16
4.5
< —
(2]
% 12 ?
b= UE-, 4.0 -
[9) H =
0 >
o
2 sp °
H 3.5
J &
44 3.0
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
T AN T O AN M- AN - NO—-NMT WD O~ 0 TN T O —NNOITANANNDT AN NS W ON©
O 000 owwwaoooOOQOO oo ooo0 oo o o OO0OOocoooo0oo oo
EE g nppy e EEEEEEE s SIS EE R R R Ry
[alalalalalal
2222220 ¢ 0088835888838 Q22222744 0835838888
<< < << <
AD FC1{ g — AD FC1d  — e ——
AD_FC2- AD FC24d — e —
AD_FC3- i AD_FC3-
AD_FCA-| — e — AD_FC4
AD_FC5- e — AD FC54
AD_FC6 AD_FC6
AD_CBE1 1 AD_CBE1
AD CBE2- ——————— AD GBE2 -
AD_CBE3 | — AD_CBE3
PSP1{ —F~— - PSP14 e —
PSP2 - PSP2 - - O O
PSP3 - PSP3 —
DLBD1{ —— —————— DLBD1
DLBD2 DLBD2
DLBD3 DLBD3
Control1 Control1-
Control2 Control2
Control3 Control3
Control4 Control4 -
Control5 Control5
Control6 1 — Control6-
Control7 Control7 -
e
Control8 - - : : Control8- - T T T T
5.0 10.0 15.0 3.0 3.5 4.0 4.5 5.0
TSS enrichment logio(nFrags)
Sample batch
0.8
. Q@
- =
c <] .
g 0.61 l' & 10 4
[o)) c
© o .
g S e
® g W
g 0.4 = ~
£ ’ N 5
8 ©
5 0.2 g
[ A S
N o
0.0 : : - 0 ‘ : ; P *E
200 400 600 -2000 -1000 0 1000 2000 =
snATAC-seq fragment size (bp) Distance from center (bp) UMAP1

Figure S1. Single-nucleus multiome quality control matrix, Related to Figure 1. (A, B)
Violin plots depicting the TSS enrichment score per nucleus (A) and number of detected
ATAC fragments per nucleus (B). (C, D) Ridge plot for each sample for the TSS enrichment
scores (C) and number of detected ATAC fragments per nucleus (D). (E) snATAC-seq
fragment size distributions of all samples and TSS enrichment profiles. (F) Joint UMAP

colored by sample batch.
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Figure S2. Selected cell type-specific marker genes, Related to Figure 1. (A, B) Heatmap depicting
gene activity score (A) and gene expression (B) of selected cell type-specific marker genes. (C) Joint
UMAPs for selected marker genes colored by normalized gene expression and gene activity scores.
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Figure S3. Clustering of scMultiome data robustness to subsampling analysis,
Related to Figure 1. (A) Repeated dimensionality reduction and clustering of the
scMultiome datasets with eight samples (AD_FC4, AD_FC6, AD_CBE1, PSP1, DLBD1,
Control1, Control5 and Control8) removed from the full dataset. UMAP representations of
the full subsampled dataset using scATAC-seq, scRNA-seq and the scMultiome data. (B)
Repeated dimensionality reduction and clustering of the scMultiome datasets with 25% of
the cells randomly removed from the full dataset. UMAP representations of the full
subsampled dataset using scATAC-seq, scRNA-seq and the scMultiome data. We used the
same marker genes with Figures 1D and 1E to identify cell subtypes.
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Figure S4. Cellular proportion of nucleus mapping to each cluster of each sample,
split by brain regions and disease context, Related to Figure 1. (A) UMAP visualization
where dots correspond to individual nuclei for snATAC-seq, snRNA-seq, and joint snATAC-
seq and snRNA-seq, colored by brain regions. (B) UMAP visualization where dots
correspond to individual nuclei for snATAC-seq, snRNA-seq, and joint snATAC-seq and
snRNA-seq, colored by disease context. (C) Box plots showing the proportion of nucleus
mapping to each cluster of each sample, split by disease context. Measures of significance
were calculated using Kruskal-wallis rank sum test in R.
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cerebellum and frontal cortex reveal cell type-specific epigenetic landscapes,
Related to Figure 2. (A) Number of chromatin accessibility peaks for each cell subtypes
pseudo-bulk ATAC replicates. (B) UMAPs of motif deviation scores for selected TFs

identified using snATAC-seq data. Peaks were required to be present in at least two
enriched in granule cells (RFX3) and Purkinje cells (ATF1).

