
CONCISE REPORT

No evidence of an association between
mitochondrial DNA variants and osteoarthritis in
7393 cases and 5122 controls
Gavin Hudson,1 Kalliope Panoutsopoulou,2 Ian Wilson,1 Lorraine Southam,2,3

Nigel W Rayner,3,4 Nigel Arden,5,6 Fraser Birrell,7,8 Ian Carluke,8 Andrew Carr,6

Kay Chapman,6 Panos Deloukas,2 Michael Doherty,9 Andrew McCaskie,7,10

William E R Ollier,11 Stuart H Ralston,12 Mike R Reed,8 Tim D Spector,13

Ana M Valdes,13 Gillian A Wallis,14 J Mark Wilkinson,15,16 Eleftheria Zeggini,2

David C Samuels,17 John Loughlin,7 Patrick F Chinnery,1 arcOGEN Consortium

▸ Additional data are
published online only. To view
this file please visit the journal
online (http://dx.doi.org/
10.1136/annrheumdis-2012-
201932).

For numbered affiliations see
end of article.

Correspondence to
Professor John Loughlin,
Institute of Cellular Medicine,
Newcastle University, The
Medical School, Framlington
Place, Newcastle upon Tyne
NE2 4HH, UK;
John.loughlin@ncl.ac.uk and
Professor Patrick F Chinnery,
Institute of Genetic Medicine,
Newcastle University, Central
Parkway, Newcastle upon Tyne
NE1 3BZ, UK;
P.F.Chinnery@ncl.ac.uk

Received 25 April 2012
Accepted 19 July 2012
Published Online First
14 September 2012

ABSTRACT
Objectives Osteoarthritis (OA) has a complex aetiology
with a strong genetic component. Genome-wide
association studies implicate several nuclear genes in the
aetiology, but a major component of the heritability has
yet to be defined at the molecular level. Initial studies
implicate maternally inherited variants of mitochondrial
DNA (mtDNA) in subgroups of patients with OA based
on gender and specific joint involvement, but these
findings have not been replicated.
Methods The authors studied 138 maternally inherited
mtDNA variants genotyped in a two cohort genetic
association study across a total of 7393 OA cases from
the arcOGEN consortium and 5122 controls genotyped in
the Wellcome Trust Case Control consortium 2 study.
Results Following data quality control we examined 48
mtDNA variants that were common in cohort 1 and
cohort 2, and found no association with OA. None of the
phenotypic subgroups previously associated with mtDNA
haplogroups were associated in this study.
Conclusions We were not able to replicate previously
published findings in the largest mtDNA association study
to date. The evidence linking OA to mtDNA is not
compelling at present.

INTRODUCTION
Osteoarthritis (OA) is the most common
age-related joint disease. The pathogenesis of OA is
complex, with several environmental and genetic
factors implicated in the aetiology.1 Genome-wide
association studies implicate several nuclear genes
in the risk of developing OA, but a major compo-
nent of the heritability remains unexplained.2

Mitochondria are intracellular organelles
involved in the synthesis of ATP, the principal
source of energy within cells. Several lines of evi-
dence implicate mitochondrial dysfunction in the
pathogenesis of OA, including the disruption of
respiratory chain activity in chondrocytes,3 the
increased production of reactive oxygen species
which compromise chondrocyte function4 5 and a
central role in one apoptotic pathway.6

Mitochondria contain multiple copies of the
16.5 kb mitochondrial genome (mitochondrial
DNA (mtDNA)). MtDNA codes for 13 essential
respiratory chain proteins and the RNAs required
for intramitochondrial protein synthesis. Point
mutations of mtDNA compromise oxidative phos-
phorylation and are a major cause of human
disease.7 This raises the possibility that more
subtle polymorphic variants contribute to genetic
susceptibility of common complex traits, including
OA. Being strictly maternally inherited, mtDNA
undergoes negligible intermolecular recombination.
Specific sequence variants that occurred 10–
40 000 years ago define clades of the European
mtDNA phylogeny called mtDNA haplogroups,
each containing both distinct and shared genetic
variants.8 Two studies have reported an association
between different mtDNA haplogroups and OA,
with one describing a reduced risk of knee OA
with haplogroups J (defined by m.4216T>C and
m.10398A>G) and JT (m.4216T>C), and another
describing a reduced risk of hip OA with
haplogroups J (defined by m.4216T>C and
m.10398A>G) and J1c (m.14798T>C).9 10

However, each study lacked the power and reso-
lution to reliably detect an association with all but
the most common haplogroups. Moreover, despite
being from the same geographic location, the
studies reported different haplogroup associations
with different joint involvement in OA for specific
genders.9 10 While these data support the potential
role of mtDNA in determining OA risk, the
absence of direct replication means that the role of
mtDNA in OA is thus uncertain, and the
joint-specific risk is difficult to explain based on
the proposed mechanism. To address this issue, we
carried out a two phase study of 138 mtDNA var-
iants in 7393 OA cases and 5122 controls as part
of the arcOGEN consortium.

