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mailto:Bing.Yu@uth.tmc.edu
mailto:Eric.Boerwinkle@uth.tmc.edu


Most contemporary genomic studies have achieved adequate power by increasing the size of 

the discovery sample to tens or hundreds of thousands of individuals. An alternative approach 

for detecting novel genes with variants of functional effect is to measure phenotypes that more 

immediately reflect genome function (1). By focusing on proximal measures of cellular, 

physiologic and metabolic processes, we optimize the size of a gene’s effect relative to 

corresponding risk factor level or disease endpoint. An illustrative example is the effect of 

rare, loss-of-function (LoF) mutations in APOC3 on triglycerides levels (TG) (with ~40% 

decrease per allele) detected by sequencing 3,734 individuals; however, in the same study over 

100,000 individuals were studied to reveal the association between these LoF mutations and 

coronary heart disease (CHD) (2).  

The human metabolome is a collection of small molecules reflecting a variety of cellular and 

physiologic processes. The metabolome may be risk factors for future disease or biomarkers of 

current disease processes. A few common variants have been reported by GWASs on human 

metabolites (1, 3-6). With the advance in sequencing technology, low-frequency variations 

with more marked functional consequences demonstrated a large cumulative effect on 

phenotypic variation. Demirkan et al (7) reported additional variants that modulate metabolite 

levels independently of the GWAS hits using candidate genes based exome-sequencing 

approach. To date, no study has assessed the low-frequency variations captured by whole 

genome sequence (WGS) on human metabolites in a biracial population. 

5. Main Hypothesis/Study Questions: 

 

1. To identify novel loci associated with inter-individual differences in levels of individual 

metabolites. Special attention will be given to rare variants and regulatory regions. 

 

2. To identify novel loci associated with inter-individual differences in the network of 

metabolites. 

 

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). 

 

This is a cross-sectional study that consists of 3,200 ARIC participants at the baseline (visit 1) 

with serum metabolites and WGS data.  Metabolites were measured using an untargeted, gas 

chromatography-mass spectrometry and liquid chromatography-mass spectrometry (GC-MS and 

LC-MS)-based metabolomic quantification protocol. WGS data was generated by the BCM 

HGSC using the HiSeq X (Illumina, Inc.; San Diego, CA). 

 

We will primarily focus on 245 metabolites detected in both European Americans and African 

Americans. Metabolites to be analyzed will be: a) excluded when more than 75% samples had 

missing values or values below the detection limit (BDL); b) missing/BDL less than 25% will be 

analyzed as a continuous variable; where missing/BDL <25% will impute the lowest value to 

those with missing data; and c) metabolites with missing data between 25%-75% will be 

analyzed as an ordinal variables. A second strategy will be multivariable imputation using the k 

nearest neighbor method of Verboven et al (8). 

 



Whole genome annotation: Our annotation pipeline is the result of decades of work with 

clinical/Mendelian genomes and large epidemiologic (e.g. CHARGE) whole genome sequencing 

projects. It is broadly divided into two parts: variant-centric and gene/region-centric. Variant-

centric annotation includes (but is not limited to): coding, regulatory, splicing, and disease-

related information. Gene/region-centric annotation includes (but is not limited to): gene, 

transcript and cell type specific epigenetic annotation from Encode, Roadmap and FANTOM5.  

 

Single variant analyses: All gene-based nonsynonymous variants with MAF > 5% will be 

evaluated individually for association with the metabolomics measures. Within the genomic 

subset of non-coding variation, the primary focus will be hypothesized regulatory variants (e.g. 

RegulomeDB) with MAF > 5%. This approach will, in part, improve the power and facilitate 

interpretation of any significant results. Given the focus on common variation for single variant 

analyses, standard regression approaches will be applied adjusting for age, sex, and principal 

components accounting for population substructure. 

 

Burden tests in annotated domains: A sliding window approach across the genome aggregates 

variants within a physical window (defined as 4kb in length beginning at position 0 bp for each 

chromosome with a skip length of 2kb) (9) and relates them to individual metabolite levels and 

metabolomic patterns. A T5 burden test (10) and the Sequence Kernel Association Test (SKAT) 

(11) will be performed on rare variants (defined as MAF ≤ 5%) within each window. For 

genomic coding regions, the priority will be nonsynonymous and loss-of-function variants. 

Within genomic subset of non-coding variations, the primary focus will be annotated miRNA 

targets, miRNA genes and regulatory elements (e.g. enhancers). The feature-based analyses will, 

in part, improve the power and facilitate interpretation of any significant results. All the analyses 

will adjust for age, sex, and principal components.  

 

Analysis of metabolomics patterns: Two types of metabolomics patterns will be considered for 

these analyses. The first is based on a priori pathways, such as those available in Kyoto 

Encyclopedia of Genes and Genomes (KEGG). The second is based on a Bayesian network 

analysis and resulting directed acyclic graphs (DAG) (12).  

 

Significance thresholds: Different significance thresholds will be applied for each analysis to 

account for the differing number of tests using Bonferroni correction. For regions of the genome 

that have already been implicated by GWAS or a priori biologic information, the null hypothesis 

is not whether a modifier locus is present, but rather the biologic nature of the locus. 
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