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Common Variants Within Oxidative Phosphorylation Genes
Influence Risk of Ischemic Stroke and Intracerebral Hemorrhage

Christopher D. Anderson, MD*; Alessandro Biffi, MD*; Michael A. Nalls, PhD; William J. Devan, BS;
Kfristin Schwab, BA; Alison M. Ayres, BA; Valerie Valant, BA; Owen A. Ross, PhD; Natalia S. Rost, MD;
Richa Saxena, PhD; Anand Viswanathan, MD; Bradford B. Worrall, MD, MSc; Thomas G. Brott, MD;
Joshua N. Goldstein, MD; Devin Brown, MD; Joseph P. Broderick, MD; Bo Norrving, MD;

Steven M. Greenberg, MD, PhD; Scott L. Silliman, MD; Bjorn M. Hansen, BS; David L. Tirschwell, MD;
Arne Lindgren, MD; Agnieszka Slowik, MD; Reinhold Schmidt, MD; Magdy Selim, MD;
Jaume Roquer, MD, PhD; Joan Montaner, MD, PhD; Andrew B. Singleton, PhD; Chelsea S. Kidwell, MD;
Daniel Woo, MD; Karen L. Furie, MD; James F. Meschia, MD; Jonathan Rosand, MD, MSc; on behalf of
the International Stroke Genetics Consortium

Background and Purpose—Previous studies demonstrated association between mitochondrial DNA variants and ischemic
stroke (IS). We investigated whether variants within a larger set of oxidative phosphorylation (OXPHOS) genes encoded
by both autosomal and mitochondrial DNA were associated with risk of IS and, based on our results, extended our
investigation to intracerebral hemorrhage (ICH).

Methods—This association study used a discovery cohort of 1643 individuals, a validation cohort of 2432 individuals for
IS, and an extension cohort of 1476 individuals for ICH. Gene-set enrichment analysis was performed on all structural
OXPHOS genes, as well as genes contributing to individual respiratory complexes. Gene-sets passing gene-set enrichment
analysis were tested by constructing genetic scores using common variants residing within each gene. Associations
between each variant and IS that emerged in the discovery cohort were examined in validation and extension cohorts.

Results—IS was associated with genetic risk scores in OXPHOS as a whole (odds ratio [OR], 1.17; P=0.008) and complex
I (OR, 1.06; P=0.050). Among IS subtypes, small vessel stroke showed association with OXPHOS (OR, 1.16; P=0.007),
complex I (OR, 1.13; P=0.027), and complex IV (OR, 1.14; P=0.018). To further explore this small vessel association, we
extended our analysis to ICH, revealing association between deep hemispheric ICH and complex IV (OR, 1.08; P=0.008).

Conclusions—This pathway analysis demonstrates association between common genetic variants within OXPHOS genes
and stroke. The associations for small vessel stroke and deep ICH suggest that genetic variation in OXPHOS influences
small vessel pathobiology. Further studies are needed to identify culprit genetic variants and assess their functional
consequences. (Stroke. 2013;44:612-619.)
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Despite remarkable advances in prevention, diagnosis, and
treatment, stroke remains the second leading cause of
death in the world, and a leading cause of disability. Although
many modifiable environmental factors contribute to stroke
risk, there are ample data demonstrating a genetic risk com-
ponent as well.! Recent genome-wide association studies
(GWAS) have demonstrated that common DNA variants influ-
ence risk of ischemic stroke (IS).>*

A previous study demonstrated that common mitochon-
drial variants influence risk of IS.* The mitochondrial genome
is vital to the assembly of the oxidative phosphorylation
(OXPHOS) apparatus, but the majority of OXPHOS struc-
tural proteins are encoded within the autosomal genome.’
The OXPHOS apparatus consists of 5 complexes that are
necessary to maintain aerobic homeostasis and preserve
reduction/oxidation (redox) balance in the cellular environ-
ment. Multiple rare disorders are caused by mutations of
OXPHOS genes, many of which result in neurodegenera-
tive or stroke-like phenotypes, including seizures, metabolic
infarcts, and encephalomyopathies.® Additionally, OXPHOS
fitness plays a role in the neuronal response to and recovery
after oxidative stress.’

We hypothesized that common genetic variants in OXPHOS
genes, both within the autosomal and mitochondrial genome,
influence the risk of stroke. To test this hypothesis, we per-
formed a pathway-based genetic association analysis inter-
rogating genetic variants within OXPHOS genes. We initially
performed a cumulative test of all common genetic variation
within OXPHOS loci by using a gene-set enrichment analysis
(GSEA) technique. This allowed us to investigate whether the
OXPHOS pathway was enriched for association with stroke risk.
On the basis of this analysis, we sought to ascertain and quan-
tify the role of these variants by calculating a genetic risk score
from OXPHOS genes in the Massachusetts General Hospital
(MGH) IS GWAS. We then replicated this risk score association
in a separate data set comprising individuals from the Ischemic
Stroke Genetics Study (ISGS) and Siblings with Ischemic Stroke
Study (SWISS). We then tested the same risk score in intracere-
bral hemorrhage (ICH) using individuals from the International
Stroke Genetics Consortium ICH GWAS (ISGC ICH).

Methods
Subjects

Genetic data and phenotypic information were contributed by the
MGH IS GWAS.* ISGS,” SWISS,! and the ISGC ICH GWAS!"
(Table 1). Additional control individuals for the MGH data set were
contributed by the MIGen Consortium, a case-control study of ge-
netic risk for myocardial infarction.'> Hospital-based IS case and
control recruitment and phenotype ascertainment were performed
according to protocols described previously, and stroke subtypes
were assigned by Trial of ORG 10172 in Acute Stroke Treatment
(TOAST) criteria.*!'* In cases in which IS subtype data were un-
available, individuals were dropped from subtype analyses but were
allowed to remain in all-cause IS analyses (n=124 in MGH; n=387
in ISGS/SWISS). Multicenter hospital-based ICH case and control
recruitment and phenotype ascertainment were performed accord-
ing to protocols described previously.!! Location of ICH was as-
signed by stroke neurologists based on standard criteria with central
adjudication.'* Institutional review boards from all participating
centers approved the study, and all participants gave informed con-
sent for data collection, genotyping, and analysis of genetic data.
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Genotyping and Imputation

Blood samples from MGH/MIGen were processed and genotyped
using the Affymetrix 6.0 platform, whereas ISGS and SWISS were
assayed with the Illumina 660 W and 1M platforms according to
previously published protocols.®'® Blood samples for the ISGC ICH
cases and controls were genotyped on Illumina 660 W.!! For har-
monization across platforms, all data sets had additional genotypes
imputed using PLINK v1.07 (http://pngu.mgh.harvard.edu/~purcell/
plink) and the International HapMap Project phase 3 reference data
set (http://www.hapmap.org). Captured mitochondrial variants from
the genotyping arrays were extracted,'* and raw intensity files were
inspected visually by C.D.A. and A.B. to confirm accuracy of geno-
type calls.

Genomic Quality Control

For all analyzed cohorts, quality control of genotyped individu-
als included gender-sex discordance, filtering for missingness by
individual >0.1, missingness by single nucleotide polymorphism
(SNP) >0.05, and minor allele frequency (MAF) <0.01. Individuals
displaying cryptic relatedness (p=0.125) and genotypes with signifi-
cant departure from Hardy—Weinberg equilibrium (P<10E-5) were
excluded from analysis.'> Autosomal imputation was performed us-
ing PLINK v1.07 after quality control filtering. Mitochondrial im-
putation was performed using a haplotype-based approach with
reference data sets from GenBank and Mitokor after additional
mtDNA-specific quality control measures (Appendix I in the online-
only Data Supplement).'® After imputation, SNPs were excluded with
MAF <0.01 or RSQR quality index <0.3.

OXPHOS SNP Selection

Genes encoding proteins directly involved in the OXPHOS respira-
tory chain were selected based on published criteria from a chemical
dissection of mitochondrial function, yielding a total of 95 genes in
the autosomal genome and 13 genes in the mitochondrial genome.’
SNPs falling within these genes +100 kilobases and passing quality
control filtering were extracted from the MGH and ISGS/SWISS data
sets after imputation and included in the final analysis. Subanalyses
were performed for genes grouped according to each OXPHOS re-
spiratory complex, classified according to annotation in the Ensembl
Genome Browser (http://www.ensembl.org; Tables I and II in the
online-only Data Supplement).

Population Structure and Control

Only individuals of European ancestry were analyzed in the pres-
ent study. Population structures for autosomal and mitochondrial
variants were assessed independently because of their significantly
different inheritance patterns, using principal component (PC) analy-
sis.'® Autosomal PCs 1 through 5 were extracted for each individual
and were added in association testing of autosomal SNPs until no
additional reduction in genomic inflation factor could be achieved
(PC1-2 in all analyses). Mitochondrial PCs 1 to 10 were extracted
for each individual and were similarly added in association testing of
mitochondrial SNPs until mitochondrial genomic inflation factor was
minimized (PC1-5 in all analyses).

Gene-Set Enrichment Analysis

Testing for cumulative OXPHOS pathway associations with IS risk
was performed using the GSEA method,"” as implemented in the
GenGen v.2010Apr29 software package.'® GSEA was implemented
in this study as a preliminary screen of the OXPHOS pathway
before generation of genetic scores and as a means to minimize the
possibility of any false-positive associations. The GSEA method
determines whether variants within a predefined biological pathway
contain more associations with the chosen phenotype than would be
expected by chance alone. For IS, GSEA testing was performed in the
ISGS/SWISS cohort as a preliminary analysis before genetic score
generation. GSEA was performed in the ISGS/SWISS replication
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Table 1. Study Populations

MGH/MIGen Cases ~ MGH/MIGen Controls  ISGS/SWISS Cases  ISGS/SWISS Controls  ISGC ICH Cases  ISGC ICH Controls

n 484 1159 1048 1384 928 909

Small vessel 55 . 197

Large artery 114 223

Cardioembolic 191 241

Deep ICH 430

Lobar ICH 409
Sex (% female) 0.39 0.41 0.43 0.52 0.52 0.51
Age at enrollment, (mean, SD) 66.5 (14.6) 47.5 (8.5) 64.8 (13.6) 66.5 (12.6) 72.4 (11.5) 73.0 (8.4)
Hypertension, % 0.62 0.55 0.64 0.34 0.71 0.55
DM 2, % 0.21 0.18 0.19 0.11 0.20 0.09
Atrial fibrillation, % 0.12 012 0.08 0.04 0.22 0.20
Current smoker, % 0.20 0.18 0.16 0.06 0.17 0.20
Warfarin use, % 0.08 0.03

DM 2 indicates type 2 diabetes mellitus; ICH, intracerebral hemorrhage; ISGC, International Stroke Genetics Consortium; ISGS, Ischemic Stroke Genetics Study; MGH,
Massachusetts General Hospital; n, number of cases/controls; SWISS, Siblings with Ischemic Stroke Study; and ..., not applicable.

cohort rather than the MGH/MIGen discovery cohort to prevent any separate GSEA was performed in the ISGC ICH cohort. Results are
chance enrichment of OXPHOS association in the MGH/MIGen reported as a permutation-derived empirical P value (100 000 gene-
cohort from influencing gene-sets chosen for genetic score testing. A set permutations) for gene-set association with the IS or ICH risk,
Select -
e Bl T
OXPHOS SNPs 9
MGH/MIGen
dataset
(1843 individuals)
Select .-
e e e o o S vt
OXPHOS SNPs 9 9

Gene Set

Enrichment
Analysis

A 4

ISGS/SWISS Score Logistic Replicated
dataset —» generation by > Re r%ssion genetic score
(2632 individuals) individual 9 results

v

Gene Set
Enrichment
Analysis
A 4
ISGC ICH Score Logistic Extended
dataset —» generation by > Re rgtlession >l genetic score
(1476 individuals) individual 9 results

Figure. Flowchart describing the MGH/MIGen discovery, ISGS/SWISS validation, and ISGC ICH extension cohorts. ICH indicates intra-
cerebral hemorrhage; ISGS, Ischemic Stroke Genetics Study; ISGC, International Stroke Genetics Consortium; MGH, Massachusetts
General Hospital; OXPHOS, all structural proteins directly contributing to oxidative phosphorylation complex function; SNP, single nucle-
otide polymorphism; and SWISS, Siblings with Ischemic Stroke Study.
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with the null hypothesis derived from random sampling of an equal
number of variants of similar MAFs chosen from genes not within the
OXPHOS pathway. Using this technique, the significance threshold
for our GSEA was set at empirical P<0.05.

