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            Abstract
The extent to which the biology of oncogenesis and ageing are shaped by factors that distinguish human populations is unknown. Haematopoietic clones with acquired mutations become common with advancing age and can lead to blood cancers1,2,3,4,5,6,7,8,9,10. Here we describe shared and population-specific patterns of genomic mutations and clonal selection in haematopoietic cells on the basis of 33,250Â autosomal mosaic chromosomal alterations that we detected in 179,417Â Japanese participants in the BioBank Japan cohort and compared with analogous data from the UK Biobank. In this long-lived Japanese population, mosaic chromosomal alterations were detected in more than 35.0% (s.e.m., 1.4%) of individuals older than 90Â years, which suggests that such clones trend towards inevitability with advancing age. Japanese and European individuals exhibited key differences in the genomic locations of mutations in their respective haematopoietic clones; these differences predicted the relative rates of chronic lymphocytic leukaemia (which is more common among European individuals) and T cell leukaemia (which is more common among Japanese individuals) in these populations. Three different mutational precursors of chronic lymphocytic leukaemia (including trisomy 12, loss of chromosomes 13q and 13q, and copy-neutral loss of heterozygosity) were between two and six times less common among Japanese individuals, which suggests that the Japanese and European populations differ in selective pressures on clones long before the development of clinically apparent chronic lymphocytic leukaemia. Japanese and British populations also exhibited very different rates of clones that arose from B and T cell lineages, which predicted the relative rates of B and T cell cancers in these populations. We identified six previously undescribed loci at which inherited variants predispose to mosaic chromosomal alterations that duplicate or remove the inherited risk alleles, including large-effect rare variants at NBN, MRE11 and CTU2 (odds ratio, 28â€“91). We suggest that selective pressures on clones are modulated by factors that are specific to human populations. Further genomic characterization of clonal selection and cancer in populations from around the world is therefore warranted.
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                    Fig. 1: Genomic locations of 33,250Â autosomal mCAs detected in 27,910Â unique BBJ participants.[image: ]


Fig. 2: Classification of mCAs, frequency as a function of age and comparison of genomic distributions between BBJ and UKB.[image: ]
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                Data availability

              
              A table for mosaic events detected in the current study is available as Supplementary DataÂ 1. The BBJ genotype is available from the Japanese Genotype-phenotype Archive (JGA; http://trace.ddbj.nig.ac.jp/jga/index_e.html) under accession code JGAD00000000123. Individual-level linkage of mosaic events can be provided by the BBJ project upon request (https://biobankjp.org/english/index.html).

            

Code availability

              
              All computational codes are available upon request from the corresponding authors (although they are not immediately portable to other computing environments). A standalone software implementation (MoChA) of the algorithm used to call mCAs is available at https://github.com/freeseek/mocha.
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Extended data figures and tables

Extended Data Fig. 1 Age and sex of the carriers of mosaic event types.
Mean age and sex of carriers of specific mCA types (defined by chromosome and copy number) with at least 100Â carriers in the 179,417 participants. Marker sizes are proportional to mCA frequencies. Data are meanÂ Â±Â s.e.m. Numeric data are provided in Supplementary Table 7.


Extended Data Fig. 2 Comparable chromosomal coverage by heterozygous genotypes in the BBJ and UKB data.
Average numbers of heterozygous genotyped sites (averaged across individuals) in each 1-Mb region of the genome for the BBJ and UKB genotyping arrays. hets, heterozygous sites.


Extended Data Fig. 3 Similar breakpoint distributions of CN-LOH events in the BBJ and UKB data.
Relative frequencies of estimated CN-LOH breakpoint locations in the BBJ and UKB data. Breakpoints were smoothed over Â±2Â Mb to enable plotting of frequency curves, which were rescaled to 1.


Extended Data Fig. 4 Quantileâ€“quantile plots of mosaic events with significant associations demonstrate that there is no inflation of association statistics.
Quantileâ€“quantile plots of results for mosaic events with significant associations. Analysis results of Fisherâ€™s exact test (two-sided, nominal P values) using 173,599Â participants are shown. We defined the following hits as hit loci: 42â€“49Â Mb at chromosome 1 (1p CN-LOH), 88â€“94Â Mb at chromosome 8 (8q CN-LOH), 92â€“96Â Mb at chromosome 11 (11q CN-LOH), 88â€“90Â Mb at chromosome 16 (16q CN-LOH), 23â€“26Â Mb and 100â€“103Â Mb at chromosome 14 (cis association of 14q CN-LOH), 4â€“6Â Mb at chromosome 9 (9p CN-LOH), 0â€“2Â Mb at chromosome 5 (trans association of 14q CN-LOH) and 1â€“3Â Mb at chromosome 7 (trans association of chromosome 15 gain).


Extended Data Fig. 5 Local plots for cis and trans associations.
aâ€“i, Associations of inherited variants with 8q CN-LOH (a), 11q CN-LOH (b), 16q CN-LOH (c), chromosome 15 gain (d), 1p CN-LOH (e), 9p CN-LOH (f) and 14q CN-LOH (gâ€“i) are shown for regions containing the NBN, MRE11, CTU2, MAD1L1, MPL, JAK2, NEDD8â€“TINF2, DLK1 and TERT loci, respectively. aâ€“c, e, Loci are rare cis associations. fâ€“h, Loci are common cis associations. d, i, Loci are trans associations. aâ€“d, gâ€“i, Loci are in previously unreported regions. Purple points indicate lead variants. Other variants are colour-coded according to the linkage disequilibrium r2 with lead variants. The TCL1A variant that significantly associated with 14q CN-LOH allelic imbalance is not shown here because it did not significantly associate with 14q CN-LOH risk. Analysis results of Fisherâ€™s exact test (two-sided, nominal P values) using 173,599 participants are shown.


