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ABSTRACT 

 
Complete sequencing of the mitochondrial genome of thirteen cell lines 

derived from a variety of human cancers revealed nine novel mitochondrial DNA 

(mtDNA) variations. One of them, m.6267G>A, is a recurrent mutation that 

introduces the Ala122Thr substitution in the mitochondrially encoded 

cytochrome c oxidase I (MT-CO1): p.MT-CO1: Ala122Thr (GenBank: 

NP_536845.1). Biochemical analysis of the original cell lines and the 

transmitochondrial cybrids generated by transferring mitochondrial DNAs to a 

common nuclear background, indicate that cytochrome c oxidase (COX) 

activity, respiration and growth in galactose are impaired by the m.6267G>A 

mutation. This mutation, found twice in the cancer cell lines included in this 

study, has been also encountered in one out of 63 breast cancer samples, one 

out of 64 colon cancer samples, one out of 260 prostate cancer samples and in 

one out of 15 pancreatic cancer cell lines. In all instances the m.6267G>A 

mutation was associated to different mtDNA haplogroups. These findings, 

contrast with the extremely low frequency of the m.6267G>A mutation in the 

normal population (1:2264) and its apparent absence in other pathologies, 

strongly suggesting that the m.6267G>A missense mutation is a recurrent 

mutation specifically associated with cancer. 
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INTRODUCTION 

The mitochondria play important roles in energy metabolism, generation of 

reactive oxygen species (ROS) and apoptosis [Carew et al., 2003; Pelicano et 

al., 2003]. The best known mitochondrial function is the generation of ATP 

through oxidative phosphorylation (OXPHOS). In this process, the transfer of 

electrons from NADH or FADH2 to oxygen along complexes I to IV of the 

respiratory chain to form water is linked to the pumping of protons across the 

mitochondrial inner membrane at complexes I, III and IV. The electrochemical 

gradient thus generated can be used by complex V to phosphorylate ADP. 

Alternatively, the electrochemical gradient can be dissipated as heat, or the 

electron flux can release electrons to generate reactive species of oxygen that 

may act as intracellular second messengers or promote toxic effects in the cell 

[Droge, 2002]. The protein complexes that participate in OXPHOS are encoded 

by both nuclear and mitochondrial genes [Attardi and Schatz, 1988]. The human 

mitochondrial DNA (mtDNA) is a supercoiled, double-stranded circular molecule 

of 16569 bp) in length. It codes for 13 of the 87 total proteins that constitute the 

respiratory chain as well as the 12S and 16S rRNAs and 22 tRNAs required for 

mitochondrial protein synthesis [Warburg, 1930]. 

Several years ago it was proposed that human and animal tumors would be 

favored by impairment of the mitochondrial function resulting in a high rate of 

glycolysis under aerobic conditions [Warburg, 1930; Warburg, 1956]. This 

hypothesis has obtained significant support in recent days although, it is still 

unclear whether the somatic mtDNA mutations found in tumors are a 

consequence of the tumorogenic process or a predisposing condition leading to 

it [Polyak et al., 1998; Cuezva et al., 2002; Carew and Huang, 2002;Petros et 

al., 2005; Shidara et al., 2005; Taylor and Turnbull, 2005]. Direct genetic 
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implication of structural OXPHOS genes in cancer gained recently support with 

the demonstration that specific mutations in subunits C and D of complex II 

(SDHC; OMIM 602413 and SDHD; OMIM 602690) are responsible for 

hereditary paraganglioma (OMIM 168000), and an interesting molecular link 

among the complex II deficiency and the promotion of tumorogenicity by 

regulation of the hipoxyc induction factor (HIF1A; OMIM 603348) has been 

recently depicted [Baysal et al., 2000; Niemann and Muller, 2000; Selak et al. 

2005]. In addition, evidence has been provided supporting that recurrent 

germline MT-CO1 (OMIM 516030) mutations may be an important risk factor for 

developing prostate cancer, although no functional studies supporting these 

data have been provide thus far [Petros et al., 2005]. 

Here, we report the identification and functional characterization of a 

recurrent mutation that impairs COX activity and is specifically associated with 

cancer. Based on the analysis of DNA from cancer patients we propose that 

m.6267G>A is a mtDNA mutation predisposing to cancer. 
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MATERIALS AND METHODS 

Cell lines and culture media 

Cell lines were obtained from the ATCC (http://www.lgcpromochem-

atcc.com/) (Manassas, VA) except A431 and K562 that were purchased from 

the DSMZ (http://www.dsmz.de/) (Braunschweig, D). The 143B-I cell line was 

kindly provided by Dr Attardi (USA) and the 143B-II was purchased from the 

ECACC collection (http://www.ecacc.org.uk/) (Salisbury, UK). All cell lines were 

grown following the specifications of the repositories. 

 

Samples 

 Normal and tumour tissues from 63 breast cancer patients were obtained 

immediately after mastectomy. These samples were then snap-frozen in liquid 

nitrogen and stored at –80ºC until processing. All specimens were examined 

pathologically to confirm the diagnosis of breast carcinoma, to establish the 

pathological stage and to select the areas with least contamination of normal 

cells so that all tumour samples contained al least 75% of tumour cells. DNA 

samples from 64 additional patients with colorectal cancer were also available 

for our studies. All protocols included in these studies have been approved by 

national and/or local institutional review boards, and all subjects gave their 

informed consent. 

 

DNA purification, PCR amplification and sequencing 

The complete mtDNA was amplified from total DNA in 24 overlapping 800-

1000bp-long PCR fragments using a multifunctional robot (Genesis 150 

TECAN, Crailsheim, D). Primers were carefully designed using the revised 

human mitochondrial DNA Cambridge reference sequence 
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(http://www.mitomap.org/mitoseq.html) [Anderson et al., 1981; Andrews et al., 

1999]. The PCR fragments were sequenced in both strands in an ABI 3730 

sequencer using a dye terminator cycle sequencing kit (Applera, Rockville, MD). 

Assembling and identification of variations in the mitochondrial DNA was carried 

out using the Staden package [Bonfield et al., 1998; Staden et al., 2000]. For 

this purpose the revised human mitochondrial DNA Cambridge reference 

sequence (http://www.mitomap.org/mitoseq.html) has been used. 

 

Haplogroup determination 

To asign haplogroups, target sequences for the restriction endonucleases 

that are characteristic of each haplogroup were determined in the complete 

mtDNA sequences using software available at BCM Search Launcher [Wallace, 

1995; Torroni et al., 1996; Brown et al., 1997; Torroni et al., 1997; Macaulay et 

al., 1999; Ruiz-Pesini et al., 2000; Herrnstadt et al., 2002; Kong et al., 2003; 

Palanichamy et al., 2004; Ruiz-Pesini et al., 2004]. 

 

RFLP analysis of the m.6267G>A mutation 

To confirm the G6267A mutation, a 180 bp fragment was amplified by PCR 

with the following primers: (i) TCATAATCGGAGGCTTTGGC (positions 6121–

6141); (ii) CTAAGGGAGGGTAGACTGTTCAACCTGTTCCaG (positions 6300-

6268, this primer carries a mismatch indicated by the lower case a).This 

amplicon of 180 bp contains a restriction site for Alu I that produces two DNA 

fragments of 95 and 85 bp. In addition, the combination of the primer-generated 

mutation together with the 6267G wild-type version creates a second recognition 

site for Alu I which makes the 95 bp band be cut to produce two bands of 62 and 
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33bp. This restriction site is absent when the mutation is present. The fragments 

were visualized by 10% PAGE. 

Functional analysis of OXPHOS performance 

The doubling times (DTs) of the cell lines in medium containing either 

glucose (4.5g/l) or galactose (0,9g/l) were determined as previously described 

[Guan et al., 1996]. Oxygen consumption determinations in intact cells were 

carried out in an oxygraph with a Clark electrode (Hansatech, Norfolk, UK) as 

previously described Hofhaus et al. with small modifications [Hofhaus et al., 

1996; Acin-Perez et al., 2003]. To assay the complex IV activity cells were 

harvested and resuspended at 40000 cells/μl in potassium phosphate buffer, 20 

mM, pH=7 and cell membranes were disrupted by freeze-thawing cycles. COX 

activity was measured by following the oxidation of cytochrome c (II) at 550 nm 

at 38ºC in a final volume of 1ml of potassium phosphate buffer [Wharton and 

Tzagoloff, 1967]. Citrate Synthase (CS; OMIM 118950) activity was 

determinated by monitoring the appearance of free coenzime A at 340 nm in cell 

homogenates at 30ºC in a final volume of 1ml of Tris-HCl 10 mM, pH=8 [Srere, 

1969]. Generation and isolation of the transmitochondrial cell lines was done as 

previously described [King and Attardi, 1989]. 
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RESULTS 

mtDNA sequence analysis and identification of sequence variations. 

