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Regulatory interactions and mediating 
protein complexes in the Hi-C data? 

Can	we	find	DNA	regulatory	
interacBons	and	the	DNA	binding	
transcripBon	factor	complexes	
mediaBng	these	interacBons?	

Hi-C	contact	matrix	
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Protein complexes mediate  
enhancer–promoter interactions 

[Cell	(2014),	Deng	et	al.]	
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Who are the players  
for long-range regulations? 

What	is	the	global	landscape	of	
enhancer	elements	and	their	
target	genes?		

Which	transcripAon	factors	
mediate	these	interacBons?	

Considering	the	whole-genome…	
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Restriction enzyme cutting suggests  
physically-interacting regions (PIRs) 

restricAon	enzyme	
cleavage	&	ligaAon	 paired-end	sequencing	

mapping	

★	Hi-C	reads	properBes:	
1.  pile	up	around	the	cleavage/ligaAon	sites		
2.  suggest	the	relaBve	posiBon	of	the	the	physically	interacAng	region	from	

the	cleavage/ligaAon	sites	
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Two converging cleavage/ligation sites 
enclose a physically-interacting region 

Chromosome	
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Determine	the	posiBons	of	the	PIRs	relaBve	to	
the	cleavage/ligaBon	sites	by:	

1.  Hi-C	read	mapping	posiBons	
2.  distances	from	the	paired-end	reads	

to	their	nearest	restricBon	sites	
3.  strand	orientaBons	
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PIRs correlate  
with open chromatin regions 

•  84%	of	open	chromaBn	regions	overlap	with	PIRs	
•  PIRs	have	an	average	length	of	994	nucleoBdes,	
spanning	1–2	restricBon	fragments	on	average	

Hi-C	data	from	[Cell	(2014),	Rao	et	al.]	
Open	ChromaBn	data	from	[ENCODE	Open	ChromaBn	Track]	

Position from open chromatin mid-point (chr1:102599528-102603529)
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Promoter-touching PIRs are likely 
to be regulatory elements 

Open chromatin regions  (DHS-seq, FAIRE-seq) 
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Significant	interacBons	idenBfied	by	Fit-Hi-C	[Genome	Res.	(2014),	Ay	et	al.]	
Histone	modificaBon	and	ChIP-seq	peaks	data	from		[ENCODE]	
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Enrichment	P	values	<=	0.001,	permutaBon	test	

OpenChrom

Pol2

p300

CTCF

TF Binding Increase from All Interacting PIRs

0 50 100 150 200

Percentage Increase (%)

Enrichment	P	values	<=	0.001,	permutaBon	test	
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•  We	idenBfied	11,848	enhancer–

promoter	interacBons,	with	8,552	
enhancers	and	4,612	promoters	
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PWM-based ChIP-seq peaks computational identified motifs (on Enhancers) 

Transcription factor binding sites are 
enriched in promoter-touching enhancers 

Promoter-touching	PIRs	with	
enhancer-associated	histone	marks	
are	enriched	for	TF	bindings	

*:	P	values	<=	0.05,	binomial	test	with	bonferroni	correcBon	

MoBf	locaBons	from	Factorbook	[Genome	Res.	(2012)	Wang	et	al.	]	
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Clusters of TF binding motifs enriched  
in promoter-interacting enhancers 
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TFs	for	enhancer:	
TAL1,	GATA1,	CTCF,	AP1,	
YY1,	ETS1,	SP1,	etc.	

* * * * * * * * * * * *

HS
F1

ES
RR
A

SR
EB
F1
B−
Bo
x
A−
Bo
x

SO
X2
−O
CT
4
TA
L1
v−
Ma
f

CE
BP
B

GA
TA
1

NR
3C
1
NF
E2

* * * * * * * * * * * * * * * * * * * * *

BA
RH
L2

V_
P5
0R
EL
AP
65
_Q
5_
01

GA
TA
1−
ext
HN
F4
RE
ST

CR
EB
−e
xt

ZN
F1
43
RX
RA
US
F
NF
IC
CT
CF

CT
CF
−e
xt
SR
F
ST
AT
1

v−
JU
N
NF
Y

TC
F7
L2

TE
AD
1

TE
AD
4
AP
1
FO
XA

* * * * * * * * * * *

GF
I1
TC
F1
2

ZN
F2
81
GA
BP
EL
F1SP

1

NR
2C
2
YY
1
AP
2
EG
R1
ET
S1

MY
C

V_
AP
4_
01

ZN
F1
43
−e
xt
CR
EB
RF
X5
E2
F4

ZN
F2
63

* * * * * * *



TF–TF interactions are involved in 
enhancer–promoter regulations 

enhancer	

TF2	

TF1	

PPI	interacBon	from	BioGRID	[NAR	(2015	update)	Chatr-Aryamontri	et	al.]	

known  
protein–protein 
interactions 

TFs 
in enhancer–
promoter 
interactions 

Among	the	enriched	30	TFs,	we	discovered	
99	out	of	115	(86%)	known	PPIs	mediaBng	
the	enhancer–promoter	interacBons	
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TF complexes linking 
enhancer–promoter interactions 
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TFs	for	enhancers:	
SP1,	YY1,	AP1,	RUNX1,	
etc.	

TFs	for	promoters:	
SP1,	YY1,	AP1,	RUNX1,	
TBP,	etc.	



Summary 

•  We	developed	a	methodology	to	uBlize	Hi-C	readout	and	
discovered	physically-interacBng	regions	(PIRs)		

•  The	PIRs	cover	chromaBn-accessible	regions,	and	promoter-
interacBng	PIRs	are	enriched	for	epigenomic	signals	
associated	with	enhancer	acBvity	

•  We	idenBfied	candidate	transcripBon	factor	complexes	that	
specifically	regulate	enhancer–promoter	interacBons	

•  Hi-C	bioinformaBcs	can	shed	light	on	long-range	regulaBon	
and	the	transcripBon	factors	mediaBng	regulatory	
interacBons	
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