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eMethods. Detailed Methodology 
 

Data Processing 

DNA sequencing was performed at the Broad Institute, the Baylor College of Medicine’s Human Genome Sequencing Center, and Washington University’s McDonnell Genome Institute. Genotypes for bi-allelic single 

nucleotide variants (SNVs) and short insertion-deletion polymorphisms (indels) were called using ATLAS2.1 Only variants that overlapped the target regions captured by kits used by the three sequencing centers 

(Illumina and Nimblegen) were included. Variants that showed extreme departure from Hardy-Weinberg equilibrium (HWE, P<10-6) among unrelated controls, were monomorphic, or had call rates <80% or average 

read depth <10 were excluded. In addition, samples that were outliers according to population substructure analysis or had a genetically determined sex that was inconsistent with the reported sex were excluded.2 

Cryptic relatedness was estimated using pairwise identity-by-descent (IBD) in PLINK3 and one member from each of 69 pairs of individuals with  (proportion of alleles shared IBD)>0.4 was excluded.2 After quality 

control (QC), there remained for analysis a total of 10,211 EA (5,617 AD cases, 4,594 controls) and 400 CH (221 cases, 179 controls) subjects.  

Variant Selection and Annotation 

Minor allele counts (MAC) genome-wide and in a group of 95 genes previously associated with AD, AD-related traits, or dementia by genetic association or experimental approaches (eTable 2 in the Supplement) were 

tabulated for rare variants occurring only in AD cases. Variants were annotated with the Variant Effect Predictor tool (VEP)4  and Combined Annotation Dependent Depletion (CADD) scores5 as having high functional 

impact (includes splice acceptor, splice donor, stop gained, frameshift, stop lost, start lost, or transcript amplification variants) or moderate functional impact (includes in-frame insertion, in-frame deletion, missense, or 

protein altering variants). A scaled CADD score of 20, for example, means that a variant is among the top 1% of deleterious variants in the human genome, and a scaled CADD score of 30 means that the variant is in 

the top 0.1%. Synonymous mutations and variants with a MAC < 3 were excluded. The filtering of variants at each step in the pipeline is shown in eTable 3 in the Supplement. 

Variant Filtering Pipeline in Utah Pedigrees 

We retained 564 rare variants that were shared between at least one cousin pair. We then retained all markers with a minor allele frequency (MAF) less than 0.1% in one of the following public whole exome and whole 

genome sequencing databases: 1000 Genomes,6 Exome Aggregation Consortium (ExAC),7 the Genome Aggregation Database (gnomAD),7 and NHLBI GO Exome Sequencing Project (ESP),8 resulting in the retention 

of 400 candidate variants. Variants that did not meet criteria for pathogenicity based on (1) American College of Medical Genetics and Genomics criteria9 for “pathogenic” or “likely pathogenic”, (2) association with loss 

or gain of gene function, and (3) prediction of haploinsufficiency were excluded. The genes containing the remaining 389 variants were screened for relevance to AD or β-amyloid pathology, after which 118 variants 

remained. Twelve variants were added to the group of 118 variants for further evaluation that were (1) reported in the literature as an AD risk variant (two variants), (2) had a p value < 0.09 for association of increased 

risk of AD in the ADGC GWAS (two variants),10 (3) absent in whole genome sequences of 1,354 participants of the Wellderly cohort who are >80 years old with no chronic diseases and who are not taking chronic 

medications,11 suggesting that the variant is not observed in the healthy elderly population (three variants), or (4) observed in multiple cousin pairs (five variants). 

