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Figure S1 –  Principal component analysis on the 3 different 

cohorts. While cohorts I (A) and II (B) did not present outliers 

for population stratification with both cases and controls 

presenting with a relatively good overlap with European 

samples from HapMap, cohort-III (C) presented with a number 

of outliers that were removed by keeping only the samples 

(cases and controls) contained in the red square. We labelled 

outliers of the population with European ancestry individuals 

with > (or <) 1.5 standard deviation in component vector 1 and 
> 2.5 (or <) standard deviation for component vector 2
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Figure S2 –  features of the discovery (A) and replication (B) cohorts. 

Division case/control and male/female; PC1 and PC2 were plotted and 

samples color-coded based on case/control status to verify similar 

population stratifications in cases in controls



Figure S3

Figure S3 –  QQ plot of discovery phase
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Figure S4 – Manhattan plot for discovery phase. Arrows indicate genome-wide significant towers (on chromosomes 17 and 19) A. Full analysis followed by analysis after conditioning for the top 

SNP on chromosome 17; as highlighted, the signal on chromosome 17 disappears. B. Full analysis followed by analysis after conditioning for the top SNP on chromosome 19; as highlighted, the signal on chromosome 

19 disappears. The plot is cut at -log10(p) = 1. 
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Figure S5 –  Division of the discovery (A) and replication (B) into Central/Nordic and 

Mediterranean cohorts. The color indicates the recruitment region of cases and the 

vertical line indicates how the cohorts have been divided based on sample clustering. 

Briefly, the mean PC1 of cases was computed for discovery (PC1 + 0.5SD) was 

considered to indicate Mediterranean origin while (PC1 – 0.5SD) was considered to 

indicate Nordic/central Europeans. The mean PC1 of cases was computed for 

replication (PC1 + 0.1SD) was considered to indicate Nordic/central Europeans while 

(PC1 – 0.1SD) was considered to indicate Mediterranean origin. 



Figure S6
A

B

CASES:     2,359

CONTROLS:  8,371

MALES:    5,136

FEMALES:    5,594

Discovery Central/Nordic Discovery Mediterranean

CASES:     1,397

CONTROLS:  2,862

MALES:    2,011

FEMALES:    2,248

CASES:     405

CONTROLS:  3,400

MALES:    1,807

FEMALES:    1,998

Replication Central/Nordic Replication Mediterranean

CASES:     524

CONTROLS:  675

MALES:    578

FEMALES:    621

Figure S6 –  features of the discovery (A) and replication (B) Central/Nordic and Mediterranean cohorts
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Figure S7 – Manhattan plot for discovery phase A. 
Central/Nordic and B. Mediterranean cohorts. 
Arrows indicate genome-wide significant tower (on 
chromosomes 17). The plot is cut at -log10(p) = 1. 



Table S1 

 

Table S1 – Samples breakdown 

  

Female Male Female Male

Australia University of Sydney - Neuroscience Research Australia NA NA NA 93 59 34

Belgium VIB-UAntwerp Center for Molecular Neurology 293 137 156 18 14 4

Vancouver General Hospital

University of Toronto

Denmark Copenhagen University Hospital 6 5 1 NA NA NA

French Consortium

Univeristy of Lille

LMU Neurologische Klinik und Poliklinik

Ludwig-Maximilians-University Munich

Technical University of Munich, School of Medicine

Universität des Saarlandes

University of Erlangen Nuremberg

CNR Napoli

IRCCS Istituto Centro San Giovanni di Dio Fatebenefratelli, Brescia

Istituto Neurologico C. Besta

Local Health Authority n.2 Marca Trevigiana, Treviso

Regional Neurogenetic Centre, ASPCZ, Lamezia Terme

University of Brescia

University of Florence

University of Milan

University of Salerno

University of Turin

Erasmus Medical Center, Rotterdam

VUMC, Amsterdam

Institute of Clinical Medicine, University of Oslo

University Hospital of Trondheim

Slovenia Jožef Stefan Institute, Ljubljana 15 6 9 NA NA NA

Hospital Clínic of Barcelona

Hospital de la Santa Creu i Sant Pau, Universitat Autònoma de Barcelona

Hospital Universitario Central de Asturias, Oviedo

Ace Alzheimer Center Barcelona 

University Hospital Mutua de Terrassa, Terrassa, Barcelona

Karolinska Institutet

Lund University

Skåne University Hospital, Malmö

Newcastle University

Sheffield Institute for Translational Neuroscience (SITraN), University of Sheffield

