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SUPPLEMENTARY FIGURES

Supplementary Figure 1. Quantile-quantile (QQ) plots of the GWAS performed. A QQ plot of the
FTLD-TDP All patients versus controls association study (inflation, A=1.05). B QQ plot of the
FTLD-TDP A patients versus controls association study (A=1.07). C QQ plot of the FTLD-TDP
B patients versus controls association study (A=1.06). D QQ plot of the FTLD-TDP C patients
versus controls association study (A=1.05). E QQ plot of the FTLD-TDP C* patients (FTLD-
TDP C without svPPA) versus controls association study (A=1.08)




Supplementary Figure 2. Genome wide association study including only pathologically confirmed
FTLD-TDP C patients (excluding svPPA patients; FTLD-TDP C*). A. Manhattan plot of GWAS
comparing FTLD-TDP C* versus controls (A=1.08). The red-dotted line represents the genome-
wide significance level (p = 5x10®). Association studies was performed using logistic regression
with allele dosage as the predictor assuming log-additive allele effects adjusted for relevant
covariates. Raw two-sided P are reported as -log10(P). B. Top 5 Gene Ontology terms enriched
in FTLD-TDP C*. Hierarchical GO analysis of biological process terms considering genes in
genetic loci prioritized for FTLD-TDP C*. C. Enrichment of genes in multiple tissues, including
13 brain regions, and based on GTEX data in FTLD subgroups (including FTLD-TDP C*),
ADRD and ALS. Color represents the enrichment coefficient, and size indicates two-sided
—log10 (FDR adjusted Ps) of enrichment obtained by the linear regression model in the
MAGMA gene property analysis. D. Central nervous system cell type enrichment analyses in
FTLD subgroups (including FTLD-TDP C*), ADRD and ALS. Color represents the enrichment
coefficient, and size indicates two-sided —log10 (FDR adjusted Ps) of enrichment obtained by
the linear regression model in the MAGMA gene property analysis. Excitatory neurons and glial
cells are highlighted in blue. Excitatory and inhibitory neurons from the PsychENCODE dataset
were labeled based on their transcriptional profile from 1 to 8. Asterisks denote brain regions or
cell types enriched with FDR P<0.05. Cx, cortex; Ex*, Excitatory neuron, In*, inhibitory
neurons; Oligo, oligodendrocytes; OPCs, oligodendrocyte progenitor cells; Astro, astrocytes;
Endo, endothelial cells; Per, pericytes. Raw two-sided p-values are represented.
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Supplementary Figure 3. Gene prioritization results for FTLD-TDP All. A visual summary of weighted
evidence category scores for the prioritized genes within genome-wide significant and subthreshold loci for
FTLD-TDP All GWAS. The leftmost squares indicate the locus index numbers which contain additional
“ S” patterns for the subthreshold loci, meanwhile others indicate the genome-wide significant loci. The
types of evidence for each category are colored according to the six different domains to which they
belonged. Weighted scores for each evidence category are rescaled to a 0-100 scale based on the maximum
score a candidate gene can obtain from a category (see Supplementary Data 3). The darker colors represent
higher scores in categories, while tier 1 prioritized genes are displayed in dark green and tier 2 prioritized
genes are displayed in light green. Only tier 1 and tier 2 genes are shown for each locus, and all candidate
genes considered and scored can be found in Supplementary Data 4. MAFs (based on gnomAD v4 non-
Finnish European samples) and CADD (v1.7) PHRED scores for rare and/or protein-altering rare variants
are labeled in white within the respective squares. eQTL, expression QTL; sQTL, splicing QTL; mQTL,
methylation QTL; pQTL, protein-expression QTL; haQTL, histone acetylation QTL; coloc, colocalization;
eTWAS, expression transcriptome-wide association study; sTWAS, splicing transcriptome-wide
association study; PWAS, proteome-wide association study; Mon. Mac., monocytes and macrophages;
LCL, lymphoblastoid cell line; QTLCat, The eQTL Catalogue.
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Supplementary Figure 4. Gene prioritization results for FTLD-TDP A. A visual summary of
weighted evidence category scores for the prioritized genes within genome-wide significant and
subthreshold loci for FTLD-TDP A GWAS. The leftmost squares indicate the locus index
numbers which contain additional “_S” patterns for the subthreshold loci, meanwhile others
indicate the genome-wide significant loci. The types of evidence for each category are colored
according to the six different domains to which they belonged. Weighted scores for each
evidence category are rescaled to a 0—100 scale based on the maximum score a candidate gene
can obtain from a category (see Supplementary Data 3). The darker colors represent higher
scores in categories, while tier 1 prioritized genes are displayed in dark green and tier 2
prioritized genes are displayed in light green. Only tier 1 and tier 2 genes are shown for each
locus, and all candidate genes considered and scored can be found in Supplementary Data 4.
MAFs (based on gnomAD v4 non-Finnish European samples) and CADD (v1.7) PHRED scores
for rare and/or protein-altering rare variants are labeled in white within the respective squares.
eQTL, expression QTL,; sQTL, splicing QTL; mQTL, methylation QTL; pQTL, protein-
expression QTL; haQTL, histone acetylation QTL; coloc, colocalization; eTWAS, expression
transcriptome-wide association study; STWAS, splicing transcriptome-wide association study;
PWAS, proteome-wide association study; Mon. Mac., monocytes and macrophages; LCL,
lymphoblastoid cell line; QTLCat, The eQTL Catalogue.
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Supplementary Figure 5. Gene prioritization results for FTLD-TDP B. A visual summary of
weighted evidence category scores for the prioritized genes within genome-wide significant and
subthreshold loci for FTLD-TDP B GWAS. The leftmost squares indicate the locus index
numbers which contain additional “_S” patterns for the subthreshold loci, meanwhile others
indicate the genome-wide significant loci. The types of evidence for each category are colored