Genetic Score Generation in IS

Combined effects of all autosomal and mitochondrial OXPHOS
SNPs were evaluated using a score-based method described pre-
viously*!? (Figure). Briefly, each OXPHOS SNP was tested for
association with all-cause IS risk in the MGH/MIGen discovery
case-control data set. The results of this analysis, expressed as a [3-
coefficient for the risk allele at each SNP, were then clumped accord-
ing to linkage disequilibrium using the clump function in PLINK
v1.07. Only the SNP with the highest significance value was re-
tained in regions in which linkage disequilibrium was >0.6 between
SNPs. No additional pruning or thresholding was performed in an
attempt to optimize the SNPs included in the genetic score. These
B-coefficients were then applied to the corresponding OXPHOS
SNPs in the ISGS/SWISS validation data set. All subsequent analy-
ses in replication and extension were based on this single set of {3-
coefficients from the MGH/MIGen discovery cohort in association
with all-cause IS (Table III in the online-only Data Supplement).
After p-coefficient extraction, the MGH/MIGen discovery cohort
was not included in any further analysis. A risk score was generated
for each individual by summing the B-coefficients associated with
each risk allele present in the individual. Informed by GSEA results,
scores were developed for all OXPHOS complexes: complex I and
complex IV. Because the risk score distributions failed testing for
normality by Shapiro—Wilk, the score was divided into quintiles in
an unsupervised fashion using the cut command in STATA v10.0
(http://www.stata.com) for association testing.

Genetic Score Association Testing in IS

The IS risk score quintiles were used as the independent variable in
an ordinal logistic regression model for IS risk, using age and sex as
prespecified covariates. Results reported represent risk (as expressed
by odds ratio [OR]) per unit increase in score quintile. SNPs that
were present in the MGH discovery cohort but were absent from
the ISGS/SWISS validation cohort were dropped from the analysis
(n=30). Additional covariates of hypertension, diabetes mellitus, and
atrial fibrillation were also tested. Results of genetic score testing in
the replication and extension data sets represent independent tests.
Therefore, P<0.05 in the replication and extension data sets is consid-
ered statistically significant. All regression analyses were performed
using STATA v10.0.

Extension of Genetic Score Analysis to ICH

The same -coefficients of association with IS from the MGH/MIGen
discovery cohort were applied to individuals within the ISGC ICH
cohort, again resulting in a risk score for each individual. Risk score

Table 2. Gene-Set Enrichment Analysis (P Values)
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quintiles were then used as the independent variable in a logistic
regression for ICH risk, using age, sex, hypertension, and warfarin
exposure as prespecified covariates. For ICH, scores were developed
only for all OXPHOS and complex IV. Separate analyses were per-
formed for deep and lobar ICH subtypes. Cerebellar and multicom-
partment ICH were included in the all ICH analysis but were dropped
from deep and lobar analyses.

Post Hoc Power Calculation

Power for discovery of association between individual variants with-
in OXPHOS genes and IS was computed using the Genetic Power
Calculator," with calculated ORs of 1.10, 1.20, and 1.40 and MAF of 0.10,
0.20, and 0.30. For this analysis, o was set at 6x10E-5 (842 independent
tests for autosomal and mitochondrial variants within OXPHOS genes).

Power to detect an association between the genetic risk score and
stroke phenotypes was computed using the expected proportion of
variance explained, assuming that the overall information content of
the score would account for 0.5%, 1%, or 5% of variance between
cases and controls. Power calculations were performed for IS, IS sub-
types, ICH, and ICH deep, and lobar subgroups.

Results

Genotyping Quality Control and Imputation Results
Implementation of quality control and imputation methods
left 1843 individuals and 707 autosomal SNPs in the MGH/
MIGen cohort, 2632 individuals and 677 autosomal SNPs in
the ISGS/SWISS cohort, and 1837 individuals and 707 auto-
somal SNPs in the ISGC ICH cohort (Figure 1); 135 mito-
chondrial SNPs were retained in all 3 cohorts after extraction
and haplotype-based imputation (Appendix II in the online-
only Data Supplement).

GSEA in IS

GSEA was performed using the ISGS/SWISS cohort, test-
ing the OXPHOS gene-set 100 000 times against randomly
assigned gene-sets of equal size (Table 2). GSEA testing for
the full OXPHOS gene-set and those within each respiratory
complex demonstrated associations between IS and the full
OXPHOS gene-set (P=0.012), as well as OXPHOS complexes I
and IV (P=0.024 in both). Among IS subtypes, GSEA revealed
significant association between small vessel (SV) stroke and
OXPHOS complexes I and IV (P=0.008 and P=0.005, respec-
tively), although there was only a trend toward association
between SV stroke and the full OXPHOS gene-set (P=0.091).

Cases/Controls Full 0XPHOS Complex | Complex II/1ll Complex IV Complex V

All ischemic stroke 1048/1384 0.012 0.024 >0.20 0.024 0.11

CE 241/1384 >0.20 >0.20 >0.20 >0.20 >0.20

LA 223/1384 >0.20 >0.20 >0.20 >0.20 >0.20

SV 197/1384 0.091 0.008 >0.20 0.005 >0.20
All'ICH 928/548 >0.20 0.12 e 0.035

Lobar ICH 409/548 >0.20 >0.20 . >0.20

Deep ICH 430/548 >0.20 0.16 . 0.009

Association between gene-sets and ischemic stroke (Ischemic Stroke Genetics Study/Siblings with Ischemic Stroke Study) and ICH (International Stroke Genetics
Consortium ICH), with P values reported from 100 000 permutations against the null. CE indicates cardioembolic stroke; ICH, intracerebral hemorrhage; LA, large artery
stroke; SV, small vessel stroke; OXPHOS, all structural proteins directly contributing to oxidative phosphorylation complex function; and ..., analysis not performed.
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Table 3. Genetic Score Analysis

Full OXPHOS Complex | Complex IV
Cases/Controls OR (95% Cl) PValue OR (95% Cl) PValue OR (95% CI) PValue
All ischemic stroke 1048/1384 1.17 (1.03-1.33) 0.008 1.06 (1.00-1.12) 0.050 1.05 (0.99-1.12) 0.075
SV only 197/1384 1.16 (1.04-1.29) 0.007 1.13 (1.01-1.26) 0.027 1.14 (1.02-1.27) 0.018
All'ICH 928/548 1.08 (1.01-1.17) 0.039
Deep only 430/548 1.14 (1.03-1.25) 0.008

Genetic score analysis results in the Ischemic Stroke Genetics Study/Siblings with Ischemic Stroke Study validation cohort and International Stroke Genetics
Consortium ICH extension cohort, performed only on gene-sets and subgroups with significant P values in gene-set enrichment analysis. ORs represent risk per unit
increase in risk score quintile. Cl indicates confidence interval; ICH, intracerebral hemorrhage; OR, odds ratio; OXPHOS, all structural proteins directly contributing to
oxidative phosphorylation complex function; SV, small vessel stroke; and ..., analysis not performed. Nominal Pvalues are reported for association with ischemic stroke

and ICH in the validation and extension cohorts.

GSEA in ICH

As with our IS analysis, GSEA was performed in the ISGC
ICH cohort to determine whether OXPHOS gene-sets were
enriched for association with ICH risk (Table 2). On the basis of
our results from IS GSEA, only the full OXPHOS, complex I,
and complex IV gene-sets were carried over for testing in ICH.
An association was found between all ICH and complex IV
(P=0.035). After restricting cases to deep and lobar subgroups,
deep ICH retained association with complex IV (P=0.008).

Genetic Score Analysis in IS

On the basis of GSEA results, only SNPs in the full OXPHOS
gene-set as well as complexes I and IV were used to calculate
genetic scores. Similarly, only all-cause IS and the SV subtype
were carried forward for genetic score analysis (Table 3).
Application of 3-coefficient—based scores in the ISGS/SWISS
cohort demonstrated associations between a score comprising
the full OXPHOS gene-set and IS (OR, 1.17; 95% confidence
interval [CI], 1.03—1.33). This full OXPHOS score was also
associated with the SV stroke subtype (OR, 1.16; 95% CI,
1.04-1.29). Of note, these genetic score results were largely
driven by autosomal variants, with results deviating <20%
when mitochondrial variants were excluded (Table VI in the
online-only Data Supplement).

In analysis of our complex I score, IS (OR, 1.06; 95% CI,
1.00-1.12) and the SV stroke subtype (OR, 1.13; 95% CI,
1.01-1.26) demonstrated significant association. For our com-
plex IV score, there was a trending association for all-cause
stroke and a significant association for SV stroke (OR, 1.14;
95% CI, 1.02-1.27).

Regression analyses for IS were performed with and with-
out the inclusion of vascular risk factors as covariates in
logistic regression (hypertension, diabetes mellitus, and atrial
fibrillation). These regressors did not demonstrate significant
association with the genetic scores and did not alter the results
of the regression analysis (P=NS; data not shown).

Extension of Genetic Score Analysis to ICH

We constructed genetic scores in the ISGC ICH cohort based
on [-coefficients from the MGH/MIGen IS cohort (Table 3).
This analysis revealed association between a genetic score
from complex IV genes and all ICH (OR, 1.08; 95% CI,
1.01-1.17; P=0.039), as well as deep ICH (OR, 1.14; 95% CI,
1.03-1.25; P=0.008).

Post Hoc Power Calculation

Power calculations for discovery of individual OXPHOS
genetic variants in association with IS revealed a maximum
power of 73% to detect variants conferring an OR of 1.4 in
association with IS risk at an MAF of 0.30 (Table III in the
online-only Data Supplement). SNPs conferring lower OR
and lower MAF substantially limited study power to detect
individual variants, as did restriction of samples to the SV
subtype. We performed power calculations for our genetic
score analyses based on percentage of variance explained by
the genetic score, ranging from 0.5% to 5%. The genetic score
analysis was powered at 21%, to explain 0.5% of variance in
IS risk for all-cause strokes and 3% to explain 0.5% of vari-
ance in the SV subtype. In application of this genetic score to
ICH, power was 16%, to explain 0.5% of variance in all ICH
and 8%, to explain 0.5% of variance in deep ICH (Table IV
in the online-only Data Supplement). As a reference, percent-
ages of variance explained in our logistic regression models
incorporating genetic scores ranged from 0.5% to 1% in most
analyses.

Discussion

Our pathway-based analysis demonstrates that common
genetic variants in OXPHOS genes are associated with risk of
both IS and ICH. These associations are robust, having passed
GSEA and replication in independent cohorts. Stratifying IS
and ICH by subtype and OXPHOS genes by mitochondrial
complex, we reveal associations for complexes I and IV in
SV stroke and complex IV in deep ICH. These subanalyses
retain significance, despite a substantial restriction in sample
size and SNP counts.

Although ample evidence exists for rare mutations leading
to severe OXPHOS dysfunction in a variety of familial
mitochondrial syndromes with stroke phenotypes, our analysis
provides evidence of a role for common genetic variants within
OXPHOS in sporadic IS and ICH. These results contribute
to a growing body of evidence linking OXPHOS genetic
and functional variation to common neurological diseases,
including Alzheimer disease, amyotrophic lateral sclerosis,
and Parkinson disease, to name a few.*>*

Our subanalyses restricted to variants within complexes
I and IV genes reveal additional parallels to rare mitochon-
drial syndromes. Mutations within complex I account for
up to one third of the known respiratory chain diseases and
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represent a major determinant of the redox state of the cell.***
Complex IV is the final electron donor in the pathway, receiv-
ing electrons from cytochrome C and passing them to oxy-
gen. Complex IV dysfunction, in addition to causing early life
mitochondrial diseases such as Leigh disease and encephalo-
myopathies, has also been implicated in neurodegenerative
diseases.”® Although complex I is much larger than complex
IV (50 versus 23 gene products), our demonstrated positive
associations for both complexes suggest that statistical power
alone did not determine our results, and the correlations with
existing knowledge of mitochondrial disease supports a pos-
sible role for these complexes in sporadic human disease.
Neither complex I nor complex IV dysfunction has effective
treatments, although administration of cofactors has been
reported to improve function in some instances.*

Both SV stroke and deep ICH result from disease of cerebral
SVs and share common risk factors, such as diabetes mellitus
and hypertension.””?® Our findings suggest a possible shared
genetic contribution to SV pathobiology underlying SV stroke
and deep ICH, which could be mediated through disruption in
oxidative function at the tissue level or through modification of
upstream systemic or endothelial risk factors shared by the 2
diseases. We previously reported an association between mito-
chondrial common variants and white matter hyperintensity
volume,* a phenotype to which SV stroke and deep ICH have
been linked.”* These new data provide additional support for
the role of energy metabolism in SV disease. However, given
that OXPHOS dysfunction can result in numerous physiologi-
cal derangements, including ATP depletion, reactive oxygen
species generation, defects in cell signaling, and alteration in
apoptotic thresholds, our demonstrated associations cannot
directly inform the underlying pathobiology of this SV link.
Functional studies to identify the mechanisms of bioenergetic
dysfunction will be needed to build on these results.

