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Note S1 Detailed specifications of the architectures and hyperparameters of
scEpiLock multi-label classifier module

scEpiLock uses a multilayer CNN model, which contains four convolutional layers, two pooling layers and two
dense fully connected layers. The filters in the convolutional layers are trained to recognize the CREs. The dense
fully connected dense layers combine the learnt information and output the cell-type specific peak accessible score.
The model is organized into a sequential layer-by-layer structure with each layer as a functional transformation.

Model Architecture:

1. Convolution layer (320 channels, kernel size 8, stride 1)
Convolution layer (480 channels, kernel size 8, stride 1)
Max pooling layer (kernel size 4, stride 4)

Convolution layer (960 channels, kernel size 4, stride 1)
Max pooling layer (kernel size 4, stride 4)

Convolution layer (1024 channels, kernel size 4, stride 1)
Fully connected layerl

Fully connected layer2

e ol

To avoid overfitting, we added dropouts to randomly set a proportion of neuron activations to a value of 0.

Dropout proportion (proportion of outputs randomly set to 0):
Layer3: 20%

Layer5: 50%

Layer6: 50%

Other layers: 0%



Supplementary Figures

Figure S1 Positive label distribution for each peak of PBMC
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In the PBMC scATAC-seq data, 53.1% of peaks (n = 60,834 peaks) are unique to one cell type while 15.9% of
peaks (n = 18,209 peaks) are shared among the eight cell types. Rest of the peaks are shared among two to seven cell

types



Figure S2 Positive label distribution for each peak of the brain data
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In the brain scATAC-seq data, 77.9% (n = 172,111 peaks) of peaks are specific to a single cell type and the rest of
peaks are shared among at least two cell types



Supplementary Figure 3 Transfer learning improves multi-label classifier’s performance on small scATAC-seq

dataset
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(A) ENCODE bulk ATAC-seq data was used to generate pre-trained weights of the classifier. The 5k PBMC data
was filtered to only include 1k cells with 73k peaks representing a small scATAC-seq dataset. The pre-trained
weights and subset dataset were fed into the multi-label classifier. (B) Transfer learning model achieved higher AUC
and AUPR than model with random initiated weights. In addition, transfer learning reduced the training time to half

of before.



Figure S4 Visualization of scEpiLock identified functional SNP rs10769263
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(A) Brain scATAC-seq pseudobulk, GWAS, rs10769263, co-accessibility, HiChIP, nearby genes, PhastCons 100
vertebrates track on UCSC genome browser. (B) Predicted accessible scores of WT and mutant. (C) Sequences
contain rs10759263 SNP aligned with Hoxc9 motif logo



Table S1 ENCODE Bulk ATAC-seq Sample List for Transfer Learning

File.accession
ENCFF063AGI
ENCFF965A0W
ENCFF007FSO
ENCFF132ATE
ENCFF110LOX
ENCFF008FUL
ENCFF181FFW
ENCFF463DJH
ENCFF172ZTK
ENCFF795ASF
ENCFF516KWQ
ENCFF744XPE
ENCFF453BWQ
ENCFF857VFO
ENCFF766BZE
ENCFF796GGQ
ENCFF411CDL
ENCFF785YXH
ENCFF916HWL
ENCFF489VFL
ENCFF209BNR
ENCFF816FSQ
ENCFF630QOE

ENCFF796ZYH

Experiment.access

ion
ENCSRS554WGQ
ENCSR383RDZ
ENCSR684KUG
ENCSR368FYV
ENCSR220ASC
ENCSR220ASC
ENCSR220ASC
ENCSR220ASC
ENCSR220ASC
ENCSR220ASC
ENCSR220ASC
ENCSR824DUE
ENCSR673ZMQ
ENCSR180HEL
ENCSR512YXO
ENCSR249FXU
ENCSR939EVW
ENCSR105SCQ
ENCSR381LIX
ENCSR940YDN
ENCSR372IGW
ENCSR025MEO
ENCSR400ISH

ENCSR419UYY

File.download.URL
https://www.encodeproject.org/files/ENCFF063AGl/@@download/ ENCFF063 A
Gl.bed.gz
https://www.encodeproject.org/files/ENCFF965A0OW/@@download/ENCFF965