Protein Homology Modeling 

Since the NOTCH3 structure could not be found in any protein databases, homologous proteins were considered for modeling the region containing the NOTCH3 mutations. Considering the AD-associated mutation on 

exon 6 (rs149307620), the closest matching sequence was identified in NOTCH1 that had 76% homology of amino acid sequence identity suggesting that these proteins may have similar functions and it is a high 
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quality model. SWISS-MODEL was used to create a model for the NOTCH3 region using homologous Protein Data Bank (PDB) structure 5UK5 in NOTCH1.12 The same procedure was applied for other mutations in 

NOTCH3 that are associated with Cerebral Autosomal Dominant Arteriopathy with Subcortical Infarcts and Leukoencephalopathy (CADASIL). 
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eTable 1. Characteristics of Subjects in the ADSP WES Case-Control Dataset 
 
 

 
 
* Age at onset for AD cases, age at exam for controls 
 
 
 
 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Group N Participants 
with AD Controls Males Females Mean Age 

(SD) * 
% APOE 
4 carrier 

European ancestry 10,441 5,617 (54%) 4,594 (44%) 4,411 (42%) 6,030 (58%) 81.0 (9.1) 30% 

Caribbean Hispanic 395 218 (55%) 177 (45%) 149 (38%) 246 (62%) 74.4 (7.8) 40% 
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eTable 2. Previously Established Genes for AD, AD-Related Traits and Other Dementias 
 

Gene Disease or Trait Reference Gene Disease or Trait Reference 
ABCA7 AD [10,13,14] KCNMB2 AD [15] 
ABCG1 NP [15] LMNB1 Leukodystrophy [49] 
ABI3 AD [16] LMX1B HS [50] 
ACE AD [17] MAPT AD [48] 
ADAM10 AD [18, 19] MEF2C AD [30] 
ADAMTS1 AD [20] MS4A4A AD [11] 
ADI1 NFT + CAA [21] MS4A6A AD [30] 
AKAP9 AD [22] MTUS1 HPV [51] 
APOE AD [23, 24] MVB12B AD [52] 
APP AD [25] NME8 AD [30] 
BIN1 AD [26] NOTCH3 CADASIL [53, 54] 
BZRAP1 AD [27] OSTN AD [40] 
C1QTNF4 AD [28] PDGFRL HPV [51] 
CASP8 AD [29] PFDN1 AD [27] 
CASS4 AD [30] PICALM AD [30] 
CD2AP AD [30] PILRA AD [55, 56] 
CD33 AD [30] PLCG2 AD [16] 
CELF1 AD [30] PLD3 AD [57] 
CHCHD10 FTD [31] PLD4 CSF Tau [51] 
CHMP2B FTD [32] PLXNA4 AD [58] 
CLU AD [31] PPP2CB AD [59] 
COBL AD [33] PRNP CJD / GSS [60] 
CR1 AD [30] PSEN1 AD [61] 
CSF1R FTD [34] PSEN2 AD [62] 
DSG2 AD [30] PTK2B AD [30] 
ECHDC3 AD [26] RIN3 AD [63] 
ECRG4 NP + NFT [21] SLC10A2 AD [33] 
EIF2B1 Leukodystrophy [35] SLC24A4 AD [30] 
EIF2B2 Leukodystrophy [36] SLC2A4A AD [51] 
EIF2B3 Leukodystrophy [36] SORCS1 AD [64, 65] 
EIF2B4 Leukodystrophy [35] SORCS2 AD [65] 
EIF2B5 Leukodystrophy [36] SORCS3 AD [65] 
EPHA1 AD [10, 14] SORL1 AD [66] 
FBXL7 AD [37] SRRM4 CSF Tau [51] 
FERMT2 AD [30] TARDBP FTD [67] 
FRMD4A AD [38] TM2D3 AD [68] 
FUS FTD [39] TP53INP1 AD [44] 
GALNT7 NP [15] TPBG AD [27] 
GLIS3 AD [40] TRAPPC12 NFT + CAA [21] 
GRN FTD [41, 42] TREM2 AD [69, 70] 
HBEGF AD [27] TREML2 AD [40] 
HDAC9 NFT + CAA [21] TRIP4 AD [71] 
HLA-DRB1 AD [43] UNC5C AD [72] 
HLA-DRB5 AD [30] USP6NL AD [27] 
IGHV1-67 AD [44] VCP FTD [73] 
INPP5D AD [30] ZCWPW1 AD [30, 56] 
ITM2B FBD /FDD [45‐47] ZNF804B LMdT [51] 
KANSL1 AD [48]    
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AD = Alzheimer disease; CAA = cerebral amyloid angiopathy; CADASIL = Cerebral Autosomal Dominant 
Arteriopathy with Subcortical Infarcts and Leukoencephalopathy; CJD = Creutzfeldt-Jakob disease; FBD = 
Familial British dementia; FDD = Familial Danish dementia; FTD = fronto-temporal dementia; GSS = Gerstmann-
Straussler syndrome; HPV = hippocampal volume; HS = hippocampal sclerosis; LMdT = logical memory – 
delayed recall; NFT = neurofibrillary tangle; NP = neuritic plaque 
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eTable 3. Filtering Pipeline of Rare Variants  
 