METHODS
We performed a two stage genetic association
study. The cases were part of the arcOGEN study,
and the controls were part of the Wellcome Trust
Case Control Consortium 2 (WTCCC2) study,
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both ascertained as described previously.2 11 In cohort 1, 3093
cases (ARC1) were compared with 2640 controls from the 1958
Birth Cohort (WTCCC-58C). In cohort 2, 4300 cases (ARC2)
were compared with 2482 UK Blood Service controls
(WTCCC-NBS). All cases were genotyped using the Illumina
Human610 platform (Illumina, San Diego, California, USA).
All controls were genotyped on the Illumina 1.2M Duo plat-
form (Illumina). Individuals were excluded from subsequent
analysis if data were absent in >10% of single nucleotide poly-
morphism (SNP) (cohort 1 cases=0 and WTCCC-58C=44 and
cohort 2 cases=0 and WTCCC-NBS=11) and SNPs were
excluded if >10% of genotypes were absent (cohort 1=5 and
cohort 2=4).11 We excluded 30 SNPs (cohort 1=15 and cohort
2=21) with a study-wide missing data rate >5% or >1% for
SNPs with a study-wide minor allele frequency (MAF) <5%.11

Finally, 64 SNPs with MAF<1% were removed (cohort 1=53
and cohort 2=64). Subsequent analysis was restricted to a con-
cordant dataset of 62 mtDNA variants passing quality control
(QC) in both phases. Differential missingness tests between
cases and controls revealed significant differences in 14 SNPs
(p=<10−4) reducing the final number of experimental SNPs to
48. Statistical significance was defined as p<0.05 in both
phases. χ² And missingness were computed using PLINK v
2.050 (http://pngu.mgh.harvard.edu/purcell/plink/).12

Array genotypes were used to identify mtDNA haplogroup-
specific sequence motifs, when compared with the mtDNA ref-
erence sequence (see online supplementary materials and table
S1), allowing 98.48% of subjects to be successfully assigned to
a European haplogroup.

A principal components analysis (PCA )13 was performed on
the X : Y ratios of raw intensities for all SNPs for the combined
dataset of cases (n=7393) and controls (n=5122) using R. The
k-means function of the R cluster package was used to cluster
individuals into 5, 10, 15 and 20 groups using these PCA scores.

RESULTS
Using established QC criteria14 we rejected 90 SNPs, leaving 48
in both cohorts. There was no association between any
mtDNA variant passing QC and OA. Stratifying by gender,
joint involvement (knee or hip) and method of case ascertain-
ment (radiograph or arthroplasty) failed to reveal any signifi-
cant associations (see online supplementary table S2).

We then studied mtDNA haplogroups using two independ-
ent approaches: (1) manual haplogroup calling based on phylo-
genetics (for methods see online supplementary table 1) and

(2) hypothesis-free approach based on raw fluorescence intensities
in a principal components analysis. Analysis of mtDNA hap-
logroups between cases and controls failed to replicate previous
studies (table 1). Stratifying by gender, joint involvement (knee or
hip) and method of case ascertainment (radiograph or arthro-
plasty) failed to reveal any significant associations with mtDNA
haplogroups (see online supplementary table S3). PCA analysis
identified the main mtDNA haplogroups previously identified
through phylogenetic analysis. These appear as clusters in
figure 1, where each cluster represents a major European mtDNA
haplogroup. However, there was no significant difference in
cluster membership for any of the disease or control cohorts, or
when the cases and controls were pooled (figure 1, online
supplementary table S4). The data were only pooled after con-
firming that the allele frequencies were not significantly different
between the two case groups or between the two control groups.