University of Cambridge 

University of Edinburgh

University of Manchester

Columbia University

Mayo Clinic

UPENN

Northwestern, Chicago

UCSF

Washington University

3756                
(bvFTD: 2119; SD: 538; 

PNFA: 507; FTD-MND: 

242; FTD-Unspecified: 

350)

1761 1995

929               
(bvFTD: 445; SD: 113; 

PNFA: 151; FTD-MND: 

58; FTD-Unspecified: 

162)

509 420

111122197

61036 4

Sex SexCollection Site Institution
Total Total

DISCOVERY REPLICATION

211181122

154

Canada

Germany

4480

351

USA 48

102

323

440

303

51

194254 48

Netherlands

Norway

Spain

Sweden

127

54102367325692

252146246194

84

Total

France 176 814229680

137152289459465924Italy

NANANA2229

23

UK 363874177146



Table S2 - MAPT and APOE loci significant markers 

  



Table S3 - Association analysis using MAOS, A1 = minor allele, bold = risk allele. 

  



Table S4 - Summary of suggestive markers taken forward for replication 



# ALPHA = 0.05

# NUMBER_OF_TESTS = 15258

# _SET1_ VARIABLE = GO_bp:go_negative_regulation_of_steroid_metabolic_process (set)

# _SET1_ NGENES = 13

# _SET1_ P-VALUE = 9.19E-08

_SET1_ GENE CHR START STOP NSNPS NPARAM N ZSTAT P ZFITTED_BASE ZRESID_BASE

_SET1_ ENSG00000117707 1 214156524 214214595 1 1 14989 -0.26858 0.02975 -2.71E-13 -0.26858

_SET1_ ENSG00000125629 2 118846028 118868573 4 1 14989 -0.13193 0.019305 -2.71E-13 -0.13193

_SET1_ ENSG00000241635 2 234526291 234681956 63 6 14989 -0.23499 0.0025108 -2.71E-13 -0.23499

_SET1_ ENSG00000242366 2 234668894 234681945 4 2 14989 0.39278 0.0016643 -2.71E-13 0.39278

_SET1_ ENSG00000114650 3 47455203 47518616 2 1 14989 0.96345 0.00084899 -2.71E-13 0.96345

_SET1_ ENSG00000084093 4 57774075 57802010 11 5 14989 -0.040513 0.00083476 -2.71E-13 -0.040513

_SET1_ ENSG00000112175 6 55618443 55740362 6 3 14989 0.81191 0.00017715 -2.71E-13 0.81191

_SET1_ ENSG00000204740 10 19492779 20079330 182 15 14989 -0.47973 0.0018625 -2.71E-13 -0.47973

_SET1_ ENSG00000107566 10 101909851 101948091 3 2 14989 0.27814 0.0020591 -2.71E-13 0.27814

_SET1_ ENSG00000050165 11 11984653 12031316 18 4 14989 0.71168 0.0001573 -2.71E-13 0.71168

_SET1_ ENSG00000012504 12 100867486 100958191 8 4 14989 0.053432 0.0010974 -2.71E-13 0.053432

_SET1_ ENSG00000130203 19 45409011 45412650 4 2 14989 3.7285 1.35E-12 -2.70E-13 3.7285

_SET1_ ENSG00000124216 20 48599536 48605423 14 1 14989 0.30703 0.0075763 -2.71E-13 0.30703

# _SET2_ VARIABLE = GO_bp:go_negative_regulation_of_alcohol_biosynthetic_process (set)

# _SET2_ NGENES = 7

# _SET2_ P-VALUE = 4.32E-08

_SET2_ GENE CHR START STOP NSNPS NPARAM N ZSTAT P ZFITTED_BASE ZRESID_BASE

