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1. INTRODUCTION

Many genetic variants contribute to Alzheimer’s disease (AD); however a small percentage 

of AD cases have highly penetrant autosomal dominant disease causing mutations in 

PSEN1, PSEN2 or APP [1]. Over 280 different autosomal dominant pathogenic variants are 

currently recognized worldwide [2,3]. The clinical phenotype of autosomal dominant AD is 

often similar to sporadic AD; however some cases have atypical presentations such as 

spastic paraparesis [4]. Although the age of onset is usually in the fifth to sixth decade the 

range of onsets is broad from 20 to 70 years [5]. The early onset has allowed investigators to 

study pre-clinical disease and the transition from pre-clinical to clinical AD [6,7].
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The first family with autosomal dominant AD identified in Colombia has a PSEN1 variant 

resulting in a Glu280Ala amino acid change in PSEN1 [8]. This family is by far the largest 

family in the world with familial AD consisting of approximately 6000 family members 

clustered in the state of Antioquia, Colombia. Their age at onset for mild cognitive 

impairment (MCI) is 44 years (95% CI 43-45) and 49 years for dementia (95% CI 49-50) 

[9]. We report here a second large family with autosomal dominant AD who also live 

Antioquia and harbor a novel variant c.1247T>C in codon 416 of PSEN1 resulting in an 

Ile416Thr substitution. We describe the sociodemographic, clinical characteristics and 

neuropsychological profile of this family as well as the historical genetic context of their 

mutation. These data will broaden knowledge of the clinical spectra of autosomal dominant 

AD, extend the genetic loci in PSEN1 capable of causing disease, reveal patterns of historic 

gene flow shaping the worldwide map of autosomal dominant AD, and possibly provide the 

participants an opportunity for prevention trials [10].

2. METHODS

2.1. PARTICIPANT EVALUATION

Sociodemographic, clinical, and genetic data from 93 family members 18 years or older 

were gathered between 2002 and 2016. The pedigree was built with the information given by 

the family members (Figure 1). Participant evaluation was done in accordance to The Code 

of Ethics of the World Medical Association (Declaration of Helsinki) and the individuals 

signed an informed consent approved by the Institutional Review Board of the School of 

Medicine of University of Antioquia (Colombia). For cognitively impaired individuals, their 

proxies signed the informed consent.

The participants underwent medical, neurological, and neuropsychological evaluations 

including the CERAD (Consortium to establish a registry for Alzheimer’s disease) test 

battery with additional neuropsychological tests and dementia functional scales, as 

previously described [11,12]. Diagnosis of Mild Cognitive Impairment (MCI) and dementia 

was done without knowledge of the carrier status according to Petersen 2011 [13] and DSM-

IV criteria [14] respectively. Collected data were stored in medical records software (SISNE 

V 2.0). Statistical analyses of the clinical data were done with Stata Statistical Software 

(Release 15, StataCorp 2017). Sociodemographic, clinical and neuropsychological 

characteristics were presented using frequency and percentage (%) for categorical variables, 

and median and interquartile range (25th percentile-75th percentile) for quantitative 

variables.

2.2. DNA SEQUENCING AND BIOINFORMATIC ANALYSIS

A DNA sample from the proband was sent to a genetic laboratory (Athena Diagnostics 

Massachusetts, USA) for PSEN1 mutation testing. The analysis of PSEN1 was performed 

by PCR amplification and automated uni-directional DNA sequencing of the coding region 

(10 exons, 1204 base pairs), plus 20 additional bases of intronic DNA flanking every exon. 

All abnormal sequence variants were confirmed by bi-directional sequencing. Peripheral 

blood samples from the 93 participants were obtained in EDTA tubes. Restriction fragment 

length polymorphism (RFLP) variation was used to identify the Ile416Thr carriers; DNA 
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was extracted through a modified salting-out technique (Gentra Puregene Blood Kit by 

Qiagen), PSEN1 Exon 11 was amplified by PCR (forward primer 

ACAGCAGCATCTACAGTTA, reverse primer TCAGGGCAGAGCTTATAGTT) and the 

amplicon was digested with VspI to detect NM_000021.3: c.1247T>C (p.Ile416Thr). In 

addition, whole genome sequencing of 31 individuals (9 asymptomatic non-carriers, 12 

asymptomatic carriers and 10 symptomatic carriers, Figure 1.) was completed using the 

