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ABSTRACT Type 2 diabetes mellitus (TIIDM) and Gestational diabetes mellitus (GDM) are two most prevalent
metabolic diseases affecting humans. These two diseases are characterised by oxidative stress that has been
attributed to mitochondrial dysfunction. Over two decades of research has been performed to identify the relationship
of mitochondria l DNA (mtDNA) mutations with TIIDM and GDM giving many contrasting results. Thus a
systematic meta-analysis was performed from literature. A total of 1279 studies were analysed and narrowed down
to 57 studies based on stringent inclusion-exclusion criteria. Literature did not have enough studies to perform
meta-analysis on GDM although mtDNA mutations G15928A, T3394C, T3398C, A8344G and G3316A showed
association with GDM which needs to be verified on diverse populations. Meta-analysis revealed an association of
mtDNA mutations T16189C, A12026G, G3316A, A8296G and A3243G with TIIDM. The paper hence suggests a
strong association of the said mtDNA markers with TIIDM that may be potential biomarker for the disease.
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INTRODUCTION

Type 2 diabetes mellitus (TIIDM) is the most
common metabolic disorder and is characterized
by a state called hyperglycemia, caused by re-
sistance of the peripheral tissues to insulin that
lowers the level of glucose and insufficient in-
sulin secretion by pancreatic cell (Zimmet et
al. 2001). Gestational Diabetes Mellitus (GDM)
is a metabolic disorder characterized by impaired
insulin secretion and glucose tolerance, which
results in varying degrees of maternal hypergly-
cemia and various pregnancy-associated risks.
It usually develops during the second trimester
of pregnancy and resolves right after delivery,
but women diagnosed with GDM are suscepti-
ble to develop diabetes after pregnancy.

GDM increases the risk of adverse neonatal
outcomes like birth defects, birth trauma, con-
genital malformation, macrosomia, shoulder dys-
tocia, intra-uterine death (during the third tri-

mester), stillbirth, neonatal hypoglycemia, res-
piratory distress syndrome, hyperbilirubinemia,
cardiac dysfunction and other long-term conse-
quences. It also increases the number of caesar-
ean births and accounts for long-range implica-
tions to the mother (Xiong et al. 2001; Lee et al.
2008; Robitaille and Grant 2008).

Point mutations, deletions, and duplications
that affect the transcription and translation pro-
cesses of mitochondrial DNA (mtDNA) have
been suggested to be potential genetic etiology
for both TIIDM and GDM (van den Ouweland
et al. 1994; Crispim et al. 2008; Khan et al. 2015).
TIIDM is associated with various mechanisms
of tissue damage resulting mainly from oxida-
tive stress. Oxidative stress is an imbalance be-
tween the reactive oxygen species and antioxi-
dants that plays a primary role in the pathogen-
esis and complications of diabetes. The progres-
sion of diabetes occurs due to hyperglycaemia
which results in overproduction of oxygen free
radicals (Ilechukwu et al. 2014). Oxidative stress
increases when the rate of free radical produc-
tion increases and antioxidant mechanisms are
impaired (Irshad and Chaudhuri 2002).

The pathogenesis of GDM is found to mimic
the pathogenesis of TIIDM and evidences show
oxidative stress to be a common etiology to both
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(Weijers and Bekedam 2007). It is proposed that
the involvement of mtDNA in disease patho-
genesis could contribute to biased maternal
transmission of GDM as mitochondria are ma-
ternally inherited. Susceptibility to GDM has
genetic determinants similar to TIIDM  (Martin
et al. 1985). There are various mutations in the
mitochondrial DNA that causes diabetes and
these mutations of mtDNA have been linked to
defects in insulin secretion. A point mutation in
the tRNALeu(UUR) mitochondrial gene at nucle-
otide 3243 results in -cell dysfunction and im-
paired insulin secretion (van den Ouweland et
al. 1994; Wang et al. 2016). Multiple lines of ev-
idences suggest both the occurrence of TIIDM
and its complications such as retinopathy or
nephropathy to be strongly associated with mtD-
NA mutations (Gilkerson 2016; Jha et al. 2017;
Sarhangi et al. 2017; Zhu et al. 2017).

