







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature genetics

	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 26 April 2007



                    A variant in CDKAL1 influences insulin response and risk of type 2 diabetes

                    	Valgerdur Steinthorsdottir1Â na1, 
	Gudmar Thorleifsson1Â na1, 
	Inga Reynisdottir1, 
	Rafn Benediktsson2,3, 
	Thorbjorg Jonsdottir1, 
	G Bragi Walters1, 
	Unnur Styrkarsdottir1, 
	Solveig Gretarsdottir1, 
	Valur Emilsson1, 
	Shyamali Ghosh1, 
	Adam Baker1, 
	Steinunn Snorradottir1, 
	Hjordis Bjarnason1, 
	Maggie C Y Ng4, 
	Torben Hansen5, 
	Yu Bagger6, 
	Robert L Wilensky7, 
	Muredach P Reilly7, 
	Adebowale Adeyemo8, 
	Yuanxiu Chen8, 
	Jie Zhou8, 
	Vilmundur Gudnason3, 
	Guanjie Chen8, 
	Hanxia Huang8, 
	Kerrie Lashley8, 
	Ayo Doumatey8, 
	Wing-Yee So4, 
	Ronald C Y Ma4, 
	Gitte Andersen5, 
	Knut Borch-Johnsen5,9,10, 
	Torben Jorgensen10, 
	Jana V van Vliet-Ostaptchouk11, 
	Marten H Hofker11,12, 
	Cisca Wijmenga13,14, 
	Claus Christiansen6, 
	Daniel J Rader7, 
	Charles Rotimi8, 
	Mark Gurney1, 
	Juliana C N Chan4, 
	Oluf Pedersen5,9, 
	Gunnar Sigurdsson2,3, 
	Jeffrey R Gulcher1, 
	Unnur Thorsteinsdottir1, 
	Augustine Kong1 & 
	â€¦
	Kari Stefansson1Â 

Show authors

                    

                    
                        
    Nature Genetics

                        volumeÂ 39,Â pages 770â€“775 (2007)Cite this article
                    

                    
        
            	
                        3476 Accesses

                    
	
                        806 Citations

                    
	
                            35 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
We conducted a genome-wide association study for type 2 diabetes (T2D) in Icelandic cases and controls, and we found that a previously described variant in the transcription factor 7-like 2 gene (TCF7L2) gene conferred the most significant risk. In addition to confirming two recently identified risk variants1, we identified a variant in the CDKAL1 gene that was associated with T2D in individuals of European ancestry (allele-specific odds ratio (OR) = 1.20 (95% confidence interval, 1.13â€“1.27), P = 7.7 Ã— 10âˆ’9) and individuals from Hong Kong of Han Chinese ancestry (OR = 1.25 (1.11â€“1.40), P = 0.00018). The genotype OR of this variant suggested that the effect was substantially stronger in homozygous carriers than in heterozygous carriers. The ORs for homozygotes were 1.50 (1.31â€“1.72) and 1.55 (1.23â€“1.95) in the European and Hong Kong groups, respectively. The insulin response for homozygotes was approximately 20% lower than for heterozygotes or noncarriers, suggesting that this variant confers risk of T2D through reduced insulin secretion.
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                    Figure 1: Schematic view of the association of T2D with variants in the 6p22.3 region.


Figure 2: Association of rs7756992 and rs13266634 with insulin secretion.



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Genome-wide characterization of circulating metabolic biomarkers
                                        
                                    

                                    
                                        Article
                                         Open access
                                         06 March 2024
                                    

                                

                                Minna K. Karjalainen, Savita Karthikeyan, â€¦ Johannes Kettunen

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Fasting-mimicking diet causes hepatic and blood markers changes indicating reduced biological age and disease risk
                                        
                                    

                                    
                                        Article
                                         Open access
                                         20 February 2024
                                    

                                

                                Sebastian Brandhorst, Morgan E. Levine, â€¦ Valter D. Longo

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Genomic data in the All of Us Research Program
                                        
                                    

                                    
                                        Article
                                         Open access
                                         19 February 2024
                                    

                                