The mtDNA of 13 human cancer cell lines was completely sequenced and a 

total of 202 variations from the revised Anderson mtDNA sequence were 

identified (Supplementary Table S1) [Anderson et al., 1981; Andrews et al., 

1999]. The analysis of haplogroups showed that all these cell lines have an 

European origin except RAMOS that is of Asiatic origin (Table 1). All sequence 

variations identified in K562, JURKAT, U937, HCT116, RAMOS, H1299 and 

A375 are previously described polymorphisms or synonymous substitutions 

within expressed sequences. Among M-DAM-B231, MCF7, A431, 143B, NB69 

and SH-SY5Y, however, seven novel mtDNA sequence variations with potential 

functional implications were identified (Table 1). Six of these changes were 

nucleotide substitutions (transition mutations) and one a single base pair 

deletion. Five of these changes were in protein coding genes and one in tRNA 

genes (Table 1). m.4794A>G and m.13945A>G were detected as heteroplasmic 

(40% of mutant mtDNA) while other sequence variants were found in 

homoplasmy. 

We found remarkable that the same mtDNA sequence variation at the MT-

CO1, m.6267G>A; p.MT-CO1: Ala122Thr (GenBank: NP_536845.1), was 

present in two of the thirteen cancer cell lines (A431 and 143B) with different 

mtDNA haplogroups and that this same mutation was previously described in 

Capan-2, a cell line derived from a pancreas cancer [Jones et al., 2001]. 

Resequencing of the Capan-2 mtDNA confirmed the presence of the 

m.6267G>A mutation and indicates that it belongs to the European haplogroup 

H (Table 1). By RFLP the m.6267G>A mutation was found in homoplasmy in the 

A431 and 143B cell lines but was found heteroplasmic in Capan-2 cells (94% of 
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the mtDNA) (Figure 1). The m.6267G>A mutation changes an alanine to 

threonine in a position of the p.MT-CO1 that is highly conserved through 

evolution (Figure 2). This suggests that it could affect a critical residue for the 

function of MT-CO1. In fact, the Ala 122 residue of the p.MT-COI is located 

between the transmembrane α helices III and IV that are critical for the 

interaction between subunits I and III of the cytochrome c oxidase (Tsukihara et 

al. 1995). The substitution of threonine that has the capacity of forming 

hydrogen bonds, by alanine with a small hydrophobic chain is expected to alter 

the secondary structure and impair the contacts between subunit I and III. 

Growth properties of the mutant cell lines in galactose containing medium 

To determine whether the cell lines carrying functionally relevant mutations 

present impaired OXPHOS activity, we evaluated their growth properties in 

glucose- or galactose-containing medium [Hayashi et al., 1991; Guan et al., 

1996]. Two transmitochondrial human cell lines (TmCT and TmCH) derived by 

transferring mitochondria from platelets of two different healthy individuals 

belonging to two distinct mtDNA haplogroups (T and H) were used as controls. 

Control cells were completely sequenced to confirm the absence of mtDNA 

mutations. Only four cell lines (A431, 143B, NB69 and Capan-2) have DT ratios 

significantly higher in galactose than in glucose (Figure 3). 

The finding that the three cells lines carrying the m.6267G>A have impaired 

growth in galactose strongly suggests that this mutation is functionally relevant. 

It should be emphasized, however, that these findings imply that 143B, the cell 

line from which the first and most widely used human mtDNA-less (ρο206) cell 

line was derived carries a functionally relevant mutation in MT-CO1 [King and 

Attardi, 1989]. Although the presence of mtDNA mutations in 143B cells was 

initially surprising, they should be expected to have been found since it has 
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been reported earlier that the galactose/glucose growth rate of 143B cells was 

decreased 1.8 fold compared with that of ρο206 cells repopulated with wild-type 

mtDNA [Hofhaus et al., 1996]. 

To confirm that the anomalous growth in galactose containing medium of 

A431, 143B, NB69 and Capan-2 is, indeed, caused by m.6267G>A and 

m.12240 delC and not by mutations in the nuclear genome, mitochondria from 

A431, NB69 and Capan-2 cells were transferred to mtDNA-less ρο206 cells [35]. 

Figure 3 illustrates that the transmitochondrial cybrids carrying the A431 

(TmA431), the Capan-2 (TmCapan-2) and the NB69 (TmNB69) mtDNAs 

maintain the delayed growth in galactose observed in the original cell lines while 

control cells grow equally well in both mediums (ANOVA p<0.001). This 

observation strongly suggests that TmA431 and TmCapan-2, harbouring the 

m.6267G>A mutation, as well as TmNB69 carrying the m.12240delC mutation 

have all an impaired OXPHOS activity. 

 

Oxygen consumption determinations in the mutant cell lines 

Total respiration capacities of the transmitochondrial cell lines, measured by 

polarography, showed that the rate of coupled endogenous respiration as well 

as the maximun respiration rates (uncoupled respiration) were reduced in 

TmA431, TmCapan-2 and TmNB69 cells compared to the controls (Figure 4) 

(ANOVA p<0.0001 and p=0.0009 for coupled and uncoupled respiration, 

respectively). We concluded that the respiratory chain in A431, Capan-2 and 

NB69 cell lines is impaired. 
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Cells carrying the m.6267G>A mtDNA variant showed a reduced COX activity 

COX activity in total cell homogenate from the different transmitochondrial 

cell lines was measured to determine the effect of m.6267G>A in the activity of 

complex IV. Figure 5 shows that cells harbouring the m.6267G>A mutation 

present a 50% decrease in the activity of complex IV (ANOVA, Fisher PLSD p< 

0.0001). This activity is normal in the transmitochondrial control cells and in 

TmNB69, indicating that the tRNA mutation in the latest cell line influences the 

activity of a different complex in the respiratory chain. In fact, TmNB69 cells 

have reduced complex I activity (not shown), what is consistent with the fact that 

the mutation may affect the function of the mitochondrially encoded tRNA Ser 2 

(AGU/C) (MT-TS2) in mitochondrial protein synthesis and that almost half of the 

proteins synthesized by mitochondrial ribosomes are structural subunits of 

complex I. 

The m.6267G>A mtDNA variation is also detected in patients with cancer 

 To determine whether the m.6267G>A mutation is present in cancer 

patients we have sequenced the MT-CO1 gene DNAs from 63 breast tumors 

and their matched non-cancer tissue. Interestingly, the m.6267G>A mutation 

was found in heteroplasmy in one sample. Heteroplasmy in the tumor and 

normal tissues from this individual were determined as 86% and 68% 

respectively by cloning the corresponding MT-CO1 PCR fragment in the PCRII 

vector (Invitrogen, Paisley, UK) and sequencing 100 different subclones. 

Complete sequencing of the mtDNA from this individual failed to identify any 

other mutation and established the mtDNA haplogroup as European haplogroup 

W (Supplementary Table S2). 

In addition, the m.6267G>A mutation was also found in homoplasmy in one 

out of 64 patients with colon cancer, but no information could be obtained 
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relative to the mtDNA haplogroup or the presence of other mutations in the 

mitochondrial genome from this individual. 
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DISCUSSION 

mtDNA has been analyzed by an increasing number of laboratories in order 

to investigate its potential role as an active marker of tumorigenesis in various 

types of cancer [Warburg, 1930; Polyak et al., 1998; Cuezva et al., 2002; Carew 

and Huang, 2002; Carew et al., 2003; Taylor and Turnbull, 2005; Petros et al., 

2005]. However, while many studies support an active role of mtDNA in 

tumorigenesis, there are also many caveats that make the implication of mtDNA 

variants in cancer a highly debated issue [Chinnery et al., 2002]. Among those, 

recently, Salas et al. have questioned many of the investigations associating 

mtDNA variants with cancer under the evidence that a significant number of 

these studies are based on obviously flawed mtDNA sequencing results, 

including failure to recognize polymorphisms associated to mtDNA haplogroups 

[Salas et al., 2005]. 

To get insight into the role of mtDNA mutations in tumorigenesis we have 

searched for genetic variants in the human mtDNA by sequencing the complete 

mtDNA of thirteen randomly selected cell lines derived from a variety of human 

cancers. After filtering for all known mtDNA polymorphisms, a number of 

sequence variations of potential relevance were identified, tested for their 

presence in mtDNA samples from cancer patients and functionally 

characterized using transmitochondrial cybrids. These analyses resulted in the 

identification of two functionally relevant mtDNA mutations: m.12240delC, a 

novel mutation that alters the mitochondrial MT-TS2, and m.6267G>A, a 

recurrent mutation convincingly associated with tumors that is present in cancer 

cell lines and DNA samples from cancer patients and that is virtually absent in 

controls.  
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m.12240delC is the only mutation found in NB69, a neuroblastoma derived 

cell line, and is interesting because mutations in the region encoding the MT-

TS2 are rare. The only other mutation described thus far (m.12258C>A) causes 

cerebellar ataxia, cataracts and diabetes mellitus [Lynn et al., 1998; Ristow, 

2004]. m.12240delC likely alters the structure and function of the MT-TS2 

because it seems to affect primarily to the activity of complex I (data not shown).  

A431 is a human epidermoid carcinoma cell line and 143B is derived from a 

human bone osteosarcoma [Giard et al., 1973; King and Attardi, 1989]. Despite 

carrying identical m.6267G>A mutation, A431 and 143B belong to mitochondrial 

haplogroups I and X, respectively. Capan-2, a human pancreas cancer cell line 

that also carries the m.6267G>A mutation belongs to mtDNA haplogroup H. 