AOW.bed.gz
https://www.encodeproject.org/files/ ENCFF007FSO/@@download/ ENCFF007F

SO.bed.gz
https://www.encodeproject.org/files/ENCFF 132 ATE/@@download/ ENCFF132A

TE.bed.gz
https://www.encodeproject.org/files/ENCFF110LOX/@@download/ENCFF110L

OX.bed.gz
https://www.encodeproject.org/files/ENCFF008FUL/@@download/ENCFFQ08F

UL.bed.gz
https://www.encodeproject.org/files/ENCFF 181 FFW/@(@download/ ENCFF181F

FW.bed.gz

https://www.encodeproject.org/filess ENCFF463DJH/@@download/ ENCFF463D
JH.bed.gz

https://www.encodeproject.org/files/ENCFF172ZTK/@(@download/ ENCFF172Z

TK.bed.gz
https://www.encodeproject.org/files/ENCFF795ASF/(@@download/ ENCFF795A

SF.bed.gz
https://www.encodeproject.org/files/ENCFF516KWQ/@(@download/ ENCFF516

KWOQ.bed.gz
https://www.encodeproject.org/files/ENCFF744XPE/@@download/ ENCFF744X

PE.bed.gz
https://www.encodeproject.org/files/ENCFF453BWQ/@@download/ ENCFF453

BWQ.bed.gz
https://www.encodeproject.org/files/ENCFF857VFO/@@download/ ENCFF857V
FO.bed.gz
https://www.encodeproject.org/files/ENCFF766BZE/(@@download/ENCFF766B
ZE.bed.gz

https://www.encodeproject.org/files/ENCFF796 GGQ/(@@download/ ENCFE796
GGQ.bed.gz
https://www.encodeproject.org/files/ENCFF411CDL/@@download/ENCFF411C
DL.bed.gz

https://www.encodeproject.org/files/ENCFF785Y XH/(@@download/ ENCFF785
YXH.bed.gz
https://www.encodeproject.org/files/ENCFF916HWL/@@download/ ENCFF916
HWL.bed.gz

https://www.encodeproject.org/files/ENCFF489VFL/@@download/ ENCFF489V
FL.bed.gz

https://www.encodeproject.org/files/ ENCFF209BNR/@@download/ENCFF209B
NR.bed.gz

https://www.encodeproject.org/files/ENCFF816FSQ/@@download/ ENCFF816F
SQ.bed.gz

https://www.encodeproject.org/files/ENCFF630Q0E/@@download/ ENCFF630Q
OE.bed.gz

https://www.encodeproject.org/files/ENCFF796ZYH/@@download/ ENCFF796Z

YH.bed.gz




ENCFF728CSD
ENCFF816FTJ
ENCFF624KRL
ENCFF044HAG
ENCFF976AUE
ENCFF961CHG
ENCFFI136RIT
ENCFF305ZQQ
ENCFF374TYJ
ENCFF780EDM
ENCFF761RRO
ENCFF182SEJ
ENCFF505YPT
ENCFF551EAY
ENCFF550WFX
ENCFF252MOE
ENCFF810XER
ENCFF471QJG
ENCFF246XGY
ENCFF508EYC
ENCFF176CKB
ENCFF209RWV
ENCFF715VOA
ENCFF468CHZ
ENCFF594MCK
ENCFF610BYY
ENCFF129JFU
ENCFF197NOP
ENCFF437HEK
ENCFF138FQA

ENCFF876LVG

ENCSR712ZRY
ENCSR608KJD
ENCSR905PWV
ENCSR315QWI
ENCSR604YEQ
ENCSR312UCH
ENCSRI89VFC
ENCSR278JWM
ENCSR839UOB
ENCSR420RVW
ENCSR615YIL
ENCSR954BDA
ENCSR163KRG
ENCSR637MUF
ENCSR635AIF
ENCSR594TMY
ENCSR040PBN
ENCSR833ACP
ENCSRO00RBT
ENCSR528YDD
ENCSR231BZU
ENCSR024WOD
ENCSR524CPZ
ENCSR470ZNM
ENCSR924SDV
ENCSR628PLS
ENCSR233HSC
ENCSR425WQW
ENCSR821QHC
ENCSR335JVB

