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Abstract 

Mitochondrial DNA ( mtDNA ) can be subject to internal and environmental stressors that lead to o xidativ ely generated damage and the formation 
of 8-o x o-7,8-dih y dro-2 ′ -deo xy guanine ( 8-o x odG ) . T he accumulation of 8-o x odG has been link ed to degenerativ e diseases and aging, as well as 
cancer. Despite the well-described implications of 8-oxodG in mtDNA for mitochondrial function, there have been no reports of mapping of 8- 
o x odG across the mitochondrial genome. To address this, we used OxiDIP-Seq and mapped 8-oxodG levels in the mitochondrial genome of human 
MCF10A cells. Our findings indicated that, under steady -state conditions, 8-o x odG is non-unif ormly distributed along the mitochondrial genome, 
and that the longer non-coding region appeared to be more protected from 8-o x odG accumulation compared with the coding region. Ho w e v er, 
when the cells ha v e been e xposed to o xidativ e stress, 8-o x odG preferentially accumulated in the coding region which is highly transcribed as H1 
transcript. Our data suggest that 8-o x odG accumulation in the mitochondrial genome is positively associated with mitochondrial transcription. 
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itochondrial DNA ( mtDNA ) is a circular genome consist-
ng of multiple copies and encoding 13 crucial subunits of the
itochondrial respiratory chain, along with two rRNAs ( 12S

nd 16S ) and 22 tRNAs ( Figure 1 A ) ( 1–4 ) . 
mtDNA plays a crucial role in cellular energy production

nd is highly susceptible to damage caused by reactive oxy-
en species ( ROS ) ( 5 ) , which can lead to the formation of 8-
xo-7,8-dihydro-2 

′ -deoxyguanine ( 8-oxodG ) ( 6 ) . 8-oxodG in
tDNA, as well as in nuclear DNA ( nDNA ) , is primarily re-
aired by the base excision repair ( BER ) pathway ( 7 ) , but in-
omplete repair can lead to mutagenesis and genome instabil-
ty ( 6 ) . OGG1, the enzyme responsible for catalyzing the re-
oval of the 8-oxodG, is encoded within the nuclear genome.

ntriguingly, both mitochondrial and nuclear transcript iso-
orms originate from the same gene ( 8 ) . Consequently, the reg-
lation of OGG1 expression in both the mitochondria and
ucleus exhibits overlapping characteristics. The presence of
-oxodG in mtDNA has been linked to the development of de-
enerative diseases ( 9 ) , cardiovascular disease ( 9 ) , aging ( 10–
2 ) and cancer ( 13 ) . 
Interestingly, recent studies have reported that 8-oxodG ac-

umulation in the nuclear genome plays a role in the epigenetic
egulation of gene expression ( 14 ) . However, the impact of 8-
xodG in the context of mitochondrial transcription remains
argely unexplored. Mitochondrial transcription is a pivotal
rocess orchestrated by a dedicated transcription machinery.
he proteins comprising this transcriptional machinery differ

rom those forming the machinery involved in nuclear tran-
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scription, even though all of them are encoded within the nu-
cleus ( 15 ,16 ) . Unlike nuclear genes which often possess mul-
tiple specialized promoters, mitochondrial transcription ini-
tiates within one regulatory region, namely the non-coding
region ( NCR ) , and results in the generation of three poly-
cistronic transcripts originating from the heavy-strand pro-
moter 1 ( HSP1 ) , HSP2 and light-strand promoter ( LSP ) re-
gions within the mitochondrial genome ( Figure 1 B ) ( 17–19 ) . 

Despite the established potential for 8-oxodG in DNA to
affect cell function ( 6 , 20 , 21 ) , the full extent of the impact
of 8-oxodG on mitochondrial function remains incompletely
understood. Thus, exploring the distribution of 8-oxodG
within the mitochondrial genome could greatly enhance
our understanding of how 8-oxodG impacts mitochondrial
homeostasis. 

Here, we present a study which utilizes OxiDIP-Seq ( 22–25 )
to perform a high-resolution mapping of 8-oxodG across the
mitochondrial genome of human MCF10A cells. This study
is the first to map 8-oxodG across the human mitochondrial
genome. We have uncovered novel insights into the patterns
of 8-oxodG distribution and accumulation within the mito-
chondrial genome under steady-state conditions, in untreated
cells and following oxidative stress. 

