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            Abstract
Identifying genetic variants influencing human brain structures may reveal new biological mechanisms underlying cognition and neuropsychiatric illness. The volume of the hippocampus is a biomarker of incipient Alzheimer's disease1,2 and is reduced in schizophrenia3, major depression4 and mesial temporal lobe epilepsy5. Whereas many brain imaging phenotypes are highly heritable6,7, identifying and replicating genetic influences has been difficult, as small effects and the high costs of magnetic resonance imaging (MRI) have led to underpowered studies. Here we report genome-wide association meta-analyses and replication for mean bilateral hippocampal, total brain and intracranial volumes from a large multinational consortium. The intergenic variant rs7294919 was associated with hippocampal volume (12q24.22; N = 21,151; P = 6.70 × 10−16) and the expression levels of the positional candidate gene TESC in brain tissue. Additionally, rs10784502, located within HMGA2, was associated with intracranial volume (12q14.3; N = 15,782; P = 1.12 × 10−12). We also identified a suggestive association with total brain volume at rs10494373 within DDR2 (1q23.3; N = 6,500; P = 5.81 × 10−7).
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                    Figure 1: Association results and meta-analysis of effects in individual and combined analyses.[image: ]


Figure 2: Association of rs7294919 with hippocampal volume stratified by disease and covariates.[image: ]


Figure 3: Regulatory effects of hippocampal-associated variant and expression of TESC within the hippocampus.[image: ]
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Consortia
the Alzheimer's Disease Neuroimaging Initiative (ADNI)

EPIGEN Consortium

IMAGEN Consortium

Saguenay Youth Study Group (SYS)

Cohorts for Heart and Aging Research in Genomic Epidemiology (CHARGE) Consortium

for the Enhancing Neuro Imaging Genetics through Meta-Analysis (ENIGMA) Consortium

Contributions
The ENIGMA support group designed the project, established the consortium, determined the analysis and quality control procedures, offered analytical support and performed and coordinated cross-site and replication analyses. This group included J.L.S., S.E.M., A.A.V., D.P.H., M.J.W., B.F., N.G.M. and P.M.T. The imaging protocols group determined and refined protocols for computing brain measures from the MRI scans and helped sites implement them as needed. This group included J.L.S., R.T., A.M.W., T.E.N., M.J. and M. Rijpkema. The genetics protocols group created analysis methods for imputation, quality control and association testing of genome-wide data and helped to ensure that protocols were implemented consistently across all sites. This group included S.E.M., J.L.S., A.A.V. and D.P.H. The meta-analysis was carried out by the meta-analysis group, consisting of S.E.M., R.E.S., J.L.S., D.P.H., A.A.V., M.J.W., N.G.M., B.F. and P.M.T. The first draft was written by J.L.S., S.E.M., A.A.V., D.P.H., M.J.W., B.F., N.G.M. and P.M.T. Local image processing, involving statistical analysis and analysis of the data, was performed by J.L.S., A.M.W., D.P.H., R.B., Ø.B., M.M.C., O.G., M. Hollinshead, A.J.H., S.M.M., A.C.N., M. Rijpkema, N.A.R., M.C.V.H., T.G.M.v.E., S.W., D.G.B., S.L.R., J.L.R., M.-J.v.T., S.E., P.T.F., P.K., J.L.L., R.M., G.B.P., J. Savitz, H.G.S., K.S., A.W.T., M.V.d.H., N.J.v.d.W., N.E.M.V.H., H.W., A.M.D., C.R.J., D.J.V., E.J.C.d.G., G.I.d.Z., T.E., G.F., P.H., H.E.H.P., K.L.M., A.J.S., L.S., J.B., D.C.G., K.N., E.L., A.M.-L., P.G.S., L.G.A., K.S.H., T.P., M.D., R.P., N.H., K.W., I.A., Ø.B., A.M.D., D.H., M.C., S.A., N.D., C. Depondt, M. Pandolfo, E.J.R., D.M.C., J.C.R., J.R., J.T., R.T., C.L., S.M., A.H., C.D.W., N.J., D.J.H., L.T.W. and M. Hoogman. Local genetics processing, involving statistical analysis and analysis of the data, was performed by J.L.S., S.E.M., A.A.V., A.M.W., D.P.H., M.B., A.A.B., A. Christoforou, G. Davies, J.-J.H., L.M.L., G.L., P.H.L., D.C.L., X.L., M. Mattingsdal, K.N., E. Strengman, K.v.E., T.G.M.v.E., S.W., S.K., L.A., R.M.C., M.A.C., J.E.C., R.D., T.D.D., N.B.F., H.H.H.G., M.P.J., J.W.K., M. Mattheisen, E.K.M., T.W.M., M.M.N., M. Rietschel, V.M.S., A.W.T., J.A.V., S.C., S.D., T.M.F., P.H., S.L.H., G.W.M., O.A.A., H.G.B., R.A.O., B.W.P., A.J.S., L.S., J.B., D.C.G., M.J.W., N.G.M., A.L., E.B.B., C.W., B.P., B.M.-M., G.C., Z.P., G.H., M.N., A.T., D.K., M. Matarin, S.M.S., G.L.C., N.K.H., M.E.R., D.W.M., C.O., A. Corvin, M.G., J.F., J.C.R., A.R., M. Ryten, D.T., N.S., C.S., R.W., J. Hardy, M.E.W. and M.A.A.d.A. Local study oversight and management, involving joint supervision of research, contribution of reagents, materials and/or analysis tools, was carried out by R.L.B., R.D., P.T.F., R.S.K., I.M., R.L.O., I.R., I.A., W.C.D., P.H., F.M., A.M.-L., D.J.P., S.G.P., J.M.S., M.W.W., O.A.A., M.E.B., H.G.B., E.J.C.d.G., I.J.D., G.I.d.Z., T.E., G.F., H.E.H.P., F.J.M., K.L.M., R.A.O., T.P., Z.P., B.W.P., A.J.S., L.S., J.W.S., J.M.W., J.B., D.C.G., M.J.W., B.F., P.M.T., A.M.M., J. Hall, M. Papmeyer, E. Sprooten, J. Sussmann, S.M.L., J.B.P., L.G.A., G.C., D.R., E.M., G.S., K.S.H., P.G.S., E.B.B., D.I.B., H.J.G., H.V., K.A., C.M., G. Donohoe, F.H., A.V.S., V.G., C.T., M.W.V., L.J.L., C. DeCarli, S.S., J.C.B., M.A.I., A.A. and J. Hardy.
Corresponding author
Correspondence to
                Paul M Thompson.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Additional information
A full list of members is provided in the Supplementary Note.
A full list of members is provided in the Supplementary Note.
A full list of members is provided in the Supplementary Note.
A full list of members is provided in the Supplementary Note.
A full list of members is provided in the Supplementary Note.
A full list of members is provided in the Supplementary Note.