Illumina HiSeqX platform (Human Longevity Inc., San Diego, CA). Samples were 

sequenced to reach an average 30X coverage with single indexed paired-end 150 base pair 

reads. Raw sequencing data was processed using the Broad Institute’s Genome Analysis 

Toolkit (GATK v3.2.2) bestpractices pipeline [15]. Reads were aligned to the hg19 reference 

assembly of the human genome using the Burrows-Wheeler Aligner (BWA-MEM v0.78)

[16]. Joint single nucleotide polymorphism (SNP) variant calling was performed in all 31 

samples using GATK HaplotypeCaller. After joint-calling, SNPs were filtered to retain those 

with genotype quality (GQ) scores greater than 30 and read depth (DP) scores greater than 

20. Heterozygous sites were also filtered to retain SNPs with an allelic balance (AB) greater 

than 0.25 and less than 0.75. In PLINK [17], SNPs in linkage equilibrium (r2 < 0.2) with 

genotyping rates above 99% and minor allele frequencies (MAF) greater than 5% were 

retained for estimating identity-by-state (IBS) and relatedness (Pi-hat) by calculating 

genome-wide IBS distances for all pairs of individuals. Multi-dimensional scaling (MDS) 

analysis of the IBS pairwise distances was conducted in PLINK utilizing overlapping SNPs 

from the 31 participants and individuals from the 1000 Genomes Project (phase 3 data 

release) that represent European (CEU, n = 103), African (YRI, n = 111), and East Asian/

Native American (CHB, n= 108) populations [18]. To identify a shared haplotype among the 

22 carriers of the pathogenic PSEN1 Ile416Thr variant, SNPs were phased using Beagle 

v4.1[19] with 1000 Genomes Project populations used as a reference panel. The frequency 

of the Ile416Thr-associated haplotype in reference populations was determined using phased 

genotype data for chromosome 14, and all haplotype frequencies were confirmed using 

LDlink [20,21]. Recombination rates were obtained from the hg19 genetic map provided 

within Eagle v2.4 [22].

LOD score calculation assumed a 100% penetrant association between genotype and 

phenotype, where LOD = log10( 1
0.5i ) and i is the number of individuals. For identifying the 

genomic region associated with the phenotype (zygosity mapping), we first filtered variants 

for quality to single nucleotide variants in the PASS tranche (GATK 99%) with a total depth 

of at least 30, and genotype quality of 99, not in a RepeatMasker region, and present at least 

once in the 1000 genomes reference. The presence of variants in the 1000 genomes 

reference was required to identify the haplotype that flanks the mutation.

2.3. BRAIN IMAGING

Pittsburgh Compound B (PiB), flortaucipir (FTP) positron emission tomography (PET) and 

structural magnetic resonance imaging (MRI) measurements were acquired from three 

members of the family (2 mutation carriers and 1 non-carrier) at Massachusetts General 

Hospital, Boston. 11C PiB PET data were expressed as the distribution volume ratio (DVR) 

with cerebellar grey as reference tissue, using a large cortical ROI aggregate that included 
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frontal, lateral temporal and retrosplenial cortices (FLR) as described previously [23] 18F 

FTP regional binding was expressed in FreeSurfer ROIs as the standardized uptake value 

ratio (SUVR) to cerebellum.

3. RESULTS

3.1. INDEX CASE

The proband was a 55-year-old woman who complained of slowly progressive anterograde 

memory impairment with onset at age 40 (individual IV-7 in Figure 1). She misplaced 

objects, forgot conversations, and repeated herself. She was no longer able to perform her 

daily activities without supervision. Her relatives reported she had insomnia, visual and 

auditory hallucinations, had become irritable and had mood swings. Her family recalled that 

her father, her grandfather, and other family members had similar symptoms. Palmomental 

reflex and dysdiadochokinesia were the only findings on her physical examination. Her Mini 

Mental State Examination (MMSE) score was 18/30, 9 points below expected for her age 

and schooling; the CERAD neuropsychological battery showed severe compromise of verbal 

(5 points below expected in the recall of the CERAD word list) and non-verbal memory. The 

patient also had mild anomia and her verbal fluency was below expected. Her executive 

function, attention, praxis and visual perceptual skills were also impaired. She wasn’t able to 

copy the Rey-Osterrieth complex figure. Her score for the Functional Assessment Staging 

