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Abstract
Importance—Genetic variants associated with susceptibility to late-onset Alzheimer disease are
known for individuals of European ancestry, but whether the same or different variants account for
the genetic risk of Alzheimer disease in African American individuals is unknown. Identification
of disease-associated variants helps identify targets for genetic testing, prevention, and treatment.

Objective—To identify genetic loci associated with late-onset Alzheimer disease in African
Americans.

Design, Setting, and Participants—The Alzheimer Disease Genetics Consortium (ADGC)
assembled multiple data sets representing a total of 5896 African Americans (1968 case
participants, 3928 control participants) 60 years or older that were collected between 1989 and
2011 at multiple sites. The association of Alzheimer disease with genotyped and imputed single-
nucleotide polymorphisms (SNPs) was assessed in case-control and in family-based data sets.
Results from individual data sets were combined to perform an inverse variance–weighted meta-
analysis, first with genome-wide analyses and subsequently with gene-based tests for previously
reported loci.

Main Outcomes and Measures—Presence of Alzheimer disease according to standardized
criteria.

Results—Genome-wide significance in fully adjusted models (sex, age, APOE genotype,
population stratification) was observed for a SNP in ABCA7 (rs115550680, allele = G; frequency,
0.09 cases and 0.06 controls; odds ratio [OR], 1.79 [95% CI, 1.47-2.12]; P = 2.2 × 10–9), which is
in linkage disequilibrium with SNPs previously associated with Alzheimer disease in Europeans
(0.8<D'<0.9). The effect size for the SNP in ABCA7 was comparable with that of the APOE ε4–
determining SNP rs429358 (allele = C; frequency, 0.30 cases and 0.18 controls; OR, 2.31 [95%
CI, 2.19-2.42]; P = 5.5 × 10–47). Several loci previously associated with Alzheimer disease but not
reaching significance in genome-wide analyses were replicated in gene-based analyses accounting
for linkage disequilibrium between markers and correcting for number of tests performed per gene
(CR1, BIN1, EPHA1, CD33; 0.0005<empirical P < .001).

Conclusions and Relevance—In this meta-analysis of data from African American
participants, Alzheimer disease was significantly associated with variants in ABCA7 and with
other genes that have been associated with Alzheimer disease in individuals of European ancestry.
Replication and functional validation of this finding is needed before this information is used in
clinical settings.

Late-onset Alzheimer disease (LOAD) is the most common cause of dementia, increasing in
frequency from 1% at age 65 years to more than 30% for people older than 80 years.1 As
much as 20% of the disease-attributable risk is related to the ε4 variant in APOE.2 A series
of large genome-wide association studies (GWASs) identified several additional variants
that affect disease susceptibility in non-Hispanic whites of European ancestry, including
CR1, CLU, PICALM, BIN1, CD2AP, CD33, EPHA1, MS4A6A/MS4E4, and ABCA7.3-7 In
addition, SORL1 was identified as a susceptibility gene in candidate gene and functional
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studies.8,9 However, LOAD heritability estimates are high (h2 ≈60%-80%), and a large part
of the genetic contribution to LOAD remains unexplained.10

The incidence of LOAD among African Americans is higher than among whites living in
the same community,11 and the reported risk for the disease associated with APOE ε4
heterozygosity is inconsistent in African Americans compared with whites.12 African
Americans and other minorities are understudied, and it is unclear whether any of the
recently identified loci modify risk of LOAD in racial or ethnic groups other than whites.

To identify genetic variants associated with LOAD in African Americans, the Alzheimer
Disease Genetics Consortium (ADGC) performed a GWAS among the largest sample, to our
knowledge, of African Americans ever assembled for genetic studies of Alzheimer disease.

METHODS
Study Samples

Participants were recruited from several independent community-based case-control and
family studies of African Americans collected over a period of approximately 30 years
between 1989 and 2011.12-35 All participants underwent rigorous phenotyping for LOAD,
and diagnoses were made by National Institute of Neurological and Communicative
Disorders and Stroke–Alzheimer's Disease and Related Disorders Association criteria.36

Classification of participants as African American was based on self-report using the format
of the 1990 US census.37 A detailed description of the original cohorts contributing samples
is provided in the eMethods, available at http://www.jama.com. A glossary of terms used in
this article is provided in the BOX.

All participants provided written informed consent, and the data sets for the study were
approved for analysis by the relevant institutional review boards.