 
 
 
 

 

  

# of Variants   
(# of Genes) Filtering Steps 

1,015,329 
(29,157) Total rare variants genome-wide after counts are calculated with PLINK 

75,716 
(15,702) 

Total rare variants genome-wide after filtering (to remove synonymous 
mutations, those with a count less than or equal to 2) and restricted to those with 
a high or moderate impact on disease (as classified by VEP annotation).  

4,854 (3,619) Total rare variants genome-wide after filtering and with high impact on disease. 

10,249 (95) Total rare variants in known AD genes 

503 (83) Total rare variants in known AD genes after filtering and with high and moderate 
impact on disease. 

24 (19) Total rare variants in known AD genes after filtering and with high impact on 
disease. 
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eTable 4. High and Moderate Impact Rare Variants in Previously Established AD Genes Occurring In ≥ 4 Participants With AD and No Controls. 

(Chromosome: position: 
major allele: minor allele) * MAC Gene ID Frequency 

in GnomAD Mutation Type 
Amino Acid 
Position and 

Change 
Disease 
Impact 

CADD 
Score 

Previously 
Associated 

with AD 
19:15302421:C:T 10 NOTCH3 rs149307620 T=0.00031  Missense  A284T  Moderate 24.7 No 
14:73637653:C:T 7 PSEN1 rs63749824 T=0.00001  Missense  A75V  Moderate 27.1 [74] 
9:4118361:G:C 6 GLIS3 rs200263979 C=0.00104  Missense  L373V  Moderate 15.67 No 
14:93154397:G:A 6 RIN3 Novel NA  Missense  NA  Moderate 18.65 No 
17:44143925:C:T 6 KANSL1 rs138698439 T=0.00046  Missense  S609N  Moderate 20.2 No 
11:121384991:A:G 5 SORL1 rs139710266 G=0.00003  Missense  Y391C  Moderate 25.8 [75] 
14:73640432:G:A 5 PSEN1 rs375376095 A=0.00007  Missense  NA  Moderate 10.23 No 
16:31193959:ATTC:A 5 FUS Novel NA  In‐frame deletion  NA  Moderate 13.39 No 
17:56385997:G:A 5 BZRAP1 rs61732758 A=0.00374  Missense  P1546S  Moderate 16.91 No 
19:1054190:A:G 5 ABCA7 rs376824416 G=0.00010  Splice acceptor  NA  High 23.1 No 
2:234113197:C:T 4 INPP5D rs532718867 T=0.00036  Missense  P1133L  Moderate 0.44 No 
4:7731386:G:A 4 SORCS2 rs371407070 A=0.00011  Missense  V1019L  Moderate 24 No 
6:41129295:G:A 4 TREM2 rs104894002 A=0.00002  Stop Gained  Q33X  High 33 [70] 
7:143088779:C:T 4 EPHA1 rs201365734 G=0.01583  Missense  A712P  Moderate 5.88 No 
7:51096830:C:G  4  COBL  rs112568753  T=0.00025  Missense  R929H  Moderate  25.1  No 
8:17478643:A:G 4 PDGFRL rs144384825 G=0.00019  Missense  Q146R  Moderate 18.08 No 
9:4118324:C:A 4 GLIS3 rs200959196 A=0.00021  Missense  G385V  Moderate 9.21 No 
11:59949160:A:G 4 MS4A6A Novel NA  Missense  NA  Moderate 21.1 No 
