





    
      Skip to main content
    

        
      
    
  
    
  
        
            
        [image: bioRxiv]      

                

          



  
    
  
                
    
      	Home
	About
	Submit
	ALERTS / RSS

    

  



  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search  


  
  



  



    

  


  


  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
  
		
		
			
			  
  
      
  
  
    

      
        New Results    
  
        In vitro characterization of the human segmentation clock
  
      Margarete Diaz-Cuadros, Daniel E Wagner, Christoph Budjan, Alexis Hubaud, Jonathan Touboul, Arthur Michaut, Ziad Al Tanoury, Kumiko Yoshioka-Kobayashi, Yusuke Niino, Ryoichiro Kageyama, Atsushi Miyawaki, Olivier Pourquié

  
      doi: https://doi.org/10.1101/461822 

  
  
  

Margarete Diaz-Cuadros 
1Department of Genetics, Harvard Medical School and Department of Pathology, Brigham and Women’s Hospital, Boston, MA, USA

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


Daniel E Wagner 
2Department of Systems Biology, Harvard Medical School, Boston, MA, USA

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


Christoph Budjan 
1Department of Genetics, Harvard Medical School and Department of Pathology, Brigham and Women’s Hospital, Boston, MA, USA

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


Alexis Hubaud 
1Department of Genetics, Harvard Medical School and Department of Pathology, Brigham and Women’s Hospital, Boston, MA, USA

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


Jonathan Touboul 
3Department of Mathematics, Brandeis University, MA, USA

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


Arthur Michaut 
1Department of Genetics, Harvard Medical School and Department of Pathology, Brigham and Women’s Hospital, Boston, MA, USA

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


Ziad Al Tanoury 
1Department of Genetics, Harvard Medical School and Department of Pathology, Brigham and Women’s Hospital, Boston, MA, USA

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


Kumiko Yoshioka-Kobayashi 
4Institute for Frontier Life and Medical Sciences, Kyoto University, Kyoto, Japan

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


Yusuke Niino 
5Laboratory for Cell Function and Dynamics, Brain Science Institute Riken, Saitama, Japan

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


Ryoichiro Kageyama 
4Institute for Frontier Life and Medical Sciences, Kyoto University, Kyoto, Japan

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


Atsushi Miyawaki 
5Laboratory for Cell Function and Dynamics, Brain Science Institute Riken, Saitama, Japan

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


Olivier Pourquié 
1Department of Genetics, Harvard Medical School and Department of Pathology, Brigham and Women’s Hospital, Boston, MA, USA
6Harvard Stem Cell Institute, Harvard University, Cambridge, MA USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	For correspondence: 
pourquie@genetics.med.harvard.edu




  


  
  



  
      
  
  
    	Abstract
	Full Text
	Info/History
	Metrics
	Supplementary material
	 Preview PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    Abstract
The vertebral column is characterized by the periodic arrangement of vertebrae along the anterior-posterior (AP) axis. This segmental or metameric organization is established early in embryogenesis when pairs of embryonic segments called somites are rhythmically produced by the presomitic mesoderm (PSM). The tempo of somite formation is controlled by a molecular oscillator known as the segmentation clock 1,2. While this oscillator has been well characterized in model organisms 1,2, whether a similar oscillator exists in humans remains unknown. We have previously shown that human embryonic stem (ES) cells or induced pluripotent stem (iPS) cells can differentiate in vitro into PSM upon activation of the Wnt signaling pathway combined with BMP inhibition3. Here, we show that these human PSM cells exhibit Notch and YAP-dependent oscillations4 of the cyclic gene HES7 with a 5-hour period. Single cell RNA-sequencing comparison of the differentiating iPS cells with mouse PSM reveals that human PSM cells follow a similar differentiation path and exhibit a remarkably coordinated differentiation sequence. We also demonstrate that FGF signaling controls the phase and period of the oscillator. This contrasts with classical segmentation models such as the “Clock and Wavefront” 1,2,5, where FGF merely implements a signaling threshold specifying where oscillations stop. Overall, our work identifying the human segmentation clock represents an important breakthrough for human developmental biology.
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