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1. Summary and recommendations for data users  

Subjects from the Health and Retirement Study were genotyped in phases. This report details the quality control 

process for the set of genotyped samples collected in the 2012 wave of the HRS subjects (‘Phase 4’) as well as the 

combination of genetic data from Phases 1, 2, 3, and 4 (described in Section 6, below). For additional information 

about the quality control process for previously released genotyped data, please refer to the HRS website 

(https://hrs.isr.umich.edu/data-products/genetic-data), Genotype Data Version 1 (Phases 1 and 2) and Genotype Data 

Version 2 (Combined Phases 1-2 and Phase 3).  

Phase 4 includes a total of 3,329 study subjects genotyped on the Illumina HumanOmni2.5-8v1 array. The median 

call rate is 99.9% and the error rate estimated from 109 pairs of duplicated samples is 1.5 × 10−5. Genotypic data are 

provided for all subjects and SNPs. Generally, we recommend selective filtering of genotypic data prior to analysis 

to remove large (> 5 Mb) chromosomal anomalies showing evidence of genotyping error and to remove whole 

samples with an overall missing call rate > 2%. In this study, there are ten such anomalies and one sample had a 

missing call rate > 2%. Preliminary association test results are provided as an example of how to apply the filters. 

All SNPs are included in the association test results file, but we recommend that these be filtered according to the 

criteria specified in Table 1. A composite SNP filter is provided, along with each of the component criteria so that 

the user may vary thresholds. Additional specific recommendations are highlighted in the following document in 

italics.  

Please note: After all of the QC processes were completed, but prior to the data release, one participant was 

removed from the HRS sample. The final combined data contains 19,004 unique subjects (including HRS subjects 

and HapMap control subjects) and 2,249,576 SNPs. All of the following QC steps were done with this individual 

included except for the preliminary association analysis. The preliminary association analysis was done after 

removing that subject.  

2. Project overview  

Since 1992, the Health and Retirement Study (HRS, a cooperative agreement between the National Institute on 

Aging (NIA) and the University of Michigan) has been the largest, most representative longitudinal study of 

Americans over age 50. Built on a national probability sample with oversamples of minorities, it is the model for a 

network of harmonized international longitudinal studies of work, health, social, psychological, family and 

economic status through critical life transitions and trajectories related to retirement, economic security, health and 

function, social and behavioral function and support systems.  

HRS study design and sample selection  
The HRS is a nationally representative sample with oversamples of African-American and Hispanic populations. 

The target population for the original HRS cohort includes all adults in the contiguous United States born during the 

years 1931–1941 who reside in households. HRS was subsequently augmented with additional cohorts in 1993 and 

1998 to represent the entire population 51 and older in 1998 (b. 1947 and earlier). Since then, the steady-state design 

calls for refreshment every six years with a new six-year birth cohort of 51–56 year olds. This was done in 2004 

with the Early Baby Boomers (EBB) (b. 1948-53) and in 2010 with the Mid Boomers (MBB) (b. 1954–59).  

Core interview data are collected every two years using a mixed mode design, combining in-person and telephone 

interviews.  

In 2006, a random one-half of the sample was pre-selected to complete an enhanced face-to-face (EFTF) interview, 

which included a set of physical performance tests, anthropometric measurements, dried blood spot collection, 

salivary DNA samples, and a psychosocial self-administered questionnaire in addition to the core HRS interview. 

The sample was selected at the household-level. In 2008, an EFTF interview was conducted on the remaining half of 

the sample. Similarly, new cohort households for 2010 were randomly assigned into one of these two groups with 

half being asked to complete an EFTF interview in 2010 and the other half in 2012. Respondents who were not 

interviewed or did not consent to saliva collection in 2006 were reasked to contribute a sample in 2010; over 50% 

https://hrs.isr.umich.edu/data-products/genetic-data
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consented to do so.  Similarly, non-responders or consenters in 2008 were reasked in 2012. This data release 

includes respondents who consented to the saliva collection in 2006 (‘Phase 1’), 2008 (‘Phase 2’), 2010 (‘Phase 3’), 

and 2012 (‘Phase 4’).  Thus, Phases 1 and 2 include samples from HRS panel respondents while Phases 3 and 4 

include samples from the MBB cohort, an additional minority oversample enrolled in HRS in 2010, and panel non-

responders/consenters from 2006 and 2008.   

HRS phenotypic data  
Phenotypic data are available on a variety of dimensions. Health measures include self-reported doctor-diagnosed 

disease and some aspects of treatment, including medications, health insurance and utilization, smoking, drinking, 

height, weight, physical function, family characteristics and interactions, income, wealth and financial management, 

and job conditions. The HRS measures cognitive ability in several domains as well as depression. The study is 

supplemented with administrative linkages to Medicare and Medicaid claims files, providing diagnostic and 

utilization information. 

In addition to the core interview, HRS also conducts a number of supplemental studies, mainly in the form of mail 

and Internet surveys that are conducted between interview waves. These supplemental studies have been conducted 

since 1999 and have covered such topics as household spending, prescription drug use, diabetes treatment and self-

management, disability vignettes, parental investment in the human capital of their children and COVID-19.  

Beginning in 2006, the study added direct measures of physical function (grip strength, gait speed, balance, lung 

function), biomarkers of cardiovascular risk (blood pressure, total and HDL cholesterol, HbA1c, C-reactive protein 

and cystatin-C, height, weight, and waist circumference), and greatly expanded measurement of psychological traits 

(e.g., big 5 personality measures, affect, sense of control) and social networks.  

For this data release, body mass index was selected as an example trait. For the creation of this phenotype, BMI was 

calculated from measured height and weight from the HRS EFTF interview at the time of the DNA collection.  

Where measured height and weight were not available, self-reported height and weight from the DNA collection 

wave were used instead. Prior wave data were used where concurrent data was not available.  Random noise (a 

random number from a normal distribution) was added to each BMI measure and then the natural log was taken of 

the resulting sum.   

Researchers who wish to link to other HRS measures not included in this release will be able to apply for access 

from HRS. A separate Data Use Agreement (DUA) will be required for linkage to the HRS data. See the HRS 

website (http://hrsonline.isr.umich.edu) for details.  

3. Genotyping process  

DNA was extracted from saliva samples using Oragene. Thirty subjects who are duplicates from subjects genotyped 

in Phases 1-3 constitute cross-phase duplicate samples to be used for QC. The samples were genotyped in batches 

corresponding to 96-well plates. Each plate contained one to three HapMap controls, as well as an average of 1.9 

study sample duplicates.  

