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Life, cell, chromosome & DNA
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Life, cell, chromosome & DNA
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   Ong & Corces, Nat. Rev. Genet., 2014

From structure to function

3D structure impacts gene expression
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3D structure impacts gene expression

From structure to function
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From structure to function

3D structure impacts gene expression

?
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Hi-C: the experiment

Hi-C: high-throughput chromatin conformation capture 
(Lieberman-Aiden et al, Science, 2009, Rao et al, Cell, 2014)

crosslink DNA
(“fixation”)

cleave genome with 
restriction enzyme

biotin-mark and 
ligate extremities

fragment, select 
biotin-marked junctions

sequence fragments
(paired-ends)
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Hi-C: the experiment

Rao et al, Cell, 2014

Hi-C: high-throughput chromatin conformation capture 
(Lieberman-Aiden et al, Science, 2009, Rao et al, Cell, 2014)
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Hi-C data analysis: overview

clean and trim the reads

map the reads on the genomic reference

filter bogus configurations

count the reads per genomic bin => contact matrix

normalize the matrix

identify topological domains, cis- and trans- interactions

comparative/integrative analysis
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Hi-C data analysis: overview

HiCUP, www.bioinformatics.babraham.ac.uk/Lajoie et al, 2015
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Hi-C data analysis: the contact matrix

Sexton et al 2012
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Hi-C data analysis: the contact matrix

Rao et al, Cell, 2014
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Hi-C data analysis: the contact matrix
Rao et al, Cell, 2014
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Hi-C data analysis: the contact matrix

Rao et al, Cell, 2014
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Hi-C data analysis: matrix normalization

Number of reads per bin (coverage) depends on: 

GC%

density of restriction sites

repeats and “mappability”

overall depth of coverage

Others?

=> “Parametric” vs. “non-parametric” normalization
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Hi-C data analysis: matrix normalization
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Knight & Ruiz, IMA J. Numer. Anal., 2013

Hi-C data analysis: matrix normalization
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example with number of reads vs. GC%

before normalization after normalization

Hi-C data analysis: matrix normalization
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Ay & Noble, Genome Biology, 2015

Hi-C data analysis: matrix normalization
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Hi-C data analysis: finding topologically 
associated domains (TADs)

Rao et al, Cell, 2014

methods: clustering, 2D-segmentation, etc
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Hi-C data analysis: finding topologically 
associated domains (TADs)

Directionality Index

Dixon et al., Nature, 2012 DI HMM => TADs
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Hi-C data analysis: finding topologically 
associated domains (TADs)

Weireb & Raphael, Bioinformatics, 2015
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Hi-C data analysis: finding topologically 
associated domains (TADs)

Weireb & Raphael, Bioinformatics, 2015
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Hi-C data analysis: integrative analysis

Dixon et al 2012
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Hi-C data analysis: comparisons

Dixon et al 2012
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Hi-C data analysis: integrative analysis

Ay & Noble, Genome Biology, 2015
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Hi-C data analysis: integrative analysis
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FR-AgENCODE: livestock genome annotation

Sus scrofa
(Large White)

Gallus gallus
(White Leghorn)

Bos Taurus
(Holstein)

Capra hircus
(Alpine)

2x
2x

Sampling: 34 somatic tissues + 13 reproductive tissues 
=> INRA CRB-Anim biorepository

Molecular assays

RNA-seq

Hi-C

Data analysis

Modified from PLoS Biol 9-e1001046, 2011 & 
Science 306:636, 2004

Image credits: Darryl Leja (NHGRI), Ian 
Dunham (EBI), Michael Pazin (NHGRI)

Check out:
www.faang.org
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Pig hepatocytes

Pig lymphocytes

FR-AgENCODE: livestock genome annotation
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Analysis: example on Hi-C data

Analysis pipeline (first part)

Ay & Noble, 2015
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Analysis: example on Hi-C data

Analysis pipeline (first part)

Ay & Noble, 2015

+ TAD calling, differential analysis, integrative analysis, ...
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