
40 60 80100

Fraction of cells
in group (%)

0 1

Mean expression
in group

Extended Figure 1

B C
ol

on
oc

yt
e

C
yc

lin
g

En
te

ro
en

do
cr

in
e

Fi
br

ob
la

st

G
lia

G
ob

le
t

Ly
m

ph
at

ic

M
ac

ro
ph

ag
e

Tr
op

ho
cy

te
s

N
eu

ro
n

SM
C

IS
C

T TA Tu
ft

Va
sc

ul
ar

Ar
hg

ap
15

Ba
nk

1
Pt

pr
c

Eb
f1

D
oc

k2
Ab

cb
1a

C
yp

2c
55

C
ea

ca
m

20
Ly

pd
8

Sl
c2

6a
3

Se
m

a5
a

C
ftr

Kc
nq

1
To

p2
a

H
tr4

Kc
nb

2
Pt

pr
n2

R
im

bp
2

C
ad

ps
C

ac
na

1a
C

el
f2

Pc
dh

7
R

or
a

Sd
k1

D
lc

1
N

ka
in

2
C

dh
19

R
or

a
N

ca
m

1
Pl

ce
1

Ly
pd

8
Sl

c2
6a

3
Pr

dx
6

C
lc

a1
M

xd
1

R
el

n
M

m
rn

1
Ti

m
p3

Fm
nl

2
G

al
nt

18
Ze

b2
Sl

c9
a9

R
bp

j
Pi

d1
Ar

hg
ap

15 D
cn

Bn
c2

Ef
na

5
G

pm
6a

W
dr

17
Sy

t1
An

k2
El

av
l4

R
bm

s3
Fg

f1
3

Pr
kg

1
D

m
d

C
ac

na
1c

C
ac

nb
2

M
yh

11
Lg

r5
Kc

nq
1

H
tr4 C
ftr

Se
m

a5
a

Sk
ap

1
Ar

hg
ap

15
D

oc
k1

0
Pt

pr
c

M
bn

l1
Sl

c1
2a

8
G

al
nt

7
Sy

tl2
G

m
ds

90
30

62
2O

22
R

ik
St

18
D

cl
k1

N
eb

l
Sh

2d
6

Fy
b

Pt
pr

m
Eb

f1
Pt

pr
b

Pr
ex

2
Fl

t1

B
Colonocyte

Cycling
Enteroendocrine

Fibroblast
Glia

Goblet
Lymphatic

Macrophage
Trophocytes

SMC
Neuron

ISC
T

TA
Tuft

Vascular

20



Train/Test Set Composition for adult data (>6 weeks)

Performance on Test Set for adult data (>6 weeks)
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Extended Figure 3

0 20 40 60 80 100 120
Counts MSE (n=11761 genes)

0

10000

20000

30000

40000

50000

Fr
eq

ue
nc

y 
(s

po
ts

)

α = 0
α = 1
α = 10
α = 100

0.0 0.2 0.4 0.6 0.8
Cell composition entropy

0

250

500

750

1000

1250

1500

1750

2000
α = 0
α = 1
α = 10
α = 100

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
Superclass MSE (n=5 superclasses)

0

10000

20000

30000

40000

50000

60000 α = 0
α = 1
α = 10
α = 100

a b c



c

a b

Cellular compositionMROIs

MEI
ME
MI

MSUB
APEX
BASE
MID

SUB-CRYPT
CM

EMMSUB
EMM

MMI

ALL

PP

Gene Counts Spatial autocorrelation (4 nearest neighbors)

������� �
������ �
������ �
������ ��
������ �

������ �
����� �
����� �

. . .

Extended Figure 4

MEIMMI MI

MI MMI

CM EMM CM PP

PP

. . .
CM

MMI

PP

MI

MMI

. . .

Epithelial
Interstitial
Muscle
Immune

NMROIs



Extended Figure 5

Single tissue region, five distinct cell types Two tissue regions, three cell superclasses
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Extended Figure 6
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Extended Figure 8

−2 0 2 4 6
β  (crypt apex)

0.00

0.25

0.50

0.75

1.00

1.25

1.50
D

en
si

ty
12w Proximal

−2 0 2 4 6
β  (crypt apex)

0.00

0.25

0.50

0.75

1.00

1.25

1.50

D
en

si
ty

12w Middle

−2 0 2 4 6
β  (crypt apex)

0.00

0.25

0.50

0.75

1.00

1.25

1.50

D
en

si
ty

12w Distal

Clca1

−2 0 2 4 6
β  (crypt apex)

0.00

0.25

0.50

0.75

1.00

1.25

1.50

D
en

si
ty

12w Proximal

−2 0 2 4 6
β  (crypt apex)

0.00

0.25

0.50

0.75

1.00

1.25

1.50

D
en

si
ty

12w Middle

−2 0 2 4 6
β  (crypt apex)

0.00

0.25

0.50

0.75

1.00

1.25

1.50

D
en

si
ty

12w Distal

Prdx6

−10 −5 0 5 10
β  (cross-mucosa)

0.00

0.25

0.50

0.75

1.00

1.25

1.50

D
en

si
ty

12w Proximal

−10 −5 0 5 10
β  (cross-mucosa)

0.00

0.25

0.50

0.75

1.00

1.25

1.50

D
en

si
ty

12w Middle

−10 −5 0 5 10
β  (cross-mucosa)

0.00

0.25

0.50

0.75

1.00

1.25

1.50

D
en

si
ty

12w Distal

TA
TA (prior)
Trophocyes
Trophocyes(prior)
Cycling TA
CyclingTA (prior)
Colonocyte
Colonocyte (prior)
Stem
Stem (prior)

Enteroendocrine
Enteroendocrine (prior)
Tuft
Tuft (prior)
Macrophage
Macrophage (prior)
Goblet
Goblet (prior)
Vascular
Vascular (prior)

Pdgfra

−6 −4 −2 0 2 4 6
β  (cross-mucosa)

0.00

0.25

0.50

0.75

1.00

1.25

1.50

D
en

si
ty

12w Proximal

−8 −6 −4 −2 0 2 4 6
β  (cross-mucosa)

0.00

0.25

0.50

0.75

1.00

1.25

1.50

D
en

si
ty

12w Middle

−6 −4 −2 0 2 4
β  (cross-mucosa)

0.00

0.25

0.50

0.75

1.00

1.25

1.50

D
en

si
ty

12w Distal

Kcnq1



Extended Figure 9
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