DISCUSSION
The previously reported haplogroup associations were with spe-
cific subgroups of OA patients, subcategorised based on gender
and/or specific joint involvement.9 10 Our study had >99%
power to detect these associations, and there was no significant
difference in the frequency of the previously associated SNPs
between controls in the published studies9 10 and the controls
used in our study. The previously published results were based on
substantially smaller study groups than the ones we describe
here, raising the possibility that the published findings are a false
positive finding. On the other hand, the relative contribution of
specific mtDNA variants could vary in different ethnic groups,
possibly through an interaction with environmental factors and
different nuclear genes.15 In practice, this means that the specific
mtDNA variants which fail to show an association with disease
in this study could be associated with disease in a different ethnic
population. Geographic variation in allelic association could also
arise through homoplasy. Homoplasy is the recurrence of muta-
tions on different branches of the mtDNA phylogeny in different
parts of the world. Homoplasy accounts for up to 20% of
mtDNA variation, and often involves non-synonymous substitu-
tions.16 This raises the possibility that haplogroup markers tag
different homoplastic functional variants in different popula-
tions. If the homoplasies are having a functional effect, then this
would lead to different haplogroup associations in different
studies across the globe. Finally, it is possible that geographic dif-
ferences in the fine detail of the sub-haplogroup structure of
mtDNA could account for inconsistencies between studies, as

Table 1 Frequency of mitochondrial DNA (mtDNA) haplogroups in osteoarthritis and control subjects

Hap F ACR1 F WTCCC-58C P F ARC2 F WTCCC-NBS P F cases F control p Value

H 1375 (44.5) 1160 (43.9) 5.97E−01 1887 (43.9) 1080 (43.5) 6.36E−01 3262 (44.1) 2240 (43.7) 6.67E−01
V 107 (3.5) 84 (3.2) 5.40E−01 133 (3.1) 86 (3.5) 4.25E−01 240 (3.2) 170 (3.3) 8.42E−01
J 335 (10.8) 311 (11.8) 2.81E−01 527 (12.3) 292 (11.8) 5.02E−01 862 (11.7) 603 (11.8) 8.25E−01
T 309 (10.0) 266 (10.1) 9.56E−01 449 (10.4) 227 (9.1) 7.50E−02 758 (10.3) 493 (9.6) 5.39E−01
U 440 (14.2) 334 (12.7) 7.20E−02 549 (12.8) 366 (14.7) 2.70E−02 989 (13.4) 700 (13.7) 7.35E−01
K 280 (9.1) 241 (9.1) 9.59E−01 362 (8.4) 216 (8.7) 7.32E−01 642 (8.7) 457 (8.9) 8.20E−01
W 56 (1.8) 46 (1.7) 8.30E−01 91 (2.1) 56 (2.3) 7.26E−01 147 (2.0) 102 (2.0) 3.38E−01
X 50 (1.6) 46 (1.7) 7.26E−01 76 (1.8) 35 (1.4) 2.53E-01 126 (1.7) 81 (1.6) 8.27E−01
I 88 (2.8) 99 (3.8) 5.80E−02 131 (3.0) 80 (3.2) 7.13E−01 219 (3.0) 179 (3.5) 1.19E−01
O 53 (1.7) 53 (2.0) 4.22E−01 95 (2.2) 44 (1.8) 2.11E−01 148 (2.0) 97 (1.9) 6.31E−01
Missing 6 59 11 19 17 78

Haplogroups determined manually, as described in the Methods section and online supplementary table S1.
Uncorrected χ² comparison of haplogroup frequencies showing: (i) cohort 1 (ARC1, n=3093 and controls WTCCC-58C, n=2640); (ii) cohort 2 (ARC2, n=4300 and controls
WTCCC-NBS, n=2482); and (iii) pooled arcOGEN cases (n=7393) and controls (n=5122). Hap=mtDNA haplogroup, F= frequency (percentage in brackets) and p=uncorrected
Pearson’s χ2 probability. For study and control group acronyms see the Methods section.
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described for Leber ’s hereditary optic neuropathy, where sub-
branches of haplogroup J are associated with either an increased
or decreased risk of visual failure in different populations, largely
due to specific differences in the cytochrome B protein
sequence.17 However, in the largest mtDNA association study to
date, we found no association between OA and the major
European mtDNA haplogroups in either cohort. If an association
does exist between OA and mtDNA, it is likely that this will only
be resolved through extensive genotyping, ideally at the whole
mtDNA level, in a much larger cohort of cases and controls and
should be consistent in more than one geographic region.
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Materials and Methods  