Transmitochondrial cells with mtDNA from Capan-2 or A431 showed delayed 

growth in galactose, an a reduced respiration rate due to a specific decrease in 

complex IV activity. Primary tumors from which A431, 143B and Capan-2 were 

derived are not available and thus it is not possible to determine the origin of 

this mtDNA mutation. Duplicated samples of A431 and 143B cell lines were, 

however, obtained from different sources and their mtDNA completely 

sequenced. Despite particular polymorphisms in their mtDNA sequences, all 

duplicated samples carry the m.6267G>A mutation (data not shown), providing 

indirect evidence that the mutation m.6267G>A was present in the original 

tumor tissue and was not originated during the process of generating the cell 

lines or during their culture.  

Remarkably the m.6267A>G mutation is also present in one out of 260 

prostate cancer samples and was found also in one out of 63 breast cancer 

patients and in one out of 64 colon cancer patients (this report) [Petros et al., 

2005]. This relatively high prevalence contrasts with the very low representation 



 15

of the m.6267G>A mutation in a total of 2,064 mtDNA sequences from mtDB, a 

public mtDNA SNP database, where it is represented only once. m.6267G>A is 

also absent in 200 additional non cancer samples from our laboratory including 

controls and samples from a wide spectrum of pathological conditions 

associated to mitochondrial dysfunctions.  

m.6267A>G disrupts OXPHOS activity, is specifically associated with cancer 

and presents frequencies that are not very different from those of other well 

characterized pathogenic mtDNA mutations like m.3243A>G [Majamaa et al., 

1998; Jones et al., 2001; Torroni et al., 2003; Schaefer et al., 2004; Petros et al., 

2005]. Moreover, m.6267A>G like other mtDNA pathogenic mutations, is a 

recurrent mutation that appear multiple times as independent mutational events 

and is found in different mtDNA haplogroups [Torroni et al., 2003]. As a strong 

indication to suspect its pathogenic character, five samples where the 

m.6267G>A mutation has been described correspond to 5 different 

haplogroups, L1, H, X, I and W. It is also interesting that in two cases where the 

m.6267G>A mutation was identified in tumor samples, it was also found in 

normal tissue, strongly suggesting that m.6267G>A may be a germline mtDNA 

mutation playing role in the predisposing and/or development of cancer (this 

study) [Petros et al., 2005]. 

Mutations altering OXPHOS can disrupt the cellular redox status, the energy 

balance, the production of ROS and the balance of critical metabolites such as 

succinate, pyrimidines, etc. All these changes would promote the metabolic 

adaptation of the cell to a glycolytic metabolism. This adaptation, characteristic 

of many types of tumors, can be a requirement for tumor progression [Cuezva et 

al., 2002, 2004; Isidoro et al., 2004]. In this sense, evidences showing that cells 

harboring pathogenic mtDNA mutations are significantly more tumorogenic in 
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nude mice have been recently provided [Petros et al., 2005; Shidara et al., 

2005]. Despite this general frame explaining the relationships between mtDNA 

mutations, bioenergetic impairment and cancer, the molecular mechanisms that 

associate the m.6267G>A mutation and cancer remain to be elucidated. 

m.6267G>A could be a genetic substrate able to increase the mitogenic 

capacity of the cells, or could make tumor cells somehow refractory to apoptotic 

death, promoting cancer. Alternatively the mutation and the effect that it 

produces on COX function, redox balance and bioenergetic status could favor 

cell transformation by an undetermined mechanism. 

In summary, the analysis of complete mtDNA sequences from a number of 

tumor cell lines and cancer case series has identified two functionally relevant 

mtDNA mutations specifically associated to cancer. At this point it is impossible 

to clearly establish wether the m.6267G>A mutation is a consequence of the 

tumorogenic process or a predisposing condition leading to it. However, the fact 

that this mutation is found in normal tissue from the cancer patients suggests it 

is germline transmitted and plays a role of this mutation in predisposing to 

tumorogenesis. Further investigations in larger case series would help to 

establish the specificity of the association of this mutation with cancer and its 

potential role in cancer development. 
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Figure 1.- RFLP analysis of the m.6267G>A mutation. The figure shows the 

products generated by enzymatic digestion of the PCR fragments including the 

m.6267G>A mutation. Absence of the mutation is demonstrated by the digestion 

of the 85 bp band and appearance of 62 and 33 bp fragments. Mutant cell lines: 

143B, A431 and Capan-2; Control cell lines: Control T, Control H  

Figure 2.- Evolutionary conservation of the p.MT-CO1: Ala122 residue 

Figure 3.- Growth properties of different human cell lines in glucose or galactose 

containing medium. Ratios of DTs in galactose containing medium vs. glucose 

containing medium in the original tumor cell lines (left) or in the 

transmitochondrial cells (right). Three to nine determinations were carried out 

for each cell line. Bars indicate standard deviation. Asterisks represent 

significant differences with p < 0.05 of the indicated transmitochondrial cell line 

with respect to TmCH assessed by ANOVA (p =0.0002) post-hoc Fisher PLSD 

test. In the figure is included data from two different stocks of 143B cell lines 

(143B-I and 143B-II). 

Figure 4.- Oxygen consumption capacity of the transmitochondrial cell lines. 

Coupled respiration (left) uncoupled respiration (right). ANOVA p <0.0001 and 

p=0.0009 for coupled and uncoupled respiration, respectively. Three to thirteen 

determinations were carried out for each cell line. Bars indicate standard 

deviation. Asterisks represent significant differences with p <0.05 of the 

indicated transmitochondrial cell line with respect to TmCH assessed by 

ANOVA Fisher’s PLSD test. 

Figure 5.- COX activity in the transmitochondrial cell lines. Spectrophotometric 

determination of the complex IV activity in cell homogenates normalized to the 

activity of the mitochondrial matrix enzyme citrate synthase. ANOVA p <0.0001. 

Three to fifteen determinations were carried out for each cell line. Bars indicate 
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standard deviation. Asterisks represent significant differences with p <0.05 of 

the indicated transmitochondrial cell line with respect to TmCH assessed by 

ANOVA Fisher’s PLSD test. 
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Table 1. Haplogroups and novel mtDNA variations in the tumor cell lines. 

 

Cell line Haplogroup Novel mtDNA variants 
 Gene Nucleotide change Protein change 

 
143B-I 

 
X 

 
MT-CO1 

 
m.6267G>A 

 

 
p.MT-CO1:Ala122Thr (GenBank: 

NP_536845.1) 
 

143B-II X MT-CO1
 
 

MT-TV 
 

m.6267G>A
 
 

m.1623G>A 

p.MT-CO1:Ala122Thr (GenBank: 
NP_536845.1) 

 
NA 

Capan-2 
 

H MT-CO1 m.6267G>A p.MT-CO1:Ala122Thr (GenBank: 
NP_536845.1) 

M-DAM-B231 
 

X2e MT-ND2 m.4794A>G* p.MT-ND2:Ala109Thr (GenBank: 
NP_536844.1) 

MCF7 

 
 

H MT-ND6
 
 

MT-CYB 

m.14319T>C
 
 

m.15380A>G 

p.MT-ND6:Asn119Asp (GenBank: 
536854.1) 

 
p.MT-CYB:Thr212Ala (GenBank: 

NP_536855.1) 
A431 

 
I MT-ATP6

 
 

MT-CO1 

m.8573G>A
 
 

m.6267G>A 

p.MT-ATP6:Gly16Asp (GenBank: 
NP_536848.1) 

 
p.MT-CO1:Ala122Thr (GenBank: 

NP_536845.1)r 
 

NB69 
 

T 
 

MT-TS2 m.12240 delC 
 

NA 

SH-SY5Y 
 
 

H MT-ND5 m.13945A>G* p.MT-ND5:Ile537Val (GenBank: 
NP_536853.1) 

U937 
 

J  None  

HCT116 
 

H  None  

JURKAT 
 

UK MT-ND5 m.14477T>C p.MT-ND5:Ser47Ser (GenBank: 
NP_536853.1) 

RAMOS 
 

Md1  None  

A375 
 

J  None  

K562 
 

T  None  

H1299 H  None
 

 

Reference sequence is the mitochondrial DNA revised Cambridge sequence 

(http://www.mitomap.org/mitoseq.html). The Asterisks identified heteroplasmic 

changes; NA, Not applicable. MT-ND2, MT-ND5, MT-ND6: mitochondrially 

encoded NADH dehydrogenase subunits 2, 5 and 6; MT-CO1: mitochondrially 
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encoded cytochrome c oxidase I; MT-CYB: mitochondrially encoded 

cytochrome b; MT-ATP6: mitochondrially encoded ATP synthase 6; MT-TS2: 

mitochondrially encoded tRNA Ser 2 and MT-TV: mitochodrially encoded 

tRNAVal.  



