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            Abstract
In principle, humans can produce an antibody response to any non-self-antigen molecule in the appropriate context. This flexibility is achieved by the presence of a large repertoire of naive antibodies, the diversity of which is expanded by somatic hypermutation following antigen exposure1. The diversity of the naive antibody repertoire in humans is estimated to be at least 1012 unique antibodies2. Because the number of peripheral blood B cells in a healthy adult human is on the order of 5Â Ã—Â 109, the circulating B cell population samples only a small fraction of this diversity. Full-scale analyses of human antibody repertoires have been prohibitively difficult, primarily owing to their massive size. The amount of information encoded by allÂ of the rearranged antibody and T cell receptor genes in one personâ€”the â€˜genomeâ€™ of the adaptive immune systemâ€”exceeds the size of the human genome by more than four orders of magnitude. Furthermore, because much of the B lymphocyte population is localized in organs or tissues that cannot be comprehensively sampled from living subjects, human repertoire studies have focused on circulating B cells3. Here we examine the circulating B cell populations of ten human subjects and present what is, to our knowledge, the largest single collection of adaptive immune receptor sequences described to date, comprising almost 3Â billion antibody heavy-chain sequences. This dataset enables genetic study of the baseline human antibody repertoire at an unprecedented depth and granularity, which reveals largely unique repertoires for each individual studied, a subpopulation of universally shared antibody clonotypes, and an exceptional overall diversity of the antibody repertoire.
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                    Fig. 1: Uniqueness of the repertoires of individual subjects.[image: ]


Fig. 2: Clonotype and sequence diversity amongst the 10 subjects.[image: ]


Fig. 3: Shared clonotypes and sequences amongst the 10 subjects.[image: ]
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              Sequence data that support the findings in this study are available at the NCBI Sequencing Read Archive (www.ncbi.nlm.nih.gov/sra) under BioProject number PRJNA406949. Raw and processed datasets are available at www.github.com/briney/grp_paper.
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Extended data figures and tables

Extended Data Fig. 1 Nearly full-length antibody gene amplification from biological and technical replicate samples.
a, Schematic of biological and technical replicate samples. Biological replicates (columns) are derived from distinct cell aliquots, so identical clonotypes or sequences found in multiple biological replicates must arise from different cells. Technical replicates (rows) were amplified using discrete RNA aliquots from a single-cell aliquot. b, Strategy for nearly full-length antibody heavy chains. Black arrows indicate primers. Primers in the cDNA synthesis step anneal to the heavy-chain constant region (CH) and add the first unique molecular identifier (UMI) and the Illumina read 1 primer annealing site. Primers in the second-strand synthesis step anneal to the framework 1 region of the variable gene and add a second UMI and the Illumina read 2 primer annealing site.


Extended Data Fig. 2 V and J frequency correlations of technical and biological replicates.
For each subject, the frequency of V and J combinations was compared for technical replicates (left panels) or biological replicates (right panels). The coefficient of determination (r2) is shown for each plot.


Extended Data Fig. 3 Nucleotide mutation frequencies.
a, The distribution of nucleotide mutations in sequences that encode IgM are shown. On the right, the number of unmutated sequences containing no mutations in the variable-gene segment is also plotted. b, The distribution of nucleotide mutations in sequences that encode IgG are shown. On the right, the mean mutation frequency for the IgG population of each subject is shown. Each line represents a single subject. For legibility, the legend is split between the two plots. Although only five subjects are shown in the legend of each plot, data from all ten subjects is present in each plot.


Extended Data Fig. 4 Cross-subject repertoire similarity.
Pairwise Morisitaâ€“Horn similarity comparisons between each subject and all other subjects. Similarity was computed using the frequency of V-gene, J-gene and CDRH3 length combinations. Each line represents the mean of 20 independent repertoire samplings (with replacement). The shading surrounding the mean line indicates the 95% confidence interval.


