Supplementary Methods and Materials

Overview of the univariate genome-wide association studies

Broad depression phenotype: The meta-GWAS for the broad depression phenotype in the

discovery phase comprised 70,017 subjects. This study was itself a combined analysis of the
depressive symptoms meta-GWAS from the CHARGE consortium?* and the MDD meta-
GWAS from the PGC.2 The meta-analysis of MDD consisted of nine studies of 9240 cases
meeting international criteria for lifetime MDD and 9519 healthy control subjects. The
CHARGE meta-analysis of depressive symptoms included 22 cohorts and comprised 51,258
persons. All subjects were of European descent. The details of the joint GWAS can be found

in the original publication.?

Self-reported MDD: This is the first successful GWAS for MDD in a population of European

origin. The study utilized online self-reported data through 23andMe, Inc., a personal

genetics company (https://www.23andme.com/en-int), involving 75,607 cases reporting
clinical diagnosis or treatment of depression and 231,747 controls reporting no such

diagnosis or treatment.*

Recurrent MDD: Involved a study in Chinese women of 5,303 cases with recurrent MDD and

5,337 controls.2

Bipolar disorder: A study in individuals of European origin comprised of 7,481 cases with

bipolar disorder and 9,250 controls.®

Schizophrenia: We used the most recent and largest meta-GWAS of schizophrenia that
incorporated 36,989 cases and 113,075 controls who were of European and east Asian

origin.


https://www.23andme.com/en-int/

The genome-wide genotyping of these studies was performed using Illumina (Illumina, Inc.,
San Diego, California) or Affymetrix (Affymetrix, Santa Clara, California) platforms. The
genotype data for GWASs for the broad depression phenotype was itself a combination of
data from the PGC and CHARGE depressive symptoms. The PGC samples were imputed
using the CEU (Central Europe) and TSI (Toscani in Italy) HapMap3 reference panels. The
CHARGE depressive symptoms and bipolar disorder data were imputed based on reference
haplotypes from the HapMap phase 2 CEU sample.® This yielded 918,921 and

2,415,422 SNPs, for broad depression and bipolar disorder, respectively, while the genotype
data for self-reported MDD, recurrent MDD, and schizophrenia were imputed using the 1000
Genomes project reference panel yielding 13,535,270, 6,242,619 and 9,444,230 SNPs,
respectively.? In the analyses of the GWASs, imputation, quality control and adjustment to
covariates such as age, sex, and population stratification have been done before the final

meta-analyses and the details of the procedures can be found in the original publications.®*
Bivariate negative control GWAS analyses

Using publicly available GWAS summary statistics, we conducted LD Score regression and
bivariate negative control GWAS analyses with six GWASs of three classes of common
complex traits and diseases presumably unrelated to depression: 1) age-related macular
degeneration?; 2) osteoporosis measured as bone mineral density (BMD) of (i) femoral neck;
(i) lumbar spine and:; (iii) forearm! and; 3) cancer of (i) breast and (ii) prostate (UK

Biobank)*2.
Post-GWAS analyses

We used the post-GWAS pipeline from Vaez et al.2 to annotate findings of our 13 replicated
GWAS SNPs (gSNPs) in combination with those of established depression loci from the

literature: 1 SNP reported by Direk et al. (2017),2 17 SNPs (from 15 loci) reported by Hyde et



al. (2016)*; 2 replicated SNPs reported by Okbay et al. (2016)**; and 44 variants reported by
Wray et al. (2017).2 Four variants from Wray et al. (2017)% were indels (not SNPs) and
hence, were removed. Thus, after removing two duplicates, we ended up with a single,
merged set of 71 SNPs. We then clumped the SNPs (1 MB, r=0.10) to remove 15
overlapping loci and arrived at a total of 56 gSNPs. These 56 gSNPs were used for
downstream analyses, which included in silico sequencing, in silico lookup of associations
with other phenotypes in the GWAS catalogue °, expression quantitative trait loci analysis

and functional network and enrichment analysis.

In silico sequencing: For the in silico sequencing, we used the data of the 1000 Genomes
Project phase3 release of variant calls based on the 20130502-sequence freeze and alignments,
version v5a (Feb. 20th, 2015), and included only the 503 subjects of European ancestry.® The
Variant Call Format (VCF)* files for regions of 1 Mb at either side of each of the 56 gSNPs
(see above) were generated using Tabix.2® Then, the r? between each gSNP and all other bi-
allelic SNPs within the corresponding 2 Mb area were calculated as a metric of linkage
disequilibrium (LD) using PLINK (v1.9).22 All SNPs in LD (r? > 0.50) with any of the gSNPs
were then annotated by ANNOVAR software? (version July 16, 2017, accessed February 4,
2018). The nonsynonymous SNPs revealed in the annotation phase were then characterized
for their damaging impact on the corresponding protein using SIFT? and PolyPhen®
prediction scores. These scores were obtained from Ensembl release 91 (accessed February

17, 2018).

