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Standard analysis of 3D genome using Hi-C

High-throughput chromosome conformation capture (Hi-C)
(Lieberman-Aiden et al, Science, 2009).
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Chromosomes are organized in loops mediated
by CTCF and cohesin In vertebrates
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Rao et al., Cell 2015; Sanborn et al., PNAS 2015.



The biological role of 3D genome
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3D genome evolves
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HOW TO STUDY 3D
GENOME EVOLUTION?




Not enough proper HI-C data to study the
evolution of 3D genome

- There are only 10-20 species whose Hi-C data are available to
study the evolution of CTCF-mediated looping in vertebrates
(for which CTCF is conserved).

- Available data between species are often from different tissues,
which do not allow proper comparisons.

- Most Hi-C data do not have enough resolution to study CTCF-
mediated looping.



1D genome point of view of CTCF-mediated
looping in 3D

A CTCF-mediated looping in 3D B 1D genome point of view
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Aimplies B Convergent  Divergent
motifs motifs

Loops are formed by two CTCF 1D distance between convergent motifs
motifs in convergent orientation. is higher than between divergent motifs.

|:> Forward CTCF motif <:| Reverse CTCF motif O cohesin . CTCF

- The distance between convergent CTCF motifs is expected to
be higher than the distance between divergent CTCF motifs.



3D ratio (3DR) to assess CTCF looping

3DR = median(d— ) /median(d« ),

which is the ratio of 2 medians: the median of the distances between
two contiguous motifs in convergent orientation (noted “—«"), and
the median of the distances between two contiguous motifs in
divergent orientation (noted "«-").

3DR is expected to be > 1, if the 3D genome comprises CTCF-
mediated CTCF looping!



Thousands of genome sequences can be
studied using 3DR!
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- CTCF motif is conserved among vertebrates!

- Vertebrate Genomes Project plans to sequence all vertebrates
on Earth (66K species)!



RESULTS




3DR detects CTCF-mediated looping in human
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- 3DR can detect CTCF-mediated looping in the human genome.

- 3DR is improved by using ChlP-seq, predicted ChlP-seq or
conservation data.



3DR Is stable between recent human
genome assemblies
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3DR = 1 for genomes without CTCF looping

dmé droYak2 - Control experiment.
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3DR varies with 3D compartments and
Isochores
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- 3DR is higher in B (sub)compartment, late replication
timing and low GC isochores.



3DR detects CTCF-mediated looping In

all mammals
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3DR is independent of genome size and CTCF motif

density.
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Phylogenetic analysis of 3DR
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- Species that are
phylogenetically close
tend to have a ratio that is
closer than species that
are phylogenetically far
(Mantel test p=5x10-°).

- 3DR is thus conserved!



Phylogenetic analysis of 3DR In mammals
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For more detalls, read the article!
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