                                The All of Us Research Program Genomics Investigators

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Sladek, R. et al. A genome-wide association study identifies novel risk loci for type 2 diabetes. Nature 445, 881â€“885 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Grant, S.F. et al. Variant of transcription factor 7-like 2 (TCF7L2) gene confers risk of type 2 diabetes. Nat. Genet. 38, 320â€“323 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Helgason, A. et al. Refining the impact of TCF7L2 gene variants on type 2 diabetes and adaptive evolution. Nat. Genet. 39, 218â€“225 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Pe'er, I. et al. Evaluating and improving power in whole-genome association studies using fixed marker sets. Nat. Genet. 38, 663â€“667 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Devlin, B. & Roeder, K. Genomic control for association studies. Biometrics 55, 997â€“1004 (1999).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Skol, A.D., Scott, L.J., Abecasis, G.R. & Boehnke, M. Joint analysis is more efficient than replication-based analysis for two-stage genome-wide association studies. Nat. Genet. 38, 209â€“213 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Chimienti, F., Devergnas, S., Favier, A. & Seve, M. Identification and cloning of a beta-cell-specific zinc transporter, ZnT-8, localized into insulin secretory granules. Diabetes 53, 2330â€“2337 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ching, Y.P., Pang, A.S., Lam, W.H., Qi, R.Z. & Wang, J.H. Identification of a neuronal Cdk5 activator-binding protein as Cdk5 inhibitor. J. Biol. Chem. 277, 15237â€“15240 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wei, F.Y. et al. Cdk5-dependent regulation of glucose-stimulated insulin secretion. Nat. Med. 11, 1104â€“1108 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ubeda, M., Rukstalis, J.M. & Habener, J.F. Inhibition of cyclin-dependent kinase 5 activity protects pancreatic beta cells from glucotoxicity. J. Biol. Chem. 281, 28858â€“28864 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Reynisdottir, I. et al. Localization of a susceptibility gene for type 2 diabetes to chromosome 5q34-q35.2. Am. J. Hum. Genet. 73, 323â€“335 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Tanko, L.B., Bagger, Y.Z., Nielsen, S.B. & Christiansen, C. Does serum cholesterol contribute to vertebral bone loss in postmenopausal women? Bone 32, 8â€“14 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Jorgensen, T. et al. A randomized non-pharmacological intervention study for prevention of ischaemic heart disease: baseline results Inter99. Eur. J. Cardiovasc. Prev. Rehabil. 10, 377â€“386 (2003).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Helgadottir, A. et al. A variant of the gene encoding leukotriene A4 hydrolase confers ethnicity-specific risk of myocardial infarction. Nat. Genet. 38, 68â€“74 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Yang, X. et al. Development and validation of stroke risk equation for Hong Kong Chinese patients with type 2 diabetes: the Hong Kong Diabetes Registry. Diabetes Care 30, 65â€“70 (2007).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Rotimi, C.N. et al. In search of susceptibility genes for type 2 diabetes in West Africa: the design and results of the first phase of the AADM study. Ann. Epidemiol. 11, 51â€“58 (2001).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kutyavin, I.V. et al. A novel endonuclease IV post-PCR genotyping system. Nucleic Acids Res. 34, e128 (2006).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Gretarsdottir, S. et al. The gene encoding phosphodiesterase 4D confers risk of ischemic stroke. Nat. Genet. 35, 131â€“138 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Rice, J.A. Mathematical Statistics and Data Analysis (Wadsworth, Belmont, California, 1995).

                    Google ScholarÂ 
                

	Mantel, N. & Haenszel, W. Statistical aspects of the analysis of data from retrospective studies of disease. J. Natl. Cancer Inst. 22, 719â€“748 (1959).
CASÂ 
    
                    Google ScholarÂ 
                

	Stefansson, H. et al. A common inversion under selection in Europeans. Nat. Genet. 37, 129â€“137 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Helgason, A., Yngvadottir, B., Hrafnkelsson, B., Gulcher, J. & Stefansson, K. An Icelandic example of the impact of population structure on association studies. Nat. Genet. 37, 90â€“95 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sluiter, W.J., Erkelens, D.W., Reitsma, W.D. & Doorenbos, H. Glucose tolerance and insulin release, a mathematical approach I. Assay of the beta-cell response after oral glucose loading. Diabetes 25, 241â€“244 (1976).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hanson, R.L. et al. Evaluation of simple indices of insulin sensitivity and insulin secretion for use in epidemiologic studies. Am. J. Epidemiol. 151, 190â€“198 (2000).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Matthews, D.R. et al. Homeostasis model assessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin concentrations in man. Diabetologia 28, 412â€“419 (1985).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	The International HapMap Consortium. A haplotype map of the human genome. Nature 437, 1299â€“1320 (2005).