Analysis of mtDNA mutations in these two
diseases has been undertaken for more than 2
decades. In this age of personalised and predic-
tive medicine, genetic biomarkers play a quint-
essential role in predicting the disease before its
onset and its prognosis. Hence the present pa-
per is aimed at identifying mtDNA mutations that
may have biomarker value in predicting TIIDM
and GDM using a meta-analysis approach of
published datasets.

METHODOLOGY

Literature Search Strategy

Genetic variants related to TIIDM and GDM
published up to January, 2017 were identified
through systematic searches in PubMed and
Scopus. The search strategy consisted of que-
ry: “mtDNA mutation diabetes”. In addition, the
references cited by the original studies, were
also searched and scrutinised.

Eligibility Criteria

Studies were included for analyses if they
were case-controlled studies with genotype dis-
tribution information in either TIIDM or GDM.
Exclusion criteria included review papers, com-
mentary articles, publication in other languag-
es, studies of postpartum diabetes mellitus, du-
plicated reports, case studies, pedigree analysis
and genetic studies with no information on ge-

netic polymorphisms, incomplete genotyping
data and familial studies. For meta-analysis, a
genetic variant reported by less than 3 indepen-
dent studies were excluded.

Meta-analysis

Meta-analysis of the mtDNA mutations were
performed using MedCal software (https://
www.medcalc.org/). A minimum of 3 studies for
a mutation with all relevant data were used for
meta-analysis. Odds ratio with 95 percent confi-
dence interval and P value was estimated for both
individual and compiled case control data for meta-
analysis. Both fixed effect and random effect mod-
els were used. Test for heterogeneity among stud-
ies was performed using the Q statistic.

RESULTS

A total of 1599 records were retrieved from
database searches of which 1279 remained after
removing duplicates (Fig. 1). After implement-
ing the exclusion criteria of non-case controls
studies and those without proper genotype num-
bers etc., 67 publications remained. Filtering for
the criteria of at least 3 studies for 1 mutation, 57
studies representing 9 mtDNA mutations quali-
fied for meta-analysis (Fig. 1). The mtDNA mu-
tations associated with TIIDM and GDM is dis-
cussed below.

A3243G Mutation

mtDNA mutation A3243G was represented
in 36 publications (Supplementary Fig. 1). The
association ranged from an odds ratio value of
1.3 in British population to 64.3 in Caucasian
population (Thomas et al. 1996; Cavelier et al.
2001). The odds ratio for association of this SNP
with TIIDM under the fixed effect model and ran-
dom effect model was 6.8 (95% CI: 3.709 to 12.805;
P< 0.001) and 5.9 (95% CI: 3.200 to 11.237; P<
0.001) respectively (Table 1). Thirteen out of the
36 publications did not find this SNP in either the
case or the controls. This mutation was exclu-
sively present only in TIIDM patients (1.6%) sug-
gesting the pathogenic nature of the mutation. In
the present meta-analysis it was found that this
mutation was present in 8.3 percent of Caucasian,
1.1 percent of British, 1.1 percent German, 1.6 per-
cent of Chinese, 1.8 percent of Japanese and 0.6
percent of South Indian TIIDM patients (Sup-
plementary Fig. 1).
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G3316A Mutation

The mutation G3316A mutation occurs in the
ND1 gene of the mitochondria and it is consid-
ered to be a pathogenic mutation. Eighteen pub-
lications showed association of this mutation
with TIIDM with odds ratio ranging from 0.43 in
Caucasian Brazilians  (Crispim et al. 2002) to 24.9
in Chinese (Yu et al. 2004). The odds ratio under
the fixed effect and random effect models was
found to be 2.01 (95% CI: 1.436 to 2.819; P<0.001)
and 1.7 (95% CI: 1.242 to 2.531; P=0.002). This
shows a strong association of this mutation with
TIIDM (Supplementary Fig. 2). This mutation is
a non-synonymous mutation in ND1 gene re-
sulting in replacement of tyrosine to histidine.
Although this mutation has been associated with
TIIDM, its molecular mechanism of pathogene-
sis is still to be elucidated (Lam et al. 2001;
Maechler and Wollheim 2001).