The DNA samples were genotyped at the Center for Inherited Disease Research (CIDR) using the Illumina 

HumanOmni2.5-8v1 array and using the calling algorithm GenomeStudio version 2011.1, Genotyping Module 

version 1.9.4 and GenTrain version 1.0. SNPs were then run through a zCall [1] pipeline to identify SNPs with 

possible heterozygous clusters which were not called by Illumina’s clustering algorithm. Manual review of SNPs 

was performed on SNPs with 1 or more possible new heterozygous points as defined by zcall and at least 4 total 

heterozygous points as well as all Y chromosome and mitochondrial SNPs. The SNP annotation used by CIDR is 

“HumanOmni2.5-8v1-1 C,” which uses genome build 37/hg 19.  

http://hrsonline.isr.umich.edu/
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4. Quality control process and participants  

Genotypic data that passed initial quality control at CIDR were released to the Quality Assurance/Quality Control 

(QA/QC) analysis team at the University of Michigan. The results presented here were generated with the R 

packages GWASTools [2] and SNPRelate [3], unless indicated otherwise. The methods of QA/QC used here are 

described by Laurie et al. [4].  

5. Sample and participant number and composition  

In the following, the term “sample” refers to a DNA sample and, for brevity, “scan” refers to a genotyping instance 

(including genotyping chemistry, array scanning, genotype calls, etc.).  

A total of 3,418 samples (including duplicates) from study subjects were put into genotyping production, of which 

3,406 were successfully genotyped and passed CIDR’s QC process (Table 2). The subsequent QA process identified 

four subjects who were unexpected duplicates with previously genotyped samples. The final set of scans to be 

posted include 3,402 study participants and 74 HapMap controls. The 3,402 study scans derive from 3,329 subjects 

and include 73 pairs of duplicate scans (Table 3). The 74 HapMap control scans derive from 38 subjects, of which 

36 are replicated twice. The study subjects occur as 3,317 singletons and six families of two members each. The 

study families were discovered during the analysis of relatedness (Section 9). The HapMap controls include nine 

trios (six of CEU and three of YRI).  

6. Combined Phases 1-3 and Phase 4 Dataset  

Subjects from the Health Retirement Study Phases 1-3 that were genotyped previously were combined with the 

current set of genotyped subjects (‘Phase 4’). A set of genotype data for 19,011 combined subjects was created, 

which includes 2,323,994 overlapping SNPs from the Illumina HumanOmni2.5-4v1 array (Phases 1-2 genotyping) 

the Illumina HumanOmni2.5-8v1 array (Phase 3 genotyping), and the Illumina HumanOmni2.5-8v1-1 array (Phase 

4 genotyping). 

Both Phase 1-2 and Phase 3 subjects were genotyped on the same array as the Phase 4 subjects but using a different 

version. Phase 1-2 and Phase 3 have been combined previously for a set of 15,708 subjects. There are 33,791 SNPs 

that are unique to that set, and 60,058 SNPs unique to the current array or previously dropped for QC reasons from 

the Phase1-3 combined data. Of the 2,331,681 overlapping SNPs, there are 7,687 SNPs with a different chromosome 

or position annotation and an additional 66,220 SNPs that had missing call rate=1 in at least one set of data 

(removed due to technical failure or QC of Phase 1-3 combined data).  All 73,907 of these SNPs are excluded from 

the combined posting, resulting in an overlap of 2,323,994 SNPs in common between the two sets of data with the 

same rsID, chromosome and position annotations (as well as non-missing data) included in the 

“SNP_annotation.csv” and “SNP_analysis.csv” files. However, probes are synthesized in different batches for 

different versions of the array so that synthesis artifacts (such as probe failure) may differ even for a SNP with the 

same annotation in all three array versions. 

The median cross-study duplicate discordance is 0.005% among the 68 duplicate samples (30 cross-Phase HRS 

subjects and 38 cross-Phase HapMap subjects). Figure 1 shows the discordance rate for each pair, in increasing 

order. Although there are four outliers, the discordance rate is still less than one percent. 

There are 8198 SNPs that had at least one discordant genotype call among the 68 cross-study duplicated samples. 

From our previous experience, we have determined that these SNPs should be excluded because they could cause a 

phase effect. To examine whether there was a phase effect after excluding the 8,198 discordant SNPs, a total of 

19,011 combined Phases 1-3 and Phase 4 study subjects were used for Principal component analysis (PCA). Figure 

2 shows the results for the first four eigenvectors, colored by phase. There is no division of the study samples by 

phase after excluding the set of 8198 discordant SNPs; thus they were excluded from all subsequent analyses. 
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7. Annotated vs. genetic sex  

To check annotated vs. genetic sex, we look at both X chromosome heterozygosity and the means of the intensities 

of SNP probes on the X and Y chromosomes. The expectation is that male and female samples will fall into distinct 

clusters that differ markedly in X and Y intensities. Figure 3 shows two distinct clusters, with three females falling 

outside the female cluster. There is one outlier female sample that has lower X intensity than regular female and 

similar Y intensity compared to other females. Further investigation confirms this subject is female XX/XO. There 

are two other outlier female samples that have higher X intensities than normal female. Those two subjects are 

XXX.  

8. Chromosomal anomalies  

Large chromosomal anomalies, such as aneuploidy, copy number variations and mosaic uniparental disomy, can be 

detected using “Log R Ratio” (LRR) and “B Allele Frequency” (BAF) [5, 6]. LRR is a measure of relative signal 

intensity (log2 of the ratio of observed to expected intensity, where the expectation is based on other samples). BAF 

is an estimate of the frequency of the B allele of a given SNP in the population of cells from which the DNA was 

extracted. In a normal cell, the B allele frequency at any locus is either 0 (AA), 0.5 (AB) or 1 (BB) and the expected 

LRR is 0. Both copy number changes and copy-neutral changes from biparental to uniparental disomy (UPD) result 

in changes in BAF, while copy number changes also affect LRR.  

To identify aneuploid or mosaic samples systematically, we used two methods. For anomalies that split the 

intermediate BAF band into two components, we used Circular Binary Segmentation (CBS) [7] on BAF values for 

SNPs not called as homozygotes. For heterozygous deletions (with loss of the intermediate BAF band), we identified 

runs of homozygosity accompanied by a decrease in LRR. See [8] for a full description and application of this 

method. All sample-chromosome combinations with anomalies greater than 5 Mb were verified by manual review of 

BAF and LRR plots.  

Figure 4 shows BAF/LRR plot for chromosome 3 in Sample A. The left part of this chromosome shows a normal 

pattern, with LRR centered at 0 and BAF bands at 0, 0.5 and 1 (corresponding to AA, AB and BB genotypes). On 

the right side, there is a split in the heterozygous band that is wide enough to cause genotyping errors. We interpret 

this anomaly as mosaic uniparental disomy due to mitotic recombination and we recommend filtering these 

genotypes.  

