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Population studies have demonstrated that telomere length (TL) displays great diversity among different
populations. Previously described controversial findings associated longevity with specific mitochondrial
DNA haplogroups (hgs) (e.g., ] and U). These observations may be influenced by population diversity, geo-
graphic location, and/or specific historic background. The aims of this study were to identify a specific
hg which correlates with aging in a Latvian populating and to evaluate the possible association of TL
variability with specific mitochondrial hgs. The results show no significant correlation between TL, mito-
chondrial DNA hgs and longevity. A slight increase in frequency was observed among centenarians of
hg H; however, these findings were not statistically significant. TL did not show any statically significant
difference, only hg W had slightly longer telomeres among others. An insignificant increase in TL was
observed in the 55-89 age group of hg W but in the <90 age group for hg J which also had the longest
TL in the 20-45 age group. In conclusion this study indicates that specific mitochondrial DNA hgs do not

have a significant, if any, influence on the variation of TL in Latvians.

© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Mitochondrial DNA (mtDNA) is maternally inherited, and many
inherited variants of mtDNA, i.g. hgs do exist, that are geograph-
ically distributed. Previous studies have shown that some of hgs
are associated with common complex traits and a possible con-
nection between age-related diseases, longevity, mitochondrial
haplogroup background and population divergences (e.g., Tanaka
et al., 1998; Czarnecka and Bartnik 2011). A human mitochondrial
hg defines differences in human mtDNA by SNPs (single nucleotide
polymorphisms) which lead to amino acid changes within the
OXPHOS (oxidative phosphorylation) respiratory complexes. There
are 9 major hgs found in Europe (H,1,]J, M, T, U, V, W, and X) (Torroni
et al,, 1997; Kenney et al., 2014). Some researches suggest that
human adoption to chronic cold and irregular caloric availability
due to seasonal changes could influence evolution by disrupting
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mitochondrial hgs and also longevity (Wallace 2005; Robine et al.,
2012).Resent findings support the hypothesis that different mtDNA
hgs lineages from different geographic origins might take a part
in diverse susceptibilities to age-related diseases. The large accu-
mulation of SNPs can cause amino acid and functional changes,
while others cause changes in the rates of replication and tran-
scription of the mtDNA. Progressive loss of mitochondrial function
in several tissues is a common feature of aging believed to be influ-
enced by life-long production of reactive oxygen species (ROS) as
by-products of oxidative metabolism leads to the accumulation of
DNA and protein damages (Shigenaga et al., 1994; Bellizzi et al.,
2006; Kenney et al., 2014).

Several conflicting studies have also evaluated the possible asso-
ciation of various hgs with healthy aging. Beckstead et al. indicates
that hg H individuals may live longer when compared to hg U indi-
viduals, under calorie restriction (Beckstead et al., 2009). Numerous
studies have observed that hg J is more abundant among cente-
narians, while hg U decreases among centenarians (de Benedictis
et al.,, 1999; Rose et al., 2001). Conversely, Pin6s et al. have refuted
the observation that hg J is associated with longevity and have
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suggested that longevity is population-specific (Pinds et al., 2012).
On the other hand several other studies have failed to find an asso-
ciation of longevity with hgs H and U (de Benedictis et al., 1999;
de Benedictis et al., 2000; Pinds et al., 2012). A study by Benn
et al. also concludes that there are no hg associations with mor-
tality and longevity (Benn et al., 2008). It has also been shown, in
a population from Finland, that hgs H and HV are less frequent
among centenarians than hgs U, J and U8 (Niemi et al., 2003).
Beside that, defined mutations in the genes of mtDNA associated
with hgs D, D1, H1 have been described and are more frequently
found among centenarians. These haplogroup-defining mutations
may affect ATP (adenosine triphosphate) synthesis, suggesting that
specific mitochondrial variants are associated with biochemical dif-
ferences (Tanakaetal., 1998; Tanaka et al.,2000). Numerous studies
have described specific hgs as being associated with healthy aging
and having a protective or opposite effect on the occurrence of some
diseases and tumors (e.g., Czarnecka and Bartnik, 2011). In partic-
ular, different hgs were associated with Leber’s hereditary optic
neuropathy, ichemic stroke, coronary artery disease and diabetic
retinopathy and osteoarthritis (OA) (Torroni et al., 1997; Hudson
et al., 2007; Kofler et al., 2009; Rego-Pérez et al., 2008). Other
studies have found an effect of some hgs against ischemic stroke,
Alzheimer disease and Parkinson’s disease (Carrieri et al., 2001; van
der Walt et al., 2003; Ghezzi et al., 2005; Gaweda-Walerych et al.,
2008; Rosa et al., 2008).

Telomere shortening is thought to be a major theory of aging.
Telomeres are specialized chromosomal DNA-protein structures
that cap and protect the terminal regions of eukaryotic chromo-
somes. Telomeres are dynamic structures that become shorter with
every division of a cell. Once a critical length is no longer main-
tained, the cell is not able to divide; this halt in cell division is
thought to be a consequence of aging (Blackburn 2001). However,
to date, only few studies have addressed the possible association of
mitochondrial hgs with TL. Fernandez-Moreno et al. examined TL
in hg J individuals and showed that they have significantly longer
telomeres than non-]J carriers (Fernandez-Morenoetal.,2011). Con-
sidering that both cell elements are involved in the process of aging
and longevity, there could be a possible association between mito-
chondrial inherited polymorphisms and the dynamics of TL. The
aim of this study was to identify correlations between distribution
frequencies among different age groups of the most prevalent mito-
chondrial variants (hgs H, U, T, J, V and W) in a Latvian population
and to investigate possible associations of these hgs with TL.