Study subjects. Case ascertainment has been described previously
2
. In brief, cases that were 

subjected to the GWAS and used in this study were collected from eight locations in the 

arcOGEN consortium (Edinburgh, London, Nottingham, Newcastle, Oxford, Sheffield, 

Southampton and Wansbeck (Northumbria NHS Foundation Trust)). All cases were collected 

in the UK, were unrelated and of European origin. The phenotype was determined by two 

criteria; radiographic evidence of disease and clinical evidence of disease to a level requiring 

joint replacement. Each investigator defined radiographic disease as a Kellgren-Lawrence 

(KL)
18

 grade of ≥2. We used 5122 publicly available population-based UK controls from the 

Wellcome Trust Case Control Consortium 2 (WTCC2) study: the 1958 Birth Cohort 

(WTCCC-58C) and the UK Blood Service control group (WTCCC-NBS) forming part of the 

Wellcome Trust Case Control Consortium study and genotyped in WTCCC2.  

mtDNA Haplogroup determination. The hierarchical relationship amongst mtDNA variants 

is represented at www.phylotree.org. Each array variant (n=36, post QC), in each subject 

(n=12515, post QC), was compared to the rCRS and used to identify haplogroup specific 

motifs. Assignment of haplogroup was performed according to published criteria (Torroni 

1996), for example haplogroup J is defined by variants m.11251 and 

[m.295+m.489+m.10398] (Supplementary Table 1). If a no-call was detected in a major-

haplogroup defining SNP, then clade specific sub-type variants were used to identify mtDNA 

haplogroup. Based on available genotyping data 98.48% of subjects were assigned to a 

European haplogroup.  

 

 

 

 

 

 

http://www.phylotree.org/


Table S1. European haplogroup definitions for Illumina array genotyping data. Table showing the major European haplogroups (H, V, J, T, 

U, K, W, X, I,) and corresponding sub-haplogroups. Shown are the non-rCRS (thus, non-haplogroup-H) branch SNPs, array specific ‘super-

haplogroup’ SNPs (i.e. JT=11251), and array specific haplogroup defining SNPs (i.e. J=295+489+10398). 

 

Major European 

haplogroups 
rCRS Branch SNPs ‘Super-haplogroup’ SNPs Array haplogroup SNPs 

H - - - 

V 750, 1438, 2706, 4769 15904 15904 

J 750, 1438, 2706, 4769, 14766 11251 295, 489, 10398 

T 750, 1438, 2706, 4769, 14766 11251 4917, 10463, 15928 

U 750, 1438, 2706, 4769, 14766 - 11467, 12308, 12372 

K (aka – U8b) 750, 1438, 2706, 4769, 14766 11467,12308, 12372, 9698, 3480 10550, 14798 

W 750, 1438, 2706, 4769, 14766, 12705 5046, 12414 5460 

X 750, 1438, 2706, 4769, 14766, 12705 - 6221, 16278 

I 750, 1438, 2706, 4769, 14766, 12705 1719, 10238, 13780, 10398, 15043, 250, 15294 10034, 16129, 16391 

    

European 

sub-haplogroups 
rCRS Branch SNPs ‘Super-haplogroup’ SNPs Array haplogroup SNPs 

I1 750, 1438, 2706, 4769, 14766, 12705 1719, 10238, 13780, 10398, 15043, 250, 15924, 10034, 16129, 16391 6734 

I2 750, 1438, 2706, 4769, 14766, 12705 1719, 10238, 13780, 10398, 15043, 250, 15924, 10034, 16129, 16391 15758 

I5 750, 1438, 2706, 4769, 14766, 12705 1719, 10238, 13780, 10398, 15043, 250, 15924, 10034, 16129, 16391 14233 

X1 750, 1438, 2706, 4769, 14766, 12705 6221, 16278 16278 

X2 750, 1438, 2706, 4769, 14766, 12705 6221, 16278 1719 

J2 750, 1438, 2706, 4769, 14766 11251, 295, 489, 10398 15257 

T1 750, 1438, 2706, 4769, 14766 11251, 4917, 10463, 15928 16163 

T2 750, 1438, 2706, 4769, 14766 11251, 4917, 10463, 15928 14233 

U5 750, 1438, 2706, 4769, 14766 11467, 12308, 12372 16270 



U6 750, 1438, 2706, 4769, 14766 11467, 12308, 12372 3348 

K1 750, 1438, 2706, 4769, 14766 11467, 12308, 12372, 9698, 3480, 10550, 14798 10398 

K2 750, 1438, 2706, 4769, 14766 11467, 12308, 12372, 9698, 3480, 10550, 14798 9716 

V1 750, 1438, 2706, 4769 15904 8869 

V2 750, 1438, 2706, 4769 15904 13105 

V6 750, 1438, 2706, 4769 15904 16162 

H1 750, 4769, 1438 - 3010 

H4 750, 4769, 1438 - 5004 

  
 