Test (FAST) was 5, equivalent to moderate dementia. The next clinical evaluation was 

performed when the patient was 62 years old. She scored 9/30 in the MMSE but was unable 

to comprehend the other tests. Her FAST score was 6e, equivalent to moderately severe 

dementia. The patient became bedridden when she was 64 years old; she was incontinent, 

aphasic, and completely dependent for activities of daily living. She had frequent myoclonus 

and tonic-clonic seizures with partial response to valproic acid. The patient died at the age of 

70 due to sepsis from infected pressure ulcers. Genetic testing of the patient identified a 

Thymine to Cytosine transition in exon 11 NM_000021.3: c.1247T>C (p. Ile416Thr). This 

missense variant affects a highly conserved residue in the eighth transmembrane domain of 

Presenilin1 (Figure 2). Every computational prediction algorithm checked predict 

deleteriousness, which included a CADD PHRED score of 25.9, a 99.8% conservation score 

by phyloP in 100 vertebrates, a 98.6% rankscore by GERP, and deleterious prediction by 

SIFT, PolyPhen2 HDIV and HVAR, MutationTaster, FATHMM, MetaSVM, PROVEAN, 

and REVEL. The high level of conservation at this site, the predicted damage likely due to a 

change from a hydrophobic to a polar amino acid in the transmembrane domain, 

compounded by the location of the variant near a splice site all supported pathogenicity. This 

variant was initially classified as Unknown clinical significance; it had not been registered in 

the NCBI database and lacked a refSNP (rs) number.

3.2. DEMOGRAPHICS AND MEDICAL EVALUATION

A total of 93 family members, including the proband, were evaluated (Figure 1). Twenty-six 

(27.9%) participants were identified as carriers of the Ile416Thr variant. The majority of 

them were women (59.2%), but the male:female ratio was similar in carriers compared to 

non-carriers. Most members of the kindred (71%) were born in Girardota, a small town 

located in the state of Antioquia (6°22 ‘37”N 75°26 ‘46’O), northwest of Colombia. Most of 
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the population had at least one year of formal education (73.1%), but only 21.5% had 

completed high school, which affected their proficiency in some neuropsychological tests 

(complete demographics are in supplemental table 1).

After medical and neuropsychological evaluation four participants were diagnosed with MCI 

and eight participants with dementia; 37.5% were in early stages (CDR 1), 25% were in 

moderate stage (CDR 2) and 37.5% were severely demented (CDR 3), all of them were later 

confirmed as heterozygous Ile416Thr carriers. Symptomatic carriers had a mean age at onset 

of 42.35 years old (S.D. 6.28) for memory complaints, 47.6 years old (S.D. 5.83) for MCI, 

and the mean age of onset of dementia was 51.6 years old (S.D. 5.03) (Figure 3). Eight older 

healthy controls (≥55 years) did not carry the variant. As the variant co-segregated with the 

disease in three or more cases within the family it was classified as definite pathogenic 
according to the Guerreiro algorithm [24]. Two cognitively normal Ile416Thr carriers had 

PET-Amyloid and PET-Tau scans with evidence of preclinical amyloid plaques and tau 

accumulation while an age-matched non-carrier control did not show this pathology (Figure 

4). The cerebral pattern of beta-amyloid deposition in the carriers resembled that found in 

clinically affected individuals who are at risk for late-onset Alzheimer’s disease and other 

cases of AD-causing PSEN1 mutations [6] and the PET-Tau scans resembled those 

previously reported [23]. The findings include preferential PiB binding in posterior 

cingulate, precuneus, parietotemporal, frontal, and basal ganglia regions. Elevated levels of 

FTP binding in medial temporal lobe regions were evident within the context of increased 

amyloid pathology, before estimated years to symptom onset [23].

Depression and anxiety were more frequent in carriers than in non-carriers, and more 

prevalent in those with MCI and dementia when compared to asymptomatic carriers (Table 

1). Other neuropsychiatric symptoms such as delusions, hallucinations and insomnia were 

also reported and the neuropsychiatric inventory scores [25] were higher as the disease 

progressed. Myoclonus and bilateral tonic-clonic seizures were frequent in early stages as 

well as in patients with severe dementia (CDR 3). Neuropsychological assessment identified 

amnestic as the most common type of MCI. Patients with dementia had a relatively better 

performance in language and attention than praxis and executive function (supplemental 

table 2).