2. Materials and methods
2.1. Samples

Blood samples were collected from healthy individuals,
without any disorders that are known to affect TL, in a Latvian
population from age 20 to over 90 years old. In total, 772 indi-
viduals were enrolled in this study. All participants provided
appropriate written informed consent for the use of their phe-
notypic and genetic data that were voluntarily provided via
detailed health and heredity questionnaires. All samples were

Table 1

obtained from genome database of the Latvian population (VIGDB,
bmc.biomed.lu.lv/lv/par-mums/saistitas-organizacijas/vigdb/).
Samples from participants in the mitochondrial hg studies were
divided into three age groups: 20-45 years old (control group,
n=374),55-89 years old (middle group, n=271), and over 90 years
old (centenarians, n=127). As only small part of the samples of
DNA was obtained with enough high concentration and quality for
TRF (terminal restriction fragments) assay, the TL was measured
and hgs H, U, T, J, Vand W were detected in 221 samples. Samples
were selected with similar percentage frequency of hgs among
age groups as in the whole sample cohort (Table 1). These samples
were divided into the same age groups: 20-45 years old (control
group, n=61), 55-89 years old (n=80) and over 90 years old
(centenarians, n=80). A 45-55 year old group was not included
because this study focuses on elderly individuals, ages 60 and
above. This elderly population has the highest mortality rate
among Latvians.

2.2. Extraction of genomic DNA

Genomic DNA was extracted from the peripheral white blood
cells (WBC) using the standard phenol-chloroform method as pre-
viously described (Sambrook et al., 1989).

2.3. Southern blots of terminal restriction fragments (TRFs)

The method described in Kimura et al. (2010) was used, with
some modifications, to determine TL. Briefly, a Southern blot of
TRFs was conducted using a Telo TAGGG telomere length assay kit
(Roche, UK). Concentrated DNA (~1 ug) was digested with restric-
tion endonucleases Hinf I (10 U) and Rsa I (10 U) (Kimura et al.,
2010). Digested DNA samples, a DNA size marker (GeneRuler 1 Kb
DNA ladder, Thermo Scientific, Lithuania), and the DIG molecular
weight marker (Roche, UK) were loaded into a 0.8% agarose gel
and run for 20h (19V and 25 mA) to resolve fragment sizes. The
DNA in the gel was then depurinated in 0.25M HCIl for 10 min.
Further, the gel with the samples was denatured in 0.5L of 0.5M
NaOH and 1.5M Nacl for two 20-min washes. The samples were
neutralized in 1L of 0.5M tris-OH containing 3M NacCl (pH 7.5)
for two 20-min washes. The DNA was transferred to a positively
charged nylon membrane (Amersham Hybond™-N*, GE Health-
care Life Sciences, UK) for 2 h using a vacuum blotter (VacuGene
Pump, Pharmacia Biotech, Sweden) with a 20x SSC transfer buffer
solution that contained 0.3 M sodium citrate and 3M NaCl (pH
7.0). DNA was fixed to a membrane using a 30-s UV exposure, and
the membrane was briefly washed in 2x SSC solution. The subse-
quent steps were performed using the manufacturer’s protocol for
the Telo TAGGG telomere length assay kit (Roche, UK). The mem-
brane was visualized on a high performance chemiluminescence
film (GE Healthcare Life Sciences, UK). The film was scanned, and
the TRF signal was detected. DNA migration distances were mea-
sured using the Kodak digital science D1 program (Kodak, US);
the DIG ladder was used for molecular size reference. The optical
density of the DNA fragments was measured using the Image] soft-
ware (Rasband and Image], 1997-2014). TL was calculated using the

Comparison of the all haplogroups found in a Latvian population in the three age groups.

Age groups, years (No) Haplogroups number (%)

H U T 1% w I HV X
20-45 (374) 41.7 (156) 27.3(102) 9.9 (37) 6.7 (25) 3.5(13) 40(15) 43(16) 2.1(8) 0.5(2)
55-89 (271) 42.4(115) 28.8(78) 6.3 (17) 6.3 (17) 438(13) 41(11) 1.1(3) 438(13) 1.5 (4)
<90 (127) 48.8(62) 21.3(27) 10.2 (13) 47 (6) 6.3(8) 3.9(5) 1.6(2) 23(3) 0.8(1)
Total 44.6(333) 25.7 (207) 8.7 (67) 5.9 (48) 4.4(22) 40(31) 3.3(21) 2.6 (24) 0.9(7)

For hgs H, U, T, J, V and W. Hgs — mitochondrial haplogroups, TL- telomere length, df - degrees of freedom, F - fixation indices.
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following equation: mean TRF length =% (ODi)/X (ODi/Li), where
ODi = optical density at position i and Li = TRF length at position i.