A8296G Mutation

This mutation in the tRNALys gene showed
an overall odds ratio of 3.507 (95% CI: 0.612 to
20.100; P value 0.159) under the fixed effect model
based on 3 studies of which two were from south
India (Table 1, Supplementary Fig. 3). The non-
significant association requires further validation
to see if this is a population specific association.

mtDNA Mutations Negatively Associated with
Type 2 Diabetes

The mutation T3394C in the ND1 gene was
negatively associated with TIIDM with an odds
ratio of 0.402 (95% CI: 0.272 - 0.593; P<0.001)
(Table 1, Supplementary Fig. 6). This mutation
causes a non synonymous change from Tyrosine
to Histidine. The molecular consequences of this
mutation need to be elucidated but the present
meta-analysis based on 14 studies shows a neg-
ative association. This is in contrast to a study
by Crispim et al. (2002) who showed a high as-
sociation (OR=1.9) in Caucasians from  Brazil
(Crispim et al. 2002). It needs to be verified if the
association of this mutation with TIIDM is pop-
ulation specific. Mutations C5178A and A3246G
also showed negative association with TIIDM
(Table 1, Supplementary Figs. 7, 8), although the
later was based on only 3 studies and had a
non-significant negative association.

Association of mtDNA Mutations with
Gestational Diabetes Mellitus

A number of studies have attempted associ-
ating mtDNA mutations with GDM (Supplemen-
tary Text 2). Most of the mutations did not have
multiple studies on the same mutation. Only the
mutation A3243G was studied in 4 different stud-

Fig. 1. Flow diagram of systematic Meta-analysis performed in the present study

Records identified through
primary database searching

(PUBMED)
(N=880)

Records identified through other
database searching

(SCOPUS, back references etc)
(n=719)

Records remaining after removing duplicates
(n=1279)

Records screened for case control design
with appropriate sample details (n=1279)

Records excluded
(n=1212)

Articles eligible for meta-analysis
(n=67)

Articles used for qualitative synthesis with
more than 3 studies per mutation

(n=57)
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ies of which only 1 study by Khan et al. (2015)
showed the presence of this mutation in Indian
patients (OR: 3.89, P=0.0403) (Khan et al. 2015).
The compilation of the published data showed
association of G15928A, T3394C, T3398C,
A8344G and G3316A with GDM (Supplementary
Text - 2) although they could not be verified
through meta-analysis due to paucity of stud-
ies. Of these 6 mutations, 4 of them are non-
synonymous variants in the ND1 gene while
A8344G is a non-synonymous mutation in the
tRNALeu gene and G15928A is a synonymous
mutation in the Cytochrome B gene. It is well
characterised that GDM is associated with high
levels of oxidative stress and many of the patho-
physiology of GDM resembles that of TIIDM

(Weijers and Bekedam 2007). Thus it is impor-
tant to understand the association of mtDNA
mutations in GDM.

DISCUSSION

Mitochondria is a key organelle of a cell that
plays crucial role in many fundamental cellular
pathways of cellular energetics, redox status,
cell signalling (Ca+ and reactive oxygen species),
biosynthetic pathways etc. Mitochondrial dys-
function is a key mechanism of pathogenesis in
metabolic disorders such as diabetes. The role
mitochondrial dysfunction in glucose intoler-
ance was first described 40 years ago (Yamada
et al. 1975). Subsequently many studies have

