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Supplemental Figure 1

Supplemental Figure 1. Integrating snRNA-seq and snATAC-seq data, Related to 
Figure 1. A) UMAP visualization of cells represented by only snRNA-seq data, only 
snATAC-seq data, and joint WNN. Cells are colored by cell type and cluster 
assignment. B) WNN UMAP colored by the percent weight given to the snATAC-seq 
data for each cell when creating the WNN graph. C) The proportion of cells assigned 
to a cell type from each individual. P-values from t-test are indicated above box plots.



NOTCH2
DAB2

SLC11A1
Z-score

2

RGS1
CD86

SRGN
OLR1
CD83

RAPGEF1
KLHL6

NIBAN1
TMEM163

APOE
C1QB
C1QC
C1QA
VSIG4

SPATA6
FTL

TGFBR1
FCGBP

APBB1IP
P2RY12
CX3CR1
KCNIP1

F13A1
CD163
DPYD

COLEC12
EYA2

NAMPT
MCTP1

IQGAP2
ACSL1

STARD13
DAPK1

VAV3
MRC1

MS4A4A
ITSN1

AGFG1
FGF13

SELENOP
THRB
RGL1

CR1
TGFBI
CD44

MYO5A
MAFB

FOXP1
LYVE1

CEMIP2
MITF

M
ic

_0

M
ic

_1

M
ic

_2

M
ic

_3

Ast_0

Ast_2
Ast_1

Ast_3
Ast_4

UMAP1

U
M

A
P

2

−1

0

1

PLCB1
SLC1A2
DLGAP1

NHSL1
BRINP2
SLC1A3
NKAIN3

PPP2R2B
NTRK2
DACH1

DST
PPP3CA

NPAS3
ADCY2

EMP1
MAST4

FRMD4A
NAMPT
WWOX

SRGAP1
SLC38A1

TNC
VCAN

SNED1
CCDC85A

ARRDC4
DGKB
FUT8

DCLK2
FOXP1

CST3
APOE

CLU
GJA1

SPARCL1
ATP1A2

F3
CHN1

SFXN5
GRIA2

PLXDC2
MEF2A
ATP8B4
LRMDA

SSH2
SLC8A1
PICALM

SPP1
GRID2

ARHGAP18

A
st

_2

A
st

_4

A
st

_3

A
st

_1

A
st

_0

Z-score

−2
−1
0
1
2

Oli_2

Oli_0

Oli_1

Oli_3

UMAP1

U
M

A
P

2

LAMA2
FCHSD2
PLXDC2

NLGN1
LPAR1

ST3GAL6
FIGN

ROR1
DCC

CTNNA2
SLC5A11

RASGRF2
RASGRF1

DPYSL5
ACTN2
DTNA

KCTD8
PLEKHG1

LRRC63
RBFOX1

MTRNR2L12
SYT1

SPARCL1
PRRC2C

CCDC144A
ANKRD18A

GPM6A
MAP1B

BOD1L1
ARGLU1

PLP1
FTH1

CRYAB
FTL

CNP
DBNDD2

SELENOP
PTMA

CLDND1
PLCG2

O
li_

3

O
li_

0

O
li_

2

O
li_

1

Z-score

−2
−1
0
1
2

A B D

E

F

GC

*

**

**

*

0.0 0.1 0.2 0.3 0.4 0.5

Mic_0

Mic_1

Mic_2

Mic_3

Mic_4

Freq

Status
AD
Control

NS

Exc_4

Exc_2

Exc_0

Exc_1

Exc_3

Exc_5

Exc_8

Exc_6

Exc_7

Exc_9

UMAP1

U
M

A
P

2

SEC24D
ROBO1
LINC00343
GULP1
DCHS2
ANKRD30B
ADAMTS3
TRPM3
SORCS1
SEMA5A
SEMA3E
HS3ST4
ADAMTSL1
THEMIS
STK32B
RNF152
POSTN
OLFML2B
NTNG2
NR4A2
KCNMB2
GAS2L3
B3GAT2
ZNF385D
TSHZ2
TLL1
PDE9A
NXPH2
NPSR1−AS1
LUZP2
ITGA8
HTR2C
FER1L6−AS2
CRYM
CDH6
CALCRL
ASIC2
TOX
CPNE4
RORB
POU6F2
IL1RAPL2
FSTL5
FSTL4
CHN2
CADPS2
VAT1L
SLC35F3
NRP1
NRG1
HOMER1
COL5A2
COL24A1
MEIS2
KIAA1217
CNTN5
CBLN2
RASGRF2
PDZD2
LRRTM4
LINC01378
LAMA2
GNAL
EPHA6
ENC1
DAB1
CUX2
CA10

L2
-L

3
L5

L5
-L

6
L6

E
xc

_0
E

xc
_1

E
xc

_2
E

xc
_3

E
xc

_6
E

xc
_9

E
xc

_8

E
xc

_4
E

xc
_5

E
xc

_7

Z-score

−1
−0.5
0
0.5
1

Inh_0

Inh_1

Inh_2

Inh_4Inh_6

Inh_3

Inh_5

Inh_7

UMAP1

U
M

A
P

2

LA
M

P
5

S
S

T
P

VA
LB

C
ha

nd
V

IP

RELN
LAMP5
EYA4
PTCHD4
FGF13
PTPRT
PRELID2
FBXL7
SOX6
ST6GALNAC5
NXPH1
SLC8A1
RALYL
COL25A1
SST
GRIK1
TRHDE
GRID2
SLIT2
MYO16
GRIA4
BTBD11
ZNF804A
ADAMTS17
PVALB
DPP10
SDK1
COL21A1
PTHLH
SRGAP1
NPNT
PLEKHH2
COL15A1
NOG
HTR1F
ADAMTS5
ERBB4
ADARB2
KCNT2
GRM7
VIP
GALNTL6
THSD7A
SLC24A3
LRP1B
SYNPR

