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            Abstract
Anaemia is a chief determinant of global ill health, contributing to cognitive impairment, growth retardation and impaired physical capacity. To understand further the genetic factors influencing red blood cells, we carried out a genome-wide association study of haemoglobin concentration and related parameters in up to 135,367 individuals. Here we identify 75 independent genetic loci associated with one or more red blood cell phenotypes at P < 10−8, which together explain 4–9% of the phenotypic variance per trait. Using expression quantitative trait loci and bioinformatic strategies, we identify 121 candidate genes enriched in functions relevant to red blood cell biology. The candidate genes are expressed preferentially in red blood cell precursors, and 43 have haematopoietic phenotypes in Mus musculus or Drosophila melanogaster. Through open-chromatin and coding-variant analyses we identify potential causal genetic variants at 41 loci. Our findings provide extensive new insights into genetic mechanisms and biological pathways controlling red blood cell formation and function.
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                    Figure 1: 
                        Gene-expression patterns for 121 putative candidate genes, and tissue distribution of NDRs.
                      


Figure 2: RNAi silencing in  D. melanogaster. 


Figure 3: 
                        Association of SNP score with red blood cell phenotypes.
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Change history
	19 December 2012
Footnote symbols in the Table 1 legend were corrected.





References
	Chambers, J. C. et al. Genome-wide association study identifies variants in TMPRSS6 associated with hemoglobin levels. Nature Genet. 41, 1170–1172 (2009)
Article 
    CAS 
    
                    Google Scholar 
                

	Ganesh, S. K. et al. Multiple loci influence erythrocyte phenotypes in the CHARGE Consortium. Nature Genet. 41, 1191–1198 (2009)
Article 
    CAS 
    
                    Google Scholar 
                

	Soranzo, N. et al. A genome-wide meta-analysis identifies 22 loci associated with eight hematological parameters in the HaemGen consortium. Nature Genet. 41, 1182–1190 (2009)
Article 
    CAS 
    
                    Google Scholar 
                

	Kamatani, Y. et al. Genome-wide association study of hematological and biochemical traits in a Japanese population. Nature Genet. 42, 210–215 (2010)
Article 
    CAS 
    
                    Google Scholar 
                

	Ding, K. et al. Genetic loci implicated in erythroid differentiation and cell cycle regulation are associated with red blood cell traits. Mayo Clin. Proc. 87, 461–474 (2012)
Article 
    CAS 
    
                    Google Scholar 
                

	Pe’er, I., Yelensky, R., Altshuler, D. & Daly, M. J. Estimation of the multiple testing burden for genomewide association studies of nearly all common variants. Genet. Epidemiol. 32, 381–385 (2008)
Article 
    
                    Google Scholar 
                

	Nyholt, D. R. A simple correction for multiple testing for single-nucleotide polymorphisms in linkage disequilibrium with each other. Am. J. Hum. Genet. 74, 765–769 (2004)
Article 
    CAS 
    
                    Google Scholar 
                

	Yang, J. et al. Conditional and joint multiple-SNP analysis of GWAS summary statistics identifies additional variants influencing complex traits. Nature Genet. 44, 369–375 (2012)
Article 
    CAS 
    
                    Google Scholar 
                

	Raychaudhuri, S. et al. Identifying relationships among genomic disease regions: predicting genes at pathogenic SNP associations and rare deletions. PLoS Genet. 5, e1000534 (2009)
Article 
    
                    Google Scholar 
                

	An, X. & Mohandas, N. Disorders of red cell membrane. Br. J. Haematol. 141, 367–375 (2008)
CAS 
    PubMed 
    
                    Google Scholar 
                

	van Wijk, R., Rijksen, G., Huizinga, E. G., Nieuwenhuis, H. K. & van Solinge, W. W. HK Utrecht: missense mutation in the active site of human hexokinase associated with hexokinase deficiency and severe nonspherocytic hemolytic anemia. Blood 101, 345–347 (2003)
Article 
    CAS 
    
                    Google Scholar 
                

	Camaschella, C. & Poggiali, E. Inherited disorders of iron metabolism. Curr. Opin. Pediatr. 23, 14–20 (2011)
Article 
    CAS 
    
                    Google Scholar 
                

	Novershtern, N. et al. Densely interconnected transcriptional circuits control cell states in human hematopoiesis. Cell 144, 296–309 (2011)
Article 
    CAS 
    
                    Google Scholar 
                

	Gieger, C. et al. New gene functions in megakaryopoiesis and platelet formation. Nature 480, 201–208 (2011)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Paul, D. S. et al. Maps of open chromatin guide the functional follow-up of genome-wide association signals: application to hematological traits. PLoS Genet. 7, e1002139 (2011)
Article 
    CAS 
    
                    Google Scholar 
                

	Forrester, W. C., Thompson, C., Elder, J. T. & Groudine, M. A developmentally stable chromatin structure in the human beta-globin gene cluster. Proc. Natl Acad. Sci. USA 83, 1359–1363 (1986)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Tuan, D., Solomon, W., Li, Q. & London, I. M. The “beta-like-globin” gene domain in human erythroid cells. Proc. Natl Acad. Sci. USA 82, 6384–6388 (1985)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Kowalczyk, M. S. et al. Intragenic enhancers act as alternative promoters. Mol. Cell 45, 447–458 (2012)
Article 
    CAS 
    
                    Google Scholar 
                

	Baù, D. et al. The three-dimensional folding of the α-globin gene domain reveals formation of chromatin globules. Nature Struct. Mol. Biol. 18, 107–114 (2011)
Article 
    
                    Google Scholar 
                

	Zsebo, K. M. et al. Stem cell factor is encoded at the Sl locus of the mouse and is the ligand for the c-kit tyrosine kinase receptor. Cell 63, 213–224 (1990)
Article 
    CAS 
    
                    Google Scholar 
                

	Heissig, B. et al. Recruitment of stem and progenitor cells from the bone marrow niche requires MMP-9 mediated release of kit-ligand. Cell 109, 625–637 (2002)
Article 
    CAS 
    
                    Google Scholar 
                

	Kozar, K. et al. Mouse development and cell proliferation in the absence of D-cyclins. Cell 118, 477–491 (2004)
Article 
    CAS 
    
                    Google Scholar 
                

	Dietzl, G. et al. A genome-wide transgenic RNAi library for conditional gene inactivation in Drosophila . Nature 448, 151–156 (2007)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Clark, R. H. et al. Adaptor protein 3-dependent microtubule-mediated movement of lytic granules to the immunological synapse. Nature Immunol. 4, 1111–1120 (2003)
Article 
    CAS 
    
                    Google Scholar 
                

	Berhane, S. et al. Adenovirus E1A interacts directly with, and regulates the level of expression of, the immunoproteasome component MECL1. Virology 421, 149–158 (2011)
Article 
    MathSciNet 
    CAS 
    