3.3. ZYGOSITY MAPPING

To assess genetic variants associated with the phenotype in an unbiased manner, we 

performed zygosity mapping and calculated a LOD score assuming 100% penetrance and 

100% concordance between genotype and phenotype (see methods for formula) using whole 

genome data filtered strictly for quality (see methods for filtering criteria) for 10 

symptomatic individuals and one asymptomatic family member past the latest age of onset 

(≥55 years). These 11 individuals yielded 215,030 variants meeting strict quality filters 

spread approximately evenly across the genome. The goal in selecting very high-quality 

variants (including presence in 1000 genomes at least once) was not to identify the mutation 

itself, but rather to identify ancestral variants in the haplotype that flank the mutation that are 

high quality reliable indicators. We filtered for variants with a genotype consistent with 

phenotype, i.e. a homozygous reference in the asymptomatic individual past the age of 
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onset, and a heterozygous variant in all 10 symptomatic individuals (consistent with our 

assumption that the causative variant is dominant and 100% penetrant). This filter yielded 

249 variants with 223 variants on chromosome 14 and with 222 variants lying between 62 

MB and 76 MB, which is highly enriched by Fisher’s exact for variants on chromosome 14 

(*p<0.0001, OR=223, OR 95% CI = 112-∞) when compared to 249 variants randomly 

distributed across the genome. On average, 9 out of 249 variants would be expected on 

chromosome 14 if a set of 249 variants were distributed at the same ratios of numbers of 

variants per chromosome for the unfiltered set of 215,030 variants meeting the original 

criteria (Figure. S1). When the calculation was restricted to the 11 individuals with whole 

genome sequencing data available, the LOD score was 3.3 at concordant sites (equivalent to 

a p value of 0.00049). As the Ile416Thr carrier status was also known in two additional 

symptomatic individuals and seven additional healthy individuals beyond the latest age of 

onset without whole genome sequencing data available, a total of 20 informative individuals 

could be used for LOD calculation, which yielded a LOD score of 6.0 given the stated 

assumptions for LOD calculation in the methods (equivalent to a p value of 9.5×10−7), 

providing strong evidence for linkage of this site to phenotype (3 orders of magnitude above 

the typical genome-wide LOD score cutoff of 3). No disease-associated variants in TREM2, 

SORL1, or ABCA7 were observed in the 10 carriers past age of onset with WGS data, and 

there was no detectable contribution of APOE E4 alleles to modify age at onset 

(Supplemental table 3).

The Ile416Thr variant had not been documented in disease specific or large population 

databases such as the Genome Aggregation Database (gnomAD) of 138,632 individuals 

(17,210 of Latin American ancestry) [26] (gnomAD; http://gnomad.broadinstitute.org), the 

1000 Genomes Project [18] (1000G; http://www.internationalgenome.org/), the TOPMed 

database (62,784 individuals), UK10K, or ESP6500 suggesting the possibility of a founder 

effect. One caveat is that the admixture in Colombia has rare variants African and Native 

American ancestries. Combined with the isolation of this group in Antioquia, more rare 

variants may cluster in this group by chance. However, the absence of this variant in over 

200,000 healthy individuals in population databases and segregation of the mutation with the 

disease phenotype is strong evidence for pathogencity.

The criteria set forth by the American College of Medical Genetics (ACMG) is intended to 

assess the pathogenicity of gene variants [27]. The segregation of the variant with the illness 

is scored as strong evidence (PP1S), the absence in population databases is scored as 

moderate evidence (PM2) and computational deleteriousness prediction is scored as 

supporting evidence (PP3). As noted in [28] mutations in the transmembrane domain similar 

to Ile416Thr mutation described here are likely to confer functional impairment.

