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Figure S1: Preliminary Analysis and ASSET Meta Analysis Workflow
Note: Summary statistics data was first consolidated in Stage 1 of the analysis, followed by performing
preliminary genetic correlations to evaluate global genetic correlations across the traits of interests, i.e.
cognition, education and schizophrenia. ASSET meta-analysis was carried during Stage 2 of the analysis
followed by functional characterization of loci, genes and pathways obtained from the ASSET results.
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Figure S2: GWAS Loci Functional Characterization Workflow

Note: Functional characterization involved using tools such as MAGMA for gene-based and competitive
pathway analysis, S-Predixcan was carried out to identify eQTL profiles in the brain, driven by ASSET meta-
analysis, and GNOVA was utilized to examine localized genetic correlations of subsets identified by ASSET. A
myriad of annotation databases were used including, GTEX7, CommonMind Consortium, DLPFC expression,
and Drug pathway annotations. The FUMA annotation pipeline was also used to identify significant
independent genomic loci from the ASSET meta-analysis, which also enabled loci lookups with more recent

GWASs.
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Figure S3: MAGMA Gene property tissue expression results for ASSET Subsets
Note: Colored bars indicate —log10P values for MAGMA gene property analysis. Both concordant and
discordant ASSET subsets include genes highly expressed across brain tissue.



Supplemental Acknowledgments

This work has been supported by grants from the National Institutes of Health (R01 MH117646 to TL;
RO1 MH079800 and P50 MH080173 to AKM; RO1 MH080912 to DCG; K23 MH077807 to KEB; KO1
MH085812 to MCK). Data collection for the TOP cohort was supported by the Research Council of
Norway, South-East Norway Health Authority, and KG Jebsen Foundation. The NCNG study was
supported by Research Council of Norway Grants 154313/V50 and 177458/V50. The NCNG GWAS
was financed by grants from the Bergen Research Foundation, the University of Bergen, the
Research Council of Norway (FUGE, Psykisk Helse), Helse Vest RHF and Dr Einar Martens Fund. The
Helsinki Birth Cohort Study has been supported by grants from the Academy of Finland, the Finnish
Diabetes Research Society, Folkhadlsan Research Foundation, Novo Nordisk Foundation, Finska
Lakaresallskapet, Signe and Ane Gyllenberg Foundation, University of Helsinki, Ministry of Education,
Ahokas Foundation, Emil Aaltonen Foundation. For the LBC1936 cohort, phenotype collection was
supported by The Disconnected Mind project. Genotyping was funded by the UK Biotechnology and
Biological Sciences Research Council (BBSRC grant No. BB/F019394/1). The work was undertaken by
The University of Edinburgh Centre for Cognitive Ageing and Cognitive Epidemiology, part of the
cross council Lifelong Health and Wellbeing Initiative, which is funded by the Medical Research
Council and the Biotechnology and Biological Sciences Research Council (MR/K026992/1). WDH is
supported by a grant from Age UK (Disconnected Mind Project). The CAMH work was supported by
the CAMH Foundation and the Canadian Institutes of Health Research. The Duke Cognition Cohort
(DCC) acknowledges K. Linney, J.M. McEvoy, P. Hunt, V. Dixon, T. Pennuto, K. Cornett, D. Swilling, L.
Phillips, M. Silver, J. Covington, N. Walley, J. Dawson, H. Onabanjo, P. Nicoletti, A. Wagoner, J.
Elmore, L. Bevan, J. Hunkin and R. Wilson for recruitment and testing of subjects. DCC also
acknowledges the Ellison Medical Foundation New Scholar award AG-NS-0441-08 for partial funding
of this study as well as the National Institute of Mental Health of the National Institutes of Health
under award number KOIMH098126. The UCLA Consortium for Neuropsychiatric Phenomics (CNP)
study acknowledges the following sources of funding from the NIH: Grants UL1DE019580 and
PLIMHO083271 (RMB), RLIMH083269 (TDC), RL1DA024853 (EL) and PLINS062410. The ASPIS study
was supported by National Institute of Mental Health research grants ROIMH085018 and
RO1MH092515 to Dr. Dimitrios Avramopoulos. Support for the Duke Neurogenetics Study was
provided the National Institutes of Health (RO1 DA033369 and RO1 AG049789 to ARH) and by a
National Science Foundation Graduate Research Fellowship to MAS. Recruitment, genotyping and
analysis of the TCD healthy control samples were supported by Science Foundation Ireland (grants
12/IP/1670, 12/1P/1359 and 08/IN.1/B1916).

