







    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 Medicine]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature medicine

	technical reports

	
                                    article


    
        
        
            
            
                
                    	Technical Report
	Published: 13 November 2017



                    Enhancing the precision of genetic lineage tracing using dual recombinases

                    	Lingjuan HeÂ 
            ORCID: orcid.org/0000-0003-2747-51481,2, 
	Yan LiÂ 
            ORCID: orcid.org/0000-0002-5838-31851,2, 
	Yi LiÂ 
            ORCID: orcid.org/0000-0001-6166-81091,2, 
	Wenjuan PuÂ 
            ORCID: orcid.org/0000-0001-5155-51781,2, 
	Xiuzhen HuangÂ 
            ORCID: orcid.org/0000-0002-4087-89641,2, 
	Xueying TianÂ 
            ORCID: orcid.org/0000-0003-1113-00571,2, 
	Yue WangÂ 
            ORCID: orcid.org/0000-0002-8773-86271,2, 
	Hui ZhangÂ 
            ORCID: orcid.org/0000-0002-7038-54071,2, 
	Qiaozhen LiuÂ 
            ORCID: orcid.org/0000-0002-8303-653X1,2, 
	Libo Zhang1,2, 
	Huan Zhao1,2, 
	Juan Tang1,2, 
	Hongbin Ji1,3, 
	Dongqing Cai4, 
	Zhibo Han5, 
	Zhongchao Han5, 
	Yu NieÂ 
            ORCID: orcid.org/0000-0002-8744-00466, 
	Shengshou Hu6, 
	Qing-Dong WangÂ 
            ORCID: orcid.org/0000-0001-9570-44117, 
	Ruilin Sun8, 
	Jian Fei8, 
	Fengchao Wang9, 
	Ting Chen9, 
	Yan Yan10, 
	Hefeng Huang11, 
	William T Pu12 & 
	â€¦
	Bin ZhouÂ 
            ORCID: orcid.org/0000-0001-5278-55221,2,3,4,13Â 

Show authors

                    

                    
                        
    Nature Medicine

                        volumeÂ 23,Â pages 1488â€“1498 (2017)Cite this article
                    

                    
        
            	
                        21k Accesses

                    
	
                        169 Citations

                    
	
                            23 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Adult stem cells
	Stem-cell biotechnology
	Stem-cell research


    


                
    
    

    
    

                
            


        
            Abstract
The Creâ€“loxP recombination system is the most widely used technology for in vivo tracing of stem or progenitor cell lineages. The precision of this genetic system largely depends on the specificity of Cre recombinase expression in targeted stem or progenitor cells. However, Cre expression in nontargeted cell types can complicate the interpretation of lineage-tracing studies and has caused controversy in many previous studies. Here we describe a new genetic lineage tracing system that incorporates the Dreâ€“rox recombination system to enhance the precision of conventional Creâ€“loxP-mediated lineage tracing. The Dreâ€“rox system permits rigorous control of Creâ€“loxP recombination in lineage tracing, effectively circumventing potential uncertainty of the cell-type specificity of Cre expression. Using this new system we investigated two topics of recent debatesâ€”the contribution of c-Kit+ cardiac stem cells to cardiomyocytes in the heart and the contribution of Sox9+ hepatic progenitor cells to hepatocytes in the liver. By overcoming the technical hurdle of nonspecific Creâ€“loxP-mediated recombination, this new technology provides more precise analysis of cell lineage and fate decisions and facilitates the in vivo study of stem and progenitor cell plasticity in disease and regeneration.
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                    Figure 1: Generation and characterization of an interleaved reporter (IR1) mouse line.[image: ]


Figure 2: c-Kit+ non-cardiomyocytes do not generate cardiomyocytes.[image: ]


Figure 3: Hepatocyte-to-ductal cell conversion is uncovered by the DeaLT-IR strategy.[image: ]


Figure 4: Generation and characterization of a secondary dual reporter system that uses nested recombinase sites.[image: ]


Figure 5: SOX9+ biliary epithelial cells adopt a ductal cell fate but not a hepatocyte fate after injury.[image: ]


Figure 6: Generation and characterization of mice with additional interleaved reporters.[image: ]
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