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Figure 1. We Used In Situ Hi-C to Map over 15 Billion Chromatin Contacts across Nine Cell Types in Human and Mouse, Achieving 1 kb
Resolution in Human Lymphoblastoid Cells
(A) During in situ Hi-C, DNA-DNA proximity ligation is performed in intact nuclei.

(B) Contact matrices from chromosome 14: the whole chromosome, at 500 kb resolution (top); 86–96 Mb/50 kb resolution (middle); 94–95 Mb/5 kb resolution

(bottom). Left: GM12878, primary experiment; Right: biological replicate. The 1D regions corresponding to a contact matrix are indicated in the diagrams above

and at left. The intensity of each pixel represents the normalized number of contacts between a pair of loci. Maximum intensity is indicated in the lower left of each

panel.

(C) We compare our map of chromosome 7 in GM12878 (last column) to earlier Hi-Cmaps: Lieberman-Aiden et al. (2009), Kalhor et al. (2012), and Jin et al. (2013).

(D) Overview of features revealed by our Hi-Cmaps. Top: the long-range contact pattern of a locus (left) indicates its nuclear neighborhood. We detect at least six

subcompartments, each bearing a distinctive pattern of epigenetic features. Middle: squares of enhanced contact frequency along the diagonal (left) indicate the

presence of small domains of condensed chromatin, whosemedian length is 185 kb (right). Bottom: peaks in the contact map (left) indicate the presence of loops

(right). These loops tend to lie at domain boundaries and bind CTCF in a convergent orientation.

See also Figure S1, Data S1, I–II, and Tables S1 and S2.
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Is 3D at all relevant? 
Figure adapted from Hui Zheng and Wei Xie. Nature Reviews Molecular Cell Biology (2019)
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Hi-C matrices from lymphoblasts in seven primates
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Chromosomes

Synteny breakpoints in 3D 
Two regions of at least 100 kb separated by more than 750 kb (including trans chromosomal)
Common detections from Ruiz-Herrera’s Lab (@300Kb res) and our lab (ENSEMBLE @1Kb res)



Synteny breakpoints in 3D 
Two regions of at least 100 kb separated by more than 750 kb (including trans chromosomal)
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Synteny breakpoints in 3D 
Two regions of at least 100 kb separated by more than 750 kb (including trans chromosomal)



Chromosomes

Duplications 
Duplicated METTL2 locus in human with respect to primates



Genome compartments 
Conservation of the A/B compartments
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Genome compartments 
Conservation of the A/B compartments
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Genome Topologically Associating Domains  
Conservation of TADs
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Genome Topologically Associating Domains  
Conservation of TADs
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Loops 
Conservation of CTCF sites

Vietri Rudan, et al. Cell Rep. 2015 Mar 03; 10(8) 1297-1309 
Nakahashi et al.  Cell Rep. 2013 May 30; 3(5) 1678-1689
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Loops 
Conservation of CTCF sites
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Loops 
Conservation of CTCF sites

• >150 K sequences to align (all species together) 

• Tree reconstruction using FastTree2 

• Reduce the complexity filtering by node support 

• Selection of 173 nodes with 0.9 bootstrap  

• At least 100 CTCF sites (and at least 50 from single species)

Nodes with strong phylogenetic support

Nodes with weak phylogenetic support

Chromosomes



Loops 
Conservation of CTCF sites

Chromosomes

• Insulation/looping (interaction directionality)

• Enrichment in repetitive elements

• Motif (nucleotide content)



Few events of genome expansion through 
transposons involving CTCF sites

Loops 
Conservation of CTCF sites
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Loops 
Conservation of CTCF sites
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LTR13 (Long Terminal Repeat) for HERVK13 endogenous retrovirus



Loops 
Conservation of CTCF sites
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Loops 
Conservation of CTCF sites
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• Conservation of 3D structure after chromosomic rearrangements. 

• Recently duplicated regions are more isolated from surrounding DNA. 

• Compartments are very conserved in primates; detectable changes may not be 
related to cell-specific features. 

• TAD borders conserved with similar selective strength against gain and loss 

• New, but few primate specific expansions carrying CTCF sites 

• Selection against the creation of new and strong CTCF sites

Summary
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