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            Abstract
Major depression is a debilitating psychiatric illness that is typically associated with low mood and anhedonia. Depression has a heritable component that has remained difficult to elucidate with current sample sizes due to the polygenic nature of the disorder. To maximize sample size, we meta-analyzed data on 807,553 individuals (246,363 cases and 561,190 controls) from the three largest genome-wide association studies of depression. We identified 102 independent variants, 269 genes, and 15 genesets associated with depression, including both genes and gene pathways associated with synaptic structure and neurotransmission. An enrichment analysis provided further evidence of the importance of prefrontal brain regions. In an independent replication sample of 1,306,354 individuals (414,055 cases and 892,299 controls), 87 of the 102 associated variants were significant after multiple testing correction. These findings advance our understanding of the complex genetic architecture of depression and provide several future avenues for understanding etiology and developing new treatment approaches.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

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

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 /Â 30Â days
cancel any time

Learn more


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

Learn more


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


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



  

    
    
        
    Additional access options:

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



    

                
                    Fig. 1: Manhattan plot of the observed â€“log10 P values of each variant for an association with depression in the meta-analysis (n =807,553; 246,363 cases and 561,190 controls).[image: ]


Fig. 2: Significance of enrichment using a partitioned heritability approach.[image: ]


Fig. 3: Chord diagram of genes significantly associated (Pâ€‰<â€‰2.80â€‰Ã—â€‰10âˆ’6) with depression and the second-level Anatomical Therapeutic Chemical classifications to which interacting drugs have been assigned.[image: ]
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              All code is available upon reasonable request from the corresponding author.

            

Data availability

              
              Summary statistics for 10,000 genetic variants from the meta-analysis of 23andMe_307k, UK Biobank and PGC_139k and the summary statistics for all assessed genetic variants for the meta-analysis of depression in UK Biobank and PGC_139k are available from: https://doi.org/10.7488/ds/2458. To access the summary statistics for all assessed genetic variants for the meta-analysis of depression in 23andMe_307k, UK Biobank and PGC_139k, a data transfer agreement is required from 23andMe (dataset-request@23andMe.com) before a request is made to the corresponding author (D.Howard@ed.ac.uk). The raw genetic and phenotypic UK Biobank data used in this study, which were used under license, are available from: http://www.ukbiobank.ac.uk/. The genome-wide summary statistics for the Hyde et al. analysis of 23andMe, Inc. data were obtained under a data transfer agreement. Further information about obtaining access to the 23and Me, Inc. summary statistics are available from: https://research.23andme.com/collaborate/. The genome-wide summary statistics for the Wray et al. analysis of PGC data were obtained under secondary analysis proposals #60 and #76. Further information about obtaining access to the PGC summary statistics are available from: http://www.med.unc.edu/pgc/statgen.
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Integrated supplementary information

Supplementary Figure 1 Quantileâ€“quantile plot of the observed P values on those expected for each genetic variants association with depression in our meta-analysis (nâ€‰=â€‰807,553 individuals).
P-values were obtained from an inverse-variance weighted meta-analysis of summary statistics data from UK Biobank, Psychiatric Genomics Consortium and 23andMe. UK Biobank summary statistics were obtained using a linear association analysis with the results transformed to the logistic scale. Psychiatric Genomics Consortium and 23andMe data were analysed using an additive logistic model. All association analyses were two-sided tests.


Supplementary Figure 2
Odds ratios and 95% confidence intervals for major depressive disorder (MDD) in Generation Scotland (nâ€‰=â€‰6,946) based on polygenic risk score (PRS) deciles calculated from the current meta-analysis of depression (nâ€‰=â€‰765,884 individuals) and from summary statistics from the genome-wide association study of major depression conducted by Wray, et al.9 (nâ€‰=â€‰453,779 individuals).


