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    Abstract
Background Bacillus cereus sensu lato (s. l.) is an ecologically diverse bacterial group of medical and agricultural significance. In this study, I used publicly available genomes to characterize the B. cereus s. l. pan-genome and performed the largest phylogenetic analyses of this group to date in terms of the number of genes and taxa included. With these fundamental data in hand, it became possible to identify genes associated with particular phenotypic traits (i.e., “pan-GWAS” analysis), and to quantify the degree to which taxa sharing common attributes were phylogenetically clustered.

Methods A rapid k-mer based approach (Mash) was used to create reduced representations of selected Bacillus genomes, and a fast distance-based phylogenetic analysis of this data (FastME) was performed to determine which species should be included in B. cereus s. l. The complete genomes of eight B. cereus s. l. species were annotated de novo with Prokka, and these annotations were used by Roary to produce the B. cereus s. l. pan-genome. Scoary was used to associate gene presence and absence patterns with various phenotypes. The orthologous protein sequence clusters produced by Roary were filtered and used to build HaMStR databases of gene models that were used in turn to construct phylogenetic data matrices. Phylogenetic analyses used RAxML, DendroPy, ClonalFrameML, Gubbins, PAUP*, and SplitsTree. The genealogical sorting index was used to assess the tree-based clustering of taxa sharing common attributes.

Results The B. cereus s. l. pan-genome currently consists of ≈60,000 genes, ≈600 of which are “core” (common to at least 99% of taxa sampled). Pan-GWAS analysis revealed genes that were associated with phenotypes such as isolation source, oxygen requirement, and ability to cause diseases such as anthrax or food poisoning. Extensive phylogenetic analyses using an unprecedented amount of data produced phylogenies that were largely concordant with each other and with previous studies. Phylogenetic support as measured by bootstrap probabilities increased markedly when all suitable pan-genome data was included in phylogenetic analyses, as opposed to when only core genes were used. B. cereus s. l. taxa sharing common traits and species designations exhibited varying degrees of phylogenetic clustering.


	List of abbreviations
	ACLAME
	A CLAssification of Mobile genetic Elements
	AFLP
	amplified fragment length polymorphism
	BCSL
	Bacillus cereus sensu lato
	BLAST
	Basic Local Alignment Search Tool
	BP
	bootstrap probability
	GB
	gigabytes
	GWAS
	genome-wide association study
	HMM
	hidden Markov model
	HaMStR
	Hidden Markov Model based Search for Orthologs using Reciprocity
	LCB
	locally collinear block
	MAFFT
	Multiple Alignment using Fast Fourier Transform
	MGE
	mobile genetic element
	ML
	maximum likelihood
	MLST
	multilocus sequence typing
	MP
	maximum parsimony
	NCBI
	National Center for Biotechnology Information
	PANTHER
	Protein ANalysis THrough Evolutionary Relationships
	PATRIC
	Pathosystems Resource Integration Center
	PAUP*
	Phylogenetic Analysis Using Parsimony *and other methods
	PHYLIP
	Phylogeny Inference Package
	PRANK
	Probabilistic Alignment Kit
	RAM
	random access memory
	RAxML
	Randomized Axelerated Maximum Likelihood
	RF
	Robinson-Foulds
	RefSeq
	Reference Sequence database
	SNP
	single nucleotide polymorphism
	dDDH
	digital DNA-DNA hybridization
	gsi
	genealogical sorting index
	nt
	nucleotides







  


  
  



  
      
  
  
    Copyright 
The copyright holder for this preprint is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under a CC-BY 4.0 International license.


  


  
  



  





  


  
  



  
      
  
  
    View the discussion thread.


  


  
  



  
      
  
  
     Back to top  


  
  



			

		

		
		
			
			  
  
      
  
  
     PreviousNext 
  


  
  



  
      
  
  
    Posted March 22, 2017.  


  
  



  
      
  
  
    
	  
  
		
          
            
  
      
  
  
     Download PDF  


  
  



  
      
  
  
    Supplementary Material 
  


  
  



          

        

        
        
          
            
  
      
  
  
     Email

  
    
  
      
  
  
    
 Thank you for your interest in spreading the word about bioRxiv.
NOTE: Your email address is requested solely to identify you as the sender of this article.




  Your Email *
 



  Your Name *
 



  Send To *
 

Enter multiple addresses on separate lines or separate them with commas.




  You are going to email the following 
 Pan-genome and phylogeny of Bacillus cereus sensu lato



  Message Subject 
 (Your Name) has forwarded a page to you from bioRxiv



  Message Body 
 (Your Name) thought you would like to see this page from the bioRxiv website.



  Your Personal Message 
 








CAPTCHAThis question is for testing whether or not you are a human visitor and to prevent automated spam submissions.










  


  
  



  





  


  
  



  
      
  
  
     Share  


  
  



  
      
  
  
    


		  
		  
  
      
  
  
    

      
      Pan-genome and phylogeny of Bacillus cereus sensu lato
    

  
      Adam L. Bazinet

  
      bioRxiv 119420; doi: https://doi.org/10.1101/119420 

  
  
  


  


  
  



	  

	
  
  	
  
      
  
  
    
  
    Share This Article:
  
  
    
  
  
    Copy
  


  


  
  



  

	
		  
	    
  
      
  
  
    [image: Reddit logo] [image: Twitter logo] [image: Facebook logo] [image: LinkedIn logo] [image: Mendeley logo]
  


  
  



	  

	


  


  
  



  
      
  
  
     Citation Tools

  
    
  
      
  
  
      
  
      

      
      Pan-genome and phylogeny of Bacillus cereus sensu lato
    

  
      Adam L. Bazinet

  
      bioRxiv 119420; doi: https://doi.org/10.1101/119420 

  
  
  


  

  
  	      Citation Manager Formats

        
      	BibTeX
	Bookends
	EasyBib
	EndNote (tagged)
	EndNote 8 (xml)
	Medlars
	Mendeley
	Papers
	RefWorks Tagged
	Ref Manager
	RIS
	Zotero

    

  



  


  
  



  





  


  
  



          

        

	
 	
	
	


  


  
  



  
      
  
  
    	Tweet Widget
	Facebook Like
	Google Plus One



  


  
  



  
        Subject Area

    
  
  
    	Evolutionary Biology




  


  
  



  
      
  
  
    


  

  
      
  
  
    
  
      
  
    Subject Areas  




  


  
  



  
      
  
  
    
  
      
  
    All Articles  




  


  
  



  
      
  
  
    	Animal Behavior and Cognition (5179)

	Biochemistry (11651)

	Bioengineering (8683)

	Bioinformatics (29027)

	Biophysics (14868)

	Cancer Biology (12003)

	Cell Biology (17275)

	Clinical Trials (138)

	Developmental Biology (9368)

	Ecology (14090)

	Epidemiology (2067)

	Evolutionary Biology (18211)

	Genetics (12188)

	Genomics (16710)

	Immunology (11798)

	Microbiology (27877)

	Molecular Biology (11487)

	Neuroscience (60516)

	Paleontology (449)

	Pathology (1860)

	Pharmacology and Toxicology (3216)

	Physiology (4918)

	Plant Biology (10342)

	Scientific Communication and Education (1678)

	Synthetic Biology (2869)

	Systems Biology (7318)

	Zoology (1635)


  


  
  

  







  


  
  



			

		

	
	
 	
	
	


    

  


      


  

    
  
  
    
  
      







  