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4. Rationale:
Understanding the role of genetic and environment interaction is essential to advance
our knowledge on diseases etiology, pathophysiology and prevention. Human
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metabolome represents downstream changes in the genome, transcriptome and
proteome,™? and thus, provides a functional feature of the physiological and
pathophysiological status of the body. Recent genome-wide association studies (GWAS)
in Caucasians have identified several common genetic loci for human blood metabolites;
however, the underlying causality is not clear.>®* Whole-exome sequencing
comprehensively identifies common and rare protein-coding changes in the human
genome providing novel functional insights into the biology and epidemiology of disease
and risk factor associations.”®

The ARIC study is one of the largest cohorts in the United States with a multi-ethnic
sampling framework. Over 90% of study participants have GWAS genotypes already
available. Thus, the goal of this study was to use the human metabolome in ARIC
African-Americans to identify novel pathways underlying disease etiology and possible
novel avenues of prevention and treatment.

5. Main Hypothesis/Study Questions:
Aims:

1. To evaluate the common genetic determinants of metabolomic profiles in African-
Americans using GWAS.

2. To evaluate the association between genes, metabolites and diseases identified in
Aim 1.

3. To explore loss-of-function (LOF) variant effects on the human metabolome
using whole-exome sequencing.

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).

Study samples and laboratory measurements

This is a cross-sectional study that consists of African American ARIC
participants at the baseline (visit 1) with serum metabolites and genotypes measured. In
total, detection and quantification of 602 metabolites were measured using an untargeted,
gas chromatography-mass spectrometry and liquid chromatography-mass spectrometry
(GC-MS and LC-MS)-based metabolomic quantification protocol. Metabolites will be
excluded if: 1) more than 50% of the samples had values below the detection limit; and 2)
they had unknown chemical structures.

SNPs were genotyped on the Affymetrix 6.0 chip and were imputed to ~2.5
million SNPs based on a panel of cosmopolitan reference haplotypes from HapMap CEU
and YRI. Exomes were captured on Nimblegen’s VChrome2.1 (Roche NimbleGen,
Madison, W1, USA) and the captured exomes were sequenced on Illumina HiSeq 2000
(Ilumina, San Diego, CA, USA). Sequence reads were aligned to the hg19 reference
genome using Burrows—Wheeler Aligner.® SNPs were called using AtlasSNP** and
variants were annotated using Cassandra.*?



Statistical Analysis:

A total of 308 metabolites will be included in this study. Metabolite levels below
the detectable limit of the assay will be imputed with the lowest detected value for that
metabolite in all samples, and all metabolites values will be natural log-transformed prior
to the analyses. In a secondary analysis, metabolite levels below the detectable limit of
the assay will be imputed to zero to see if improved signal will be gained.

For the GWAS analyses, linear regressions and an additive genetic model will be
applied to each metabolite, adjusting for age, sex and the first 10 principal components.
Genome-wide significance will be defined as a p-value < 1.6 X 10™° based on Bonferroni
correction. If more than one significant SNP clustered at a locus, the SNP with the
smallest p-value will be reported as the sentinel marker.

For whole-exome sequencing analyses, all autosomal LOF variants (defined as
stopgain or stopgain/splice variants) will be identified, and two lines of analysis will be
pursued. First, two collapsing tests, a single summary T5 test and a Sequence Kernel
Association Test (SKAT)™ will be conducted to evaluate the effects of rare LOF alleles
(defined as MAF < 5%) on serum metabolite levels. Statistical significance for the DNA
sequence analysis will be defined as a p-value < 2.2 X 10 using Bonferroni correction.
Second, a recessive genetic model will be used to analyze the impact of homozygous and
compound heterozygous LOF alleles on the serum metabolome. In particular, we will
determine if these individuals reside in the extreme tails of the phenotypic distributions.
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