Censoring Age
Information on age at onset for case participants and age at examination or death for control
participants was available for most cohorts. However, surrogate age information was
available for other data sets including age at ascertainment (Indiana University), age at
diagnosis (Chicago Health and Aging Project [CHAP], Minority Aging Research Study/
Clinical Minority Core [MARS/CORE]), or age at death (subset of autopsy-confirmed
samples in the University of Miami/Vanderbilt University [UM/VU] cohort). Age at death
was used for autopsied participants. To restrict the analyses to case participants with LOAD,
persons younger than 60 years at last evaluation, symptom onset, or death were excluded.

Genotyping
GWAS genotypes were from a variety of Illumina arrays (eTable 1). For all data sets, case
and control samples were randomly plated to minimize potential batch effects. For the
Alzheimer Disease Centers, Adult Changes in Thought, National Institute in Aging–LOAD/
National Cell Repository for Alzheimer Disease (NIA-LOAD/NCRAD), UM/VU, CHAP,
Columbia University, and Mayo Clinic cohorts, APOE genotypes were based on haplotypes
derived from single-nucleotide polymorphisms (SNPs) rs7412 and rs429358. For the
MIRAGE and GenerAAtions cohorts, APOE genotypes were determined using the Roche
Diagnostics LightCycler 480 instrument (Roche Diagnostics)38 and LightMix Kit ApoE
C112R R158 (TIB MOLBIOL); for the University of Pittsburgh, Washington Heights
Columbia Aging Project, and Indianapolis cohorts, they were determined by
pyrosequencing39 or analysis of restriction fragment length polymorphisms40,41; for the
Religious Orders Study/Rush Memory and Aging Project (ROS/MAP) and MARS/CORE
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they were determined by high-throughput sequencing of codons 112 and 158 in APOE by
Agencourt Bioscience Corporation; for the Washington University samples they were
determined using a taqman-based assay from Applied Biosystems. Single-nucleotide
polymorphisms were annotated based on the National Center for Biotechnology Information
(NCBI) Reference Sequence database and the GRCh37/hg19 genome build; genes were
annotated using NCBI Entrez Gene accession number.

Quality Control Procedures
Single-nucleotide polymorphisms with minor allele frequencies (MAFs) less than 0.01, call
rates less than 98%, or not in Hardy-Weinberg equilibrium (P < 10–6 in controls) were
excluded. Participants whose reported sex differed from the sex assignment determined by
analysis of the X-chromo-some SNPs using PLINK version 1.07 (http://
pngu.mgh.harvard.edu/~purcell/plink/) were excluded. For cohorts genotyped on multiple
chips (MIRAGE, UM/VU), quality control was performed separately for the subsets of
individuals genotyped using different chips. Latent relatedness among participants within
and across the case-control cohorts was identified by the estimated proportion of alleles (π)
shared identical by descent (IBD) using PLINK. The proportion IBD is calculated by
estimating the probability of sharing 0, 1, or 2 alleles IBD for any 2 individuals (π = P [IBD
= 2] + 0.5 × P [IBD = 1], where P indicates probability). One participant from each duplicate
pair (π > 0.95) or relative pair (0.4 ≤ π < 0.95) was included in the sample used for
association analyses, prioritizing based on nonmissing disease status and then higher SNP
call rate. Relationships among individuals in the family-based cohorts (MIRAGE, NIA-
LOAD/NCRAD) were confirmed by pairwise genome-wide estimates of IBD allele sharing.
All discrepancies were reviewed with clinical and pedigree data to determine the most likely
relationship consistent with IBD estimates.

Population Substructure
Population substructure was evaluated in each cohort separately using EIGENSTRAT
(EIGENSOFT version 3.0) (http://genepath.med.harvard.edu/~reich/EIGENSTRAT.htm).42

First, genetic profiles for all participants in the case-control data sets and a group of
unrelated participants in the MIRAGE family-based data set were compared with those in
the HapMap reference panel of African Americans (African ancestry in the Southwest
USA), and outliers with respect to African American ancestry were removed from the
sample. Then, the data were reevaluated using EIGENSTRAT to derive loadings for the first
10 principal components. Principal component analysis was used to model for each assessed
marker ancestry differences in frequency between case and control participants. The
resulting information can be used to adjust for population substructure, which minimizes
spurious associations and maximizes power to detect true associations.

