





    
      Skip to main content
    

        
      
    
  
    
  
        
            
              

                

          



  
    
  
                
    
      	Home
	About
	Submit
	ALERTS / RSS

    

  



  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search  


  
  



  



    

  


  


  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
  
		
		
			
			  
  
      
  
  
    

      
        New Results    
  
        Unusual predominance of maintenance DNA methylation in Spirodela polyrhiza
  
       View ORCID ProfileAlex Harkess,  View ORCID ProfileAdam J. Bewick, Zefu Lu, Paul Fourounjian, Joachim Messing, Todd P. Michael, Robert J. Schmitz,  View ORCID ProfileBlake C. Meyers

  
      doi: https://doi.org/10.1101/2020.12.03.410332 

  
  
  

Alex Harkess 
1Donald Danforth Plant Science Center, St Louis MO 63132

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Alex Harkess


Adam J. Bewick 
2Department of Genetics, University of Georgia, Athens GA 30602

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Adam J. Bewick


Zefu Lu 
2Department of Genetics, University of Georgia, Athens GA 30602

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


Paul Fourounjian 
3Waksman Institute of Microbiology, Rutgers University, New Brunswick NJ 08901

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


Joachim Messing 
3Waksman Institute of Microbiology, Rutgers University, New Brunswick NJ 08901

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


Todd P. Michael 
4Salk Institute for Biological Studies, La Jolla CA 92037

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


Robert J. Schmitz 
2Department of Genetics, University of Georgia, Athens GA 30602

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	For correspondence: 
schmitz@uga.edu


Blake C. Meyers 
1Donald Danforth Plant Science Center, St Louis MO 63132
5University of Missouri – Columbia, Division of Plant Sciences, Columbia, MO 65211, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Blake C. Meyers
	For correspondence: 
schmitz@uga.edu




  


  
  



  
      
  
  
    	Abstract
	Full Text
	Info/History
	Metrics
	Supplementary material
	 Preview PDF


  


  
  



  
      
  
  
    

  
    
  
      
  
  
    Abstract
5-methylcytosine (5mC) is a modified base often described as necessary for the proper regulation of genes and transposons and for the maintenance of genome integrity in plants. However, the extent of this dogma is limited by the current phylogenetic sampling of land plant species diversity. Here, we report that a monocot plant, Spirodela polyrhiza, has lost CG gene body methylation, genome-wide CHH methylation, and the presence or expression of several genes in the highly conserved RNA-directed DNA methylation (RdDM) pathway. It has also lost the CHH methyltransferase CHROMOMETHYLASE 2. Consequently, the transcriptome is depleted of 24-nucleotide, heterochromatic, small interfering RNAs that act as guides for the deposition of 5mC to RdDM-targeted loci in all other currently sampled angiosperm genomes. Although the genome displays low levels of genome-wide 5mC primarily at LTR retrotransposons, CG maintenance methylation is still functional. In contrast, CHG methylation is weakly maintained even though H3K9me2 is present at loci dispersed throughout the euchromatin and highly enriched at regions likely demarcating pericentromeric regions. Collectively, these results illustrate that S. polyrhiza is maintaining CG and CHG methylation mostly at repeats in the absence of small RNAs. S. polyrhiza reproduces rapidly through clonal propagation in aquatic environments, which we hypothesize may enable low levels of maintenance methylation to persist in large populations.
Significance Statement DNA methylation is a widespread chromatin modification that is regularly found in all plant species. By examining one aquatic duckweed species, Spirodela polyrhiza, we find that it has lost highly conserved genes involved in methylation of DNA at sites often associated with repetitive DNA, and within genes, however DNA methylation and heterochromatin is maintained during cell division at other sites. Consequently, small RNAs that normally guide methylation to silence repetitive DNA like retrotransposons are diminished. Despite the loss of a highly conserved methylation pathway, and the reduction of small RNAs that normally target repetitive DNA, transposons have not proliferated in the genome, perhaps due in part to the rapid, clonal growth lifestyle of duckweeds.
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