14:105396368:T:G  4  PLD4  Novel  A=0.00018  Missense  R35Q  Moderate  16.45  No 
14:73637521:G:A 4 PSEN1 rs63750592 NA  Missense  R35Q  Moderate 22.1 [76] 
14:93154353:T:TGTGCGCGCA 4 RIN3 Novel NA  In‐frame insertion  NA  Moderate 23.2 No 
15:102192524:A:G  4  TM2D3  rs201415552  G=0.00005  Missense  L14S  Moderate  8.86  No 
16:81972496:A:G 4 PLCG2 Novel NA  Missense  NA  Moderate 22.6 No 
17:42429772:C:T 4 GRN Novel NA  Stop Gained  NA  High 36 No 
17:44101427:C:T 4 MAPT rs63750424 T=0.00002  Missense  A741W  Moderate 29.8 [77] 
17:61568688:G:A 4 ACE rs143507892 A=0.00113  Missense  R953Q  Moderate 29.5 No 
17:61574683:C:T 4 ACE Novel NA  Missense  NA  Moderate 11.91 No 
19:1043794:G:A 4 ABCA7 rs147846250 A=0.00024  Missense  R334Q  Moderate 5.43 No 
19:1055151:T:C 4 ABCA7 rs145987355 NA  Missense  NA  Moderate 26.5 No 
19:1058154:G:T 4 ABCA7 rs770510230 T=0.00001  Stop Gained  E1679X  High 39 [78] 
19:1059029:G:A 4 ABCA7 rs143615723 A=0.00015  Missense  R1803H  Moderate 0.73 No 
19:15272218:G:A  4  NOTCH3  rs114447350  A=0.02775  Missense  P2074Q  Moderate  22.2  No 
* Position according to GRCh38.p7 assembly; MAC = minor allele count; CADD = Combined Annotation Dependent Depletion; NA = not available 
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eTable 5. Characteristics of AD Subjects in the ADSP WES Dataset With the NOTCH3 
rs149307620 Mutation 

 

Study (Dataset) Sex Age at 
Onset 

APOE 
Genotype 

Braak 
Stage 

ADGC (ADC2)  F 71 33 NA 

ADGC (ADC3) M 76 33 6 

ADGC (ADC3) M 78 34 NA 

ADGC (ADC4) F 74 34 NA 

ADGC (ADC5) M 78 24 NA 

ADGC (Memory and Aging Project) M 84 33 NA 

ADGC (Texas Alzheimer's Research 
and Care Consortium) F 80 33 NA 

CHARGE M 79 33 NA 

CHARGE M 95 33 NA 

CHARGE F 84 33 NA 

 

NA = Not autopsied 
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eTable 6. Characteristics of Subjects in the WGS Replication Datasets 
 

  

 

Dataset 

 

N 
AD 

Cases 
MCI 

Cases Controls 
% 

Female 
Mean Age 

(SD) 
% APOE 
4 carrier 

European ancestry 
ADSP Extension 1097 485 0 612 63.5% 78.4  

(7.4) 38.5% 

Caribbean Hispanic 
ADSP Extension 1018 493 0 525 55.1% 73.9 

(7.4) 29.4% 

African American 
ADSP Extension 977 454 0 523 55.1% 79.2 

(7.1) 43.3% 

European ancestry 
ADSP families 499 320 0 179 64.5% 73.4 

(10.6) 39.3% 

Caribbean Hispanic 
ADSP families 290 200 0 90 62.8% 70.6 

(10.1) 32.5% 

African American 
ADSP families 44 30 0 14 65.3% 69.1 

(12.1) 51.0% 

ADNI 809 239 321 249 44.8% 76.3 
(8.1) 44.0% 

Total 4,734 2,221 321 2,192    
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eTable 7. Characteristics of AD Subjects With the TREM2 rs104894002 Mutation (Q33X) 