Data access for several cohorts used in this study was provided by the National Center for
Biotechnology Information (NCBI) database of Genotypes and Phenotypes (dbGaP). dbGaP accession
numbers for these cohorts were:

Cardiovascular Health Study (CHS): phs000287.v4.p1, phs000377.v5.p1, and phs000226.v3.p1
Framingham Heart Study (FHS): phs000007.v23.p8 and phs000342.v11.p8

Multi-Site Collaborative Study for Genotype-Phenotype Associations in Alzheimer’s Disease
(GENADA): phs000219.v1.p1

Long Life Family Study (LLFS): phs000397.v1.pl



Genetics of Late Onset Alzheimer’s Disease Study (LOAD): phs000168.v1.pl
Minnesota Center for Twin and Family Research (MCTFR): phs000620.v1.p1
Philadelphia Neurodevelopmental Cohort (PNC): phs000607.v1.p1

The acknowledgment statements for these cohorts are found below:

Framingham Heart Study: The Framingham Heart Study is conducted and supported by the National
Heart, Lung, and Blood Institute (NHLBI) in collaboration with Boston University (Contract No. NO1-
HC-25195 and HHSN2682015000011). This manuscript was not prepared in collaboration with
investigators of the Framingham Heart Study and does not necessarily reflect the opinions or views
of the Framingham Heart Study, Boston University, or NHLBI. Funding for SHARe Affymetrix
genotyping was provided by NHLBI Contract NO2-HL-64278. SHARe Illumina genotyping was
provided under an agreement between lllumina and Boston University.

Cardiovascular Health Study: This research was supported by contracts HHSN268201200036C,
HHSN268200800007C, NO1-HC-85079, NO1-HC-85080, NO1-HC-85081, NO1-HC-85082, NO1-HC-
85083, NO1-HC-85084, N01-HC-85085, N01-HC-85086, NO1-HC-35129, NO1 HC-15103, NO1 HC-
55222, NO1-HC-75150, N01-HC-45133, and NO1-HC-85239; grant numbers U01 HL0O80295 and U01
HL130014 from the National Heart, Lung, and Blood Institute, and R0O1 AG-023629 from the National
Institute on Aging, with additional contribution from the National Institute of Neurological Disorders
and Stroke. A full list of principal CHS investigators and institutions can be found at https://chs-
nhlbi.org/pi. This manuscript was not prepared in collaboration with CHS investigators and does not
necessarily reflect the opinions or views of CHS, or the NHLBI. Support for the genotyping through
the CARe Study was provided by NHLBI Contract NO1-HC-65226. Support for the Cardiovascular
Health Study Whole Genome Study was provided by NHLBI grant HL087652. Additional support for
infrastructure was provided by HL105756 and additional genotyping among the African-American
cohort was supported in part by HL085251, DNA handling and genotyping at Cedars-Sinai Medical
Center was supported in part by National Center for Research Resources grant ULIRR033176, now at
the National Center for Advancing Translational Technologies CTSI grant UL1TR000124; in addition
to the National Institute of Diabetes and Digestive and Kidney Diseases grant DK063491 to the
Southern California Diabetes Endocrinology Research Center.

