





    
      Skip to main content
    

        
      
    
  
    
  
        
            
        [image: bioRxiv]      

                

          



  
    
  
                
    
      	Home
	About
	Submit
	ALERTS / RSS

    

  



  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search  


  
  



  



    

  


  


  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
  
		
		
			
			  
  
      
  
  
    

      
        New Results    
  
        A contraction-reaction-diffusion model for circular pattern formation in embryogenesis
  
      Tiankai Zhao,  View ORCID ProfileYubing Sun, Xin Li,  View ORCID ProfileMehdi Baghaee, Yuenan Wang,  View ORCID ProfileHongyan Yuan

  
      doi: https://doi.org/10.1101/2021.05.14.444097 

  
  
  

Tiankai Zhao 
1Department of Mechanics and Aerospace Engineering, Southern University of Science and Technology, Shenzhen, Guangdong 518055, China

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


Yubing Sun 
2Department of Mechanical and Industrial Engineering, University of Massachusetts, Amherst, MA 01003, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Yubing Sun
	For correspondence: 
yuanhy3@sustech.edu.cn


Xin Li 
1Department of Mechanics and Aerospace Engineering, Southern University of Science and Technology, Shenzhen, Guangdong 518055, China

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


Mehdi Baghaee 
1Department of Mechanics and Aerospace Engineering, Southern University of Science and Technology, Shenzhen, Guangdong 518055, China

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Mehdi Baghaee


Yuenan Wang 
3Department of Radiation Oncology, Peking University Shenzhen Hospital, Shenzhen, Guangdong 518036, China

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


Hongyan Yuan 
1Department of Mechanics and Aerospace Engineering, Southern University of Science and Technology, Shenzhen, Guangdong 518055, China

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Hongyan Yuan




  


  
  



  
      
  
  
    	Abstract
	Full Text
	Info/History
	Metrics
	 Preview PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    Abstract
Reaction-diffusion models have been widely used to elucidate pattern formation in developmental biology. More recently, they have also been applied in modeling cell fate patterning that mimic early-stage human development events utilizing geometrically confined pluripotent stem cells. However, the traditional reaction-diffusion equations could not satisfactorily explain the concentric ring distributions of various cell types, as they do not yield circular patterns even for circular domains. In previous mathematical models that yield ring patterns, certain conditions that lack biophysical understandings had been considered in the reaction-diffusion models. Here we hypothesize that the circular patterns are the results of the coupling of the mechanobiological factors with the traditional reaction-diffusion model. We propose two types of coupling scenarios: tissue tension-dependent diffusion flux and traction stress-dependent activation of signaling molecules. By coupling reaction-diffusion equations with the elasticity equations, we demonstrate computationally that the contraction-reaction-diffusion model can naturally yield the circular patterns.
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