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Demographic analysis (Table 1)
• After extensive QC, 1,138 samples were available to estimate 

overall allele frequency.
• 707 participants had both AD status and WGS genotype. 
• There were 572 sibships of size 1 to 11 (mean size 1.7 ± 1.1).

Genome-wide association study (Figure 2)
• Significant (p=2.8×10-13) associations in APOE region
• 13 other loci had suggestive associations (p<1×10-5)

Fine-mapping
• SuSiE identified at least one 95% credible set in 6 loci (F2RL1, 

ZNF322, ADAMTSL1, PDCD6IPP2, SMAD3, SMG3)  (Figure 4 
upper row)

• 3 loci (ZNF322, SMAD3, SMG3) contained at least one high-
confidence variant with a PIP > 0.5 (Figure 3 lower row)

• Among all 14 prioritized variants from these 3 loci, 9 had 
eQTL expression in brain tissues and 5 variants overlap with 
active regulatory elements in human brain (Table 2)

METHODS

INTRODUCTION

There are numerous genetic loci for Alzheimer Disease (AD), yet resolving 
these signals into specific causal variants remains a challenge. Fine-
mapping aims to identify the underlying potentially causal variants. We 
examined whole genome sequencing data and performed fine-mapping 
in the Midwestern U.S. Amish, a founder population which is better 
powered for discovery of previously unknown rare alleles that have risen 
to higher frequency due to genetic drift, as part of the Collaborative 
Amish Aging and Memory Project (CAAMP). 

Study population
• Amish families in Holmes County, OH and Adams, Elkhart and LaGrange 

Counties, IN (Figure 1)
• Participants were identified from published community directories, 

referral from other community members or due to close relationship 
with other participants. assays2

Phenotype definition
• The AD status was assigned via consensus review of medical history and 

neuropsychological testing.
• Covariates: age, sex, 2 principal components. 

Genome-wide association study
• Whole genome sequencing data from Illumina NovaSeq 6000 platform
• Only bi-allelic common variants (MAF >= 0.05) were included after 

extensive QC.
• A linear mixed model was used for the association test, adjusting for 

covariates and relatedness.

Fine-mapping
• In-sample LD matrices were constructed using the common variants 

(>5%).
• For each GWAS locus (±1MB from the most associated variant), used 

the SuSiE2 Bayesian framework to prioritize variants based on Posterior 
Inclusion Probabilities (PIP>0.5) and Combined Annotation Dependent 
Depletion (CADD)2 v1.7 scores.

• Prioritized variants were further integrated with GTEx3 v10 eQTL data 
and epigenomic annotations to identify putative regulatory 
mechanisms utilizing HaploReg4 v4.2 and AlphaGenome.

RESULTS
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CONCLUSION
We narrowed 13 broad signals down to 3 high-confidence 
defined sets of prioritized variants with supporting functional 
evidence of their role as causal drivers of AD. All 3 loci have 
been reported with some links to AD via immune system, 
synaptic function, intracellular membrane trafficking, and 
neuronal damage, though more studies are needed to fully 
understand their precise roles in AD. Use of this founder 
population further illuminates the genetic architecture of AD 
as we note that the mean frequency of effect alleles is 
increased 1% across all 14 prioritized variants and 22% in the 5 
variants in ZNF322 loci compared to TOPMED.
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Figure 2. GWAS results

Figure 1. The Collaborative Amish 
Aging & Memory Project (CAAMP) 

recruits from Amish communities in 
Holmes County, Ohio, Adams, Elkhart 

and LaGrange Counties, Indiana. Table 1. Participant characteristics by consensus diagnosis (CDX)
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Figure 3. Regional Manhattan plots for loci fine-mapped.
(A) F2RL1, (B) ZNF322, (C) ADAMTSL1, (D) PDCD6IPP2, (E) SMAD3, (F) SMG3

Table 2. CADD and GTEx eQTL and sQTL results