                    Google Scholar 
                

	Tiwari, S. & Weissman, A. M. Endoplasmic reticulum (ER)-associated degradation of T cell receptor subunits. Involvement of ER-associated ubiquitin-conjugating enzymes (E2s). J. Biol. Chem. 276, 16193–16200 (2001)
Article 
    CAS 
    
                    Google Scholar 
                

	Fransen, K. et al. Analysis of SNPs with an effect on gene expression identifies UBE2L3 and BCL3 as potential new risk genes for Crohn’s disease. Hum. Mol. Genet. 19, 3482–3488 (2010)
Article 
    CAS 
    
                    Google Scholar 
                

	Zhernakova, A. et al. Meta-analysis of genome-wide association studies in celiac disease and rheumatoid arthritis identifies fourteen non-HLA shared loci. PLoS Genet. 7, e1002004 (2011)
Article 
    CAS 
    
                    Google Scholar 
                

	Das, S., Ghosh, R. & Maitra, U. Eukaryotic translation initiation factor 5 functions as a GTPase-activating protein. J. Biol. Chem. 276, 6720–6726 (2001)
Article 
    CAS 
    
                    Google Scholar 
                

	Fenton, T. R. & Gout, I. T. Functions and regulation of the 70 kDa ribosomal S6 kinases. Int. J. Biochem. Cell Biol. 43, 47–59 (2011)
Article 
    CAS 
    
                    Google Scholar 
                

	Scanlon, K. S., Yip, R., Schieve, L. A. & Cogswell, M. E. High and low hemoglobin levels during pregnancy: differential risks for preterm birth and small for gestational age. Obstet. Gynecol. 96, 741–748 (2000)
CAS 
    PubMed 
    
                    Google Scholar 
                

	Shah, R. C., Buchman, A. S., Wilson, R. S., Leurgans, S. E. & Bennett, D. A. Hemoglobin level in older persons and incident Alzheimer disease: prospective cohort analysis. Neurology 77, 219–226 (2011)
Article 
    CAS 
    
                    Google Scholar 
                

	Sabatine, M. S. et al. Association of hemoglobin levels with clinical outcomes in acute coronary syndromes. Circulation 111, 2042–2049 (2005)
Article 
    CAS 
    
                    Google Scholar 
                

	Zakai, N. A. et al. A prospective study of anemia status, hemoglobin concentration, and mortality in an elderly cohort: the Cardiovascular Health Study. Arch. Intern. Med. 165, 2214–2220 (2005)
Article 
    
                    Google Scholar 
                

	Galanello, R. et al. Amelioration of Sardinian β0 thalassemia by genetic modifiers. Blood 114, 3935–3937 (2009)
Article 
    CAS 
    
                    Google Scholar 
                

	Boyle, A. P., Guinney, J., Crawford, G. E. & Furey, T. S. F-Seq: a feature density estimator for high-throughput sequence tags. Bioinformatics 24, 2537–2538 (2008)
Article 
    CAS 
    
                    Google Scholar 
                

	Holm, H. et al. A rare variant in MYH6 is associated with high risk of sick sinus syndrome. Nature Genet. 43, 316–320 (2011)
Article 
    CAS 
    
                    Google Scholar 
                

	Yang, J., Lee, S. H., Goddard, M. E. & Visscher, P. M. GCTA: a tool for genome-wide complex trait analysis. Am. J. Hum. Genet. 88, 76–82 (2011)
Article 
    CAS 
    
                    Google Scholar 
                

	Dixon, A. L. et al. A genome-wide association study of global gene expression. Nature Genet. 39, 1202–1207 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	Dubois, P. C. et al. Multiple common variants for celiac disease influencing immune gene expression. Nature Genet. 42, 295–302 (2010)
Article 
    CAS 
    
                    Google Scholar 
                

	Anderson, R. J. et al. Reduced dependency on arteriography for penetrating extremity trauma: influence of wound location and noninvasive vascular studies. J. Trauma 30, 1059–1063 (1990)
Article 
    CAS 
    
                    Google Scholar 
                

	Giresi, P. G. & Lieb, J. D. Isolation of active regulatory elements from eukaryotic chromatin using FAIRE (Formaldehyde Assisted Isolation of Regulatory Elements). Methods 48, 233–239 (2009)
Article 
    CAS 
    
                    Google Scholar 
                

	Lunter, G. & Goodson, M. Stampy: a statistical algorithm for sensitive and fast mapping of Illumina sequence reads. Genome Res. 21, 936–939 (2011)
Article 
    CAS 
    
                    Google Scholar 
                

	McKenna, A. et al. The Genome Analysis Toolkit: a MapReduce framework for analyzing next-generation DNA sequencing data. Genome Res. 20, 1297–1303 (2010)
Article 
    CAS 
    
                    Google Scholar 
                

	Pickrell, J. K., Gaffney, D. J., Gilad, Y. & Pritchard, J. K. False positive peaks in ChIP-seq and other sequencing-based functional assays caused by unannotated high copy number regions. Bioinformatics 27, 2144–2146 (2011)
Article 
    CAS 
    
                    Google Scholar 
                

	Vilella, A. J. et al. EnsemblCompara GeneTrees: complete, duplication-aware phylogenetic trees in vertebrates. Genome Res. 19, 327–335 (2009)
Article 
    CAS 
    
                    Google Scholar 
                

	Goto, A. et al. A Drosophila haemocyte-specific protein, hemolectin, similar to human von Willebrand factor. Biochem. J. 359, 99–108 (2001)
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
A detailed list of acknowledgements is provided in the Supplementary Material.


Author information
Author notes	Pim van der Harst, Weihua Zhang, Irene Mateo Leach, Augusto Rendon, Niek Verweij, Joban Sehmi, Dirk S. Paul, Ulrich Elling, Andrew A. Hicks, Josef Martin Penninger, Christian Gieger, Jaspal S. Kooner, Willem H. Ouwehand, Nicole Soranzo and John C. Chambers: These authors contributed equally to this work.