2.4. Mitochondrial genotyping

To confirm the hg affiliation of mitochondrial sequences, hier-
archical PCR-RFLP analysis was performed using 17 restriction
endonucleases: Avall, Ddel, Bsh1236I, Haelll, Hhal, Hinfl, Mbol, Rsal,
Nlalll, Accl, BstOl, Msel, Alw44l, Sspl, Eco471, and BsuRI (van Oven
and Kayser, 2009) The classification of hgs was based on their
position in the hierarchy of the mitochondrial phylogenetic tree
(www.phylotree.org, van Oven and Kayser, 2009).

2.5. Statistical analysis

All statistical analyses were performed using the R 3.1.1 (Core
Team, 2014) software program. The statistical significance of the
differences between the observed distributions of mitochondrial
hgs in three age groups was evaluated with the G-test. Analysis of
variance (ANOVA)was used to test differences of mean TL values for
age groups and mitochondrial hgs. In this analysis, only hgs H, U and
T were included because they had replicates for each combination
within each age group. A P value equal to or less than 0.05 was
considered significant.

3. Results

3.1. Distribution of mitochondrial haplogroups among different
age groups

Mitochondrial hgs were analyzed among 772 individuals of
three age groups (age 20-45, 55-89, over 90 years) in a Latvian
population (Table 1). Hg H represents 7.1% more of the population
among centenarians than in the control group. Only those individ-
uals bearing hg V showed a gradual growth with increasing age
(1.3% more in the age group 55-89 when compared to the con-
trol group; 2% more in the group >90 age group when compared
to the 55-89 group). Interestingly, hg U, despite being the second
mostabundant hg among centenarians, shows a 7.5% decrease com-
pared to the 55-89 age group. Hg T is equally represented both in
the control and centenarian groups but less in the middle group.
Hg I shows an obvious decrease, averaging 2.9%, in both the 55-89
and >90 age groups. Other hgs do not demonstrate a notewor-
thy gradual decrease or increase in distribution frequencies among
the analyzed age groups. A G-test (G=20.53, df=16 un P=0.1971)
emphasizes that none of the hgs investigated show a significant
association with longevity.
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Fig. 1. Variation of telomere length for the hgs H, U, T, J, V and W. TRF-terminal
restriction fragments, bp - base pairs.
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Fig. 2. Comparison of telomere length for the hgs H, U, T, J, V and W in three differ-
ent age groups. 20-45, n=61; 55-89, n=80; <90 n=380. TRF - terminal restriction
fragments, bp-base pairs.

Table 2
Results of dispersion analysis (ANOVA).
TL Hierarchical method
df Sum of squares Mean square F Pvalue
Hgs 5 7840991 1568198 1.637 0.151748
Hgs: age 10 7888462 788846 0.823 0.606487
Residuals 203 194486331 958061 - -

3.2. Association of telomere length with mitochondrial
haplogroups and aging

A comparison of TL among different mitochondrial hgs in all
together studied age groups is shown in Fig. 1. The average TL
for hgs is: H (~6290bp), U (~6130bp), T (~6490bp), ] (~6480 bp),
V (~6390bp) and ~6840 bp). Consequently, there were a limited
number of samples that were available for TL testing for hgs I, HV
and X. There are no statically significant differences of average TL
among hgs (ANOVA, P=0.1780; F=1.542; R?=0.03461). Individu-
als belonging to hg W have the longest average TL, while those of
hg U have the shortest average TL. Fig. 2 shows a comparison of
the TL of individuals with hgs H, U, T, J, V and W in the three age
groups separately. Hg J shows the longest TL in the control group
and among centenarians. In the middle group hg W has the longest
TL. Hgs T and V do not have obvious difference of TL among age
groups. Results of the ANOVA analyses (Table 2) show that there
are no significant correlations among TL, hgs and age in the Latvian
population.

4. Discussion

Our previous study showed that the most common mitochon-
drial hgs in the Latvian population are H (44.5%), U (25.4%) and T
(9.4%) (Pliss et al., 2006). In the current study none of hgs show
statistically significant correlation with aging and the percentage
varies slightly. The observed frequencies of hgs H, U, T, J, V, I and X
were in stark contrast to those reported in a study from Finland
(Niemi et al., 2003). Although Finland is geographically close to
Latvia, hg U and cluster T] were found to be more frequent than
hg H among centenarians. The climate in Finland is only slightly
colder than in Latvia and is considered to be similar. In one study,
it was described that climate has an influence on human longevity
(Robine et al., 2012). Although the climate is warmer, studies from
South Europe showed a similar distribution of hg J to the Finnish
population; however, the current study, along with other studies,
did not support this finding (de Benedictis et al., 1999; de Benedictis
et al., 2000; Pinés et al., 2012). Another study had similar obser-
vation regarding to hg U frequency in different age groups as it
was in the current study (de Benedictis et al., 1999). One hypoth-
esis describes a connection between population migration waves
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to the North Europe and hg frequency that could be contributed
to a necessary adaptation to the chronic cold and irregular caloric
availability by varying mitochondrial metabolism (Wallace 2005).
Hgs may play a protective role in colder climates by generating
greater amounts of heat through higher electron transport rates
and looser coupling or partially uncoupled OXPHOS. For the cold-
adapted hgs, uncoupling mutations would produce less ATP per
calorie consumption, which can be used for heat generation; there-
fore, more oxidized and less ROS would be formed (Mishmar et al.,
2003; Baudouin et al., 2005; Wallace 2005). Mitochondrial hgs
have different coupling efficiency (the percentage of oxygen con-
sumption used for ATP synthesis rather than heat generation) and
mitochondrial ROS production (Wallace, 2005). Previous observa-
tion suggests that hg H may not be as suitable as hg U for longevity
in cold environments; however, this study contradicts this hypoth-
esis. The Beckstead’ research group showed that due to historic
caloric restriction, longevity is observed in individuals with hg H
compared to hg U, and that this longevity has not been changed dur-
ing periods of caloric abundance (Beckstead et al., 2009). There are
many parameters that can influence the survival of specific hgs in
different environments. Differences of hgs frequencies during aging
in various populations might be explained with diverse historical
events and climate changes. As previously mentioned certain hgs
have varying influences on diverse age-related diseases and tumors
and therefore may slightly affect the frequency of specific hgs in
older age groups.

