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4 broad clusters

Examples of clusters mapping to cell type territories
0329 L2 IT PPP-APr Glut_4 0309 CA3 Glut_3

0400 L6b EPd Glut_1 3801 MY Lhx1 Gly-Gaba_7

Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer

Two main lipizones in the ChP

White matter lipizones regionalized heterogeneity

Differential lipids
HexCer 42:2;O2 HexCer 42:1;O2 PE O-36:1 PE O-36:0 PE O-38:3

HexCer 44:2;O2 PE O-36:5 PI 34:1 PS 38:5

DG 35:0 PC 38:5 Cer 36:1;O2 PA 38:5

Leiden on harmonized NMF1
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4 broad clusters

Examples of clusters mapping to cell type territories
0287 CA1-ProS Glut_4 0342 L2/3 IT PPP Glut_3

3283 IC Tfap2d Maf Glut_1 0125 L2/3 IT ENT Glut_2

Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer

Two main lipizones in the ChP

White matter lipizones regionalized heterogeneity

Differential lipids
PE O-36:0 PE O-38:3 LPC 16:0 PE O-38:2 Cer 40:1;O2
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Examples of clusters mapping to cell type territories
0157 L2/3 IT ENTl-PIR Glut_4 3949 CBN Glut

0056 L5 IT CTX Glut_1 4800 SPVI-SPVC Sall3 Gly-Gaba_2

Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer

Two main lipizones in the ChP

White matter lipizones regionalized heterogeneity

Differential lipids
Cer 42:1;O2 LPC 16:0 PE O-36:1 Cer 40:1;O2

HexCer 42:2;O2PE O-36:0 PE O-38:3 PI 34:1 PC 38:5
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Examples of clusters mapping to cell type territories
0433 L6 CT CTX Glut_1 0237 LA-BLA-BMA-PA Glut_3

3308 IC Tfap2d Maf Glut_3 3290 IC Tfap2d Maf Glut_1

Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer

Two main lipizones in the ChP

White matter lipizones regionalized heterogeneity

Differential lipids
Cer 42:1;O2 LPC 16:0 PC 35:0 Cer 40:1;O2

LPC O-18:0 HexCer 38:2;O2 PA 38:5 PC 31:0 PE 34:0

Cer 36:1;O2 PS 38:5 PI 34:1 PE O-38:7
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Examples of clusters mapping to cell type territories
0002 Car3 Glut_1 0307 CA3 Glut_3

1623 PVpo-VMPO-SFO Tbr1 Glut_2 0068 L4/5 IT CTX Glut_1

Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer

Two main lipizones in the ChP

White matter lipizones regionalized heterogeneity

Differential lipids
Cer 42:1;O2 LPC 16:0 PE O-36:0 PE O-38:3 Cer 40:1;O2

HexCer 36:1;O2 HexCer 42:2;O2 PC 31:0 PE 34:0 Cer 36:1;O2

PG 34:1 PS 38:5 PA 38:5 PE O-38:7

kMeans feature downsampling 75 seed 25095



manuscript lipizones

clu
st

er
s

Sorted confusion matrix manuscript lipizones vs clusters

0.00

0.10

0.20

0.30

Va
lu

e

clusters

ventricular systems
fiber tracts
Hindbrain
Midbrain

Thalamus
Hypothalamus

Pallidum
Striatum

Olfactory areas
Hippocampal formation

Isocortex
Cerebellum

Cortical subplate

br
ai

n 
di

vi
sio

n

Enrichment of clusters across major brain divisions

1.5

2.3

3.2

4.0

En
ric

hm
en

t

cell type territories

clu
st

er
s

Clusters vs cell type territories

0.1

0.4

0.7

1.0

No
rm

al
ize

d 
co

lo
ca

liz
at

io
n

0.1 0.2
Test Statistic T

0

20

40

60

80

100

Fr
eq

ue
nc

y

Connected regions sharing
lipid clusters vs chance

Null distribution
T_obs

LVs

Pr
op

or
tio

n

IVv 0.4 0.5 0.6 0.7
Similarity range ChP1-ChP2

6

8

10

12
An

te
ro

po
st

er
io

r p
os

iti
on

1 2 3 4 5 6 7
CCF position, lateral -> medial

0.0

0.5

1.0

1.5

2.0

2.5

De
ns

ity
, b

y 
lip

izo
ne

Fiber tract lipizones mediolateral organization

oligo neuron astro

set

0.0

0.2

0.4

0.6

0.8

η²

* ** n.s.