Authors and Affiliations
	Department of Cardiology, University of Groningen, University Medical Center Groningen, Groningen, 9700 RB, The Netherlands
Pim van der Harst, Irene Mateo Leach, Niek Verweij, Rudolf A. de Boer, Herman H. W. Silljé, Wiek H. van Gilst & Dirk J. van Veldhuisen

	Department of Genetics, University of Groningen, University Medical Center Groningen, Groningen, 9700 RB, The Netherlands
Pim van der Harst, Lude Franke & Harm-Jan Westra

	Department of Epidemiology and Biostatistics, Imperial College London,  London, W2 1PG, UK
Weihua Zhang, Abtehale Al-Hussani, Paul F. O’Reilly, Paul Elliott, Marjo-Riitta Jarvelin & John C. Chambers

	Ealing Hospital NHS Trust, Middlesex, UB1 3HW, UK
Weihua Zhang, Joban Sehmi, Sian-Tsung Tan, Kathy Miller, Jaspal S. Kooner & John C. Chambers

	Department of Haematology, University of Cambridge, Cambridge, CB2 0XY, UK
Augusto Rendon, Aparna Radhakrishnan, Katrin Voss, Cornelis A. Albers, Antony Attwood, Stephen F. Garner, Jennifer Jolley, Heather Lloyd-Jones, Stuart Meacham, Jennifer Sambrook, Jonathan Stephens & Willem H. Ouwehand

	NHS Blood and Transplant, Cambridge, CB2 0PT, UK
Augusto Rendon, Aparna Radhakrishnan, Katrin Voss, Cornelis A. Albers, Antony Attwood, Stephen F. Garner, Jennifer Jolley, Heather Lloyd-Jones, Stuart Meacham, Jennifer Sambrook, Jonathan Stephens & Willem H. Ouwehand

	MRC Biostatistics Unit, Institute of Public Health, Cambridge, CB2 2SR, UK
Augusto Rendon

	NIHR Cambridge Biomedical Research Centre, Cambridge, CB2 0QQ, UK
Augusto Rendon, Aparna Radhakrishnan, Katrin Voss, Antony Attwood, Stephen F. Garner, Jennifer Jolley, Heather Lloyd-Jones, Stuart Meacham, Jennifer Sambrook, Jonathan Stephens & Willem H. Ouwehand

	National Heart and Lung Institute, Imperial College London, London, W12 0NN, UK
Joban Sehmi, Sian-Tsung Tan, William O. Cookson, Miriam F. Moffatt, James Scott & Jaspal S. Kooner

	Wellcome Trust Sanger Institute, Hinxton, Cambridge, CB10 1SA, UK
Dirk S. Paul, Aparna Radhakrishnan, Cornelis A. Albers, Stavroula Kanoni, So-Youn Shin, Antony Attwood, Stuart Meacham, Yasin Memari, Ramiro Ramirez-Solis, Panos Deloukas, Willem H. Ouwehand & Nicole Soranzo

	Institute of Molecular Biotechnology of the Austrian Academy of Sciences, Vienna, 1030, Austria
Ulrich Elling, Maria Novatchkova, Ursula Puc, Gerald Wirnsberger & Josef Martin Penninger

	Department of Preventive Medicine, University of Southern California Keck School of Medicine, Los Angeles, 90033, California, USA
Hooman Allayee & Jaana Hartiala

	Institute of Clinical Sciences, Imperial College London, London, W12 0NN, UK
Xinzhong Li

	NIHR Cardiovascular Biomedical Research Unit, Royal Brompton and Harefield NHS Foundation Trust and Imperial College London, London, SW3 6NP, UK
Xinzhong Li & John C. Chambers

	Center for Biomedicine, European Academy Bozen/Bolzano (EURAC), Bolzano, 39100, Italy
Christian X. Weichenberger, Martin Gögele, Francisco S. Domingues, Aude Saint-Pierre, Peter P. Pramstaller & Andrew A. Hicks

	Department of Cardiology, Division Heart and Lungs, University Medical Center Utrecht, Utrecht, 3508, The Netherlands
Folkert W. Asselbergs & Vinicius Tragante

	Julius Center for Health Sciences and Primary Care, University Medical Center Utrecht, Utrecht, 3508, The Netherlands
Folkert W. Asselbergs, Paul I. W. de Bakker & Ale Algra

	Department of Medical Genetics, Biomedical Genetics, University Medical Center Utrecht, Utrecht, 3508, The Netherlands
Folkert W. Asselbergs & Paul I. W. de Bakker

	Institute of Genetics and Biophysics “Adriano Buzzati-Traverso”-CNR, Naples, 80131, Italy
Marina Ciullo, Evelin Mihailov, Teresa Nutile, Daniela Ruggiero & Rossella Sorice

	Dipartimento di Scienze Biomediche e Biotecnologie - Università di Cagliari, Clinica Pediatrica 2a, Ospedale Regionale Microcitemie ASL8, 09121 Cagliari, Italy., 
Fabrice Danjou, Franco Anni & Renzo Galanello

	 Institut National de la Santé et de la Recherche Médicale (INSERM) Unité Mixte de Recherche (UMR) 1087, BP 70721 44007 Nantes cedex, 1 Nantes, France., 
Christian Dina

	 Centre National de la Recherche Scientifique (CNRS) UMR 6291, BP 70721 44007 Nantes cedex 1, Nantes, France , 
Christian Dina

	School of Medecine, Nantes University, Nantes, 44000, France
Christian Dina

	Estonian Genome Center of University of Tartu, Tartu, 51010, Estonia
Tõnu Esko, Krista Fischer & Andres Metspalu

	Institute of Molecular and Cell Biology, University of Tartu, Tartu, 51010, Estonia
Tõnu Esko & Andres Metspalu

	MRC Centre for Causal Analyses in Translational Epidemiology, School of Social and Community Medicine, University of Bristol, Bristol, BS8 2BN, UK
David M. Evans, John P. Kemp & George Davey Smith

	Department of Medical Genetics, University of Lausanne, Lausanne, CH-1005, Switzerland
Micha Hersch & Jacques S. Beckmann

	Swiss Institute of Bioinformatics, Lausanne, CH-1015, Switzerland
Micha Hersch

	deCODE genetics, Reykjavik, 101, Iceland
Hilma Holm, Daniel Fannar Gudbjartsson, Patrick Sulem, Unnur Thorsteinsdottir & Kari Stefansson

	Department of Biological Psychology, VU University, Amsterdam, 1081 BT, The Netherlands
Jouke-Jan Hottenga, Abdel Abdellaoui, Eco J. C. de Geus, Marleen H. de Moor, Gonneke Willemsen & Dorret I. Boomsma

	Mannheim Institute of Public Health, Social and Preventive Medicine, Medical Faculty of Mannheim, University of Heidelberg, Mannheim, D-68167, Germany
Marcus E. Kleber, Bernd Genser & Winfried Maerz

	LURIC Study nonprofit LLC, Freiburg, D-79098, Germany
Marcus E. Kleber

	Radcliffe Department of Medicine, Oxford Centre for Diabetes, Endocrinology and Metabolism, University of Oxford, OX3 7LJ, UK
Vasiliki Lagou & Inga Prokopenko

	Wellcome Trust Centre for Human Genetics, University of Oxford, Oxford, OX3 7BN, UK
Vasiliki Lagou & Inga Prokopenko