 

 
 
 
 
 
 
 
 
 
   

NA = not autopsied 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source (Study) Sex Onset 
Age 

APOE 
Genotype 

Braak 
Stage 

ADGC (ADC) M 75 23 5 

ADGC (Mayo Clinic)  M 63.3 44 NA 

National Cell Repository for 
Alzheimer's Disease F 69 34 4 

CHARGE (Rotterdam Study) M 73.5 34 NA 
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eTable 8. High and Moderate Impact Rare Variants Genome-Wide Occurring in > 10 Participants With AD and No Controls. 
 

 

*Position according to GRCh38.p7 assembly; MAC = minor allele count; CADD = Combined Annotation Dependent Depletion 

(Chromosome: position: 
major allele: minor allele) *  MAC  Gene  ID  Frequency 

in GnomAD 
Mutation 
Type 

Amino Acid 
Position and 

Change 
Disease 
Impact 

CADD 
Score 

11:5474894:T:C 12 OR51I2 rs74049540 C=0.01256  Missense M59T  Moderate 24 
19:38742032:G:A 12 PPP1R14A rs140507040 A=0.00062  Missense L97F  Moderate 16.24 

14:45374714:CTTG:C 11 C14orf28 Novel NA  In‐frame deletion NA  Moderate 20.1 
17:42433931:C:G  11  FAM171A2  rs190723348  A=0.00023  Missense  L88  Moderate  19.26 

17:7164266:G:A 11 CLDN7 rs149308129 G=0.00056  Missense Q155H  Moderate 23.4 
20:62198583:G:A 11 HELZ2 rs35691275 A=0.00053  Missense R141W  Moderate 16.17 
22:46759981:G:C 11 CELSR1 rs61741871 C=0.00766  Missense P2983A  Moderate 3.6 
22:46762988:C:T 11 CELSR1 rs75983687 T=0.00741  Missense V2703M  Moderate 17 
1:93682193:A:T 10 CCDC18 rs191574433 T=0.00034  Missense M573L  Moderate 17.01 
7:150389837:TC:T 10 GIMAP2 Novel NA  Frameshift NA  High 22.8 
9:33941796:C:T 10 UBAP2 rs150194348 T=0.00078  Missense V594I  Moderate 21.2 
11:67957408:C:T 10 SUV420H1 rs138431226 T=0.00036  Missense A46T  Moderate 15.32 
12:88456506:T:C 10 CEP290 Novel NA  Missense NA  Moderate 25.3 
14:31119819:C:A 10 SCFD1 rs35187633 A=0.00029  Missense L173I  Moderate 27.2 
17:74288944:A:G 10 QRICH2 Novel A=0.01587  Missense G248=  Moderate 15.81 
14:74754936:G:A  10  ABCD4  rs57773157  T=0.01605  Missense  V172I  Moderate  4.738 

14:74763064:C:T 10 ABCD4 rs34992370 C=0.01630  Missense Q59R  Moderate 15.35 
14:74766360:T:C 10 ABCD4 rs58272575 C=0.00217  Missense D1330E  Moderate 15.68 
17:58260659:A:C 10 USP32 rs201933998 NA  Missense NA  Moderate 12.92 
19:15302421:C:T 10 NOTCH3 rs149307620 T=0.00031  Missense A284T  Moderate 24.7 
19:49123796:G:A 10 SPHK2 Rs158184205 NA  Missense NA  Moderate 16.44 
22:41605776:G:C 10 L3MBTL2 rs143455680 C=0.01316  Missense R34P  Moderate 27.4 