Genotype Imputation
Genome-wide imputation of allele dosages was performed using the June 2011 panel from
1000 Genomes build 37 for imputation of genotypes (http://www.1000genomes.org/
announcements/june-2011-data-release-2011-06-23) and the IMPUTE2 (http://
mathgen.stats.ox.ac.uk/impute/impute_v2.html) software applying strict prephasing,
preimputation filtering, and variant position and strand alignment control.43 The reference
panel used is a multi-reference panel specifically developed for imputation of nonwhite
populations and shown to impute genotypes in African Americans with high accuracy.43,44

Only imputed SNP dosages with an imputation quality estimate of R2 ≥ 0.50 were included
in the final SNP set for analysis.
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Association Analyses
Association of LOAD with genotyped and imputed SNPs (allele dosages) that had passed
quality control was assessed using logistic regression methods for case-control data sets and
logistic generalized estimating equations for family data sets as implemented in PLINK. All
analyses were performed using an additive genetic model (ie, genotyped SNPs were coded
0, 1, or 2 based on the number of minor alleles [with 0 being homozygous for the reference
allele, 1 being heterozygous, and 2 being homozygous for the minor allele], and imputed
SNPs were coded based on the posterior probability of the minor allele [0–2]). The primary
association analyses were adjusted for age, sex, and population substructure (using for each
cohort the appropriate number of principal components) (Table 1).

Results from the individual data sets were combined using an inverse variance–weighted
meta-analysis approach implemented in METAL (http://genome.sph.umich.edu/wiki/
METAL). The meta-analysis P value was estimated by the summarized test statistic after
applying a genomic control within each individual study. Heterogeneity of effect estimates
across data sets (I2) was tested with the χ2 distributed Q statistic.45,46 All analyses were
repeated adjusting for the number of APOE-ε4 alleles (0, 1, or 2). The threshold for
genome-wide significance was calculated as P ≤ 5 × 10–8, taking linkage disequilibrium
between markers into account. The genomic inflation factors (λ) for each model are
estimated based on the concept that apart from a small number of SNPs showing a true
association with the disease, the test statistics for other SNPs should follow the distribution
under the null hypothesis of no association and thus reflect cryptic population stratification,
relatedness, or genotyping errors. These factors were between 0.87 and 1.03, indicating that
there was no substantial inflation of the test statistics in either meta-analysis (eFigure 1). All
findings with P ≤ 10–6 in the fully adjusted model were compared with results obtained in
whites.5

Because of the a priori hypothesis of an involvement with LOAD, associations of SNPs in
previously reported LOAD genes (CR1 [NCBI Entrez Gene 1378], BIN1 [NCBI Entrez
Gene 274], PICALM [NCBI Entrez Gene 8301], CLU [NCBI Entrez Gene 1191], EPHA1
[NCBI Entrez Gene 2041], MS4A6A cluster [NCBI Entrez Gene 64231], CD2AP [NCBI
Entrez Gene 23607], and CD33 [NCBI Entrez Gene 945]), were analyzed with a versatile
gene-based association study (VEGAS47), adding 50 kilobases (kb) to each side. Gene-
based tests for association are a useful complement to GWASs, because gene-based tests
consider association between a trait and all SNPs within a gene rather than each marker
individually. Depending on the underlying genetic architecture, gene-based approaches can
be more powerful than traditional single-SNP–based GWASs, in particular if a gene
contains several SNPs with marginal levels of significance that are often indistinguishable
from random noise in the initial GWAS. For the specific gene assessed, VEGAS
incorporates linkage disequilibrium information from a set of reference individuals from
HapMap, determines the number of tagging SNPs, and calculates the empirical P value for
the gene by using simulations from the multivariate normal distribution.47 Accordingly, the
P value threshold for significance differs between genes depending on the linkage
disequilibrium structure and number of tagging SNPs assessed.

Strength of linkage disequilibrium—which is a measure of the association of 2 alleles at
different loci—between different SNPs observed in the same gene in this African American
sample and the white samples was determined by estimating D’. D’ ranges from 0 to 1, with
0 indicating no linkage (ie, fully independent transmission from parent to offspring) and 1
indicating perfect linkage (ie, completely linked transmission from parent to offspring)
between 2 markers. In contrast to R2, D’ is not influenced by differences in allele
frequencies between ethnic groups.
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RESULTS
We performed the GWAS using data from 1968 African American case participants with
LOAD and 3928 cognitively normal elderly control participants. Fifty percent of the cohort
had preexisting genome-wide genotyping, and another 1074 cases and 1908 controls were
genotyped specifically for this project. Several characteristics of the individual data sets are
shown in Table 1.