according to the six different domains to which they belonged. Weighted scores for each
evidence category are rescaled to a 0—100 scale based on the maximum score a candidate gene
can obtain from a category (see Supplementary Data 3). The darker colors represent higher
scores in categories, while tier 1 prioritized genes are displayed in dark green and tier 2
prioritized genes are displayed in light green. Only tier 1 and tier 2 genes are shown for each
locus, and all candidate genes considered and scored can be found in Supplementary Data 4.
MAFs (based on gnomAD v4 non-Finnish European samples) and CADD (v1.7) PHRED scores
for rare and/or protein-altering rare variants are labeled in white within the respective squares.
eQTL, expression QTL,; sQTL, splicing QTL; mQTL, methylation QTL; pQTL, protein-
expression QTL; haQTL, histone acetylation QTL; coloc, colocalization; eTWAS, expression
transcriptome-wide association study; STWAS, splicing transcriptome-wide association study;
PWAS, proteome-wide association study; Mon. Mac., monocytes and macrophages; LCL,
lymphoblastoid cell line; QTLCat, The eQTL Catalogue.
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Supplementary Figure 6. Gene prioritization results for FTLD-TDP C. A visual summary of weighted
evidence category scores for the prioritized genes within genome-wide significant and subthreshold loci for
FTLD-TDP C GWAS. The leftmost squares indicate the locus index numbers which contain additional
“_S” patterns for the subthreshold loci, meanwhile others indicate the genome-wide significant loci. The
types of evidence for each category are colored according to the six different domains to which they
belonged. Weighted scores for each evidence category are rescaled to a 0—100 scale based on the maximum
score a candidate gene can obtain from a category (see Supplementary Data 3). The darker colors represent
higher scores in categories, while tier 1 prioritized genes are displayed in dark green and tier 2 prioritized
genes are displayed in light green. Only tier 1 and tier 2 genes are shown for each locus, and all candidate
genes considered and scored can be found in Supplementary Data 4. MAFs (based on gnomAD v4 non-
Finnish European samples) and CADD (v1.7) PHRED scores for rare and/or protein-altering rare variants
are labeled in white within the respective squares. eQTL, expression QTL; sQTL, splicing QTL; mQTL,
methylation QTL; pQTL, protein-expression QTL; haQTL, histone acetylation QTL; coloc, colocalization;
eTWAS, expression transcriptome-wide association study; sTWAS, splicing transcriptome-wide
association study; PWAS, proteome-wide association study; Mon. Mac., monocytes and macrophages;
LCL, lymphoblastoid cell line; QTLCat, The eQTL Catalogue.
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Supplementary Figure 7. Gene prioritization results for FTLD-TDP C*. A visual summary of
weighted evidence category scores for the prioritized genes within genome-wide significant and
subthreshold loci for FTLD-TDP C* GWAS. The leftmost squares indicate the locus index
numbers which contain additional “ S patterns for the subthreshold loci, meanwhile others
indicate the genome-wide significant loci. The types of evidence for each category are colored
according to the six different domains to which they belonged. Weighted scores for each
evidence category are rescaled to a 0-100 scale based on the maximum score a candidate gene
can obtain from a category (see Supplementary Data 3). The darker colors represent higher
scores in categories, while tier 1 prioritized genes are displayed in dark green and tier 2
prioritized genes are displayed in light green. Only tier 1 and tier 2 genes are shown for each
locus, and all candidate genes considered and scored can be found in Supplementary Data 4.
MAFs (based on gnomAD v4 non-Finnish European samples) and CADD (v1.7) PHRED scores
for rare and/or protein-altering rare variants are labeled in white within the respective squares.
eQTL, expression QTL,; sQTL, splicing QTL; mQTL, methylation QTL; pQTL, protein-
expression QTL; haQTL, histone acetylation QTL; coloc, colocalization; eTWAS, expression
transcriptome-wide association study; STWAS, splicing transcriptome-wide association study;
PWAS, proteome-wide association study; Mon. Mac., monocytes and macrophages; LCL,
lymphoblastoid cell line; QTLCat, The eQTL Catalogue.
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Supplementary Figure 8. Gene overlap between the significant Gene Ontology terms. Upset plot
illustrating the overlap of different gene sets in the significant Gene Ontology terms. The vertical
bars represent the total number of unique genes in each set, while the intersections indicate the
number of genes shared among the sets. The horizontal axis lists the Gene Ontology terms sets,
with each bar corresponding to the number of genes present in that specific intersection.
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Supplementary Figure 9. Quantile-quantile (QQ) plot of the multiple association studies performed
on rare variants. A QQ plot of the FTLD-TDP All patients versus controls association study
(inflation, A=1.35). B QQ plot of the FTLD-TDP A patients versus controls association study
(A=2.18). C QQ plot of the FTLD-TDP B patients versus controls association study (A=1.49). D
QQ plot of the FTLD-TDP C patients versus controls association study (A=1.51). E QQ plot of
the FTLD-TDP C* patients versus controls association study (A=1.70).
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Supplementary Figure 10. RBPJL and L3MBTL1 RNA expression in brain tissue. A Weighted gene
co-expression network from the ROSMAP dataset and the BrainExp database showing that both
genes are part of the same module. B Single nuclei RNA expression of RBPJL and L3MBTL1
genes from the Seattle Alzheimer’s Disease Brain cell Atlas from middle temporal gyrus of 84
aged donors. The darkness of the color of each nucleus increases as the expression level becomes
higher.
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Supplementary Figure 11. Age at onset and age at death distribution. Violin plots showing age at
onset (A) and age at death (B) are represented as well as box plots for each patient/control