Supplementary Fig. 1. Forest plot for association of A3243G mutation with TIIDM

Otabe et al., 1994 (Japanese)
Kishimoto et al., 1995 (Japanese)
Nakagawa et al., 1995 (Japanese)
Odawara et al., 1995 (Japanese)
Thomas et al., 1996 (British)
Kobayashi et al, 1997 (Japanese)
Smith et al., 1997 (Chinese)

Cavelier et al., 2001 (Caucassian)
Iwasaki et al., 2001 (Japanese)
Iwase et al., 2001 (Japanese)
Ji et al., 2001 (Chinese)
Klemm et al., 2001 (German)
Ohkubo et al., 2001 (Japanese)
Crispim et al., 002 (African Brazilians)
Crispim et al., 2002 (Caucasian Brazilians)
Kleiner et al., 2004 (Croatian)
Yu et al., 2004 (Chinese)
Zhang et al, 2004 (Chinese)
Larijani et al., 2005 (Iranian)
Tang et al., 2005 (Chinese)
Tang et al., 2005 (Chinese)
Yu et al., 2005 (Chinese)
Tang et al., 2006 (Chinese)
Zhao et al., 2006 (Chinese)
Liu et al., 2007 (Chinese Han)
Rebai et al., 2007 (Tunisian)
Naveed et al, 2009 (Pakistani)
Wang et al., 2009 (Chinese)
Duraisamy et al., 2010 (S. India)
Mezghani et al., 2010 (Tunisian)
Padma et al., 2010 (S. India)
Ameh et al., 2011 (Nigerian)
Rebai et al., 2013 (Tunisian)
Wang et al., 2013 (Chinese Han)
Zhou et al., 2015 (Chinese)
Total (fixed effects)
Total (random effects)

Zhong et al., 2000 (Chinese)

0.01                          0.1                           1                               10                        100                         1000                 10000
Odds ratio

Meta-analysis of A3243G T2D
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shown down regulation of genes such as PGC1
that is involved in mitochondrial biogenesis in
diabetes and its complications (Mootha et al.
2003; Moreno-Santos et al. 2016; Lee et al.
2017). The mitochondrial dysfunction in diabe-
tes, in-part has been attributed to mutations in
the mtDNA.

The association of various mtDNA muta-
tions with TIIDM showed the largest effect size
with A3243G, A8296G and G3316A (Table 1). The
A3243G mutation is one of the highly investi-
gated mtDNA mutation that is known to be
pathogenic. It was shown to be present in up to
80 percent of patients suffering from mitochon-

Supplementary Fig. 2. Forest plot for association of G3316A mutation with TIIDM
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Wang et al., 2013 (Chinese Han)

Ishak et al., 2014 (Javanese)

Devi et al., 2016 (Karaikudi)
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Meta-analysis of G3316A with T2D
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drial myopathy, encephalopathy, lactic acidosis,
and stroke-like episodes (MELAS) syndrome
and 75 percent of Diabetes mellitus associated
deafness (Goto et al. 1992; Chinnery et al. 1997;
Chinnery et al. 2000). Recently it was also shown
to be associated with diabetes retinopathy and
increased risk of osteoporosis in diabetes (Sar-
hangi et al. 2017; Zhu et al. 2017). This mutation
occurs in the tRNALeu(UUR) gene that results in
the destabilisation of the tRNALeu leading to low-
er cellular glucose oxidation and impaired NADH
responses (de Andrade et al. 2006).

In addition to the strongly associated muta-
tions, there were some mutations that had low
effect size. A12026G mutation showed a signifi-
cant association with TIIDM with an odds ratio
of 1.981 (95% CI: 1.376 to 2.854; P value <0.001)
under the fixed effect model based on 6 studies
(Table 1, Supplementary Fig. 4). The studies
used for the present meta-analysis had only East
Asian representation (Supplementary Text). A
T>C mutation in the control region at position
16189 also showed a significant association with
TIIDM (OR: 1.325 95% CI: 1.180 to 1.488; P<0.001)
based on 12 studies (Table 1, Supplementary
Fig. 5). Many previous association independent
studies have shown similar odds ratio (>1 and
<2) to have an association with the disease (Yu
et al. 2005; Park et al. 2008). But the presence of
such lower values even after a meta-analysis
may suggest a real association with the disease.