APOE allele status has been demonstrated to affect the risk
and severity of lobar ICH, presumably attributable to a strong
relationship between cerebral amyloid angiopathy and the
lobar ICH subtype.'""* The present study suggests a relation-
ship between OXPHOS variants and deep ICH only, contrib-
uting to growing evidence that deep and lobar ICH represent
genetically distinct entities. Genetic approaches seem to be
useful tools to explore the differences between these ICH
subtypes and hopefully can lead to a more comprehensive
understanding of the pathogenesis of these similar but unique
disease subtypes.

Limitations render our results preliminary. The magnitude
of effect sizes for OXPHOS genetic scores in stroke risk in our
analyses are small but are inline with the results from other
GWAS efforts in ischemic and hemorrhagic stroke >8!113
Our GSEA did not find associations for the large artery or car-
dioembolic stroke subtypes in IS or the lobar subtype in ICH.
Given our power calculations, it is possible that the restriction
in sample size for subtype-stratified analyses led to a false-
negative for these subtypes. Therefore, we cannot definitively
demonstrate that the effect of OXPHOS genetic variants on
ischemic or hemorrhagic stroke is isolated to SV ischemic
or deep ICH subtypes. Many subjects in the MGH/MIGen
and ISGS/SWISS data sets were used in previous study of
mitochondrial variants in IS, although the method of analysis
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differed between these studies.* These data sets theoretically
could be particularly enriched with OXPHOS associations,
although the positive extension to the ISGC ICH cohort would
not be predicted if this were the case.

Genetic score analysis, although effective in aggregat-
ing signals to detect association, cannot identify individual
causative variants. As a result, we are unable to determine
the particular genetic loci conferring risk in the present
study. GWAS platform-based SNPs were used in this anal-
ysis, which are not highly enriched for functional variants
likely to cause missense, nonsense, or splice-site mutations.
It is possible that other common or rare genetic variants in
the OXPHOS pathway lie in linkage disequilibrium with
our included variants, exerting a more substantial effect in
affected individuals. Given the small aggregate effect sizes of
the genetic scores in our analysis, prohibitively large sample
sizes would be required to achieve sufficient power to detect
individual OXPHOS variants. The significance thresholds
in the current study were set according to established tech-
niques in GSEA and genetic score analysis and can be con-
sidered robust because of the use of permutation in the case
of GSEA and the use of separate discovery and replication
cohorts in the case of the genetic score analysis. Because the
majority of genes encoding OXPHOS proteins are autoso-
mal, we cannot determine whether the low-risk contribution
(£20%) of mitochondrial variants to the risk scores for IS
and ICH in our analysis is attributable to an imbalance in
SNP contributions to the genetic score or a true difference
in risk proportion. Finally, we cannot determine whether the
involvement of the OXPHOS pathway in IS and ICH is medi-
ated at the brain tissue level or possibly through modifica-
tion of systemic vascular or metabolic risk factors. Follow-up
analyses will be required to address OXPHOS function in
different tissue types.

Conclusions

Through a pathway-based analysis, we have demonstrated
that genetic variation within genes involved in the OXPHOS
apparatus associates with IS risk, particularly the SV stroke
subtype. Extension to ICH reveals retained association with
OXPHOS complex IV in deep ICH. Further studies will be
necessary to clarify the functional impact of these variants on
OXPHOS function.
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Supplementary Appendix |. Mitochondrial DNA genotyping and imputation methods

For genotype ascertainment and quality control of mitochondrial SNPs, raw intensity files were
inspected for all mtDNA variants. Direct inspection was employed by two investigators (C.D.A. and A.B.)
to confirm genotyping quality and genotype assignment. For mitochondrial variants, missingness by
individual was restricted to no more than 1%, in addition to the standard quality control cutoffs employed
for autosomal variants. Tests of differential missingness by case/control status were employed to ensure
that no mitochondrial variant was preferentially missing in either cases or controls in the discovery,
replication, and extension cohorts.

According to previously published methods’, we aligned all human mtDNA coding-region
sequences from GenBank (719 sequences) and 536 sequences from Mitokor; we identified a total of
identified 3,240 variant sites. Of note, we excluded ~0.8 kb of the hypervariable mtDNA D-loop promoter
region from the study, since this region is best addressed by direct resequencing in case-control samples
because of its high mutation rate. The combined dataset arising from these two sources was then used
as model for haplotype-based imputation using a previously described approachz. Briefly, available
genotypes from reference datasets mentioned above were used to construct haplotypes using the linear
discriminant function analysis in the R v 2.10.0 statistical package. The accuracy of haplogroup prediction
was determined via a bootstrap cross-validation approach. For each of 1000 replicates, a bootstrap
sample of sequences was chosen to form the prediction model, and the unsampled sequences had their
haplogroups predicted. The prediction accuracy was then determined simply as the proportions of
sequences whose haplogroups were correctly predicted. In line with previously reported results, 95% of
all crossvalidation replicates had a prediction accuracy of > 98.5%. Missing genotypes in the research
datasets were finally imputed using the --hap-impute routine in PLINK v1.07, and subsequently filtered to
include only SNPs within OXPHOS genes.

References for Supplementary Appendix I:

1. Saxena R, de Bakker PI, Singer K, Mootha V, Burtt N, Hirschhorn JN, et al. Comprehensive
association testing of common mitochondrial DNA variation in metabolic disease. American journal of
human genetics. 2006;79:54-61.

2. Biffi A, Anderson CD, Nalls MA, Rahman R, Sonni A, Cortellini L, et al. Principal-component analysis
for assessment of population stratification in mitochondrial medical genetics. American journal of human
genetics. 2010;86:904-917.
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Supplementary Appendix Il. Genotyping quality control and imputation results

After implementation of quality control measures and imputation to HapMap Phase 3, 1843
individuals remained in the MGH cohort, with genotypes at 850,489 autosomal SNPs. After restricting the
dataset to SNPs within the designated OXPHOS regions, 707 autosomal SNPs were left for final analysis.
In the ISGS/SWISS validation cohort, similar quality control and imputation processes resulted in 2632
individuals with genotypes at 764,004 autosomal SNPs. Restriction to OXPHOS gene regions left 677
autosomal SNPs for analysis. Fewer than 10% of these SNPs had MAF < 0.05.

For all individuals meeting quality control criteria, extraction and haplotype-based imputation
resulted in a total of 144 mitochondrial SNPs in the MGH/MIGen and ISGS/SWISS datasets, with 135
mitochondrial SNPs satisfying quality control criteria in both cohorts.

In the ISGC ICH cohort, quality control measures and HapMap Phase 3 imputation left 1837
individuals and 1,484,915 SNPs. Restriction to OXPHOS gene regions left 707 autosomal SNPs, and
haplotype-based imputation left 135 mitochondrial SNPs for analysis.
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Supplementary Table S1. Autosomal Oxidative Phosphorylation Genes, Locations, and Functional Annotations

CHR START END GENE ENTREZ FUNCTION
8 95908041 96087923 C8orf38 137682 OXPHOS biogenesis/regulation Complex |
17 46970127 46973233 ATP5G1 516 OXPHOS Complex V
22 30163358 30166402 UCRC 29796 OXPHOS Complex lll
19 19626540 19646885 NDUFA13 51079 OXPHOS Complex |
8 125551343 125562226 NDUFB9 4715 OXPHOS Complex |
4 140188034 140223705 NDUFCH1 4717 OXPHOS Complex |
16 31439055 31439731 COX6A2 1339 OXPHOS Complex IV
19 36139155 36149683 COX6B1 1340 OXPHOS Complex IV
5 85913721 85916779 COX7C 1350 OXPHOS Complex IV
19 36641824 36643771 COX7A1 1346 OXPHOS Complex IV
21 27088815 27107984 ATP5J 522 OXPHOS Complex V
7 99046098 99063954 ATP5J2 9551 OXPHOS Complex V
7 140390577 140422590 NDUFB2 4708 OXPHOS Complex |
12 4758283 4796397 NDUFA9 4704 OXPHOS Complex |
1 39491990 39500308 NDUFS5 4725 OXPHOS Complex |
11 67798094 67804114 NDUFS8 4728 OXPHOS Complex |
1 161166894 161184185 NDUFS2 4720 OXPHOS Complex |
5 132202252 132203723 UQCRQ 27089 OXPHOS Complex lll
6 97337189 97345757 NDUFAF4 29078 OXPHOS biogenesis/regulation Complex |
7 10971578 10979883 NDUFA4 4697 OXPHOS Complex |
11 47600632 47606113 NDUFS3 4722 OXPHOS Complex |
3 48636435 48648409 UQCRCH1 7384 OXPHOS Complex llI
5 52856463 52979168 NDUFS4 4724 OXPHOS Complex |
10 7830092 7849778 ATP5C1 509 OXPHOS Complex V
14 32030591 32330399 NUBPL 80224 OXPHOS biogenesis/regulation Complex |
1 161284047 161332984 SDHC 6391 OXPHOS Complex I
2 240831867 240964819 NDUFA10 4705 OXPHOS Complex |
18 9102628 9134343 NDUFV2 4729 OXPHOS Complex |
9 124906337 124922098 NDUFAS8 4702 OXPHOS Complex |
5 1801514 1816719 NDUFS6 4726 OXPHOS Complex |
14 50779047 50802276 ATP5S 27109 OXPHOS Complex V
19 29698167 29704136 UQCRFS1 7386 OXPHOS Complex llI
15 41679547 41694658 NDUFAF1 51103 OXPHOS biogenesis/regulation Complex |
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Supplementary Table S1 (continued)

CHR START END GENE ENTREZ FUNCTION
5 218356 256815 SDHA 6389 OXPHOS Complex Il
12 120875904 120878532 COX6A1 1337 OXPHOS Complex IV
9 32552997 32573160 NDUFBG6 4712 OXPHOS Complex |
16 21963981 21994981 UQCRC2 7385 OXPHOS Complex llI
1 47098409 47134099 ATPAF1 64756 OXPHOS biogenesis/regulation Complex V
17 73034955 73043074 ATP5H 10476 OXPHOS Complex V
6 75947391 75966492 COX7A2 1347 OXPHOS Complex IV
17 17918373 17942523 ATPAF2 91647 OXPHOS biogenesis/regulation Complex V
1 17345217 17380665 SDHB 6390 OXPHOS Complex Il
2 201936156 201950473 NDUFB3 4709 OXPHOS Complex |
3 119373360 119396301 COX17 10063 OXPHOS biogenesis/regulation Complex IV
2 206986149 207024327 NDUFS1 4719 OXPHOS Complex |
19 1383883 1395587 NDUFS7 374291 OXPHOS Complex |
17 13972846 14111994 COX10 1352 OXPHOS biogenesis/regulation Complex IV
4 666225 668127 ATPSI 521 OXPHOS Complex V
18 43664110 43684300 ATP5A1 498 OXPHOS Complex V
3 120315156 120321347 NDUFB4 4710 OXPHOS Complex |
19 54606036 54614898 NDUFA3 4696 OXPHOS Complex |
2 98262503 98264846 COX5B 1329 OXPHOS Complex IV
4 73921797 73935472 COX18 285521 OXPHOS biogenesis/regulation Complex IV
19 14676892 14682886 NDUFB7 4713 OXPHOS Complex |
2 176040986 176049335 ATP5G3 518 OXPHOS Complex V
11 77779403 77791265 NDUFC2 4718 OXPHOS Complex |
1 111991486 112005395 ATPSF1 515 OXPHOS Complex V
10 102283497 102289757 NDUFB8 4714 OXPHOS Complex |
5 159685260 159685595 LOC727947 727947 OXPHOS Complex IlI
11 111957622 111966517 SDHD 6392 OXPHOS Complex Il
16 2009519 2011976 NDUFB10 4716 OXPHOS Complex |
8 100890372 100905895 COX6C 1345 OXPHOS Complex IV
17 47481414 47492246 PHB 5245 OXPHOS stress response
8 145149960 145152427 CYC1 1637 OXPHOS Complex lil
19 8376234 8386280 NDUFA7 4701 OXPHOS Complex |
19 5894686 5904025 NDUFA11 126328 OXPHOS Complex |
16 23592323 23607677 NDUFAB1 4706 OXPHOS Complex |
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Supplementary Table S1 (continued)

