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Is the arrangement of the genes in ancestral 
chromosomes linear?



  



  

Bridges, Morgan, 1916 Castle, 1919



  



  

Today we tend to believe that chromosomes are and 
used to be (more or less) linear (or circular) 
arrangements of genes. 

What would we gain by forgetting it?



  

If we model genomes by linear arrangements (permutations, strings), 
and try to model their evolution, negative computational results arise for 
the comparison of three genomes

Bryant D: The complexity of the breakpoint median problem, 1998.
Caprara A: The reversal median problem, 2003.

Or even for the comparison of two genomes if they have unequal gene 
contents due to duplication and loss

Blin G, et al: Comparing Genomes with Duplications: a Computational Complexity Point 
of View, 2007.
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If we relax the definition of a genome to a collection of 
adjacencies between genes (chromosomes are linear or 
circular arrangements), some problems are tractable for 
genomes with equal gene content.
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If we relax again: a genome is a collection of relations 
between genes (and a gene may be in relation with an 
arbitrary number of other genes)

Advantage: it can be used with any type of relation 
(synteny, regulation, interaction, metabolism)  
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The history of a relation

A relation between two genes can be transmitted with the genes, 
and in consequence can evolve by
- spéciation



  

A relation between two genes can be transmitted with the genes, 
and in consequence can evolve by
- spéciation
- duplication, loss of a gene

The history of a relation



  

A relation between two genes can be transmitted with the genes, 
and in consequence can evolve by
- spéciation
- duplication, loss of a gene
- duplication, loss of the two genes

The history of a relation



  

A relation between two genes can be transmitted with the genes, 
and in consequence can evolve by
- spéciation
- duplication, loss of a gene
- duplication, loss of the two genes
- gain or loss of the relation (rearrangement)

The history of a relation



  

For each couple of gene tree nodes (from one or two gene trees)
C0 : cost of a history in which genes are not in relation
C1 : cost of a history in which genes are in relation

In the case of two speciation nodes

Given a species tree, a set of reconciled gene trees (with duplications and 
losses) and the organisation of the extant chromosomes, we can compute 
ancestral genomes (ancestral set of relations between genes) minimizing the 
number of gains and breakages of adjacencies in a few minutes.



  

Is the arrangement of the genes in ancestral mammalian 
chromosomes linear?



  



  

Non linear ancestral chromosomes measure the quality of 
gene trees



  

Additional material :

 a paper at ECCB 2012 (to appear in Bioinformatics)

 a software called DeCo written by Sèverine

a Ph-D position on models for co-evolution

Eric.Tannier@inria.fr
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