Sahin et al. have proposed a theory connecting/linking telom-
ere length with mitochondrial genetics. They have shown that
short telomeres, which are sensed by cells as double-strand breaks
and DNA instability, suppress PGC-1a/[3 (peroxisome proliferator-
activated receptor gamma, coactivator 1 alpha and beta) action
via p53 gene activation. These molecular interactions lead to mito-
chondrial dysfunction, cell senescence, growth arrest and apoptosis
(Chin et al., 1999; Sahin and Depinho, 2010; Sahin et al., 2011;
Rufini et al., 2013). PGC-1a/ regulates a vast amount of mitochon-
drion functions, including mitochondrial replication/transcription,
OXPHOS, oxidative stress and gluconeogenesis, etc. (e.g., Wu et al.,
1999; Lin et al.,, 2005). These mitochondrial outcomes, due to
reduced electron transport chain efficiency due to chemical or
genetic causes, lead to ROS production that cause a drop in ATP
levels, leading to aging, which may limit lifespan as well as effect
telomere length (Balaban et al., 2005; Moiseeva et al., 2009).

This study/current study demonstrates that the average TL in
all mitochondrial hgs is similar and does not show statically signif-
icant differences among the hgs, however, some similarities with
other studies can be observed. Martinez-Redondo et al. have shown
that hg H has higher mitochondrial oxidative damage than hg J. In
their study, hg H had higher oxygen uptake and therefore more
ROS production than other hgs. The next highest level of oxygen
uptake is found in hg V followed by hgs T and U, with the low-
est level found in hg J (Martinez-Redondo et al., 2010). It has been
shown that oxidative stress is associated with increased telomere
attrition (von Zglinicki 2002; Kawanishi and Oikawa 2004). This
means that TL should be shorter for hgs that produce more ROS,
such as hg H compared to hg U. Similar interrelationship can be
observed in our study for hg H (Fig. 1), however, it is not sta-
tistically significant. This hypothesis also might explain slightly
longer telomeres for hgJamong centenarians in the current/present
study, due to less ROS accumulation during aging. Also previously,
Fernandez-Moreno et al. have shown that individuals with hg J
have significantly longer telomeres than non-J carriers (Fernandez-
Moreno et al., 2011). However, Pinés et al. have found that hg
J and longevity are not related and have proposed that different
findings in previous reports could be due to a population-specific
background (Pinds et al., 2012). Previously reported conflicting
results related to TL may also be attributed to population-specific

differences (Zole et al., 2013; Eisenberg et al., 2011; Salpea et al.,
2008; Canela et al., 2007).

5. Highlights

Mitochondrial hgs are not significantly associated with
longevity or longer telomere length in a Latvian population. Only
hgJ had slightly longer TL among centenarians. None of the hgs cor-
related with age either. Only hg H shows an insignificant increase
of frequency among centenarians compared to the control group.
Assuming that longevity and TL are either population-specific or
geographically or historically specific, their association can be
influenced by many factors during an individual’s lifespan, envi-
ronmental and genetic background.

Conflict of Interest

The authors confirm that this article content has no conflict of
interest.

Acknowledgments

We acknowledge the Genome Database of the Latvian Popu-
lation for providing DNA samples used in this study and Latvian
Biomedical Research and Study Centre. The research was sup-
ported by grants from the European Social Fund (ESF) no.
2013/0039/1DP/1.1.1.2.0/13/APIA/VIAA/038.

References

Balaban, R.S., Nemoto, S., Finkel, T., 2005. Mitochondria, oxidants, and aging. Cell
120, 483-495.

Baudouin, S.V., Saunders, D., Tiangyou, W., Elson, J.L., Poynter, ]., Pyle, A, Keers, S.,
Turnbull, D.M., Howell, N., Chinnery, P.F., 2005. Mitochondrial DNA and
survival after sepsis: a prospective study. Lancet 366, 2118-2121.

Beckstead, W.A., Ebbert, M.T.W., Rowe, M.J., McClellan, D.A., 2009. Evolutionary
pressure on mitochondrial cytochrome b is consistent with a role of CytbI7T
affecting longevity during caloric restriction. PLoS ONE 4, e5836.

