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Chromosomes exhibit non-random spatial organization

Dekker and Misteli, Cold Spring Harb Perspect Biol (2015)



Kosak et al., Science (2002)

Green = anti-lamin B 
Red = IgH locus

Gene repositioning is associated with gene activation

Silenced gene Active, expressed gene



Enhancer - promoter looping
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Flavahan and Drier  et al., Nature (2015) 
Image from Grimmer & Costello, Nature (2015)

Disruption of genome 
topology in cancer

“Structural” vs. “Functional” loops



Genome topology assays

~1-5 Billion Reads~200M-500M Reads

Genome-wide



QC: Hi-C
• Key metric for both Hi-C and ChIA-PET: 

Fraction of paired-end read (“PETs”) supporting long-range interactions 

• Poor Hi-C library: <20% long-range (>20kb) pairs 

• Good Hi-C library: ~40% long-range (>20kb) pairs 

• A shallow sequencing run (~5M reads) is sufficient to assess library quality

https://www.bioinformatics.babraham.ac.uk/projects/hicup/scripts_description/

Useful

Not Useful



HiC data: 
From read pairs to an interaction matrix

Adapted from Lun et al., BMC Bioinformatics, 2015, Volume 16, Number 1, Page 1
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HiC data: 
From read pairs to an interaction matrix

Dixon, J. R., Gorkin, D. U. & Ren, B. Chromatin Domains: The Unit of 
Chromosome Organization. Molecular Cell 62, 668–680 (2016).



1. Dowen, J. M. et al. Control of cell identity genes occurs in insulated neighborhoods in mammalian chromosomes. - PubMed - NCBI. Cell 159, 374–387 (2014).

3D genome organization at multiple scales
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PET = Paired End Tag

Processing steps:
1. Identify loop anchors (i.e. ChIP 

peaks) 
2. Anchor pairs joined by PETs 

are putative loops 
3. Count PETs (paired-end reads) 

per putative loop 
4. Determine loop significance 

(i.e. is the number of PETs 
higher than the background?)

HiChIP / ChIA-PET data: 
From read pairs to an interaction matrix



How long are chromatin 
loops?
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Adapted from: Dixon, J. R., Gorkin, D. U. & Ren, B. Chromatin 
Domains: The Unit of Chromosome Organization. Molecular Cell 62, 

668–680 (2016).

Hi-C
All pairwise interactions

ChIA-PET
Pairwise interactions between  

loop anchor loci

Chr 1 Chr 1Loop anchor loci:
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http://dnalandscaper.aryeelab.org

Hi-C and ChIA-PET are complementary

http://dnalandscaper.aryeelab.org


K562                         

MCF7                                      

Differential topology analysis: POL2 ChIA-PET

enhancer - promoter

Legend

CTCF - CTCF

http://dnalandscaper.aryeelab.org

http://dnalandscaper.aryeelab.org


PCA of ChIA-PET Counts Matrix
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Pol2 ChIA-PET loops
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http://bioconductor.org/packages/diffloop/

Differential loops: diffloop
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Genome-wide analysis of differential looping

• Genome-wide identification of POL2 ChIA-PET loops in MCF7 
and K562 

• At an FDR of 1%, there are > 2,600 differential loops 

•  Nearly 2,000 were classified as enhancer-promoter loops 
(another 500 p-p) 

• Target genes in MCF7 enriched for Estrogen Response 
Pathways



POL2 loop strength correlates with 
expression

POL2 ChIA-PET
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Epigenetic correlates of enhancer-promoter looping: 
DNA Methylation

POL2 ChIA-PET
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Epigenetic correlates of enhancer-promoter looping: 
H3K27Ac

POL2 ChIA-PET
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• Protocol allows for < 1 million cells 

• Higher read efficiency than ChIA-PET 

• Shorter protocol 

HiChIP
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