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            Abstract
The role of HLA class II alleles in genetic predisposition to insulin dependent diabetes mellitus (IDDM) was examined by PCR/oligonucleotide probe typing of 42 Mexican-American IDDM families derived from Hispanic Caucasians and Native Americans. All high risk haplotypes (HLA-DR3 and DR4) were of European origin while the most strongly protective haplotype (DRB1*1402) was Native American. Of the 16 DR-DQ DR4 haplotypes identified, only those bearing DQB1*0302 conferred risk; the DRB1 allele, however, also markedly influenced IDDM risk. The general pattern of neutral and protective haplotypes indicates that the presence of Asp-57 in the HLA-DQÎ² chain does not confer IDDM protection per se and indicates that both DRB1 and DQB1 influence IDDM susceptibility as well as protection.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 12 print issues and online access
$209.00 per year
only $17.42 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    
                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Genome-wide association studies
                                        
                                    

                                    
                                        Article
                                        
                                         26 August 2021
                                    

                                

                                Emil Uffelmann, Qin Qin Huang, â€¦ Danielle Posthuma

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Genetic variation across and within individuals
                                        
                                    

                                    
                                        Article
                                        
                                         28 March 2024
                                    

                                

                                Zhi Yu, Tim H. H. Coorens, â€¦ Pradeep Natarajan

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Protein-altering variants at copy number-variable regions influence diverse human phenotypes
                                        
                                    

                                    
                                        Article
                                         Open access
                                         28 March 2024
                                    

                                

                                Margaux L. A. Hujoel, Robert E. Handsaker, â€¦ Po-Ru Loh

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Eisenbarth, G.S. Type I diabetes mellitus. A chronic autoimmune disease. New Engl. J. Med. 314, 1360â€“1368 (1986).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Svegaard, A., Platz, P. & Ryder, L.P. HLA and disease 1982 â€” a survey. Immunol. Rev. 37, 193â€“218 (1983).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Tiwari, J. & Terasaki, P.I. HLA and Disease Associations (Springer-Verlag, New York, 1985).
BookÂ 
    
                    Google ScholarÂ 
                

	Rotter, J.I. The modes of inheritance of insulin dependent diabetes mellitus. Am. J. hum. Genet. 33, 835â€“851 (1982).

                    Google ScholarÂ 
                

	Rotter, J.I. et al. An HLA genotypic study of IDDM: the excess of DR3/DR4 heterozygotes allows rejection of the recessive hypothesis. Diabetes 32, 169â€“174 (1983).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Thomson, G. & Bodmer, W.F. The genetic analysis of HLA and disease asosciation. In: HLA and Disease (eds Dausset, J. & Svejgaard, A.) 84â€“93 (Copenhagen, Munksgaard, 1977).

                    Google ScholarÂ 
                

	Thomson, G. HLA disease associations: models for Insulin dependent diabetes mellitus and the study of complex human genetic disorders. Ann. Rev. Genet. 32, 31â€“50 (1988).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Barnett, A.H., Eff, C., Leslie, R.D.G., Pyke, D.A. Diabetes in identical twins: a study of 200 pairs. Diabetologia 20, 87â€“93 (1981).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Olmos, P. et al. The significance of the concordance rate for type 1 (insulin-dependent) diabetes in identical twins. Diabetologia 31, 747â€“750 (1988).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Rotter, J.I. & Landaw, E.M. Measuring the genetic contribution of a single locus to a multilocus disease. Clin. Genet. 26, 529â€“542 (1984).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Saiki, R.K., Bugawan, T.L., Horn, G.T., Mullis, K.B. & Erlich, H.A. Analysis of enzymatically amplified Î²-globin and HLA-DQÎ± DNA with allele-specific oligonucleotide probes. Nature 324, 163â€“166 (1986).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Scharf, S., Griffith, R.L. & Erlich, H.A. Rapid typing of DNA sequence polymorphism at the HLA-DRB1 locus using the polymerase chain reaction and non-radioactive oligonucleotide probes. Hum. Immun. 30, 190â€“201 (1991).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Erlich, H.A. et al. HLA-DR, DQ, and DP typing using PCR amplification and immobilized probes. Eur. J. Immunogenet. 18, 33â€“55 (1991).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Bugawan, T.L. & Erlich, H.A. Rapid typing of HLA-DQB1 DNA polymorphism using non-radioactive oligonucleotide probes and amplified DNA. Immunogenetics 33, 163â€“170 (1991).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Nepom, G. & Erlich, H.A. MHC class-II molecules and autoimmunity. Ann. Rev. Immunol. 9, 493â€“525 (1991).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Horn, G.T., Bugawan, T.L., Long, C. & Erlich, H.A. Allelic sequence variation of the HLA-DQ loci: relationship to serology and insulin-dependent diabetes susceptibility. Proc. natn. Acad. Sci. U.S.A. 85, 6012â€“6016 (1988).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Todd, J.A., Bell, J.I. & McDevitt, H.O. HLA-DQ_gene contribute to susceptibility and resistance to insulin dependent diabetes mellitus. Nature 329, 599â€“604 (1987).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Sheehy, M.J. et al. A diabetes-susceptible HLA haplotype is best defined by a combination of HLA-DR and -DQ alleles. J. clin. Invest. 83, 830â€“835 (1989).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Erlich, H.A. HLA class II polymorphism and genetic susceptibility to insulin-dependent diabetes mellitus. Curr. Top. Microbiol. Immunol. 164, 41â€“55 (1990).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Gay, E.C. et al. Colorado IDDM registry: Lower incidence of IDDM in Hispanics. Diabetes Care 12, 701â€“708 (1989).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Field, L.L., Fothergill-Payne, C., Bertrams, J. & Baur, M.P. HLA-DR effects in a large German IDDM dataset. Genet. Epidemiol. Suppl. 1, 323â€“328 (1986).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Shohat, T. et al. Genetic marker family studies in Familial Mediterranean Fever (FMF) in Armenians. Clin. Genet. 38, 332â€“339 (1990).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Falk, C.T. & Rubinstein, P. Haplotype relative risks: an easy reliable way to construct a proper control sample for risk calculations. Ann. hum. Genet. 51, 227â€“233 (1987).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Begovich, A.B. et al. Polymorphism, recombination, and linkage disequilibrium within the HLA class II region. J. Immunol. 148, 249â€“258 (1992).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Erlich, H.A. et al. HLA-DQÎ² sequence polymorphism and genetic susceptibility to IDDM. Diabetes 39, 96â€“103 (1990).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Caillat-Zucman, S. et al. HLA genetic heterogeneity of insulin dependent diabetes mellitus. Indication for an age dependent susceptibility gradient. J. clin. Invest. (in the press).

