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    Abstract
Most mammalian genes are subject to Alternative cleavage and PolyAdenylation (APA), often resulting in alternative length 3′ UTR isoforms. Thousands of extended or long 3′ UTR variants are preferentially expressed in neuron-enriched tissues of metazoans. However, the in vivo functions of these long 3′ UTR isoforms are largely unknown. Calmodulin 1 (Calm1) is a key integrator of calcium signaling that is required for correct neural development. Calm1 generates short (Calm1-S) and long 3′ UTR (Calm1-L) mRNA isoforms via APA. We found Calm1-S to be broadly expressed across mouse tissues, whereas Calm1-L expression was largely restricted to neural tissues, including the dorsal root ganglion (DRG). Using CRISPR-Cas9 genome editing, a series of mouse deletion lines were generated that successfully eliminated expression of Calm1-L while maintaining expression of Calm1-S. One of these lines, Calm1Δ3′ UTR, carried a 163 bp deletion surrounding the distal polyA site. Examination of Calm1Δ3′ UTR embryos revealed disrupted development of the DRG. In Calm1Δ3′ UTR DRG explant cultures undergoing axon outgrowth, we observed a dramatic increase in axon fasciculation. These results demonstrate a physiological role for Calm1-L in DRG development, and more generally, establish a genome-editing strategy to study in vivo functions of long 3′ UTR isoforms.
Author Summary More than half of all human genes generate alternative mRNA isoforms which differ in the length of their 3’ Untranslated regions (3’ UTRs). Through a process called Alternative Cleavage and Polyadenylation thousands of broadly expressed genes preferentially express long 3’ UTR variants in brain tissues whereas their short 3’ UTR counterparts are more broadly expressed. A challenge to study the functions of these transcripts has been to generate loss of function mutant animals that lack a long 3’ UTR isoform but maintain expression of the corresponding short 3’ UTR isoform. Here, we used the precise, rapid, and efficient approach of CRISPR genome-editing to generate long 3’ UTR mutant mice. These mice, which do not express the long 3’ UTR of the Calmodulin 1 (Calm1) gene, exhibit impairment in the development of sensory neurons, including increased fasciculation of axons and aberrant cell body migration. This finding is important because it provides conclusive genetic evidence for a neural function of a long 3’ UTR isoform in an animal. The CRISPR genome-editing approach used here can be applied to the study of neuron-enriched long 3’ UTR isoforms, which number in the thousands and have largely unexplored functions.


Footnotes
	↵* these authors should be considered co-first authors.

	The authors declare no competing financial interests.






  


  
  



  
      
  
  
    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 February 18, 2019.  


  
  



  
      
  
  
    
	  
  
		
          
            
  
      
  
  
     Download PDF  


  
  



          

        

        
        
          
            
  
      
  
  
     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 
 Precise removal of Calm1 long 3′ UTR isoform by CRISPR-Cas9 genome editing impairs dorsal root ganglion development in mice



  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  


  
  



  
      
  
  
    


		  
		  
  
      
  
  
    

      
      Precise removal of Calm1 long 3′ UTR isoform by CRISPR-Cas9 genome editing impairs dorsal root ganglion development in mice
    

  
      Hannah N. Gruner, Bongmin Bae, Maebh Lynch, Daniel Oliver, Kevin So, Grant S. Mastick, Wei Yan, Pedro Miura

  
      bioRxiv 553990; doi: https://doi.org/10.1101/553990 

  
  
  


  


  
  



	  

	
  
  	
  
      
  
  
    
  
    Share This Article:
  
  
    
  
  
    Copy
  


  


  
  



  

	
		  
	    
  
      
  
  
        
  


  
  



	  

	


  


  
  



  
      
  
  
     Citation Tools

  
    
  
      
  
  
      
  
      

      
      Precise removal of Calm1 long 3′ UTR isoform by CRISPR-Cas9 genome editing impairs dorsal root ganglion development in mice
    

  
      Hannah N. Gruner, Bongmin Bae, Maebh Lynch, Daniel Oliver, Kevin So, Grant S. Mastick, Wei Yan, Pedro Miura

  
      bioRxiv 553990; doi: https://doi.org/10.1101/553990 

  
  
  


  

  
  	      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

    
  
  
    	Genetics




  


  
  



  
      
  
  
    


  

  
      
  
  
    
  
      
  
    Subject Areas  




  


  
  



  
      
  
  
    
  
      
  
    All Articles  




  


  
  



  
      
  
  
    	Animal Behavior and Cognition (5127)

	Biochemistry (11504)

	Bioengineering (8581)

	Bioinformatics (28742)

	Biophysics (14746)

	Cancer Biology (11864)

	Cell Biology (17076)

	Clinical Trials (138)

	Developmental Biology (9278)

	Ecology (13975)

	Epidemiology (2067)

	Evolutionary Biology (18078)

	Genetics (12114)

	Genomics (16566)

	Immunology (11660)

	Microbiology (27563)

	Molecular Biology (11337)

	Neuroscience (59875)

	Paleontology (447)

	Pathology (1841)

	Pharmacology and Toxicology (3169)

	Physiology (4858)

	Plant Biology (10227)

	Scientific Communication and Education (1666)

	Synthetic Biology (2829)

	Systems Biology (7272)

	Zoology (1607)


  


  
  

  







  


  
  



			

		

	
	
 	
	
	


    

  


      


  

    
  
  
    
  
      







  