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            Abstract
Major depressive disorder (MDD), one of the most frequently encountered forms of mental illness and a leading cause of disability worldwide1, poses a major challenge to genetic analysis. To date, no robustly replicated genetic loci have been identified2, despite analysis of more than 9,000 cases3. Here, using low-coverage whole-genome sequencing of 5,303 Chinese women with recurrent MDD selected to reduce phenotypic heterogeneity, and 5,337 controls screened to exclude MDD, we identified, and subsequently replicated in an independent sample, two loci contributing to risk of MDD on chromosome 10: one near the SIRT1 gene (Pâ€‰=â€‰2.53â€‰Ã—â€‰10âˆ’10), the other in an intron of the LHPP gene (P = 6.45â€‰Ã—â€‰10âˆ’12). Analysis of 4,509 cases with a severe subtype of MDD, melancholia, yielded an increased genetic signal at the SIRT1 locus. We attribute our success to the recruitment of relatively homogeneous cases with severe illness.
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                    Figure 1: Two loci associated with MDD in the CONVERGE sample.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Quantileâ€“quantile plots for major depressive disorder.
Quantileâ€“quantile plot of GWAS for MDD using the mixed linear model with exclusion of the chromosome that the marker is on (MLMe) method implemented in FastLMM on 10,640 samples (5,303 cases, 5,337 controls). Genomic inflation factor Î»â€‰=â€‰1.070, rescaled for an equivalent study of 1,000 cases and 1,000 controls (Î»
1000)â€‰=â€‰1.013.


Extended Data Figure 2 Forest plots of estimated SNP effects in CONVERGE and PGC studies.
This figure presents the association odds ratios (OR) at 12 SNPs in CONVERGE and the best available proxy SNPs in PGC-MDD (pairwise r
2â€‰>â€‰0.6, 500 kb window; the proxy SNP is marked by an asterisk). We present the alternative allele frequency (freq), odds ratio (or) with respect to the alternative allele, standard error of odds ratio (se) and P values of association (pval) for the following analyses (study): primary association analysis with a linear-mixed model using imputed allele dosages in 10,640 samples in CONVERGE (pri); validation analysis with logistic regression model with principal components (PCs) as covariates using genotypes from Sequenom on 9,921 samples in CONVERGE (sqnm); association with MDD with a logistic regression model in a replication cohort of 6,417 samples using genotypes from Sequenom (repli); joint association analysis with MDD with a logistic regression model using imputed allele dosages in CONVERGE and genotypes from Sequenom in a replication cohort (17,057 samples in total; joint).


Extended Data Figure 3 Manhattan and quantile quantile plots for melancholia.
a, Manhattan plot of GWAS for melancholia using the MLMe method implemented in FastLMM on 9,846 samples (4,509 cases, 5,337 controls). b, Quantileâ€“quantile plot of GWAS for melancholia; Î»â€‰=â€‰1.069, Î»
1000â€‰=â€‰1.014. c, Regional association plot of GWAS hits on chromosome 10, focusing on top SNP rs80309727 at 5â€² of SIRT1 gene, generated with LocusZoom.


Extended Data Figure 4 Empirical estimation of the odds ratio increases due to the removal of cases not falling under the diagnostic class of melancholia from an association analysis with major depression.
The figures show the empirical distributions of the odds ratios for association with each of two SNPs (rs79804696, rs35936514), after removing a random set of 796 samples, equal to the number of cases of MDD not diagnosed as being melancholic. The horizontal axis is the odds ratio for each analysis, and the vertical axis the frequency of occurrence of the odds ratio in 10,000 analyses. The vertical red line is the observed odds ratio after removing cases of MDD not diagnosed as melancholic.


