





    
      Skip to main content
    

        
      
    
  
    
  
        
            
        [image: bioRxiv]      

                

          



  
    
  
                
    
      	Home
	About
	Submit
	ALERTS / RSS

    

  



  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search  


  
  



  



    

  


  


  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
  
		
		
			
			  
  
      
  
  
    

      
        New Results    
  
        A mutation-selection model of protein evolution under persistent positive selection
  
       View ORCID ProfileAsif U. Tamuri, Mario dos Reis

  
      doi: https://doi.org/10.1101/2021.05.18.444611 

  
  
  

Asif U. Tamuri 
aResearch IT Services, University College London, Gower St, London WC1E 6BT, UK
bEMBL-EBI, Wellcome Genome Campus, Hinxton, Cambridgeshire CB10 1SD, UK

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Asif U. Tamuri


Mario dos Reis 
cSchool of Biological and Chemical Sciences, Queen Mary University of London, Mile End Road, London E1 4NS, UK

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	For correspondence: 
m.dosreisbarros@qmul.ac.uk




  


  
  



  
      
  
  
    	Abstract
	Full Text
	Info/History
	Metrics
	 Preview PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    Abstract
We use first principles of population genetics to model the evolution of proteins under persistent positive selection (PPS). PPS may occur when organisms are subjected to persistent environmental change, during adaptive radiations, or in host-pathogen interactions. Our mutation-selection model indicates protein evolution under PPS is an irreversible Markov process, and thus proteins under PPS show a strongly asymmetrical distribution of selection coefficients among amino acid substitutions. Our model shows the criteria ω > 1 (where ω is the ratio of non-synonymous over synonymous codon substitution rates) to detect positive selection is conservative and indeed arbitrary, because in real proteins many mutations are highly deleterious and are removed by selection even at positively-selected sites. We use a penalized-likelihood implementation of our model to successfully detect PPS in plant RuBisCO and influenza HA proteins. By directly estimating selection coefficients at protein sites, our inference procedure bypasses the need for using ω as a surrogate measure of selection and improves our ability to detect molecular adaptation in proteins.
Significance Statement Understanding how natural selection acts on proteins is important as it can inform studies from adaptive radiations to host-pathogen co-evolution. Traditionally, selection on proteins is inferred indirectly by measuring the non-synonymous to synonymous rate ratio, ω, with ω > 1, = 1, and < 1 indicating positive (adaptive) selection, neutral evolution, and negative (purifying) selection respectively. However, the theoretical underpinnings of this ratio are not well understood. Here we use first-principles of population genetics to work out how persistent changes in selection affect protein evolution and we use our new model to detect adaptive sites in plant and influenza proteins. We show measuring selection directly improves detection of adaptation in proteins.
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