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TF : transcription factor
REs : cis-regulatory elements
CRs : chromatin regulators

TGs : target genes

PECA : paired expression and chromatin accessibility
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i)l E=253E (expression and accessibility data )32Emouse ENCODE project
Protein-protein E{F&{#E*E BIOGRID database

TFs motif #3ERBEJASPAR, TRANSFAC, UniPROBE, and Taipale

CRs kBEGOTF
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system Cell types ENCODE sample ID a SSSESS SRR R R s R CRE e S SNNSS
Muscular SkMuscle SkmuscleC57blo M Adult 8wks
Circulatory |G1E-ER4 Gleer4S129MEODiffd24h
GIE GleS129ME0D
Cerebrum CerebrumC57blo M Adult 8wks
Nervous Cerebellum CerebellumC5 7bl6 M Adult 8wks
WholeBrain WhrainC57bleME18half
Respiratory |[Lung LungC57bl6MAdult8wks
NIH-3T3 Nih3t3NihsMImmortal
Lglntestine LgintC57bloMAdult8 wks
Liver liver129dlerME14half
Digestive |Liver LiverC57bl6MAdult 8 wks
Liver LiverC57bl6ME 14 half
Excretory |Kidney KidneyC57bl6 M Adult 8wks
Endocrine |FatPad FatC57blo MAdult8wks
GenitalFatPad |GfatC57blé MAdult 8wks
4168 416bC57bl6MAdult8wks
A20 A20BalbcannMAdult 8wks
B-cell(CD19+) |Beelled19pC5 7bl6M Adult 8wks
B-cell(CD43-) |Bcelled43nC5 7hloM Adult 8wks
Spleen SpleenC57blo M Adult 8wks
Lymphatic Thymus ThymusC57bl6M Adult 8wks
T-Naive TnaiveC57bloM Adult 8wks

form mouse ENCODE project
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» PECA model
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Input of PECA : the expression of TF genes, CR genes, and TGs
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the openness of REs
the motif binding in the elements for TFs

Protein — protein interactions (PPI) among CRs and TFs
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> PECA model

» Model of CR binding to REs

P(C;j=1|TF, O;)
1-P(Ci;=1|TF, O;)
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P(C;j=1|TF,0;) =

Cij : recruitment status of the jth CRs on the ith RE
TFk : TF expression

TFSk : TF specificity expression score

Bi : TF motif-binding strength on RE

Oik : openness of RE
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> PECA model

» Model of RE activity

P(Z;=1|0;, CR, G;) d
| —a;_ 00; C: :CR;
09(1—P(Z;=1|O,-,CR,C;)) ai —1+aj00;+ Z‘IICJC y

J=1

exp (a;,-1 + a0 0; + 2};1 ajCijCR; )
1+exp (a;,_1 +ai00; + Zj=1 ajjCi CRJ')

P(Z;=1|0;, CR, C;) =

Cij : recruitment status of the jth CRs on the ith RE
CRj : the expressions of binding CRs

Oi : openness of RE

Zi: activation status of the ith RE
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> PECA model

» Model of TG expression

TG/|TF.Z~N{Bo+ » BiZi| Y vixBikTFk |.of |;il1€{1,2,...L}.
i€l kEMB,:

TGI TG expression
Zi : activation status of the ith RE
Bi : TF motif-binding strength on RE

TFk : TF expression
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> Inference of the Recruitment Status of Chromatin Reaulators

Sensitivity

0.8+
0.6
0.4r
AUC=0.9468
AUC=0.9175
0.2
—— PECA
0 r r r (?penness
0 0.2 0.4 0.6 0.8

1 -Specificity

1. &2 FPECAFTN SE T RERT A 4FT

AYROCHRZLELER

o
®
T

Sensitivity
o
(*2]

o
N
T

—— Chd4, AUC=0.87
— Ep300, AUC=0.93
Ezh2, AUC=0.84
——Hdac1, AUC=0.89
—Hdac2, AUC=0.87
—Kdm1a, AUC=0.84

0.2 Setdb1, AUC=0.80 |
—— Smarca4, AUC=0.92
0 Wdr5, AUC=0.92
0 0.2 0.6 0.8

1 -Specificity

2 ETFPECATTNAR CRIBEKFRY

RCHAZE

> PECATICRIBEKFRIGERKYT , IFFRAopennessEdETl




3.55%

0.7
» Prediction of the Activation Status of Regulatory Elements 06
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» Prediction of Gene Expression
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> Extraction of Regulatory Relations
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# of # of Validation
TF1 TF2 interaction validation rate p-value
0.5684 <0.001
0.5165 <0.001
0.4915 <0.001
0.4908 <0.001
0.4608 <0.001
0.5362 <0.001
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chromatin looping