Our findings reveal a potential association between 8-
oxodG accumulation and transcription-related processes in
mitochondria. Understanding the mechanisms underlying 8-
oxodG accumulation / repair in mtDNA, and its role in mi-
tochondrial transcription, may pave the way for the develop-
ment of targeted therapeutic strategies aimed at mitigating the
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effects of oxidative stress, by preserving mitochondrial func-
tion, and hence mitigating the risk of several diseases. 

Materials and methods 

Cell culture and treatments 

MCF10A cells were cultured in a 1:1 mixture of Dulbecco’s
modified Eagle’s medium ( DMEM ) -F12 supplemented with
5% horse serum, 10 μg / ml insulin, 0.5 μg / ml hydrocortisone,
20 ng / ml epidermal growth factor and 100 ng / ml cholera en-
terotoxin, and incubated at 37 

◦C in a humidified atmosphere
with 5% CO 2 ( 22 ) . To perform the UV radiation ( UVR ) treat-
ment, MCF10A cells in exponential growth phase were sub-
jected to UV light ( 254 nm ) for a total dose of 40 J / m 

2

( 22 ) . Following irradiation, the medium was replaced, and the
cells were incubated at 37 

◦C for 30 min for recovery. Subse-
quently, the cells were rinsed twice with ice-cold phosphate-
buffered saline ( PBS ) and harvested. For N -acetyl cysteine
( NAC ) treatment, the medium was supplemented with 1 mM
NAC ( Sigma ) and incubated for 1 h at 37 

◦C ( 22 ) . 

4-Thiouridine incorporation assay 

For RNA labeling, 4-thiouridine ( Sigma ) was added directly
to the growth medium at a final concentration of 400 μM
and incubated for 30 min. Total RNA was isolated using Tri-
Fast II reagent ( Euroclone ) . DNase I treatment ( New Eng-
land Biolabs ) was performed according to the manufacturer’s
instructions, followed by phenol / chloroform extraction; an
aliquot of total RNA was saved for Input samples. RNA was
quantified using a Qubit 4 ( Invitrogen ) and fragmented us-
ing the Bioruptor Pico ( Diagenode ) sonication device, with
the following settings: one cycle, 30 s ON / 30 s OFF. An 80
μg aliquot of fragmented RNA in 250 μl of RNase-free wa-
ter was used for the biotinylation reaction. Biotinylation of
4sU-labeled RNA was performed by addition to RNA sam-
ples of the following reagents: 100 μl of EZ-LinkBiotin-HPDP
( Pierce ) dissolved in dimethylformamide at a final concentra-
tion of 1 mg / ml; 50 μl of 10 × biotinylation buffer ( 100 mM
Tris pH 7.5, 10 mM EDTA ) ; and 100 μl of dimethylformamide
( DMF ) . Biotinylation was carried out at 24 

◦C for 2 h. Un-
bound biotin-HPDP was removed by chloroform extraction.
A 1 / 10 volume of 5 M NaCl and an equal volume of iso-
propanol were then added, and RNA was precipitated at 16
000 g for 5 min at 4 

◦C. The pellet was washed with an equal
volume of 75% ethanol and precipitated again at 4 

◦C for 15
min, and then resuspended in 100 μl of RNase-free water.
RNA samples were denaturated by heating at 65 

◦C for 10
min, rapidly cooled on ice for 5 min and incubated with 50 μl
of M280 streptavidin Dynabeads ( Invitrogen ) with rotation
for 15 min at 4 

◦C. The Dynabeads were then washed three
times with 1 ml of 65 

◦C wash buffer ( 100 mM Tris–HCl pH
7.5, 10 mM EDTA pH 8.0, 1 M NaCl, 0.1% Tween-20 ) , fol-
lowed by three washes with room temperature wash buffer.
Labeled RNA was eluted by the addition of 100 μl of freshly
prepared 100 mM dithiothreitol. RNA was recovered from
the wash fractions and purified using the RNA Clean and Pu-
rification Kit ( Zymo Research ) . Unlabeled RNA sample was
added to parallel reactions as negative control. 