groups.
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SUPPLEMENTARY NOTES
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AG066567), the Alzheimer’s Disease Research Centers (ADRC) (P30 AG062429, P30
AG066468, P30 AG062421, P30 AG066509, P30 AG066514, P30 AG066530, P30 AG066507,
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(RO1 AG019771), Indianapolis Ibadan (RO1 AG009956, P30 AG010133), the Memory and
Aging Project (MAP) ( R01 AG17917), Mayo Clinic (MAYO) (R01 AG032990, U01
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controls (NS039764, NS071674, 5RC2HG005605), University of Miami (R01 AG027944, R0O1
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HHSN268201200036C, HHSN268200800007C, NO1HC55222, NO1HC85079, NO1HC85080,
NO01HC85081, NO1HC85082, NO1HC85083, NO1HC85086, and grants UO1HL 080295 and
U01HL130114 from the NHLBI with additional contribution from the National Institute of
Neurological Disorders and Stroke (NINDS). Additional support was provided by
R01AG023629, RO1AG15928, and RO1AG20098 from the NIA. FHS research is supported by
NHLBI contracts NO1-HC-25195 and HHSN2682015000011. This study was also supported by
additional grants from the NIA (R01s AG054076, AG049607 and AG033040 and NINDS (RO1
NS017950). The ERF study as a part of EUROSPAN (European Special Populations Research
Network) was supported by European Commission FP6 STRP grant number 018947 (LSHG-CT-
2006-01947) and also received funding from the European Community’s Seventh Framework
Programme (FP7/2007-2013)/grant agreement HEALTH-F4- 2007-201413 by the European
Commission under the programme “Quality of Life and Management of the Living Resources”
of 5th Framework Programme (no. QLG2-CT-2002- 01254). High-throughput analysis of the
ERF data was supported by a joint grant from the Netherlands Organization for Scientific
Research and the Russian Foundation for Basic Research (NWO-RFBR 047.017.043). The
Rotterdam Study is funded by Erasmus Medical Center and Erasmus University, Rotterdam, the