CHR START END GENE ENTREZ FUNCTION
21 35275757 35288284 ATP50 539 OXPHOS Complex V
3 179322478 179345435 NDUFB5 4711  OXPHOS Complex |
21 44299754 44427677 NDUFV3 4731 OXPHOS Complex |
22 42481529 42486888 NDUFAG6 4700 OXPHOS Complex |
9 136218610 136223552 SURF1 6834 OXPHOS biogenesis/regulation Complex IV
20 30225691 30232809 COX412 84701 OXPHOS Complex IV
17 53029267 53046054 COX11 1353 OXPHOS biogenesis/regulation Complex IV
11 63742079 63744014 COXB8A 1351 OXPHOS Complex IV
11 67374323 67380012 NDUFV1 4723 OXPHOS Complex |
7 123177051 123198309 NDUFAS5 4698 OXPHOS Complex |
5 140018325 140027370 NDUFA2 4695 OXPHOS Complex |
19 1597180 1605431 UQCR 10975 OXPHOS Complex IlI
10 101471601 101491866 COX15 1355 OXPHOS biogenesis/regulation Complex IV
1 46769303 46782448 UQCRH 7388 OXPHOS Complex llI
12 54058950 54071182 ATP5G2 517 OXPHOS Complex V
16 85833290 85840608 COX4l1 1327 OXPHOS Complex IV
7 25159710 25164980 CYCS 54205 OXPHOS Complex IlI
19 1241749 1244823 ATPSD 513 OXPHOS Complex V
12 95365109 95397511 NDUFA12 55967 OXPHOS Complex |
19 11616745 11639987 ECSIT 51295 OXPHOS biogenesis/regulation Complex |
15 75212132 75230509 COX5A 9377 OXPHOS Complex IV
5 60240956 60448853 NDUFAF2 91942 OXPHOS biogenesis/regulation Complex |
19 55861070 55866182 COX6B2 125965 OXPHOS Complex IV
12 57031963 57039852 ATP5B 506 OXPHOS Complex V
8 97238148 97247862 UQCRB 156467 OXPHOS Complex llI
23 77154935 77162870 COX7B 1349 OXPHOS Complex IV
23 119005450 119010625 NDUFA1 4694 OXPHOS Complex |
23 47001615 47004903 NDUFB11 54539 OXPHOS Complex |

CHR = chromosome, ENTREZ = Entrez Gene ID, OXHOS = oxidative phosphorylation
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Supplementary Table S2. Mitochondrial Oxidative Phosphorylation SNPs, Platforms, Associated Genes, Locations, and Functional Annotations

SNP PLATFORM START END GENE ENTREZ FUNCTION

mt150 DIRECT 1 579 D-Loop N/A Mitochondrial function
mt217 ILLUMINAG610 1 579 D-Loop N/A Mitochondrial function
mt228 ILLUMINAG610 1 579 D-Loop N/A Mitochondrial function
mt247 ILLUMINAG610 1 579 D-Loop N/A Mitochondrial function
mt295 ILLUMINAG610 1 579 D-Loop N/A Mitochondrial function
mt458 ILLUMINAG610 1 579 D-Loop N/A Mitochondrial function
mt464 ILLUMINAG610 1 579 D-Loop N/A Mitochondrial function
mt479 ILLUMINAG610 1 579 D-Loop N/A Mitochondrial function
mt491 ILLUMINAG610 1 579 D-Loop N/A Mitochondrial function
mt709 DIRECT 651 1604 12S rRNA N/A Mitochondrial function
mt750 DIRECT 651 1604 12S rRNA N/A Mitochondrial function
mt750 ILLUMINAG610 651 1604 12S rRNA N/A Mitochondrial function
mt827 ILLUMINAG610 651 1604 12S rRNA N/A Mitochondrial function
mt930 DIRECT 651 1604 12S rRNA N/A Mitochondrial function
mt1048 ILLUMINAG610 651 1604 12S rRNA N/A Mitochondrial function
mt1189 DIRECT 651 1604 12S rRNA N/A Mitochondrial function
mt1189 ILLUMINAG610 651 1604 12S rRNA N/A Mitochondrial function
mt1243 DIRECT 651 1604 12S rRNA N/A Mitochondrial function
mt1438 ILLUMINAG610 651 1604 12S rRNA N/A Mitochondrial function
mt1719 DIRECT 1674 3231 16S rRNA N/A Mitochondrial function
mt1719 ILLUMINAG610 1674 3231 16S rRNA N/A Mitochondrial function
mt1736 ILLUMINAG610 1674 3231 16S rRNA N/A Mitochondrial function
mt1811 DIRECT 1674 3231 16S rRNA N/A Mitochondrial function
mt1888 DIRECT 1674 3231 16S rRNA N/A Mitochondrial function
mt2160 ILLUMINAG610 1674 3231 16S rRNA N/A Mitochondrial function
mt2485 ILLUMINAG610 1674 3231 16S rRNA N/A Mitochondrial function
mt2706 DIRECT 1674 3231 16S rRNA N/A Mitochondrial function
mt2706 ILLUMINAG610 1674 3231 16S rRNA N/A Mitochondrial function
mt2789 ILLUMINAG610 1674 3231 16S rRNA N/A Mitochondrial function
mt2885 ILLUMINAG610 1674 3231 16S rRNA N/A Mitochondrial function
mt3010 DIRECT 1674 3231 16S rRNA N/A Mitochondrial function
mt3010 ILLUMINAG610 1674 3231 16S rRNA N/A Mitochondrial function
mt3197 DIRECT 1674 3231 16S rRNA N/A Mitochondrial function
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Supplementary Table S2 (continued)

SNP PLATFORM START END GENE ENTREZ FUNCTION

mt3197 ILLUMINAG610 1674 3231 16S rRNA N/A Mitochondrial function
mt4336 DIRECT 4265 4333 tRNA-lle N/A Mitochondrial function
mt4336 ILLUMINAG610 4265 4333 tRNA-lle N/A Mitochondrial function
mt5656 DIRECT 5589 5731 tRNA-Ala N/A Mitochondrial function
mtS5773 ILLUMINAG10 5763 5828 tRNA-Cys N/A Mitochondrial function
mt7476 DIRECT 7448 7518 tRNA-Ser N/A Mitochondrial function
mt8278 ILLUMINAG10 8272 8366 tRNA-Lys N/A Mitochondrial function
mt10034 DIRECT 9993 10060 tRNA-Gly N/A Mitochondrial function
mt10034 ILLUMINA610 9993 10060 tRNA-Gly N/A Mitochondrial function
mt10045 ILLUMINA610 9993 10060 tRNA-Gly N/A Mitochondrial function
mt12308 DIRECT 12268 12338 tRNA-Ser N/A Mitochondrial function
mt12309 ILLUMINAG10 12268 12338 tRNA-Ser N/A Mitochondrial function
mt14687 DIRECT 14676 14744 tRNA-Glu N/A Mitochondrial function
mt15904 DIRECT 15890 15995 tRNA-Thr N/A Mitochondrial function
mt15904 ILLUMINAG10 15890 15995 tRNA-Thr N/A Mitochondrial function
mt15924 DIRECT 15890 15995 tRNA-Thr N/A Mitochondrial function
mt15924  ILLUMINAG10 15890 15995 tRNA-Thr N/A Mitochondrial function
mt15928 DIRECT 15890 15995 tRNA-Thr N/A Mitochondrial function
mt15928 ILLUMINAG10 15890 15995 tRNA-Thr N/A Mitochondrial function
mt15931 ILLUMINAG610 15890 15995 tRNA-Thr N/A Mitochondrial function
mt3348 ILLUMINAG10 3309 4264 ND1 4535 OXPHOS Complex |
mt3394 DIRECT 3309 4264 ND1 4535 OXPHOS Complex |
mt3394 ILLUMINAG10 3309 4264 ND1 4535 OXPHOS Complex |
mt3480 DIRECT 3309 4264 ND1 4535 OXPHOS Complex |
mt3480 ILLUMINAG10 3309 4264 ND1 4535 OXPHOS Complex |
mt3505 DIRECT 3309 4264 ND1 4535 OXPHOS Complex |
mt3594 ILLUMINAG10 3309 4264 ND1 4535 OXPHOS Complex |
mt3666 ILLUMINAG10 3309 4264 ND1 4535 OXPHOS Complex |
mt3721 ILLUMINA610 3309 4264 ND1 4535 OXPHOS Complex |
mt3915 DIRECT 3309 4264 ND1 4535 OXPHOS Complex |
mt3915 ILLUMINAG10 3309 4264 ND1 4535 OXPHOS Complex |
mt3918 ILLUMINAG10 3309 4264 ND1 4535 OXPHOS Complex |
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Supplementary Table S2 (continued)

SNP PLATFORM START END GENE ENTREZ FUNCTION

mt3971 ILLUMINAG10 3309 4264 ND1 4535 OXPHOS Complex |
mt3993 ILLUMINAG10 3309 4264 ND1 4535 OXPHOS Complex |
mt4025 ILLUMINAG10 3309 4264 ND1 4535 OXPHOS Complex |
mt4216 DIRECT 3309 4264 ND1 4535 OXPHOS Complex |
mt4529 DIRECT 4472 5513 ND2 4536 OXPHOS Complex |
mt4580 DIRECT 4472 5513 ND2 4536 OXPHOS Complex |
mt4769 ILLUMINAGB10 4472 5513 ND2 4536 OXPHOS Complex |
mt4793 DIRECT 4472 5513 ND2 4536 OXPHOS Complex |
mt4820 ILLUMINAGB10 4472 5513 ND2 4536 OXPHOS Complex |
mt4824 ILLUMINAGB10 4472 5513 ND2 4536 OXPHOS Complex |
mt4883 ILLUMINAGB10 4472 5513 ND2 4536 OXPHOS Complex |
mt4917 DIRECT 4472 5513 ND2 4536 OXPHOS Complex |
mt4917 ILLUMINAGB10 4472 5513 ND2 4536 OXPHOS Complex |
mt4977 ILLUMINAGB10 4472 5513 ND2 4536 OXPHOS Complex |
mt5004 ILLUMINAGB10 4472 5513 ND2 4536 OXPHOS Complex |
mt5046 DIRECT 4472 5513 ND2 4536 OXPHOS Complex |
mt5046 ILLUMINAGB10 4472 5513 ND2 4536 OXPHOS Complex |
mt5147 DIRECT 4472 5513 ND2 4536 OXPHOS Complex |
mt5264 ILLUMINAGB10 4472 5513 ND2 4536 OXPHOS Complex |
mt5391 ILLUMINAB10 4472 5513 ND2 4536 OXPHOS Complex |
mt5442 ILLUMINAGB10 4472 5513 ND2 4536 OXPHOS Complex |
mt5460 ILLUMINAB10 4472 5513 ND2 4536 OXPHOS Complex |
mt5495 DIRECT 4472 5513 ND2 4536 OXPHOS Complex |
mt5495 ILLUMINAGB10 4472 5513 ND2 4536 OXPHOS Complex |
mt10238 DIRECT 10061 10406 ND3 4537 OXPHOS Complex |
mt10238 ILLUMINA610 10061 10406 ND3 4537 OXPHOS Complex |
mt10311  ILLUMINA610 10061 10406 ND3 4537 OXPHOS Complex |
mt10321  ILLUMINA610 10061 10406 ND3 4537 OXPHOS Complex |
mt10398 DIRECT 10061 10406 ND3 N/A OXPHOS Complex |
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Supplementary Table S2 (continued)

