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4. Rationale:

Circulating blood cell counts represent potentially important intermediate phenotypes for
a variety of cardiovascular, pulmonary, hematologic, and immunologic diseases. Recent
GWAS have begun to contribute to our understanding of the genetics of blood cell traits
in European-and African ancestry populations. The CHARGE, HaemGen, and COGENT
Consortia [1,2] have identified ~100 loci associated with blood cell traits including
hemoglobin concentration, hematocrit, mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC)
red blood cell count (RBC), white blood count (WBC), platelet count, and mean platelet
volume. Traits such as leukocyte count and hemoglobin are known to be associated with
mortality and cardiovascular disease [3,4]. Traits such as hemoglobin and leukocyte
count are known to differ by race [5]. Through admixture mapping, the DARC locus has
been identified as a major determinant of the lower WBC in individuals of African
descent compared with European-Americans [6].

Many deeply phenotyped cohorts have or are currently acquiring exome sequence data
and genotype data for the 247,870 variants on “the exome chip.”. Many of the exonic
variants covered by these technologies affect protein structure, either through a change in
an amino acid, truncation of the protein, or interruption of a splice site, thus providing a
more direct interpretation of the underlying mechanism of a trait association than is often
possible from a traditional GWAS. These same cohorts also have existing phenotype data
for a range of blood cell traits with total sample sizes up to ~50,000 white samples and as
many as 20,000 black samples for exome chip data and as many as 14,000 samples for
exome sequencing data.

The overarching goal of this proposal is to determine and investigate novel, exonic
genetic associations with blood cell traits through multi-ethnic consortia efforts related to
blood cell traits. Our primary hypothesis is that systematic evaluation of variants in the
exome, both common and rare, will uncover genes which play an important role in blood
cell count and function.

5.  Main Hypothesis/Study Questions:

A. Rare and common variants in the exonic regions of the genome will be associated
with blood cell counts and indices.
B. Analyses will be performed using both single variant and gene-based approaches.

6. Design and analysis (study design, inclusion/exclusion, outcome and other
variables of interest with specific reference to the time of their collection, summary
of data analysis, and any anticipated methodologic limitations or challenges if
present).



Blood cell counts from Baseline: hematocrit, hemoglobin, WBC and differential, platelet
count, red cell indices

Covariate data (baseline): Self-reported race, sex, age at measurement, renal disease,
smoking status, cancer diagnosis, BMI and lipids (total cholesterol or lipid profile)

Analysis Model:

Exome Chip and Exome Sequence data will be meta-analyzed with other agreed upon
large consortia, including 1) Exome chip meta-analysis in CHARGE led by Nathan
Pankratz/Santhi Ganesh (to be submitted for publication in January 2015), 2) Exome chip
meta-analysis in the Blood Cell Consortium (Ganesh/Pankratz/Polfus from ARIC)
estimated to be submitted for publication in late 2015, and 3) Exome Sequence Analysis
in CHARGE/ESP led by Linda Polfus/Santhi Ganesh estimated to be submitted in 2015,
as the discovery analyses and follow-up experiments are completed.

Analysis Plan:

Our primary analyses will focus on 4 main quantitative traits: hemoglobin, hematocrit,
WBC, and platelet count. Additional traits will include red cell indices and WBC
subtypes, which are available in smaller subsamples. Exclusion criteria are end-stage
renal disease and congenital anemia, such as sickle cell and thalassemia as determined by
the genetic data.

We will perform a number of preliminary QC steps, including plotting the distribution of
betas and standard errors by study and plotting the allele frequencies of variants
compared to the weighted average of the allele frequencies across all studies. QQ-plots
will be examined at different points in the analysis in order to identify potential issues
that would require additional refining of sample and variant filters.

Rare variant analyses can be carried out either using SeqMeta (for the CHARGE-led
analyses) or RareMetalWorker/rvtests (for the Blood Cell Consortium). For the testing of
single candidate regions for association of rare and common variants with of quantitative
blood count traits, we will begin with using a single SNP analysis with a multiple linear
regression approach. In addition to analyzing genetic variants individually, we will
perform analyses collapsing rare variants over genes [7]. Rare (<1% allele frequency) and
uncommon (1-5% allele frequency) variants will be collapsed gene-by-gene using a
burden test. In its simplest form, the CMC (Combined Multivariate and Collapsing)
method (Li et al. 2008), sums all the minor alleles in a specified window that are below a
pre-specified threshold (typically <1% or <5%) for each individual. SNP-set (Sequence)
Kernel Association Test (SKAT) is a variance components approach that takes into
account heterogeneity in direction of effect for different variants in the same gene [8].
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sample size of 10,000 yields 80% power for a variety of minor allele frequency/effect

size pairings using simple linear regression (see Figure 1). We currently anticipate

inclusion of about 50,000 whites, 20,000 African Americans, and 10,000 Hispanic

samples across participating cohorts.
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