_SET2_ ENSG00000115956 2 68592305 68624585 1 1 14989 -0.40249 0.04001 -2.71E-13 -0.40249

_SET2_ ENSG00000114650 3 47455203 47518616 2 1 14989 0.96345 0.00084899 -2.71E-13 0.96345

_SET2_ ENSG00000084093 4 57774075 57802010 11 5 14989 -0.040513 0.00083476 -2.71E-13 -0.040513

_SET2_ ENSG00000112175 6 55618443 55740362 6 3 14989 0.81191 0.00017715 -2.71E-13 0.81191

_SET2_ ENSG00000107566 10 101909851 101948091 3 2 14989 0.27814 0.0020591 -2.71E-13 0.27814

_SET2_ ENSG00000050165 11 11984653 12031316 18 4 14989 0.71168 0.0001573 -2.71E-13 0.71168

_SET2_ ENSG00000130203 19 45409011 45412650 4 2 14989 3.7285 1.35E-12 -2.70E-13 3.7285

# _SET3_ VARIABLE = GO_bp:go_negative_regulation_of_cholesterol_biosynthetic_process (set)

# _SET3_ NGENES = 3

# _SET3_ P-VALUE = 9.81E-09

_SET3_ GENE CHR START STOP NSNPS NPARAM N ZSTAT P ZFITTED_BASE ZRESID_BASE

_SET3_ ENSG00000114650 3 47455203 47518616 2 1 14989 0.96345 0.00084899 -2.71E-13 0.96345

_SET3_ ENSG00000107566 10 101909851 101948091 3 2 14989 0.27814 0.0020591 -2.71E-13 0.27814

_SET3_ ENSG00000130203 19 45409011 45412650 4 2 14989 3.7285 1.35E-12 -2.70E-13 3.7285

# _SET4_ VARIABLE = GO_bp:go_regulation_of_fertilization (set)

# _SET4_ NGENES = 17

# _SET4_ P-VALUE = 8.29E-07

_SET4_ GENE CHR START STOP NSNPS NPARAM N ZSTAT P ZFITTED_BASE ZRESID_BASE

_SET4_ ENSG00000085465 1 111956936 111970399 11 1 14989 -0.043923 0.015283 -2.71E-13 -0.043923

_SET4_ ENSG00000116996 1 238045705 238054094 15 2 14989 0.27718 0.0021094 -2.71E-13 0.27718

_SET4_ ENSG00000163803 2 28680012 28866654 7 4 14989 0.56205 0.00021321 -2.71E-13 0.56205

_SET4_ ENSG00000186792 3 50330262 50336899 1 1 14989 -0.16442 0.02283 -2.71E-13 -0.16442

_SET4_ ENSG00000145685 5 77781038 78065844 64 8 14989 -0.44883 0.0022813 -2.71E-13 -0.44883

_SET4_ ENSG00000214510 5 147647743 147665817 5 1 14989 1.15 0.00039321 -2.71E-13 1.15

_SET4_ ENSG00000145888 5 151202074 151304403 4 2 14989 0.24065 0.0022238 -2.71E-13 0.24065

_SET4_ ENSG00000124812 6 49801970 49844809 2 1 14989 0.54761 0.0030459 -2.71E-13 0.54761

_SET4_ ENSG00000188372 7 76026835 76071388 7 2 14989 -0.35493 0.015378 -2.71E-13 -0.35493

_SET4_ ENSG00000146707 7 76239303 76256578 6 2 14989 0.21662 0.0033286 -2.71E-13 0.21662

_SET4_ ENSG00000105792 7 89874488 89940377 15 1 14989 0.17805 0.012121 -2.71E-13 0.17805

_SET4_ ENSG00000214102 7 141408153 141431071 2 1 14989 0.84388 0.0011865 -2.71E-13 0.84388

_SET4_ ENSG00000086062 9 33104080 33167354 25 3 14989 -0.091904 0.0047878 -2.71E-13 -0.091904