Table S2. Comparison of mtDNA variant frequencies between cases and controls, stratified by gender, joint involvement, and method of 

ascertainment. Ascertainment groups: hip cases only = isolated hip OA on diagnosis; knee cases only = isolated knee OA on diagnosis; both 

cases only = both hip and knee OA on diagnosis; X-ray = diagnosis radiologically. Uncorrected chi-squared comparison of mtDNA variant 

frequencies in cohort 1 (ARC1, n = 3093 and WTCCC-58C, n = 2640) and cohort 2 (ARC2, n = 4300 and WTCCC-NBS, n = 2482), stratified by 

i) gender, ii) affected joint type (hip, knee and both) and iii) diagnosis ascertainment (arthro=arthroplasty and X-ray). The number of association 

tests reaching a nominal significance level are shown below the number of cases and controls contributing to each specific stratification. 

Uncorrected = uncorrected P-value; corrected (x48) = corrected for 48 different SNPs; and corrected (x336) = corrected for 99 different SNPs 

and each one of the seven phenotypic groups in two cohorts. n.a.= not available.  

 

   
Cohort 1  

 
Cohort 2 

   

Males v 

Males 

Females 

v 

Females 

Hip 

cases 

only 

Knee 

cases 

only 

Both 

cases 

only 

Arthro 

cases 

only 

X-ray 

cases 

only 
 

Males v 

Males 

Females 

v 

Females 

Hip 

cases 

only 

Knee 

cases 

only 

Both 

cases 

only 

Arthro 

cases 

only 

X-ray 

cases 

only 

 
Cases n= 

 
1136 1936 1503 1398 192 676 1270 

 
1793 2507 1782 2071 447 3969 331 

 
Controls n= 

 
1363 1277 2640 2640 2640 2640 2640 

 
1228 1254 2482 2482 2482 2482 2482 

                  

Uncorrected P=<0.05 
 

1 7 3 3 1 3 2 
 

2 4 4 6 4 8 1 

Corrected (x48) P=<0.001 
 

0 0 0 0 0 0 0 
 

0 0 0 0 0 0 0 

Corrected (x336) P=<0.0001 
 

0 0 0 0 0 0 0 
 

0 0 0 0 0 0 0 

                  

