







    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 Biotechnology]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature biotechnology

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 11 June 2018



                    Precise, automated control of conditions for high-throughput growth of yeast and bacteria with eVOLVER

                    	Brandon G WongÂ 
            ORCID: orcid.org/0000-0003-1639-75941,2Â na1, 
	Christopher P MancusoÂ 
            ORCID: orcid.org/0000-0002-3974-34801,2Â na1, 
	Szilvia KiriakovÂ 
            ORCID: orcid.org/0000-0003-0232-83601,3, 
	Caleb J BashorÂ 
            ORCID: orcid.org/0000-0003-1354-20984 & 
	â€¦
	Ahmad S KhalilÂ 
            ORCID: orcid.org/0000-0002-8214-05461,2,5Â 

Show authors

                    

                    
                        
    Nature Biotechnology

                        volumeÂ 36,Â pages 614â€“623 (2018)Cite this article
                    

                    
        
            	
                        21k Accesses

                    
	
                        139 Citations

                    
	
                            163 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Biotechnology
	Engineering
	Evolution
	Microbiology
	Systems biology


    


                
    
    

    
    

                
            


        
            Abstract
Precise control over microbial cell growth conditions could enable detection of minute phenotypic changes, which would improve our understanding of how genotypes are shaped by adaptive selection. Although automated cell-culture systems such as bioreactors offer strict control over liquid culture conditions, they often do not scale to high-throughput or require cumbersome redesign to alter growth conditions. We report the design and validation of eVOLVER, a scalable do-it-yourself (DIY) framework, which can be configured to carry out high-throughput growth experiments in molecular evolution, systems biology, and microbiology. High-throughput evolution of yeast populations grown at different densities reveals that eVOLVER can be applied to characterize adaptive niches. Growth selection on a genome-wide yeast knockout library, using temperatures varied over different timescales, finds strains sensitive to temperature changes or frequency of temperature change. Inspired by large-scale integration of electronics and microfluidics, we also demonstrate millifluidic multiplexing modules that enable multiplexed media routing, cleaning, vial-to-vial transfers and automated yeast mating.
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                    Figure 1: eVOLVER: an integrated framework for high-throughput, automated cell culture.[image: ]


Figure 2: Design and performance of eVOLVER modules.[image: ]


Figure 3: High-throughput experimental evolution across a multidimensional selection space.[image: ]


Figure 4: Genome scale library fitness under temporally varying selection pressure.[image: ]


Figure 5: Integrated millifluidic devices enable scaling of complex fluidic manipulation.[image: ]
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