CR1(Complex) CR2(Complex) #of TG Hi-C validation Validation rate p-value
Actb(BAF) Chd4(NuRD) 3,877 3,545 0.9144 <0.001
e T Vps72(TIP60) Mtal (NuRD) 3,064 2,596 0.8473 <0.001
@ = 8% Smarcd1(BAF) Bmil(PRC1) 3,497 3,098 0.8859 <0.001
Mmm,““"?si‘,?‘iy?\, Vpsi2 Mértdi2 \‘. Ruvbl2(TIP60) Hdacl(NuRD) 3,400 3,168 0.9318 <0.001
e SN S Y Rbbp7(NuRD,
A \R";’;Zm R e PRC2,NuRF) 3,279 2,935 0.8951 <0.001
/ \ P /" \‘1 = ’// N\ \}
@Y. 2. Ny, 4. Hi-CigilECR-CR pairs
\\\~—’/I;RC2 NS \\\sn“amb1 Smafqﬂ//
R S > PECABEBIENZEERPCCHITF-TG pairs
(\ Smhl//—Be_twgen complex . . . . .
Sy SR MpleS > 2ZHi-CSCI§I&IE , most TF-TF pairsfICR-CR pairs&f2iE
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» Most CR-CR pairsEBAEAICR complex
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> Inference of Context-Specific Regulatory Network

blood vessel development
i Aging

. QIR Y VA "/ vasculature development
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signal release
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neurotransmitter secretion
signal release from synapse

regulation of neuron differentiation
regulation of nervous system development
neuron projection development

Thyroid hormone signaling pathway e
neurogenesis B@”. :
euron development
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Term B Genes FC1  -logP -logP x FC1

GO:0030516~regulation of axon extension Twf2, Plxnal, Apoe, Pafahlbl, Cdk5, Ifrdl  4.00 3.86 15.44

GO:0061387~regulation of extent of cell growth Twi2, Plxnal, Apoe, Pafahlbl, Cdk5, Ifrdl  3.84 3.62  13.90

GO:0048675~axon extension Twi2, Plxnal, Apoe, Pafahlbl, Cdk5, Ifrdl  3.82  3.59  13.69

GO:0048667~cell morphogenesis involved in -~ Lingol, Twif2, Plxnal, Apoe, Idl, Pafahlbl,

neuron differentiation Rpl24, Cnp, Cdk5, Ifrdl, RERE 3.10  3.69 1145

G0:1990138~neuron projection extension Twi2, Plxnal, Apoe, Pafahlbl, Cdk5, Ifrdl 342 3.04 1038
Lingol, Twi2, Plxnal, Apoe, Idl, Pafahlbl,

\GO:00488 12~neuron projection morphogenesis Rpl24, Cnp, CdkS5, Ifrdl, RERE 294 343  10.09
Lingol, Twf2, Plxnal, Apoe, Pafahlbl,

GO:0007409~axonogenesis Rpl24, Cnp, CdkS5, Ifrdl 297 306 9.09

GO:0050770~regulation of axonogenesis Twf2, Plxnal, Apoe, Pafahlbl, Cdk5, Ifrdl 323 280 9.04

GO:0008361~regulation of cell size Twi2, Plxnal, Apoe, Pafahlbl, Cdk5, Ifrdl  3.10 2,63 8.17
Lingol, Twf2, Plxnal, Apoe, Pafahlbl,

GO:0061564~axon development Rpl24, Cnp, CdkS5, Ifrdl 282 284 R.02
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> Interpretation of Genetic Variants Relevant to Traits and Diseases

No. SNPs in TFBS

No. nonsynonymous
SNPs on expressed

No. deleterious SNPs

QTL symbol QTL study name QTL length No. SNPs in active REs gene on expressed gene Tissue contexts

Bhr1 Bronchial 35,958,073 84,720 169 77 10 Lung, Immune
hyperresponsiveness

Hpi2 Hepatic PMN infiltration 27,225,093 52,957 9 6 9 Liver

Hpi1 Hepatic PMN infiltration 48,679,702 50,787 44 13 ‘ Liver

Bhr2 Bronchial 39,081,857 69,497 186 107 15 Lung, Immune
hyperresponsiveness

Bhr3 Bronchial 44,773,774 99,128 263 176 22 Lung, Immune
hyperresponsiveness

Vacq1 Voluntary alcohol 3,072,943 5,173 18 12 Neuron
consumption QTL

Nilac10 Nicotine-induced 22,087,605 12,543 29 3 Neuron, Immune
locomotor activity
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