_SET4_ ENSG00000182545 14 20973696 20979328 2 1 14989 1.3759 0.00023614 -2.71E-13 1.3759

_SET4_ ENSG00000255346 15 69222864 69355083 42 1 14989 0.19256 0.0129 -2.71E-13 0.19256

_SET4_ ENSG00000196557 16 1203241 1271771 3 2 14989 0.41432 0.0014887 -2.71E-13 0.41432

_SET4_ ENSG00000182621 20 8112824 8949003 191 18 14989 0.21758 7.23E-05 -2.71E-13 0.21758

# _SET5_ VARIABLE = GO_bp:go_mrna_pseudouridine_synthesis (set)

# _SET5_ NGENES = 2

# _SET5_ P-VALUE = 1.77E-06

_SET5_ GENE CHR START STOP NSNPS NPARAM N ZSTAT P ZFITTED_BASE ZRESID_BASE

_SET5_ ENSG00000091127 7 105080108 105162714 1 1 14989 2.1102 1.12E-05 -2.70E-13 2.1102

_SET5_ ENSG00000110060 11 125763381 125773116 2 1 14989 0.42915 0.0064858 -2.71E-13 0.42915

# _SET6_ VARIABLE = GO_cc:go_intermediate_density_lipoprotein_particle (set)

# _SET6_ NGENES = 2

# _SET6_ P-VALUE = 9.55E-07

_SET6_ GENE CHR START STOP NSNPS NPARAM N ZSTAT P ZFITTED_BASE ZRESID_BASE

_SET6_ ENSG00000084674 2 21224301 21266945 2 1 14989 0.39716 0.0071139 -2.71E-13 0.39716

_SET6_ ENSG00000130203 19 45409011 45412650 4 2 14989 3.7285 1.35E-12 -2.70E-13 3.7285

# _SET7_ VARIABLE = GO_mf:go_phosphatidylcholine_sterol_o_acyltransferase_activator_activity (set)

# _SET7_ NGENES = 3

# _SET7_ P-VALUE = 1.82E-06

_SET7_ GENE CHR START STOP NSNPS NPARAM N ZSTAT P ZFITTED_BASE ZRESID_BASE

_SET7_ ENSG00000110244 11 116691419 116694022 1 1 14989 0.17051 0.01031 -2.71E-13 0.17051

_SET7_ ENSG00000130203 19 45409011 45412650 4 2 14989 3.7285 1.35E-12 -2.70E-13 3.7285

_SET7_ ENSG00000130208 19 45417504 45422606 2 1 14989 2.3572 4.46E-06 -2.70E-13 2.3572

Table S5 – Functional Analysis

Table S5
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Table S6 - eQTL/sQTL from gTEX 

  

QTL chr Gene Symbol SNP Id P-Value Tissue
KANSL1-AS1 rs199443 1.30E-43 Brain - Cortex

RP11-259G18.3 rs199443 2.80E-39 Brain - Cortex

LRRC37A2 rs199443 4.20E-37 Brain - Cortex

MAPK8IP1P1 rs199443 7.00E-29 Brain - Cortex

ARL17A rs199443 2.70E-25 Brain - Cortex

RP11-259G18.1 rs199443 1.80E-16 Brain - Cortex

LRRC37A rs199443 1.40E-12 Brain - Cortex

CRHR1 rs199443 1.80E-04 Brain - Cortex

KANSL1-AS1 rs199443 4.10E-37 Brain - Frontal Cortex (BA9)

LRRC37A2 rs199443 6.90E-33 Brain - Frontal Cortex (BA9)

RP11-259G18.3 rs199443 2.80E-31 Brain - Frontal Cortex (BA9)

MAPK8IP1P1 rs199443 4.00E-25 Brain - Frontal Cortex (BA9)

ARL17A rs199443 9.10E-24 Brain - Frontal Cortex (BA9)

RP11-259G18.1 rs199443 2.40E-12 Brain - Frontal Cortex (BA9)

LRRC37A rs199443 7.30E-11 Brain - Frontal Cortex (BA9)

SPPL2C rs199443 1.80E-05 Brain - Frontal Cortex (BA9)