ENCSR960KGO

https://www.encodeproject.org/files/ENCFF 728 CSD/@@download/ ENCFF728C

SD.bed.gz

https://www.encodeproject.org/files/ENCFF816FTJ/@@download/ ENCFF816FT
J.bed.gz

https://www.encodeproject.org/files/ENCFF624KRL/@@download/ ENCFF624K
RL.bed.gz

https://www.encodeproject.org/files/ENCFF044HA G/@@download/ENCFF044
HAG.bed.gz

https://www.encodeproject.org/files/ENCFF976 AUE/@(@download/ENCFF976 A
UE.bed.gz

https://www.encodeproject.org/files/ENCFF96 1 CHG/@@download/ ENCFF961C
HG.bed.gz

https://www.encodeproject.org/files/ENCFF136RJT/@@download/ ENCFF136RJ
T.bed.gz
https://www.encodeproject.org/files/ENCFF305ZQQ/@@download/ENCFF305Z
Q0Q.bed.gz
https://www.encodeproject.org/files/ENCFF374TYJ/(@@download/ENCFF374T
YJ.bed.gz

https://www.encodeproject.org/filess/ ENCFF780EDM/@@download/ ENCFF780E
DM.bed.gz

https://www.encodeproject.org/files/ ENCFF76 1 RRO/@@download/ENCFF761R

RO.bed.gz
https://www.encodeproject.org/files/ENCFF 182SEJ/@@download/ ENCFF182SE

J.bed.gz
https://www.encodeproject.org/files/ENCFF505YPT/@@download/ ENCFF505Y

PT.bed.gz
https://www.encodeproject.org/files/ENCFF551 EAY/@@download/ ENCFF551E

AY.bed.gz
https://www.encodeproject.org/files/ENCFF550 WFX/@@download/ ENCFF550

WEX.bed.gz
https://www.encodeproject.org/files/ENCFF252MOE/@@download/ ENCFF252

MOE.bed.gz
https://www.encodeproject.org/files/ENCFF810XER/@@download/ENCFF810X

ER.bed.gz
https://www.encodeproject.org/files/ENCFF471QJG/@@download/ ENCFF4710Q

JG.bed.gz
https://www.encodeproject.org/files/ENCFF246 XGY/@(@download/ ENCFF246

XGY.bed.gz
https://www.encodeproject.org/files/ENCFF508EY C/@@download/ ENCFF508E

YC.bed.gz
https://www.encodeproject.org/files/ENCFF 176 CKB/@(@download/ ENCFF176C

KB.bed.gz
https://www.encodeproject.org/files/ENCFF209R W V/@(@download/ENCFF209

RWV.bed.gz
https://www.encodeproject.org/files/ENCFF715VOA/@@download/ ENCFE715

VOA . bed.gz
https://www.encodeproject.org/files/ENCFF468 CHZ/(@@download/ENCFF468C

HZ.bed.gz
https://www.encodeproject.org/files/ENCFF594MCK/(@@download/ ENCFF594

MCK.bed.gz
https://www.encodeproject.org/files/ENCFF610BYY/@@download/ ENCFF610B

YY.bed.gz
https://www.encodeproject.org/files/ENCFF 129JFU/@@download/ENCFF129JF

U.bed.gz
https://www.encodeproject.org/files/ENCFF 197NOP/@@download/ENCFF197N

OP.bed.gz
https://www.encodeproject.org/files/ENCFF437HEK/@@download/ENCFF437H

EK.bed.gz
https://www.encodeproject.org/files/ENCFF 138FQA/@@download/ENCFF138F

QA .bed.gz
https://www.encodeproject.org/files/ENCFF876 LVG/@@download/ ENCFF876L