Figure 5 shows BAF/LRR plot for chromosome X in Female B. This chromosome shows a pattern consistent with 

trisomy, a split in the heterozygous band with positions at about 1/3 and 2/3, and elevated LRR. The blood cell 

karyotype of this subjects is XXX. 

Figure 6 shows BAF/LRR plot for chromosome 5 in Sample C, which shows a split in the heterozygous band in 

BAF with a decrease in LRR. This chromosome shows a pattern consistent with a mosaic deletion and we 

recommend filtering the SNPs in the anomaly for this sample 

Figure 7 show BAF/LRR plot for chromosome X in Sample D. In this chromosome, it appears that the split in the 

heterozygous band is so wide that it has merged with the homozygous bands. This is consistent with an XO or 

XX/XO mosaic karyotype.  

There were a total of 16 autosomal anomalies >5 Mb in length, 4 of which are recommended for filtering. In 

addition, there were 7 sex chromosome anomalies > 5 Mb in length, 6 of which are recommended for filtering. 

The breakpoints of all detected anomalies > 5 Mb in length are provided in the file “chromosome anomalies.csv.” 

Two PLINK files are provided: one with no filtering (“HRS_TOP_3475”), and one with genotypes in filtered 

anomaly regions set to missing (“HRS_TOP_3475_Filtered”). All the QC steps stated in this report was done before 

we filtered out the chromosome anomalies.  
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9. Relatedness  

The relatedness between each pair of participants was evaluated by estimation of the kinship coefficient (KC). The 

kinship coefficient (KC) for a pair of participants is  

𝐾𝐶 =  
1

2
𝑘2 +

1

4
𝑘1 

where k2 is the probability that two pairs of alleles are identical by descent (IBD) and k1 is the probability that one 

pair of alleles is IBD. Table 4 shows the expected coefficients for some common relationships. The KC can be 

plotted in relation to the proportion of SNPs with zero identical by state (IBS), that is, the proportion of SNPs with 

opposite homozygous genotypes, to distinguish pairs of samples with differing levels of relatedness.  

Subjects from the Phase 4 genotyping efforts were combined with previously genotyped Phases 1-3 in order to 

detect relatedness among Phase 4 subjects as well as relatedness across phases. As a result, 19,079 scans were used 

to detect relatedness, of which 3,371 are from the present Phase 4 genotyping. 

IBD coefficients were estimated using 366,830 autosomal SNPs that were in common (and non-discordant) between 

the Phase 4 and Phases 1-3 genotyping, and the KING-robust procedure [9], but implemented in R using the 

package SNPRelate. The SNPs were selected using linkage disequilibrium (LD) pruning from all SNPs that are 

autosomal, non-monomorphic, non-discordant in the two genotyping sets, and had missing call rate<5%, 

MAF>0.05, with the sliding window of 15Kb and  r2>0.1. KING-robust was used because it is robust to population 

structure, which is needed for this mixture of European, African and Hispanic Americans. KING-robust provides 

estimates of the kinship coefficient and IBS0 (the fraction of SNPs that share no alleles), from which relationships 

can be inferred. 

Figure 8 shows the detected relationships, color-coded by phase. The same plot is shown in Figure 9, color-coded by 

detected relationship type. All expected 7 Phase 1, 8 Phase 2, 15 Phase 3 and 38 HapMap duplicates were found, for 

a total of 68 duplicate pairs. There were four Phase 4 subjects that unexpectedly were duplicates of subjects 

genotyped with Phases 1-3. All four samples were dropped from the Phase 4 genotyping set. Additionally, of the 

corresponding four subjects in the Phases 1-3 set, two were dropped from the Phases 1-2 set in the combined dataset, 

and the identity of the other two were verified. We defined families so that each family includes all pairs of subjects 

connected by a KC>0.1. Within Phase 4, we found three pairs of full siblings and three pairs with half-sib-like 

relationships. In addition, we also identified 16 full-siblings, 2 parent-offspring and 13 half-sib-like pairs in which 

one participant was from Phase 4 and the other participant was from Phase 1-3. Thus, we created 37 new families. 

Moreover, one participant from Phase 4 was found to be related to all members of a previous identified family as 

well as an additional participant from Phase 1. As a result, that family was expanded. The relatedness of these 

subjects was confirmed by the Study Investigator.  

A second relatedness analysis was performed on just the Phase 4 subjects. All relationships found within Phase 4 

that were detected from the analysis combined with Phases 1-3 were confirmed in this analysis. 

The IBD coefficient estimates for the families are provided in the file “Kinship coefficient table.csv.” A full analysis 

of these data must take relatedness into account. For an analysis that assumes all participants are unrelated, we 

recommend selecting one subject from each family unit, using “unrelated” in “Sample analysis.csv.”  

10. Population structure  

To investigate population structure, we use principal components analysis (PCA), essentially as described by 

Patterson et al. [10], but implemented in R (SNPRelate package). We use PCA for two purposes: to identify 

population group outliers and to provide sample eigenvectors as covariates in the statistical model used for 

association testing to adjust for possible population stratification.  

PCA was run using three sets of study samples. Two runs included study subjects from Phase 4 genotyping only, 

both with and without HapMap controls. The Phase 4 runs included 3,329 study subjects from Phase 4 genotyping 
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with 1,118 HapMap controls, and 3,323 subjects when including only unrelated Phase 4 study subjects. One set 

included all subjects from Phases 1-3 and Phase 4 genotyping, for a total of 18,764 unrelated study subjects. 

It has been shown that it is often necessary to perform linkage disequilibrium (LD)-based or other pruning of the 

SNPs to be used for PCA, in order to avoid having sample eigenvectors that are determined by small clusters of 

SNPs at specific locations, such as the LCT, HLA, or polymorphic inversion regions [11]. Therefore, the SNPs used 

for PCA were selected by LD pruning from an initial pool consisting of all autosomal SNPs with a missing call rate 

< 5% and minor allele frequency (MAF) > 5%, and excluding any SNPs with a discordance between HapMap 

controls genotyped along with the study samples and those in the external HapMap data set. In addition, the 2q21 

(LCT), HLA, 8p23, and 17q21.31 regions were excluded from the initial pool. Three sets of SNPs were used, where 

one set was calculated using all SNPs overlapping between the Phases 1-3 and Phase 4 genotyping, the second set 

using the subset of the above SNPs that overlapped between Phase 4 genotyping and external HapMap controls, and 

the third set using the SNPs from Phase 4 alone. The LD pruning process, using Phases 1-3 and Phase 4 unrelated 

study subjects, selected 155,322 SNPs with all pairs having r2< 0.1 in a sliding 10 Mb window. Using Phase 4 and 

HapMap subjects, the LD pruning process selected 114,696 SNPs with all pairs having r2< 0.1 in a sliding 10 Mb 

window. When Phase 4 unrelated study subjects were used, the LD pruning process selected 173,438 SNPs in total. 