RPSA rs13081054 1.30E-05 Brain - Cerebellar Hemisphere

RPSA rs13081054 2.40E-06 Brain - Cerebellum

KANSL1 rs199443 3.10E-50 Brain - Cortex

CRHR1 rs199443 2.90E-17 Brain - Cortex

MAPT rs199443 2.00E-06 Brain - Cortex

KANSL1 rs199443 5.20E-43 Brain - Frontal Cortex (BA9)

CRHR1 rs199443 2.10E-16 Brain - Frontal Cortex (BA9)

MAPT rs199443 5.80E-09 Brain - Frontal Cortex (BA9)

3 RPSA rs13081054 2.70E-06 Brain - Cortex

eQTL

sQTL

17

3

17
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Table S7 - Heritability estimation with LDSC regression 

  

H2 (SE) Lambda_GC Ratio (SE) Intercept H2 (se) Lambda_GC rg (SE) P N shared SNPs

FTD vs AD 0.55 (0.23) 0.02 1,166,449

FTD 0.067 (0.03) 1.03 0.42(0.18) 1.01 0.118(0.02) 1.03 FTD vs ADRD 0.28 (0.15) 0.06 1,080,004

FTD_noAPOE 0.069(0.02) 1.03 0.4 (0.17) 1.01 0.117(0.02) 1.03 FTD vs LBD 0.91 (0.46) 0.05 997,061

FTD vs ALS 0.71 (0.3) 0.02 1,160,125

FTD 0.028(0.013) 1.03 0.42(0.18) 1.01
0.049 

(0.0085)
1.03 FTD vs PD 0.32 (0.14) 0.03 1,091,414

FTD_noAPOE 0.029 (0.012) 1.03 0.4(0.17) 1.01 0.049 (0.008) 1.03

Observed scale

Liability scale
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Table S8 - Assessment of significant markers from other neurodegenerative disease or studies vs. the 

current study 

Pheno Marker chr Gene Original work (p-value; OR) Ref Current study (Discovery) (p-value; OR) LD with top SNP in current study D'; R2

FTLD-TDP rs1990622 7 TMEM106B 1.08x10-11; 0.61 PMID: 20154673 2.3x10-1; 0.96

FTD-GRN rs36196656 8 GFRA2 1.58x10
-8

; 1.49 PMID: 29724592 7.76x10
-1

; 1.01

rs9268877 6 HLA-DR 1.05x10-8; 1.2 9.6x10-7; 1.16

rs302668 11 RAB38/CTSC 2.44×10
-7

; 0.81 9.86x10
-2

; 0.95

rs3849943 9 C9orf72 3.8×10
−30

; 0.84 5.5x10
-1

; 1.02

rs12973192* 19 UNC13A 3.9×10−15; 0.89 1.07x10-3; 1.1

rs142321490** 12 KIF5A 6.1 × 10
−10

; 1.37 NA; NA

rs631312 3 MOBP 5.2 × 10−11; 1.1 PMID: 34873335 1.6x10-4; 1.13 Complete - non perfect 1; 0.3

rs4420638 APOC1 1.28x10-253; 3.95 9.6x10-8; 1.2 Almost complete - non perfect 0.77; 0.5

rs439401 1.06x10-49; 1.5 8.1x10-1; 1.01 No LD 0.58; 0.047

rs7412 5.9x10-12; 1.5 PMID: 34099642 1.9x10-4; 1.2 Complete - non perfect 1; 0.02

