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LANDSCAPE OF PIR-PIR INTERACTIONS

Protein complexes mediate enhancer–promoter 
and other regulatory interactions 

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

HiPPIE2 software
https://bitbucket.com/wanglab-upenn/HIPPIE2 

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	

TF2	

TF1	

TF2	

TF1	

Can we find 
1) DNA physically-

interacting regions (PIRs)
2) regulatory interactions
3) mediating protein 

complexes? 

PHYSICALLY-INTERACTING DNA 

REGIONS

PIR is identified with two converging and consistently cut cleavage/ligation sites 

HiPPIE2 Hi-C model and identification of 
Physically-Interacting DNA Regions (PIRs) 

Identify physically interacting regions (PIRs) for high-
resolution identification of enhancer-promoter interactions

Two converging cleavage/ligation sites enclose a 
physically-interacting region (PIR) 

PIRs across cel lines

PIRs are located mostly in 
non-coding regions 

PIRs are enriched for TFBS 
(ChIP-seq)

LANDSCAPE OF PHYSICALLY-INTERACTING DNA REGIONS
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PIRs involved in significant interactions Number of significant interactions

PIR-PIR interactions across cell lines
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Hi-C DATASETS

PIRs provide sub-1K 
resolution of chromatin 
interactions

Genomic distance between physically-
interacting regions

Promoter-touching PIRs are likely to be 
regulatory elements 

G
M

12
87

8

G
M

12
87

8_
re

p2

H
M

E
C

H
U
V
E
C

IM
R
90

K
56

2

N
H
E
K

H3K27me3

H3K27ac

H3K4me3

H3K4me1

ChromHMM Enhancer

Open Chromatin

−2
0 0 20 40 60 80 10

0
12

0
14

0
16

0
18

0
20

0
22

0Percent change

Percent change in basepair overlaps relative to shuffled averageFunctional enrichments in PIRs
enhancer exon intergenic intron promoter

e
n

h
a
n

c
e

r
e
x
o
n

in
te

rg
e

n
ic

in
tr

o
n

p
ro

m
o

te
r

0.0

0.1

0.2

0.3

0.4

0.5

0.0

0.1

0.2

0.3

0.4

0.5

0.0

0.1

0.2

0.3

0.4

0.5

0.0

0.1

0.2

0.3

0.4

0.5

0.0

0.1

0.2

0.3

0.4

0.5

P
e

rc
e
n

t 
o
f 

in
te

ra
c
ti
o

n
s

Hi−C Condition GM12878
GM12878_rep2

HMEC
HUVEC

IMR90
K562

NHEK

Percent of significant interactionsRegulatory and other PIR-PIR interactions

TF–TF interactions involved in enhancer–promoter regulations 

TF complexes linking enhancer–promoter interactions 

• promoters were defined upstream of annotated 
genes

• enhancers were defined by open chromatin, 
H3K27ac and/or H3K4me1, and lack of H3K4me3 and 
H3K27me3 in the matching cell types

GM12878

GM12878

HIPPIE2 pipeline analyzes Hi-C data from raw 
reads to significant PIR interactions to functional 
genomics annotation

[Cell (2014), Deng et al.]
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paired-end sequencingrestriction enzyme 

cleavage & ligation
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~256 bp in length
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cleavage/
ligation 
site

cleavage/
ligation site

Physically-
Interacting 
Region

Determine the relative positions of the 
physically-interacting regions with the 
cleavage/ligation sites by:

1. Hi-C read mapping positions
2. distances of the mapped reads 

to their nearest restriction sites
3. mapped strand orientation
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