Download references




Acknowledgements
We thank the individuals with T2D and other study participants whose contribution made this work possible. We also thank the nurses at Noatun (deCODE's sample recruitment center) and personnel at the deCODE core facilities for their hard work and enthusiasm. The Denmark B studies were supported by a grant from Eugene 2. Support for the Africa America Diabetes Mellitus (AADM) study is provided by the US National Institutes of Health, including the National Center on Minority Health and Health Disparities (3T37TW00041-03S2), the National Institute of Diabetes and Digestive and Kidney Diseases (DK072128), the National Human Genome Research Institute and the National Center for Research Resources (RR03048). The Hong Kong Diabetes case-control study was supported by the Hong Kong Research Grants Committee Central Allocation Scheme CUHK 1/04C.


Author information
Author notes	Valgerdur Steinthorsdottir and Gudmar Thorleifsson: These authors contributed equally to this work.


Authors and Affiliations
	deCODE genetics, Sturlugata 8, Reykjavik, 101, Iceland
Valgerdur Steinthorsdottir,Â Gudmar Thorleifsson,Â Inga Reynisdottir,Â Thorbjorg Jonsdottir,Â G Bragi Walters,Â Unnur Styrkarsdottir,Â Solveig Gretarsdottir,Â Valur Emilsson,Â Shyamali Ghosh,Â Adam Baker,Â Steinunn Snorradottir,Â Hjordis Bjarnason,Â Mark Gurney,Â Jeffrey R Gulcher,Â Unnur Thorsteinsdottir,Â Augustine KongÂ &Â Kari Stefansson

	Landspitali-University Hospital, Reykjavik, 101, Iceland
Rafn BenediktssonÂ &Â Gunnar Sigurdsson

	Icelandic Heart Association, Kopavogur, 201, Iceland
Rafn Benediktsson,Â Vilmundur GudnasonÂ &Â Gunnar Sigurdsson

	Department of Medicine and Therapeutics, The Chinese University of Hong Kong, Prince of Wales Hospital, Shatin, New Territories, Hong Kong
Maggie C Y Ng,Â Wing-Yee So,Â Ronald C Y MaÂ &Â Juliana C N Chan

	Steno Diabetes Center, Copenhagen, DK-2820, Denmark
Torben Hansen,Â Gitte Andersen,Â Knut Borch-JohnsenÂ &Â Oluf Pedersen

	Center for Clinical and Basic Research A/S, Ballerup, DK-2750, Denmark
Yu BaggerÂ &Â Claus Christiansen

	University of Pennsylvania School of Medicine, Philadelphia, 19104, Pennsylvania, USA
Robert L Wilensky,Â Muredach P ReillyÂ &Â Daniel J Rader

	Department of Community and Family Medicine, National Human Genome Center, Howard University, Washington, 20060, DC, USA
Adebowale Adeyemo,Â Yuanxiu Chen,Â Jie Zhou,Â Guanjie Chen,Â Hanxia Huang,Â Kerrie Lashley,Â Ayo DoumateyÂ &Â Charles Rotimi

	Faculty of Health Science, University of Aarhus, Aarhus, DK-8000, Denmark
Knut Borch-JohnsenÂ &Â Oluf Pedersen

	Research Centre for Prevention and Health, Glostrup University Hospital, Glostrup, DK-2600, Denmark
Knut Borch-JohnsenÂ &Â Torben Jorgensen

	Department of Molecular Genetics, Maastricht University, Maastricht, 6200 MD, The Netherlands
Jana V van Vliet-OstaptchoukÂ &Â Marten H Hofker

	Department of Pathology and Laboratory Medicine, University Medical Center Groningen (UMCG), 9700 RB, Groningen, The Netherlands
Marten H Hofker

	Department of Genetics, University Medical Center Groningen (UMCG), 9700 RB, Groningen, The Netherlands
Cisca Wijmenga

	Department of Biomedical Genetics, Complex Genetics Section, University Medical Centre Utrecht, Utrecht, 3508 AB, The Netherlands
Cisca Wijmenga