	MRC Epidemiology Unit, Institute of Metabolic Science, Addenbrooke’s Hospital, Cambridge, CB2 0QQ, UK
Claudia Langenberg, Jing Hua Zhao, Ruth J. F. Loos & Nicholas J. Wareham

	Department of Psychology, The University of Edinburgh, Edinburgh, EH8 9JZ, UK
Lorna M. Lopez & Ian J. Deary

	Centre for Cognitive Ageing and Cognitive Epidemiology, The University of Edinburgh, Edinburgh, EH8 9JZ, UK
Lorna M. Lopez, Sarah E. Harris, John M. Starr, Ian J. Deary & Peter M. Visscher

	Department of Clinical Chemistry, Fimlab Laboratories, Tampere University Hospital, Tampere, FIN-33521, Finland
Leo-Pekka Lyytikäinen & Terho Lehtimäki

	Department of Clinical Chemistry, University of Tampere School of Medicine, Tampere, FIN-33521, Finland
Leo-Pekka Lyytikäinen & Terho Lehtimäki

	Department of Clinical Sciences, Lund University, 02Malmö, SE-205, Sweden
Olle Melander, Gunnar Engström, Bo Hedblad & J. Gustav Smith

	Institute of Population Genetics, National Research Council of Italy, Sassari, 07100, Italy
Federico Murgia, Laura Portas & Mario Pirastu

	Department of Epidemiology, University of Groningen, University Medical Center Groningen, Groningen, 9700 RB, The Netherlands
Ilja M. Nolte & Harold Snieder

	Institute of Cardiovascular and Medical Sciences, College of Medical, Veterinary and Life Sciences, University of Glasgow, Glasgow, G12 8QQ, United Kingdom
Sandosh Padmanabhan, Claire E. Hastie & Anna F. Dominiczak

	University of Maryland School of Medicine, Baltimore, 21201, Maryland, USA
Afshin Parsa, Quince D. Gibson, Braxton D. Mitchell & Alan R. Shuldiner

	 Institute for Maternal and Child Health–IRCCS “Burlo Garofolo”–Trieste, University of Trieste, 34137 Trieste, Italy., 
Nicola Pirastu, Giorgia Girotto, Antonietta Robino, Adamo Pio d’Adamo & Paolo Gasparini

	 Istituto di Ricerca Genetica e Biomedica, Consiglio Nazionale delle Ricerche, c/o Cittadella Universitaria di Monserrato, Monserrato, Cagliari 09042, Italy., 
Eleonora Porcu, Lucia Perseu, Francesco Cucca, Serena Sanna & Manuela Uda

	Institute of Genetic Epidemiology, Helmholtz Zentrum München, German Research Center for Environmental Health, Neuherberg, D-85764, Germany
Janina S. Ried & Christian Gieger

	Queensland Institute of Medical Research, Brisbane, 4006, Queensland, Australia
Clara S. Tang, Beben Benyamin, Sarah E. Medland, John B. Whitfield, Nicholas G. Martin, Grant W. Montgomery, Peter M. Visscher & Manuel A. Ferreira

	Interfaculty Institute for Genetics and Functional Genomics, University Medicine Greifswald, Greifswald, D-17487, Germany
Alexander Teumer & Uwe Völker

	Division of Genetics and Cell Biology, San Raffaele Scientific Institute, Milano, 20132, Italy
Michela Traglia, Giorgio Pistis, Cinzia Sala & Daniela Toniolo

	Institute for Maternal and Child Health - IRCCS “Burlo Garofolo”- Trieste, Trieste, 34137, Italy
Sheila Ulivi

	University of Queensland Diamantina Institute, The University of Queensland, Princess Alexandra Hospital, Brisbane, 4102, Queensland, Australia
Jian Yang & Peter M. Visscher

	 Inserm, CESP Centre for research in Epidemiology and Population Health, U1018, Villejuif F-94807, France., 
Beverley Balkau

	University Paris Sud 11, UMRS 1018, Villejuif, F-94807, France
Beverley Balkau

	Geriatric Unit, Azienda Sanitaria Firenze, Florence, 50125, Italy
Stefania Bandinelli

	Centre Hospitalier Universitaire Vaudois, Lausanne, CH-1011, Switzerland
François Bastardot & Peter Vollenweider

	Department of Internal Medicine, University of Lausanne, Lausanne, CH-1011, Switzerland
François Bastardot & Peter Vollenweider

	Queensland Brain Institute, The University of Queensland, Brisbane, 4072, Queensland, Australia
Beben Benyamin & Peter M. Visscher

	Division of Endocrinology and Diabetes, Department of Medicine, University Hospital, Ulm, D-89075, Germany
Bernhard O. Boehm

	The Hatter Cardiovascular Institute, University College London, London, WC1E 6HX, UK
Debashish Das

	Division of Genetics, Brigham and Women’s Hospital, Harvard Medical School, Boston, 02115, Massachusetts, USA
Paul I. W. de Bakker

	Program in Medical and Population Genetics, Broad Institute of Harvard and MIT, Cambridge, 02142, Massachusetts, USA
Paul I. W. de Bakker

	Nutrition and Dietetics, Harokopio University, Athens, 17671, Kallithea, Greece
Maria Dimitriou & George V. Dedoussis

	Institute of Epidemiology I and Institute of Epidemiology II, Helmholtz Zentrum München, German Research Center for Environmental Health, Neuherberg, D-85764, Germany
Angela Döring

	The Laboratory in Mjodd, Reykjavik, 108, Iceland
Gudmundur Ingi Eyjolfsson

	Clinical Research Branch, National Institute on Aging, Baltimore, 21250, Maryland, USA
Luigi Ferrucci & Toshiko Tanaka

	Instituto de Saúde Coletiva, Federal University of Bahia, Salvador, 40110-040, Bahia, Brazil
Quince D. Gibson

	Medical Genetics Section, The University of Edinburgh, Edinburgh, EH4 2XU, UK
Sarah E. Harris

	Institute of Clinical Sciences, Obstetrics and Gynecology, University of Oulu, Oulu, FIN-90220, Finland
Anna-Liisa Hartikainen

	Research Unit of Molecular Epidemiology, Helmholtz Zentrum München, German Research Center for Environmental Health, Neuherberg, D-85764, Germany
Thomas Illig

	Hannover Unified Biobank, Hannover Medical School, Hannover, D-30625, Germany
Thomas Illig

	Department of Clinical Physiology, Tampere University Hospital, Tampere, FIN-33521, Finland
Mika Kähönen

	Department of Clinical Physiology, University of Tampere School of Medicine, Tampere, FIN-33521, Finland
Mika Kähönen

	Department of Laboratory Medicine, University of Groningen, University Medical Center Groningen, Groningen, 9700 RB, The Netherlands
Ido P. Kema & L. Joost van Pelt