Bellizzi, D., Cavalcante, P., Taverna, D., Rose, G., Passarino, G., Salvioli, S., Franceschi,
C., de Benedictus, G., 2006. Gene expression of cytokines and cytokine
receptors is modulated by the common variability of the mitochondrial DNA in
cybrid cell lines. Genes Cells 8, 883-891.

Benn, M., Schwartz, M., Nordestgaard, B.G., Tybjaerg-Hansen, A., 2008.
Mitochondrial haplogroups: ischemic cardiovascular disease, other diseases,
mortality, and longevity in the general population. Circulation 117, 2492-2501.

Blackburn, E.H., 2001. Telomeres. eLS. 10.1038/npg.els.0001167

Canela, A., Vera, E., Klatt, P., Blasco, M.A., 2007. High-throughput telomere length
quantification by FISH and its application to human population studies. Proc.
Natl. Acad. Sci. U.S.A 104, 5300-5305.

Carrieri, G., Bonafé, M., De Luca, M., Rose, G., Varcasia, O., Bruni, A., Maletta, R.,
Nacmias, B., Sorbi, S., Corsonello, F., Feraco, E., Andreev, K.F., Yashin, A.L,
Franceschi, C., De Benedictis, G., 2001. Mitochondrial DNA haplogroups and
APOEA4 allele are non-independent variables in sporadic Alzheimer’s disease.
Hum. Genet. 108, 194-198.

Chin, L., Artandi, S.E., Shen, Q., Tam, A,, Lee, S.L., Gottlieb, G.J., Greider, CW.,
DePinho, R.A., 1999. p53 deficiency rescues the adverse effects of telomere loss
and cooperates with telomere dysfunction to accelerate carcinogenesis. Cell
97,527-538.

Czarnecka, A.M., Bartnik, E., 2011. The role of the mitochondrial genome in ageing
and carcinogenesis. J. Aging Res. 2011, 136435.

de Benedictis, G., Carrieri, G., Varcasia, O., Bonafé, M., Franceschi, C., 2000.
Inherited variability of the mitochondrial genome and successful aging in
humans. Ann. N.Y. Acad. Sci. 908, 208-218.

de Benedictis, G., Rose, G., Carrieri, G., De Luca, M., Falcone, E., Passarino, G., Bonafe,
M., Monti, D., Baggio, G., Bertolini, S., Mari, D., Mattace, R., Franceschi, C., 1999.
Mitochondrial DNA inherited variants are associated with successful aging and
longevity in humans. FASEB J. 13, 1532-1536.

Eisenberg, D.T., Salpea, K.D., Kuzawa, C.W., Hayes, M.G., Humphries, S.E., European
Atherosclerosis Research Study Il Group, 2011. Substantial variation in qPCR
measured mean blood telomere lengths in young men from eleven European
countries. Am. ]. Hum. Biol. 23, 228-231.

Fernandez-Moreno, M., Tamayo, M., Soto-Hermida, A., Mosquera, A., Oreiro, N.,
Ferndndez-Lépez, C., Fernandez, ].L., Rego-Pérez, 1., Blanco, F.J., 2011. mtDNA
haplogroup ] modulates telomere length and nitric oxide production. BMC
Musculoskel. Dis. 12, 283.

Gaweda-Walerych, K., Maruszak, A., Safranow, K., Bialecka, M., Klodowska-Duda,
G., Czyzewski, K., Slawek, J., Rudzinska, M., Styczynska, M., Opala, G., Drozdzik,


http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0005
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0005
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0005
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0005
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0005
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0005
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0005
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0005
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0005
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0010
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0010
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0010
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0010
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0010
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0010
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0010
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0010
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0010
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0010
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0010
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0010
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0010
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0010
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0015
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0020
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0025
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0025
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0025
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0025
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0025
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0025
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0025
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0025
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0025
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0025
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0025
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0025
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0025
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0025
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0025
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0025
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0025
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0025
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0025
http://10.1038/npg.els.0001167
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0035
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0040
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0040
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0040
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0040
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0040
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0040
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0040
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0040
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0040
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0040
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0040
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0040
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0040
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0040
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0040
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0040
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0040
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0040
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0040
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0045
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0050
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0050
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0050
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0050
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0050
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0050
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0050
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0050
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0050
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0050
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0050
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0050
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0050
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0050
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0050
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0055
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0055
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0055
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0055
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0055
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0055
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0055
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0055
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0055
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0055
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0055
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0055
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0055
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0055
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0055
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0055
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0055
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0055
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0055
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0060
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0060
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0060
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0060
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0060
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0060
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0060
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0060
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0060
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0060
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0060
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0060
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0060
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0060
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0060
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0060
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0060
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0060
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0060
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0065
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0070
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0070
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0070
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0070
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0070
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0070
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0070
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0070
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0070
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0070
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0070
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0070
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0070
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0070
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0070

E. Zole et al. / Mechanisms of Ageing and Development 145 (2015) 13-17 17

M., Canter, ].A., Barcikowska, M., Zekanowski, C., 2008. Mitochondrial DNA
haplogroups and subhaplogroups are associated with Parkinson’s disease risk
in a Polish PD cohort. J. Neural Transm. 115, 1521-1526.