Figure S5. Chromatin accessibility profiles from snMultiome profiles of human

regulatory elements enriched binding motifs of key transcription factors.
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Figure S6. Identification of candidate cis-regulatory elements, Related to Figure 2.

Genomic tracks for chromatin accessibility around 250 Kb flanking regions of APOE locus

(A), TGFB2 (B), PICALM (C) and APP (D). Peak-to-gene linkages were shown as loops
below those genomic tracks and colored by linked correlation value.
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Figure S7. Pie charts showing percentage of candidate cis-regulatory elements in
different functional genomic elements, including promoters, exons, introns,
upstream 5 kb region of transcriptional start sites, and downstream 5 kb region
of transcriptional start sites, Related to Figure 2.




z:SP4_180 chr14:CALM1
z:KLF14_251 chr14:HSP90AA1
| éELF11_847 glr19:RPL1 3A
"ZNF740_209 r2:RPL37A
2:SP8_226 - chr6:EEF1A1
z:SP7_241 - chr2:CALM2
2:SP9_283 - chr12:RPL41
_/— 2:ID3_38 - chr13:RPL21
2:1D4_75 L chr19:RPS15
2:ZBTB3_269 - chr6:HIST1H4C
=/~ HOXD8_537 - chr16:RPL13
— z.TCF4_97 I- chr4:RPS3A
% z:FUBP1_809 L chr20:RPS21
_\_ z:HMGA1_12 r chr16:PLCG2
_\_ z:MESP1_69 I chr11:MALAT1
—\_ z:MESP2_94 - chr8:RIMS2
z:ZEB1_157 - chr21:TIAM1
'\ 2:TOPORS_814 - chr8:NRG1
z:PITX2_504 - chr7:DPP6
z:MYOD1_48 - chr15:SNHG14
Z:SNAI1_199 - chr7:KCND2
Z:TWIST1_42 - chr8:RALYL
z:ATOH8_71 _] - chr7:MAGI2
z:NEUROD1_63 - chr18:DLGAP1
z:TAL1_62 - chr2:NRXN1
z:TAL2_822 J - chr3:ZNF385D
z:MEF2C_640 B chr3:CADM2
z:ATOH1_844 |- chr4:FSTLS
z:RFX6_729 chr4:GRID2
z:MEF2A_639 ; chr6:RIMS1
z:MEF2D_642 - chr3:NLGN1
z:NR2E1_665 - chr3:STXBP5L
2:AC0021266_638 _f- chri:NEGR1
z:MEF2B_643 "B chr9:TRPM3
z:ENO1_803 - chr4:KCNIP4
2:ZFY_166 §- chr13:FGF14
z:NFYB_807 j I- chr6:ADGRB3
ZNFYG_800 J isroma
o , - !
2:5P6_275 - chr3:zBTB20
2:SP5_279 - chr16:RBFOX1
z:CEBPZ_806 chr14:NRXN3
z:KLF2_846 chr6:GRIK2
z:KLF7_189 chr8:ZFPM2
z:PLAG1_264 chrX:LINC00632
z:SIX5_540 chr6:NKAIN2
Motiatrix stz = crizsie
_ - 2:SMAD5_866 chr10:JMJD1C
z:NHLH2_80 chr7:CADPS2
-1.5 15
chr6:EYS
chr10:PCDH15
chr3:ROBO2
)~ chr13:GPC5
- chr2:LRP1B
- chr8:CSMD1
- chr10:PRKG1
- chr10:NRG3
|- chr3:NAALADL2
- chr13:GPC6
|- chr5:PDE4D
|- chr12:50X5
- chr18:DCC . . .
[T CNTNAP2 Figure S8. Pseudo-time heatmaps showing
- chr2:DPP10 . sl . .
[ Ghra:GRM7 motif deviations (A), gene expression matrix
- chr2:PARD3B -
ohr19:C1Sor73 (B) and gene score matrix (C) along the
chr19:ZNF524 . .
o 88242 trajectory from from granule cell progenitor
chr16:SULT1A4 -
ohr16:SLXTA-SULT1A3 to mature granule cells, Related to Figure 5.

