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            Abstract
Despite the important role that monozygotic twins have played in genetics research, little is known about their genomic differences. Here we show that monozygotic twins differ on average by 5.2 early developmental mutations and that approximately 15% of monozygotic twins have a substantial number of these early developmental mutations specific to one of them. Using the parents and offspring of twins, we identified pre-twinning mutations. We observed instances where a twin was formed from a single cell lineage in the pre-twinning cell mass and instances where a twin was formed from several cell lineages. CpG>TpG mutations increased in frequency with embryonic development, coinciding with an increase in DNA methylation. Our results indicate that allocations of cells during development shapes genomic differences between monozygotic twins.
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                    Fig. 1: The timing of postzygotic mutations.[image: ]


Fig. 2: Number of postzygotic mutations per individual.[image: ]


Fig. 3: Timing of pre-PGCS and pre-twinning mutations in twins.[image: ]


Fig. 4: Number of mutations transmitted to the offspring and VAF of pre-PGCS mutations.[image: ]


Fig. 5: The three-generation approach.[image: ]


Fig. 6: Mutation classes of pre-PGCS versus trio mutations.[image: ]


Fig. 7: Cell allocation in early human development.[image: ]
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                Data availability

              
              Access to these data is controlled; the sequence data cannot be made publicly available because Icelandic law and the regulations of the Icelandic Data Protection Authority prohibit the release of individual-level and personally identifying data. Data access can be granted only at the facilities of deCODE genetics in Iceland, subject to Icelandic law regarding data usage. Anyone wanting to gain access to the data should contact KÃ¡ri StefÃ¡nsson (kstefans@decode.is). Data access consists of the lists of mutations identified in monozygotic twins with numbered proband identifiers. The lists of mutations are provided in Supplementary Data 1â€“3.

            

Code availability

              
              The major components in our sequence data processing pipeline consist of publicly available software, notably Burrowsâ€“Wheeler Aligner-MEM for the alignment (https://github.com/lh3/bwa), Samtools for the processing of BAM files (http://samtools.github.io/), Picard for PCR duplication marking (https://broadinstitute.github.io/picard/) and GraphTyper for sequence variant calling (https://github.com/DecodeGenetics/graphtyper). The implementation of the phasing and imputation of sequence variants is described in the data descriptor32.
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Extended data

Extended Data Fig. 1 Histogram of the genome-wide sequence coverage of the twins.
Histogram of the genome-wide sequence, coverage of the twins. Note that the sequence coverage for the monoyzygotic twins was aggregated across several sequencing runs, and the aggregated sequence data were used for the subsequent analysis.


Extended Data Fig. 2 The genome-wide sequence coverage of the probandsâ€™ family members.
The genome-wide sequence coverage of the, probandsâ€™ family members. The family members of the probands were used to detect pre-PGCS mutations. Note, that if both twins of a pair have sequenced children then they will appear as â€˜Probandâ€™ and as â€˜Twinâ€™.


Extended Data Fig. 3 Number of children with a pre-PGCS mutation.
Number of children with a pre-PGCS mutation. a, We counted how many children have a pre-PGCS mutation with VAF higher than a cutoff. b, We restricted to children where at least one pre-PGCS mutation was detected.


Extended Data Fig. 4 The maximum VAF of pre-PGCS mutations per proband/mate pair.
The maximum VAF of pre-PGCS mutations per proband/mate pair. a, The maximum VAF of pre-PGCS mutations per proband/mate pair. b, The standard deviation of the maximum VAF per proband/mate pair against the average of the maximum VAF.


Extended Data Fig. 5 Alternative calculations of the slopes from the three-generation approach.
Alternative calculations of the slopes from the three-generation approach. a, Histogram of the slopes as Fig. 5e, except the slopes are transformed with atan. b, The slopes in three generation approach with swapped roles. Note that the reciprocal slopes are not defined for near constitutional probands due to zero sample variance.
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Reporting Summary

Supplementary Table 10
A summary of the simulation results in each scenario, compared to the relevant quantities in our observed data


Supplementary Data 1
The mutations identified by comparing the somatic tissues of the twins.


Supplementary Data 2
The mutations identified by the quad approach.


Supplementary Data 3
The mutations identified by the three generation approach.





Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Jonsson, H., Magnusdottir, E., Eggertsson, H.P. et al. Differences between germline genomes of monozygotic twins.
                    Nat Genet 53, 27â€“34 (2021). https://doi.org/10.1038/s41588-020-00755-1
Download citation
	Received: 07 October 2019

	Accepted: 20 November 2020

	Published: 07 January 2021

	Issue Date: January 2021

	DOI: https://doi.org/10.1038/s41588-020-00755-1


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        In search of environmental risk factors for obsessive-compulsive disorder: study protocol for the OCDTWIN project
                                    
                                

                            
                                
                                    	David Mataix-Cols
	Lorena FernÃ¡ndez de la Cruz
	Jan C. Beucke


                                
                                BMC Psychiatry (2023)

                            
	
                            
                                
                                    
                                        Revisiting mutagenesis at non-B DNA motifs in the human genome
                                    
                                

                            
                                
                                    	R. J. McGinty
	S. R. Sunyaev


                                
                                Nature Structural & Molecular Biology (2023)

                            
	
                            
                                
                                    
                                        Maximizing the value of twin studies in health and behaviour
                                    
                                

                            
                                
                                    	Fiona A. Hagenbeek
	Jana S. Hirzinger
	Dorret I. Boomsma


                                
                                Nature Human Behaviour (2023)

                            
	
                            
                                
                                    
                                        Direct-to-Consumer Genetic Testing: A Comprehensive Review
                                    
                                

                            
                                
                                    	Sharon Jiang
	Lawrence Liberti
	David Lebo


                                
                                Therapeutic Innovation & Regulatory Science (2023)

                            
	
                            
                                
                                    
                                        Science, Scripture, and Sexuality: The US United Methodist Church at Crossroads
                                    
                                

                            
                                
                                    	Lee Johnson
	Barbara Lukert


                                
                                Journal of Religion and Health (2023)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                        
                            
                                Milestone

                                
                                    Genomic Sequencing
                                

                            
                        

                    
                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Genetics (Nat Genet)
                
                
    
    
        ISSN 1546-1718 (online)
    
    


                
    
    
        ISSN 1061-4036 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing: Translational Research]
                    Sign up for the Nature Briefing: Translational Research newsletter â€” top stories in biotechnology, drug discovery and pharma.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get what matters in translational research, free to your inbox weekly.
            Sign up for Nature Briefing: Translational Research
            
        


    









    [image: ]







[image: ]