Supplementary Figure 3 Significant genetic correlations (rG; Pâ€‰<â€‰0.01, after false discovery rate correction for multiple testing) between depression (nâ€‰=â€‰807,553 individuals) and other behavioral and disease related traits using LD score regression.
A negative rG indicates that an earlier or lower value of a continuous trait (that is earlier fatherâ€™s age of death or lower subjective well-being was associated with depression. A positive rG indicates that a later or higher value of a continuous trait (that is higher triglyceride level) was associated with depression. P-values were calculated by testing whether rG was significantly different from 0 using a two-sided test. The center values are the genetic correlation for each trait and the error bars are the respective standard error. LD score regression implemented in LD Hub software (http://ldsc.broadinstitute.org/).


Supplementary Figure 4 Mendelian randomization test for a putative causal effect of depression (nâ€‰=â€‰629,934 individuals; 56 instrumental variables) on neuroticism (nâ€‰=â€‰29,496 twin pairs) using inverse weighted regression, MR Egger and a weighted median test.
Center values reflect the effect of each instrumental variable on each trait with the respective error bars reflecting the standard error of the variableâ€™s effect on each trait.


Supplementary Figure 5 Mendelian randomization analysis for a putative causal effect of depression (nâ€‰=â€‰629,934 individuals; 49 instrumental variables) on ever vs. never smoked (nâ€‰=â€‰69,409 individuals) using inverse weighted regression.
Center values reflect the effect of each instrumental variable on each trait with the respective error bars reflecting the standard error of the variableâ€™s effect on each trait.


Supplementary Figure 6 Mendelian randomization test for a putative causal effect of neuroticism (nâ€‰=â€‰329,821 individuals; 65 instrumental variables) on depression (nâ€‰=â€‰537,701 individuals) using inverse weighted regression, MR Egger and a weighted median test.
Center values reflect the effect of each instrumental variable on each trait with the respective error bars reflecting the standard error of the variableâ€™s effect on each trait.


Supplementary Figure 7 Contribution of functional annotation of 24 categories to the heritability of depression (nâ€‰=â€‰807,553 individuals) based on the variants within each category.
The enrichment of each functional category, shown on the y-axis, is calculated as the proportion of heritability assigned to a functional categories divided by the proportion of variants in that category (Pr(h2)/Pr(SNPs)). Error bars represent jackknife standard errors for each the estimate of enrichment, and an asterisk indicates significant enrichment after Bonferroni correction for multiple testing (Conserved P-valueâ€‰=â€‰2.55â€‰Ã—â€‰10âˆ’17; H3K4me1 P-valueâ€‰=â€‰0.0015; Intron P-valueâ€‰=â€‰0.0014). P-values were calculated using a one-sided test and tested whether there the estimate of enrichment was significantly different from zero enrichment. The dashed line represents the threshold for no enrichment.


Supplementary Figure 8 Enrichment estimate (Î²) of significantly enriched brain cell regions using GTEx overlaid on physical representation of brain anatomy (nâ€‰=â€‰807,553 individuals).
The pseudo-coloring highlights the coefficients of the brain regions in red that were significantly enriched (Pâ€‰<â€‰0.05) for depression variants compared to no enrichment using a one-sided test and after Bonferroni correction for multiple testing.


Supplementary Figure 9 Stratified LD score regression analyses showing significance of enrichment estimates for 3 brain cell types in depression (nâ€‰=â€‰807,553 individuals).
The dashed line represents the Bonferroni threshold for significance for multiple testing correction (Pâ€‰=â€‰0.0167) and * indicates significant enrichment for that brain cell type (Neuron P-valueâ€‰=â€‰4.52â€‰Ã—â€‰10âˆ’4). P-values were calculated based on evidence of enrichment compared to no enrichment using a one-sided test.


Supplementary Figure 10 Regional visualization plot centered on the independently-associated variant, rs1021363, close to the Sortilin-related VPS10 domain containing receptor 3 (SORCS3) gene on chromosome 10 (nâ€‰=â€‰807,553 individuals).
P-values were obtained from an inverse-variance weighted meta-analysis of summary statistics data from UK Biobank, Psychiatric Genomics Consortium and 23andMe. UK Biobank summary statistics were obtained using a linear association analysis with the results transformed to the logistic scale. Psychiatric Genomics Consortium and 23andMe data were analysed using an additive logistic model. All association analyses were two-sided tests. Recombination rates used in the plots are based on the European 1000 Genomes panel from November 2014.