SNP PLATFORM START END GENE ENTREZ FUNCTION

mt10398 ILLUMINA610 10061 10406 ND3 N/A OXPHOS Complex |
mt10463 ILLUMINA610 10407 10761 NDA4L 4539 OXPHOS Complex |
mt10550 DIRECT 10407 10761 NDA4L 4539 OXPHOS Complex |
mt10550 ILLUMINA610 10407 10761 NDA4L 4539 OXPHOS Complex |
mt10586 ILLUMINA610 10407 10761 ND4L 4539 OXPHOS Complex |
mt10589 ILLUMINA610 10407 10761 NDA4L 4539 OXPHOS Complex |
mt10688 ILLUMINA610 10407 10761 ND4L 4539 OXPHOS Complex |
mt10873 ILLUMINA610 10762 12139 ND4 4538 OXPHOS Complex |
mt10915 DIRECT 10762 12139 ND4 4538 OXPHOS Complex |
mt10915 ILLUMINA610 10762 12139 ND4 4538 OXPHOS Complex |
mt11251 DIRECT 10762 12139 ND4 4538 OXPHOS Complex |
mt11252  ILLUMINA610 10762 12139 ND4 4538 OXPHOS Complex |
mt11299 DIRECT 10762 12139 ND4 4538 OXPHOS Complex |
mt11377 DIRECT 10762 12139 ND4 4538 OXPHOS Complex |
mt11377 ILLUMINAG610 10762 12139 ND4 4538 OXPHOS Complex |
mt11467 DIRECT 10762 12139 ND4 4538 OXPHOS Complex |
mt11467 ILLUMINAG610 10762 12139 ND4 4538 OXPHOS Complex |
mt11485 DIRECT 10762 12139 ND4 4538 OXPHOS Complex |
mt11485 ILLUMINA610 10762 12139 ND4 4538 OXPHOS Complex |
mt11674 DIRECT 10762 12139 ND4 4538 OXPHOS Complex |
mt11719 DIRECT 10762 12139 ND4 4538 OXPHOS Complex |
mt11812 DIRECT 10762 12139 ND4 4538 OXPHOS Complex |
mt11900 ILLUMINAG610 10762 12139 ND4 4538 OXPHOS Complex |
mt11914  DIRECT 10762 12139 ND4 4538 OXPHOS Complex |
mt11914  ILLUMINA610 10762 12139 ND4 4538 OXPHOS Complex |
mt11947 DIRECT 10762 12139 ND4 4538 OXPHOS Complex |
mt12007 DIRECT 10762 12139 ND4 4538 OXPHOS Complex |
mt12372 DIRECT 12339 14150 ND5 4540 OXPHOS Complex |
mt12372 ILLUMINA610 12339 14150 ND5 4540 OXPHOS Complex |
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Supplementary Table S2 (continued)

SNP PLATFORM START END GENE ENTREZ FUNCTION
mt12414  DIRECT 12339 14150 ND5 4540 OXPHOS Complex |
mt12631  ILLUMINA610 12339 14150 ND5 4540 OXPHOS Complex |
mt12670 ILLUMINA610 12339 14150 ND5 4540 OXPHOS Complex |
mt12705 DIRECT 12339 14150 ND5 4540 OXPHOS Complex |
mt12705 ILLUMINA610 12339 14150 ND5 4540 OXPHOS Complex |
mt12851 ILLUMINA610 12339 14150 ND5 4540 OXPHOS Complex |
mt13020 DIRECT 12339 14150 ND5 4540 OXPHOS Complex |
mt13105 DIRECT 12339 14150 ND5 4540 OXPHOS Complex |
mt13105 ILLUMINA610 12339 14150 ND5 4540 OXPHOS Complex |
mt13263 ILLUMINA610 12339 14150 ND5 4540 OXPHOS Complex |
mt13368 DIRECT 12339 14150 ND5 4540 OXPHOS Complex |
mt13617 DIRECT 12339 14150 ND5 4540 OXPHOS Complex |
mt13650 ILLUMINA610 12339 14150 ND5 4540 OXPHOS Complex |
mt13708 DIRECT 12339 14150 ND5 4540 OXPHOS Complex |
mt13734 DIRECT 12339 14150 ND5 4540 OXPHOS Complex |
mt13780 DIRECT 12339 14150 ND5 4540 OXPHOS Complex |
mt13780 ILLUMINA610 12339 14150 ND5 4540 OXPHOS Complex |
mt13789 ILLUMINA610 12339 14150 ND5 4540 OXPHOS Complex |
mt13934 DIRECT 12339 14150 ND5 4540 OXPHOS Complex |
mt13965 DIRECT 12339 14150 ND5 4540 OXPHOS Complex |
mt13965 ILLUMINA610 12339 14150 ND5 4540 OXPHOS Complex |
mt13966 DIRECT 12339 14150 ND5 4540 OXPHOS Complex |
mt14167 DIRECT 14151 14675 ND6 4541 OXPHOS Complex |
mt14178 ILLUMINAG610 14151 14675 ND6 4541 OXPHOS Complex |
mt14182 DIRECT 14151 14675 ND6 4541 OXPHOS Complex |
mt14233 DIRECT 14151 14675 ND6 4541 OXPHOS Complex |
mt14233 ILLUMINAG610 14151 14675 ND6 4541 OXPHOS Complex |
mt14583 ILLUMINAG610 14151 14675 ND6 4541 OXPHOS Complex |
mt14766 DIRECT 14749 15889 CYTB 4519 OXPHOS Complex llI
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Supplementary Table S2 (continued)

SNP PLATFORM START END GENE ENTREZ FUNCTION

mt14793 DIRECT 14749 15889 CYTB 4519 OXPHOS Complex llI
mt14798 DIRECT 14749 15889 CYTB 4519 OXPHOS Complex llI
mt14798 ILLUMINAG10 14749 15889 CYTB 4519 OXPHOS Complex llI
mt14905 DIRECT 14749 15889 CYTB 4519 OXPHOS Complex llI
mt15043 DIRECT 14749 15889 CYTB 4519 OXPHOS Complex llI
mt15043 ILLUMINAG10 14749 15889 CYTB 4519 OXPHOS Complex llI
mt15218 DIRECT 14749 15889 CYTB 4519 OXPHOS Complex lli
mt15244  ILLUMINAG10 14749 15889 CYTB 4519 OXPHOS Complex llI
mt15257 DIRECT 14749 15889 CYTB 4519 OXPHOS Complex llI
mt15257 ILLUMINAG10 14749 15889 CYTB 4519 OXPHOS Complex llI
mt15302 ILLUMINAG10 14749 15889 CYTB 4519 OXPHOS Complex lli
mt15452 DIRECT 14749 15889 CYTB 4519 OXPHOS Complex llI
mt15535 ILLUMINAG10 14749 15889 CYTB 4519 OXPHOS Complex llI
mt15607 DIRECT 14749 15889 CYTB 4519 OXPHOS Complex llI
mt15670 ILLUMINAG10 14749 15889 CYTB 4519 OXPHOS Complex llI
mt15758 DIRECT 14749 15889 CYTB 4519 OXPHOS Complex llI
mt15758 ILLUMINAG10 14749 15889 CYTB 4519 OXPHOS Complex llI
mt15784  ILLUMINAG10 14749 15889 CYTB 4519 OXPHOS Complex llI
mt15833 DIRECT 14749 15889 CYTB 4519 OXPHOS Complex llI
mt15833 ILLUMINAG10 14749 15889 CYTB 4519 OXPHOS Complex lli
mt5951 ILLUMINA610 5906 7447 COX1 4512 OXPHOS Complex IV
mt6027 ILLUMINA610 5906 7447 COX1 4512 OXPHOS Complex IV
mt6046 ILLUMINA610 5906 7447 COX1 4512 OXPHOS Complex IV
mt6153 ILLUMINA610 5906 7447 COX1 4512 OXPHOS Complex IV
mt6221 DIRECT 5906 7447 COX1 4512 OXPHOS Complex IV
mt6221 ILLUMINA610 5906 7447 COX1 4512 OXPHOS Complex IV
mt6260 ILLUMINAG610 5906 7447 COX1 4512 OXPHOS Complex IV
mt6681 ILLUMINA610 5906 7447 COX1 4512 OXPHOS Complex IV
mt6735 ILLUMINA610 5906 7447 COX1 4512 OXPHOS Complex IV
mt6753 ILLUMINA610 5906 7447 COX1 4512 OXPHOS Complex IV
mt6776 DIRECT 5906 7447 COX1 4512 OXPHOS Complex IV
mt6776 ILLUMINA610 5906 7447 COX1 4512 OXPHOS Complex IV
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Supplementary Table S2 (continued)

SNP PLATFORM START END GENE ENTREZ FUNCTION

mt7028 DIRECT 5906 7447 COox1 4512 OXPHOS Complex IV
mt7055 ILLUMINAG10 5906 7447 COox1 4512 OXPHOS Complex IV
mt7175 ILLUMINAG10 5906 7447 COox1 4512 OXPHOS Complex IV
mt7274 ILLUMINAG10 5906 7447 COox1 4512 OXPHOS Complex IV
mt7768 DIRECT 7588 8271 COX2 4513 OXPHOS Complex IV
mt7769 ILLUMINAG10 7588 8271 COX2 4513 OXPHOS Complex IV
mt8251 DIRECT 7588 8271 COX2 4513 OXPHOS Complex IV
mt8269 ILLUMINAG10 7588 8271 COX2 4513 OXPHOS Complex IV
mt9378 ILLUMINAG10 9210 9992 COX3 4514 OXPHOS Complex IV
mt9477 DIRECT 9210 9992 COX3 4514 OXPHOS Complex IV
mt9540 ILLUMINAG10 9210 9992 COX3 4514 OXPHOS Complex IV
mt9667 DIRECT 9210 9992 COX3 4514 OXPHOS Complex IV
mt9667 ILLUMINAG10 9210 9992 COX3 4514 OXPHOS Complex IV
mt9698 DIRECT 9210 9992 COX3 4514 OXPHOS Complex IV
mt9698 ILLUMINAG10 9210 9992 COX3 4514 OXPHOS Complex IV
mt9716 DIRECT 9210 9992 COX3 4514 OXPHOS Complex IV
mt9716 ILLUMINAG10 9210 9992 COX3 4514 OXPHOS Complex IV
mt9899 DIRECT 9210 9992 COX3 4514 OXPHOS Complex IV
mt9899 ILLUMINAG10 9210 9992 COX3 4514 OXPHOS Complex IV
mt9950 ILLUMINAG10 9210 9992 COX3 4514 OXPHOS Complex IV
mt8617 ILLUMINAG10 8529 9209 ATP6 4508 OXPHOS Complex V
mt8655 ILLUMINAG10 8529 9209 ATP6 4508 OXPHOS Complex V
mt8697 DIRECT 8529 9209 ATP6 4508 OXPHOS Complex V
mt8869 ILLUMINAG10 8529 9209 ATP6 4508 OXPHOS Complex V
mt8994 DIRECT 8529 9209 ATP6 4508 OXPHOS Complex V
mt9055 DIRECT 8529 9209 ATP6 4508 OXPHOS Complex V
mt9072 ILLUMINAG10 8529 9209 ATP6 4508 OXPHOS Complex V
mt9094 ILLUMINAG10 8529 9209 ATP6 4508 OXPHOS Complex V
mt9123 DIRECT 8529 9209 ATP6 4508 OXPHOS Complex V
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Supplementary Table S2 (continued)

SNP PLATFORM START END GENE ENTREZ FUNCTION
mt16130 ILLUMINAG610 15996 16571 Noncoding N/A Unknown
mt16145 ILLUMINAG610 15996 16571 Noncoding N/A Unknown
mt16146  ILLUMINAG610 15996 16571 Noncoding N/A Unknown
mt16149  ILLUMINAG610 15996 16571 Noncoding N/A Unknown
mt16163  ILLUMINAG610 15996 16571 Noncoding N/A Unknown
mt16164  ILLUMINAG610 15996 16571 Noncoding N/A Unknown
mt16184  ILLUMINA610 15996 16571 Noncoding N/A Unknown
mt16189 DIRECT 15996 16571 Noncoding N/A Unknown
mt16272  ILLUMINA610 15996 16571 Noncoding N/A Unknown
mt16329  ILLUMINAG610 15996 16571 Noncoding N/A Unknown
mt16392  ILLUMINAG610 15996 16571 Noncoding N/A Unknown
mt16393  ILLUMINAG610 15996 16571 Noncoding N/A Unknown