Extended Data Fig. 5 Collapsing sequences into clonotypes.
a, To demonstrate the effect of collapsing an expanded clonal lineage into clonotypes, we selected a previously reported lineage of Zika-specific monoclonal antibodies isolated from the plasmablast population of an acutely infected patient24. Of 119 sequences, 89 were unique at the nucleotide level. b, Sequences encoding the same VÂ gene, JÂ gene and an identical CDRH3 amino acid sequence were collapsed into clonotypes, and the sequence phylogeny was coloured by clonotype. A total of 119 sequences were collapsed into 18 clonotypes. c, Sequences were collapsed into clonotypes, allowing a single mismatch in the CDRH3 amino acid sequence, and the sequence phylogeny was coloured by clonotype. A total of 119 sequences were collapsed into 10 clonotypes. d, The clonotype fraction (number of clonotypes divided by the total number of filtered sequences), when collapsing clonotypes while allowing zero or one mismatch in the CDRH3 amino acid sequence for each subject in this study. e, Number of total clonotypes recovered when allowing zero or one mismatch in the CDRH3 amino acid sequence for each subject in this study.


Extended Data Fig. 6 Captureâ€“recapture frequency.
a, Recapture frequency for each subject. Lines represent the mean of 10 random samplings (without replacement) for all subsample fractions except compete sampling (1.0). b, Mean recapture frequency for each subsample fraction.


Extended Data Fig. 7 Relative light-chain diversity estimation.
Using previously reported datasets of paired heavy and light antibody chains, clonotype diversity was estimated for heavy and light chains using both ChaoÂ 2 and Recon estimators. Estimates are shown in filled or unfilled points. Lines indicate the least-squares polynomial best fit (degreeÂ =Â 2) and is extrapolated to include both the lowest (1.17Â Ã—Â 108) and highest (9.06Â Ã—Â 108) number of UMI-corrected sequences from the 10 sequenced subjects.


Extended Data Fig. 8 Variance between inferred V(D)J recombination models.
a, Frequency of clonotype sharing between observed human subjects (black), synthetic datasets generated with IGoRâ€™s default recombination model (red), synthetic datasets generated with subject-specific recombination models (blue) or synthetic datasets generated with a combined-subject recombination model (purple). b, Combined Kullbackâ€“Leibler divergence (KL divergence) between pairs of subject-specific models (blue), between subject-specific models and IGoRâ€™s default model (red), or between subject-specific models and the combined-subject model (purple). c, Combined KL divergence between pairs of subject-specific models, separated by event type.


Extended Data Table 1 Demographic information and sequencing statistics per subjectFull size table


Extended Data Table 2 Primers used for antibody gene amplificationFull size table





Supplementary information
Reporting Summary




Source data
Source Data Fig. 1

Source Data Fig. 2

Source Data Fig. 3




Rights and permissions
Reprints and permissions


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



Cite this article
Briney, B., Inderbitzin, A., Joyce, C. et al. Commonality despite exceptional diversity in the baseline human antibody repertoire.
                    Nature 566, 393â€“397 (2019). https://doi.org/10.1038/s41586-019-0879-y
Download citation
	Received: 19 September 2017

	Accepted: 22 November 2018

	Published: 21 January 2019

	Issue Date: 21 February 2019

	DOI: https://doi.org/10.1038/s41586-019-0879-y


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

                
                    	
                            
                                
                                    
                                        Anchor Clustering for million-scale immune repertoire sequencing data
                                    
                                

                            
                                
                                    	Haiyang Chang
	Daniel A. Ashlock
	Stefan M. Keller


                                
                                BMC Bioinformatics (2024)

                            
	
                            
                                
                                    
                                        Systematic evaluation of B-cell clonal family inference approaches
                                    
                                

                            
                                
                                    	Daria Balashova
	Barbera D. C. van Schaik
	Antoine H. C. van Kampen


                                
                                BMC Immunology (2024)

                            
	
                            
                                
                                    
                                        The dengue-specific immune response and antibody identification with machine learning
                                    
                                

                            
                                
                                    	Eriberto Noel Natali
	Alexander Horst
	Enkelejda Miho


                                
                                npj Vaccines (2024)

                            
	
                            
                                
                                    
                                        Adaptive immune receptor repertoire analysis
                                    
                                

                            
                                
                                    	Vanessa Mhanna
	Habib Bashour
	Encarnita Mariotti-Ferrandiz


                                
                                Nature Reviews Methods Primers (2024)

                            
	
                            
                                
                                    
                                        Inactivated vaccine-elicited potent antibodies can broadly neutralize SARS-CoV-2 circulating variants
                                    
                                

                            
                                
                                    	Yubin Liu
	Ziyi Wang
	Gong Cheng


                                
                                Nature Communications (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]
                    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: ]