Ghezzi, D., Marelli, C., Achilli, A., Goldwurm, S., Pezzoli, G., Barone, P., Pellecchia,
M.T,, Stanzione, P., Brusa, L., Bentivoglio, A.R., Bonuccelli, U., Petrozzi, L.,
Abbruzzese, G., Marchese, R., Cortelli, P., Grimaldi, D., Martinelli, P., Ferrarese,
C., Garavaglia, B., Sangiorgi, S., Carelli, V., Torroni, A., Albanese, A., Zeviani, M.,
2005. Mitochondrial DNA haplogroup K is associated with a lower risk of
Parkinson’s disease in Italians. Eur. . Hum. Genet. 13, 748-752.

Hudson, G., Carelli, V., Spruijt, L., Gerards, M., Mowbray, C., Achilli, A., Pyle, A.,
Elson, J., Howell, N., La Morgia, C., Valentino, M.L., Huoponen, K., Savontaus,
M.L,, Nikoskelainen, E., Sadun, A.A., Salomao, S.R., Belfort Jr., R., Griffiths, P.,
Man, P.Y., de Coo, R.F,, Horvath, R, Zeviani, M., Smeets, H.J., Torroni, A.,
Chinnery, P.F., 2007. Clinical expression of Leber hereditary optic neuropathy is
affected by the mitochondrial DNA-haplogroup background. Am. J. Hum.
Genet. 81, 228-233.

Kawanishi, S., Oikawa, S., 2004. Mechanism of telomere shortening by oxidative
stress. Ann. N.Y. Acad. Sci. 1019, 278-284.

Kenney, M.C., Chwa, M., Atilano, S.R., Falatoonzadeh, P., Ramirez, C., Malik, D.,
Tarek, M., Del Carpio, J.C., Nesburn, A.B., Boyer, D.S., Kuppermann, B.D., Vawter,
M.P., Jazwinski, S.M., Miceli, M.V., Wallace, D.C., Udar, N., 2014. Molecular and
bioenergetic differences between cells with African versus European inherited
mitochondrial DNA haplogroups: implications for population susceptibility to
diseases. Biochim. Biophys. Acta 2, 208-219.

Kimura, M., Gazitt, Y., Cao, X., Zhao, X., Lansdorp, P.M., Aviv, A., 2010. Synchrony of
telomere length among hematopoietic cells. Exp. Hematol. 38, 854-859.

Kofler, B., Mueller, E.E., Eder, W., Stanger, O., Maier, R., Weger, M., Haas, A., Winker,
R., Schmut, O., Paulweber, B., Iglseder, B., Renner, W., Wiesbauer, M., Aigner, L.,
Santic, D., Zimmermann, F.A., Mayr, J.A., Sperl, W., 2009. Mitochondrial DNA
haplogroup T is associated with coronary artery disease and diabetic
retinopathy: a case control study. BMC Med. Genet. 10, 35.

Lin, J., Handschin, C., Spiegelman, B.M., 2005. Metabolic control through the PGC-1
family of transcription coactivators. Cell Metab. 1, 361-370.

Martinez-Redondo, D., Marcuello, A., Casajds, J.A., Ara, I, Dahmani, Y., Montoya, J.,
Ruiz-Pesini, E., Diez-Sanchez, L6pez-Pérez M.]., 2010. Human mitochondrial
haplogroup H: the highest VO2max consumer-is it a paradox? Mitochondrion
10, 102-107.

Mishmar, D., Ruiz-Pesini, E., Golik, P., Macaulay, V., Clark, A.G., Hosseini, S.,
Brandon, M., Easley, K., Chen, E., Brown, M.D., Sukernik, R.L, Olckers, A.,
Wallace, D.C., 2003. Natural selection shaped regional mtDNA variation in
humans. Proc. Natl. Acad. Sci. U.S.A 100, 171-176.

Moiseeva, 0., Bourdeau, V., Roux, A., Deschénes-Simard, X., Ferbeyre, G., 2009.
Mitochondrial dysfunction contributes to oncogene-induced senescence. Mol.
Cell Biol. 29, 4495-4507.

Niemi, A.K., Hervonen, A., Hurme, M., Karhunen, P.J., Jylhd, M., Majamaa, K., 2003.
Mitochondrial DNA polymorphisms associated with longevity in a Finnish
population. Hum. Genet. 112, 29-33.

Pin6s, T., Nogales-Gadea, G., Ruiz, J.R., Rodriguez-Romo, G., Santiago-Dorrego, C.,
Fiuza-Luces, C., Gomez-Gallego, F., Cano-Nieto, A., Garatachea, N., Moran, M.,
Angel, M.M.,, Arenas, J., Andreu, A.L,, Lucia, A., 2012. Are mitochondrial
haplogroups associated with extreme longevity? A study on a Spanish cohort.
Age (Dordr.) 34, 227-233.

Pliss, L., Tambets, K., Loogvili, E.L., Pronina, N., Lazdins, M., Krumina, A., Baumanis,
V., Villems, 2006. Mitochondrial DNA portrait of Latvians: towards the
understanding of the genetic structure of Baltic-speaking populations. Ann.
Hum. Genet. 70, 439-458.

Core Team, R., 2014. R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria, URL
http://www.R-project.org/.