	Morales, P. et al. High frequency of the HLA-DRB1*0405-(Dw15)-DQw8 haplotype in Spaniards and its relationship to IDDM. Hum. Immunol. 32, 170â€“175 (1991).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Baisch, J. et al. Analysis of HLA-DQ genotypes and susceptibilty in insulin-dependent diabetes mellitus. New Engl. J. Med. 322, 1836â€“1841 (1990).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Maclaren, N. et al. Inherited susceptibility to insulin dependent diabetes is associated with HLA-DR1 while DR5 is protective. Autoimmunity 1, 197â€“205 (1988).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Layrisse, Z. et al. Unique HLA-DR/DQ associations revealed in family studies in Warao Amerindians. Haplotype and homozygosity frequencies. Hum. Immunol. 23, 45â€“57 (1988).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Erlich, H.A. et al. Implication of specific DQB1 alleles in genetic suscpetibility and resistance by identification of IDDM siblings with novel HLA-DQB1 allele and unusual DR2 and DR1 haplotypes. Diabetes 40, 478â€“481 (1991).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Thomson, G. Investigation of the mode of inheritance of the HLA associated diseases by the method of antigen genotype frequencies among diseased individuals. Tissue Antigens 21, 81â€“104 (1983).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Vadheim, C.M., Rotter, J.I., Maclaren, N.K., Riley, W.J. & Anderson, C.E. Preferential transmission of diabetic alleles within the HLA gene complex. New Engl. J. Med. 315, 1314â€“1318 (1986).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Todd, J.A. et al. Identification of susceptibility loci for insulin-dependent diabetes mellitus by trans-racial gene mapping. Nature 338, 587â€“589 (1989).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	HLA 1991. Proceedings of the Eleventh International Histocompatibilrty Workshop and Conference Held in Yokohama, Japan, 6â€“13 November, 1991. Edited by K. Tsuji, M. Aizawa & T. Sasazuki. Oxford University Press, 1992.

	Yamagata, K. et al. Aspartic acid at position 57 of the DQ beta chain does not protect against type 1 (insulin dependent) diabetes mellitus in Japanese subjects. Diabetologia 32, 762â€“764 (1989).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Sheehy, M.J. HLA and insulin-dependent diabetes: a protective perspective. Diabetes 41, 123â€“129 (1992).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Rubinstein, P. et al. No excess of DR*3/4 in Ashkenzai Jewish or Hispanic IDDM patients. Diabetes 39, 1138â€“1143 (1990).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Morel, P.J., Dorman, J.S., Todd, J.A., McDevitt, H.O. & Trucco, M. Aspartic acid at position 57 of the DQÎ² chain protects against type I diabetes: A family study. Proc. natn. Acad. Sci. U.S.A. 85, 8111â€“8115 (1988).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Rotter, J.I., Vadheim, C.M. & Rimoin, D.L. Diabetes mellitus. In: The Genetic Basis of Common Diseases (eds King, R.A., Rotter, J.I. & Motulsky, A.G.) 413â€“481 (Oxford University Press, New York, 1992).

                    Google ScholarÂ 
                

	Vadheim, C.M. & Rotter, J.I. Genetics of diabetes mellitus. In: International Textbook of Diabetes Mellitus, (eds Alberti, K.G.M.M., DeFronzo, R.A., Keen, H. & Zimmet, 31â€“98 (John Wiley, Chichester, England, 1992).