Netherlands Organization for Health Research and Development (ZonMw), the Research



Institute for Diseases in the Elderly (RIDE), the Ministry of Education, Culture and Science, the
Ministry for Health, Welfare and Sports, the European Commission (DG XIllI), and the
municipality of Rotterdam. Genetic data sets are also supported by the Netherlands Organization
of Scientific Research NWO Investments (175.010.2005.011, 911-03-012), the Genetic
Laboratory of the Department of Internal Medicine, Erasmus MC, the Research Institute for
Diseases in the Elderly (014-93-015; RIDE2), and the Netherlands Genomics Initiative
(NGI)/Netherlands Organization for Scientific Research (NWO) Netherlands Consortium for
Healthy Aging (NCHA), project 050-060-810. All studies are grateful to their participants,
faculty and staff. The content of these manuscripts is solely the responsibility of the authors and
does not necessarily represent the official views of the National Institutes of Health or the U.S.

Department of Health and Human Services.

The FUS cohorts include: the Alzheimer’s Disease Research Centers (ADRC) (P30 AG062429,
P30 AG066468, P30 AG062421, P30 AG066509, P30 AG066514, P30 AG066530, P30
AG066507, P30 AG066444, P30 AG066518, P30 AG066512, P30 AG066462, P30 AG072979,
P30 AG072972, P30 AG072976, P30 AG072975, P30 AG072978, P30 AG072977, P30
AG066519, P30 AG062677, P30 AG079280, P30 AG062422, P30 AG066511, P30 AG072946,
P30 AG062715, P30 AG072973, P30 AG066506, P30 AG066508, P30 AG066515, P30
AG072947, P30 AG072931, P30 AG066546, P20 AG068024, P20 AG068053, P20 AG068077,
P20 AG068082, P30 AG072958, P30 AG072959), Alzheimer’s Disease Neuroimaging Initiative
(ADNI) (U19AG024904), Amish Protective Variant Study (RF1AG058066), Cache County
Study (RO1AG11380, RO1IAG031272, R0O1AG21136, RF1AG054052), Case Western Reserve
University Brain Bank (CWRUBB) (P50AG008012), Case Western Reserve University Rapid
Decline (CWRURD) (RF1AG058267, NU38CK000480), CubanAmerican Alzheimer’s Disease
Initiative (CuAADI) (3U01AG052410), Estudio Familiar de Influencia Genetica en Alzheimer
(EFIGA) (5R37AG015473, RF1IAG015473, R56AG051876), Genetic and Environmental Risk
Factors for Alzheimer Disease Among African Americans Study (GenerAAtions)
(2R01AG09029, RO1AG025259, 2R01AG048927), Gwangju Alzheimer and Related Dementias
Study (GARD) (U01AG062602), Hillblom Aging Network (2014-A-004-NET, RO1AG032289,
R01AG048234), Hussman Institute for Human Genomics Brain Bank (HIHGBB)
(ROTAGO027944, Alzheimer’s Association “Identification of Rare Variants in Alzheimer
Disease”), Ibadan Study of Aging (IBADAN) (5R01AG009956), Longevity Genes Project