Most of these mutation that showed strong
or weak associations with TIIDM showed a wide
variation in distribution among various popula-
tions. For example G3316A mutation was present
in 2.3 percent of Chinese, 2.4 percent of Japa-
nese, 6.6 percent of South Indian and 8.6 per-
cent of Mizo-Mongoloid TIIDM patients, while
it was seen at appreciable frequencies in the
control subjects (Supplementary Text 1). Thus it
may be suggested that population level forces
may have shaped the distribution of these mtD-
NA mutations in different global populations.
Different populations across the globe have
characteristic mtDNA lineages that have been
subjected to bottlenecks and expansions over
long periods of time (Mishmar et al. 2003; Mar-
rero et al. 2016). Hence one needs to identify
population specific mtDNA markers that will
have association with metabolic disorders like
TIIDM and GDM that are characterised by
strong oxidative stress.
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The mutations in mtDNA correlating with
GDM were only a handful as studies of these
associations were limited. Most of the mutations
that showed associations were non-synony-
mous variants in the ND1 gene (Supplementary
Text 2). The ND1 gene codes for NADH:
Ubiquinone Oxidoreductase Core and mutations
in this gene causes variations in the NADH de-
hydrogenase activity. Many of the mtDNA mu-
tations associated with TIIDM are also present
in the ND1 gene (Yu et al. 2004; Wang et al.
2016). Another surprising weak association be-
tween A8344G and GDM was made in Indian
population (Khan et al. 2015). This mutation in
the Cytochrome B gene is a non-synonymous
mutation that has been associated with myo-
clonic epilepsy with ragged red fibers syndrome,

myelodysplastic syndrome and muscular age-
ing (Gattermann 2000; Fayet et al. 2002; Catter-
uccia et al. 2015). Thus the correlation of these
mutations with GDM required a deep molecular
genetic characterization.

Overall, it can be observed that T16189C,
A12026G, G3316A, A8296G and A3243G are as-
sociated with TIIDM while T3394C is not asso-
ciated with diabetes. Similar studies investigat-
ing the association of mtDNA mutations with
GDM in various populations of the globe is war-
ranted along with the cellular and physiological
consequences of the mutations. Given that TI-
IDM is a metabolic disorder characterised by
high oxidative stress, it will be worth to consider
the above said mtDNA markers as potential
biomarkers for TIIDM.

Kameoka et al., 1998 (Iranian)

Duraisamy et al., 2010 (S.Indian)

Padma et al., 2010 (S. Indian)

Total (fixed effects)

Total (random effects)

0.01                                             0.1                                            1                                              10                                            100
Odds ratio

Supplementary Fig. 3. Forest plot for association of A8296G mutation with TIIDM

Meta-analysis of A8296G in T2D
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Supplementary Fig. 4. Forest plot for association of A12026G mutation with TIIDM
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Supplementary Fig. 8. Forest plot for association of A3426G mutation with TIIDM
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Supplementary Text 1: List of studies used for meta-
analsyis of association of mtDNA mutations with
Type 2 Diabetes

S. Population Mutation Reference
No.

1 Japanese A3243G Otabe et al. 1994
2 Japanese A3243G Kishimoto et al. 1995
3 Japanese A3243G Nakagawa et al. 1995
4 Japanese A3243G Odawara et al. 1995
5 British A3243G Thomas et al. 1996
6 Japanese A3243G Kobayashi et al. 1997
7 Chinese A3243G Smith et al. 1997
8 Chinese A3243G Zhong et al. 2000
9 Caucasian A3243G Cavelier et al. 2001
1 0 Japanese A3243G Iwasaki et al. 2001
1 1 Japanese A3243G Iwase et al. 2001
1 2 Chinese A3243G Ji et al. 2001
1 3 German A3243G Klemm et al. 2001
1 4 Japanese A3243G Ohkubo et al. 2001
1 5 African A3243G Crispim et al. 2002