	Department of Epidemiology, Department of Biostatistics, Harvard School of Public Health, Cambridge, Massachusetts 02115, USA., 
Liming Liang

	Institute of Epidemiology II, Helmholtz Zentrum München, German Research Center for Environmental Health, Neuherberg, D-85764, Germany
Christa Meisinger

	Department of Twin Research and Genetic Epidemiology, Kings College London, London, SE1 7EH, UK
Yasin Memari

	Institute of Clinical Chemistry and Laboratory Medicine, University Medicine Greifswald, Greifswald, D-17475, Germany
Matthias Nauck

	Department of Clinical Biochemistry, Landspitali University Hospital, Reykjavik, 101, Iceland
Isleifur Olafsson

	Faculty of Medicine, University of Iceland, Reykjavik, 101, Iceland
Pall T. Onundarson

	Laboratory of Hematology and Coagulation Disorder Center, Landspitali University Hospital, Reykjavik, 101, Iceland
Pall T. Onundarson

	Genetic Park of Ogliastra, Perdasdefogu, Sardinia, Italy
Debora Parracciani

	Department of Psychiatry/EMGO Institute/Neuroscience Campus, VU University Medical Centre, Amsterdam, 1081 BT, The Netherlands
Brenda W. Penninx & Johannes H. Smit

	Department of Psychiatry, University of Groningen, University Medical Center Groningen, Groningen, 9700 RB, The Netherlands
Brenda W. Penninx

	Department of Psychiatry, Leiden University Medical Centre, Leiden, 2333, The Netherlands
Brenda W. Penninx

	Division of Pediatrics and Thalassemia Centre, Department of Clinical and Biological Sciences, University of Torino, Turin, 10043, Orbassano, Italy
Antonio Piga

	Institute of Health Sciences, University of Oulu, Oulu, FIN-90220, Finland
Anneli Pouta & Marjo-Riitta Jarvelin

	 National Institute of Health and Welfare, Aapistie 1, P.O. Box 310, FIN-90101 Oulu, Finland., 
Anneli Pouta

	Department of Clinical Physiology and Nuclear Medicine, Turku University Hospital, Turku, FIN-20521, Finland
Olli Raitakari

	Research Centre of Applied and Preventive Cardiovascular Medicine, University of Turku, Turku, FIN-20521, Finland
Olli Raitakari

	The School of Social and Community Medicine, University of Bristol, Bristol, BS8 2PS,, UK
Susan M. Ring

	Institute of Diagnostics, University of Oulu, Oulu, FIN-90014, Finland
Aimo Ruokonen

	Competence Centre on Reproductive Medicine and Biology, Tartu, 50410, Estonia
Andres Salumets

	Institute of General and Molecular Pathology, University of Tartu, Tartu, 51014, Estonia
Andres Salumets

	Department of Experimental Hematology, University of Groningen, University Medical Center Groningen, Groningen, 9700 RB, The Netherlands
Hein Schepers

	Department of Stem Cell Biology, University of Groningen, University Medical Center Groningen, Groningen, 9700 RB, The Netherlands
Hein Schepers

	Institute for Community Medicine, University Medicine Greifswald, Greifswald, D-17475, Germany
Carsten Oliver Schmidt

	Departments of Human Genetics and Medicine, Faculty of Medicine, McGill University, Montreal, Quebec, H3A 1B1, Canada
Rob Sladek

	 Geriatric Medicine Unit, The University of Edinburgh, Western General Hospital, Edinburgh EH4 2XU, UK., 
John M. Starr

	Faculty of Medicine, University of Iceland, Reykjavik, 101, Iceland
Unnur Thorsteinsdottir & Kari Stefansson

	ClinPhenomics Study Center, Frankfurt, D-60594, Germany
Bernhard R. Winkelmann

	Department of Neurology and Neurosurgery, Utrecht Stroke Center, Rudolf Magnus Institute of Neuroscience, University Medical Center Utrecht, Utrecht, 3584 CG, The Netherlands
Ale Algra

	Dipartimento di Scienze Biomediche, Università di Sassari, Sassari, 07100, Italy
Francesco Cucca

	Department of Public Health and Primary Care, University of Cambridge, Cambridge, CB1 8RN, UK
John Danesh & Carmel Moore

	MRC-HPA Centre for Environment and Health, Imperial College London, London, W2 1PG, UK
Paul Elliott & Marjo-Riitta Jarvelin

	Department of Cancer Biology, Thomas Jefferson University Jefferson Medical College, Philadelphia, 19107, Pennsylvania, USA
Paolo Fortina

	Dipartimento di Medicina Molecolare, Università La Sapienza, Roma, 00161, Italy
Paolo Fortina

	Centre National de la Recherche Scientifique (CNRS)-Unité mixte de recherche (UMR) 8199, Lille Pasteur Institute, Lille, 59100, France
Philippe Froguel

	Department of Genomics of Common Disease, School of Public Health, Imperial College London, London, W2 1PG, UK
Philippe Froguel

	Institute for Immunology and Transfusion Medicine, University Medicine Greifswald, Greifswald, D-17487, Germany
Andreas Greinacher

	Department of Cell Biology, Center for Cardiovascular Diagnostics and Prevention, Lerner Research Institute, Cleveland Clinic, Cleveland, 44195, Ohio, USA
Stanley L. Hazen & W. H. Wilson Tang

	Department of Lifecourse snd Service, National Institute for Health and Welfare, Oulu, FIN-90101, Finland
Marjo-Riitta Jarvelin

	Biocenter Oulu, University of Oulu, Oulu, FIN-90220, Finland
Marjo-Riitta Jarvelin

	 Clinical Gerontology Unit, Box 251, Addenbrooke’s Hospital, Hills Road, Cambridge CB2 2QQ, UK., 
Kay Tee Khaw

	 Synlab Academy, D-68165 Mannheim, Germany., 
Winfried Maerz

	Department of Internal Medicine, University of Groningen, University Medical Center Groningen, Groningen, 9700 RB, The Netherlands
Gerjan Navis

	Department of Neurology, General Central Hospital, Bolzano, 39100, Italy
Peter P. Pramstaller

	Department of Neurology, University of Lübeck, D-23538 Lübeck, Germany., 
Peter P. Pramstaller

	Institute for Genomics and Multiscale Biology, Mount Sinai School of Medicine, New York, 10029-6574, USA
Eric Schadt

	Geriatric Research and Education Clinical Center, Veterans Administration Medical Center, Baltimore, 21201, Maryland, USA
Alan R. Shuldiner

	Department of Cardiology, Lund University, Lund, 22185, Sweden
J. Gustav Smith

	Department of Twin Research and Genetic Epidemiology, Kings College London, London, SE1 7EH, UK
Tim D. Spector