In
h_

5
In

h_
2

In
h_

3
In

h_
0

In
h_

6
In

h_
4

In
h_

1
In

h_
7

Z-score

−2
−1
0
1
2

Chandelier
LAMP5+
PVALB+
SNCG+
SST+
SST+ KLHL1+
VIP+

Subtype

H I

0.0 0.1 0.2 0.3 0.4

Inh_0

Inh_1

Inh_2

Inh_3

Inh_4

Inh_5

Inh_6

Inh_7

Frequency

*

*

Status
AD
Control

J K

L

Supplemental Figure 2 



Supplemental Figure 2. Identification of cell type subclusters, Related to Figure 
1. A) UMAP visualization of 5 microglia subclusters. B) Heatmap of row-normalized 
expression for the top DEGs for each microglia subcluster. C) The proportion of cells 
assigned to each subcluster from each individual (* indicates subclusters with a t-test 
p-value<0.05; ** p-value< 0.01). D) UMAP visualization of 5 astrocyte subclusters. E) 
Heatmap of row-normalized expression for the top 10 DEGs for each astrocyte 
subcluster. F) UMAP visualization of the 4 oligodendrocyte subclusters. G) Heatmap of 
row-normalized expression for the top 10 DEGs for each oligodendrocyte subcluster. 
H) UMAP visualization of the 10 excitatory neuron subclusters. I) Heatmap of row-
normalized expression for Azimuth Glutamatergic subtype markers. J) UMAP 
visualization of the 8 inhibitory subclusters. K) Heatmap of row-normalized expression 
for Azimuth GABAergic subtype markers. L) The proportion of cells assigned to each 
inhibitory subcluster from each individual (* indicated t-test p-value <0.05).



*

3

4

5

6

7

<=2 3-39 >=40

lo
g 10

(G
en

e 
Le

ng
th

)

2

4

6

8

<=2 3-39 >=40

lo
g 10

(T
ot

al
 U

M
Is

)

0.2

0.3

0.4

0.5

0.6

0.7

<=2 3-39 >=40

M
ea

n 
A

bs
so

lu
te

 C
or

re
la

tio
n

*
*

*
*

*

*
*

*

Number of Linked Peaks Per Gene

A

0

100

200

300

400

500

0.2−0.3 0.3−0.4 0.4−0.5 0.4−0.6 >0.6
Absolute Correlation Value

D
is

ta
nc

e 
to

 L
in

ke
d−

G
en

e 
TS

S
 (k

b)

B

RHBDL3

PADI2

ATXN1
RPS19

HSP90AA1

SYT14

TACC1

ATL2

KLHL3
BCL2

KCNIP1

KANSL1 NTM

RAD18

LUC7L3
ADCY2

SLC4A8

RILPL1

PLA2G4C

0

50

100

150

0 50 100 150
# of connected Peaks (AD)

# 
of

 c
on

ne
ct

ed
 P

ea
ks

 (C
trl

)

Down in AD
Up in AD

C

neutrophil activation involved in immune response (GO:0002283)
neutrophil degranulation (GO:0043312)

neutrophil mediated immunity (GO:0002446)
chemical synaptic transmission (GO:0007268)

anterograde trans−synaptic signaling (GO:0098916)
nervous system development (GO:0007399)

regulation of neurotransmitter receptor activity (GO:0099601)
regulation of cation channel activity (GO:2001257)

regulation of neuron projection development (GO:0010975)
neuron projection morphogenesis (GO:0048812)

myelination (GO:0042552)
myelin assembly (GO:0032288)

central nervous system development (GO:0007417)
oligodendrocyte differentiation (GO:0048709)

−log10(adj.p-value)

0
2
4
6

Mic Inh Exc Oli OPC AstE

DEGs

0

50

100

0.1 0.2 0.3
Proportion of Group−specific Permutations

N
um

be
r o

f P
er

m
ut

at
io

ns

D

Supplemental Figure 3

Supplemental Figure 3, Related to Figure 3. Description of links identified in AD and Control 
samples. A) Distribution of the distance to linked gene TSS by binned absolute correlation. B) 
Scatter plot showing the number of links per gene for AD and control. The solid line is the best fit 
line and the dashed lines are the 0.01 and 0.99 residual quantiles. DEGs upregulated in AD are in 
red, downregulated are in blue. C) Characteristics of genes by number of links. Left panel: 
distribution of gene length by the number of links to the gene. Middle panel: distribution of UMIs by 
the number of links to the gene. Right panel: average absolute correlation score by the number of 
links to the gene. D) Distribution of the proportion of “group-specific” links identified in 100 
permutations. Red line indicates the true proportion of AD/control-specific links identified (0.36). E) 
Heatmap showing the -log10(adjusted p-value) of the significant enrichR GO terms for target 
genes of cell type-specific links identified in both AD and control samples. 
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Supplemental Figure 4

Supplemental Figure 4, Related to Figure 4. AD and control-specific peak-gene-
TF trios. Heatmap of correlation values of AD and control specific trios identified in A) 
links shared across cell types, B) oligodendrocytes, and C) astrocytes. 
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Supplemental Figure 5

Supplemental Figure 5, Related to Methods. Donor characteristics across cell 
types. WNN UMAP colored by A) disease status, B) Braak Stage, C) sex, D) PMI, E) 
RIN, and F) Age. 
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