In silico pleiotropy analysis: To identify any other trait or outcome associated with the 56
gSNPs, we used the publicly available data of the National Human Genome Research
Institute (NHGRI) GWAS Catalog.X® We checked for pleiotropic effects of all 56 gSNPs as
well as all their linked variants with r? > 0.50 (revealed in the previous phase of in silico
sequencing) on other complex traits or diseases identified in previous GWAS studies and
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listed in GWAS Catalog using ANNOVAR software?® (version July 16, 2017, accessed

February 4, 2018).

Expression quantitative trait loci analysis: To characterize the effect of the 56 gSNPs on
the expression of nearby genes, we searched for cis expression quantitative trait loci (cis-
eQTL) effects using a 1 Mb window size surrounding each lead SNP in three databases
representing findings from the largest eQTL-mapping studies in peripheral blood or brain
tissues using strict levels of significance. In the Westra et al.Z eQTL database in peripheral
blood, we used an FDR<0.05. In the Almanac (Braineac) eQTL database from brain tissue in
10 regions® we used a significance level of p<1x107 as recommended by the UK Brain
Expression Consortium. eQTLs with p<1x10~in at least one of the 10 brain regions or all the
10 regions combined were considered significant. From the Genotype-Tissue Expression
(GTEX) portal we used data from 13 brain regions with an FDR<0.05.%2 The GTEx dataset
release V7 (dbGaP Accession phs000424.v7.p2) was accessed from the GTEX Portal (see

web resources).

Functional network and enrichment analysis: As the final step of the post-GWAS pipeline,
we combined four prioritized gene sets into a single query gene list. For this analysis, we
excluded corresponding gene names of four gSNPs (rs115507122, rs9368649, rs1265099 and
rs389883) and all their linked variants that mapped to the major histocompatibility complex
(MHC) region on chromosome 6 to prevent bias towards enrichment of immunological
pathways due to the extensive LD in this region. The query gene list thus consisted of: (i)
closest genes to the 52 gSNPs; (ii) genes mapping to the nonsynonymous SNPs in high LD
(r*>0.50) with the corresponding gSNP; (iii) closest genes to other types of SNPs in very
high LD (r?>0.80) with the corresponding gSNP, and; (iv) eQTL gene names (including all
significant eQTL genes from BRAINEAC,% Westra et al, 2 and GTEXx brain.% This merged
query gene set was then used to build a composite functional association network using the
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GeneMANIA algorithm together with its large set of accompanying functional association
data.?® We used the Cytoscape software platform,?” extended by the GeneMANIA plugin
(Data Version: July 13, 2017 accessed February 17, 2018).2% All the genes in the composite
network, either from the query or the resulting gene sets, were then used for functional
enrichment analysis against Gene Ontology terms (GO terms)® to identify the most relevant
GO terms using the same plugin.? In further sensitivity analyses, we only included genes that
were closest to the gSNPs (criterion i), or had strong functional evidence as based on LD of

gSNPs with coding SNPs (criterion ii) and/or eQTLs (criterion iv).

Since the abovementioned functional enrichment analysis is biased towards well-
characterized genes, we also conducted gene prioritization, gene-set enrichment and
tissue/cell type enrichment analyses using DEPICT, which also performs functional
prediction for uncharacterized genes according to co-expression data. Our analyses were
based on our four bivariate GWAS results. We applied DEPICT default settings with a p-

value threshold of 1x10™, r? of 0.05 and physical distance of 500 kb.*



Selection of genes from our 13 replicated GWAS loci that are likely to be functional
based on location (nearest genes), genes with nsSNPs in LD with the gSNPs and eQTL

genes.

BAGS5: encodes a protein in the BAG family. BAG5 enhances dopaminergic neuron

degeneration and it is involved in Parkinson’s disease 3 3

C4A: This gene is located in the MHC class Il region and encodes the complement factor 4
(Rodgers blood group). It has a higher expression in liver and adrenal tissue; however, it is
also localized to neuronal synapses, dendrites, axons, and cell bodies. An elevated copy
number of C4 genes and/or increased C4 protein expression is observed in Alzheimer's
disease (AD) and schizophrenia (SCZ) patients as compared with controls, highlighting a
possible role for C4 in the risk of developing AD and providing an explanation for the

reduced number of synapses in SCZ, given its intermediary role in synapse elimination.33¢

FHIT is a member of the histidine triad gene family, involved in purine metabolism .

Polymorphisms of this gene were associated with carcinomas and depressive symptoms.® 3

GNL3: encodes guanine nucleotide-binding protein-like 3 which is thought to interact with
p53 and appears to be involved in ribosome biogenesis, cell proliferation and tumorigenesis.
The gene variations are reported to be associated with autism spectrum disorder (ASD), SCZ

and bipolar disorder.> "%’

ITIHL, ITIH3, ITIH4 are a family of genes on chromosome 3 that encode for plasma
proteins collectively referred to as the heavy chain subunit of the pre-alpha-trypsin inhibitor
complex.®! The protein complex is involved in events such as gene transcription, precursor
processing, and changes in plasma level of other plasma proteins such as hyaluronan and

ligands.