Platform data extracted for lllumina 610 microarray. Directly genotyped SNPs according to previously published protocols reported as DIRECT.
ENTREZ = Entrez Gene ID, OXHOS = oxidative phosphorylation, SNP = single nucleotide polymorphism
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Supplementary Table S3. Beta associations for risk of all-cause ischemic stroke in the MGH/MIGen discovery cohort for genotyped autosomal and
mitochondrial variants

SNP MITO_or_AUTO MT_POS ALLELE_CODED BETA_WEIGHT
mt217 MITO 217 T -0.0011
mt228 MITO 228 A 0.00511
mt247 MITO 247 A -0.0073
mt295 MITO 295 T 0.00543
mt458 MITO 458 T -0.0002
mt464 MITO 464 T 0.0067
mt479 MITO 479 T 0.0067
mt491 MITO 491 T -0.0086
mt750 MITO 750 A 0.10165
mt827 MITO 827 A 0.00657
mt1048 MITO 1048 T 0.0019
mt1189 MITO 1189 T -0.0395
mt1438 MITO 1438 A 0.00035
mt1719 MITO 1719 A -0.1366
mt1736 MITO 1736 A -0.0052
mt2160 MITO 2160 T 0.00513
mt2485 MITO 2485 T -0.0037
mt2706 MITO 2706 A 0.24998
mt2789 MITO 2789 T 0.0046
mt2885 MITO 2885 T -0.0073
mt3010 MITO 3010 A -0.034
mt3197 MITO 3197 T 0.02078
mt3348 MITO 3348 A 0.00465
mt3394 MITO 3394 T 0.17563
mt3480 MITO 3480 A -0.2115
mt3594 MITO 3594 T 0.00896
mt3666 MITO 3666 A -0.0069
mt3721 MITO 3721 A 0.00467
mt3915 MITO 3915 A -0.0776
mt3918 MITO 3918 A -0.0046
mt3971 MITO 3971 T -0.0051
mt3993 MITO 3993 T -0.0024
mt4025 MITO 4025 A 0.0055
mt4336 MITO 4336 C -0.0068
mt4769 MITO 4769 A -0.0112

Anderson CD, et al. OXPHOS Genetic Variants in Stroke

Downloaded from http://stroke.ahgjournals.org/ at St George's, University of London on May 7, 2013


http://stroke.ahajournals.org/

SNP
mt4820
mt4824
mt4883
mt4917
mt4977
mt5004
mt5046
mt5264
mt5391
mt5442
mt5460
mt5495
mt5773
mt5951
mt6027
mt6046
mt6153
mt6221
mt6260
mt6681
mt6735
mt6753
mt6776
mt7055
mt7175
mt7274
mt7769
mt8269
mt8278
mt8617
mt8655
mt8869
mt9072
mt9094
mt9378
mt9540
mt9667
mt9698

MITO_or_AUTO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
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MT_POS
4820
4824
4883
4917
4977
5004
5046
5264
5391
5442
5460
5495
5773
5951
6027
6046
6153
6221
6260
6681
6735
6753
6776
7055
7175
7274
7769
8269
8278
8617
8655
8869
9072
9094
9378
9540
9667
9698

ALLELE_CODED

OOHd>»>>>A442>2>H442>202>2>42>0442>22>22>202>42>2 40440 4> 2

BETA_WEIGHT
0.00039
0.00154
-0.0116
0.02664
0.00405
-0.0021
-0.0309
-0.0018
0.00528
-0.0036

0.0012

-0.0185
-0.0056
-0.0007

-0.007
0.00414
-0.0012
-0.2054
-0.0101

-0.0014
-0.0112
-0.0016
0.07232
0.00829
0.00284
-0.0016
0.00943
-0.0011
0.00635
-0.0051

-0.004
0.00664
-0.0037
-0.0148
-0.0048
-0.0047
0.09349
-0.2115
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SNP
mt9716
mt9899
mt9950

mt10034
mt10045
mt10238
mt10311
mt10321
mt10398
mt10463
mt10550
mt10586
mt10589
mt10688
mt10873
mt10915
mt11252
mt11377
mt11467
mt11485
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mt11914
mt12309
mt12372
mt12631
mt12670
mt12705
mt12851
mt13105
mt13263
mt13650
mt13780
mt13789
mt13965
mt14178
mt14233
mt14583
mt14798

MITO_or_AUTO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
MITO
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MT_POS
9716
9899
9950
10034
10045
10238
10311
10321
10398
10463
10550
10586
10589
10688
10873
10915
11252
11377
11467
11485
11900
11914
12309
12372
12631
12670
12705
12851
13105
13263
13650
13780
13789
13965
14178
14233
14583
14798

ALLELE_CODED

O>POHO0OHA>A>O>A42>2>2>22>H02>2>22>20-422>2204104>4>440 0]

BETA_WEIGHT
-0.1099
0.08158
-0.0037
0.00995
-0.0025
0.00299
-0.0006
-0.0048

0.1319
-0.0008
-0.2115
-0.003
0.00127
-6.6291
0.00253
0.30968
0.00304
-0.026
-0.014
-0.0497
0.00032
-0.0821
0.00386
-0.0475
-0.0015
0.00952
-0.1504
0.01453
-0.1351
0.00629
0.00732
0.06765
-0.0027
-0.0577
0.09352
-0.1961
-0.0984
-0.0263
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SNP MITO_or_AUTO MT_POS ALLELE_CODED BETA_WEIGHT

mt15043 MITO 15043 A -0.0061
mt15244 MITO 15244 A -0.0001
mt15257 MITO 15257 A 0.10345
mt15302 MITO 15302 A 0.00898
mt15535 MITO 15535 T 0.00493
mt15670 MITO 15670 T 0.00779
mt15758 MITO 15758 G -0.0216
mt15784 MITO 15784 T -0.0012
mt15833 MITO 15833 T 0.03343
mt15904 MITO 15904 C -0.1536
mt15924 MITO 15924 A -0.0135
mt15928 MITO 15928 A 0.02664
mt15931 MITO 15931 A -0.0027
mt16130 MITO 16130 A -0.0103
mt16145 MITO 16145 T 0.01576
mt16146 MITO 16146 A -0.0086
mt16149 MITO 16149 T -0.0043
mt16163 MITO 16163 A 0.00161
mt16164 MITO 16164 A 0.00475
mt16184 MITO 16184 A -0.0045
mt16272 MITO 16272 T 0.00398
mt16329 MITO 16329 T -0.0001
mt16392 MITO 16392 A 0.0021
mt16393 MITO 16393 A 0.00354
rs6693480 AUTO n/a A 0.0422
rs12085482 AUTO n/a G -0.3057
rs1883911 AUTO n/a T -0.3799
rs6681946 AUTO n/a G 0.0104
rs2454160 AUTO n/a A 0.0069
rs2454161 AUTO n/a T 0.0080
rs2454162 AUTO n/a T 0.0080
rs2454163 AUTO n/a T 0.0104
rs2454165 AUTO n/a C -0.0245
rs2454170 AUTO n/a T 0.0080
rs2501810 AUTO n/a T -0.0343
rs2935931 AUTO n/a T -0.2035
rs3003452 AUTO n/a C -0.2035
rs2977265 AUTO n/a A -0.1987
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SNP
rs3003456
rs16826012
rs4660208
rs2246160
rs7542296
rs12138736
rs3737741
rs11588450
rs2476163
rs2486166
rs2211012
rs4233505
rs17665274
rs692801
rs2746444
rs571020
rs11576942
rs10776734
rs2067552
rs9943162
rs10799885
rs6681091
rs2343491
rs6659661
rs12091621
rs4512621
rs2661275
rs2661274
rs951437
rs951438
rs2842028
rs12043369
rs2661315
rs11578512
rs11578513
rs2841957
rs16849162
rs2661314

MITO_or_AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO

Anderson CD, et al.

MT_POS
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

ALLELE_CODED

O0Hd>»>H4>2>44H041000000O01140000O11OO0O0O0>TOO >

BETA_WEIGHT
-0.2035
0.0653
0.0696
0.3271
-0.0056
-0.0111
-0.0106
-0.0144
0.0167
-0.0154
0.1202
-0.2281
-0.2452
0.1339
-0.4632
0.1216
-0.0125
0.3069
0.5490
0.0975
0.1234
0.1315
-0.0106
-0.0159
0.0694
0.3862
-0.0961
-0.0841
-0.0175
-0.0175
0.0421
0.1044
0.0274
-0.2537
-0.2537
-0.0592
0.8848
0.0488
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SNP
rs2063142
rs2841958
rs2661303
rs7606070
rs17493655
rs1879954
rs16863205
rs2437904
rs2037528
rs11681616
rs11898629
rs1448905
rs1947200
rs755024
rs2279687
rs7595693
rs12695010
rs1565986
rs1009283
rs10191103
rs12105315
rs6742692
rs1603326
rs1845775
rs1495921
rs10170009
rs11685173
rs7589895
rs7608911
rs7592893
rs4417745
rs7608790
rs7597153
rs13034435
rs6739663
rs4854077
rs12623425
rs4854076

MITO_or_AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO

Anderson CD, et al.

MT_POS
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

ALLELE_CODED

OQOH>2>H42>2002>202>2042>202>4H00442>H004H040042>02>04> 0O

BETA_WEIGHT
-0.0598
0.0379
0.0297
0.0829
0.0811
0.0713
0.0736
0.4808
0.0736
-0.1373
-0.1112
0.0833
0.0119
-0.1667
0.0681
0.0590
-0.1191
0.0689
0.0599
0.4593
0.4998
0.5192
-0.0891
0.4998
-0.0934
-0.0891
-0.1351
-0.1415
-0.1427
-0.1390
0.0953
-0.1493
-0.1427
0.0098
0.1076
0.1392
0.0196
0.0926
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SNP
rs1106154
rs12695014
rs952753
rs4854033
rs7607116
rs7573172
rs10933588
rs11685834
rs6746446
rs6437322
rs7565424
rs11688673
rs7420288
rs2352821
rs7602820
rs12997738
rs2352838
rs7579238
rs11677104
rs12996674
rs10174868
rs6437325
rs10178014
rs10933595
rs1320123
rs4676439
rs4571052
rs11885409
rs10165842
rs13063312
rs7631574
rs2276852
rs3821876
rs13324142
rs2276850
rs740787
rs2310996
rs6438441

MITO_or_AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO

Anderson CD, et al.

MT_POS
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

ALLELE_CODED

TZOOP>PA404H4>»2>4H04000> 1042402140422 00040-4>> >

BETA_WEIGHT
-0.0323
0.0763
0.1466
0.0871
0.1029
0.0741
0.0144
-0.0252
0.0119
0.0667
0.0254
-0.0252
0.0574
0.0269
-0.0134
-0.0141
-0.2687
-0.2965
-0.3021
0.3446
-0.2687
-0.2394
-0.1454
-0.2432
-0.1743
-0.2894
-0.3029
-0.2777
-0.2777
-0.2128
-0.2477
-0.2477
-0.2128
-0.2243
-0.2243
-0.2477
-0.2477
-0.1902
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SNP
rs1486336
rs6779584
rs6767666
rs1032292
rs1032291
rs9828139
rs9823302
rs1489626
rs28648408
rs6840253
rs315312
rs221592
rs4398492
rs11728884
rs2126207
rs17882175
rs6841713
rs12503968
rs6535865
rs17050688
rs1108867
rs6889904
rs2059861
rs7700533
rs7717734
rs7717970
rs11133847
rs4956990
rs13176160
rs4956991
rs1053477
rs4956993
rs1053478
rs1053479
rs7727015
rs6861289
rs4956994
rs10040260

MITO_or_AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO

Anderson CD, et al.