  Brazilians
1 6 Caucasian A3243G Crispim et al. 2002

  Brazilians
1 7 Croatian A3243G Martin-Kleiner et al. 2004
1 8 Chinese A3243G Yu et al. 2004
1 9 Chinese A3243G Zhang et al. 2004
2 0 Iranian A3243G Larijani et al. 2005
2 1 Chinese A3243G Tang et al. 2005b
2 2 Chinese A3243G Tang et al. 2005a;

Larijani H et al. 2005
2 3 Chinese A3243G Yu et al. 2005
2 4 Chinese A3243G Tang et al. 2006
2 5 Chinese A3243G Zhao et al. 2006
2 6 Chinese A3243G Liu et al. 2007

Han
2 7 Tunisian A3243G Mkaouar-Rebai et al. 2007
2 8 Pakistani A3243G Naveed et al. 2009
2 9 Chinese A3243G Wang et al. 2009
3 0 S.India A3243G Duraisamy et al. 2010
3 1 Tunisian A3243G Mezghani et al. 2010
3 2 S.India A3243G Vijaya Padma et al. 2010
3 3 Nigerian A3243G Ameh et al. 2011
3 4 Tunisian A3243G Mkaouar-Rebai et al. 2013
3 5 Chinese A3243G Wang et al. 2013

Han
3 6 Chinese A3243G Zhou et al. 2015
3 7 African G3316A Crispim et al. 2002

Brazilians
3 8 Caucasian G3316A Crispim et al. 2002

Brazilians
3 9 Chinese G3316A Yu et al. 2005
4 0 Chinese G3316A Zhao et al. 2006
4 1 Chinese G3316A Tang et al. 2005b
4 2 Chinese G3316A Tang et al. 2005a
4 3 Chinese G3316A Tang et al. 2006
4 4 Chinese G3316A Lam et al. 2001
4 5 Chinese G3316A Yu et al. 2004
4 6 Chinese G3316A Ji et al. 2001
4 7 Chinese G3316A Wang et al. 2009
4 8 Chinese G3316A Liu et al. 2007

Han
4 9 Chinese G3316A Wang et al. 2013

Han
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S. Population Mutation Reference
No.

5 0 Indonesian G3316A Pranoto 2005
5 1 Japanese G3316A Odawara et al. 1996
5 2 Japanese G3316A Nakagawa et al. 1995
5 3 Japanese G3316A ISHAK et al. 2014
5 4 Karaikudi G3316A Devi et al. 2016
5 5 Mizo- G3316A  Lalrohlui et al. 2016

Mongoloid
5 6 African T3394C Crispim et al. 2002

Brazilians
5 7 British T3394C Thomas et al. 1996
5 8 Caucasian T3394C Crispim et al. 2002

Brazilians
5 9 Chinese T3394C Tang et al. 2006
6 0 Chinese T3394C Tang et al. 2005
6 1 Chinese T3394C Yu et al. 2005
6 2 Chinese T3394C Yu et al. 2004
6 3 Chinese T3394C Wang et al. 2009
6 4 Chinese T3394C Liu et al. 2007

Han
6 5 Chinese T3394C Liao et al. 2008

Han
6 6 Chinese T3394C Wang et al. 2013

Han
6 7 Indonesian T3394C Pranoto, 2005
6 8 Japanese T3394C Ohkubo et al. 2001
6 9 Japanese T3394C Hirai et al. 1996
7 0 Mizo- T3394C Lalrohlui et al. 2016

Mongoloid
7 1 Chinese A3426G Yu et al. 2003
7 2 Chinese A3426G Yu et al. 2004
7 3 Chinese A3426G Yu et al. 2005
7 4 Chinese A3426G Liu et al. 2007