VG.bed.gz




ENCFF344XDS
ENCFF340FLI
ENCFF452XUT
ENCFF002SXG
ENCFF844BQZ
ENCFFI1810X
ENCFF762FXN
ENCFF682Z7ZT
ENCFF756 WUH
ENCFF107CMG
ENCFF733DJY
ENCFF937GVS
ENCFF093GBP
ENCFF339RRA
ENCFF694FCS
ENCFF061UDU
ENCFF703AAZ
ENCFF262DJL
ENCFF278HDB
ENCFF966KNT
ENCFF367ROZ
ENCFF674XMD
ENCFF085DFN
ENCFF5860GP
ENCFF557BSF
ENCFF3841UM
ENCFF464KLS
ENCFFO030FZS
ENCFF256UDE
ENCFF948GVD

ENCFF268EVB

ENCSR917WIJS
ENCSR854ZBA
ENCSR700HPA
ENCSR1340SR
ENCSR424KQH
ENCSR123WME
ENCSR096VEO
ENCSR359HFH
ENCSR821JHD
ENCSR376YMU
ENCSRO84FHK
ENCSR305XRF
ENCSR635CAC
ENCSR920FQIJ
ENCSR762YFD
ENCSR275LCF
ENCSR422RPD
ENCSR208HAP
ENCSROI1INJP
ENCSR487QSB
ENCSRO38WVV
ENCSR214EIV
ENCSR357WQH
ENCSR4420AV
ENCSR304ZDQ
ENCSR122NDR
ENCSR4040EO
ENCSR408IVU
ENCSR857MCZ
ENCSR835WBW

ENCSR962ITF
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https://www.encodeproject.org/files/ENCFF344XDS/@@download/ ENCFF344X

DS.bed.gz
https://www.encodeproject.org/files/ENCFF340FLI/@@download/ ENCFF340FL

Lbed.gz
https://www.encodeproject.org/files/ENCFF452XUT/@@download/ ENCFF452X

UT.bed.gz
https://www.encodeproject.org/files/ENCFF002SXG/@@download/ ENCFF002S

XG.bed.gz
https://www.encodeproject.org/files/ENCFF844BQZ/@@download/ ENCFF844B

QZ.bed.gz
https://www.encodeproject.org/files/ENCFF91810X/@@download/ ENCFF91810

X.bed.gz
https://www.encodeproject.org/files/ENCFF762FXN/(@@download/ ENCFF762F

XN.bed.gz
https://www.encodeproject.org/files/ENCFF682Z7T/@@download/ ENCFF6827Z

ZT.bed.gz
https://www.encodeproject.org/files/ENCFF756 WUH/@@download/ENCFF756

WUH.bed.gz
https://www.encodeproject.org/files/ENCFF107CMG/@@download/ENCFF107

CMG.bed.gz
https://www.encodeproject.org/files/ENCFF733DJY/@@download/ ENCFF733D

JY.bed.gz
https://www.encodeproject.org/files/ENCFF937GVS/@@download/ENCFF937G

VS.bed.gz
https://www.encodeproject.org/files/ENCFF093GBP/@@download/ ENCFF093G

BP.bed.gz
https://www.encodeproject.org/files/ENCFF339RRA/@@download/ENCFF339R

RA.bed.gz
https://www.encodeproject.org/files/ENCFF694FCS/(@@download/ENCFF694F

CS.bed.gz
https://www.encodeproject.org/files/ENCFF06 1 UDU/@@download/ ENCFF061

UDU.bed.gz
https://www.encodeproject.org/files/ENCFF703AAZ/@@download/ ENCFF703 A