KLC1: encodes a tetrameric molecule called conventional kinesin that is composed of two
heavy chains and two light chains. These chains are thought to be involved in binding of
cargos such as vesicles, mitochondria, and the Golgi complex. KLC1 variant E was highly

expressed in the in brain and lymphocytes of patients with AD.®

LINCO01360: encodes long intergenic non-protein coding RNA 1360 with a biased expression
towards testis and choroid plexus. It is observed to be upregulated with alcohol exposure and
like many other IncRNAs little is known about its specific function. Variants in the gene are
associated with ASD, SCZ, MDD and body mass index.3" 342

https://www.ebi.ac.uk/gxa/home & https://www.genenames.org/

LINC01929: encodes a long non-protein coding RNA which affects the expression level of

some genes in blood monocytes and its polymorphisms are associated with MDD and AD.**
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LOC102546299: encodes 16 transcript variants of type antisense RNA. It is highly expressed
in testis and in caudate nucleus, putamen and pituitary gland as well. It also seems to be
upregulated against alcohol exposure and variants of this gene are associated with nicotine
dependence, AD and MDD. It is found to have effects on methylation levels for RBM9
(regulator of alternative splicing in the nervous system) and MED12 (a part of transcription
preinitiation complex) in temporal cortex and on expression levels of several genes in blood

monocytes 3% 4% 47,48 49

MIR3143: encodes microRNA 3143 of which its variants are associated with ASD or SCZ.2”

50

MUC21: encodes a large membrane-bound glycoprotein of the mucin family, which play an

important role in forming mucous layers on epithelial surfaces. These proteins are also


file:///C:/Users/a1675010/Desktop/snipper_report/html/genes.html%23klc1
https://www.ebi.ac.uk/gxa/home
https://www.genenames.org/

involved in intracellular signalling. Variants of this gene are reported to be associated with

ASD or SCZz.2-2t

NEK4: encodes NIMA related kinase 4, a serine/threonine kinase required for normal cell
senescence and is necessary for cell cycle arrest in response to DNA damage. It also plays a
role in maintaining cilium integrity, and polymorphisms in this gene have been associated

with ASD, SCZ and bipolar disorder (BPD).2" 2233

PRSS16: encodes a serine protease that highly expressed in the thymus, and thought to play a
role in the antigen presenting pathway. Common variants on this gene were associated with

Schizophrenia and ZNF804a regulates expression of the PRSS16 gene.>*

PSORS1C2: Psoriasis susceptibility 1 candidate 2 gene has a restricted expression in skin
and is reported to be involved in keratinocyte differentiation and psoriasis implications. Little
is known about its function, but its variants are reported to be associated with ASD and

SCZ 34, 37, 55, 56

RTNL1: is a member of a family of genes that encode reticulons proteins, membrane proteins

shaping the tubular endoplasmic reticulum %2~

These proteins are involved in
neuroendocrine secretion and in membrane trafficking in neuroendocrine cells. They have

been implicated in the onset of neurodegenerative disorders.>®

SKIV2L: is located in the MHC class 111 region and encodes Ski2 like RNA helicase which is
known as a DEAD box protein characterized by the conserved motif Asp-Glu-Ala-Asp
(DEAD). DEAD-box proteins are involved in a number of cellular processes altering RNA
secondary structure such as translation initiation, splicing, and ribosome and spliceosome
assembly. This gene is previously reported to be associated with neuroblastoma, ASD and

SCz 35961


file:///C:/Users/a1675010/Desktop/snipper_report/html/genes.html%23prss16

SPATA31D1: encodes SPATA31 subfamily D member 1 and little is known about its exact
function. However, it is mainly expressed in testis and is classified as a part of
spermatogenesis and cell differentiation processes. There are also reports on its expression in
other tissues such as blood. Variation of the gene is reported to be associated with ASD or

scz.343L62

SPCS1: encodes signal peptidase complex subunit 1, located within the endoplasmic
reticulum membrane and involved in metabolism and targeting of proteins such as peptide
hormones. Its downregulation is observed in brain areas of AD patients including

hippocampus and cortex. Variants in this gene are reported to be associated with ASD, SCZ

STABL1: encodes stabilin 1, a large transmembrane receptor protein involved in
inflammation, defense response to bacterium and negative regulation of angiogenesis. The
expression of stabilin 1 is biased towards spleen and placenta and it is differentially expressed
in blood samples of bipolar disorder (BPD) cases vs controls. Variants in the gene are

reported to be associated with ASD, SCZ, BPD, cognitive function and Parkinson's disease.®

34, 37, 53, 64-67

STK19: is located in the major histocompatibility complex (MHC) class 111 region on
chromosome 6. It encodes a serine/threonine kinase that localizes predominantly to the
nucleus. Although its specific function is unknown, it is possible that phosphorylation of this

protein is involved in transcriptional regulation.

TCF4: encodes transcription factor 4, a basic helix-loop-helix transcription factor. It is
broadly expressed in the brain and plays an important role in the nervous system development

and in the regulation of neuron differentiation.®
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