Figure 10 shows the PCA results using Phase 4 study subjects along with 1,118 HapMap3 subjects. Figure 10a 

displays a subset of study subjects only, and similarly Figure 10b shows the results for HapMap subjects only, for a 

less cluttered display of the results. As expected, the self-identified ‘White, not Hispanic’ study subjects generally 

cluster with the CEU and TSI HapMap subjects, although some (with Mexican American ethnicity) trail down 

towards the Asians. The self-identified ‘Asian’ subjects are clustered directly on the JPT and CHB HapMap 

subjects, and the self-identified ‘Black’ study subjects spread between the European HapMap and African HapMap 

subjects, tending towards the African HapMap subjects, in general. Subjects with Hispanic ancestry are mainly 

spread between the European and Asian HapMap controls.  

The analysis of all 3,323 unrelated Phase 4 study subjects, without HapMaps, is shown in Figure 11. In this analysis, 

we found study subjects to generally cluster with other subjects of the same self-identified ethnicity and race. Figure 

12 shows the percent variance accounted for by each eigenvector, which is relatively small for all eight eigenvectors 

shown. Eigenvector 1 accounts for about 5.4% of the variance, eigenvector 2 accounts for 1.6% of the variance, and 

the remaining eigenvectors account for less than 1%.  

Figure 13 shows the results when analyzing Phases 1-3 and Phase 4 study subjects together. Similar to Figure 11, 

study subjects generally cluster with other subjects of the same self-identified ethnicity and race. Self-identified 

‘White’ subjects span from the European cluster down towards samples with high Asian ancestry. Self-identified 

‘Black’ subjects range from samples with high African ancestry towards those with mostly European ancestry. 

Subjects of other ancestries are scattered throughout.  

To determine whether the LD-pruning effectively prevented the occurrence of small clusters of SNPs that are highly 

correlated with a specific eigenvector, we examine plots of the correlation of each SNP with each eigenvector. These 

plots are similar to GWAS “Manhattan” plots except that the Y-axis has the SNP-eigenvector correlation rather than 

an association test p-value. Figures 15 and 16 show these plots for the first 8 eigenvectors for the Phase 4 and 

combined Phases 1-3 and 4. No clusters of highly correlated SNPs are evident in these plots, indicating that each 

eigenvector is related to many SNPs distributed across all chromosomes.  

To determine which eigenvectors might be useful covariates to adjust for population stratification in association 

tests, we examine the scree plot for the PCA (Figure 12 for Phase 3 and Figure 14 for combined PCA) and the 

association of each eigenvector with the body mass index (BMI) phenotype (Table 11 for Phase 4 and Table 12 for 

the combined PCA). In both the Phase 4 and combined PCA runs, the scree plot shows that the fraction of variance 

accounted for falls off dramatically after the first component, while the association tests indicate a significant 

relationship between the BMI phenotype and the ninth eigenvector in both analysis (p =0.01 for Phase 4 and 0.03 in 

Phase 1-4). Thus, for the covariates used in the preliminary association tests described in Section 20, we choose to 

use eigenvectors 1-9.  
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11. Missing call rates  

Two missing call rates were calculated for each sample and for each SNP in the following way (and provided in files 

“SNP analysis.csv” and “Sample analysis.csv”). (1) missing.n1 is the missing call rate per SNP over all samples 

(including HapMap controls). (2) missing.e1 is the missing call rate per sample for all SNPs with missing.n1 < 

100%. (3) missing.n2 is the missing call rate per SNP over all samples with missing.e1 < 5%. In this project, all 

samples have missing.e1 < 5%, so missing.n1 = missing.n2. (4) missing.e2 is the missing call rate per sample over 

all SNPs with missing.n2 < 5%.  

In the Phase 4 study, the two missing rates by sample are very similar, with median values of 0.00067 (missing.e1) 

and 0.00052 (missing.e2). Figure 17 shows the distribution of missing.e1. There is one sample that has a missing rate 

greater than 2%. 

The two missing call rates by SNP are identical. Table 6 gives a summary of SNP genotyping failures and 

missingness by chromosome type. For SNPs that passed the genotyping center QC, the median value of missing.n1 

is 0.0287% and 97.32% of SNPs have a missing call rate < 1%.  

We recommend filtering out samples with a missing call rate > 2% and SNPs with a missing call rate > 2%.  

A missing call rate association with the trait of interest can lead to spurious genetic associations, since missingness 

is often nonrandom [12]. We tested for a such an association using linear regression of log10(missing.e1) on the 

BMI phenotype. The difference is not significant (p = 0.4308).  

12. Batch effects  

The Phase 4 samples were processed together in batches consisting of complete or partial 96-well plates. There is a 

highly significant variation among batches in log10 of the autosomal missing call rate (p < 2e − 16), but all plates 

have a low mean missing call rate (Figure 18).  

Another way to detect genotyping plate effects is to assess the difference in allelic frequencies between each plate 

and a pool of the other plates. We calculated the odds ratio from Fisher’s exact test for each SNP and each plate and 

then averaged these statistics over SNPs, using only study samples. The mean odds ratio was calculated as 

1/min(OR, 1/OR). This statistic is a measure of how different each plate is from the other plates. Figure 19 shows the 

mean odds ratio for each plates against the fraction of self-identified African American. We concluded that there are 

no problematic plate effects.  

13. Duplicate sample discordance  

Genotyping error rates can be estimated from duplicate discordance rates. The genotype at any SNP may be called 

correctly, or miscalled as either of the other two genotypes. If α and β are the two error rates, the probability that 

duplicate genotyping instances of the same participant will give a discordant genotype is 2[(1 − α − β)(α + β)+ αβ]. 

When α and β are very small, this is approximately 2(α + β) or twice the total error rate. Potentially, each true 

genotype has different error rates (i.e. three α and three β parameters), but here we assume they are the same. In this 

case, since the median discordance rate over all sample pairs is 2.91 × 10−5, a rough estimate of the mean error rate 

is 1.5 × 10−5 errors per SNP per sample, indicating a high level of reproducibility.  