Supplementary Table S1. 

mtDNA variations identified in the tumor cell lines 

 
 
 

 GENE mtDNA sequence variation 

A4
31

 

MT-RNR1 m.750A>G, m.1438A>G 
MT-RNR2 m. 1719G>A, m.2706A>G 
MT-ND2 m.4529A>T (Thr20Thr), m.4769A>G (Met100Met); GenBank p.MT-ND2: 

NP_536844.1 
MT-CO1 m.6267G>A(Thr122Ala); m.6359A>G (Leu152Leu); m.6734G>A (Met277Met), 

m.7028C>T (Ala375Ala); GenBank p.MT-CO1: NP_536845.1 
MT-CO2 m.8251G>A (Gly222Gly); GenBank p.MT-CO1: NP_536846.1 
MT-ATP6 m.8573G>A(Gly16Asp), m.8860A>G (Thr112Ala); GenBank p.MT-ATP6: 

NP_536848.1 
MT-ND3 m.10238T>C (Ile60Ile); m.10398A>G (Thr114Ala) GenBank p.MT-ND3:  536850.1 
MT-ND4 m.10915T>C (Cys52Cys); m.11719G>A (Gly320Gly); GenBank p.MT-ND4: 

NP_536852.1 
MT-ND5 m.12501G>A (Met55Met) m.12705C>T (Ile123Ile); m.13780A>G(Ile482Val); 

GenBank p.MT-ND5: NP_536853.1 
MT-CYB m.14766C>T (Thr7Ile); m.15043G>A (Gly99Gly); m.15326A>G (Thr194Ala); 

GenBank p.MT-CYB: NP_536855.1 
MT-TT m.15924A>G  

MT-DLOOP m.73A>G, m.199T>C, m.204T>C, m.250T>C, m.263A>G, m.311insC, m451insT, m. 
568insCCCCCCCC, m.16223C>T, m.16264C>T, m.16270C>T, m.16311T>C, 
m.16319G>A, m.16362T>C, m.16391G>A, m.16519T>C  

 
 
 
 

 GENE mtDNA sequence variation 

U9
37

 

MT-RNR1 m.750A>G, m.1438A>G 
MT-RNR2 m.2706A>G 
MT-ND1 m.4216T>C(Tyr304His); GenBank p.MT-ND1: NP_536843.1 
MT-ND2 m.4769A>G (Met100Met); GenBank p.MT-ND2: NP_536844.1 
MT-TA m.5633C>T  

MT-CO1 m.7028C>T (Ala375Ala); GenBank p.MT-CO1: NP_536845.1 
MT-TS1 m.7476C>T  

MT-ATP6 m.8860A>G (Thr112Ala); GenBank p.MT-ATP6: NP_536848.1 
MT-ND3 m.10172G>A (Glu38Glu); m.10398A>G(Thr114Ala); GenBank p.MT-ND3:  536850.1 
MT-ND4 m.11251A>G (Leu164Leu) m.11719G>A (Gly320Gly); GenBank p.MT-ND4: 

NP_536852.1 
MT-ND5 m.12612A>G (Val92Val); m.13708G>A (Ala458Thr); GenBank p.MT-ND5: 

NP_536853.1 
MT-ND6 m.14569G>A (Ser35Ser); GenBank p.MT-ND6: NP_536854.1 
MT-CYB m.14766C>T (Thr7Ile);  m.15257G>A(Asp171Asn), m.15326A>G (Thr194Ala) 

m.15452C>A(Leu236Ile), m.15812G>T(Val356Met) GenBank p.MT-CYB: 
NP_536855.1 

MT-DLOOP m.73A>G, m.150C>T, m.152T>C, m.263A>G, m.295C>T, m.315insC, m.489T>C, 
m.16069C>T, m.16278C>T, m.16362T>C 

 



 

 GENE mtDNA sequence variation 
HC

T1
16

 
MT-RNR1 m.750A>G, 1438A>G 
MT-RNR2 m.3010G>A 
MT-ND1 m.3796G>A(Thr164Ala); GenBank p.MT-ND1: NP_536843.1 
MT-ND2 m.4769A>G (Met100Met); GenBank p.MT-ND2: NP_536844.1 
MT-CO1 m.5969T>G* (Phe22Leu); GenBank p.MT-CO1: NP_536845.1 
MT-TK m.8348A>G 

MT-CYB m.15326A>G (Thr194Ala); GenBank p.MT-CYB: NP_536855.1 
MT-ATP6 m.8860A>G(Thr112Ala); GenBank p.MT-ATP6: NP_536848.1 

MTDLOOP m.311insCC, m.513insAC, m.568insCCCCC, m.16362T>C, m.16356A>C, 
m.16393G>T, m.16519T>C,  

 
 

 GENE mtDNA sequence variation 

MC
F7

 

MT-RNR1 m.750A>G 
MT-RNR2 m.1438A>G 
MT-ND2 m.4769A>G; GenBank p.MT-ND2: NP_536844.1 
MT-NC5 m.5895insCC 
MT-ATP6 m.8860A>G (Thr112Ala); GenBank p.MT-ATP6: NP_536848.1  
MT-CO3 m.9966G>A(Val254Ile); GenBank p.MT-CO3: 536849.1  
MT-ND5 m.13260T>C(Ser308Ser); GenBank p.MT-ND5: NP_536853.1 
MT-ND6 m.14319T>C(Asn119Asp); GenBank p.MT-ND6: NP_536854.1  
MT-CYB m.15380A>G(Thr212Ala), m.15326A>G (Thr194Ala) GenBank p.MT-CYB: 

NP_536855.1 
MT-DLOOP m.311insC, m.6519T>C 

 
 

 GENE mtDNA sequence variation 

JU
RK

AT
 

MT-RNR1 m.750A>G, m.1189T>C 
MT-RNR2 m.1438A>G, m.1811A>G, m.2706A>G 
MT-ND1 m.3480A>G(Lys58Lys); GenBank p.MT-ND1: NP_536843.1 
MT-ND2 m.4769A>G (Met100Met); GenBank p.MT-ND2: NP_536844.1 
MT-CO1 m.7028C>T (Ala375Ala ); GenBank p.MT-CO1: NP_536845.1 
MT-NC3 m.8271-8281del 
MT-ATP6 m.8860A>G (Thr112Ala), m.9055G-A(Ala177Thr); GenBank p.MT-ATP6: 

NP_536848.1 
MT-CO3 m.9698T>C (Leu164Leu), m.9938T>C(Phe244Phe); GenBank p.MT-CO3: 536849.1 
MT-ND3 m.10398A>G(Thr114Ala); GenBank p.MT-ND3:  536850.1 

MT-ND4L m.10550A>G (Met27Met); GenBank p.MT-ND4L:  536851.1 
MT-ND4 m.11299T>C (Thr180Thr), m.11467A>G (Leu236Leu), m.11719G>A (Gly320Gly); 

GenBank p.MT-ND4: NP_536852.1 
MT-TL2 m.12308A>G 
MT-ND5 m.12372G>A (Leu12Leu), m.12477T>C (Ser47Ser); GenBank p.MT-ND5: 

NP_536853.1 
MT-ND6 m.14167C>T (Glu169Glu), m.14605A>T(Pro23Pro); GenBank p.MT-ND6: 

NP_536854.1 
MT-CYB m.14766C>T (Thr7Ile), m.15326A>G (Thr194Ala); GenBank p.MT-CYB: 

NP_536855.1 
MT-DLOOP m.73A>G, m.150C>T, m.189A>C, m.497C>T, m.302insCC, m.16224T>C, 

m.16311T>C, m.16519T>C 
 



 

 GENE mtDNA sequence variation 
NB

69
 

MT-RNR1 m.709G>A, m.750A>G, m.930G>A 
MT-RNR2 m.1438A>G, m.1888G>A, m.2706A>G 
MT-TL1 m.3277G>A 
MT-ND1 m.4216T>C(Tyr304His); GenBank p.MT-ND1: NP_536843.1 
MT-ND2 m.4917A>G (Asn150Asp), m.4769A>G (Met100Met), m.5147G>A(Thr226Thr), 

m.5460G>A(Ala331Thr); GenBank p.MT-ND2: NP_536844.1 
MT-CO1 m.7028C>T (Ala375Ala); GenBank p.MT-CO1: NP_536845.1 
MT-ATP6 m.8697G>A (Met57Met), m.8860A>G (Thr112Ala); GenBank p.MT-ATP6: 

NP_536848.1 
MT-TR m.10463T>C 

MT-ND4 m.11251A>G (Leu164Leu), m.11272A>G(Leu171Leu), m.11719G>A (Gly320Gly); 
m.11812A>G (Leu351Leu); GenBank p.MT-ND4: NP_536852.1 

MT-TS2 m.12240delC 
MT-ND5 m.13368G>A (Gly344Gly); GenBank p.MT-ND5: NP_536853.1  
MT-ND6 m.14233A>G (Asp147Asp); GenBank p.MT-ND6: NP_536854.1 
MT-CYB m.14766C>T (Thr7Ile), m.14905G>A (Met53Met), m.15326A>G (Thr194Ala), 

m.15452C>A (Leu236Ile); 15607A>G (Lys287Lys); GenBank p.MT-CYB: 
NP_536855.1 

MT-TT m.15928G>A 
MT-DLOOP m.73A>G, m.263A>G, m.311insCC, m.709G>A, m.16126T>C, m.16294C>T, 

m.16296C>T, m.16304T>C, m.16321C>T, m.16519T>C 
 
 
 