chr16:BOLA2

GeneScoreMatrix

[ -1
5

chr1:PRKCZ

-1.5



200

200

123

ATAC peak region

! 100,300,000 chr16 30,700,000 30,900,000 31,000,000
STAG3 HH—iH—H PMS2P1HHH J— SRC AP HiHH FBXL19H—H . ST)é1 ST)“z'r!FsEs 53l
TRAPPG14) S P DYE3 PVRIG2P] SETD1Al ZNF646]
CNPY4HLAMTORA| PVRIGH it BoLzcH VKORC1H
GAL3sT4HH CASTOR3Pf————"1 STAGSLSPI ZNFepolH cTFiff  oraisH
GPC2HHH STAG3LSP-PVRIG2P-PILRB| RNEAGHE MiRza2)
PRR14M PHKGZHﬁ CTF2PH
FBRSHHl CFAP119)| MIR762HGHH
200 200

50

ATAC peak region

chr17 45,700,000 45,800,000 45,900,000 46,000,000 46,100,000 46,200,000 46,30b,000

29,800,000

YPEL3y CORO1A
et 34ttt Béﬁz‘mé‘f' KANSLA p—-++————  arcoralti—H
=t Lpm—— | E
mazll  coiPTH PPP4CH corotansil CRRRTE amLzol AT KANSL l‘\{SJR"NAI RN7SLos6P eI
rcnseH A STHI ENSG00000261575]
ol 143 MAPK8IP1PA
Hlﬂlgg 6orfa2] ENSGQ0000262881f
-AST———
SEZGLzAm HTMEM219 MAPT-AS1
coiPTosPl KCTD13
200
300

50

region

47,300,000 47,400,000
49,700,000 800, 49,900,000

Nmmplg spitH—H - mTcH2HitHH ANF11al sNAitH

Hitt Hit

CELF1 T B4GALT5 mt—+—— sPaTAZk— | RNUB-147P|
mysprcaitHH W IH C1QTNF4 SLC9AS ,FINAKR'II'I 8P4l
SLC39A13lHl FAM180B| SNRPFP1| ENSGUOO%0237788| Metazoa_SRP|
Acp2H PSMC3IHI RNUSE-10P| RNUB-919P|
RAPSNHH NDUFS3H RN7SL197P|

Figure S9. Published Hi-C data confirmed the regulatory relationship between
candidate cis-regulatory elements and the promoters of 9 genes in human
cerebellum, Related to Figure 7. Target genes are highlighted in each heatmap.
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Figure S$10. Analysis of snATAC-seq datasets from publicly available human aging cerebellum,
Related to Figure 1. (A) snATAC-seq fragment size distributions and TSS enrichment profiles per
sample. (B) Violin plots depicting the TSS enrichment score per nucleus and number of detected
ATAC fragments per nucleus. (C) Joint UMAPs for selected marker genes colored by normalized
gene activity scores. (D) Joint UMAP colored by sample batch. (E) UMAP visualization of aging brain
nucleus colored by the annotated clusters. (F) Number of chromatin accessibility peaks for each
annotated clusters as determined by snATAC-seq. Peaks were identified using ArchR.
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Figure S11. Analysis of enhancer candidate identification and topic modeling
using pycisTopic, Related to Figure 4. (A) Model selection of the optimal number of
topics. In this case, the optimal number of topics is 45. (B) Volcano plot showing highly
variable regions among AD/ADRD cases and controls.