                    Google ScholarÂ 
                

	Thomson, G. et al. Genetic heterogeneity, modes of inheritance, and risk estimates for a joint study of Caucasians with insulin-dependent diabetes mellitus. Am. J. hum. Genet. 43, 799â€“816 (1988).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Dorman, J.S., LaPort, R.E., Stone, R.A. & Trucco, M. Worldwide differences in the incidence of type I diabetes are associated with amino acid variation at position 57 of the DQ beta chain. Proc. natn. Acad. Sci. U.S.A. 87, 7370â€“7374 (1990).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Shaw, S.J. et al. Ancestral origin of insulin-dependent diabetes in Mexican-Americans. Int. J. Epidemiology (in the press).

	Vadheim, C.M. et al. HLA in Mexican-Americans with IDDM. Diabetes Care 12, 477â€“500 (1989).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Pressman, S. & Rotter, J.I. Epstein-Barr Virus transformation of cryopreserved lymphocytes, prolonged experience with technique. Am. J. hum. Genet. 49, 467 (1991).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Walsh, P.S., Metzger, D.A. & Higuchi, R. Chelex 100 as a medium for simple extraction of DNA for PCR-based typing from forensic material. BioTechniques 4, 506â€“513 (1991).

                    Google ScholarÂ 
                

	Saiki, R.K., Walsh, P.S., Levenson, C.H. & Erlich, H.A. Genetic analysis of amplified DNA with immobilized sequence-specific oligonucleotide probes. Proc. natn. Acad. Sci. U.S.A. 86, 6230â€“6234 (1989).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Louis, E.J. & Thomson, G. Three-allele synergistic mixed model for insulin-dependent diabetes mellitus. Diabetes 35, 958â€“963 (1986).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Sokal, R.R. & Rohlf, F.J. Biometry: The Principles and Practice of Statistics in Biological Research, 2nd edn (W. H. Freeman, San Francisco, 1981).


Download references




Author information
Authors and Affiliations
	Department of Human Genetics, Roche Molecular Systems, Inc., Alameda, California, 94501, USA
Henry A. Erlich,Â Julie ChangÂ &Â Teodorica Bugawan

	University of Southern California, Los Angeles County Medical Center, California, 90033, USA
Adina Zeidler,Â Sylvia Shaw,Â Yolanda BeshkovÂ &Â Gertrude Costin

	Division of Medical Genetics, Departments of Medicine and Pediatrics, Cedars-Sinai Medical Center, Los Angeles, California, 90048-1869, USA
Leslie J. Raffel,Â Sheila PressmanÂ &Â Jerome I. Rotter

	University of California, Berkeley, California, 94720, USA
William Klitz


Authors	Henry A. ErlichView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Adina ZeidlerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Julie ChangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Sylvia ShawView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Leslie J. RaffelView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	William KlitzView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Yolanda BeshkovView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Gertrude CostinView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Sheila PressmanView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Teodorica BugawanView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jerome I. RotterView author publications
You can also search for this author in
                        PubMedÂ Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Erlich, H., Zeidler, A., Chang, J. et al. HLA class II alleles and susceptibility and resistance to insulin dependent diabetes mellitus in Mexican-American families.
                    Nat Genet 3, 358â€“364 (1993). https://doi.org/10.1038/ng0493-358
Download citation
	Received: 19 October 1992

	Accepted: 15 December 1992

	Issue Date: 01 April 1993

	DOI: https://doi.org/10.1038/ng0493-358


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

                
                    	
                            
                                
                                    
                                        High prevalence of humoral autoimmunity in first-degree relatives of Mexican type 1 diabetes patients
                                    
                                

                            
                                
                                    	Norma C. Segovia-Gamboa
	Martha E. RodrÃguez-Arellano
	Carmen Sanchez-Torres


                                
                                Acta Diabetologica (2018)

                            
	
                            
                                
                                    
                                        Ethnic differences in progression of islet autoimmunity and type 1 diabetes in relatives at risk
                                    
                                

                            
                                
                                    	Mustafa Tosur
	Susan M. Geyer
	Maria J. Redondo


                                
                                Diabetologia (2018)

                            
	
                            
                                
                                    
                                        Type 1 diabetes mellitus
                                    
                                

                            
                                
                                    	Anastasia Katsarou
	Soffia GudbjÃ¶rnsdottir
	Ã…ke Lernmark


                                
                                Nature Reviews Disease Primers (2017)

                            
	
                            
                                
                                    
                                        Genetic Risk Scores for Type 1 Diabetes Prediction and Diagnosis
                                    
                                

                            
                                
                                    	Maria J. Redondo
	Richard A. Oram
	Andrea K. Steck


                                
                                Current Diabetes Reports (2017)

                            
	
                            
                                
                                    
                                        HLA in Jaidukama: an Amerindian secluded Colombian population with new haplotypes and Asian and Pacific-shared alleles
                                    
                                

                            
                                
                                    	J. Martinez-Laso
	F. Montoya
	A. Arnaiz-Villena


                                
                                Molecular Biology Reports (2011)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            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
	protocols.io
	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 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: ]
