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SUPPLEMENTARY MATERIAL

Supplementary Methods

Minor influence of sample overlap on gene-set analysis

Sample overlap is an important concern in genetic cross-disorder analyses. Therefore, we corrected for
sample overlap between the five disorders of this study. However, as explained below, in contrast to a
gene based and SNP based analysis, the effect of sample overlap on gene-set analysis is limited.

For gene meta-analysis of K independent cohorts, under the null hypothesis that gene g is not associated
with the phenotype the length K vector of Z-statistics for that gene Z; has a MVN(O0, I) distribution.
These Z-statistics are combined as a weighted sum with the weight vector W, which in matrix notation
can be written as I/I/gTZg. This sum is distributed as N(O, VI/QTVI/Q), and therefore the meta-analysis Z-
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If there is sample overlap between the cohorts, then under the null hypothesis the Z-statistics will be
correlated, such that Zg~ MVN(O, Sg) for some correlation matrix Sg. In this case,
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In practice the sample overlap will need to be estimated from the SNP summary statistics using for
example LD Score regression, and consequently there will only be a single estimated correlation matrix S,
which is used for all genes g. The weights are defined as w, ; = \/m, where Ny ; is the sample size for
the j™" cohort for gene g. The sample size in a cohort can vary somewhat across genes because some SNPs
have higher levels of missingness than others, or because the cohort itself represents a meta-analysis and
not all of the underlying cohorts that meta-analysis was based on contained the same SNPs. In general
this variation will be relative minor however, and therefore W, ~ W for all genes g.

has a standard normal distribution.

statistic Zyetq,g =

Because of this, computing the vector Zp.., under the assumption Z; ~ MVN(0,S) rather than

T
Zg~ MVN(O, Ix) effectively scales the entire vector by the constant f% In the gene-set analysis

Zmetq 1S Used only as the dependent variable in a linear regression, and as such this scaling has no effect
on the resulting p values.



Supplementary Tables

Supplementary Table 1. Overview of the 126 expert-curated gene sets included in the gene-set analysis.

Group of gene sets Ngene Studied References Source
sets disorders
Calcium signaling 2 SCZ, MDD Miuiller et al. 2010; Ripke et al. Authors of Ripke
2013; Purcell et al. 2014; Pardinas et al. 2013
et al. 2018; Wray et al. 2018
FMRP interactors 3 ASD, SCZ, Darnell et al. 2011; Ascano et al. Authors of Purcell
MDD 2012; lossifov et al. 2012; et al. 2014
Szatkiewicz et al. 2014; Fromer et
al. 2014; Pinto et al. 2014; Purcell
et al. 2014; Schizophrenia
Working Group of the Psychiatric
Genomics Consortium 2014;
Anney et al. 2017; Jansen et al.
2017; Wray et al. 2018; Pardinas
etal 2018
Glia functional gene sets: 79 SCZ, ASD Goudriaan et al. 2014; Jansen et https://ctg.cncr.nl/
oligodendrocytes, astrocytes, al. 2017 software/genesets
microglia (based on expression
patterns)
Highly-brain-expressed genes 1 ASD Pinto et al. 2014; Anney et al. Authors of Pinto et
(defined as log(RPKM[reads per 2017 al. 2014
kb per million reads]) > 4.5 in
BrainSpan)
MiR-137 predicted targets 2 SCZ, MDD Lewis et al. 2005; Schizophrenia Authors of Ripke
(detected by TargetScan) Psychiatric Genome-Wide etal. 2013
Association Study (GWAS)
Consortium 2011; Ripke et al.
2013; Szatkiewicz et al. 2014;
Wray et al. 2018
Mitochondrial genes (human 1 SCZ, ASD Pagliarini et al. 2008; Szatkiewicz ~ https://www.broa
nuclear-encoded in MitoCarta) et al. 2014; Jansen et al. 2017 dinstitute.org/scie
ntific-community/
science/programs/
metabolic-disease-
program/publicati
ons/mitocarta/mit
ocarta-in-0
Protein-protein interaction 3 ASD O’Roak et al. 2012; Purcell et al. Authors of Purcell
networks derived from ASD de 2014 etal. 2014
novo mutations
Synaptic functional gene sets 18 SCZ, Ruano et al. 2010; Lips et al. https://ctg.cncr.nl/
(based on cellular function) ADHD, ASD 2012; Hammerschlag et al. 2014;  software/genesets

Jansen et al. 2017



Synaptic protein complexesand 17 SCZ, MDD Kirov et al. 2012; Fromer et al. Authors of Purcell
generic subcellular components 2014; Purcell et al. 2014; etal. 2014
(based on proteomics data sets) Szatkiewicz et al. 2014; Pardinas

et al. 2018; Wray et al. 2018

FMRP, Fragile X mental retardation protein; RPKM, reads per kb per million reads; SCZ, schizophrenia; MDD, major
depressive disorder; ASD, autism spectrum disorder; ADHD, attention-deficit/hyperactive disorder.

Supplementary Table 2. Gene-set associations across five psychiatric disorders and gene-set
associations in post hoc analyses.

Supplementary excel file.

Supplementary Table 3. Tissue-type associations across five psychiatric disorders and tissue-type
associations in post hoc analyses

Supplementary excel file.
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