3.4. ORIGIN OF THE MUTATION

MDS analysis suggested a primarily African and European admixed ancestry for this family 

(Figure. S2). The haplotype structure around the Ile416Thr variant, after phasing the 

genotype data for 22 Ile416Thr variant carriers and nine non-carriers (n = 31 family 

members), identified a 16 SNP, 86.7 kilobase haplotype shared by all carriers spanning most 

of PSEN1. This haplotype encompassed the PSEN1 disease variant locus and was absent in 
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all non-carriers (Figure 5). Therefore, it seems likely that the mutation occurred on this 

haplotypic background. All Ile416Thr carriers were heterozygous for 16-SNPs on the same 

strand as the mutation, which further supports that the pathogenic variant occurs on this 

haplotypic background. To identify the ethnic ancestry of the shared haplotype, we queried 

phased genotype data from participants in the reference populations of the 1000 Genomes 

Project. This background haplotype was observed in 25 individuals of African or admixed 

African ancestry in the 1000 Genomes Project (Supplemental Table 4), all of whom did not 

carry the mutation. The haplotype occurred most frequently in Gambian individuals (n = 6; 

2.7% frequency in Gambian population). Interestingly, this haplotype was not observed in 

any European or Asian reference populations. Furthermore, the three SNPs most proximal to 

Ile416Thr in the shared haplotype (rs362375, rs177413, and rs17126104) occur most 

frequently in African populations, with rs362375 and rs17126104 found almost exclusively 

in these populations. Together, these results suggest that the Ile416Thr pathogenic variant 

occurs on a haplotypic background that is African in origin.

4. DISCUSSION

This study describes a private PSEN1 (Ile416Thr) mutation leading to early onset clinical 

Alzheimer’s disease in a large family. So far, we have registered 26 carriers of the Ile416Thr 

variant, 14 of them were in pre-symptomatic stages of the illness. Individuals with MCI had 

an amnestic profile and depressive symptoms are frequent. In the dementia stage, most of 

the patients have myoclonus and seizures at late stages of disease. As of today more than 

200 variants in PSEN1 gene have been described [3], including another private mutation, 

Glu280Ala, which affects 25 related families with a total of 6000 individuals. Interestingly, 

both families come from different but nearby towns in the state of Antioquia, Colombia.

A founder from the Iberian peninsula was reported as the origin of the Glu280Ala mutation 

[29], and as described here, a founder from Africa gave rise to the family with the Ile416Thr 

mutation. These vastly distinct geographic origins highlight the complex genetic admixture 

of contemporary Colombians. Whereas the Colombian population is a three-way admixture 

of European, Amerindian and African populations [30], the proportions of the admixture 

show great variation over relatively small geographic sectors [31]. Therefore, the fine 

structure of the population, defined as the mapping of familial genetic features onto the 

geographic locales where families reside, reflects specific population histories. Because this 

admixture occurred over a relatively short time period—less than 500 years—the historical 

genetic imprint has remained readily detectable. Further marking the historical genetic trace 

was the tendency, until very recently, for low geographic mobility among the progeny of the 

founder populations.

Consistent with the historic record, the family harboring the Ile416Thr mutation arose from 

a mini-population bottleneck. Girardota is located in a distinct geographic sector known as 

“Tierras del Río Abajo” or Lands of the Lower River, just north of the modern Antioquia 

capital, Medellín. The region, where currently the towns Girardota and Copacabana are 

located, was legally designated Río Abajo in 1598 and the town which came to be known as 

Girardota (originally Hatogrande) was founded in 1620. This location created a degree of 

geographic isolation from surrounding population groups. In 1665, 103 slaves imported 
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from Guinea, Angola, Congo and Cabo Verde were recorded in treasury of the Municipality 

of Girardota [32]. As the anti-slave movement took root, many of these individuals fled to a 

mountainous location in the region and were further isolated. The genetic findings, in which 

the mutation lies within a unique haplotype, fit well with the historical record of the region. 

This novel PSEN1 mutation supports the view that founder effects and genetic drift can 

explain the contemporary geographic dispersion of these rare early-onset Alzheimer 

mutations.

The well-defined age at onset and the moderately large size of the family are ideal for future 

prevention trials as appropriate pharmacological interventions emerge. Both the Ile416hr 

family reported here and the very large Glu280Ala family have similar ages at onset. The 

progression of disease is similar to the extensively studied progression of patients with 

Glu280Ala mutation, the largest known family with genetic AD, and for which there is 

extensive data about the neuropsychological performance in different stages of the illness 

[9,33].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

• PSEN1 variant Ile416Thr is pathogenic and causes early onset Alzheimer’s 

Disease

• Dementia in PSEN1 Ile416Thr carriers occurs in the 6th decade of life

• This variant likely originated as consequence of a mini-population bottleneck

• The family haplotype supports the historical African influence in the region

• Founder effects and genetic drift can explain the geographic dispersion of rare 

mutations
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Systematic Review

The full extent of familial Alzheimer’s disease (AD) remains poorly delineated and large 

families with early onset familial disease have been particularly informative. PSEN1 

Ile416Thr variant has not been reported in PubMed or human genome databases.