22:46704734:C:T 10 GTSE1 rs34404175 T=0.00608  Missense A219V  Moderate 5.9 

22:46708152:G:A 10 GTSE1 rs35503220 A=0.00609  Missense A293S  Moderate 0.001 
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eTable 9. Genes With > 3 Distinct High/Moderate Disease Impact Rare Variants Each With a MAC ≥ 5 and Occurring in Only 
Cases  

(Chromosome: position: major allele: 
minor allele) *  MAC  Gene   ID  Frequency in 

GnomAD 
Mutation 
Type 

Amino Acid Position and 
Change 

Disease 
Impact  

CADD 
Score 

14:74754936:G:A  10  ABCD4  rs57773157  A=0.01587  Missense  G248=  Moderate  15.81 
14:74766360:T:C  10  ABCD4  rs58272575  C=0.01630  Missense  Q59R  Moderate  4.738 
14:74763064:C:T  10  ABCD4  rs34992370  T=0.01605  Missense  Va72I  Moderate  15.35 
14:74764675:G:A  8  ABCD4  rs61744947  A=0.01600  Missense  A128V  Moderate  22.2 
3:38125659:C:T  6  DLEC1  rs143610524 T=0.00078  Missense  A395V  Moderate  16.39 
3:38101245:C:T  6  DLEC1  rs34012183  T=0.00326  Missense  S192F  Moderate  15.95 
3:38101313:G:A  5  DLEC1  rs149190717 A=0.00100  Missense  D215N  Moderate  15.76 
1:225239279:G:A  6  DNAH14  Novel  NA  Missense  NA  Moderate  12.93 

1:225512438:G:A  5  DNAH14 rs566891789 A=0.00009  Splice 
Acceptor 

NA  High  32 

1:225458497:C:T  5  DNAH14 rs530417418 NA  Missense  NA  Moderate  28.1 
7:111430638:G:A  5  DOCK4  rs377187510 A=0.00007  Missense  P1064S  Moderate  27.9 
7:111617307:G:A  5  DOCK4  rs201242965 A=0.00016  Missense  P194L  Moderate  20.8 
7:111503433:T:C  5  DOCK4  Novel  NA  Missense  NA  Moderate  22.5 
9:133932442:C:T  7  LAMC3 rs113443891 T=0.00057  Missense  P689L  Moderate  19.73 
9:133945155:G:A  7  LAMC3 rs113785045 A=0.00032  Missense  R996H  Moderate  22.3 
9:133936490:A:G  6  LAMC3  rs36030184  G=0.00033  Missense  N743D  Moderate  17.38 
9:133948124:G:A  5  LAMC3 rs144118534 A=0.00027  Missense  G1107R  Moderate  0.34 
14:64898328:A:G  6  MTHFD1 rs139264994 G=0.00012  Missense  I464V  Moderate  18.17 
14:64884726:C:T  6  MTHFD1 rs199501976 T=0.00024  Missense  A200V  Moderate  22.5 
14:64916188:C:T  6  MTHFD1 rs17857382  T=0.00727  Missense  L769F  Moderate  20.5 
1:228526693:C:T  5  OBSCN  rs370778898 T=0.00012  Missense  R5742C  Moderate  2.48 
1:228558959:G:A  5  OBSCN  rs191931829 A=0.00026  Missense  R7784Q  Moderate  24.9 
1:228437675:C:T  5  OBSCN  rs199655077 T=0.00016  Missense  A1348V  Moderate  25 
14:88904567:G:A  6  SPATA7  rs10139784  A=0.01203  Missense  R534L  Moderate  9.96 
14:88892697:G:A  6  SPATA7  rs17124662  A=0.00905  Missense  S165I  Moderate  0.74 
14:88883100:A:G  6  SPATA7  rs61747004  G=0.00906  Missense  Q63R  Moderate  1.02 
14:88895750:G:A  6  SPATA7  rs17124677  A=0.00905  Missense  G292E  Moderate  12.42 
14:88883173:T:G  5  SPATA7  rs35137272  G=0.00908  Missense  F87L  Moderate  3.02 
1:1269488:G:A  6  TAS1R3 rs112507608 A=0.01353  Missense  A735T  Moderate  10.39 
1:1268954:C:T  5  TAS1R3 rs200679891 T=0.00018  Missense  R557C  Moderate  14.79 
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* Position according to GRCh38.p7 assembly; MAC = minor allele count; CADD = Combined Annotation Dependent Depletion; NA 
= not available