Variance explained
by WM cluster membership

PE
 O

-3
8:

6
SM

 4
2:

3;
O2

PA
 3

8:
4

He
xC

er
 3

6:
2;

O2
Ce

r 4
1:

2;
O2

PS
 3

8:
1

PE
 O

-3
8:

2
PC

 4
0:

2
He

xC
er

 4
2:

2;
O2

PE
 O

-3
6:

5

0.0

0.2

0.4

0.6

et
a2

Top 10 lipids by eta2
Oligo
Neuron
Astro

Axon bundle visible in white matter
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4 broad clusters

Examples of clusters mapping to cell type territories
0064 L5 IT CTX Glut_4 1028 LSX Prdm12 do Gaba_1

1026 LSX Prdm12 do Gaba_1 2004 TU-ARH Otp Six6 Gaba_1

Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer

Two main lipizones in the ChP

White matter lipizones regionalized heterogeneity

Differential lipids
LPC 16:0 Cer 40:1;O2 PE O-36:0 PE O-38:3 PE O-38:2

Cer 42:1;O2 HexCer 36:2;O2 PS 38:5 PG 34:1

PA 38:5 PE O-38:7 PS 44:9 PC 38:5

kMeans feature downsampling 75 seed 26
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4 broad clusters

Examples of clusters mapping to cell type territories
0451 L6 CT CTX Glut_5 1117 CM-IAD-CL-PCN Glut_1

4615 PDTg Otp Olig3 Gaba 0821 MSN D1 Gaba_6

Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer

Two main lipizones in the ChP

White matter lipizones regionalized heterogeneity

Differential lipids
Cer 42:1;O2 LPC 16:0 PE O-36:0 PE O-38:3 Cer 40:1;O2

HexCer 36:1;O2 PS 41:1 Cer 36:1;O2 PS 44:9

PI 34:1 PS 38:5 PG 34:1 PE O-38:7

kMeans feature downsampling 75 seed 447
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Examples of clusters mapping to cell type territories
4900 IO Glut 0431 L6b CTX Glut_3

4973 CB Granule Glut_1 0344 L2/3 IT RSP Glut_2

Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer

Two main lipizones in the ChP

White matter lipizones regionalized heterogeneity

Differential lipids
PE O-36:5 HexCer 42:2;O2 PE O-36:1HexCer 38:1;O2 PG 36:1

HexCer 40:0;O2 HexCer 42:1;O2 TG 72:9 PC 37:5 PE 38:2 PE 40:5

Cer 36:1;O2 PS 38:5 DG 35:0 PA 38:5

Leiden feature downsampling 75 seed 238



manuscript lipizones

clu
st

er
s

Sorted confusion matrix manuscript lipizones vs clusters

0.00
0.10
0.20
0.30

Va
lu

e

clusters

ventricular systems
Cerebellum

Thalamus
Midbrain

fiber tracts
Hindbrain
Isocortex

Hippocampal formation
Cortical subplate

Striatum
Pallidum

Hypothalamus
Olfactory areas

br
ai

n 
di

vi
sio

n

Enrichment of clusters across major brain divisions

1.5

2.3

3.2

4.0

En
ric

hm
en

t

cell type territories

clu
st

er
s

Clusters vs cell type territories

0.1

0.4

0.7

1.0

No
rm

al
ize

d 
co

lo
ca

liz
at

io
n

0.1 0.2
Test Statistic T

0

20

40

60

80

Fr
eq

ue
nc

y

Connected regions sharing
lipid clusters vs chance

Null distribution
T_obs

LVs

Pr
op

or
tio

n

IVv 0.3 0.4 0.5
Similarity range ChP1-ChP2

6

8

10

12
An

te
ro

po
st

er
io

r p
os

iti
on

1 2 3 4 5 6 7
CCF position, lateral -> medial

0.0

0.5

1.0

1.5

2.0

2.5

De
ns

ity
, b

y 
lip

izo
ne

Fiber tract lipizones mediolateral organization

oligo neuron astro

set

0.0

0.2

0.4

0.6

η²

*
*

n.s.