MT_POS
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

ALLELE_CODED

OOHO>>2>0O0>P2>22>22>A444041000>2>00004000>04040 )

BETA_WEIGHT
0.0130
-0.0838
-0.0373
-0.3730
-0.3573
-0.3611
-0.3611
-0.3297
-0.0326
0.2908
-0.0749
-0.0809
-0.0749
0.0460
0.0327
-0.0456
-0.3278
0.1034
-0.3278
0.0146
-0.2184
-0.1142
-0.2567
-0.1142
-0.1915
-0.2318
-0.2318
-0.1894
-0.2318
-0.1918
-0.2318
-0.1963
-0.2318
-0.2318
-0.1723
-0.2318
-0.2700
0.0335
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SNP MITO_or_AUTO MT_POS ALLELE_CODED BETA_WEIGHT

rs13174204 AUTO n/a C 0.0592
rs16884543 AUTO n/a G -0.0102
rs10512651 AUTO n/a G -0.1151
rs12516704 AUTO n/a C -0.0020
rs10065003 AUTO n/a C 0.3619
rs6872379 AUTO n/a G 0.0783
rs9790964 AUTO n/a A 0.3617
rs16881474 AUTO n/a A 0.3538
rs1991002 AUTO n/a G 0.0728
rs1532163 AUTO n/a A -0.0437
rs1532162 AUTO n/a T 0.0114
rs923610 AUTO n/a G 0.0114
rs7728496 AUTO n/a T -0.0532
rs7717681 AUTO n/a C 0.0114
rs256107 AUTO n/a G -0.0398
rs10036010 AUTO n/a G 0.1067
rs1994648 AUTO n/a G -0.0095
rs2637002 AUTO n/a A 0.0096
rs403207 AUTO n/a G -0.0509
rs424955 AUTO n/a A -0.0520
rs423872 AUTO n/a C 0.0197
rs365578 AUTO n/a T 0.0614
rs31304 AUTO n/a A -0.0544
rs31303 AUTO n/a A -0.0382
rs31302 AUTO n/a C 0.0197
rs976630 AUTO n/a C -0.0089
rs4647078 AUTO n/a A 0.0884
rs976080 AUTO n/a A 0.1463
rs158570 AUTO n/a C 0.0035
rs158928 AUTO n/a G 0.1147
rs158935 AUTO n/a C 0.0035
rs158572 AUTO n/a G 0.0063
rs4647028 AUTO n/a T -0.0930
rs158919 AUTO n/a T 0.0035
rs158916 AUTO n/a G 0.1064
rs158914 AUTO n/a G -0.0633
rs158926 AUTO n/a T 0.0977
rs158923 AUTO n/a C 0.0003
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SNP
rs158563
rs1609041
rs1382914
rs3101879
rs2650517
rs7723901
rs167912
rs290505
rs290506
rs162242
rs162240
rs329614
rs12655209
rs17419290
rs162231
rs162235
rs248688
rs34592
rs726824
rs34638
rs248685
rs248682
rs16878547
rs10471502
rs295533
rs295531
rs295561
rs295559
rs1460961
rs4308511
rs13177204
rs803217
rs778597
rs2563335
rs240414
rs743004
rs3777510
rs240433

MITO_or_AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO

Anderson CD, et al.

MT_POS
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

ALLELE_CODED

THOOPTOO1O0>TA0>20000004100000>P0>H42>H000 -0

BETA_WEIGHT
0.0938
0.0977
0.0035
-0.0633
0.0035
-0.0495
0.0868
0.1166
0.0003
-0.0096
0.0640
0.0978
-0.0495
-0.0089
0.0938
0.0978
-0.0660
-0.0492
-0.0376
-0.0492
-0.0032
-0.0022
0.1054
-0.0592
-0.0022
-0.0592
-0.0488
-0.0592
-0.0178
1.2350
0.0499
0.0331
-0.1116
-0.0836
-0.1434
-0.1952
-0.2047
-0.1910
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SNP MITO_or_AUTO MT_POS ALLELE_CODED BETA_WEIGHT

rs997875 AUTO n/a T -0.1821
rs213858 AUTO n/a C -0.1000
rs9372215 AUTO n/a C -0.2107
rs9487145 AUTO n/a C 0.0223
rs10484996 AUTO n/a T -0.0562
rs399454 AUTO n/a G 0.2582
rs1640705 AUTO n/a A 0.0068
rs218983 AUTO n/a G 0.0035
rs6956814 AUTO n/a C 0.1067
rs10263162 AUTO n/a C 0.0829
rs2523075 AUTO n/a A 0.1016
rs2717900 AUTO n/a A 0.1174
rs12538022 AUTO n/a T 0.1847
rs2523073 AUTO n/a G 0.1058
rs12535348 AUTO n/a C 0.1847
rs10256921 AUTO n/a C 0.0854
rs7792939 AUTO n/a C 0.0280
rs3735453 AUTO n/a C 0.1584
rs1506642 AUTO n/a G -0.1683
rs17146312 AUTO n/a G 0.1092
rs608447 AUTO n/a A -0.1683
rs600774 AUTO n/a A 0.0826
rs627689 AUTO n/a A -0.1789
rs659416 AUTO n/a A 0.0808
rs9886090 AUTO n/a A 0.1423
rs2079978 AUTO n/a T -0.2593
rs801122 AUTO n/a A -0.1772
rs488795 AUTO n/a T -0.0786
rs512509 AUTO n/a T -0.0753
rs4726225 AUTO n/a A -0.1661
rs471817 AUTO n/a A -0.0753
rs528957 AUTO n/a T -0.0753
rs498933 AUTO n/a A -0.1451
rs7005317 AUTO n/a T -0.2165
rs7834966 AUTO n/a G 0.0980
rs11784299 AUTO n/a C 0.0980
rs10956927 AUTO n/a A 0.0980
rs11996455 AUTO n/a A -0.0718
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SNP
rs13271375
rs13271644
rs16917079
rs6986418
rs7009086
rs10441538
rs6471499
rs6989591
rs11782617
rs6991067
rs7004862
rs713113
rs6471500
rs16917102
rs7844932
rs10956929
rs7009940
rs2278891
rs16893774
rs28399553
rs16917117
rs550564
rs2956216
rs7015841
rs7017487
rs683832
rs551270
rs13264488
rs10956931
rs2123647
rs12548874
rs2945554
rs10956932
rs1011796
rs11784717
rs9643353
rs524678
rs493506

MITO_or_AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO

Anderson CD, et al.

MT_POS
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

ALLELE_CODED

OQHO0OH0>P0>POA444H02>H42>0000000140100140>20>002>0)]

BETA_WEIGHT
-0.0718
0.0100
0.0980
0.2377
0.7056
0.0099
-0.2185
0.0980
0.0980
-0.0755
-0.0718
-0.0043
-0.2185
0.2377
0.2312
-0.2209
0.2312
-0.2214
-0.0001
-0.0001
-0.0001
-0.1942
-0.2327
-0.0297
-0.0136
-0.2078
-0.2385
0.0465
-0.1128
-0.0005
-0.0383
-0.0118
-0.0118
-0.0369
-0.1325
-0.0401
-0.1658
-0.1623
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SNP MITO_or_AUTO MT_POS ALLELE_CODED BETA_WEIGHT

rs1453377 AUTO n/a C -0.1278
rs1453379 AUTO n/a T -0.1996
rs4735336 AUTO n/a G -0.0588
rs16893776 AUTO n/a C -0.1266
rs4735339 AUTO n/a C -0.1263
rs11782818 AUTO n/a C 0.0684
rs11778553 AUTO n/a T 0.0684
rs11783878 AUTO n/a C 0.0661
rs12549003 AUTO n/a A -0.2032
rs7827478 AUTO n/a T -0.2079
rs10086284 AUTO n/a A -0.1893
rs3802193 AUTO n/a T -0.2071
rs3802191 AUTO n/a G 0.0661
rs10098778 AUTO n/a C -0.0673
rs2514530 AUTO n/a T -0.0454
rs2514531 AUTO n/a C -0.0461
rs1788150 AUTO n/a T 0.0873
rs16897728 AUTO n/a A 0.0826
rs921313 AUTO n/a A 0.1190
rs2442756 AUTO n/a C 0.0734
rs10956185 AUTO n/a G 0.0231
rs3812472 AUTO n/a G 0.0619
rs4330675 AUTO n/a T -0.3933
rs9100 AUTO n/a T 0.1895
rs6558292 AUTO n/a A 0.4419
rs673710 AUTO n/a G -0.0593
rs10971028 AUTO n/a C 0.2214
rs629566 AUTO n/a C -0.0414
rs653790 AUTO n/a T -0.0399
rs700083 AUTO n/a T 0.1272
rs700084 AUTO n/a A 0.6396
rs700085 AUTO n/a T 0.0416
rs700086 AUTO n/a T 0.1166
rs700088 AUTO n/a T 0.1216
rs3824534 AUTO n/a A 0.6396
rs4292757 AUTO n/a A 0.0181
rs7023064 AUTO n/a A 0.0714
rs11255332 AUTO n/a C 0.0520
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SNP
rs11255333
rs7342066
rs11255338
rs1555961
rs2026612
rs11596873
rs2269195
rs2269196
rs10786568
rs6584321
rs1998289
rs1998290
rs767844
rs2295779
rs10883509
rs4919471
rs10883511
rs4752856
rs11231726
rs4930224
rs308314
rs1979579
rs634918
rs7112234
rs7939646
rs4529911
rs11214256
rs7119817
rs7105881
rs7108821
rs10891394
rs12287565
rs9788072
rs9788097
rs1860345
rs4765787
rs12821926
rs2239503

MITO_or_AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
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MT_POS
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

ALLELE_CODED

O4H4H000604> 4040022004442 0041000004104> 400 > >

BETA_WEIGHT
-0.1117
0.1028
0.1037
0.1123
0.1286
0.1330
-0.0731
0.0082
0.1893
0.1684
0.1598
0.1709
-0.2565
-0.0806
-0.0806
-0.0937
-0.0806
0.2210
0.0660
-0.1038
-0.0412
0.1727
0.1958
-0.4036
-0.4040
0.0425
0.1117
-0.1700
-0.1725
-0.1725
0.1324
0.2507
-0.2104
-0.2316
0.0877
-0.0136
-0.0850
0.1643
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SNP
rs2239504
rs2239505
rs965186
rs12582005
rs10747750
rs931552
rs1881655
rs1729798
rs11172551
rs1795708
rs1729790
rs11172556
rs7974886
rs10877107
rs12424252
rs4337085
rs11108526
rs10777797
rs12426901
rs935031
rs11108532
rs7953936
rs7967631
rs7954377
rs10860041
rs10860042
rs12582303
rs7132929
rs7139277
rs6571530
rs17412060
rs17412116
rs2224429
rs10147478
rs1956993
rs17099187
rs8006810
rs6571531

MITO_or_AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
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MT_POS
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

ALLELE_CODED

4000 OQPTTAO0H000O0OAH10O0T2>TA4H00O0>T0000000>0> 040

BETA_WEIGHT

0.1660
-0.0427
0.2589
-0.2562
-0.0502
0.0386
0.0235
0.0236
0.1199
-0.1747
0.1735
0.1199
-0.0393
0.1199
0.1199
0.1119
-0.4996
-0.4510
-0.2077
-0.4707
0.1139
0.0906
-0.0519
-0.0227
-0.0237
-0.0228
-0.0242
-0.4940
0.2561

0.0632
0.0273
0.0273
0.0765
-0.1509
0.1630
-0.1588
-0.0539
-0.0539
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SNP
rs3742925
rs1998242
rs2224266
rs17099235
rs3742926
rs17099240
rs2383340
rs9635189
rs17099246
rs1956204
rs6571535
rs2891205
rs17099276
rs8012268
rs11846766
rs17099285
rs17414154
rs1950702
rs11626762
rs12435734
rs1956210
rs8016916
rs8017249
rs1950703
rs768787
rs17099322
rs1956212
rs1956214
rs733978
rs4981990
rs4981991
rs12887176
rs10483416
rs1956221
rs1956223
rs4981992
rs927062
rs11627900

MITO_or_AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
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MT_POS
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

ALLELE_CODED

OOPPAZOHOTHHO>TOA>A> A2 OIZZOOAHA2Z2>A00>2010> >0

BETA_WEIGHT
-0.0319
-0.0003
-0.0002
0.1556
0.1556
0.1556
0.1556
0.1421
0.1385
0.0345
0.0340
0.0595
0.4384
0.0595
0.4384
0.4384
-0.1033
0.1113
-0.0588
0.0199
0.0033
-0.1543
0.0091
-0.1292
-0.0807
-0.0657
0.0158
0.0005
-0.0131
0.0493
0.0685
0.0685
-0.0611
-0.0176
-0.0611
0.0095
-0.0568
-0.0792
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SNP
rs17515243
rs6571547
rs10141122
rs12437429
rs11627566
rs10135053
rs10135562
rs6571548
rs1884621
rs10139964
rs4981997
rs17099434
rs1884622
rs1028537
rs1950698
rs10134827
rs1956208
rs12892900
rs7156205
rs3742929
rs8013508
rs970662
rs12431588
rs1955512
rs1295912
rs981524
rs1955491
rs4981999
rs1950221
rs10149509
rs3784209
rs2300830
rs2239646
rs2300831
rs4982002
rs2300832
rs2300833
rs17440692