Duplicate discordance estimates for individual SNPs can be used as a SNP quality filter. The challenge here is to 

find a level of discordance that would eliminate a large fraction of SNPs with high error rates, while retaining a large 

fraction with low error rates. The probability of observing > x discordant genotypes in a total of n pairs of duplicates 

can be calculated using the binomial distribution. Table 7 shows these probabilities for x between zero and seven 

and n = 109. Here we chose n = 109 to correspond to the number of pairs of duplicate samples for both Phase 4 

study and HapMap control samples from the current Phase 4 genotyping. We recommend a filter threshold of  > 2 

discordant calls because this retains > 97% of SNPs with an error rate < 10−3, while removing > 36% of SNPs with 

an error rate > 10−2 . This threshold eliminates 752 SNPs.  
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Figure 20 summarizes the concordance by SNP, binned by MAF. Figure 20a shows the number of SNPs in each 

MAF bin. Figure 20b shows the correlation of allelic dosage (r2), which is greater for SNPs with higher MAF. 

Figure 20c shows the overall concordance, which is very high for all SNPs. For SNPs with low MAF, we expect 

high concordance because these SNPs are most likely to be called as homozygous for the major allele and thus be 

concordant by chance. Figure 20d shows the minor allele concordance, which is the concordance among sample 

pairs with at least one copy of the minor allele (i.e., matches of major homozygotes excluded). This concordance 

measure is more reflective of true genotyping concordance for low MAF SNPs and the distribution is very similar to 

the correlation.  

14. Mendelian errors  

Mendelian errors were analyzed in the 9 trios of HapMap control subjects.  Only 0.20% of SNPs have any 

Mendelian errors and just 601 SNPs have more than one error. We recommend filtering out SNPs with more than 

one Mendelian error to avoid removing SNPs with an error in just one trio, which might be due to copy number 

variation or other chromosomal anomaly.  

15. Hardy-Weinberg equilibrium  

We calculated an exact test of Hardy-Weinberg equilibrium (HWE) using Phase 4 study subjects who are (1) 

unrelated, (2) have missing call rate < 2%, (3) self-identified non-Hispanic white and (4) fall within 2 SD of all self-

identified non-Hispanic whites for eigenvectors 1 and 2 in the PCA of all unrelated study subjects. Figure 21 shows 

quantile-quantile (QQ) plots for this HWE test.  

A second HWE test used Phase 4 study subjects who are (1) unrelated, (2) have missing call rate < 2%, (3) self-

identified black and (4) fall within 3 SD of all self-identified non-Hispanic blacks for eigenvector 1 and 2 SD for 

eigenvector 2 in the PCA of all unrelated study subjects. Figure 22 shows quantile-quantile (QQ) plots for this HWE 

test.  

Both autosomal and X chromosome SNPs deviate from expectation between 0.01 and 0.001, although the X is 

closer to 0.001 or smaller. The X versus autosomal difference has been observed in many other studies. The 

reason(s) for it are not clear, but appear to be unrelated to sample size, since the difference generally is observed 

even when only females are analyzed for autosomes.  

Deviations from HWE due to population structure are expected to result in an excess of homozygotes or a positive 

inbreeding coefficient estimate, calculated as 1− (number of observed heterozygotes)  / (number of expected 

heterozygotes). Figure 23 shows the distribution of the inbreeding coefficient estimates for all autosomal SNPs. The 

distributions are roughly symmetric with mean=0.0026 and median=-0.0006 (European), mean=0.0024 and 

median=-0.0031 (African). There does not appear to be an excess of positive coefficients. We conclude that most 

deviations from HWE result from genotyping artifacts, rather than population structure.  

Although the QQ plots show deviation of observed from expected p-values for autosomal SNPs between 0.001 and 

0.01, we suggest using a filter threshold of p = 0.0001 in either HWE tests because examination of cluster plots 

reveals good plots for many assays with p-values > 0.0001. This threshold is rather subjective, but we are reluctant 

to recommend a higher threshold that would eliminate many good SNP assays.  

16. Minor allele frequency  

Figure 24 shows the distribution of minor allele frequency (MAF) for Phase 4 unrelated study subjects. The 

percentage of all SNPs with MAF < 2% is 28.3% for the autosomes and 22.0% for the X chromosome.  
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17. Duplicate SNP probes  

The Illumina HumanOmni2.5-8v1.1 array, with version C annotation has 9,452 pairs of SNPs that occur in 

duplicate, as indicated by duplicated AlleleA ProbeSeq, TopGenomicSeq and/or genomic position and were not 

technical failure. Generally one member of the pair is from dbSNP, while the other is from 1000 Genomes. Most of 

these pairs have a very high level of concordance across the study samples. The numbers of pairs of duplicate SNPs 

with various levels of discordance are given in Table 9, along with the probability of observing each level given an 

assumed error rate (estimated as 1.5 × 10−5 overall SNPs for this study). A high level of discordance may indicate 

that the SNP has a high error rate or that the two members of the pair may not be assaying the same SNP.  

We recommend filtering out both members of each SNP pair with > 6 discordances because this is expected to 

eliminate only 8.5e-4% of the SNPs with an error rate of 0.0001, 54% of SNPs with error rate 0.001 and essentially 

all of the SNPs with error rate of 0.01. (This removes 126 pairs of SNPs.) We also recommend filters for SNPs 

involved in two annotation problems. (1) There are six duplicate SNPs that are triallelic, in which the minor allele 

in the dbSNP probe is not the same as the minor allele in the 1000 Genomes probe. (2) One 1000 Genomes probe 

has incorrect A/B allele coding relative to the probe sequences. Finally, we recommend filtering out one member of 

each pair with ≤ 6 discordant calls: the one with lowest missing call rate, since these provide redundant 

information. (This removes one member of each of the remaining 9,319 pairs.)  

Filtering information for the duplicated SNPs and the annotation problems is provided in the file SNP analysis.csv.  

18. Sample exclusion and filtering summary  

As discussed in Section 5, genotyping was attempted for a total of 3,418 samples, of which 3,406 passed CIDR’s 

QC process (Table 2). The subsequent data cleaning QA process identified 4 samples with unresolved identity 

issues. Therefore, 3,402 study scans are included for release from Phase 4.  

In the combined Phases 1-3 and Phase 4 dataset as described in Section 6, a total 15,708 scans that passed the Phases 

1-3 genotyping data cleaning process were combined with a total 3,367 scans genotyped in Phase 4 (Table 3). Two 

unexpected duplicates from Phases 1-3 were dropped as described in Section 9. Of the 30 Phase 1-3, and 38 

HapMap duplicate scans, scans from each pair were merged and the consensus call was kept for each SNP. This 

results in a HRS sample. Thus, a total of 19,004 subject scans is to be included for release. 

In general, we recommend filtering out large chromosomal anomalies associated with error-prone genotypes and 

whole samples with missing call rate > 2%. We also recommend filters for specific types of analyses, such as PCA, 

HWE and association testing as indicated in those sections of this report, which are provided in “Sample 

analysis.csv.” These filters generally include just one scan per subject (unduplicated) and one subject per family 

(unrelated). PLINK files are provided both with and without chromosome anomalies filtered for Phase 4 data. 

