







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 18 February 2010



                    Variability in gene expression underlies incomplete penetrance

                    	Arjun Raj1,2Â na1Â nAff5, 
	Scott A. Rifkin1,2Â na1Â nAff5, 
	Erik Andersen2,3 & 
	â€¦
	Alexander van Oudenaarden1,2Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 463,Â pages 913â€“918 (2010)Cite this article
                    

                    
        
            	
                        12k Accesses

                    
	
                        474 Citations

                    
	
                            56 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Development
	Gene expression
	Genetic variation


    


                
    
    

    
    

                
            


        
            Abstract
The phenotypic differences between individual organisms can often be ascribed to underlying genetic and environmental variation. However, even genetically identical organisms in homogeneous environments vary, indicating that randomness in developmental processes such as gene expression may also generate diversity. To examine the consequences of gene expression variability in multicellular organisms, we studied intestinal specification in the nematode Caenorhabditis elegans in which wild-type cell fate is invariant and controlled by a small transcriptional network. Mutations in elements of this network can have indeterminate effects: some mutant embryos fail to develop intestinal cells, whereas others produce intestinal precursors. By counting transcripts of the genes in this network in individual embryos, we show that the expression of an otherwise redundant gene becomes highly variable in the mutants and that this variation is subjected to a threshold, producing an ON/OFF expression pattern of the master regulatory gene of intestinal differentiation. Our results demonstrate that mutations in developmental networks can expose otherwise buffered stochastic variability in gene expression, leading to pronounced phenotypic variation.
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                    Figure 1: 
                        Gene expression in the 
                        C. elegans
                         intestinal cell fate specification network.
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Figure 2: 
                        Expression dynamics in wild-type and 
                        skn-1
                         mutant embryos.
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Figure 3: 
                        High levels of 
                        end-1
                         are required for 
                        elt-2
                         expression in 
                        skn-1
                         mutant embryos.
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Figure 4: 
                        Chromatin regulators and indirect network connections regulate variability in 
                        end-1
                         expression.
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In 1925 TimofÃ©eff-Ressovsky and Romaschoff independently noticed that individuals harbouring identical mutant alleles can show either mutant or wild-type phenotypes, a property known as incomplete penetrance. It has since emerged that individual organisms that are genetically identical can display different characteristics even in identical environments, and that there is an element of randomness in gene expression. In recent years such 'noisy' gene expression has been studied quantitatively in microbes. Now Alexander van Oudenaarden and colleagues extend the quantitative approach to a multicellular organism, the Caenorhabditis elegans roundworm. Using single mRNA molecule counting they show how mutations in genes regulating the production of intestinal cells in the embryo lead to higher randomness in other gene levels and in resulting phenotypes, despite identical genotypes and fixed environmental conditions. The work also suggests how gene regulatory networks may evolve robustness to individual mutations.
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