
Supplementary Figures

Supplementary Figure S1. A) Distribution of sizes of the bins used in the analysis.
For the majority of libraries used in our study, each bin contains 10 consecutive HindIII 
fragments from a Hi-C experiment. The median size is ~32 kb for the human genome. 
B) Distribution of the number of different subfamilies per bin. 
C) Distribution along the genome (zoom) of the number of sequences per bin for 2 
representative subfamilies: AluJb and LTR13. The vertical red line is the threshold above
which bins are conserved for the computation of CS (which is respectively 5 and 1 for 
AluJb and LTR13).  



Supplementary  Figure  S2.  Illustration  of  the  output  of  our  pipeline  to  detect
elements with a significant Co-localization Score. 
For  each repeat  element,  a  random group of  positions  is  generated with  the  same
distribution in Hi-C coverage or GC content or the same chromosome distribution. 1000
realizations are generated which gives a distribution of the CS that can be expected by
chance under the chosen null model (grey histogram). A log normal distribution is used
to fit this distribution which allows to give a probability to observe a particular CS for the
group of interest. Here, are presented the results for two repeat elements Charlie 16a
and AluSc which are respectively present in 1607 bins and 1858 bins in the human
genome (see  Supplementary  Tables  S1 sheet  B).  The null  model  used here  is  the
conservation in the coverage distribution. AluSc appears very significant das opposed to
Charlie 16a. This statistical method is very similar to the one proposed by Witten et al.
[1] and the use of null models is explained in details in [2]. 



Supplementary Figure S3.  Negative and Positive controls of our pipeline for the 
detection of significant co-localizations of a group of elements 

Left: Negative control We use the positions of all the repeat elements that we shifted 
with periodic conditions along the genome (value of the shift: 5000 bins i.e about 150 
Mbp). None of the elements tested is significant confronted to the coverage null model. 
Colors correspond to repeat families as in Figure 2 of the main text. 

Right: Positive control We use bins enriched in Transcription Factor Binding Sites, 
Histone modifications, tRNAs and NADs in the human embryonic stem cell.

Purple dots: Transcription Factors and Histone modifications. Yellow dot: tRNAs. 

Red dot: NADs  for Nucleolar Associated Domains (also known as Nuclear Organizing 

Regions [NORs]). 99 out of the 102 tested elements present significant CS when 

confronted to the coverage null model (see Table S1, sheet G), supporting the validity of

the approach. 

The most significant elements correspond to sets of bins enriched in opened chromatin, 

Pol2 and CTCF.  Evidence of CTCF‐mediated inter‐chromosomal interactions has also 

been obtained using 4C (an advanced 3C technique) on the mouse Igf2/H19 locus [4-5] 

and as well with FISH techniques [6]. 



Supplementary Figure S4. Influence of the null model used in the number of 
significant repeat elements detected

The figure shows the number of significant repeat elements according to the null model 

used. The uniform null model assigns random bins in the genome without any constrain.

The Chromosomes distribution null model conserve the distribution between the 

chromosomes when assigning the random bins. The coverage null model conserves the

distribution in the reads coverage of the random bins. The GC content null model 

conserves the GC content distribution of the random bins. The 1D distribution null model

conserves the distances between the random bins along the genome. The null model 

that conserves the GC content distribution of the group is the most stringent as it 

conserves the two compartments organization of the genome.



Supplementary Figure S5. Co-localization Scores and p-values of the different 
repeat elements for hESC with the type II alignment 

The CS is the average of Hi-C interactions between bins enriched with elements of the 

same repeat. The p-values correspond to the constant coverage null-model. The type II 

alignment is very stringent and keeps only reads that do not overlap any repetitive 

elements (referenced in repeat masker track of UCSC). This procedure only keeps 

around 23% of the initial reads for the human genome datasets. 



Supplementary Figure S6. Co-localization Scores and p-values of the different 
repeat elements in hESC with bins of equal size

The CS is the average of Hi-C interactions between bins enriched with elements of the 

same repeat. The p-values correspond to a constant coverage null-model. 

Here we used bins of equal size i.e 30 kb for the construction of the normalized matrices

and the computation of CS. 



Supplementary Figure S7. Co-localization Scores and p-values of the different 
repeat elements for two different human cell types: IMR90 and GM12878 

(A) IMR90 cells (data from Dixon et al. Nature 2012 [7]). 
(B) GM12878 cells (data from Khalor et al. Nature 2012 [8]). 
The CS is the average of Hi-C interactions between bins enriched with elements of the 

same repeat.  The p-value corresponds to the coverage null-model 

(C) Comparison of p-values obtained with 2 different data sets on the IMR90 cell type : 
Dixon et al. [7] that contain reads of 36 bp and Rao et al. [10] that contain reads of 
100bp. Both datasets give very similar results. 



Supplementary Figure S8. Co-localization Scores and p-values of the different 
repeat elements for mESC and Drosophila with the type II alignment

(A) mouse Embryonic Stem Cells (data from Dixon et al. Nature 2012 [7])

(B) Drosophila kc167 cells (data from Hou et al. Cell 2012 [9]) 

The CS is the average of Hi-C interactions between bins enriched with elements of the 

same repeat. The used bin is 10 HindIII restriction fragments for the mouse set and 1 

HindIII restriction fragment for the drosophila data set. 

The p-value corresponds to a coverage null-model.
The most significant families of each class of repeat elements have been annotated. 





Supplementary Figure S9. Supplemental information of Supplementary Figure 5 in
the main text

(A) Correlation matrix of the contact map obtained for mESC cells. (B) Scatter plot 
representing the number of Alu in human (300 kb bins) versus the number of B1 SINE in
mouse syntenic bins of the genome. The color of each point in the scatter plot 
corresponds to the correlation between human and mouse contact maps of Fig 5. The 
scale is the same as the one provided on the colors stripe in between the two contacts 
maps.
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Code availability

All the codes used for the analysis (in C and R) and instructions to reproduce the main

figures are available here:  

https://github.com/axelcournac/Repeats_elements