	Department of Medicine, University of Leipzig, Liebigstr. 18, D-04103 Leipzig, Germany., 
Michael Stumvoll & Anke Tönjes

	University of Leipzig, IFB AdiposityDiseases, Leipzig, D-04103, Germany
Michael Stumvoll & Anke Tönjes

	 Insitute of Molecular Genetics, CNR, 27100 Pavia, Italy., 
Daniela Toniolo

	Department of Endocrinology, University of Groningen, University Medical Center Groningen, Groningen, 9700 RB, The Netherlands
Bruce H. R. Wolffenbuttel

	Service of Medical Genetics, Centre Hospitalier Universitaire Vaudois, Lausanne, 1011, Switzerland
Jacques S. Beckmann

	Imperial College Healthcare NHS Trust, London, W12 0HS, UK
Jaspal S. Kooner & John C. Chambers


Authors	Pim van der HarstView author publications
You can also search for this author in
                        PubMed Google Scholar



	Weihua ZhangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Irene Mateo LeachView author publications
You can also search for this author in
                        PubMed Google Scholar



	Augusto RendonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Niek VerweijView author publications
You can also search for this author in
                        PubMed Google Scholar



	Joban SehmiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Dirk S. PaulView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ulrich EllingView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hooman AllayeeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Xinzhong LiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Aparna RadhakrishnanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sian-Tsung TanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Katrin VossView author publications
You can also search for this author in
                        PubMed Google Scholar



	Christian X. WeichenbergerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Cornelis A. AlbersView author publications
You can also search for this author in
                        PubMed Google Scholar



	Abtehale Al-HussaniView author publications
You can also search for this author in
                        PubMed Google Scholar



	Folkert W. AsselbergsView author publications
You can also search for this author in
                        PubMed Google Scholar



	Marina CiulloView author publications
You can also search for this author in
                        PubMed Google Scholar



	Fabrice DanjouView author publications
You can also search for this author in
                        PubMed Google Scholar



	Christian DinaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Tõnu EskoView author publications
You can also search for this author in
                        PubMed Google Scholar



	David M. EvansView author publications
You can also search for this author in
                        PubMed Google Scholar



	Lude FrankeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Martin GögeleView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jaana HartialaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Micha HerschView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hilma HolmView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jouke-Jan HottengaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Stavroula KanoniView author publications
You can also search for this author in
                        PubMed Google Scholar



	Marcus E. KleberView author publications
You can also search for this author in
                        PubMed Google Scholar



	Vasiliki LagouView author publications
You can also search for this author in
                        PubMed Google Scholar



	Claudia LangenbergView author publications
You can also search for this author in
                        PubMed Google Scholar



	Lorna M. LopezView author publications
You can also search for this author in
                        PubMed Google Scholar



	Leo-Pekka LyytikäinenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Olle MelanderView author publications
You can also search for this author in
                        PubMed Google Scholar



	Federico MurgiaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ilja M. NolteView author publications
You can also search for this author in
                        PubMed Google Scholar



	Paul F. O’ReillyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sandosh PadmanabhanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Afshin ParsaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nicola PirastuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Eleonora PorcuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Laura PortasView author publications
You can also search for this author in
                        PubMed Google Scholar



	Inga ProkopenkoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Janina S. RiedView author publications
You can also search for this author in
                        PubMed Google Scholar



	So-Youn ShinView author publications
You can also search for this author in
                        PubMed Google Scholar



	Clara S. TangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Alexander TeumerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Michela TragliaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sheila UliviView author publications
You can also search for this author in
                        PubMed Google Scholar



	Harm-Jan WestraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jian YangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jing Hua ZhaoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Franco AnniView author publications
You can also search for this author in
                        PubMed Google Scholar



	Abdel AbdellaouiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Antony AttwoodView author publications
You can also search for this author in
                        PubMed Google Scholar



	Beverley BalkauView author publications
You can also search for this author in
                        PubMed Google Scholar



	Stefania BandinelliView author publications
You can also search for this author in
                        PubMed Google Scholar



	François BastardotView author publications
You can also search for this author in
                        PubMed Google Scholar



	Beben BenyaminView author publications
You can also search for this author in
                        PubMed Google Scholar



	Bernhard O. BoehmView author publications
You can also search for this author in
                        PubMed Google Scholar



	William O. CooksonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Debashish DasView author publications
You can also search for this author in
                        PubMed Google Scholar



	Paul I. W. de BakkerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Rudolf A. de BoerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Eco J. C. de GeusView author publications
You can also search for this author in
                        PubMed Google Scholar



	Marleen H. de MoorView author publications
You can also search for this author in
                        PubMed Google Scholar



	Maria DimitriouView author publications
You can also search for this author in
                        PubMed Google Scholar



	Francisco S. DominguesView author publications
You can also search for this author in
                        PubMed Google Scholar



	Angela DöringView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gunnar EngströmView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gudmundur Ingi EyjolfssonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Luigi FerrucciView author publications
You can also search for this author in
                        PubMed Google Scholar



	Krista FischerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Renzo GalanelloView author publications
You can also search for this author in
                        PubMed Google Scholar



	Stephen F. GarnerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Bernd GenserView author publications
You can also search for this author in
                        PubMed Google Scholar



	Quince D. GibsonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Giorgia GirottoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Daniel Fannar GudbjartssonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sarah E. HarrisView author publications
You can also search for this author in
                        PubMed Google Scholar



	Anna-Liisa HartikainenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Claire E. HastieView author publications
You can also search for this author in
                        PubMed Google Scholar



	Bo HedbladView author publications
You can also search for this author in
                        PubMed Google Scholar



	Thomas IlligView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jennifer JolleyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Mika KähönenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ido P. KemaView author publications
You can also search for this author in
                        PubMed Google Scholar



	John P. KempView author publications
You can also search for this author in
                        PubMed Google Scholar



	Liming LiangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Heather Lloyd-JonesView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ruth J. F. LoosView author publications
You can also search for this author in
                        PubMed Google Scholar



	Stuart MeachamView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sarah E. MedlandView author publications
You can also search for this author in
                        PubMed Google Scholar



	Christa MeisingerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yasin MemariView author publications
You can also search for this author in
                        PubMed Google Scholar



	Evelin MihailovView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kathy MillerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Miriam F. MoffattView author publications
You can also search for this author in
                        PubMed Google Scholar



	Matthias NauckView author publications
You can also search for this author in
                        PubMed Google Scholar



	Maria NovatchkovaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Teresa NutileView author publications
You can also search for this author in
                        PubMed Google Scholar



	Isleifur OlafssonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Pall T. OnundarsonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Debora ParraccianiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Brenda W. PenninxView author publications
You can also search for this author in
                        PubMed Google Scholar