 

 GENE mtDNA sequence variation  MT-RNR1 m.750A>G, m.1438A>G 

RA
MO

S 

MT-RNR2 m.2092C>T, m.2706A>G, m.3010G>A 
MT-ND1 m.3335T>C(Ile10Thr); GenBank p.MT-ND1: NP_536843.1 
MT-ND2 m.4769A>G (Met100Met), m.4883C>T (Pro138Pro), m.5178C>A(Leu237Met); 

GenBank p.MT-ND2: NP_536844.1 
MT-CO1 m.7028C>T (Ala375Ala); GenBank p.MT-CO1: NP_536845.1  
MT-ATP8 m.8414C>T(Leu17Phe); GenBank p.MT-ATP8: 536847.1 
MT-ATP6 m.8701A>G(Thr59Ala), m.8860A>G(Thr112Ala); GenBank p.MT-ATP6: 

NP_536848.1 
MT-CO3 m.9540T>C (Leu112Leu); GenBank p.MT-CO3: 536849.1  
MT-ND3 m.10398A>G(Thr114Ala), m.10400C>T (Thr114Thr); GenBank p.MT-ND3:  

536850.1 
MT-ND4 m.10873T>C (Pro38Pro), m.11719G>A (Gly320Gly); GenBank p.MT-ND4: 

NP_536852.1 
MT-ND5 m.12705C>T (Ile123Ile), m.13368G>A (Gly344Gly); GenBank p.MT-ND5: 

NP_536853.1 
MT-ND6 m.14668C>T (Met2Met); GenBank p.MT-ND6: NP_536854.1 
MT-CYB m.14766C>T (Thr7Ile), m.14783T>C (Leu13Leu), m.15043G>A (Gly99Gly), 

m.15301G>A (Leu185Leu), m.15326A>G (Thr194Leu); GenBank p.MT-CYB: 
NP_536855.1 

MT-DLOOP m.73A>G, m.228insA, m.263A>G, m.311insC, m.16223C>T, m.16325T>C, 
m.16362T>C, m.16519T>C 

 



 

 GENE mtDNA sequence variation  MT-RNR1 m.750A>G, m.1438A>G 
A3

75
 

MT-RNR2 m.2706A>G, m.3010G>A 
MT-ND1 m.4216T>C(Tyr304His) GenBank p.MT-ND1: NP_536843.1 
MT-ND2 m.4924G>A(Ser152Asn), m.4769A>G (Met100Met); GenBank p.MT-ND2: 

NP_536844.1 
MT-CO1 m.7028C>T (Ala375Ala); GenBank p.MT-CO1: NP_536845.1 
MT-ATP6 m.8860A>G(Thr112Ala); GenBank p.MT-ATP6: NP_536848.1 
MT-ND3 m.10398A>G(Thr114Ala); GenBank p.MT-ND3:  536850.1 
MT-ND4 m.11251A>G (Leu164Leu), m.11719G>A (Gly320Gly); GenBank p.MT-ND4: 

NP_536852.1 
MT-ND5 m.12612A>G (Val92Val), m.13708G>A(Ala458Thr); GenBank p.MT-ND5: 

NP_536853.1 
MT-CYB m.14766C>T (Thr7Ile), m.14798T>C (Phe18Leu), m.15326A>G (Thr194Leu), 

m.15452C>A(Leu236Ile); GenBank p.MT-CYB: NP_536855.1 
MT-DLOOP m.73A>G, m.185G>A, m.188A>G, m.228G>A, m.263A>G, m.295C>T, m.311insC, 

m.462C>T, m.489T>C 
 
 

 
 

 GENE mtDNA sequence variation 

K5
62

 

MT-RNR1 m.709G>A, m.750A>G, m.1420T>C, m.1438A>G 
MT-RNR2 m.1888G>A, 2141T>C, m.2706A>G 
MT-ND1 m.4216T>C (Tyr304His); GenBank p.MT-ND1: NP_536843.1 
MT-ND2 m.4769A>G (Met100Met), m.4917A>G(Asn150Asp); GenBank p.MT-ND2: 

NP_536844.1 
MT-CO1 m.6524T>C(Thr207Thr), m.7028C>T (Ala375Ala); GenBank p.MT-CO1: 

NP_536845.1 
MT-ATP6 m.8697G>A (Met57Met), m.8860A>G(Thr112Ala), m.9117T>C (Ile197Ile); GenBank 

p.MT-ATP6: NP_536848.1 
MT-TR 10463T>C  

MT-ND4 m.11719G>A (Gly320Gly), m.11764A>G(Glu335Glu), m.11812A>G (Leu351Leu); 
GenBank p.MT-ND4: NP_536852.1 

MT-ND5 m.13368G>A (Gly344Gly), m.13965T>C(Leu543Leu), m.13966A>G(Thr544Ala); 
GenBank p.MT-ND5: NP_536853.1 

MT-ND6 m.14233A>G (Asp147Asp); GenBank p.MT-ND6: NP_536854.1 
MT-TE m.14687A>G 

MT-CYB m.14766C>T (Thr7Ile), m.14905G>A (Met53Met), m.15326A>G(Thr194Ala), 
m.15452C>A(Leu236Ile), m.15607A>G (Lys287Lys); GenBank p.MT-CYB: 
NP_536855.1 

MT-TT m.15928G>A 
MT-DLOOP m.73A>G, m.263A>G, m.469C>A, m.16126T>C, m.16294C>T, m.16324T>C, 

m.16519T>C, m.311insCCTCCC 
 

 GENE mtDNA sequence variation 

H1
29

9 MT-CYB m.15479T>C(Phe245Leu); GenBank p.MT-CYB: NP_536855.1 

MT-DLOOP m.152T>C, m.311insC, m.16187C>T 



 
 GENE mtDNA sequence variation 

SH
-S

YS
Y 

MT-RNR1 m.750A>G, m.1438A>G 
MT-ND2 m.4769A>G (Met100Met); GenBank p.MT-ND2: NP_536844.1 
MT-ATP6 m.8860A>G (Thr112Ala) GenBank p.MT-ATP6: NP_536848.1 
MT-ND4 m.11016G>A(Ser86Asn) GenBank p.MT-ND4: NP_536852.1 
MT-ND5 m.13945A>G* (Ile537Val) GenBank p.MT-ND5: NP_536853.1 
MT-CYB m.15326A>G(Thr194Ala) GenBank p.MT-CYB: NP_536855.1 

MT-DLOOP m.72T>C, m.263A>G, m.311insC, m.16519T>C  
 
 
 

 GENE mtDNA sequence variation  MT-RNR1 m.750A>G, m.1438A>G 

M-
DA

M-
B2

31
 

MT-RNR2 m.1719G>A, m.2706A>G 
MT-ND2 m.4769A>G (Met100Met), m.4794A>G* (Ala109Thr); GenBank p.MT-ND2: 

NP_536844.1 
MT-CO1 m.6221T>C (Pro106Pro), m.6371C>T (Ser156Ser), m.7028C>T (Ala375Ala); 

GenBank p.MT-CO1: NP_536845.1 
MT-ATP8 m.8506T>C(Tyr47Tyr); GenBank p.MT-ATP8: 536847.1 
MT-ATP6 m.8860A>G(Thr112Ala); GenBank p.MT-ATP6: NP_536848.1 
MT-ND4 m.11719G>A (Gly320Gly); GenBank p.MT-ND4: NP_536852.1 
MT-ND5 m.12705C>T (Ile123Ile), m.13966A>G(Thr544Ala);  
MT-ND6 m.14470T>C (Gly68Gly); GenBank p.MT-ND6: NP_536854.1 
MT-CYB m.14766C>T (Thr7Ile), m.15310T>C(Ile188Ile), m.15326A>G (Thr194Ala); 

GenBank p.MT-CYB: NP_536855.1 
MT-DLOOP m.73A>G, m.153A>G, m.195T>C, m.263A>G, m.311insC, m.16184insC, 

m.16189T>C, m.16223C>T, m.16265A>G, m.16278C>T, m.16519T>C 
 
 
 

 GENE mtDNA sequence variation 

14
3B

 

MT-RNR1 m.750A>G, m.1438A>G 
MT-RNR2 m.1438A>G, m.1719G>A, m.2706A>G 
MT-ND2 m.4769A>G (Met100Met); GenBank p.MT-ND2: NP_536844.1 
MT-CO1 m.6221T>C (Pro106Pro), m.6267G>A (Thr122Ala), m.6371C>T (Ser156Ser), 

m.7028C>T ((Ala375Ala); GenBank p.MT-CO1: NP_536845.1 
MT-ATP6 8860A>G(Thr112Ala); GenBank p.MT-ATP6: NP_536848.1 
MT-ND4 m.11719G>A (Gly320Gly); m.11932C>T (Ile391Ile); GenBank p.MT-ND4: 

NP_536852.1 
MT-ND5 m.12705C>T (Ile123Ile), m.13135G>A (Ala267Thr); 13966A>G, (Thr544Ala); 