PLINK files with chromosome anomalies filtered are provided for Phase 1-4 data. 

19. SNP filter summary  

Table 1 summarizes SNP failures applied by CIDR prior to data release and a set of additional filters suggested for 

removing assays of low quality or informativeness in the Phase 4 study data. The suggested composite quality filter 

is provided as a TRUE/FALSE vector in the “SNP analysis.csv” file, which also has the individual quality metrics so 

that the user can apply alternative thresholds. The recommended filters remove 6.90% of the 2,391,739 SNP assays 

attempted. 

A SNP filter for the combined Phases 1-3 and Phase 4 dataset was also generated. The union of the Phases 1-3 and 

the Phase 4 filters were used, excluding the MAF filter. MAF was calculated for the entire set of combined samples 

together, and the monomorphic SNPs were filtered based on their MAF from the combined set. Table 10 

summarizes the SNP filters in the combined dataset. The recommended combined filter removes 12.08% of the 

overlapping SNP assays.  
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Regardless of what filters are applied to association test results, it is highly recommended to view SNP cluster plots 

for any SNPs of interest.  

20. Preliminary association tests  

A linear regression model was used to obtain preliminary association test results for the Phase 4 data. The sample set 

consisted of 3,321 unrelated study subjects with missing.e2 < 0.02. The BMI phenotype was regressed on each 

SNP’s genotype score (coded as 0, 1, or 2), with age, age squared, sex, and PCA eigenvectors 1-9 as covariates. In 

performing association tests for X-linked SNPs, male genotypes were coded as 0 and 2 (for BY and AY), whereas 

female genotypes were coded as 0, 1 and 2 (for BB, AB and AA). This coding seems appropriate to reflect the fact 

that, with X inactivation in females, the number of active alleles in homozygous females equals that in hemizygous 

males.  

A second linear regression test obtained association test results using the combined Phases 1-3 and Phase 4 samples, 

resulting in 18,710 unrelated study subjects with missing.e2 < 0.02. The BMI phenotype was regressed on the SNP 

genotype score, with age, age squared, sex and PCA eigenvectors 1-9 as covariates. An additional covariate of Phase 

was also included, where Phase 1-2, Phase 3, and Phase 4 were represented by two dummy variables.  

Figures 25 and 26 show the QQ plots for the likelihood ratio test of the SNP effect, with no SNP filter, with the 

recommended quality filter, and with the quality plus expected heterozygosity filter in each of the regression tests. 

The corresponding Manhattan plots are shown in Figure 27 and Figure 28. Both Figure 25 and 26 show some extent 

of genome wide inflation, which is probably due to the polygenic property of the phenotype. For the association 

analysis using combined sample, SNP rs1421085 with many nearby SNPs in the FTO gene on chromosome 16 reach 

genome-wide significance (p=1.01×10-11). The FTO gene, especially the top SNP, is known to have strong 

association with BMI in multiple studies13-15. Another SNP (kgp15644919) on chromosome 1 also reaches genome-

wide significance (p=4.55 × 10-8). This SNP is part of gene region 1p21.2. Numerous SNPs in the nearby region 

1p21.3 have been found to be associated with BMI 16-18.  

Cluster plots for the top 9 hits from the model using Phase 4 subjects are shown in Figure 29 and the top 27 hits 

from this model are provided in the file “assoc cluster plots.pdf.” Most of the SNPs in these plots show good 

clustering.  
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Appendix  

Project participants  
University of Michigan  

David R. Weir, Jessica D. Faul, Sharon L.R. Kardia, Jennifer A. Smith, and Wei Zhao 

 

Center for Inherited Disease Research, Johns Hopkins University  

Kim Doheny, Jane Romm, Michelle Zilka, Tameka Shelford, Hua Ling, Elizabeth Pugh, and Marcia Adams  

 

Genetics Coordinating Center, Department of Biostatistics, University of Washington (QC Phases 1-3) 

Caitlin McHugh, Stephanie M. Gogarten, Cathy Laurie, Bruce Weir and Quenna Wong 

 

National Institute of Aging 

Jonathan King, Georgeanne Patmios, and John Phillips 
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Table 1: Summary of recommended SNP filter. The number of SNPs lost is given for sequential application of the 

filters in the order given. The CIDR technical filters are described in the text. The first two rows of the table are 

informativeness metrics, while the remaining rows are calculated quality metrics. 

Filter SNPs lost SNPs kept 

SNP probes  2391739 

Intensity-only SNPs 0 2391739 

CIDR technical filters  17633 2374106 

MAF=0 97219 2276887 

Duplicate SNPs 9560 2267327 

Missing call rate >= 2% 31210 2236117 

>2 discordant call in 109 study duplicates 339 2235778 

> 1 Mendelian error 528 2235250 

HWE P-val 10-4 8332 2226918 

Sex difference in allelic frequency >0.2 305 2226613 

Sex difference in heterozygosity > 0.3 0 2226613 

Percent of SNPs lost due to quality filters 6.90%  
1 These numbers were calculated including the subject who was later removed from 
sample. 

 

 

Table 2. Summary of DNA samples and genotyping instances (scans) for Phase 4 

 Study HapMap Both 

DNA samples into genotyping production 3418 74 3492 

Failed samples -12 -0 -12 

Scans released by genotyping center 3406 74 3480 

Scans failing post-release QC 0 0 0 

Scans with unresolved identity issue 4 0 0 

Scans released 3402 74 3476 
1 These numbers were calculated including the subject who was later removed from sample. 

 

 

Table 3. Summary of numbers of scans, subjects and subject characteristics for Phase 4 

 Study HapMap Both 

Scans released 3402 74 3476 

Subjects 3329 38 3367 

Replicated subjects 73 36 109 

Families(N>1) 6 9 15 

Singletons 3317 11 3328 
1 These numbers were calculated including the subject who was later 

removed from sample. 
 

Table 4. Expected identity-by-descent coefficients for some common relationships 

k2 k1 k0 Kinship Relationship 

1.00 0.00 0.00 0.5 MZ twin or duplicate 

0.00 1.00 0.00 0.25 Parent-offspring 

0.25 0.50 0.25 0.25 Full siblings 

0.00 0.50 0.50 0.125 Half siblings/avuncular/grandparent-grandchild 

0.00 0.25 0.75 0.0625 First cousins 

0.00 0.00 1.00 0.00 unrelated 

 

Table 5 Summary of number of scans, subjects and subject characteristics from Phase 1-4  
Unique study  

subjects 

Unique HapMap 

subjects 

Study sample + 

HapMap subjects 

Phase 1-3 15618 88 15706 

Phase 4 3299 38 3337 

Phase 1-4 18917 88 19005 

Families 146 (299 individuals) 25 (75 individuals) 171 
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Singleton 18618 13 18631 

# of unrelated individuals 18764 38 18802 
1 These numbers were calculated including the subject who was later removed from sample. 