The final SNP set included a total of 17 332 474 genotyped and imputed variants. The
association with the lowest P value was with APOE (NCBI Entrez Gene 348). In models
adjusting for age, sex, and population stratification, numerous SNPs in the APOE region
were significant (eg, rs429358, P = 5.5 × 10–47) for association with LOAD. Excluding
SNPs in the APOE region, the strongest associations were observed for rs10247412 in
ELMO1 (NCBI Entrez Gene 9844) (odds ratio [OR], 0.66 [95% CI, 0.56-0.77]; P = 2.9 ×
10–7), rs885330 in SOX13 (NCBI Entrez Gene 9580) (OR, 1.25 [95% CI, 1.17-1.33]; P =
3.9 × 10–7), an intergenic SNP (rs145848414) at 174 014 114 base pairs on chromosome
5q35.2 that is not near any genes with a known function (OR, 2.03 [95% CI, 1.54-2.67]; P =
5.1 × 10–7), and rs115550680 in ABCA7 (NCBI Entrez Gene 10347) (OR, 1.78 [95% CI,
1.28-1.82]; P = 1.4 × 10–6). After adjustment for APOE, the associations with ELMO1 and
SOX13 SNPs diminished, whereas the association for rs115550680 in ABCA7 (OR, 1.79
[95% CI, 1.47-2.12]; P = 2.21 × 10–9) became stronger (Table 2). The association of
rs145848414 on chromosome 5q35.2 with LOAD also became stronger but did not fully
reach genome-wide significance (OR, 2.29 [95% CI, 1.69-3.09]; P = 6.9 × 10–8). The
increases in effect size were accompanied by decreases in P value, which were most
pronounced in the larger data sets (ADGC, CHAP, MIRAGE660, Indianapolis).

In African Americans, the SNP in ABCA7 (rs115550680) is in linkage disquilibrium with 2
other ABCA7 SNPs previously associated with LOAD at the genome-wide significance
level in non-Hispanic whites of European ancestry (rs3764650 [Hollingworth et al3] and
rs3752246 [Naj et al5], 0.8<D’ = 0.9) (Figure 1) and showed the same direction of effect.
The effect size for rs115550680 in ABCA7 (OR, 1.79 [95% CI, 1.47-2.12]; P = 2.21 × 10–9)
was comparable with that observed for APOE (OR, 2.31 [95% CI, 2.19-2.42]; P = 5.5 ×
10–47). Comparison of regional association plots for ABCA7 in this African American
sample and the non-Hispanic white sample described in Naj et al5 showed more widespread
associations among African Americans (Figure 2). Consistent with this finding, in this
African American sample, SNPs at 2 adjacent loci on chromosome 19p (GRIN3B [NCBI
Entrez Gene 116444] and HMHA1 [NCBI Entrez Gene 23526]) were associated with
LOAD at P ≤ 10–8 in the fully adjusted model (Table 2). ABCA7, GRIN3B, and HMHA1
span a 81-kb region on chromosome 19p and are in linkage dis-equilibrium (0.8<D'<0.95)
(Table 2). Further analyses conditioned on rs115550680 in ABCA7 revealed that the
associations in GRIN3B and HMHA1 were not independent (eTable 2)

The imputation quality (R^2) for rs115550680 in ABCA7, the significant SNPs in GRIN3B,
HMHA1, and the novel locus on chromosome 5q35.2 was high (0.87-0.99) across all data
sets included in the analyses (eTable 3). Forest plots (eFigure 2) indicated the consistency of
results across data sets. The ABCA7 SNPs previously reported in whites (rs37646503 and
rs37522465) did not reach genome-wide significance in this African American data set.
However, the MAFs for these 2 vari ants largely differ between populations of European and
African descent (MAF for rs3764650, 0.25 in African Americans and 0.11 in Europeans;
MAF for rs3752246, 0.04 in African Americans and 0.19 in Europeans). In turn,
rs115550680, significant in this African American data set, is monomorphic in Europeans.
However, as described above, the direction of effects of rs115550680, rs3764650, and
rs3752246 were similar.
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The susceptibility loci previously associated with LOAD in whites, which did not reach the
P value cutoff for genome-wide significance in this African American data set (CR1, BIN1,
PICALM, CLU, EPHA1, MS4A cluster, CD2AP, CD33), were further explored in gene-
based analyses adding 50 kb to both sides of each gene.3-7Table 3 shows the genes
significant in these gene-based tests and reports information on the number of tagging SNPs
assessed in each gene and the corresponding P value threshold needed to reach statistical
significance. After correcting for the number of independent tests per gene, SNPs in CR1
(rs146366639: OR, 0.82 [95% CI, 0.73-0.92]; empirical P = .0005), BIN1 (rs55636820: OR,
1.89 [95% CI, 1.31-2.75]; empirical P = .0007), EPHA1 (rs6973770: OR, 0.70 [95% CI,
0.56-0.87]; empirical P = .001), and CD33 (rs114282264: OR, 0.61 [95% CI, 0.47-0.81];
empirical P = .0007) were significantly associated with LOAD, although the most
significant SNPs differed from the top-ranked SNPs in Europeans.