Extended Data Table 1 Comparison between association results using imputed dosages and directly genotyped markersFull size table


Extended Data Table 2 Genotype distribution and P values for violation of the Hardyâ€“Weinberg equilibrium in CONVERGE and replication cohortsFull size table


Extended Data Table 3 Single-marker association results of top CONVERGE hits in the PGC study of MDDFull size table


Extended Data Table 4 Polygenic risk profiling and binomial sign testsFull size table





Supplementary information
Supplementary Information
This file contains Supplemental Notes 1-2, Supplementary References and Supplementary Tables 1-3. (PDF 478 kb)


Supplementary Information
This file contains Supplementary Table 4, a list of SNPs associated with MDD with P values < 10-5. (XLSX 60 kb)


Supplementary Information
This file contains Supplementary Table 5, a list of SNPs associated with Melancholia with P values < 10-5. (XLSX 109 kb)





PowerPoint slides
PowerPoint slide for Fig. 1




Rights and permissions
Reprints and permissions


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



Cite this article
CONVERGE consortium. Sparse whole-genome sequencing identifies two loci for major depressive disorder.
                    Nature 523, 588â€“591 (2015). https://doi.org/10.1038/nature14659
Download citation
	Received: 15 December 2014

	Accepted: 11 June 2015

	Published: 15 July 2015

	Issue Date: 30 July 2015

	DOI: https://doi.org/10.1038/nature14659


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

                
                    	
                            
                                
                                    
                                        Emerging roles of SIRT1 activator, SRT2104, in disease treatment
                                    
                                

                            
                                
                                    	Ning Chang
	Junyang Li
	Yajun Wang


                                
                                Scientific Reports (2024)

                            
	
                            
                                
                                    
                                        Association between 14 candidate genes, PM2.5, and affective disorders: a study of the Taiwan Biobank
                                    
                                

                            
                                
                                    	Kai-Jie Ma
	Yi-Ju Lin
	Jong-Yi Wang


                                
                                BMC Public Health (2023)

                            
	
                            
                                
                                    
                                        Similarity and diversity of genetic architecture for complex traits between East Asian and European populations
                                    
                                

                            
                                
                                    	Jinhui Zhang
	Shuo Zhang
	Ping Zeng


                                
                                BMC Genomics (2023)

                            
	
                            
                                
                                    
                                        Reduced Vrk2 expression is associated with higher risk of depression in humans and mediates depressive-like behaviors in mice
                                    
                                

                            
                                
                                    	Mei-Yu Yin
	Lei Guo
	Hong Chang


                                
                                BMC Medicine (2023)

                            
	
                            
                                
                                    
                                        Identification of novel targets and pathways to distinguish suicide dependent or independent on depression diagnosis
                                    
                                

                            
                                
                                    	Siqi Peng
	Yalan Zhou
	Qingzhong Wang


                                
                                Scientific Reports (2023)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
Genetic risk factors for depression
This genomic analysis of more than 5,000 Chinese women with recurrent major depressive disorder (MDD) has identified and replicated two genome-wide significant loci contributing to risk of MDD on chromosome 10. One is near the sirtuin1 (SIRT1) gene, and the other is in an intron of the phospholysine phosphohistidine inorganic pyrophosphate phosphatase (LHPP) gene. The authors suggest that the association close to SIRT1 may implicate abnormalities in mitochondria as risk factors for the disease.

show all

    

    
    
        
            
                Associated content

                
                    
                        
                            
                                Special

                                
                                    Mental health
                                

                            
                        

                    
                    
                        
                            
    
        
            
                
                    Associations with depression
                

                
	Patrick F. Sullivan



                
    
        
            Nature
        
        News & Views
        
        
            15 Jul 2015
        
    


            

        

    


                        

                    
                        
                            
    
        
            
                
                    RETRACTED ARTICLE: 11,670 whole-genome sequences representative of the Han Chinese population from the CONVERGE project
                

                
	Na Cai
	Tim B. Bigdeli
	Jonathan Flint



                
    
        
            Scientific Data
        
        Data Descriptor
        
            Open Access
        
        
            14 Feb 2017
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


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


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

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


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

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


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

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


            


        

    

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


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

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

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


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

                    

                

            


        


    

    
    

        

    
        
            

Close
    



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


    









    [image: ]







[image: ]