 

 

Table 6: Summary of SNP genotyping failures and missingness by chromosome type. A=autosomes, 

M=mitochondrial, U=unknown position, X=X chromosome, XY=pseudoautosomal, Y=Y chromosome. The row 

“SNP technical failure” gives the fraction of SNPs that failed QC at the genotyping center. The row “missing>0.05” 

gives the fraction of SNPs that passed QC at the genotyping center and that have a missing call rate (missing.n1) 

>0.05.  

 A M U X Y XY 

Number of probes 2331188 189 2222 51979 2026 4135 

SNP tech Failures 0.0064 0.0476 0.0842 0.0344 0.3282 0.0288 

Missing>0.05 0.0032 0.0056 0.0378 0.00002 0.0000 0.0030 
1 These numbers were calculated including the subject who was later removed from sample. 

 

 

Table 7. Probability of observing more than the given number of discordant calls in 109 pairs of duplicate samples, 

given an assumed error rate. The number of SNPs with a given number of discordant calls is shown in the final 

column. The recommended threshold for SNP filtering (in bold) is >0 discordant calls. 

# discordant calls 

Assumed error rate 

# SNPs 1.0e-05 1.0e-04 1.0e-03 1.0e-02 

>0 2.178e-03 0.0216 0.1959 0.8876 29063 

>1 2.351e-06 2.312e-04 0.0204 0.6394 2199 

>2 1.677e-09 1.653e-06 0.0014 0.3680 752 

>3 8.886e-13 8.750e-09 7.506e-05 0.1719 304 

>4 3.570e-16 3.673e-11 3.133e-06 0.0667 135 

>5 0 1.273e-13 1.082e-07 0.0219 64 

>6 0 4.003e-16 3.175e-09 0.0062 28 

>7 0 2.677e-17 8.080e-11 0.0016 20 

 

 

 

Table 8. Number of SNPs with Mendelian errors 

  

 

 

 

 

 

 

 

 

 

 

 

 

Table 9. Probability of observing more than the given number of discordant calls in 9,452 pairs of duplicate SNPs, 

given an assumed error rate. The number of SNP pairs with a given number of discordant calls is shown in the final 

column. The recommended threshold for SNP filtering (in bold) is >1 discordant calls. 

# discordant calls 

Assumed error rate 

# SNPs 1.0e-05 1.0e-04 1.0e-03 1.0e-02 

>0 0.0672 0.5011 0.9990 1 2463 

>1 2.307E-03 0.1541 0.9924 1 624 

>2 5.312E-05 0.0335 0.9694 1 276 

>3 9.191E-07 0.0056 0.9159 1 187 

>4 1.274E-08 7.604E-04 0.8229 1 158 

# Mendelian  

errors 

# SNPs 

1 4245 

2 315 

3 113 

4 39 

5 19 

6 2 

7 0 

8 2 

9 111 
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>5 1.471E-10 8.645E-05 0.6934 1 142 

>6 1.457E-12 8.460E-06 0.5433 1 126 

>7 1.266E-14 7.263E-07 0.3941 1 118 

>8 0 5.553E-08 0.2645 1 109 

>9 0 3.826E-09 0.1645 1 101 

>10 0 2.398E-10 0.0949 1 91 
1 These numbers were calculated including the subject who was later removed from sample. 

 

Table 10: Summary of recommended SNP filters for the combined Phase 1-3 and Phase 4 dataset. The union of the 

SNP filters for Phase 1-3 and Phase 4 are taken, along with MAF as calculated on the combined dataset. SNPs with 

at least one discordant call of 68 duplicates are filtered. The bolded number is the number of SNPs that were kept in 

the combined Phase 1-4 PLINK files.  

Filter SNPs lost SNPs kept 

SNP probes  2323994 

Technical failure in Phase 1-3 or Phase 4 66220 2257774 

>0 discordant call in 68 study duplicates 8198 2249576 

Quality filter in Phase 1-3 161507 2088069 

Quality filter in Phase 4 4679 2083390 

MAF=0 40107 2043283 

Percent of SNPs lost due to quality filters 12.08%  
1 These numbers were calculated including the subject who was later removed from sample. 

 

Table 11. P-values for linear regression of the BMI phenotype on each of the first ten eigenvectors separately from 

PCA using 3,321 unrelated Phase 4 study subjects  

 

Eigenvector P-value 

1 1.06E-09 

2 0.088639 

3 3.07E-10 

4 0.396824 

5 0.106631 

6 0.276504 

7 0.376405 

8 0.369376 

9 0.010679 

10 0.674934 
*Phase 4 has 3323 unrelated subjects, 1 subjects was removed due 

to missing call rate >0.02 and 1 subject was removed from the 

HRS sample after QC.  

 

 

Table 12. P-values for linear regression of the BMI phenotype on each of the first ten eigenvectors separately from 

PCA run using 18,710 unrelated Phase 1-4 study subjects 

 

Eigenvector P-value 

1 7.59E-47 

2 0.000646 

3 5.27E-35 

4 0.736435 

5 0.051004 

6 0.362707 

7 2.41E-07 

8 0.011164 

9 0.032356 

10 0.671224 
*Phase 1-4 has 18764 unrelated subjects, 53 subjects was removed 

due to missing call rate >0.02 and 1 subject was removed from the 

HRS sample after QC. 
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Figure 1. Duplicate sample discordance for 68 pairs of duplicates genotyped with Phase1-3 and Phase 4. The median 

discordance is 0.005%. 
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Figure 2: Principal component analysis of 19, 011 Phase 1-3 and 4 study subjects, colored by Phase, excluding 8,198 

SNPs with at least one discordant call in 68 cross-study duplicate pairs. Phase 1 subjects are shown in black, Phase 2 

subjects are colored red, Phase 3 subjects are colored green and Phase 4 subjects are colored blue. Axis labels 

indicate the percent variation accounted for by each eigenvector.  
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Figure 3: The X and Y intensities are calculated for each sample as the mean of the sum of the normalized intensities 

of the two alleles for each probe on those chromosomes. Sample sizes are given in the axis labels. X heterozygosity 

is the fraction of heterozygous calls out of all non-missing genotype calls on the X chromosome for each sample.  
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Figure 4: LRR and BAF plots for chromosome 3 in Female A. The left side shows a normal pattern. The right side 

has a split in the heterozygous band wide enough to cause some heterozygous SNPs to be called as homozygous. 