Han
7 5 Japanese C5178A Tawata et al. 2000
7 6 Japanese C5178A Matsunaga et al. 2001
7 7 Japanese C5178A Wang et al. 2001
7 8 Chinese C5178A Liu et al. 2007

Han
7 9 Chinese C5178A Liao et al. 2008

Han
8 0 Iranian A8296G Kameoka et al. 1998
8 1 S.Indian A8296G Duraisamy et al. 2010
8 2 S.Indian A8296G Vijaya Padma et al. 2010
8 3 Chinese A8296G Wang et al. 2009
8 4 Chinese A8296G Wang et al. 2013

Han
8 5 Japanese A12026G Tawata et al. 1998
8 6 Chinese A12026G Yu et al. 2005
8 7 Chinese A12026G Wang et al. 2006
8 8 Chinese A12026G Liu et al. 2007

Han
8 9 Chinese A12026G Wang et al. 2009
9 0 Chinese A12026G Wang et al. 2013

Han
9 1 Chinese T16189C Ge et al. 2005
9 2 Taiwaneese T16189C Lin et al. 2005
9 3 Chinese T16189C Tang et al. 2005
9 4 Caucasian-

Brazilian T16189C Crispim et al. 2006
9 5 Chinese T16189C Tang et al. 2006
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S. Population Mutation      Reference
No.

9 6 Chinese T16189C Liao et al. 2008
Han

9 7 Korean T16189C Park et al. 2008
9 8 Japanese T16189C Park et al. 2008
9 9 Hong Kong T16189C Park et al. 2008
100 Taiwanese T16189C Park et al. 2008
101 Chinese T16189C Park et al. 2008
102 Turkish T16189C Aral et al. 2011
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Supplementary Text 2: List of studies that associ-
ated mtDNA variants with Gestational Diabetes

S.   mtDNA  Population     Reference
No.  mutation
1 9bp dele- - Thomas et al. 1996

tion 8277
2 9bpre- - Thomas et al. 1996

peat8277
3 A15924G - Thomas et al. 1996
4 A3243G - Thomas et al. 1996
5 A3348G - Thomas et al. 1996
6 A3434G - Thomas et al. 1996
7 A3480G - Thomas et al. 1996
8 A5656G - Thomas et al. 1996
9 A8245G - Thomas et al. 1996
1 0 C16069T - Thomas et al. 1996
1 1 C16126T - Thomas et al. 1996
1 2 C7476T - Thomas et al. 1996
1 3 C8252T - Thomas et al. 1996
1 4 G3438A - Thomas et al. 1996
1 5 G3483A - Thomas et al. 1996
1 6 G5780A - Thomas et al. 1996
1 7 G8251A - Thomas et al. 1996
1 8 G8269A - Thomas et al. 1996
1 9 G8290A - Thomas et al. 1996
2 0 T16093C - Thomas et al. 1996
2 1 T3394C - Thomas et al. 1996
2 2 T3396C - Thomas et al. 1996
2 3 G15927A - Thomas et al. 1996
2 4 A3447G - Thomas et al. 1996
2 5 G15928A - Thomas et al. 1996
2 6 A3243G American Allan et al. 1997
2 7 A3243G Singapore Chen et al. 2000
2 8 A33 99T Singapore Chen et al. 2000
2 9 C3254A Singapore Chen et al. 2000
3 0 T3394C Singapore Chen et al. 2000
3 1 T3398C Singapore Chen et al. 2000
3 2 G3316A Singapore Chen et al. 2000
3 3 A3156G Japanese Ohkubo et al. 2001
3 4 A3243G Japanese Ohkubo et al. 2001
3 5 C3375A Japanese Ohkubo et al. 2001
3 6 G3357A Japanese Ohkubo et al. 2001
3 7 T3394C Japanese Ohkubo et al. 2001
3 8 A8344G Asian Indian Khan et al. 2015
3 9 A3243G Asian Indian Khan et al. 2015
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