Authors	Valgerdur SteinthorsdottirView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Gudmar ThorleifssonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Inga ReynisdottirView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Rafn BenediktssonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Thorbjorg JonsdottirView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	G Bragi WaltersView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Unnur StyrkarsdottirView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Solveig GretarsdottirView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Valur EmilssonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Shyamali GhoshView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Adam BakerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Steinunn SnorradottirView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Hjordis BjarnasonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Maggie C Y NgView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Torben HansenView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Yu BaggerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Robert L WilenskyView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Muredach P ReillyView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Adebowale AdeyemoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Yuanxiu ChenView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jie ZhouView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Vilmundur GudnasonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Guanjie ChenView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Hanxia HuangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Kerrie LashleyView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Ayo DoumateyView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Wing-Yee SoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Ronald C Y MaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Gitte AndersenView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Knut Borch-JohnsenView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Torben JorgensenView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jana V van Vliet-OstaptchoukView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Marten H HofkerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Cisca WijmengaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Claus ChristiansenView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Daniel J RaderView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Charles RotimiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Mark GurneyView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Juliana C N ChanView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Oluf PedersenView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Gunnar SigurdssonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jeffrey R GulcherView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Unnur ThorsteinsdottirView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Augustine KongView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Kari StefanssonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding authors
Correspondence to
                Valgerdur Steinthorsdottir or Kari Stefansson.


Ethics declarations

              
                Competing interests

                V.S., G.T., I.R., T. Jonsdottir, G.B.W., U.S., S. Gretarsdottir, V.E., S. Ghosh, A.B., S.S., H.B., M.G., J.R.G., U.T., A.K. and K.S. are employees and shareholders of deCODE genetics, Inc.

              
            

Supplementary information

Supplementary Fig. 1
A Q-Q plot of the genome-wide association results. (PDF 185 kb)


Supplementary Table 1
Association with T2D in the Icelandic discovery group. (PDF 88 kb)


Supplementary Table 2
Association with T2D in the primary replication group (Denmark B). (PDF 83 kb)


Supplementary Table 3
Association results for SNPs reported to have association with T2D in ref. 1. (PDF 87 kb)


Supplementary Table 4
Association with T2D and pairwise correlation for eight SNPs in CDKAL1. (PDF 146 kb)


Supplementary Table 5
Association with T2D for 61 SNPs in CDKAL1. (PDF 75 kb)


Supplementary Table 6
Association with insulin secretion and insulin sensitivity. (PDF 77 kb)


Supplementary Table 7
Characteristics of the T2D case-control groups. (PDF 68 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Steinthorsdottir, V., Thorleifsson, G., Reynisdottir, I. et al. A variant in CDKAL1 influences insulin response and risk of type 2 diabetes.
                    Nat Genet 39, 770â€“775 (2007). https://doi.org/10.1038/ng2043
Download citation
	Received: 14 March 2007

	Accepted: 17 April 2007

	Published: 26 April 2007

	Issue Date: June 2007

	DOI: https://doi.org/10.1038/ng2043


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

                
                    	
                            
                                
                                    
                                        HDL levels modulate the impact of type 2 diabetes susceptibility alleles in older adults
                                    
                                

                            
                                
                                    	SiobhÃ¡n O.â€™ Sullivan
	Cynthia Al Hageh
	Moni Nader


                                
                                Lipids in Health and Disease (2024)

                            
	
                            
                                
                                    
                                        Epitranscriptomics in metabolic disease
                                    
                                

                            
                                
                                    	Yoshihiro Matsumura
	Fan-Yan Wei
	Juro Sakai


                                
                                Nature Metabolism (2023)

                            
	
                            
                                
                                    
                                        The influence of CDKAL1 (rs7754840) gene polymorphism on susceptibility to gestational diabetes mellitus in pregnant women: a systematic review and meta-analysis
                                    
                                

                            
                                
                                    	Amir Hossein Mahdizade
	Seyed Sobhan Bahreiny
	Eskandar Taghizadeh


                                
                                International Journal of Diabetes in Developing Countries (2023)

                            
	
                            
                                
                                    
                                        Population history modulates the fitness effects of Copy Number Variation in the Roma
                                    
                                

                            
                                
                                    	Marco Antinucci
	David Comas
	Francesc Calafell


                                
                                Human Genetics (2023)

                            
	
                            
                                
                                    
                                        Association between TCF7L2 polymorphism and type 2 diabetes mellitus susceptibility: a caseâ€“control study among the Bangladeshi population
                                    
                                

                            
                                
                                    	Asma Salauddin
	Kallyan Chakma
	Adnan Mannan


                                
                                Molecular Biology Reports (2023)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            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


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    
                    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
            
        


    









    