(LGP) and LonGenity (RO1AG042188, R01AG044829, RO1IAG046949, ROLAG057909,
RO1AG061155, P30AG038072), Mexican Health and Aging Study (MHAS) (RO1AG018016),
Multi-Institutional Research in Alzheimer’s Genetic Epidemiology (MIRAGE) (2R01AG09029,
R0O1AG025259, 2R01AG048927), Northern Manhattan Study (NOMAS) (RO1NS29993), Peru
Alzheimer’s Disease Initiative (PeADI) (RF1AG054074), Puerto Rican 1066 (PR1066)
(Wellcome Trust (GR066133/GR080002), European Research Council (340755)), Puerto Rican
Alzheimer Disease Initiative (PRADI) (RF1AG054074), Reasons for Geographic and Racial
Differences in Stroke (REGARDS) (U01NS041588), Research in African American Alzheimer
Disease Initiative (REAAADI) (U01AG052410), the Religious Orders Study (ROS) (P30
AG10161, P30 AG72975, R01 AG15819, R01 AG42210), the RUSH Memory and Aging
Project (MAP) (RO1 AG017917, RO1 AG42210Stanford Extreme Phenotypes in AD
(ROLAG060747), University of Miami Brain Endowment Bank (MBB), University of
Miami/Case Western/North Carolina A&T African American (UM/CASE/NCAT)
(U0OTAGO052410, RO1AG028786), and Wisconsin Registry for Alzheimer’s Prevention (WRAP)
(RO1AG027161 and ROLAG054047).

The four LSACs are: the Human Genome Sequencing Center at the Baylor College of Medicine
(U54 HG003273), the Broad Institute Genome Center (U54HG003067), The American Genome
Center at the Uniformed Services University of the Health Sciences (U01LAG057659), and the
Washington University Genome Institute (U54HG003079). Genotyping and sequencing for the
ADSP FUS is also conducted at John P. Hussman Institute for Human Genomics (HIHG) Center
for Genome Technology (CGT).

Biological samples and associated phenotypic data used in primary data analyses were stored at
Study Investigators institutions, and at the National Centralized Repository for Alzheimer’s
Disease and Related Dementias (NCRAD, U24AG021886) at Indiana University funded by NIA.
Associated Phenotypic Data used in primary and secondary data analyses were provided by
Study Investigators, the NIA funded Alzheimer’s Disease Centers (ADCs), and the National
Alzheimer’s Coordinating Center (NACC, U24AG072122) and the National Institute on Aging
Genetics of Alzheimer’s Disease Data Storage Site (NIAGADS, U24AG041689) at the
University of Pennsylvania, funded by NIA. Harmonized phenotypes were provided by the
ADSP Phenotype Harmonization Consortium (ADSP-PHC), funded by NIA (U24 AG074855,



U01 AG068057 and R01 AG059716) and Ultrascale Machine Learning to Empower Discovery
in Alzheimer’s Disease Biobanks (AI4AD, U0O1 AG068057). This research was supported in part
by the Intramural Research Program of the National Institutes of health, National Library of
Medicine. Contributors to the Genetic Analysis Data included Study Investigators on projects
that were individually funded by NIA, and other NIH institutes, and by private U.S.

organizations, or foreign governmental or nongovernmental organizations.

The ADSP Phenotype Harmonization Consortium (ADSP-PHC) is funded by NIA (U24
AG074855, U01 AG068057 and RO1 AG059716). The harmonized cohorts within the ADSP-
PHC include: the Anti-Amyloid Treatment in Asymptomatic Alzheimer’s study (A4 Study), a
secondary prevention trial in preclinical Alzheimer's disease, aiming to slow cognitive decline
associated with brain amyloid accumulation in clinically normal older individuals. The A4 Study
is funded by a public-private-philanthropic partnership, including funding from the National
Institutes of Health-National Institute on Aging, Eli Lilly and Company, Alzheimer's
Association, Accelerating Medicines Partnership, GHR Foundation, an anonymous foundation
and additional private donors, with in-kind support from Avid and Cogstate. The companion
observational Longitudinal Evaluation of Amyloid Risk and Neurodegeneration (LEARN) Study
is funded by the Alzheimer's Association and GHR Foundation. The A4 and LEARN Studies are
led by Dr. Reisa Sperling at Brigham and Women's Hospital, Harvard Medical School and Dr.
Paul Aisen at the Alzheimer's Therapeutic Research Institute (ATRI), University of Southern
California. The A4 and LEARN Studies are coordinated by ATRI at the University of Southern
California, and the data are made available through the Laboratory for Neuro Imaging at the
University of Southern California. The participants screening for the A4 Study provided
permission to share their de-identified data in order to advance the quest to find a successful
treatment for Alzheimer's disease. We would like to acknowledge the dedication of all the
participants, the site personnel, and all of the partnership team members who continue to make
the A4 and LEARN Studies possible. The complete A4 Study Team list is available

