







    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: 26 August 2009



                    Mitochondrial gene replacement in primate offspring and embryonic stem cells

                    	Masahito Tachibana1, 
	Michelle Sparman1, 
	Hathaitip Sritanaudomchai1, 
	Hong Ma1, 
	Lisa Clepper1, 
	Joy Woodward1, 
	Ying Li1, 
	Cathy Ramsey1, 
	Olena Kolotushkina1 & 
	â€¦
	Shoukhrat Mitalipov1,2,3Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 461,Â pages 367â€“372 (2009)Cite this article
                    

                    
        
            	
                        13k Accesses

                    
	
                        408 Citations

                    
	
                            225 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    
        
            
                
                    
                        
                    
                
            
            
                
                    A Corrigendum to this article was published on 10 December 2014

                
            
        

    

    
    

                
            


        
            Abstract
Mitochondria are found in all eukaryotic cells and contain their own genome (mitochondrial DNA or mtDNA). Unlike the nuclear genome, which is derived from both the egg and sperm at fertilization, the mtDNA in the embryo is derived almost exclusively from the egg; that is, it is of maternal origin. Mutations in mtDNA contribute to a diverse range of currently incurable human diseases and disorders. To establish preclinical models for new therapeutic approaches, we demonstrate here that the mitochondrial genome can be efficiently replaced in mature non-human primate oocytes (Macaca mulatta) by spindleâ€“chromosomal complex transfer from one egg to an enucleated, mitochondrial-replete egg. The reconstructed oocytes with the mitochondrial replacement were capable of supporting normal fertilization, embryo development and produced healthy offspring. Genetic analysis confirmed that nuclear DNA in the three infants born so far originated from the spindle donors whereas mtDNA came from the cytoplast donors. No contribution of spindle donor mtDNA was detected in offspring. Spindle replacement is shown here as an efficient protocol replacing the full complement of mitochondria in newly generated embryonic stem cell lines. This approach may offer a reproductive option to prevent mtDNA disease transmission in affected families.
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                    Figure 1: 
                        Spindleâ€“chromosomal complex transfer and meiotic analysis of reconstructed monkey oocytes.
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Figure 2: 
                        Mito and Tracker, the first primates to be produced by spindleâ€“chromosomal complex transfer (ST) into enucleated oocytes followed by fertilization and embryo transfer.
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Figure 3: 
                        MtDNA analysis in ST offspring.
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        Editorial Summary
A fix for mitochondrial DNA
Mitochondrial DNA (mtDNA) is passed from mother to offspring, with sperm mitochondria contributing no DNA to the embryo. Mutations in mtDNA are linked to a range of diseases including type 2 diabetes, mitochondrial myopathies and neuropathies. This paper demonstrates in a non-human primate model that a defective mitochondrial genome can be replaced by transferring the spindleâ€“chromosome complex from one egg into an egg from which the nucleus is removed. The experiment utilized unfertilized eggs from two female rhesus macaque monkeys as 'nuclear' and 'cytoplasmic' donors. The resulting eggs were fertilized and developed into embryos that were implanted in surrogates resulting in the birth of healthy twins, named Mito and Tracker in a reference to the probes used for imaging mitochondria. This suggests a route to an assisted reproductive technology approach to preventing mtDNA disease transmission in affected families. See also the Nature Editorial on the ethical aspects of this work in the 27 August issue (Vol. 460, p. 1057).
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