Rasband, W.S., Image], U. S. National Institutes of Health, Bethesda, Maryland, USA,
http://imagej.nih.gov/ij/, 1997-2014.

Rego-Pérez, 1., Fernandez-Moreno, M., Blanco, FJ., 2008. Gene polymorphisms and
pharmacogenetics in rheumatoid arthritis. Curr. Genomics 9, 381-393.

Robine, ].M., Herrmann, F.R,, Arai, Y., Willcox, D.C., Gondo, Y., Hirose, N., Suzuki, M.,
Saito, Y., 2012. Exploring the impact of climate on human longevity. Exp.
Gerontol. 47, 660-671.

Rosa, A, Fonseca, B.V,, Krug, T., Manso, H., Gouveia, L., Albergaria, L., Gaspar, G.,
Correia, M., Viana-Baptista, M., Simdes, R.M.,, Pinto, A.N., Taipa, R., Ferreira, C.,
Fontes, J.R,, Silva, M.R,, Gabriel, ].P., Matos, 1., Lopes, G., Ferro, ].M., Vicente,
A.M., Oliveira, S.A., 2008. Mitochondrial haplogroup H1 is protective for
ischemic stroke in Portuguese patients. BMC Med. Genet. 9, 57.

Rose, G., Passarino, G., Carrieri, G., Altomare, K., Greco, V., Bertolini, S., Bonafe, M.,
Franceschi, C., De Benedictis, G., 2001. Paradoxes in longevity: sequence
analysis of mtDNA haplogroup ] in centenarians. Eur. J. Hum. Genet. 9,
701-707.

Rufini, A., Tucci, P., Celardo, L., Melino, G., 2013. Senescence and aging: the critical
roles of p53. Oncogene 32, 5129-5143.

Sahin, E., Colla, S., Liesa, M., Moslehi, J., Miiller, F.L., Guo, M., Cooper, M., Kotton, D.,
Fabian, AJ., Walkey, C., Maser, R.S., Tonon, G., Foerster, F., Xiong, R., Wang, Y.A.,
Shukla, S.A., Jaskelioff, M., Martin, E.S., Heffernan, T.P., Protopopov, A., Ivanova,
E., Mahoney, J.E., Kost-Alimova, M., Perry, S.R,, Bronson, R,, Liao, R., Mulligan, R.,
Shirihai, O.S., Chin, L., DePinho, R.A., 2011. Telomere dysfunction induces
metabolic and mitochondrial compromise. Nature 470, 359-365.

Sahin, E., Depinho, R.A., 2010. Linking functional decline of telomeres,
mitochondria and stem cells during ageing. Nature 464, 520-528.

Sambrook, J., Fritsch, E.F., Maniatis, T., 1989. Molecular Cloning: a Laboratory
Manual, Vol. 3. Cold Spring Harbor Laboratory Press, New York.

Shigenaga, M.K., Hagen, T.M., Ames, B.N., 1994. Oxidative damage and
mitochondrial decay in aging. Proc. Natl. Acad. Sci. U.S.A 91, 10771-10778.

Tanaka, M., Gong, ., Zhang, J., Yamada, Y., Borgeld, HJ., Yagi, K., 2000.
Mitochondrial genotype associated with longevity and its inhibitory effect on
mutagenesis. Mech. Ageing Dev. 116, 65-76.

Tanaka, M., Gong, ].S., Zhang, J., Yoneda, M., Yagi, K., 1998. Mitochondrial genotype
associated with longevity. Lancet 351, 185-186.

Torroni, A., Petrozzi, M., D’'Urbano, L., Sellitto, D., Zeviani, M., Carrara, F., Carducci,
C., Leuzzi, V., Carelli, V., Barboni, P., De Negri, A., Scozzari, R., 1997. Haplotype
and phylogenetic analyses suggest that one European-specific mtDNA
background plays a role in the expression of Leber hereditary optic neuropathy
by increasing the penetrance of the primary mutations 11,778 and 14,484. Am.
J. Hum. Genet. 60, 1107-1121.

van der Walt, J.M., Nicodemus, K.K., Martin, E.R,, Scott, W.K., Nance, M.A., Watts,
R.L., Hubble, ]J.P., Haines, J.L., Koller, W.C., Lyons, K., Pahwa, R., Stern, M.B.,
Colcher, A., Hiner, B.C., Jankovic, J., Ondo, W.G., Allen Jr., F.H., Goetz, C.G., Small,
G.W., Mastaglia, F., Stajich, ].M., McLaurin, A.C., Middleton, L.T., Scott, B.L.,
Schmechel, D.E., Pericak-Vance, M.A., Vance, J.M., 2003. Mitochondrial
polymorphisms significantly reduce the risk of Parkinson disease. Am. J. Hum.
Genet. 4, 804-811.

van Oven, M., Kayser, M., 2009. Updated comprehensive phylogenetic tree of
global human mitochondrial DNA variation. Hum. Mutat. 30, E386-394.

von Zglinicki, T., 2002. Oxidative stress shortens telomeres. Trends Biochem. Sci.
27,339-344.

Wallace, D.C., 2005. A mitochondrial paradigm of metabolic and degenerative
diseases aging, and cancer: a dawn for evolutionary medicine. Annu. Rev.
Genet. 39, 359-407.