Color-coding is for genotype calls (orange=AA, green=AB, pink=BB, black=missing). The horizontal solid red line 

in both plots is the median value of non-anomalous regions of the autosomes, while the horizontal dashed red line is 

the median value within the anomaly.  
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Figure 5: LRR and BAF plots for chromosome X in Female B.This chromosome shows a pattern consistent with 

trisomy: a split in the heterozygous band with positions at about 1/3 and 2/3, and elevated LRR. Color-coding is for 

genotype calls (orange=AA, green=AB, pink=BB, black=missing). The horizontal solid red line in both plots is the 

median value of non-anomalous regions of the autosomes, while the horizontal dashed red line is the median value 

within the anomaly.  
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Figure 6: LRR and BAF plots for chromosome 5 in Sample C. This chromosome shows an interstitial split in the 

heterozygous band accompanied with a decrease in the LRR. Color-coding is for genotype calls (orange=AA, 

green=AB, pink=BB, black=missing). The horizontal solid red line in both plots is the median value of non-

anomalous regions of the autosomes, while the horizontal dashed red line is the median value within the anomaly.  
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Figure 7: LRR and BAF plots for chromosome X in Female D. This chromosome shows an XX/XO mosaic in which 

the heterozygous band has merged with the homozygous bands. Color-coding is for genotype calls (orange=AA, 

green=AB, pink=BB, black=missing). The horizontal solid red line in both plots is the median value of non-

anomalous regions of the autosomes, while the horizontal dashed red line is the median value within the anomaly.  
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Figure 8. IBD coefficients to estimate relatedness. Each point represents a pair of samples. This plot shows 1105 

pairs of Phases 1-3 and Phase 4 study participants and HapMap controls with an estimated KC>1/32, color coded by 

whether the pair of samples are both from the same phase, are cross-phase or are HapMap samples. The X-axis 

shows the proportion of SNPs with zero IBS(e.g., AA and BB), while the Y-axis shows the kinship coefficient. Grey 

horizontal lines show the expected values for duplicates (KC=0.5), parent-offspring and full siblings (KC=0.25), and 

second-degree relatives (KC=0.125) 



 

 

25 

 

 

Figure 9: IBD coefficients to estimate relatedness. Each point represents a pair of samples. This plot shows 1105 

pairs of Phase 1-3 and Phase 4 study participants and HapMap controls with an estimated KC >1/32, color-coded by 

detected relationship. In the legend, ‘dup’ stands for duplicates, ‘PO’ means parent-offspring pairs, ‘FS’ annotates 

full-isblings, ‘Deg2’ denotes second degree relatives and ‘U’ stands for pairs of subjects related at third degree or 

higher. The X-axis shows the proportion of SNPs with zero IBS (e.g., AA and BB), while the Y-axis shows the 

kinship coefficient. Grey horizontal lines show the expected values for duplicates (KC=0.5), parent-offspring and 

full siblings (KC=0.25), and second-degree relatives (KC=0.125) 
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Figure 10: Principal components analysis of 3329 study subjects with HapMap controls. Figure 10a shows just study 

subjects, and Figure 10b shows just HapMap subjects. Color-coding is according to self-identified race, while 

symbol denotes ethnicity (Mexican American, Other Hispanic or not Hispanic). Axis labels indicate the percentage 

of variance explained by each eigenvector.  
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Figure 11: Principal component analysis of 3,323 unrelated study subjects from Phase 4. Color-coding is according 

to self-identified race, while symbol denotes ethnicity (Mexican American, Other Hispanic or Not Hispanic). Axis 

labels indicate the percentage of variance explained by each eigenvector.  
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Figure 12: Scree plot for PCA shown in Figure 11 
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Figure 13: Principal component analysis of 18,764 unrelated study subjects from Phases 1-3 and Phase 4. Color-

coding is according to self-identified race, while symbol denotes ethnicity (Mexican American, Other Hispanic or 

Not Hispanic). Axis labels indicate the percentage of variance explained by each eigenvector.  
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Figure 14: Scree plot for PCA shown in Figure 12 
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Figure 15. SNP position versus correlation between SNP genotype (0, 1, 2) and each of the first 8 eigenvectors. 

These eigenvectors are from the PCA of all unrelated study subjects from Phase 4 
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Figure 15. Continued  
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Figure 16: SNP position versus correlation between SNP genotype (0, 1, 2) and each of the first 8 eigenvectors. 

These eigenvectors are from the PCA of all unrelated study subjects from combined Phase 1-3 and Phase 4. 
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Figure 16: Continued. 
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Figure 17: Histogram of the missing call rate per sample (missing.e1) 
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Figure 18: Boxplot of missing call rate for study samples categorized by genotyping plate. 
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Figure 19: Mean odds ratio from Fisher’s exact test of allele frequency plotted against fraction of self-identified 

African American samples per plate.  
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Figure 20: Summary of concordance by SNP over 109 duplicate sample pairs, binned by minor allele frequency. a) 

distribution of minor allele frequency, b) correlation of allelic dosage, c) overall concordance, d) minor allele 

concordance. 
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Figure 21: Quantile-quantile plots for –log10(p) from Fisher’s exact test of Hardy-Weinberg equilibrium in 

European-ancestry subjects. Plots in the left column show all SNPs, whereas those in the right column have the Y-

axis truncated to show more clearly the point of deviation from expectation. 
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Figure 22: Quantile-quantile plots for –log10(p) from Fisher’s exact test of Hardy-Weinberg equilibrium in African-

ancestry subjects. Plots in the left column show all SNPs, whereas those in the right column have the Y-axis 

truncated to show more clearly the point of deviation from expectation. 
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Figure 23: Distribution of estimated inbreeding coefficient for all autosomal SNPs. The values range from -1 to 1. a) 

European, all autosomal, b) European, truncated, c) African, all autosomal, d) African, truncated. 
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Figure 24: Minor allele frequency distribution across all unrelated Phase 4 study subjects 
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Figure 25; Quantile-quantile plots for preliminary association tests using Phase 4 subjects only. 

 

 



 

 

44 

 

 

 

 

Figure 26; Quantile-quantile plots for preliminary association tests using Phase 1-3 and Phase 4 subjects combined. 
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Figure 27: Manhattan plots for preliminary association tests using Phase 4 subjects only.  
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Figure 28: Manhattan plots for preliminary association tests using Phase 1-3 and Phase 4 subjects combined . 
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Figure 29: Genotype cluster plots for the top 9 SNPs from the preliminary association test after applying the quality 

and expected heterozygosity filters. 
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