GenBank p.MT-ND5: NP_536853.1 
MT-ND6 14470T>C (Gly68Gly); GenBank p.MT-ND6: NP_536854.1 
MT-CYB m.14766C>T (Thr7Ile), 15034A>G (Leu96Leu), 15310T>C (Ile188Ile), 15397A>G 

(Lys217Lys), GenBank p.MT-CYB: NP_536855.1 
MT-TT 15894G>A 

MT-DLOOP 73A>G, 153A>G, 195T>C, 225G>A, 226T>C, 16126T>C, 16189T>A, 16223C>T, 
16278C>T, 16519T>C  



Footnote for supplementary Table S1 : 

Reference sequence is the human mitochondrial DNA revised Cambridge 

sequence (http://www.mitomap.org/mitoseq.html). The asterisks identified 

heteroplasmic changes. MT-RNR1: mitochondrially encoded 12S rRNA; MT-RNR2: 

mitochondrially encoded 16S rRNA; MT-ND1, MT-ND2, MT-ND3, MT-ND4, MT-ND5, 

MT-ND6: mitochondrially encoded NADH dehydrogenase subunits 1, 2, 3, 4, 5 and 6; 

MTNC3, MT-NC5: non coding nucleotides; MT-CO1,MT-CO2, MT-CO3: mitochondrially 

encoded cytochrome c oxidase I, II and III, MT-TA: mitochondrially encoded tRNA Ala; 

MT-CYB: mitochondrially encoded cytochrome b; MT-TT: mitochondrially encoded 

tRNA threonine; MT-TK: mitochondrially encoded tRNA lysine MT-TS1: mitochondrially 

encoded tRNA serine 1 (UCN); MT-TS2: mitochondrially encoded tRNA serine 2 

(AGU/C); MT-TL1: mitochondrially encoded tRNA leucine 1 (UUA/G); MT-TL2: 

mitochondrially encoded tRNA leucine 2 (CUN); MT-TR: mitochondrially encoded tRNA 

arginine; MT-TE: mitochondrially encoded tRNA glutamic acid; MT-ATP6: 

mitochondrially encoded ATP synthase 6; MT-ATP8: mitochondrially encoded ATP 

synthase 8; MT-DLOOP: polymorphisms identified in the mtDNA control region. 



Supplementary Table S2.- 

mtDNA sequence variations identified in the breast tumor sample that carries 

the m.6267G>A mutation 

 
 GENE mtDNA sequence variation 
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MT-RNR1 m.709G>A, m.750A>G, m.1243T>C, m.1438A>G 
MT-RNR2 m.2706A>G 
MT-ND1 m.3505A>G (Thr67Ala) GenBank p.MT-ND1: NP_536843.1 
MT-ND2 m.4769A>G (Met100Met); m.5046G>A (Val193Ile); m.5460G>A (Ala331Thr); 

GenBank p.MT-ND2:  NP_536844.1 
MT-CO1 m.6267G>A (Ala122Thr); m.7028C>T (Ala375Ala); GenBank p.MT-CO1: 

NP_536845.1 
MT-CO2 m.7864C>T (Pro93Pro); m.8251G>A (Gly222Gly); GenBank p.MT-CO2: 
MT-ATP6 m.8860A>G (Thr112Ala) m.8994G>A (Leu156Leu); GenBank p.MT-ATP6: 

NP_536848.1  
MT-ND5 m.12414T>C (Pro26Pro); m.12705C>T (Ile123Ile), m.13105A>G (Ile257Val); 

GenBank p.MT-ND5: NP_536853.1 
MT-CYB m.14766C>T (Thr7Ile);  m.15326A>G (Thr194Ala); GenBank p.MT-CYB: 

NP_536855.1 
MT-D-LOOP 73A>G, 119T>C, 189A>G, 195T>C, 204T>C, 207G>A, 214A>G, 302insC, 311insC 

 

Footnote for supplementary Table S2: 

Reference sequence is the human mitochondrial DNA revised Cambridge 

sequence (http://www.mitomap.org/mitoseq.html). The asterisks identified 

heteroplasmic changes. MT-RNR1: mitochondrially encoded 12S rRNA; MT-RNR2: 

mitochondrially encoded 16S rRNA; MT-ND1, MT-ND2, MT-ND3, MT-ND4, MT-ND5, 

MT-ND6: mitochondrially encoded NADH dehydrogenase subunits 1, 2, 3, 4, 5 and 6; 

MTNC3, MT-NC5: non coding nucleotides; MT-CO1,MT-CO2, MT-CO3: mitochondrially 

encoded cytochrome c oxidase I, II and III, MT-TA: mitochondrially encoded tRNA Ala; 

MT-CYB: mitochondrially encoded cytochrome b; MT-TT: mitochondrially encoded 

tRNA threonine; MT-TK: mitochondrially encoded tRNA lysine MT-TS1: mitochondrially 

encoded tRNA serine 1 (UCN); MT-TS2: mitochondrially encoded tRNA serine 2 

(AGU/C); MT-TL1: mitochondrially encoded tRNA leucine 1 (UUA/G); MT-TL2: 

mitochondrially encoded tRNA leucine 2 (CUN); MT-TR: mitochondrially encoded tRNA 

arginine; MT-TE: mitochondrially encoded tRNA glutamic acid; MT-ATP6: 

mitochondrially encoded ATP synthase 6; MT-ATP8: mitochondrially encoded ATP 

synthase 8; MT-DLOOP: polymorphisms identified in the mtDNA control region. 



Supplementary Table S1. 

mtDNA variations identified in the tumor cell lines 

 
 
 

 GENE mtDNA sequence variation 

A4
31

 

MT-RNR1 m.750A>G, m.1438A>G 
MT-RNR2 m. 1719G>A, m.2706A>G 
MT-ND2 m.4529A>T (Thr20Thr), m.4769A>G (Met100Met); GenBank p.MT-ND2: 

NP_536844.1 
MT-CO1 m.6267G>A(Thr122Ala); m.6359A>G (Leu152Leu); m.6734G>A (Met277Met), 

m.7028C>T (Ala375Ala); GenBank p.MT-CO1: NP_536845.1 
MT-CO2 m.8251G>A (Gly222Gly); GenBank p.MT-CO1: NP_536846.1 
MT-ATP6 m.8573G>A(Gly16Asp), m.8860A>G (Thr112Ala); GenBank p.MT-ATP6: 

NP_536848.1 
MT-ND3 m.10238T>C (Ile60Ile); m.10398A>G (Thr114Ala) GenBank p.MT-ND3:  536850.1 
MT-ND4 m.10915T>C (Cys52Cys); m.11719G>A (Gly320Gly); GenBank p.MT-ND4: 

NP_536852.1 
MT-ND5 m.12501G>A (Met55Met) m.12705C>T (Ile123Ile); m.13780A>G(Ile482Val); 

GenBank p.MT-ND5: NP_536853.1 
MT-CYB m.14766C>T (Thr7Ile); m.15043G>A (Gly99Gly); m.15326A>G (Thr194Ala); 

GenBank p.MT-CYB: NP_536855.1 
MT-TT m.15924A>G  

MT-DLOOP m.73A>G, m.199T>C, m.204T>C, m.250T>C, m.263A>G, m.311insC, m451insT, m. 
568insCCCCCCCC, m.16223C>T, m.16264C>T, m.16270C>T, m.16311T>C, 
m.16319G>A, m.16362T>C, m.16391G>A, m.16519T>C  

 
 
 
 

 GENE mtDNA sequence variation 

U9
37

 

MT-RNR1 m.750A>G, m.1438A>G 
MT-RNR2 m.2706A>G 
MT-ND1 m.4216T>C(Tyr304His); GenBank p.MT-ND1: NP_536843.1 
MT-ND2 m.4769A>G (Met100Met); GenBank p.MT-ND2: NP_536844.1 
MT-TA m.5633C>T  

MT-CO1 m.7028C>T (Ala375Ala); GenBank p.MT-CO1: NP_536845.1 
MT-TS1 m.7476C>T  

MT-ATP6 m.8860A>G (Thr112Ala); GenBank p.MT-ATP6: NP_536848.1 
MT-ND3 m.10172G>A (Glu38Glu); m.10398A>G(Thr114Ala); GenBank p.MT-ND3:  536850.1 
MT-ND4 m.11251A>G (Leu164Leu) m.11719G>A (Gly320Gly); GenBank p.MT-ND4: 

NP_536852.1 
MT-ND5 m.12612A>G (Val92Val); m.13708G>A (Ala458Thr); GenBank p.MT-ND5: 

NP_536853.1 
MT-ND6 m.14569G>A (Ser35Ser); GenBank p.MT-ND6: NP_536854.1 
MT-CYB m.14766C>T (Thr7Ile);  m.15257G>A(Asp171Asn), m.15326A>G (Thr194Ala) 

m.15452C>A(Leu236Ile), m.15812G>T(Val356Met) GenBank p.MT-CYB: 
NP_536855.1 

MT-DLOOP m.73A>G, m.150C>T, m.152T>C, m.263A>G, m.295C>T, m.315insC, m.489T>C, 
m.16069C>T, m.16278C>T, m.16362T>C 