1:1268661:G:A  5  TAS1R3 rs373494410 A=0.00015  Missense  R501Q  Moderate  23.4 
2:179499179:A:G  9  TTN  rs34706299  G=0.00033  Missense  V5045A  Moderate  23.4 
2:179412829:C:T  6  TTN  rs72648251  T=0.00047  Missense  R28607H  Moderate  20.3 
2:179452061:C:T  5  TTN  rs199505416 T=0.00008  Missense  D18725N  Moderate  23 
2:179457733:G:A  5  TTN  rs72646839  A=0.00024  Missense  R10640C  Moderate  24.4 
2:179440609:A:G  5  TTN  rs201836227 G=0.00022  Missense  I20849T  Moderate  24.5 
2:179613715:C:G  5  TTN  rs145919543 G=0.00011  Missense  G4471A  Moderate  9.30 
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eTable 10. High Impact Rare Variants Genome-Wide With a MAC ≥ 7 and Occurring Only in AD Cases. 
 
 

 
 
* Position according to GRCh38.p7 assembly; MAC = minor allele count; CADD = Combined Annotation Dependent 
Depletion; NA = not available 
 
 
 
 
 
 
 
  

(Chromosome: position: major allele: 
minor allele) * MAC Gene ID Frequency in 

GnomAD Mutation Type Amino Acid Position 
and Change 

Disease 
Impact 

CADD 
Score 

7:150389837:TC:T 10 GIMAP2 Novel NA Frameshift NA High 5.92 

19:39926486:A:G 8 RPS16 rs139109626 G=0.00021 Splice donor NA High 22.4 

11:5758174:CAATT:C 8 OR56B1 Novel NA Frameshift NA High 14.8 

10:16979600:TGGTA:T 7 CUBN rs556462218 NA Frameshift I1973V High 40.0 

10:25313667:T:A 7 THNSL1 rs150653385 A=0.00015 Stop gained C505X High 37.0 

1:63063592:GAACTC:G 7 ANGPTL3 Novel NA Frameshift NA High 21.0 

17:72350672:C:T 7 KIF19 rs200837156 T=0.00021 Stop gained R894X High 20.6 

1:21904139:TG:T 7 ALPL Novel NA Frameshift 
stop lost

NA High 12.9 

2:111918994:A:G 7 BCL2L11 rs76245002 G=0.00437 Splice 
acceptor

NA High 5.26 
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eFigure 1. Study Design  
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eFigure 2. Haplotype Analysis of the Rare NOTCH3 rs149307620 Variant. All 10 subjects who have the rs149307620 

mutation (marker 269) possess the GCCGC haplotype derived from five common SNPs (rs1548555, rs1044006, 

rs1043997, rs1043996, and rs1043994) spanning a region of ~24.8 kb. The haplotype has a frequency of 15.4% in AD 

cases and 14.7% in controls. Haplotypes and their corresponding frequencies are shown in the left panel. A measure of 