Array ID rCRS 
 

P P P P P P P 
 

P P P P P P P 

MitoC295T 295 
 

0.600 0.724 0.393 0.922 0.512 0.586 0.701 
 

0.112 0.790 0.117 0.265 0.597 0.260 0.160 

MitoT491C 489 
 

0.854 0.322 0.771 0.268 0.606 0.468 0.461 
 

0.315 0.611 0.375 0.825 0.285 0.851 0.356 

MitoG752A 750 
 

0.311 0.710 0.039 0.846 0.644 0.306 0.610 
 

0.338 0.688 0.328 0.925 0.836 0.707 0.509 

MitoG1440A 1438 
 

0.220 0.938 0.072 0.400 0.324 0.123 0.568 
 

0.513 0.639 0.539 0.511 0.672 0.387 0.791 

MitoG1721A 1719 
 

0.842 0.217 0.579 0.487 0.914 0.585 0.535 
 

0.451 0.337 0.825 0.894 0.848 0.750 0.687 

MitoT2160C 2158 
 

0.954 0.088 0.345 0.391 0.228 0.310 0.274 
 

0.427 0.705 0.149 0.851 0.809 0.565 0.224 

MitoG2708A 2706 
 

0.728 0.986 0.211 0.297 0.315 0.507 0.383 
 

0.991 0.789 0.527 0.889 0.079 0.814 0.625 

MitoG3012A 3010 
 

0.563 0.399 0.773 0.199 0.198 0.495 0.207 
 

0.319 0.463 0.278 0.511 0.830 0.951 0.326 



MitoA3349G 3348 
 

0.063 0.064 0.068 0.040 0.046 0.026 0.060 
 

0.086 0.064 0.041 0.026 0.048 0.070 0.526 

MitoT3395C 3394 
 

0.622 0.451 0.442 0.892 0.273 0.893 0.825 
 

0.503 0.864 0.348 0.933 0.375 0.724 0.893 

MitoA3481G 3480 
 

0.812 0.629 0.596 0.545 0.904 0.412 0.246 
 

0.380 0.230 0.491 0.254 0.736 0.621 0.583 

MitoT4337C 4336 
 

0.326 0.765 0.859 0.864 0.127 0.439 0.152 
 

0.047 0.253 n.a. 0.944 0.253 0.032 0.490 

MitoT4562C 4561 
 

0.322 0.387 0.542 0.820 0.763 0.421 0.602 
 

0.069 0.140 0.070 0.130 0.335 0.017 0.659 

MitoA4918G 4917 
 

0.699 0.583 0.420 0.400 0.773 0.771 0.662 
 

0.269 0.162 0.259 0.243 0.010 0.500 0.657 

MitoT5005C 5004 
 

0.433 0.523 0.273 0.348 0.428 0.473 0.308 
 

0.688 0.377 0.809 0.235 0.367 0.240 0.372 

MitoG5047A 5046 
 

0.089 0.235 0.801 0.931 0.744 0.688 0.824 
 

0.212 0.455 0.951 0.827 0.831 0.616 0.286 

MitoG5461A 5460 
 

0.168 0.931 0.769 0.159 0.964 0.542 0.279 
 

0.219 0.216 0.898 0.573 0.866 0.933 0.307 

MitoA5657G 5656 
 

0.923 0.224 0.516 0.462 0.689 0.820 0.068 
 

0.236 0.834 0.319 0.669 0.106 0.417 0.409 

MitoT6153C 6152 
 

0.607 0.420 0.478 0.660 0.784 0.761 0.430 
 

0.156 0.501 0.830 0.576 0.378 0.730 0.709 

MitoT6222C 6221 
 

0.975 0.370 0.386 0.945 0.920 0.345 0.742 
 

0.949 0.483 0.603 0.487 0.085 0.544 0.801 

MitoG6261A 6260 
 

0.970 0.093 0.602 0.274 0.248 0.250 0.499 
 

0.212 0.111 0.189 0.930 0.200 0.026 0.634 

MitoG6735A 6734 
 

0.931 0.143 0.636 0.392 0.379 0.451 0.436 
 

0.611 0.032 0.054 0.387 1.000 0.171 0.658 

MitoA7769G 7768 
 

0.623 0.166 0.381 0.930 0.929 0.676 0.561 
 

0.428 0.627 0.704 0.887 0.333 0.893 0.215 

MitoA8870G 8869 
 

0.038 0.014 0.010 0.060 0.550 0.010 0.130 
 

0.117 0.064 0.120 0.020 0.394 0.012 0.018 

MitoA9668G 9667 
 

0.240 0.302 0.582 0.902 0.592 0.392 0.560 
 

0.866 0.261 0.693 0.179 0.479 0.497 0.232 

MitoT9699C 9698 
 

0.376 0.053 0.331 0.026 0.379 0.158 0.053 
 

0.867 0.764 0.698 0.256 n.a. n.a. 0.260 

MitoT9717C 9716 
 

0.656 0.063 0.151 0.569 0.869 0.065 0.686 
 

0.128 0.315 0.016 0.431 0.650 0.056 0.756 

MitoT9900C 9899 
 

0.070 0.116 0.687 0.813 0.181 0.810 0.585 
 

0.656 0.319 0.305 0.312 0.751 0.641 n.a. 