Extended Data Fig. 6 Action of CN-LOH events on rare and common inherited variants.
Schematics show the patterns of selection or elimination of inherited variants by CN-LOH events. Asterisks indicate risk alleles. For the TCL1A locus, which did not significantly associate with the presence of 14q CN-LOH, we depict TCL1A as a gene for which CN-LOH mutations select an allele.


Extended Data Fig. 7 Examples of multiple overlapping CN-LOH clones in a single chromosome.
We identified 185 individuals who carried multiple CN-LOH clones on a single chromosome. a, Multiple clones were observed in at least one individual for all chromosomes except chromosomes 18, 20 and 22. The plots show phased BAF deviations (y axis) as a function of chromosome position (x axis) for the individual with the largest clone per chromosome (among all individuals with multiple CN-LOH clones on that chromosome). Coloured horizontal lines of different colours indicate distinct BAF deviations corresponding to overlapping CN-LOH events. b, The number of participants carrying multiple CN-LOH clones on a single chromosome is shown for each chromosomal arm.


Extended Data Fig. 8 Mortality risk conferred by mosaic chromosomal alterations.
a, Risk of mortality from various causes conferred by presence of an mCA at >1% cell fraction. Leukaemia, malignant lymphoma and multiple myeloma are subdivisions of blood cancer. Cardiovascular mortality includes deaths from coronary artery disease and ischaemic stroke. b, Risk of leukaemia mortality conferred by specific mCAs (grouped by chromosomal location and copy-number change) reaching Bonferroni-corrected significance. c, Risk of leukaemia mortality conferred by mosaic status stratified by mosaic cell fraction. d, Risk of leukaemia mortality conferred by mosaic status stratified by mosaic cell fraction and number of mosaic events detected (one versus two or more). All analyses were restricted to individuals with no previous cancer diagnosis and were corrected for age, sex, smoking status and genotyping array (Methods). Data are hazard ratio or odds ratio and 95% confidence intervals. Numeric data are provided in Supplementary Tables 24â€“27. Results using 86,546 participants are indicated. Cox proportional hazard models (two-sided) were used for a, b and d. A Cochranâ€“Mantelâ€“Haenszel test was used for c.


Extended Data Table 1 Rare variants associated with CN-LOH further increase risk of multiple overlapping CN-LOH clonesFull size table


Extended Data Table 2 Breakdown of associations between mCAs and death attributable to leukaemiaFull size table





Supplementary information
Supplementary Information
This file contains Supplementary Notes 1-8, which include descriptions of detailed methods and data interpretation, Supplementary References and Supplementary Tables 1-28.


Reporting Summary

Supplementary Data
This file contains a table of anonymized individual-level mosaic events in detail.





Rights and permissions
Reprints and permissions


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



Cite this article
Terao, C., Suzuki, A., Momozawa, Y. et al. Chromosomal alterations among age-related haematopoietic clones in Japan.
                    Nature 584, 130â€“135 (2020). https://doi.org/10.1038/s41586-020-2426-2
Download citation
	Received: 01 June 2019

	Accepted: 02 April 2020

	Published: 24 June 2020

	Issue Date: 06 August 2020

	DOI: https://doi.org/10.1038/s41586-020-2426-2


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

                
                    	
                            
                                
                                    
                                        Clonal haematopoiesis and dysregulation of the immune system
                                    
                                

                            
                                
                                    	Roger Belizaire
	Waihay J. Wong
	Benjamin L. Ebert


                                
                                Nature Reviews Immunology (2023)

                            
	
                            
                                
                                    
                                        A pan-tissue survey of mosaic chromosomal alterations in 948 individuals
                                    
                                

                            
                                
                                    	Teng Gao
	Maria Eleni Kastriti
	Peter V. Kharchenko


                                
                                Nature Genetics (2023)

                            
	
                            
                                
                                    
                                        Lymphoid clonal hematopoiesis: implications for malignancy, immunity, and treatment
                                    
                                

                            
                                
                                    	Kelly von Beck
	Troy von Beck
	Ashwin Kishtagari


                                
                                Blood Cancer Journal (2023)

                            
	
                            
                                
                                    
                                        Mutation rates and fitness consequences of mosaic chromosomal alterations in blood
                                    
                                

                            
                                
                                    	Caroline J. Watson
	Jamie R. Blundell


                                
                                Nature Genetics (2023)

                            
	
                            
                                
                                    
                                        Clonal Hematopoiesis: Connecting Aging and Inflammation in Atherosclerosis
                                    
                                

                            
                                
                                    	Ariel H. Polizio
	Eunbee Park
	Kenneth Walsh


                                
                                Current Atherosclerosis Reports (2023)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


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


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    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 (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (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: Cancer]
                    Sign up for the Nature Briefing: Cancer newsletter â€” what matters in cancer research, free to your inbox weekly.

                

                
                    
                        
                        

                        
                        
                        
                        

                        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 cancer research, free to your inbox weekly.
            Sign up for Nature Briefing: Cancer
            
        


    









    [image: ]







[image: ]