linkage disequilibrium (D’) between each pair of SNPs is shown in the right panel. 
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eFigure 3. Population Substructure of the ADSP Discovery Sample. Population substructure in the non-Hispanic European ancestry 
portion of the ADSP sample was evaluated by principal components (PC) analysis implemented in EIGENSTRAT79,80 using the smartpca 
program as described previously.2 For this analysis, variants were selected based on the following filtering criteria: MAF≥5%, call rate≥99%, 
and only one from each pair of variants with linkage disequilibrium (LD) of r2>0.5 in a 50-variant window. Participants with individual call 
rate<90% were excluded, and only one participant from every pair with estimated >0.2 was selected. PCs were computed using the 1000 
Genomes Phase 3 reference panel6 and a subset of 12,351 variants that met the above criteria and were found in both ADSP and 1000G 
subjects. PCs were computed using all unrelated ADSP and 1000G subjects and projected on individuals that were omitted from the PC 
computation due to high IBD or low call rate. The plot of the first two PCs (PCA1 and PCA2) shows that participants (each represented by a 
small dot) are distributed along a population substructure gradient. A large portion of the persons in the cluster on the right side of the plot 
(PC1>0.025) have a mitochondrial haplogroup (K1a1b1a = light blue dots, K1a9 = dark blue dots) that is common among Ashkenazi Jews 
suggesting that this cluster includes primarily Ashkenazi Jews. Eight of the ten AD participants who have the NOTCH3 rs149307620 mutation, 
including four persons with the K1a1b1a or K1a9 haplogroup (dark red + symbol) and four persons lacking either Ashkenazi haplogroup 
(brown + symbol), are included in this cluster. 
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eFigure 4. Utah Pedigree Segregating rs141402160 and rs140914494 Mutations. Full shading indicates AD diagnosis from death 
certificate or hospital data; half shading indicates dementia diagnosis from death certificate or hospital data. For confidentiality 
purposes, alive/death status is not indicated and age shown is either + or – 5 years of the actual age or age at death or age >90. “+” 
indicates the presence of the minor allele at both rs141402160 and rs140914494, “-“ indicates wild type at both variants, and “*” 
indicates that carrier status was inferred as positive do to the rarity of the variants and their presence in that individual’s child (child 
not pictured in the pedigree due to lack of disease status information). 
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eFigure 5.  Utah Pedigree Segregating rs112197217 Mutation. Full shading indicates AD diagnosis from death certificate or hospital 
data; half shading indicates dementia diagnosis from death certificate or hospital data.  For confidentiality purposes, alive/death 
status is not indicated and age shown is either + or – 5 years of the actual age or age at death or age >90. “+” indicates that the 
individual is a carrier of the minor allele at rs112197217. 
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eFigure 6. Protein-Protein Interaction Network Including NOTCH3 and JAG1. 
Network includes 30 genes showing high-confidence interactions in humans according 

to the STRING database.81 The colors of the edges refer to the type of evidence linking 

the corresponding proteins: red=gene fusion, dark blue=co-occurrence, black=co-

expression, magenta=experiments, cyan=databases, light green=text mining, 

mauve=homology. Genes present in AD pathways determined by gene-set enrichment 

analysis (Table2) are highlighted by yellow circles.  
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eFigure 7. Haplotype Analysis of ABCD4 and CELSR1/GTSE1. A. All 10 subjects with ABCD4 rare variants rs57773157 

(marker 55), rs34992370 (marker 130), and rs58272575 (marker 158) share an 8-SNP haplotype spanning ~12.9 kb that 

has a frequency of 0.3% in AD cases and 0% in controls. Eight of these subjects also have a fourth ABCD4 rare variant, 

rs61744947 (marker148) that is part of the same shared haplotype. B. All eight subjects with CELSR1 variants 

rs61741871 (marker 268) and rs75983687 (marker345) and GTSE1 variants rs34404175 (marker 74) and rs35503220 

(marker84) share a 12 SNP-haplotype spanning ~77.6 kb that has a frequency of 0.1% in the ADSP population (0.1% in 

cases, 0.1% in controls). Haplotypes and their corresponding frequencies are shown on the left side of each panel. A 

measure of linkage disequilibrium (D’) between each pair of SNPs is shown on the right side of each panel. 
  

A. 
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  B. 

 
  
 
 
 
 