Interpretation

PSEN1 Ile416Thr is a novel variant that is likely pathogenic by ACMG criteria and 

definitely pathogenic according to the Guerreiro algorithm. The phenotype of this family 

supports the recognized clinical description of families with genetic AD. Their genetic 

background extends the world-wide haplotypic backgrounds on which these mutations 

occur, in this case, to an uncommon African haplotype. The geographic location of the 

family and the genetic observations are consistent with historical records of former slave 

settlements.

Future Directions

Genetic analyses of smaller families with familial AD that live throughout this region will 

provide a comprehensive picture of the genetic burden of neurodegeneration in the region 

and the influence of the genetic background in admixed populations.
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Figure 1. PEDRIGREE OF THE FAMILY.
The diagram represents the extended family, square for male and circle for female. 

Individuals with MCI and dementia have been classified as symptomatic and are represented 

as filled icons, empty icons represent asymptomatic individuals. Individuals from whom we 

have information but died before the study were represented as deceased (crossed out). All 

93 participants in the study were labeled with age at onset for MCI (if applicable), age at 

onset for Dementia (if applicable), and age at the clinical evaluation. If the age at onset was 

unknow the data was labeled as Not Available (NA). The symptomatic individuals from the 

V generation met the MCI criteria, but none of them met dementia criteria, therefore AAO 

for dementia was not registered.

MCI: Mild cognitive impairment, AAE: age at examination, NA: data not available

* Individual with whole genome sequencing data, + Individual used for zygosity mapping.
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Figure 2. 
A: schematic representation of Preselenin 1 in the cell membrane. Residues that have 

variants known to cause Alzheimer’s disease are represented with a red border [3]. Residue 

416 in TM VIII is colored in red. TM: Transmembrane

B: Color chromatogram depicting the missense variant in the PSEN1 gene.

C: Alignment of PSEN1 ortologs (uniprot.org). Residue 416 is highlighted in yellow.

* Residues that are conserved among the 5 species.

• Residues that are conserved at least in 4 species.
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: Residues that are conserved at least in 3 species.
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Figure3. AGE DEPENDANT COGNITIVE DECLINE IN CARRIERS AND NON-CARRIERS.
FAST: Functional Assesment Staging Tool. FAST score was converted into a linear scale, 

where 6a corresponds to 6, 6b to 7 and so on until 16.

Lineal and curvilinear models were used to represent, in non-carriers and carriers, 

respectively, the relation between the FAST (A) and the Minimental State Examination 

(MMSE) score (B) and the age at assessment (in years) centered at 40 years (mean of all 

data). Individuals with overlapping ages and scores were represented as a single point.
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Model for non-carriers FAST: Expected mean FAST= 1.43+0.016agecentered. CI95% 

Intercept (1.314 – 1.546). CI95% agecentered coefficient (0.008-0.023).

Model for carriers FAST: Expected mean FAST= 1.69+0.16agecenterd+0.0064agecenterd2. 

CI95% Intercept (0.651 – 2.723). CI95% agecentered coefficient (0.099-0.223). CI95% 

agecentered2 coefficient (0.002-0.010).Model for non-carriers MMSE: Expected mean 

MMSE= 27.3 to 0.099agecenterd. CI95% Intercept (26.68 to 27.90). CI95% agecentered 

coefficient (−0.139 to −0.058). Model for carriers MMSE: Expected mean MMSE= 

27.2-0.46agecenterd-0.02agecentered2. CI95% Intercept (24,778 to 29.580). CI95% 

agecentered coefficient (−0.603 to −0.307). CI95% agecentered2 coefficient (−0.028 to 

−0.006).
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Figure 4. SPATIAL PATTERNS OF [11C] PIB AND [18F] FTP BINDING IN ILE416THR 
PSEN1 MUTATION CARRIERS.
PET maps are shown for two cognitively unimpaired carriers (MMSE>27) and one age-

matched non-carrier family member. Sagittal PiB DVR maps are shown on the left, and 

sagittal FTP SUVR maps are presented on the right. Images are displayed in standardized 

atlas space, along with whole-brain surface renderings, with a left hemisphere view. Row A) 

A cognitively unimpaired carrier with high cortical amyloid (DVR=1.39) and with FTP 

binding in entorhinal cortex (SUVR=1.35). B) A cognitively unimpaired carrier with higher 

cortical amyloid (DVR=1.41), and FTP binding in entorhinal cortex (SUVR=1.12). C) An 

age-matched unimpaired non-carrier with low amyloid by PiB PET (DVR=1.10) and low 

FTP binding in entorhinal cortex (SUVR=1.11).