AZ.bed.gz
https://www.encodeproject.org/files/ENCFF262DJL/@@download/ ENCFF262DJ

L.bed.gz
https://www.encodeproject.org/files/ENCFF278HDB/(@@download/ ENCFF278H

DB.bed.gz
https://www.encodeproject.org/files/ENCFF966KNT/@(@download/ ENCFF966K

NT.bed.gz
https://www.encodeproject.org/files/ENCFF367ROZ/@@download/ ENCFF367R

OZ.bed.gz
https://www.encodeproject.org/files/ENCFF674XMD/(@@download/ ENCFF674

XMD.bed.gz
https://www.encodeproject.org/files/ENCFF085DFN/@@download/ ENCFF085D

FN.bed.gz
https://www.encodeproject.org/files/ ENCFF5860GP/@@download/ENCFF5860

GP.bed.gz
https://www.encodeproject.org/files/ENCFF557BSF/@@download/ ENCFF557B

SE.bed.gz
https://www.encodeproject.org/files/ENCFF3841UM/@@download/ENCFF3841

UM.bed.gz
https://www.encodeproject.org/files/ENCFF464KLS/(@@download/ ENCFF464K

LS.bed.gz
https://www.encodeproject.org/files/ENCFF030FZS/@@download/ ENCFF030F

ZS.bed.gz
https://www.encodeproject.org/files/ENCFF256 UDE/@@download/ENCFF256U

DE.bed.gz
https://www.encodeproject.org/files/ ENCFF948GVD/@@download/ ENCFF948

GVD.bed.gz
https://www.encodeproject.org/files/ENCFF268EVB/@(@download/ ENCFF268E

VB.bed.gz




ENCFF695HXA
ENCFF538YUQ
ENCFF451ZYJ
ENCFF619LDY
ENCFF356XWJ
ENCFF423TQD
ENCFF597KPI
ENCFF184NOC
ENCFF390QUM
ENCFF926ULQ
ENCFF697QXK
ENCFF003NCK
ENCFF611XGS
ENCFF962LEY
ENCFF598EDX
ENCFF0070SO
ENCFF900WSD
ENCFF072JKR
ENCFF027KMZ
ENCFF915GOP
ENCFF828UQL
ENCFF228KGP
ENCFF316GRQ
ENCFF245FHK
ENCFF940NBD
ENCFF423RGJ
ENCFF768TYT
ENCFF236BWF
ENCFF287WFV
ENCFF616CHX

ENCFF7670IB

ENCSR253QLW
ENCSR492FJO
ENCSR858GTE
ENCSR322SBN
ENCSR621JY1
ENCSR512FHU
ENCSR839IAD
ENCSR509JPT
ENCSR487SOP
ENCSR706GDQ
ENCSR144ZXR
ENCSR409YCK
ENCSR454UTH
ENCSRO63UNG
ENCSR624CTU
ENCSR345NVR
ENCSR902CFR
ENCSR241VGH
ENCSR331JFZ
ENCSR580IBA
ENCSR641KNU
ENCSR553LAZ
ENCSR775SYU
ENCSR344ZTM
ENCSR685ZMP
ENCSR356KRQ
ENCSR356KRQ
ENCSR356KRQ
ENCSR356KRQ
ENCSR552QUA

ENCSR990NNX

11

https://www.encodeproject.org/files/ENCFF695HXA /@ @download/ ENCFF695
HXA.bed.gz

https://www.encodeproject.org/files/ENCFF538YUQ/(@@download/ ENCFF538
YUQ.bed.gz

https://www.encodeproject.org/files/ENCFF451ZYJ/(@@download/ ENCFF451Z
Yl.bed.gz

https://www.encodeproject.org/files/ENCFF619LDY/@@download/ ENCFF619L
DY.bed.gz

https://www.encodeproject.org/files/ENCFF356 XWJ/@(@download/ENCFF356X
Wl.bed.gz

https://www.encodeproject.org/files/ENCFF423TQD/@@download/ ENCFF423T
QD.bed.gz

https://www.encodeproject.org/files/ENCFF597KPl/(@@download/ ENCFF597K
Pl.bed.gz

https://www.encodeproject.org/files/ENCFF 184NOC/@@download/ ENCFF 184N
OC.bed.gz
https://www.encodeproject.org/files/ENCFF390QUM/@@download/ENCFF390
QUM.bed.gz

https://www.encodeproject.org/files/ENCFF926 UL Q/@@download/ENCFF926U
LOQ.bed.gz

https://www.encodeproject.org/files/ENCFF697QXK/@@download/ ENCFF697
QXK.bed.gz
https://www.encodeproject.org/files/ENCFFO03NCK/@@download/ ENCFFO03N
CK.bed.gz
https://www.encodeproject.org/files/ENCFF611XGS/@@download/ENCFF611X
GS.bed.gz

https://www.encodeproject.org/files/ENCFF962LEY /(@ (@download/ ENCFF962L
EY.bed.gz

https://www.encodeproject.org/files/ENCFF598EDX/@@download/ ENCFF598E
DX.bed.gz

https://www.encodeproject.org/files/ENCFF0070SO/@@download/ ENCFF0070
SO.bed.gz

https://www.encodeproject.org/files/ ENCFF900WSD/@@download/ ENCFF900
WSD.bed.gz

https://www.encodeproject.org/files/ ENCFF072JKR/@@download/ ENCFF072]