Wu, Z., Puigserver, P., Andersson, U., Zhang, C., Adelmant, G., Mootha, V., Troy, A.,
Cinti, S., Lowell, B., Scarpulla, R.C., Spiegelman, B.M., 1999. Mechanisms
controlling mitochondrial biogenesis and respiration through the thermogenic
coactivator PGC-1. Cell 98, 115-124.

Zole, E., Pliss, L., Ranka, R., Krumina, A., Baumanis, V., 2013. Dynamics of telomere
length in different age groups in a Latvian population. Curr. Aging Sci. 6,
244-250.


http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0075
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0080
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0085
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0090
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0090
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0090
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0090
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0090
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0090
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0090
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0090
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0090
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0090
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0090
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0090
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0090
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0090
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0090
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0095
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0100
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0100
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0100
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0100
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0100
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0100
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0100
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0100
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0100
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0100
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0100
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0100
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0100
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0105
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0110
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0110
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0110
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0110
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0110
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0110
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0110
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0110
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0110
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0110
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0110
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0110
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0110
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0110
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0110
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0115
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0115
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0115
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0115
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0115
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0115
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0115
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0115
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0115
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0115
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0115
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0115
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0115
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0115
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0115
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0115
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0120
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0120
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0120
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0120
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0120
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0120
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0120
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0120
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0120
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0120
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0120
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0120
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0120
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0120
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0120
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0120
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0120
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0125
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0125
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0125
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0125
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0125
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0125
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0125
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0125
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0125
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0125
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0125
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0125
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0125
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0130
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0130
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0130
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0130
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0130
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0130
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0130
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0130
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0130
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0130
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0130
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0130
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0130
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0130
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0130
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0130
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0135
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0135
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0135
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0135
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0135
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0135
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0135
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0135
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0135
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0135
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0135
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0135
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0135
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0135
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0135
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0135
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0135
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0135
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0135
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0140
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0145
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0145
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0145
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0145
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0145
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0145
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0145
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0145
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0145
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0145
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0145
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0145
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0145
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0145
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0145
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0145
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0145
http://imagej.nih.gov/ij/,
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0155
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0155
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0155
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0155
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0155
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0155
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0155
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0155
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0155
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0155
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0155
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0155
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0155
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0160
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0160
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0160
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0160
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0160
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0160
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0160
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0160
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0160
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0160
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0160
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0160
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0160
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0160
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0165
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0165
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0165
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0165
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0165
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0165
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0165
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0165
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0165
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0165
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0165
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0165
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0165
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0165
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0165
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0165
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0170
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0170
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0170
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0170
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0170
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0170
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0170
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0170
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0170
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0170
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0170
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0170
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0170
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0170
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0170
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0170
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0170
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0170
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0170
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0175
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0175
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0175
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0175
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0175
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0175
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0175
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0175
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0175
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0175
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0175
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0175
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0175
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0180
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0180
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0180
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0180
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0180
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0180
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0180
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0180
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0180
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0180
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0180
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0180
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0185
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0185
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0185
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0185
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0185
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0185
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0185
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0185
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0185
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0185
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0185
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0185
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0185
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0185
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0185
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0185
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0190
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0190
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0190
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0190
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0190
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0190
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0190
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0190
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0190
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0190
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0190
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0190
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0190
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0190
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0195
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0195
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0195
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0195
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0195
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0195
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0195
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0195
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0195
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0195
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0195
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0195
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0195
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0195
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0195
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0195
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0200
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0200
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0200
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0200
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0200
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0200
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0200
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0200
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0200
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0200
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0200
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0200
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0200
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0200
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0200
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0200
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0200
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0200
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0205
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0205
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0205
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0205
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0205
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0205
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0205
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0205
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0205
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0205
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0210
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0215
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0215
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0215
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0215
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0215
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0215
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0215
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0215
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0215
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0215
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0215
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0215
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0215
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0215
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0215
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0215
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0215
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0220
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0220
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0220
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0220
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0220
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0220
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0220
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0220
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0220
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0220
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0220
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0220
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0220
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0220
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0220
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0220
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0225
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0225
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0225
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0225
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0225
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0225
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0225
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0225
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0225
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0225
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0225
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0230
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0235
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0235
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0235
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0235
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0235
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0235
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0235
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0235
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0235
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0235
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0235
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0235
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0235
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0235
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0235
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0235
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0240
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0240
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0240
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0240
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0240
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0240
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0240
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0240
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0240
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0240
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0240
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0240
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0240
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0240
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0240
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0240
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0240
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0240
http://refhub.elsevier.com/S0047-6374(15)00003-2/sbref0240

	Comparison of telomere length between population-specific mitochondrial haplogroups among different age groups in a Latvia...
	1 Introduction
	2 Materials and methods
	2.1 Samples
	2.2 Extraction of genomic DNA
	2.3 Southern blots of terminal restriction fragments (TRFs)
	2.4 Mitochondrial genotyping
	2.5 Statistical analysis

	3 Results
	3.1 Distribution of mitochondrial haplogroups among different age groups
	3.2 Association of telomere length with mitochondrial haplogroups and aging

	4 Discussion
	5 Highlights
	Conflict of Interest
	Acknowledgments
	References