MITO_or_AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
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MT_POS
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

ALLELE_CODED

O>P>2H0002>2004H00004>2>2004H4H0>H4H040044042>0> 040

BETA_WEIGHT
-0.0209
-0.0038
-0.0178
-0.0332
0.0081
0.0040
-0.0286
0.0548
-0.1547
-0.0820
0.0401
-0.0189
0.0009
0.0020
0.0737
0.0272
0.0737
0.0737
0.0020
0.0020
0.0737
-0.0701
0.0737
0.1344
-0.1667
-0.1554
0.1817
-0.1658
0.1124
-0.1276
0.1400
0.1400
0.0107
-0.1276
-0.1803
-0.1803
-0.1803
-0.1216
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SNP
rs2300837
rs12890485
rs7159774
rs17091663
rs1955507
rs9788573
rs7141509
rs4982005
rs8012632
rs17519834
rs2273163
rs11845042
rs17441370
rs10144064
rs926771
rs10131032
rs7146681
rs17099538
rs2383377
rs6572739
rs7161242
rs4271523
rs9672038
rs4901097
rs4264315
rs8006468
rs4901098
rs2447196
rs28495368
rs2260160
rs16968681
rs11637488
rs17653749
rs3211995
rs1017228
rs4783438
rs9921702
rs11649675

MITO_or_AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
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MT_POS
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

ALLELE_CODED

OQ>THO>TZTO0O0422Z22>220004H0200>A442A2>2H400>2>2>000]

BETA_WEIGHT
-0.1803
-0.0337
0.2855
-0.0348
-0.0835
-0.0017
0.2849
-0.0470
-0.0366
-0.2534
-0.0032
0.2690
-0.1686
0.2777
0.2402
0.2402
-0.0460
0.2303
0.0838
0.0330
-0.0481
0.2031
-0.1217
-0.0454
-0.1287
0.0416
0.0801
0.0833
0.1203
0.0149
-0.1720
-0.0406
0.1694
-0.0733
-0.0083
-0.0263
-0.0263
0.0039
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SNP
rs1862648
rs9788908
rs7190264

rs35635
rs4384614
rs13332445
rs8079640
rs12943936
rs16949067
rs17616525
rs9891372
rs17616591
rs11652402
rs8073382
rs3785680
rs2323093
rs12449610
rs2323095
rs2323097
rs8070339
rs2530377
rs2530376
rs12453877
rs2529626
rs917309
rs3826366
rs9901549
rs11078233
rs11078234
rs7214082
rs1802618
rs1050216
rs9907078
rs8077212
rs988489
rs2874992
rs7207687
rs11654370

MITO_or_AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
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MT_POS
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

ALLELE_CODED

ZOOH0OOO>TPOO000H>2TO0OTOOOOO0OZTZ>>TOOZOZZZI>OAH>0O)

BETA_WEIGHT
0.0004
-0.0083
-0.2089
0.0595
0.1060
-0.0964
-0.0875
-0.0569
0.1989
0.0709
-0.0815
-0.0387
0.0709
-0.0206
0.0478
-0.0407
-0.0206
-0.0206
-0.0206
-0.0206
-0.0206
-0.0206
0.0344
-0.0620
-0.0620
0.0515
0.0515
-0.0465
-0.0620
-0.0620
-0.0611
-0.0611
-0.1174
0.1996
0.1959
0.1996
0.1959
0.1960
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SNP
rs9895549
rs9897617
rs9903896
rs1859904
rs17680043
rs7503943
rs11078237
rs16949314
rs11868525
rs16949319
rs960296
rs7217154
rs4426402
rs12943914
rs10445283
rs4794258
rs7226040
rs2970020
rs16950939
rs11867634
rs7217314
rs11658103
rs12601604
rs12600934
rs1785560
rs874250
rs12966444
rs11660603
rs4798772
rs1792670
rs1792668
rs729112
rs2012555
rs11082638
rs1539872
rs12488
rs10423270
rs7251937

MITO_or_AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
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MT_POS
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

ALLELE_CODED

OOHO0O44>20000>—H0004H0>T00010001004>0>2>H000]

BETA_WEIGHT

0.2027
0.2052
-0.1683
-0.1233
-0.1086
0.2060
0.0009
-0.0852
-0.0661
0.0841

-0.2036
-0.1574
-0.2283
-0.2239
-0.1888
0.0727
-0.1609
-0.2317
0.0008
-0.0556
-0.1065
-0.0841
-0.0459
0.3914
-0.0515
-0.0449
0.1607
-0.0449
0.0021

-0.0645
-0.0872
-0.0715
-0.1006
-0.0663
-0.0832
0.2031

-0.1796
-0.0628
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SNP MITO_or_AUTO MT_POS ALLELE_CODED BETA_WEIGHT

rs4807125 AUTO n/a T -0.2868
rs2967605 AUTO n/a T -0.0419
rs17160489 AUTO n/a G 0.0129
rs12983092 AUTO n/a T 0.0620
rs6511744 AUTO n/a G -0.1179
rs4804628 AUTO n/a G -0.1085
rs4804629 AUTO n/a C -0.1179
rs4804631 AUTO n/a C -0.1085
rs7252405 AUTO n/a G -0.1085
rs7258257 AUTO n/a A -0.1085
rs8101160 AUTO n/a C -0.1036
rs4808319 AUTO n/a G -0.0614
rs4809215 AUTO n/a G -0.0352
rs11667828 AUTO n/a G 0.1640

rs919778 AUTO n/a A 0.1775
rs1609034 AUTO n/a G 0.1727
rs2198978 AUTO n/a T 0.2263
rs10500244 AUTO n/a T 0.0428
rs2052572 AUTO n/a A 0.0456
rs10425998 AUTO n/a T 0.0467
rs11671438 AUTO n/a T 0.0448
rs34486765 AUTO n/a A 0.0801
rs9676602 AUTO n/a G -0.0082
rs6121376 AUTO n/a A 0.0410
rs2830535 AUTO n/a C 0.2477

rs455633 AUTO n/a C -0.0867

rs464273 AUTO n/a T -0.0835

rs457752 AUTO n/a T 0.2385
rs7278046 AUTO n/a T 0.1853

rs457864 AUTO n/a A -0.0284
rs2830538 AUTO n/a C 0.2276

rs461307 AUTO n/a A -0.0941

rs458546 AUTO n/a C -0.0941

rs463433 AUTO n/a A 0.2601

rs465401 AUTO n/a A 0.2050

rs460420 AUTO n/a T 0.2168
rs12483589 AUTO n/a A 0.1746
rs2830544 AUTO n/a T 0.1792
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SNP MITO_or_AUTO MT_POS ALLELE_CODED BETA_WEIGHT

rs2834714 AUTO n/a C -0.1019
rs990115 AUTO n/a T -0.1048
rs1008882 AUTO n/a G -0.0804
rs2834716 AUTO n/a A -0.1565
rs2834719 AUTO n/a T -0.0305
rs8129743 AUTO n/a T -0.0305
rs2242880 AUTO n/a T -0.0305
rs737234 AUTO n/a T -0.0305
rs9977678 AUTO n/a A -0.0305
rs9306172 AUTO n/a C -0.0042
rs2838475 AUTO n/a T 0.1528
rs2299817 AUTO n/a T -0.1281
rs2255828 AUTO n/a T 0.0286
rs2245462 AUTO n/a C 0.0037
rs915877 AUTO n/a G 0.1982
rs2071152 AUTO n/a A 0.0037
rs2838486 AUTO n/a G 0.0270
rs1131999 AUTO n/a C 0.0538
rs17004630 AUTO n/a A -0.0419
rs2277806 AUTO n/a C 0.0156
rs7277269 AUTO n/a C -0.0071
rs2020945 AUTO n/a G -0.0050
rs2243999 AUTO n/a C 0.0156

rs756554 AUTO n/a C 0.0156
rs2071142 AUTO n/a G 0.0156
rs2071143 AUTO n/a A 0.0156
rs2187313 AUTO n/a T 0.0136
rs2838490 AUTO n/a C 0.0156
rs2251267 AUTO n/a T 0.0151

rs968714 AUTO n/a T 0.0156
rs2838491 AUTO n/a G 0.0156
rs4819376 AUTO n/a C 0.0156
rs4819382 AUTO n/a T 0.0554
rs7283041 AUTO n/a A 0.0544
rs2838503 AUTO n/a G 0.0186
rs2838506 AUTO n/a A 0.1260
rs2838508 AUTO n/a G 0.0945
rs2838512 AUTO n/a C -0.0491
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SNP
rs12628465
rs4823094
rs1894629
rs17327536
rs5953019
rs2227291
rs17139617
rs7063278
rs1468422

MITO_or_AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
AUTO
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MT_POS
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

ALLELE_CODED

OH4>0-40 4> ®]

BETA_WEIGHT
0.0282
-0.0779
-0.0779
0.0593
0.0279
0.1688
0.1848
-0.0023
0.4859

OXPHOS Genetic Variants in Stroke

Downloaded from http://stroke.ahgjournals.org/ at St George's, University of London on May 7, 2013


http://stroke.ahajournals.org/

Supplementary Table S4. Statistical power to discover association between individual OXPHOS genetic variants and ischemic stroke, based on
available sample size and odds ratios conferring increased ischemic stroke risk, assuming an additive model

Phenotype MAF OR

1.10 1.20 1.40

All Ischemic
Stroke 0.10 0.001 0.013 0.25
0.20 0.003 0.046 0.59
0.30 0.004 0.079 0.73
Small Vessel 0.10 < 0.001 0.002 0.03
0.20 < 0.001 0.005 0.08
0.30 < 0.001 0.007 0.11

Alpha =6 x 10 (842 independent tests). MAF = minor allele frequency, OR = odds ratio, OXPHOS = oxidative phosphorylation
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Supplementary Table S5. Statistical power to discover association between OXPHOS genetic risk score and ischemic stroke and intracerebral
hemorrhage, based on available sample size and % of variance explained

Phenotype % Variance Explained

0.5% 1% 5%
All Ischemic Stroke 0.21 0.57 0.99
- Cardioembolic 0.04 0.48 0.80
- Large Artery 0.03 0.43 0.78
- Small Vessel 0.03 0.41 0.77
All ICH 0.16 0.54 0.88
- Lobar ICH 0.08 0.50 0.84
- Deep ICH 0.08 0.50 0.85

Alpha = 0.0125 (4 independent tests) for ischemic stroke. Alpha = 0.0166 (3 independent tests) for ICH. ICH = Intracerebral Hemorrhage,
OXPHOS = oxidative phosphorylation
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Supplementary Table S6. Change in odds ratio point estimates and p-values from Table 3 with omission of mitochondrial variants from the genetic

score
All OXPHOS Complex | Complex IV

OR p OR p OR p
All ischemic 1.17 0.008 1.06 0.050 1.05 0.075
stroke (-13%)  (0.006) | (-20%)  (0.062) | (-11%)  (0.11)
oy 116 0.007 113 0.027 114 0018
(-18%)  (0.01) | (-12%) (0.033) | (-9%)  (0.018)
108 0.039
AlllCH (-10%)  (0.043)
114 0.008
Deep ICH (-7%)  (0.008)

Re-presentation of Table 3 in the original manuscript, with percent change in odds
ratio and new p-values for each test with the omission of mitochondrial variants

from the genetic score in bold. ICH = intracerebral hemorrhage, OR = odds ratio,
SV = small vessel stroke.

Anderson CD, et al.

OXPHOS Genetic Variants in Stroke

Downloaded from http://stroke.ahgjournals.org/ at St George's, University of London on May 7, 2013


http://stroke.ahajournals.org/

	/content/strokeaha/supplemental/STROKEAHA.112.672089/DC1/1/STR202650-supplementary.pdf
	Anderson_Oxphos_data_supplement_Resubmission_updated
	Anderson_Oxphos_data_supplement_Resubmission_updated.2