MitoT10035C 10034 
 

0.987 0.016 0.151 0.097 0.995 0.101 0.202 
 

0.323 0.733 0.293 0.280 0.355 0.892 0.136 

MitoT10239C 10238 
 

0.846 0.031 0.237 0.171 0.928 0.253 0.178 
 

0.397 0.727 0.420 0.400 0.360 0.874 0.587 

MitoG10399A 10398 
 

0.928 0.020 0.173 0.011 0.391 0.083 0.022 
 

0.132 n.a. 0.463 0.365 n.a. n.a. 0.165 

MitoT10464C 10463 
 

0.667 0.537 0.481 0.509 0.469 0.818 0.667 
 

0.497 0.183 0.428 0.307 0.030 0.096 0.441 

MitoA10551G 10550 
 

0.761 0.624 0.571 0.569 0.916 0.390 0.260 
 

0.393 0.319 0.374 0.262 0.795 0.715 0.535 

MitoA11252G 11251 
 

0.724 0.467 0.793 0.083 0.451 0.569 0.294 
 

0.739 0.173 0.886 0.358 n.a. 0.147 0.382 



MitoA11468G 11467 
 

0.882 0.049 0.079 0.368 0.821 0.111 0.332 
 

0.950 0.356 0.948 0.381 0.482 0.396 0.538 

MitoA12309G 12308 
 

0.943 0.083 0.103 0.369 0.975 0.159 0.600 
 

0.358 0.039 0.167 0.038 0.183 0.017 0.843 

MitoG12373A 12372 
 

0.421 0.169 0.010 0.118 0.657 0.012 0.137 
 

0.208 0.014 0.075 0.013 0.083 0.040 0.982 

MitoA13106G 13105 
 

0.119 0.267 0.158 0.417 0.845 0.091 0.118 
 

0.786 0.892 0.015 0.042 0.235 0.020 0.837 

MitoA13781G 13780 
 

0.699 0.011 0.073 0.078 0.638 0.059 0.103 
 

0.204 0.690 0.460 0.280 0.351 0.796 0.349 

MitoA14234G 14233 
 

0.677 0.949 0.368 0.345 0.920 0.828 0.784 
 

0.037 0.033 0.049 0.025 n.a. 0.010 0.933 

MitoG15044A 15043 
 

0.679 0.186 0.208 0.416 0.947 0.489 0.158 
 

0.225 0.943 0.897 0.394 0.479 0.593 0.705 

MitoG15258A 15257 
 

0.834 0.139 0.644 0.130 0.556 0.226 0.440 
 

0.754 0.638 0.735 0.290 0.669 0.753 0.162 

MitoA15759G 15758 
 

0.868 0.820 0.703 0.689 0.497 0.937 0.603 
 

0.469 0.211 0.509 0.236 0.177 0.294 0.067 

MitoC15905T 15904 
 

0.089 0.526 0.624 0.424 0.662 0.319 0.977 
 

0.271 0.944 0.058 0.828 0.881 0.274 0.340 

MitoA15925G 15924 
 

0.680 0.010 0.154 0.108 0.319 0.217 0.038 
 

0.714 0.943 0.485 0.741 0.630 0.633 0.978 

MitoG15929A 15928 
 

0.768 0.617 0.374 0.326 0.606 0.764 0.562 
 

0.460 0.234 0.451 0.379 0.019 0.125 0.653 

MitoG16130A 16129 
 

0.943 0.055 0.234 0.213 0.860 0.159 0.249 
 

0.526 0.437 0.172 0.439 0.774 0.723 0.502 

MitoA16163G 16162 
 

0.990 0.659 0.302 0.896 0.211 0.402 0.834 
 

0.619 0.684 0.522 0.981 0.127 0.975 0.894 

                  

 



Table S3. Comparison of mtDNA haplogroup frequencies between cases and controls, 

stratified by gender, joint involvement, and method of ascertainment Uncorrected chi-

squared comparison of haplogroup frequencies in cohort 1 (ARC1, n = 3093 and WTCCC-

58C, n = 4300) and cohort 2 (ARC2, n = 2640 and WTCCC-NBS, n = 2482), stratified by; a) 

gender, b) affected joint type and c) diagnosis ascertainment. 

 

a) Stratified by gender 

 

Cohort 1 Cohort 2 

Haplogroup Male Female Male Female 

H 9.09E-01 6.13E-01 8.37E-01 7.53E-01 

V 1.24E-01 5.67E-01 2.73E-01 9.46E-01 

J 7.82E-01 2.45E-01 9.23E-01 2.90E-01 

T 6.41E-01 5.21E-01 2.71E-01 1.79E-01 

U 9.81E-01 7.00E-03 7.10E-02 1.76E-01 

K 7.75E-01 5.77E-01 3.46E-01 2.49E-01 

W 9.60E-02 2.87E-01 2.43E-01 1.45E-01 

X 9.86E-01 5.17E-01 9.87E-01 1.24E-01 

I 9.06E-01 1.70E-02 4.46E-01 8.99E-01 

O 3.36E-01 8.70E-01 1.03E-01 8.72E-01 

 

