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            Abstract
The UK Biobank (UKB) has recently released genotypes on 152,328 individuals together with extensive phenotypic and lifestyle information. We present a new phasing method, SHAPEIT3, that can handle such biobank-scale data sets and results in switch error rates as low as âˆ¼0.3%. The method exhibits O(NlogN) scaling with sample size N, enabling fast and accurate phasing of even larger cohorts.
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                    Figure 1: Performance on the UK BiLEVE chromosome 20 data set.[image: ]
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Integrated supplementary information

Supplementary Figure 1 SHAPEIT3 performance by varying the cluster size parameter.
SHAPEIT3 running time (left) and SER (right) against increasing values of the cluster size parameter (M). SHAPEIT2 performance is denoted by the horizontal red line (no M parameter). These results are for the UK BiLEVE test set (N = 49,074) for the region at chr. 20: 10â€“20 Mb (2,518 SNPs). Computation was performed on an Intel Xeon E5-2690 CPU using four threads. Increasing M improves accuracy at the cost of increased computation time.


Supplementary Figure 2 Number of perfect matches as iteration and sample size vary.
The average number of 2-Mb windows (of 31 windows) per individual where a Hamming distance of zero was found with a conditioning haplotype, plotted against the iteration number of the SHAPEIT3 algorithm. Lines are colored by sample size. The number of perfect match windows increases rather dramatically with sample size. When a perfect match is found, the SHAPEIT3 algorithm skips HMM calculations in that window. This suggests that, as sample sizes increase, less time needs to be spent on inference per individual, owing to longer haplotype matches. The dip at iteration 16 occurs after the pruning step of the algorithm, where the HMM step needs to be recalculated regardless of matching haplotypes because of the graph structure having changed; we resample all haplotypes after this step.


Supplementary Figure 3 Estimated haplotypes in trio children phased using SHAPEIT3 on the full UKB data set of 152,112 samples.
Each line represents the phase of a single individual. Changes in color between dark and light blue represent switch errors. Switch errors were determined by comparing the estimated phase to that inferred when using the trio parents.


Supplementary Figure 4 Estimated haplotypes in trio children phased using SHAPEIT3 together with an unrelated subset of 10,000 UKB samples.
Each line represents the phase of a single individual. Changes in color between dark and light blue represent switch errors. Switch errors were determined by comparing the estimated phase to that inferred when using the trio parents.


Supplementary Figure 5 Estimated haplotypes in trio children phased using SHAPEIT3 together with an unrelated subset of 1,000 UKB samples.
Each line represents the phase of a single individual. Changes in color between dark and light blue represent switch errors. Switch errors were determined by comparing the estimated phase to that inferred when using the trio parents.


Supplementary Figure 6 Example of IBD sharing of siblings inferred by the HMM before and after filtering.
Black circles denote the IBS state at each marker across chromosome 20. The colored bars represent the IBD state inferred by our HMM before (top) and after (bottom) filtering out stretches of IBD less than 10 cM in length. The filtered state sequence provides a more conservative estimate of IBD1 sharing and is closer to the IBD patterns we would expect to see in a sibling pair.


Supplementary Figure 7 Comparison of switch error rates for HAPI-UR 3Ã— and SHAPEIT3.
Methods were run on N = 49,074 UK BiLEVE samples in total. Accuracy was compared for each of the 384 phased individuals. Left, prior to filtering out short IBD sequences; right, after filtering out short IBD sequences. Dashed red lines indicate an error rate of 5%. After filtering, the rates are slightly lower for both methods and have lower variance. This suggests that filtering did indeed remove some stretches that induced incorrect phasing in the validation haplotypes.


Supplementary Figure 8 Effect of IBD filtering on switch error rate.
Variation in the SER achieved by SHAPEIT3 applied to all N = 49,074 UK BiLEVE samples. Switch error is measured on phased haplotypes derived form the 384 likely sibling pairs. Left, prior to filtering out short IBD sequences; right, after filtering out short IBD sequences. Horizontal and vertical dashed red lines represent the median error rate and median yield, respectively. In both cases, there is a small preponderance of individuals with SERs above the median at lower yields relative to the number above the median at higher yields (top left quadrant versus top right quadrant). This decreases after filtering from 110:72 to 96:86.





Supplementary information
Supplementary Text and Figures
Supplementary Figures 1â€“8, Supplementary Tables 1â€“4 and Supplementary Note. (PDF 2340 kb)





Rights and permissions
Reprints and permissions


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



Cite this article
O'Connell, J., Sharp, K., Shrine, N. et al. Haplotype estimation for biobank-scale data sets.
                    Nat Genet 48, 817â€“820 (2016). https://doi.org/10.1038/ng.3583
Download citation
	Received: 12 November 2015

	Accepted: 09 May 2016

	Published: 06 June 2016

	Issue Date: July 2016

	DOI: https://doi.org/10.1038/ng.3583


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

                
                    	
                            
                                
                                    
                                        Polygenic risk score-based phenome-wide association study of head and neck cancer across two large biobanks
                                    
                                

                            
                                
                                    	Young Chan Lee
	Sang-Hyuk Jung
	Dokyoon Kim


                                
                                BMC Medicine (2024)

                            
	
                            
                                
                                    
                                        Genetic architecture distinguishes tinnitus from hearing loss
                                    
                                

                            
                                
                                    	Royce E. Clifford
	Adam X. Maihofer
	Caroline M. Nievergelt


                                
                                Nature Communications (2024)

                            
	
                            
                                
                                    
                                        Comparison of multiple imputation and other methods for the analysis of imputed genotypes
                                    
                                

                            
                                
                                    	Paul L. Auer
	Gao Wang
	Suzanne M. Leal


                                
                                BMC Genomics (2023)

                            
	
                            
                                
                                    
                                        Patterns of item nonresponse behaviour to survey questionnaires are systematic and associated with genetic loci
                                    
                                

                            
                                
                                    	Gianmarco Mignogna
	Caitlin E. Carey
	Andrea Ganna


                                
                                Nature Human Behaviour (2023)

                            
	
                            
                                
                                    
                                        Genetic network structure of 13 psychiatric disorders in the general population
                                    
                                

                            
                                
                                    	Hong Kyu Ihm
	Hyejin Kim
	Woojae Myung


                                
                                European Archives of Psychiatry and Clinical Neuroscience (2023)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    Fast and accurate long-range phasing in a UK Biobank cohort
                

                
	Po-Ru Loh
	Pier Francesco Palamara
	Alkes L Price



                
    
        
            Nature Genetics
        
        Technical Report
        
        
            06 Jun 2016
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            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]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


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

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