Quantitative polymerase chain reaction ( qPCR ) 

cDNA from total RNA ( Input ) was synthesized using
LunaScript ( New England Biolabs ) according to the manu-
facturer’s instructions. For labeled RNA samples, cDNA was 
synthesized using the Ultra II directional RNA Librayprep 

Kit for Illumina ( New England Biolabs ) . The level of nuclear 
glyceraldehyde phosphate dehydrogenase ( GAPDH ) mRNA 

in total RNA samples was used as an internal control. qPCR 

was performed using a AriaMax ( Agilent ) detection system 

with SYBR green ( Brilliant III Ultra-Fast SYBR Green Agilent ) 
incorporation with the following primers: GAPDH_Fw, CCA- 
C ATCGCTC A GA CA CCA T ; GAPDH_Rev, CCAGGCGC- 
CCAA T ACG; MT- RNR2 _Fw, CA T AAGCCTGCGTCA- 
GATC A; MT- RNR2 _Rev, CCTGTGTTGGGTTGAC AGTG; 
MT- ND5 _Fw, A GTTA C AATCGGC ATC AACC AA; MT- 
ND5 _Rev, CCCGGA GCA CA T AAA T AGT A TGG. 

Bioinformatics and statistical analyses 

8-oxodG levels in untreated MCF10A cells were obtained pre- 
viously ( 22 ) and the raw data can be downloaded from the 
Sequence Read Archive ( SRA; PRJNA391133 ) . 8-oxodG lev- 
els in UVR-treated MCF10A cells were obtained previously 
( 24 ) and the raw data can be downloaded from the SRA 

( PRJNA798917 ) . 8-oxodG levels for NAC-treated MCF10A 

cells were obtained previously ( 24 ) and the raw data can be 
downloaded from the SRA ( PRJNA798917 ) . 8-oxodG levels 
in mtDNA were obtained for each of the above conditions 
and corresponding input by first pre-processing all fastq files 
as in ( 24 ) , then using bwa aln with default parameters to align 

reads against the hg18 reference genome including mtDNA,
and then removing duplicates using picard MarkDuplicates.
We extracted from each of the .bam files all the reads map- 
ping to mtDNA using samtools view and normalized the sig- 
nal passing OxiDIP-Seq chrM bam files along with the cor- 
responding input bam file to deepTools bamCompare using 
–exactScaling -p max options and converted them to bigwig 
format using the bigWigToBedGraph command. GC content 
was obtained by downloading the gc5Base track from the 
UCSC genome browser in bed format and converting it into 

bigwig format using bedGraphToBigWig . mtDNA G4-rich re- 
gion coordinates in HEK293 cells were extracted from ( 26 ) ,
compiled as a bed file and converted to bigwig format using 
bigWigToBedGraph. 

To measure and compare average 8-oxodG levels between 

mtDNA and nDNA in each of the experimental conditions 
( untreated, UV and NAC treated ) , we used wiggletools to per- 
form the following chain of operation starting from the bigwig 
files containing normalized 8-oxodG signal ( chrM or nDNA ) : 
( i ) binning of the signal using 50 bp windows size; ( ii ) com- 
putation of the average 8-oxodG value for each bin; and ( iii ) 
computation of total mean, standard deviation and number 
of bins. For each condition, we used these statistics computed 

over chrM and nDNA to perform a Welch t -test in R. 
The relationship between the GC content and 8-oxodG lev- 

els in each condition was investigated by first binning the two 

signals over the same genomic coordinates using a fixed win- 
dow approach with deepTools multiBigwigSummary over the 
two bigwig files with –outRawCounts option and finally im- 
porting the two output tables into R to compute Pearson’s 
correlations. The relationship between G4-rich regions and 