b) Stratified by joint type 

 
Cohort 1 Cohort 2 

Haplogroup Hip Knee Both Hip Knee Both 

H 4.20E-01 1.53E-01 2.21E-01 3.25E-01 6.60E-01 1.17E-01 

V 6.14E-01 4.90E-01 6.59E-01 5.90E-02 8.24E-01 8.78E-01 

J 6.33E-01 2.19E-01 6.43E-01 9.56E-01 4.98E-01 1.04E-01 

T 4.12E-01 3.71E-01 7.57E-01 2.75E-01 2.57E-01 1.00E-02 

U 8.30E-02 1.81E-01 8.80E-01 3.70E-02 1.41E-01 2.07E-01 

K 6.04E-01 5.39E-01 9.00E-01 4.51E-01 2.83E-01 7.65E-01 

W 7.66E-01 9.66E-01 7.28E-01 8.14E-01 7.96E-01 9.99E-01 

X 5.06E-01 9.02E-01 8.54E-01 7.84E-01 1.83E-01 2.40E-02 

I 1.07E-01 1.47E-01 6.59E-01 4.67E-01 4.18E-01 2.70E-01 

O 6.46E-01 6.43E-01 1.46E-01 3.60E-01 2.52E-01 5.21E-01 

 

c) Stratified by diagnosis ascertainment 

 

Cohort 1 Cohort 2 

Haplogroup Arthroplasy X-ray Arthroplasy X-ray 

H 8.56E-01 2.17E-01 7.47E-01 5.28E-01 

V 3.61E-01 9.81E-01 2.77E-01 3.43E-01 

J 3.91E-01 3.54E-01 3.99E-01 6.28E-01 

T 7.72E-01 6.29E-01 5.50E-02 6.49E-01 

U 2.19E-01 6.40E-02 2.00E-02 8.88E-01 

K 4.20E-01 2.43E-01 6.78E-01 5.59E-01 

W 6.53E-01 8.58E-01 9.56E-01 2.23E-01 

X 4.17E-01 7.28E-01 2.42E-01 8.99E-01 

I 1.07E-01 1.50E-01 8.14E-01 6.31E-01 

O 5.53E-01 4.60E-01 1.94E-01 9.75E-01 



Table S4. Chi-squared tests of association between groups of principal component analysis (PCA) clusters and disease in cohort 1 

(ARC1 versus WTCCC 58C), cohort 2 (ARC2 versus WTCCC-NBS) and combined cases and controls. Uncorrected chi-squared 

comparison of PCA-cluster frequencies in cohort 1 (ARC1, n = 3099 and WTCCC-58C, n = 2618), cohort 2 (ARC2, n = 4311 and WTCCC-NBS, 

n = 2434), and combined cases (ARC1+ARC2, n=7410) versus combined controls (WTCCC-58c+-NBS, n=5052). 

 

 

 
Cohort 1 

 
Cohort 2 

 
Combined 

PCA Cluster F ARC1 F WTCCC-58C P 
 

F ARC2 WTCCCC-NBS P 
 

F Cases F Con. P 

1 400 300 1.0E-01 
 

509 330 4.0E-02 
 

909 630 7.6E-01 

2 55 57 3.2E-01 
 

77 51 4.2E-01 
 

132 108 2.0E-01 

3 85 96 5.6E-02 
 

122 70 9.7E-01 
 

207 166 1.3E-01 

4 534 410 1.2E-01 
 

701 389 7.9E-01 
 

1235 799 2.5E-01 

5 1071 926 5.4E-01 
 

1543 850 4.9E-01 
 

2614 1776 9.0E-01 

6 330 294 5.1E-01 
 

514 290 9.9E-01 
 

844 584 7.9E-01 

7 221 201 4.6E-01 
 

291 178 4.1E-01 
 

512 379 2.2E-01 

8 40 32 9.0E-01 
 

40 28 4.5E-01 
 

80 60 6.3E-01 

9 59 39 2.7E-01 
 

70 28 1.5E-01 
 

129 67 8.0E-02 

10 304 263 8.0E-01 
 

444 220 1.0E-01 
 

748 483 3.4E-01 

 
3099 2618 

  
4311 2434 

  
7410 5052 

 
 

 

 

 
 