	Lucia PerseuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Antonio PigaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Giorgio PistisView author publications
You can also search for this author in
                        PubMed Google Scholar



	Anneli PoutaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ursula PucView author publications
You can also search for this author in
                        PubMed Google Scholar



	Olli RaitakariView author publications
You can also search for this author in
                        PubMed Google Scholar



	Susan M. RingView author publications
You can also search for this author in
                        PubMed Google Scholar



	Antonietta RobinoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Daniela RuggieroView author publications
You can also search for this author in
                        PubMed Google Scholar



	Aimo RuokonenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Aude Saint-PierreView author publications
You can also search for this author in
                        PubMed Google Scholar



	Cinzia SalaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Andres SalumetsView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jennifer SambrookView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hein SchepersView author publications
You can also search for this author in
                        PubMed Google Scholar



	Carsten Oliver SchmidtView author publications
You can also search for this author in
                        PubMed Google Scholar



	Herman H. W. SilljéView author publications
You can also search for this author in
                        PubMed Google Scholar



	Rob SladekView author publications
You can also search for this author in
                        PubMed Google Scholar



	Johannes H. SmitView author publications
You can also search for this author in
                        PubMed Google Scholar



	John M. StarrView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jonathan StephensView author publications
You can also search for this author in
                        PubMed Google Scholar



	Patrick SulemView author publications
You can also search for this author in
                        PubMed Google Scholar



	Toshiko TanakaView author publications
You can also search for this author in
                        PubMed Google Scholar



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



	Vinicius TraganteView author publications
You can also search for this author in
                        PubMed Google Scholar



	Wiek H. van GilstView author publications
You can also search for this author in
                        PubMed Google Scholar



	L. Joost van PeltView author publications
You can also search for this author in
                        PubMed Google Scholar



	Dirk J. van VeldhuisenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Uwe VölkerView author publications
You can also search for this author in
                        PubMed Google Scholar



	John B. WhitfieldView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gonneke WillemsenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Bernhard R. WinkelmannView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gerald WirnsbergerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ale AlgraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Francesco CuccaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Adamo Pio d’AdamoView author publications
You can also search for this author in
                        PubMed Google Scholar



	John DaneshView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ian J. DearyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Anna F. DominiczakView author publications
You can also search for this author in
                        PubMed Google Scholar



	Paul ElliottView author publications
You can also search for this author in
                        PubMed Google Scholar



	Paolo FortinaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Philippe FroguelView author publications
You can also search for this author in
                        PubMed Google Scholar



	Paolo GaspariniView author publications
You can also search for this author in
                        PubMed Google Scholar



	Andreas GreinacherView author publications
You can also search for this author in
                        PubMed Google Scholar



	Stanley L. HazenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Marjo-Riitta JarvelinView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kay Tee KhawView author publications
You can also search for this author in
                        PubMed Google Scholar



	Terho LehtimäkiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Winfried MaerzView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nicholas G. MartinView author publications
You can also search for this author in
                        PubMed Google Scholar



	Andres MetspaluView author publications
You can also search for this author in
                        PubMed Google Scholar



	Braxton D. MitchellView author publications
You can also search for this author in
                        PubMed Google Scholar



	Grant W. MontgomeryView author publications
You can also search for this author in
                        PubMed Google Scholar



	Carmel MooreView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gerjan NavisView author publications
You can also search for this author in
                        PubMed Google Scholar



	Mario PirastuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Peter P. PramstallerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ramiro Ramirez-SolisView author publications
You can also search for this author in
                        PubMed Google Scholar



	Eric SchadtView author publications
You can also search for this author in
                        PubMed Google Scholar



	James ScottView author publications
You can also search for this author in
                        PubMed Google Scholar



	Alan R. ShuldinerView author publications
You can also search for this author in
                        PubMed Google Scholar



	George Davey SmithView author publications
You can also search for this author in
                        PubMed Google Scholar



	J. Gustav SmithView author publications
You can also search for this author in
                        PubMed Google Scholar



	Harold SniederView author publications
You can also search for this author in
                        PubMed Google Scholar



	Rossella SoriceView author publications
You can also search for this author in
                        PubMed Google Scholar



	Tim D. SpectorView author publications
You can also search for this author in
                        PubMed Google Scholar



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



	Michael StumvollView author publications
You can also search for this author in
                        PubMed Google Scholar



	W. H. Wilson TangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Daniela TonioloView author publications
You can also search for this author in
                        PubMed Google Scholar



	Anke TönjesView author publications
You can also search for this author in
                        PubMed Google Scholar



	Peter M. VisscherView author publications
You can also search for this author in
                        PubMed Google Scholar



	Peter VollenweiderView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nicholas J. WarehamView author publications
You can also search for this author in
                        PubMed Google Scholar



	Bruce H. R. WolffenbuttelView author publications
You can also search for this author in
                        PubMed Google Scholar



	Dorret I. BoomsmaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jacques S. BeckmannView author publications
You can also search for this author in
                        PubMed Google Scholar



	George V. DedoussisView author publications
You can also search for this author in
                        PubMed Google Scholar



	Panos DeloukasView author publications
You can also search for this author in
                        PubMed Google Scholar



	Manuel A. FerreiraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Serena SannaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Manuela UdaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Andrew A. HicksView author publications
You can also search for this author in
                        PubMed Google Scholar



	Josef Martin PenningerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Christian GiegerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jaspal S. KoonerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Willem H. OuwehandView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nicole SoranzoView author publications
You can also search for this author in
                        PubMed Google Scholar



	John C. ChambersView author publications
You can also search for this author in
                        PubMed Google Scholar