 



 

 GENE mtDNA sequence variation 
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MT-RNR1 m.750A>G, 1438A>G 
MT-RNR2 m.3010G>A 
MT-ND1 m.3796G>A(Thr164Ala); GenBank p.MT-ND1: NP_536843.1 
MT-ND2 m.4769A>G (Met100Met); GenBank p.MT-ND2: NP_536844.1 
MT-CO1 m.5969T>G* (Phe22Leu); GenBank p.MT-CO1: NP_536845.1 
MT-TK m.8348A>G 

MT-CYB m.15326A>G (Thr194Ala); GenBank p.MT-CYB: NP_536855.1 
MT-ATP6 m.8860A>G(Thr112Ala); GenBank p.MT-ATP6: NP_536848.1 

MTDLOOP m.311insCC, m.513insAC, m.568insCCCCC, m.16362T>C, m.16356A>C, 
m.16393G>T, m.16519T>C,  

 
 

 GENE mtDNA sequence variation 

MC
F7

 

MT-RNR1 m.750A>G 
MT-RNR2 m.1438A>G 
MT-ND2 m.4769A>G; GenBank p.MT-ND2: NP_536844.1 
MT-NC5 m.5895insCC 
MT-ATP6 m.8860A>G (Thr112Ala); GenBank p.MT-ATP6: NP_536848.1  
MT-CO3 m.9966G>A(Val254Ile); GenBank p.MT-CO3: 536849.1  
MT-ND5 m.13260T>C(Ser308Ser); GenBank p.MT-ND5: NP_536853.1 
MT-ND6 m.14319T>C(Asn119Asp); GenBank p.MT-ND6: NP_536854.1  
MT-CYB m.15380A>G(Thr212Ala), m.15326A>G (Thr194Ala) GenBank p.MT-CYB: 

NP_536855.1 
MT-DLOOP m.311insC, m.6519T>C 

 
 

 GENE mtDNA sequence variation 
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MT-RNR1 m.750A>G, m.1189T>C 
MT-RNR2 m.1438A>G, m.1811A>G, m.2706A>G 
MT-ND1 m.3480A>G(Lys58Lys); GenBank p.MT-ND1: NP_536843.1 
MT-ND2 m.4769A>G (Met100Met); GenBank p.MT-ND2: NP_536844.1 
MT-CO1 m.7028C>T (Ala375Ala ); GenBank p.MT-CO1: NP_536845.1 
MT-NC3 m.8271-8281del 
MT-ATP6 m.8860A>G (Thr112Ala), m.9055G-A(Ala177Thr); GenBank p.MT-ATP6: 

NP_536848.1 
MT-CO3 m.9698T>C (Leu164Leu), m.9938T>C(Phe244Phe); GenBank p.MT-CO3: 536849.1 
MT-ND3 m.10398A>G(Thr114Ala); GenBank p.MT-ND3:  536850.1 

MT-ND4L m.10550A>G (Met27Met); GenBank p.MT-ND4L:  536851.1 
MT-ND4 m.11299T>C (Thr180Thr), m.11467A>G (Leu236Leu), m.11719G>A (Gly320Gly); 

GenBank p.MT-ND4: NP_536852.1 
MT-TL2 m.12308A>G 
MT-ND5 m.12372G>A (Leu12Leu), m.12477T>C (Ser47Ser); GenBank p.MT-ND5: 

NP_536853.1 
MT-ND6 m.14167C>T (Glu169Glu), m.14605A>T(Pro23Pro); GenBank p.MT-ND6: 

NP_536854.1 
MT-CYB m.14766C>T (Thr7Ile), m.15326A>G (Thr194Ala); GenBank p.MT-CYB: 

NP_536855.1 
MT-DLOOP m.73A>G, m.150C>T, m.189A>C, m.497C>T, m.302insCC, m.16224T>C, 

m.16311T>C, m.16519T>C 
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MT-RNR1 m.709G>A, m.750A>G, m.930G>A 
MT-RNR2 m.1438A>G, m.1888G>A, m.2706A>G 
MT-TL1 m.3277G>A 
MT-ND1 m.4216T>C(Tyr304His); GenBank p.MT-ND1: NP_536843.1 
MT-ND2 m.4917A>G (Asn150Asp), m.4769A>G (Met100Met), m.5147G>A(Thr226Thr), 

m.5460G>A(Ala331Thr); GenBank p.MT-ND2: NP_536844.1 
MT-CO1 m.7028C>T (Ala375Ala); GenBank p.MT-CO1: NP_536845.1 
MT-ATP6 m.8697G>A (Met57Met), m.8860A>G (Thr112Ala); GenBank p.MT-ATP6: 

NP_536848.1 
MT-TR m.10463T>C 

MT-ND4 m.11251A>G (Leu164Leu), m.11272A>G(Leu171Leu), m.11719G>A (Gly320Gly); 
m.11812A>G (Leu351Leu); GenBank p.MT-ND4: NP_536852.1 

MT-TS2 m.12240delC 
MT-ND5 m.13368G>A (Gly344Gly); GenBank p.MT-ND5: NP_536853.1  
MT-ND6 m.14233A>G (Asp147Asp); GenBank p.MT-ND6: NP_536854.1 
MT-CYB m.14766C>T (Thr7Ile), m.14905G>A (Met53Met), m.15326A>G (Thr194Ala), 

m.15452C>A (Leu236Ile); 15607A>G (Lys287Lys); GenBank p.MT-CYB: 
NP_536855.1 

MT-TT m.15928G>A 
MT-DLOOP m.73A>G, m.263A>G, m.311insCC, m.709G>A, m.16126T>C, m.16294C>T, 

m.16296C>T, m.16304T>C, m.16321C>T, m.16519T>C 
 
 
 
 

 GENE mtDNA sequence variation  MT-RNR1 m.750A>G, m.1438A>G 
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MT-RNR2 m.2092C>T, m.2706A>G, m.3010G>A 
MT-ND1 m.3335T>C(Ile10Thr); GenBank p.MT-ND1: NP_536843.1 
MT-ND2 m.4769A>G (Met100Met), m.4883C>T (Pro138Pro), m.5178C>A(Leu237Met); 

GenBank p.MT-ND2: NP_536844.1 
MT-CO1 m.7028C>T (Ala375Ala); GenBank p.MT-CO1: NP_536845.1  
MT-ATP8 m.8414C>T(Leu17Phe); GenBank p.MT-ATP8: 536847.1 
MT-ATP6 m.8701A>G(Thr59Ala), m.8860A>G(Thr112Ala); GenBank p.MT-ATP6: 

NP_536848.1 
MT-CO3 m.9540T>C (Leu112Leu); GenBank p.MT-CO3: 536849.1  
MT-ND3 m.10398A>G(Thr114Ala), m.10400C>T (Thr114Thr); GenBank p.MT-ND3:  

536850.1 
MT-ND4 m.10873T>C (Pro38Pro), m.11719G>A (Gly320Gly); GenBank p.MT-ND4: 

NP_536852.1 
MT-ND5 m.12705C>T (Ile123Ile), m.13368G>A (Gly344Gly); GenBank p.MT-ND5: 

NP_536853.1 
MT-ND6 m.14668C>T (Met2Met); GenBank p.MT-ND6: NP_536854.1 
MT-CYB m.14766C>T (Thr7Ile), m.14783T>C (Leu13Leu), m.15043G>A (Gly99Gly), 

m.15301G>A (Leu185Leu), m.15326A>G (Thr194Leu); GenBank p.MT-CYB: 
NP_536855.1 

MT-DLOOP m.73A>G, m.228insA, m.263A>G, m.311insC, m.16223C>T, m.16325T>C, 
m.16362T>C, m.16519T>C 

 



 

 GENE mtDNA sequence variation  MT-RNR1 m.750A>G, m.1438A>G 
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MT-RNR2 m.2706A>G, m.3010G>A 
MT-ND1 m.4216T>C(Tyr304His) GenBank p.MT-ND1: NP_536843.1 
MT-ND2 m.4924G>A(Ser152Asn), m.4769A>G (Met100Met); GenBank p.MT-ND2: 

NP_536844.1 
MT-CO1 m.7028C>T (Ala375Ala); GenBank p.MT-CO1: NP_536845.1 
MT-ATP6 m.8860A>G(Thr112Ala); GenBank p.MT-ATP6: NP_536848.1 
MT-ND3 m.10398A>G(Thr114Ala); GenBank p.MT-ND3:  536850.1 
MT-ND4 m.11251A>G (Leu164Leu), m.11719G>A (Gly320Gly); GenBank p.MT-ND4: 

NP_536852.1 
MT-ND5 m.12612A>G (Val92Val), m.13708G>A(Ala458Thr); GenBank p.MT-ND5: 

NP_536853.1 
MT-CYB m.14766C>T (Thr7Ile), m.14798T>C (Phe18Leu), m.15326A>G (Thr194Leu), 

m.15452C>A(Leu236Ile); GenBank p.MT-CYB: NP_536855.1 
MT-DLOOP m.73A>G, m.185G>A, m.188A>G, m.228G>A, m.263A>G, m.295C>T, m.311insC, 

m.462C>T, m.489T>C 
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K5
62

 