Variance explained
by WM cluster membership

PA
 3

8:
4

PE
 O

-3
8:

6
PC

 4
0:

2
PS

 3
8:

1
Ce

r 4
1:

2;
O2

PS
 4

0:
5

SM
 4

2:
3;

O2
He

xC
er

 3
6:

2;
O2

PS
 3

2:
1

PC
 3

4:
0

0.0

0.1

0.2

0.3

0.4

0.5

0.6

et
a2

Top 10 lipids by eta2
Oligo
Neuron
Astro

Axon bundle visible in white matter

Manuscript lipizones (first row) vs clusters (second row)

4 broad clusters

Examples of clusters mapping to cell type territories
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White matter lipizones regionalized heterogeneity

Differential lipids
PC 35:0 Cer 42:1;O2 HexCer 38:2;O2 PS 41:1
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Cortical organization of clusters, incl. barrel cortex
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White matter lipizones regionalized heterogeneity

Differential lipids
Cer 42:1;O2 PE O-36:0 PE O-38:3 Cer 40:1;O2 PE O-38:2

PE O-36:1 LPC 16:0 PC 38:7 PC 38:5
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0310 CA2-FC-IG Glut_1 0307 CA3 Glut_3

0405 L6b EPd Glut_3 0241 LA-BLA-BMA-PA Glut_4

Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer

Two main lipizones in the ChP

White matter lipizones regionalized heterogeneity

Differential lipids
PE O-36:0 PE O-38:3 LPC 16:0 Cer 40:1;O2 Cer 42:1;O2
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Examples of clusters mapping to cell type territories
0123 L2/3 IT ENT Glut_1 0488 DG Glut_2

4972 CB Granule Glut_1 2005 TU-ARH Otp Six6 Gaba_1

Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer

Two main lipizones in the ChP

White matter lipizones regionalized heterogeneity

Differential lipids
Cer 42:1;O2 Cer 40:1;O2 LPC 16:0 PE O-36:0 PE O-38:3

PE O-38:2 HexCer 36:2;O2 PC 38:7 PC 38:5

Cer 36:1;O2 PA 38:5 PE O-38:7 PS 38:5

Transferred from splitter trained on second atlas12
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Examples of clusters mapping to cell type territories
4972 CB Granule Glut_1 0310 CA2-FC-IG Glut_1

0441 L6 CT CTX Glut_2 2022 TU-ARH Otp Six6 Gaba_3

Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer

Two main lipizones in the ChP

White matter lipizones regionalized heterogeneity

Differential lipids
Cer 42:1;O2 PE O-36:0 PE O-38:3 Cer 40:1;O2 PS 40:2

HexCer 42:2;O2 PE O-36:1 PC 38:5 PI 34:1

PE O-38:7 PA 38:5 PS 38:5 Cer 36:1;O2
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Examples of clusters mapping to cell type territories
1145 TH Prkcd Grin2c Glut_2 0169 IT AON-TT-DP Glut_1

0136 L2/3 IT ENT Glut_6 0167 IT AON-TT-DP Glut_1

Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer

Two main lipizones in the ChP

White matter lipizones regionalized heterogeneity

Differential lipids
Cer 42:1;O2 HexCer 42:2;O2 PE O-36:1 PE O-36:0 PE O-38:3

Cer 40:1;O2 HexCer 42:1;O2 PC 38:5 PI 34:1

Cer 36:1;O2 PS 38:5 PE O-38:7 PA 38:5

Splitter downsampling 60 seed 5214
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Examples of clusters mapping to cell type territories
0157 L2/3 IT ENTl-PIR Glut_4 0856 MSN D2 Gaba_5
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Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer

Two main lipizones in the ChP

White matter lipizones regionalized heterogeneity

Differential lipids
Cer 42:1;O2 LPC 16:0 Cer 40:1;O2 PE O-36:0 PE O-38:3

PE O-38:2 PS 40:2 PS 44:9 Cer 36:1;O2
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0091 L4/5 IT CTX Glut_4 0240 LA-BLA-BMA-PA Glut_3
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Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer
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Differential lipids
Cer 42:1;O2 PE O-36:1 HexCer 42:2;O2 Cer 40:1;O2
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3285 IC Tfap2d Maf Glut_1 4444 CBN Dmbx1 Gaba
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Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer
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White matter lipizones regionalized heterogeneity

