicates the 
interaction direction between cell types and its width shows the relative interaction number. 
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d. The examples of ligands (blue) and receptors’ (orange) expression distributions in short-
range (top) and long-range (bottom) interactions. The transparency of spot indicates the 
gene expression level. 
e. The dot plot shows the distances of all cell type pairs in the sample P2_rep2, and the 
clustering results. The dot color stands for the type of cell type pair, blue for near cell type 
pair; green for medium cell type pair; orange for far cell type pair. The dotted lines are just 
for better displaying the different groups of cell type pairs and do not stand for the actual 
distance boundaries. 
f. The examples of near (top) and far (bottom) cell type pairs’ spatial distributions. The spot 
color is for dividing cell types. 
g. The chord plot of the overall interaction pattern in the sample P2_rep2 predicted by each 
tool. Color indicates cell types. For readability, only cell types in near and far cell type pairs 
are included in chord plots. The segment size reflects the relative number of interactions 
that the corresponding cell type participated in. The arrow indicates the interaction direction 
between cell types and its width shows the relative interaction number. 
 
  



>)-)$8(&%"++2#*$("+/0-+$)#,$"=)380"+$&7$-."$3&/+"$%&(-"=$,)-)+"-
)5$:;#(FH5I )*(0234560#7(/$%$()*(%;#(,)&0#(2)'%#+(/$%$0#%A(2).)'#/(>?(2#..(%?-#08
45$ :;#( 0-)%( 2.&0%#'0( )* %;#( 2)'%#+( '#<=)! =!( %;#( 9:( /$%$8( 4&,>#'0( $!/( 2).)'0( *)'(
/=0%=!<&=0;=!<(/=**#'#!%(2.&0%#'08(:C)()&%.=#'0(N,$0B#/ >?(>.$2B(2')00(0=<!0O(=!(%;#(2.&0%#'(
TU($'#('#,)D#/(0=!2#(%;#?($'#($>0).&%#.? !)%(=!(%;#(2)'%#+('#<=)!8
%5 :;#(9:3MJ@(/#2)!D).&%=)!('#0&.%()*(,)&0#(2)'%#+(/$%$0#%10(9:(/$%$8(:;#(-=#(-.)%( =!(

25

50

75

100

125

0 20 40 60

Celltype
Astro

CR

Endo

L2/3 IT

L4

L5 IT

L5 PT

L6 CT

L6 IT

L6b

Lamp5

Macrophage

Meis2

NP

Oligo

Peri

Pvalb

SMC

Serpinf1

Sncg

Sst

VLMC

Vip
−10

−5

0

5

10

15

−10 −5 0 5 10 15
P_

P
_

P

P

P
P

!"
#

$#

% $!

$ & $%

'()*+,-./0/1234561*2(*75,84*2(359/+:(2;

!"#$%

&
'(
)*
%+

</775=;1/5>*(459(:2*+0/59(:24(?@2(3+

&*)%$(,'
--./0----------------------0/1-----------------------2/0---------------------31/1---------------------3./0--------------------30/1----------------------32/0---------------------.1/1---------------------../0

6A3425B5'3+)-4*+)/5C+2/4*02(3+:D5
'()*+,-4/0/12345E/+/5FG14/::(3+59(:24(?@2(3+5FG*H17/:

I/*45B5J*45</775=;1/5>*(45
61*2(*759(:24(?@2(3+5FG*H17/:

,

/ )

K

* :0.IL-:/M50/7752;1/5*++32*2(3+ 0 6=.C9F5:1*2(*75,/03+N37@2(3+

J()@4/56O
? <342/G5:13254/)(3+

A C+2/4*02(3+5>*22/4+:

!"##!$## !"##!%$& !"##'%()"*+ ,!-../-0 102.3 41)5#"!"##415)$#6

.6789(:;<& !"##'%()"*+7=> ?1(&&( @&."$9)

!())"<&(A" *(A1)( !B&(0$#C /20D, /1<%"/"& @<D.)"&

P

P

P

P

P

P



each spot represents the predicted cell type proportions. 
d. The density plot of the d_ratio distribution in the mouse cortex dataset. The black dotted 
lines show the d_ratio boundaries of short-range and long-range interactions, respectively. 
e. The examples of ligands (blue) and receptors’ (orange) expression distributions in short-
range (top) and long-range (bottom) interactions. The transparency of spot indicates the 
gene expression level. 
f. The dot plot shows the distances of all cell type pairs in the mouse cortex dataset, and 
the clustering results. The dot color stands for the type of cell type pair, blue for near cell 
type pair; green for medium cell type pair; orange for far cell type pair. The dotted lines are 
just for better displaying the different groups of cell type pairs and do not stand for the 
actual distance boundaries. 
g. The examples of near (top) and far (bottom) cell type pairs’ spatial distributions. The 
spot color is for dividing cell types. 
h. The chord plot of the overall interaction pattern in the mouse cortex dataset predicted 
by each tool. Color indicates cell types. For readability, only cell types in near and far cell 
type pairs are included in chord plots. The segment size reflects the relative number of 
interactions that the corresponding cell type participated in. The arrow indicates the 
interaction direction between cell types and its width shows the relative interaction number. 
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d. The examples of ligands (blue) and receptors’ (orange) expression distributions in short-
range (top) and long-range (bottom) interactions. The transparency of spot indicates the 
gene expression level. 
e. The dot plot shows the distances of all cell type pairs in the sample 9, and the clustering 
results. The dot color stands for the type of cell type pair, blue for near cell type pair; green 
for medium cell type pair; orange for far cell type pair. The dotted lines are just for better 
displaying the different groups of cell type pairs and do not stand for the actual distance 
boundaries. 
f. The examples of near (top) and far (bottom) cell type pairs’ spatial distributions. The spot 
color is for dividing cell types. 
g. The chord plot of the overall interaction pattern in the sample 9 predicted by each tool. 
Color indicates cell types. For readability, only cell types in near and far cell type pairs are 
included in chord plots. The segment size reflects the relative number of interactions that 
the corresponding cell type participated in. The arrow indicates the interaction direction 
between cell types and its width shows the relative interaction number. 
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d. The density plot of the d_ratio distribution in the sample A4. The black dotted lines show 
the d_ratio boundaries of short-range and long-range interactions, respectively. 
e. The examples of ligands (blue) and receptors’ (orange) expression distributions in short-
range (top) and long-range (bottom) interactions. The transparency of spot indicates the 
gene expression level. 
f. The dot plot shows the distances of all cell type pairs in the sample A4, and the clustering 
results. The dot color stands for the type of cell type pair, blue for near cell type pair; green 
for medium cell type pair; orange for far cell type pair. The dotted lines are just for better 
displaying the different groups of cell type pairs and do not stand for the actual distance 
boundaries. 
g. The examples of near (top) and far (bottom) cell type pairs’ spatial distributions. The 
spot color is for dividing cell types. 
h. The chord plot of the overall interaction pattern in the sample A4 predicted by each tool. 
Color indicates cell types. For readability, only cell types in near and far cell type pairs are 
included in chord plots. The segment size reflects the relative number of interactions that 
the corresponding cell type participated in. The arrow indicates the interaction direction 
between cell types and its width shows the relative interaction number. 
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