rs6656401 5.7×10
−24

; 1.18 PMID: 24162737 5.4x10
-2

; 1.07

rs679515 7.2×10
−46

; 1.13 PMID: 35379992 1.1x10
-1

; 1.06

rs6733839 2 BIN1 6.9×10
−44

; 1.22 2.96x10
-2

; 1.07

rs9331896 2.8×10
−25

; 0.86 9.3x10
-1

; 0.997

rs11787077 1.7×10−44; 0.91 8.3x10-1, 0.99

rs3851179 11 PICALM 3×10−48; 0.9 6.5x10-3, 0.92 

rs6605556*** 6 HLA-DR 7.1×10−20; 0.91 2.8x10-2, 0.91 

rs199515**** 17 MAPT 9.3×10
−13

; 1.06 1.1x10
-9

, 1.3 Complete - perfect 1; 0.97

3.4x10
-1

; 1.01 PMID: 31417202

7.5x10-1; 1 PMID: 35379992

PD rs17649553 17 MAPT 1.26×10
−68

; 0.78 PMID: 28892059 1.97x10
-8

; 0.82 Complete - perfect 1; 0.91

rs1411478 1 STX6 2.3×10−10; 0.79 7.82x10-3; 1.08

rs7571971 2 EIF2AK3 3.2×10
−13

; 0.75 6.6x10
-1

; 1.01

rs1768208 3 MOBP 1.0×10−16; 0.72 5.13x10-4; 1.12 Complete - non perfect 1; 0.31

rs8070723 17 MAPT 1.5×10
−116

; 5.46 9.21x10
-9

; 0.81 Complete - perfect 1; 0.94

rs11568563 12 SLCO1A2 5.26E-10; 0.67 4.66x10
-3

; 1.19

rs6687758 1 DUSP10 1.14×10−8; 0.80 7.3x10
-1

; 1.01

rs393152 17 MAPT 1.42×10−12; 3.70 2.06x10-8; 0.82 Complete - perfect 1; 0.94

rs643472 8 lnc-KIF13B-1 3.41×10−8; 1.82 8.5x10-1; 0.993

*** = PROXY rs9272461 (D'=1; R2=1)

**** = PROXY rs199528 (D'=1; R2=1)

$ = MOBP  hit reported in the current manuscript checked in 2 AD-GWAS datasets  

(joint analysis p-value current manuscript) 

2.41x10-8, 1.16

AD

3rs1009966
$ MOBP

8

1

APOE

PMID: 21460841

* = PROXY rs12608932 (D'=1; R2=0.98)

** = PROXY not available
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Note S1 

Characterisation of APOE Ɛ4 in the cohort 

We first analysed the APOE Ɛ4 alleles by extracting the allele frequencies for rs429358 
(C:T) and rs7412 (T:C) in the original discovery and replication cohorts, and compared cases 
vs. controls (Table): allele frequency differences were statistically significant in both the 
discovery and replication cohorts (pdiscovery=3.6x10-14; preplication=5.5x10-4) suggesting that the 
cases in our cohorts are enriched in Ɛ4 alleles.  

 

 

We then did the same for the two sub-cohorts (Central/Nordic cases vs. controls and 
Mediterranean cases vs. controls): all comparisons indicated that allele frequency 
differences were statistically significant (pCentral/Nordic =3.7x10-6, pMediterranean=2.2x10-16), 
confirming a higher frequency of Ɛ4 alleles in FTD cases regardless from ancestry.  

Finally, we compared the APOE Ɛ4 allele frequencies between our Central/Nordic and 
Mediterranean European controls: allele frequency differences were statistically significant 
(pDiscovery-Controls=2.2x10-16), indicating that Central/Nordic European controls carried a 
remarkably higher frequency of Ɛ4 alleles compared to Mediterranean European controls. 
We confirmed this trend in further independent cohorts, i.e. Central/Nordic vs. Mediterranean 
Europeans for (1) the populations from 1000G (p1000G=2.7x10-2) and (2) an additional cohort 
of 731 Italian and 347 European controls (pNewCohort=3.4x10-4). 

All this taken together suggests that: (1) FTD cases carry a slightly increased frequency of 
Ɛ4 alleles compared to controls, regardless of ancestry and (2) Central/Nordic Europeans 
(control population) carry a higher frequency of Ɛ4 alleles compared to Mediterranean 
Europeans (control population) regardless of disease status (Figure). 
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Figure– APOE Ɛ4 allele frequencies in the Central/Nordic and Mediterranean discovery cohorts. 
Uncorrected p-values calculated via χ2 are reported. 
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Daniel Blackburn
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Jordan Grafman

Edward Huey

Isabelle Le Ber

Ian Mackenzie
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Manuel Menendez-Gonzalez

Christopher Morris
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Jørgen Nielsen

Valeria Novelli
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Florence Pasquier

Pau Pastor
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Boris Rogelj
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James Rowe

Agustín Ruiz

Raquel  Sanchez-Valle

Sigrid Sando
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Emilia Vitale
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