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3. Timeline: The initial pipeline to determine heteroplasmy and full mtDNA sequence is
currently being implemented. We expect that initial data will be ready for analysis by Fall 2015.
Analysis will take 3-6 months, and a first manuscript should be ready for Spring/Summer 2016.

4. Rationale:

Energy metabolism has long been proposed to play a critical role in human disease and aging,
and mitochondria are the key organelle involved in energy production (oxidative
phosphorylation, OXPHOS). Studying the role of mitochondrial function in human disease is
complicated by two major features leading to increased variation beyond inherited genetic
variation: mitochondrial DNA copy number (mtDNA-CN) and heteroplasmy. mtDNA-CN
reflects the fact that each cell contains 100s of mitochondria, with a high degree of variation in
the number of mitochondrial genomes within each individual mitochondrial cell, and in the
number of mitochondria per cell *. Heteroplasmy, which is universally observed ?, is largely a
function of the higher mutation rate that mitochondria are subject to relative to the nuclear
genome (~70% somatic, ~30% inherited), leading to an accumulation of heteroplasmy with age

We have previously developed methods to determine mtDNA-CN from existing ARIC
genotyping arrays, and demonstrated that mtDNA-CN measured in peripheral blood cells
declines longitudinally with age and is associated with general health among the elderly, and
ultimately, mortality (age- and sex-adjusted relative risk comparing the lowest to the highest
quintiles mtDNA-CN of 1.47 (95% CI 1.33-1.63, P=4.24x10**) *. The entire ARIC cohort is
currently undergoing whole-exome (WES) and/or whole-genome sequencing (WGS)
(WES/WGS s already available on >6,000 samples, and the remaining ~9,000 will be released
over the next 6 months). Recent tools have been developed to extract mtDNA sequence from
WES/WGS, moreover, with the deep sequencing coverage (>1000x), we are also able to detect
heteroplasmy (often due to somatic mutation) down to ~0.5% °.

5. Main Hypothesis/Study Questions:
Mitochondrial variation, in the form of genetic variation and heteroplasmy, influences the risk
for healthy aging and overall mortality.

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).

Full mtDNA sequence and heteroplasmy will be determined using the MToolBox automated
software pipeline °. Briefly, this pipeline assembles the mtDNA sequence and calculates the
heteroplasmic fraction (HF) for each variant site using mitochondrial reads extracted from
WES/WGS data. A key step is the removal of reads that map to nuclear copies of the
mitochondria (NumtS), along with incorporation of stringent quality filters, resulting in 60%
sensitivity and 100% specificity for HF down to 0.5% with 1000x coverage, and 100%
sensitivity and specificity when reads reach 2000x.

Specific Aim 1: Determine the association of mtDNA genetic variants with frailty, physical
function performance, CVD, and overall mortality. With the full mitochondrial genome
sequence available, we will analyze both common (standard single SNP tests) and rare (SKAT)
inherited genetic variation with two measures of successful aging, frailty and HAI, as well as



overall mortality. Frailty is considered a clinical syndrome of decreased function and resistance
to stressors, due to cumulative declines across multiple physiologic systems that culminates in
increased vulnerability to adverse outcomes. It is operationalized in ARIC based upon the Fried
et al criteria ®, with slight modification to energy expenditure component based on available
ARIC data, and incorporates measures of physical function, weight loss, strength, activity, and
energy levels. It is considered a syndrome related to, but distinct from, disability. Consistent with
existing literature, the ARIC frailty definition is associated with older age, female sex, and black
race. The Short Physical Performance Battery (SPPB) is a validated measure of lower extremity
performance associated with risk of incident disability, institutionalization, falls, mortality and
other adverse outcomes in older adults.”® These measures are available from ARIC visit 5
(~6,500 individuals We will also assess whether genetic variation is a predictor of enrollment in
visit 5 (i.e. those who survive and are well-enough to participate). For frailty and SPPB, we will
use standard exclusion criteria (not self-identified as White or Black, genetic outliers as
determined from GWAS data, first-degree relatives) and include covariates for adjustment (age,
sex, principal components from GWAS, study center) in race-stratified analysis.

Survival analyses methods will be employed to evaluate potential differences in the incidence
of CVD and mortality. After model construction steps, to accommodate the survival outcome
and potential for sex specific differences, we anticipate that final models will incorporate age,
sex, and be stratified on self-reported race to address population substructure. The magnitude,
direction, and statistical significance of coefficients will be assessed. We will also examine the
relationship between mtDNA genetic variation and CVD and mortality, incorporating known
CVD risk factors, as part of a mediation analysis to see whether mtDNA variants are acting
through specific pathways.

All analyses will be performed assuming a homoplasmic state (sites with heteroplasmy
greater than 25% will be coded as missing), as heteroplasmy will be specifically tested in Aim 2.

Specific Aim 2: Determine the association of the heteroplasmy with frailty, SPPB, CVD,
and overall mortality. Using the methods described above, for each heteroplasmic site, we will
test the association of HF with the phenotype of interest. We will also assess the overall level of
heteroplasmy across the mitochondrial genome (i.e. percentage of mitochondrial genomes
carrying a mutation, allowing for different mutations on different mitochondrial chromosomes
within an individual), as an explicit test of whether heteroplasmic burden is a risk factor for
frailty, SPPB, and/or overall mortality.

Specific Aim 3: Determine whether there is an epistatic interaction between mtDNA-CN
and heteroplasmy on the association with frailty, the SPPB, and/or overall mortality. One
potential consequence of somatic mutation, and the resultant decrease in mitochondrial function,
is an upregulation in the production of mitochondria. Thus, while we have demonstrated, that on
average, increased mtDNA-CN is protective for overall survival, we may be significantly
underestimating the impact of mtDNA-CN by not taking into account the quality of the
mitochondria. Specifically, one could imagine that high mtDNA-CN in the presence of high
heteroplasmy may actually be harmful rather than protective for survival. Thus, we propose to
combine these measures in association analyses, including a specific interaction term to test this
hypothesis.
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