Multi-Site Collaborative Study for Genotype-Phenotype Associations in Alzheimer’s Disease: The
genotypic and associated phenotypic data used in the study were provided by the GlaxoSmithKline,
R&D Limited. Details on data acquisition have been published previously in: Li H, Wetten S, Li L, St
Jean PL, Upmanyu R, Surh L, Hosford D, Barnes MR, Briley JD, Borrie M, Coletta N, Delisle R, Dhalla D,
Ehm MG, Feldman HH, Fornazzari L, Gauthier S, Goodgame N, Guzman D, Hammond S, Hollingworth
P, Hsiung GY, Johnson J, Kelly DD, Keren R, Kertesz A, King KS, Lovestone S, Loy-English |, Matthews
PM, Owen MJ, Plumpton M, Pryse-Phillips W, Prinjha RK, Richardson JC, Saunders A, Slater AJ, St
George-Hyslop PH, Stinnett SW, Swartz JE, Taylor RL, Wherrett J, Williams J, Yarnall DP, Gibson RA,
Irizarry MC, Middleton LT, Roses AD. Candidate single-nucleotide polymorphisms from a
genomewide association study of Alzheimer disease. Arch Neurol., Jan;65(1):45-53, 2008 (PMID:
17998437). Filippini N, Rao A, Wetten S, Gibson RA, Borrie M, Guzman D, Kertesz A, Loy-English |,
Williams J, Nichols T, Whitcher B, Matthews PM. Anatomically-distinct genetic associations of

APOE epsilon4 allele load with regional cortical atrophy in Alzheimer’s disease. Neuroimage,

Feb 1;44(3):724-8, 2009. (PMID: 19013250).

Genetics of Late Onset Alzheimer’s Disease Study: Funding support for the “Genetic Consortium for
Late Onset Alzheimer’s Disease” was provided through the Division of Neuroscience, NIA. The
Genetic Consortium for Late Onset Alzheimer’s Disease includes a genome-wide association study



funded as part of the Division of Neuroscience, NIA. Assistance with phenotype harmonization and
genotype cleaning, as well as with general study coordination, was provided by Genetic Consortium
for Late Onset Alzheimer’s Disease. A list of contributing investigators is available at
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs000168.v1.p1

Long Life Family Study: Funding support for the Long Life Family Study was provided by the Division
of Geriatrics and Clinical Gerontology, National Institute on Aging. The Long Life Family Study
includes GWAS analyses for factors that contribute to long and healthy life. Assistance with
phenotype harmonization and genotype cleaning as well as with general study coordination, was
provided by the Division of Geriatrics and Clinical Gerontology, National Institute on Aging. Support
for the collection of datasets and samples were provided by Multicenter Cooperative Agreement
support by the Division of Geriatrics and Clinical Gerontology, National Institute on Aging
(UO1AG023746; UO1023755; U0O1023749; U01023744; U01023712). Funding support for the
genotyping which was performed at the Johns Hopkins University Center for Inherited Disease
Research was provided by the National Institute on Aging, National Institutes of Health.

Minnesota Center for Twin and Family Research: This project was led by William G. lacono, PhD.
And Matthew K. McGue, PhD (Co-Principal Investigators) at the University of Minnesota,
Minneapolis, MN, USA. Co-investigators from the same institution included: Irene J. Elkins, Margaret
A. Keyes, Lisa N. Legrand, Stephen M. Malone, William S. Oetting, Michael B. Miller, and Saonli Basu.
Funding support for this project was provided through NIDA (U01 DA 024417). Other support for
sample ascertainment and data collection came from several grants: R37 DA 05147, RO1 AA 09367,
RO1 AA 11886, RO1 DA 13240, RO1 MH 66140.

Philadelphia Neurodevelopmental Cohort: Support for the collection of the data sets was provided
by grant RC2MH089983 awarded to Raquel Gur, MD, and RC2MH089924 awarded to Hakon
Hakonarson, MD, PhD. All subjects were recruited through the Center for Applied Genomics at The
Children's Hospital in Philadelphia.