MT-RNR1 m.709G>A, m.750A>G, m.1420T>C, m.1438A>G 
MT-RNR2 m.1888G>A, 2141T>C, m.2706A>G 
MT-ND1 m.4216T>C (Tyr304His); GenBank p.MT-ND1: NP_536843.1 
MT-ND2 m.4769A>G (Met100Met), m.4917A>G(Asn150Asp); GenBank p.MT-ND2: 

NP_536844.1 
MT-CO1 m.6524T>C(Thr207Thr), m.7028C>T (Ala375Ala); GenBank p.MT-CO1: 

NP_536845.1 
MT-ATP6 m.8697G>A (Met57Met), m.8860A>G(Thr112Ala), m.9117T>C (Ile197Ile); GenBank 

p.MT-ATP6: NP_536848.1 
MT-TR 10463T>C  

MT-ND4 m.11719G>A (Gly320Gly), m.11764A>G(Glu335Glu), m.11812A>G (Leu351Leu); 
GenBank p.MT-ND4: NP_536852.1 

MT-ND5 m.13368G>A (Gly344Gly), m.13965T>C(Leu543Leu), m.13966A>G(Thr544Ala); 
GenBank p.MT-ND5: NP_536853.1 

MT-ND6 m.14233A>G (Asp147Asp); GenBank p.MT-ND6: NP_536854.1 
MT-TE m.14687A>G 

MT-CYB m.14766C>T (Thr7Ile), m.14905G>A (Met53Met), m.15326A>G(Thr194Ala), 
m.15452C>A(Leu236Ile), m.15607A>G (Lys287Lys); GenBank p.MT-CYB: 
NP_536855.1 

MT-TT m.15928G>A 
MT-DLOOP m.73A>G, m.263A>G, m.469C>A, m.16126T>C, m.16294C>T, m.16324T>C, 

m.16519T>C, m.311insCCTCCC 
 

 GENE mtDNA sequence variation 
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9 MT-CYB m.15479T>C(Phe245Leu); GenBank p.MT-CYB: NP_536855.1 

MT-DLOOP m.152T>C, m.311insC, m.16187C>T 



 
 GENE mtDNA sequence variation 
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MT-RNR1 m.750A>G, m.1438A>G 
MT-ND2 m.4769A>G (Met100Met); GenBank p.MT-ND2: NP_536844.1 
MT-ATP6 m.8860A>G (Thr112Ala) GenBank p.MT-ATP6: NP_536848.1 
MT-ND4 m.11016G>A(Ser86Asn) GenBank p.MT-ND4: NP_536852.1 
MT-ND5 m.13945A>G* (Ile537Val) GenBank p.MT-ND5: NP_536853.1 
MT-CYB m.15326A>G(Thr194Ala) GenBank p.MT-CYB: NP_536855.1 

MT-DLOOP m.72T>C, m.263A>G, m.311insC, m.16519T>C  
 
 
 

 GENE mtDNA sequence variation  MT-RNR1 m.750A>G, m.1438A>G 
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MT-RNR2 m.1719G>A, m.2706A>G 
MT-ND2 m.4769A>G (Met100Met), m.4794A>G* (Ala109Thr); GenBank p.MT-ND2: 

NP_536844.1 
MT-CO1 m.6221T>C (Pro106Pro), m.6371C>T (Ser156Ser), m.7028C>T (Ala375Ala); 

GenBank p.MT-CO1: NP_536845.1 
MT-ATP8 m.8506T>C(Tyr47Tyr); GenBank p.MT-ATP8: 536847.1 
MT-ATP6 m.8860A>G(Thr112Ala); GenBank p.MT-ATP6: NP_536848.1 
MT-ND4 m.11719G>A (Gly320Gly); GenBank p.MT-ND4: NP_536852.1 
MT-ND5 m.12705C>T (Ile123Ile), m.13966A>G(Thr544Ala);  
MT-ND6 m.14470T>C (Gly68Gly); GenBank p.MT-ND6: NP_536854.1 
MT-CYB m.14766C>T (Thr7Ile), m.15310T>C(Ile188Ile), m.15326A>G (Thr194Ala); 

GenBank p.MT-CYB: NP_536855.1 
MT-DLOOP m.73A>G, m.153A>G, m.195T>C, m.263A>G, m.311insC, m.16184insC, 

m.16189T>C, m.16223C>T, m.16265A>G, m.16278C>T, m.16519T>C 
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MT-RNR1 m.750A>G, m.1438A>G 
MT-RNR2 m.1438A>G, m.1719G>A, m.2706A>G 
MT-ND2 m.4769A>G (Met100Met); GenBank p.MT-ND2: NP_536844.1 
MT-CO1 m.6221T>C (Pro106Pro), m.6267G>A (Thr122Ala), m.6371C>T (Ser156Ser), 

m.7028C>T ((Ala375Ala); GenBank p.MT-CO1: NP_536845.1 
MT-ATP6 8860A>G(Thr112Ala); GenBank p.MT-ATP6: NP_536848.1 
MT-ND4 m.11719G>A (Gly320Gly); m.11932C>T (Ile391Ile); GenBank p.MT-ND4: 

NP_536852.1 
MT-ND5 m.12705C>T (Ile123Ile), m.13135G>A (Ala267Thr); 13966A>G, (Thr544Ala); 

GenBank p.MT-ND5: NP_536853.1 
MT-ND6 14470T>C (Gly68Gly); GenBank p.MT-ND6: NP_536854.1 
MT-CYB m.14766C>T (Thr7Ile), 15034A>G (Leu96Leu), 15310T>C (Ile188Ile), 15397A>G 

(Lys217Lys), GenBank p.MT-CYB: NP_536855.1 
MT-TT 15894G>A 

MT-DLOOP 73A>G, 153A>G, 195T>C, 225G>A, 226T>C, 16126T>C, 16189T>A, 16223C>T, 
16278C>T, 16519T>C  



Supplementary Table S2.- 

mtDNA sequence variations identified in the breast tumor sample that carries 

the m.6267G>A mutation 
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MT-RNR1 m.709G>A, m.750A>G, m.1243T>C, m.1438A>G 
MT-RNR2 m.2706A>G 
MT-ND1 m.3505A>G (Thr67Ala) GenBank p.MT-ND1: NP_536843.1 
MT-ND2 m.4769A>G (Met100Met); m.5046G>A (Val193Ile); m.5460G>A (Ala331Thr); 

GenBank p.MT-ND2:  NP_536844.1 
MT-CO1 m.6267G>A (Ala122Thr); m.7028C>T (Ala375Ala); GenBank p.MT-CO1: 

NP_536845.1 
MT-CO2 m.7864C>T (Pro93Pro); m.8251G>A (Gly222Gly); GenBank p.MT-CO2: 
MT-ATP6 m.8860A>G (Thr112Ala) m.8994G>A (Leu156Leu); GenBank p.MT-ATP6: 

NP_536848.1  
MT-ND5 m.12414T>C (Pro26Pro); m.12705C>T (Ile123Ile), m.13105A>G (Ile257Val); 

GenBank p.MT-ND5: NP_536853.1 
MT-CYB m.14766C>T (Thr7Ile);  m.15326A>G (Thr194Ala); GenBank p.MT-CYB: 

NP_536855.1 
MT-D-LOOP 73A>G, 119T>C, 189A>G, 195T>C, 204T>C, 207G>A, 214A>G, 302insC, 311insC 

 

Footnote for supplementary Tables S1 and S2: 

Reference sequence is the human mitochondrial DNA revised Cambridge 

sequence (http://www.mitomap.org/mitoseq.html). The asterisks identified 

heteroplasmic changes. MT-RNR1: mitochondrially encoded 12S rRNA; MT-RNR2: 

mitochondrially encoded 16S rRNA; MT-ND1, MT-ND2, MT-ND3, MT-ND4, MT-ND5, 

MT-ND6: mitochondrially encoded NADH dehydrogenase subunits 1, 2, 3, 4, 5 and 6; 

MTNC3, MT-NC5: non coding nucleotides; MT-CO1,MT-CO2, MT-CO3: mitochondrially 

encoded cytochrome c oxidase I, II and III, MT-TA: mitochondrially encoded tRNA Ala; 

MT-CYB: mitochondrially encoded cytochrome b; MT-TT: mitochondrially encoded 

tRNA threonine; MT-TK: mitochondrially encoded tRNA lysine MT-TS1: mitochondrially 

encoded tRNA serine 1 (UCN); MT-TS2: mitochondrially encoded tRNA serine 2 

(AGU/C); MT-TL1: mitochondrially encoded tRNA leucine 1 (UUA/G); MT-TL2: 

mitochondrially encoded tRNA leucine 2 (CUN); MT-TR: mitochondrially encoded tRNA 

arginine; MT-TE: mitochondrially encoded tRNA glutamic acid; MT-ATP6: 

mitochondrially encoded ATP synthase 6; MT-ATP8: mitochondrially encoded ATP 

synthase 8; MT-DLOOP: polymorphisms identified in the mtDNA control region. 
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