KR.bed.gz
https://www.encodeproject.org/files/ENCFF027KMZ/@@download/ ENCFF027

KMZ.bed.gz

https://www.encodeproject.org/files/ENCFF915GOP/@@download/ ENCFF915G
OP.bed.gz

https://www.encodeproject.org/files/ENCFF828UQL/@@download/ ENCFF828U
QL.bed.gz

https://www.encodeproject.org/files/ENCFF228K GP/(@@download/ ENCFF228K
GP.bed.gz

https://www.encodeproject.org/files/ENCFF316GRQ/@@download/ ENCFF316G
RQ.bed.gz
https://www.encodeproject.org/files/ENCFF245FHK/@@download/ ENCFF245F
HK.bed.gz

https://www.encodeproject.org/files/ENCFF940NBD/(@@download/ ENCFF940N
BD.bed.gz

https://www.encodeproject.org/files/ENCFF423RGJ/@@download/ ENCFF423R
GlJ.bed.gz

https://www.encodeproject.org/files/ENCFF768TY T/@@download/ ENCFF768T
YT.bed.gz
https://www.encodeproject.org/files/ENCFF236BWEF/@@download/ENCFF236B
WE.bed.gz

https://www.encodeproject.org/files/ENCFF287WFV/@@download/ ENCFF287
WEV.bed.gz
https://www.encodeproject.org/files/ENCFF616CHX/@@download/ ENCFF616C
HX.bed.gz
https://www.encodeproject.org/files/ENCFF76701B/@@download/ ENCFF76701

B.bed.gz




ENCFF324QLD
ENCFF483FWG
ENCFF820DKN
ENCFF976 AWF
ENCFF695NDC
ENCFF829YTT
ENCFF776LMY
ENCFF365RAW
ENCFF826MFY
ENCFF663KQH
ENCFF410GKB
ENCFF251CFX
ENCFF541ZHB
ENCFF323ALI
ENCFF117MSK
ENCFF695IGF
ENCFF976CEI
ENCFF925CYR
ENCFF9320LP
ENCFF389WIM
ENCFF800IWT
ENCFF105YML
ENCFF460SWB
ENCFF9480Y1
ENCFF168AS]
ENCFF384SZZ
ENCFF775KEG
ENCFF6821]Y
ENCFF981WQJ
ENCFF1220HC

ENCFF718BTP

ENCSR496PPU

ENCSRS836FIL

ENCSR4520SK

ENCSR6240DL

ENCSR133WJY

ENCSR251POP

ENCSR474XFV

ENCSR474XFV

ENCSR414DVK

ENCSR414DVK

ENCSR668VCT

ENCSR668VCT

ENCSR3558GJ

ENCSR3558GJ

ENCSR483RKN

ENCSR483RKN

ENCSR483RKN

ENCSR483RKN

ENCSR392UIM

ENCSR886VCC

ENCSR886VCC

ENCSR113MBR

ENCSR113MBR

ENCSR120MOY

ENCSR120MOY

ENCSR890DWH

ENCSR890DWH

ENCSR9525PO

ENCSR530XBF

ENCSR3990SE

ENCSR3990SE
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Table S2 Computing Power and Processing Time for Each Model

Computation Model PBMC Brain
power
scEpiLock 1:39:53 4:14:56
One GPU DeepSEA 1:06:06 2:47:59
DanQ 1:19:02 3:23:34
One CPU Random forest 0:06:25 0:07:54
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Table S3 H3K27ac Enrichment in Key and Non-key Regions

H3K27ac

Data Region enrichment p-value
key 0.554
<2.2e-
PBMC Non-key 0.412 22e-16
Brain key 1448 <2.2e-16

Non-key 0.987
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