Supplementary Figure 11 Regional visualization plots centered on independently-associated variants (A. rs2568958 and B. rs10890020) close to the neuronal growth regulator 1 (NEGR1) gene on chromosome 1 (nâ€‰=â€‰807,553 individuals).
P-values were obtained from an inverse-variance weighted meta-analysis of summary statistics data from UK Biobank, Psychiatric Genomics Consortium and 23andMe. UK Biobank summary statistics were obtained using a linear association analysis with the results transformed to the logistic scale. Psychiatric Genomics Consortium and 23andMe data were analysed using an additive logistic model. All association analyses were two-sided tests. Recombination rates used in the plots are based on the European 1000 Genomes panel from November 2014.


Supplementary Figure 12 Regional visualization plots centred on independently-associated variants (A. rs62091461, B. rs12966052, and C. rs12967143) close to the transcription factor 4 (TCF4) and RAB27B genes on chromosome 18 (nâ€‰=â€‰807,553 individuals).
P-values were obtained from an inverse-variance weighted meta-analysis of summary statistics data from UK Biobank, Psychiatric Genomics Consortium and 23andMe. UK Biobank summary statistics were obtained using a linear association analysis with the results transformed to the logistic scale. Psychiatric Genomics Consortium and 23andMe data were analysed using an additive logistic model. All association analyses were two-sided tests. Recombination rates used in the plots are based on the European 1000 Genomes panel from November 2014.
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Supplementary Table 1
Variants with a P-value < 5 Ã— 10-8 for an association with depression (n = 807,553 individuals) in the meta-analysis of PGC_139k, 23andMe_307k and UK Biobank. Effects sizes and allele frequencies are reported for the A1 allele.


Supplementary Table 2
The direction of effect of previously reported significant variants for depression across the studies contributing to the meta-analysis.


Supplementary Table 3
Genetic correlations between depression (n = 807,553 individuals) and other behavioural and disease related traits using LD score regression implemented in LD Hub software (http://ldsc.broadinstitute.org/).


Supplementary Table 4
Mendelian randomization analysis between depression and other traits using MR Egger test for directional horizontal pleiotropy, inverse variance weighted (IVW) test for variant heterogeneity and IVW regression, weighted median and MR-Egger tests for a causal effect.


Supplementary Table 5
Heritability partitioned by functional annotation enrichment (n = 807,553 individuals). The asterisk indicates significance after Bonferroni correction for multiple testing (P < 0.0021).


Supplementary Table 6
Partitioning of the heritability estimate by cell type enrichment (n = 807,553 individuals). The asterisk indicates significance after Bonferroni correction for multiple testing (P < 0.0056).


Supplementary Table 7
Enrichment estimates for brain regions using GTEx (n = 807,553 individuals). The asterisk indicates significance after Bonferroni correction for multiple testing (P < 0.0038).


Supplementary Table 8
Enrichment estimates for brain cell types (n = 807,553 individuals). The asterisk indicates significance after Bonferroni correction for multiple testing (P < 0.0167).


Supplementary Table 9
Genome-wide significant gene-based hits (P < 2.80 x 10-6) in the meta-analysis of depression using MAGMA. NSNPS is the number of SNPs in the gene; NiSNPs is the number of independent SNPs in the gene.


Supplementary Table 10
Number and proportion of gene overlap within the Gene Ontology Consortium gene-sets associated (Pcorrected < 0.05) with depression.


Supplementary Table 11
Drug x gene interactions for the genes identified as significantly associated with depression with interactions obtained from the drug gene interaction database (http://dgidb.genome.wustl.edu/). The Anatomical Therapeutic Chemical (ATC) classification for each drug is provided along with the type of interaction and its source.
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