DISCUSSION
To our knowledge, the present study is the largest GWAS for the study of LOAD in African
Americans ever assembled. Aside from SNPs associated with APOE, the top-ranked SNP
observed in this study was located in ABCA7 (rs115550680) and had an effect size
comparable with that of APOE ε4. This observation differs from the previous GWAS in
whites. The reported ABCA7 SNPs in non-Hispanic whites have lower effect sizes
(rs3752246: OR, 1.13 [95% CI, 1.03-1.25]; rs3764650: OR, 1.23 [95% CI, 1.17-1.28]),3,5 as
do all other genes reported in whites (CR1, BIN1, PICALM, CLU, EPHA1, MS4A cluster,
CD2AP, CD33).3-6

It remains possible that this could be attributable to population differences in the frequencies
of the causative variant(s) tagged by the associated SNPs (rs115550680 in ABCA7 is
monomorphic in non-Hispanic whites; the MAF for rs3752246 is 0.04 in African Americans
and 0.19 in non-Hispanic whites; the MAF for rs3764650 is 0.25 in African Americans and
0.11 in non-Hispanic whites) or the result of a bias in the estimated effect of a newly
identified allele on disease (also termed “winner's curse”).

However, it is also possible that the large difference between whites and African Americans
in the effect size of the ABCA7 locus on the relative odds of being diagnosed with LOAD is
explained by population-specific causative variants with variable influence on protein
structure or function. The linkage disequilibrium block in which rs115550680 is located
spans across several introns and exons (Figure 1), implying that rs115550680 is in dis-
equilibrium with exonic variants that could be potentially causative. Thus, although the
findings of this study require replication in an independent African American sample with
enough power to detect small ORs as well as functional confirmation, support for our
findings comes from the previous studies in whites observing ABCA7 as a risk locus in
Alzheimer disease, albeit with marginal effects.3,5

If validated by future replication and functional studies, identification of ABCA7 as a risk
gene in LOAD among African Americans not only may help elucidate the disease etiology
but also may have major implications for developing targets for genetic testing, prevention,
and treatment. ABCA7 is an integral transmembrane adenosine triphosphate–binding
cassette transporter that belongs to the ABC family proteins and that mediates the biogenesis
of high-density lipoprotein with cellular lipid and helical apolipoproteins.48 It binds
apolipoprotein A1 and functions in apolipoprotein-mediated phospholipid and cholesterol
efflux from cells.49

The findings of the current study suggest that lipid metabolism is a prominent pathway of
LOAD in African Americans. This is consistent with the fact that cardiovascular and
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cerebrovascular diseases are more prominent in African Americans than in non-Hispanic
whites.50 Moreover, dyslipidemia and cardiovascular and cerebrovascular diseases are well-
recognized risk factors for LOAD,51,52 and the LOAD-related genes SORL1, CLU, and
APOE are also involved in lipid metabolism. If confirmed, focusing on the role of lipid
metabolism in LOAD may have significant effects on disease management.

ABCA7 also affects the transport of other important proteins, including amyloid precursor
protein,49 through the cell membrane and is involved in host defense through effects on
phagocytosis by macrophages of apoptotic cells.48 Thus, there are multiple ways in which
ABCA7 might affect risk of LOAD.

Compared with the findings described in Naj et al5 among non-Hispanic whites, the area
including significant SNP associations in the ABCA7 region was broader in the African
American sample. It is possible that this broad region of association in African Americans is
attributable to a large, ancestral risk haplotype recently introduced by admixture with white
(“European”) Americans and has remained substantially intact within African Americans
because of the relatively short time since its introduction. In contrast, the risk allele may
exist on several different haplotypes in non-Hispanic whites (ie, may be older), only a subset
of which was introduced into the African American population.