Supplementary information

Supplementary Text and Figures
Supplementary Note, Supplementary Figures 1–44 and Supplementary Tables 1–27 (PDF 25711 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Stein, J., Medland, S., Vasquez, A. et al. Identification of common variants associated with human hippocampal and intracranial volumes.
                    Nat Genet 44, 552–561 (2012). https://doi.org/10.1038/ng.2250
Download citation
	Received: 06 September 2011

	Accepted: 19 March 2012

	Published: 15 April 2012

	Issue Date: May 2012

	DOI: https://doi.org/10.1038/ng.2250


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

                
                    	
                            
                                
                                    
                                        Pathogenesis of Depression in Alzheimer’s Disease
                                    
                                

                            
                                
                                    	Qingyang Zhan
	Fanyi Kong
	Shuming Huang


                                
                                Neurochemical Research (2024)

                            
	
                            
                                
                                    
                                        Posterior hippocampal CA2/3 volume is associated with autobiographical memory recall ability in lower performing individuals
                                    
                                

                            
                                
                                    	Ian A. Clark
	Marshall A. Dalton
	Eleanor A. Maguire


                                
                                Scientific Reports (2023)

                            
	
                            
                                
                                    
                                        Leveraging molecular quantitative trait loci to comprehend complex diseases/traits from the omics perspective
                                    
                                

                            
                                
                                    	Zijun Zhu
	Xinyu Chen
	Xue Zhang


                                
                                Human Genetics (2023)

                            
	
                            
                                
                                    
                                        Genetic and Environmental Contributions to Subcortical Gray Matter Microstructure and Volume in the Developing Brain
                                    
                                

                            
                                
                                    	Richard Watts
	Lydia Rader
	Christopher G. Filippi


                                
                                Behavior Genetics (2023)

                            
	
                            
                                
                                    
                                        Identifying genes associated with brain volumetric differences through tissue specific transcriptomic inference from GWAS summary data
                                    
                                

                            
                                
                                    	Hung Mai
	Jingxuan Bao
	Li Shen


                                
                                BMC Bioinformatics (2022)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Genetics (Nat Genet)
                
                
    
    
        ISSN 1546-1718 (online)
    
    


                
    
    
        ISSN 1061-4036 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter — what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


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

                    

                

            


        


    

    
    

        

    
        
            

Close
    



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


    









    [image: ]







[image: ]