Contributions
Study organisation: J.C.C., C.G., P.v.d.H., J.S.K., W.H.O. and N.S. Manuscript preparation: H.A., J.S.B., J.C.C., G.V.D., P.D., C.G., P.v.d.H., A.A.Hicks, J.S.K., I.M.-L., W.H.O., A.Radhakrishnan, A.Rendon, S.S., J.Sehmi, N.S., D.S.P., M.U., N.V. and W.Z. All authors reviewed and had the opportunity to comment on the manuscript. Data collection and analysis in the participating genome-wide association, replication and phenotype cohorts: ALSPAC: D.M.E., J.P.K., S.M.R., G.D.S; AMISH: Q.D.G., B.D.M., A.Parsa, A.R.S.; Beta-thalassaemia: F.A., F.D., P.Fortina, R.G, L.Perseu, A.Piga, S.S., M.U.; CBR: A.Attwood, J.D., S.F.G., H.L.-J., C.Moore, W.H.O., J.Sambrook; CoLAUS: F.B., J.S.B., M.H., P.V.; DeCODE: G.I.E., D.F.G., H.H., I.O., P.T.O., K.S., P.S., U.T.; DESIR: B.Balkau, C.D., P.Froguel, R.Sladek; EGCUT: T.E., K.F., A.M., E.M., A.S.; EPIC: K.-T.K., C.L., R.J.F.L., N.J.W., J.-H.Z.; Genebank: H.A., J.H., S.L.H., W.H.W.T.; INGI CARL: P.G., G.G., N.P.; INGI CILENTO: M.C., T.N., D.R., R.Sorice.; INGI FVG: A.P.d.A., A.Robino, S.U.; INGI Val Borbera: G.P., C.S., D.T., M.T.; KORA: A.D., C.G., T.I., C.Meisinger, J.S.R.; LBC: I.J.D., S.E.H., L.M.L., J.M.S.; LIFELINES: R.A.d.B., I.P.K., I.M.-L., G.N., P.v.d.H., L.J.v.P., N.V., B.H.R.W.; LOLIPOP: A.Al-Hussani, J.C.C., D.D., P.E., J.S.K., X.L., K.M., J.Scott, J.Sehmi, S.-T.T., W.Z.; LURIC: B.G., B.O.B., M.E.K., W.M., B.R.W.; MDC: A.F.D., G.E., B.H., C.E.H., O.M., S.P., J.G.S.; MICROS: M.G., A.AHicks, A.S.-P., P.P.P.; NESDA: I.M.N., B.W.P., J.H.S., H.Snieder; NFBC1966: A.-L.H., M.-R.J., P.F.O., A.Pouta, A.Ruokonen.; NTR: A.Abdellaoui, D.I.B., E.J.C.d.G., J.-J.H., M.H.d.M., G.Willemsen; OGP: F.M., D.P., L.Portas, M.P.; PREVEND: R.A.d.B., I.M.-L., G.N., P.v.d.H., W.H.v.G., D.J.v.V., N.V.; QIMR: B.Benyamin, M.A.F., N.G.M., S.E.M., G.W.M., C.S.T., P.M.V., J.B.W.; SardiNIA: F.C., E.P., S.S., M.U.; SHIP: A.G., M.Nauck, C.O.S., A.Teumer, U.V.; SMART: A.Algra, F.W.A., P.I.W.d.B., V.T.; SORBS: V.L., I.P., M.S., A.Tönjes.; TwinsUK: Y.M., S.-Y.S., N.S., T.D.S.; UKBS: J.J., W.H.O., N.S., J.Stephens; Young Finns: M.K., T.L., L.-P.L., O.R. Functional studies: Drosophila, U.E., F.S.D., A.A.Hicks, M.Novatchkova, J.M.P., U.P., C.X.W., G.Wirnsberger; expression profiling, W.O.C., L.Franke, L.L., M.F.M., A.Rendon, E.S., H.-J.W.; FAIRE, C.A.A., P.D., W.H.O., D.S.P., A.Rendon, N.S. Data analysis and bioinformatics: A.Al-Hussani, S.B., J.C.C., M.D., L.Ferrucci, P.v.d.H., S.K., X.L., I.M.-L., K.M., S.M., A.Radhakrishnan, A.Rendon, R.R.-S., H.Schepers, J.Sehmi, N.S., H.H.W.S., S.T., T.T., N.V., K.V., P.V., J.Y., W.Z.
Corresponding authors
Correspondence to
                Pim van der Harst, Christian Gieger, Jaspal S. Kooner, Willem H. Ouwehand, Nicole Soranzo or John C. Chambers.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Supplementary information

Supplementary Information
This file contains Supplementary Notes, Supplementary Tables 1-3 and 6-26 (see separate files for Supplementary Tables 4 and 5), Supplementary References and Supplementary Figures 1-8 – see contents list for details. (PDF 9711 kb)


Supplementary Tables
This file contains Supplementary Table 4 (see Supplementary Information file for legend). (XLS 1764 kb)


Supplementary Tables
This file contains Supplementary Table 5 (see Supplementary Information file for legend). (XLSX 9488 kb)





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3




Rights and permissions
Reprints and permissions


About this article
Cite this article
van der Harst, P., Zhang, W., Mateo Leach, I. et al. Seventy-five genetic loci influencing the human red blood cell.
                    Nature 492, 369–375 (2012). https://doi.org/10.1038/nature11677
Download citation
	Received: 06 February 2012

	Accepted: 15 October 2012

	Published: 05 December 2012

	Issue Date: 20 December 2012

	DOI: https://doi.org/10.1038/nature11677


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

                
                    	
                            
                                
                                    
                                        Higher hemoglobin levels are an independent risk factor for gestational diabetes
                                    
                                

                            
                                
                                    	Niina Sissala
	Sanna Mustaniemi
	Peppi Koivunen


                                
                                Scientific Reports (2022)

                            
	
                            
                                
                                    
                                        Fount, fate, features, and function of renal erythropoietin-producing cells
                                    
                                

                            
                                
                                    	Sophie L. Dahl
	Andreas M. Bapst
	Roland H. Wenger


                                
                                Pflügers Archiv - European Journal of Physiology (2022)

                            
	
                            
                                
                                    
                                        Genome-wide meta-analysis of iron status biomarkers and the effect of iron on all-cause mortality in HUNT
                                    
                                

                            
                                
                                    	Marta R. Moksnes
	Sarah E. Graham
	Ben M. Brumpton


                                
                                Communications Biology (2022)

                            
	
                            
                                
                                    
                                        Predictive SNPs for β0-thalassemia/HbE disease severity
                                    
                                

                            
                                
                                    	Thongperm Munkongdee
	Sissades Tongsima
	Saovaros Svasti


                                
                                Scientific Reports (2021)

                            
	
                            
                                
                                    
                                        Higher hemoglobin levels are an independent risk factor for adverse metabolism and higher mortality in a 20-year follow-up
                                    
                                

                            
                                
                                    	Joona Tapio
	Hannu Vähänikkilä
	Peppi Koivunen


                                
                                Scientific Reports (2021)

                            


                

            

        
    

            
                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
            
        

        
    



            

        
    


    
        Editorial Summary
The genetics of red blood cell biology
This genome-wide association study of more than 135,000 individuals identifies 75 independent genetic loci influencing red blood cell phenotypes, enriched for genes involved in cell cycle control, transcriptional regulation, growth factor and cytokine signalling, haemoglobin synthesis, iron handling and cytoskeletal function, as well as a number of genes of uncertain or unknown function. Further analyses identified 121 candidate genes related to red blood cell biology, one-third of which have haematopoietic phenotypes in mouse and Drosophila.

show all

    

    
    

    
        
            
                
                    
                        
                            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


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    
                    Sign up for the Nature Briefing newsletter — 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
            
        


    









    