In a previous study,5 the ADGC reported genome-wide associations for variants in MSA4,
CD2AP, CD33, and EPHA1 among individuals of white European ancestry. A cohort-based
consortium comprising whites from the United Kingdom, Europe, and the United States had
similar findings and first reported the association between SNPs in ABCA7 and Alzheimer
disease.3 Logue et al29 reported nominal significance for the ABCA7 SNP rs3764650
reported by Hollingworth et al3 in a well-characterized cohort of 513 African American
persons with Alzheimer disease and 496 cognitively normal controls. As described above,
the effect sizes for the association between ABCA7 and LOAD in these studies is small
compared with the effect size observed in the current study. In the current study CR1, BIN1,
EPHA1, and CD33 were replicated with significance in gene-based analyses. Differences in
disease-associated SNPs in these loci between the white and African American consortium
data sets also reflect differences in degree of variation and size of haplotype blocks, which
in turn is helpful in identifying the true causative variants.

This study has limitations. Because of the paucity of available African American data sets
for LOAD, we could not divide the assembled data sets into discovery and replication data
sets but rather used the ADGC white race data set for replication. Thus, this study requires
replication in an independent African American sample. In addition, we had limited power
to detect associations with small effect sizes and associations with rare variants. Although
all data sets included in the analytic sample used accepted clinical or pathological criteria to
define LOAD, phenotypic heterogeneity between samples may have limited our ability to
detect some associations.

In addition, the top-ranked SNP observed in ABCA7 was not directly genotyped but
imputed in all data sets. However, several facts make it unlikely that the observed
association was caused by imputation error. First, as stated above and shown in Figure 1,
rs115550680 is in linkage disequilibrium with the 2 ABCA7 SNPs reported by Naj et al5

and Hollingworth et al3 in non-Hispanic whites of European ancestry (rs3764650 and
rs3752246, 0.8<D’ = 0.9) that make this finding plausible. Second, the imputation quality
(R^2) of this SNP is high across all data sets (0.89<R^2<0.99) (eTable 3). Third, the MAF
of rs115550680 in our African American sample is 7%. Although in general the imputation
error rate increases with decreasing MAF, several recent studies suggest that SNPs with
MAFs less than 5% are especially prone to imputation errors.36 The recent study by
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Hancock et al,53 which specifically assessed genotype imputation performance using 1000
Genomes reference panels in African Americans, determined that the threshold for high
imputation lies at MAF 2% or greater, applying the software and reference panel used in the
present study.

The variant associations reported herein reflect a portion of the genetic influences of
common alleles on LOAD in African Americans. Among these, ABCA7 and APOE
genotype were the strongest risk factors that both substantially increased the risk of LOAD
(OR, 1.79 and 2.31, respectively). Identification of the genetic risk variants by resequencing
and validation by functional studies would allow refinement of risk estimates and diagnostic
and predictive testing protocols specific for African Americans.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Box. Glossary of Terms

Genome-wide analysis: A genetic study evaluating the potential linkage of genetic
markers located throughout the genome to a specific trait. This approach has been used
for mendelian (single-gene) disorders as well as complex traits (genome-wide association
study).

Haplotype: The combination of linked marker alleles (may be polymorphisms or
mutations) for a given region of DNA on a single chromosome.

Imputation: A statistical method for inferring genotypes that are not directly measured.

Linkage disequilibrium: Refers to alleles at loci close enough together that they remain
inherited together through many generations because their extreme close proximity
makes recombination (crossing over) between them highly unlikely.

For a complete list of genomic terms, see the Appendix in this issue.
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Figure 1.
Linkage Disequilibrium Pattern of Single-Nucleotide Polymorphisms in ABCA7 Based on
the HapMap Reference Sample (African Americans in the Southwest USA) and NCBI36/
hg18 Genome Build
Black arrows indicate single-nucleotide polymorphisms (SNPs) previously reported to be
associated with Alzheimer disease in whites3,5 (the top hit reported by Hollingworth et al
[rs3752228] may have changed if the entire cohort had been genotyped in stages 2 and 3).
Pink arrow indicates the location of rs115550680 associated with Alzheimer disease in the
present study.The SNPs shown in blue are not represented in HapMap. Kb indicates
kilobase.
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Figure 2.
Regional Association Plot of the ABCA7 Region (±100 Kilobases) in the African American
Sample and the White Sample Described in Naj et al5 Based on the GRCh37/hg19 Genome
Build
Dashed black line indicates the threshold typically applied in genome-wide association
studies for genome-wide significance (P ≤ 5 × 10–8).
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