Differential lipids
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Examples of clusters mapping to cell type territories
0263 CA1-ProS Glut_1 0134 L2/3 IT ENT Glut_5

0479 NP SUB Glut_2 5124 Astroependymal NN_2

Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer

Two main lipizones in the ChP

White matter lipizones regionalized heterogeneity

Differential lipids
Cer 42:1;O2 PE O-36:0 PE O-38:3 Cer 40:1;O2 PE O-36:1

LPC 16:0 PE O-38:2 PC 38:5 PI 34:1
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Examples of clusters mapping to cell type territories
0097 L4/5 IT CTX Glut_5 0236 LA-BLA-BMA-PA Glut_3

2195 ARH-PVp Tbx3 Glut_3 4456 SCs Pax7 Nfia Gaba_4

Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer

Two main lipizones in the ChP

White matter lipizones regionalized heterogeneity

Differential lipids
Cer 42:1;O2 PE O-36:0 PE O-38:3 PE O-38:2 Cer 40:1;O2

LPC 16:0 Cer 42:2;O2 PC 38:5 PC 38:7
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Examples of clusters mapping to cell type territories
0080 L4/5 IT CTX Glut_2 0395 SUB-ProS Glut_3

0119 L2/3 IT CTX Glut_4 4972 CB Granule Glut_1

Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer

Two main lipizones in the ChP

White matter lipizones regionalized heterogeneity

Differential lipids
Cer 42:1;O2 Cer 40:1;O2 PE O-36:0 PE O-38:3 PE O-36:1
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Examples of clusters mapping to cell type territories
0067 L4/5 IT CTX Glut_1 0253 COAp-TR-ENTmv Glut_1

0340 L2/3 IT PPP Glut_3 0493 DG Glut_4

Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer

Two main lipizones in the ChP

White matter lipizones regionalized heterogeneity

Differential lipids
Cer 42:1;O2 PE O-36:0 PE O-38:3 Cer 40:1;O2 LPC 16:0
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Manuscript lipizones (first row) vs clusters (second row)

4 broad clusters

Examples of clusters mapping to cell type territories
0001 Car3 Glut_1 0344 L2/3 IT RSP Glut_2

3394 PB-an-do Evx2 Glut_4 0263 CA1-ProS Glut_1

Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer

Two main lipizones in the ChP

White matter lipizones regionalized heterogeneity

Differential lipids
LPC 16:0 Cer 42:1;O2 HexCer 36:1;O2 Cer 40:1;O2

PE O-36:0 PE O-38:3 PE O-38:2 PC 38:5 PA 38:5

PS 44:9 PS 38:5 PG 34:1 PE O-38:7

Splitter 12 sections25
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4 broad clusters

Examples of clusters mapping to cell type territories
4957 CB PLI Gly-Gaba_1 0440 L6 CT CTX Glut_2

5059 MOB-STR-CTX Inh IMN_1 3588 NTS Phox2b Glut_1

Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer

Two main lipizones in the ChP

White matter lipizones regionalized heterogeneity

Differential lipids
LPC 16:0 PE O-36:0 PE O-38:3 Cer 40:1;O2 LPC O-18:0

PS 40:2 HexCer 36:1;O2 PS 44:9 PA 32:0

PS 38:5 PI 34:1 PG 34:1 PE O-38:7
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4 broad clusters

Examples of clusters mapping to cell type territories
0128 L2/3 IT ENT Glut_3 0293 CA1-ProS Glut_6

0145 L2/3 IT ENTl-PIR Glut_2 1214 MM Foxb1 Glut_1

Cortical organization of clusters, incl. barrel cortex

Cerebellar lipizone organization incl. granule cells layer

Two main lipizones in the ChP

White matter lipizones regionalized heterogeneity

Differential lipids
PE O-36:0 PE O-38:3 Cer 40:1;O2 Cer 42:1;O2 PE O-38:2

PS 40:2 HexCer 42:2;O2 PC O-32:0 DG 35:0

Cer 36:1;O2 PC 38:5 PS 38:5 PA 38:5
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