PET: positron emission tomography, MMSE: Minimental State Exammination, PiB: 

Pittsburgh Compound B , DVR: Distribution volume ratio, FTP: Flortaucipir, SUVR: 

Standardized uptake value ratio.
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Figure 5. IDENTIFICATION OF AN ILE416THR-ASSOCIATED HAPLOTYPE IN THE 
COPACABANA FAMILY.
Haplotype analysis of phased genotypes from 22 Ile416Thr variant carriers and 9 non-

carriers (n = 31) identified seven haplotypes composed of 16 single nucleotide 

polymorphism (SNPs) spanning 86,664 base pairs on chromosome 14. This haplotype 

spanned exons 4 – 12 of PSEN1, including the Ile416Thr variant (last amino acid of exon 

11, and exons 1 - 10 of PAPLN. The combination of alleles for all 16 SNPs in each of the 

seven identified haplotypes are provided in the table in the top panel. A single copy of one 

haplotype was found exclusively in all variant carriers and was absent from all non-variant 

carriers (I416T+, last row of top panel table). Recombination rates are represented in 

centimorgans per megabase, and were obtained from the hg19 genetic map provided as part 

of the Eagle v2.4 package and. The red arrowheads point to the site of the Ile416Thr 

mutation. Freq: frequency.
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Table 1:
CLINICAL CHARACTERISTICS OF ILE416THR CARRIERS AND NON-CARRIERS.

Age at evaluation and age at onset are given as Mean and Standard Deviation. NPI-Q: Cummings 

Neuropsychiatric Inventory-Questionnaire IR: interquartile range CDR: clinical dementia rating. MCI mild 

cognitive impairment

Non-carriers Ile416Thr carriers

Total n= 67 Total n= 26 Asymptomatic n=14 MCI n=4 Dementia n=8

Age at onset NA NA NA 47.6 (5.8) 51.6 (5.0)

Age at evaluation 36.5 (14.3) 46.0 (14.4) 36.5 (12.0) 50.8 (3.8) 59.1 (8.7)

CDR

0 (None) 63 (94%) 14 (53,9%) 14 (100%) 0 0

0.5 (Questionable) 4 (6%) 4 (15.4%) 0 4 (100%) 0

1 (Mild) 0 3 (11.5%) 0 0 3 (37.5%)

2 (Moderate) 0 2 (7.7%) 0 0 2 (25%)

3 (Severe) 0 3 (11.5%) 0 0 3 (37.5%)

Depression symptoms 7 (10.4%) 8 (30,8%) 1 (7.1%) 1 (25%) 6 (75%)

Anxiety symptoms 0 6 (23,1%) 1 (7.1%) 1 (25%) 4 (50%)

Delusions 0 3 (11.5%) 0 1 (25%) 2 (25%)

Hallucinations 0 3 (11.5%) 0 1 (25%) 2 (25%)

Insomnia 0 4 (15.4%) 0 1 (25%) 3 (37.5%)

NPI-Q median (IR) 0 (4) 2,00 (10,50) 0,00 (6,25) 9,5 (21,00) 41(NA)

Myoclonus 0 5 (19.2%) 0 0 5 (62.5%)

Seizures 0 4 (15.4%) 0 0 4 (50%)

Traumatic Brain Injury 9 (13,4%) 2 (7.7%) 1 (7.1%) 1 (25%) 0

Headache 0 4 (15.4%) 1 (7.1%) 2 (50%) 1 (12.5%)

Alcoholism 2 (3%) 4 (15.4%) 1 (7.1%) 0 3 (37.5%)

Tobacco use 14 (20,9%) 11 (42.3%) 5 (35.7%) 2 (50%) 4 (50%)

Drug abuse 6 (9%) 2 (7.7%) 2 (14.3%) 0 0

Learning difficulties 11 (16.4%) 4 (15.4%) 3 1 0
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