on: a4study.org/a4-study-team.; the Adult Changes in Thought study (ACT), U01 AG006781,
U19 AG066567; Alzheimer’s Disease Neuroimaging Initiative (ADNI): Data collection and

sharing for this project was funded by the Alzheimer's Disease Neuroimaging Initiative (ADNI)
(National Institutes of Health Grant U01 AG024904) and DOD ADNI (Department of Defense
award number W81XWH-12-2-0012). ADNI is funded by the National Institute on Aging, the
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National Institute of Biomedical Imaging and Bioengineering, and through generous
contributions from the following: AbbVie, Alzheimer's Association; Alzheimer's Drug
Discovery Foundation; Araclon Biotech; BioClinica, Inc.; Biogen; Bristol-Myers Squibb
Company; CereSpir, Inc.; Cogstate; Eisai Inc.; Elan Pharmaceuticals, Inc.; Eli Lilly and
Company; Eurolmmun; F. Hoffmann-La Roche Ltd and its affiliated company Genentech, Inc.;
Fujirebio; GE Healthcare; IXICO Ltd.;Janssen Alzheimer Immunotherapy Research &
Development, LLC.; Johnson & Johnson Pharmaceutical Research & Development LLC.;
Lumosity; Lundbeck; Merck & Co., Inc.;Meso Scale Diagnostics, LLC.; NeuroRx Research;
Neurotrack Technologies; Novartis Pharmaceuticals Corporation; Pfizer Inc.; Piramal Imaging;
Servier; Takeda Pharmaceutical Company; and Transition Therapeutics. The Canadian Institutes
of Health Research is providing funds to support ADNI clinical sites in Canada. Private sector
contributions are facilitated by the Foundation for the National Institutes of Health
(www.fnih.org). The grantee organization is the Northern California Institute for Research and
Education, and the study is coordinated by the Alzheimer's Therapeutic Research Institute at the
University of Southern California. ADNI data are disseminated by the Laboratory for Neuro
Imaging at the University of Southern California; Estudio Familiar de Influencia Genetica en
Alzheimer (EFIGA): 5R37AG015473, RF1IAG015473, R56AG051876; Memory & Aging
Project at Knight Alzheimer’s Disease Research Center (MAP at Knight ADRC): The Memory
and Aging Project at the Knight-ADRC (Knight-ADRC). This work was supported by the
National Institutes of Health (NIH) grants RO1IAG064614, RO1AG044546, RF1AG053303,
RF1AG058501, U01AG058922 and RO1AG064877 to Carlos Cruchaga. The recruitment and
clinical characterization of research participants at Washington University was supported by NIH
grants P30AG066444, P0LAG03991, and PO1AGO026276. Data collection and sharing for this
project was supported by NIH grants RF1AG054080, P30AG066462, R0O1AG064614 and
UO01AG052410. We thank the contributors who collected samples used in this study, as well as
patients and their families, whose help and participation made this work possible. This work was

supported by access to equipment made possible by the Hope Center for Neurological Disorders,

the Neurogenomics and Informatics Center (NGI: https://neurogenomics.wustl.edu/) and the
Departments of Neurology and Psychiatry at Washington University School of Medicine;
National Alzheimer’s Coordinating Center (NACC): The NACC database is funded by NIA/NIH
Grant U24 AG072122. NACC data are contributed by the NIA-funded ADRCs: P30 AG062429
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