
 
The role of DNA repeats in metazoans genomes  

 
  

Mozziconacci J.   
LPTMC, Université Pierre et Marie Curie 

 
Cournac A. Koszul R. 

Institut Pasteur 
 

  
  

Rencontres Scientifiques des Grands Causses 
************************ 

 



Genome size vs number of genes for different organisms 
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There are 1395 different repetitive elements in the human genome (Repbase) 
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55 % of the genome 
30 % (only 2% are 

coding genes) 

There are 1395 different repetitive elements in the human genome (Repbase) 
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Example of repetitive DNA elements in the genomic context 
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Why are repeated elements so common in 
metazoan and plants genomes ? 

1) They are just junk/selfish elements 
 
 
 

2) They have a function and are selected by evolution 
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Genome research, 2008 



Re-wiring gene regulatory networks 

Flowering gene netwok in A. Thaliana (see Mendoza and Alvarez-Buylla, 1998; Mendoza et al., 1999; Espinosa-Sotoa et al., 2004). 
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A Riccio 

Nuclear structure seen with the  microscope 

Nuclear architecture of Mouse 

fibroblasts (Solovei et al., Cell, 

2009).  
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Ligation 

Axel Cournac, Marie-Nelly, Marbouty, Koszul, Mozziconacci, 2012 
Duan et al., 2010 

Dekker et al., l 2002 
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3C bank  

Purification  

Measuring chromosomal contact experimentally:  
The Chromosome Conformation Capture experiment 

Restriction site 



Cournac et al., 2012  
Duan et al., 2010 

Rodley et al., 2009 
Dekker et al., 2002 

rare 

frequent collisions 

3C bank  

Illumina pair-end sequencing 
couting the hits 

statistical analysis 

Measuring chromosomal contact experimentally:  
The Chromosome Conformation Capture experiment 



Lieberman-Aiden et al., 2009; Dixon et al., 2011; Khalor et al., 2012; Dekker et al., 2002 

Chromosome segment 

frequent collisions 

3C library 
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frequent collisions 

3C library 

rare 

Lieberman-Aiden et al., 2009; Dixon et al., 2011; Khalor et al., 2012; Dekker et al., 2002 

(Hi-C, TCC, 3C-seq, 5C, CCC, etc.)  
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Human genome, hESC 
(data from Dixon et al., 2011,  
reprocessed Cournac and Mozziconacci)  



Co-localization Score (CS) of all the different repetitive 
elements found in the human genome. 

Cournac, Koszul and Mozziconacci, in revision 

• 30 kbp bins  (80.000 bins) 

• Inter-chromosomal contacts  

Cournac, Koszul and Mozziconacci, in revision 

CSAluJB=<Mij>ij containing AluJB 



Co-localization score of all the different repetitive 
elements found in the human genome. 

Cournac, Koszul and Mozziconacci, in revision 

CS =<Mij>ij containing AluJB 

• 30 kbp bins 

• Inter-chromosomal contacts 

Cournac, Koszul and Mozziconacci, in revision 

CSAluJB=<Mij>ij containing AluJB 

Pvalues are determined using random swapping of repeats positions under various null models 



Comparison between two different cell types 
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Comparison between mouse and human genome 3D organization 



Whereas syntenic blocs are reshuffled in the mouse vs human genomes, 
The 3D structure is conserved 



The conserved 3D structure correlates with the MIR density 

MIR density  



Alu density  B1 density 

Trends Genet. 2007 Apr;23(4):158-61.  
Kriegs JO, Churakov G, Jurka J, Brosius J, Schmitz J. 

Human Alu VS rodent B1 sequences 



Alu density  B1 density 

Differences in the 3D organization of the two genomes correlated 
with different SINE distribution 



Co-localization score of all the different repetitive elements  
 in the Drosophila genome. 

Data from Dixon et al, Cell, 2012 



 

Element P 



Element P 

Anxolabehere et al. 



The genome of metazoans is full of DNA repeats. 

Role in cell differentiation: 
DNA repeats organize the genome folding in a 
cell type and transcription factor specific manner 

Role in evolution: 
Retro-transposition waves are able to reshape 
the genome folding in different organisms.  

Summary 



Ongoing work with A. Lesne, A Counac and J. Riposo  
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