





    
      Skip to main content
    

        
      
    
  
    
  
        
            
        [image: bioRxiv]      

                

          



  
    
  
                
    
      	Home
	About
	Submit
	ALERTS / RSS

    

  



  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search  


  
  



  



    

  


  


  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
  
		
		
			
			  
  
      
  
  
    

      
        New Results    
  
        Novel Method for Comparing RADseq Linkage Maps Reveals Chromosome Evolution in Salmonids
  
       View ORCID ProfileBen J. G. Sutherland, Thierry Gosselin, Eric Normandeau, Manuel Lamothe, Nathalie Isabel, Céline Audet, Louis Bernatchez

  
      doi: https://doi.org/10.1101/039164 

  
  
  

Ben J. G. Sutherland 
1 Institut de Biologie Intégrative et des Systèmes (IBIS), Université Laval, Québec, QC G1V 0A6, Canada

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Ben J. G. Sutherland
	For correspondence: 
ben.sutherland.1@ulaval.ca


Thierry Gosselin 
1 Institut de Biologie Intégrative et des Systèmes (IBIS), Université Laval, Québec, QC G1V 0A6, Canada

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Eric Normandeau 
1 Institut de Biologie Intégrative et des Systèmes (IBIS), Université Laval, Québec, QC G1V 0A6, Canada

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Manuel Lamothe 
2 Centre de Foresterie des Laurentides, Ressources Naturelles Canada, Québec, QC G1V 4C7, Canada

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Nathalie Isabel 
2 Centre de Foresterie des Laurentides, Ressources Naturelles Canada, Québec, QC G1V 4C7, Canada

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Céline Audet 
3 Institut des Sciences de la Mer de Rimouski, Université du Québec à Rimouski, Rimouski, QC G5L 3A1, Canada

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Louis Bernatchez 
1 Institut de Biologie Intégrative et des Systèmes (IBIS), Université Laval, Québec, QC G1V 0A6, Canada

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site




  


  
  



  
      
  
  
    	Abstract
	Full Text
	Info/History
	Metrics
	Supplementary material
	 Preview PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    Abstract
Genome duplication can provide material for evolutionary innovation, and much remains unknown about its functional effects. Assembly of large, outbred eukaryotic genomes is difficult, but structural rearrangements within such taxa can be investigated using linkage maps. RAD sequencing provides unprecedented ability to generate high-density linkage maps for non-model species. However, these methods often result in a low number of homologous markers between species due to phylogenetic distance or technical differences in library preparation. Family Salmonidae is ideal for studying the effects of whole genome duplication. The ancestral salmonid underwent whole genome duplication around 65 million years ago and the tetraploid genome has undergone rediploidization during the salmonid diversification. In the salmonids, synteny occurs between orthologous chromosomes, but each species exhibits conserved and unique chromosome arm fusions and fissions. In this study, we identify orthologous chromosome arms within the salmonids using available RADseq salmonid linkage maps along with a new high-density linkage map (3826 markers) constructed for the Salvelinus genera (Brook Charr S. fontinalis). We developed MapComp, a program that identifies identical and proximal markers between linkage maps using a reference genome of a related species as an intermediate (e.g. Rainbow Trout Oncorhynchus mykiss). We greatly increased the number of comparable markers between linkage maps relative to that obtained using only identical markers. This enabled a characterization of the most likely history of retained chromosomal rearrangements post-whole genome duplication in five species of Oncorhynchus, and one species of each of Salvelinus, Salmo, and Coregonus, representing all of the main salmonid genera. Additionally, integration with the genetic map of the pre-duplicated sister species Northern Pike Esox lucius permitted the identification of homeologous chromosomes in all species. putative conserved inversions within chromosome arms were also identified among species. Analyses of RADseq-based linkage maps from other taxa are likely to benefit from MapComp, available at: https://github.com/enormandeau/mapcomp/.
Author Summary Whole genome duplication occurred in the common ancestor of the salmonids, after which the salmonid lineage returned to the original diploid state but with twice the number of chromosomes. Over evolutionary time, the genome was rearranged by fusions and fissions changing chromosome structures. This process has taken different paths in each salmonid lineage, and in living salmonid species some genomic regions still have not completely returned to a diploid state. Here we generate the first high-density genetic map (3826 markers) for a species within an under characterized lineage, Brook Charr Salvelinus fontinalis. Then we integrate this map with all other available salmonid maps by identifying the corresponding chromosome arms among the species, including eight species across four genera, as well as a pre-duplicated sister species to the salmonids, Northern pike Esox lucius. This characterization was permitted by the use of a novel map comparison tool, MapComp, which greatly increases the numbers of comparable markers between linkage maps relative to traditional methods. MapComp uses a reference genome of a related species to pair both identical and proximal markers. Integrating the maps allowed for the characterization of all major retained fusion events as well as some smaller rearrangements (i.e. inversions).
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