8-oxodG levels has been investigated for each tested condi- 
tion by extrapolating ( i ) the normalized chrM 8-oxodG lev- 
els in G4-enriched regions and ( ii ) the normalized chrM 8- 
oxodG levels in the complement of mtDNA regions to G4 re- 
gions using bedtools intersect and bedtools diff commands,
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Figure 1. ( A ) Schematic representation of the human mitochondrial genome. The genetic information within mtDNA is densely packed and actively 
transcribed. The mtDNA regulatory region is the only substantial non-coding region ( NCR ) . Arrows indicate promoters: LSP, light-strand promoter; HSP, 
hea vy -strand promoter. Uppercase letters indicate tRNAs; and RNR1 and RNR2 indicate rRNAs 12S and 16S respectively; CO1, cytochrome c oxidase 
subunit I; CO2, cytochrome c oxidase subunit II; CO3, cytochrome c oxidase subunit III; CYB, cytochrome b ; ND1–6, NADH deh y drogenase subunits 
1–6. ( B ) Schematic representation of the mitochondrial polycistronic transcripts. Mitochondrial transcription initiation occurs in the NCR, which contains 
two promoters located on the heavy ( HSP1 and HSP2 ) and one promoter on the light strand ( LSP ) for mtDNA transcription, and various conserved 
sequences responsible for regulatory functions. Three different polycistronic transcripts, H1, H2 and L, generated through transcription from the HSP1, 
HSP2 and LSP promoters, respectively, are indicated. The LSP is responsible for transcribing eight tRNAs and the MT-ND6 gene. The heavy strand 
utilizes HSP1 and HSP2, and transcription from HSP1 results in a transcript encompassing tRNA 

Phe , tRNA 

Val and the two rRNAs ( 12S and 16S ) . In 
contrast, transcription originating from HSP2 produces a transcript coding the two rRNAs, 12 proteins and 14 tRNAs. TERM indicates putative 
termination sites for H1, H2 and L transcription. ( C ) Average signal of normalized 8-oxodG in mitochondrial and nuclear DNA in untreated and UVR-, and 
NAC-treated MCF10A cells. Data are presented as mean values ± 2 SEM, ** P = 3.1e-3, *** P < 2.2e-22. 
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espectively, and then testing the difference between average
-oxodG levels in these two groups using Welch t -test in R. 
The difference in average 8-oxodG levels between the NCR

nd coding region has been investigated for each tested con-
ition by first subsetting ( i ) the normalized chrM 8-oxodG
evels in NCR and ( ii ) the normalized chrM 8-oxodG levels
n the complementary coding region of mtDNA regions, and
hen testing the difference between average 8-oxodG levels in
hese two groups using Welch t -test in R. 

This study used 0.05 as the significance threshold; all sta-
istical analyses have been performed with R ( https://www.R- 
roject.org/). 

esults 

omparison of the 8-o x odG levels in mitochondrial 
nd nuclear DNA determined by OxiDIP-seq 

e have recently developed and applied the OxiDIP-Seq
ethod to describe the 8-oxodG distribution across the hu-
an nuclear genome ( 22–25 ). Our initial focus was on the
uclear genome, like much of the literature [except for Wau-
chope et al . ( 27 ) and a later report from ourselves ( 28 ) both of
which also considered the mitochondrial genome]. However,
in our previous experiments, OxiDIP-Seq data were generated
from the entire genome (both nDNA and mtDNA molecules)
of human MCF10A cells, giving us the opportunity to retro-
spectively examine the distribution of 8-oxodG across the mi-
tochondrial genome. 

Firstly, we measured the average signal of normalized 8-
oxodG levels in mtDNA and compared this with nDNA in un-
treated and in UVR- or NAC-treated MCF10A cells. UV- and
NAC-based treatments have been used previously to modulate
the genomic levels of 8-oxodG, which increase as a result of
oxidative stress induced by UVR exposure ( 22 ) and decrease
due to the ROS-scavenging capability of NA C ( 22 , 24 ). In the
untreated cells, i.e. cells in redox steady state, we observed
that mtDNA had a higher ( ∼4-fold) average oxidation level
compared with nDNA (Figure 1 C). These data are consistent
with previously reported findings that indicate a higher sus-
ceptibility of mtDNA to oxidatively generated DNA damage
compared with nDNA ( 5 ,29 ). However, when the cells were
exposed to UVR-induced oxidative stress, we observed a sig-
nificant increase in 8-oxodG levels in both mtDNA and, as

https://www.R-project.org/
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Figure 2. UCSC visualization of 8-o x odG mapping in the mtDNA in untreated (black, top), NAC-treated (red) and UVR-treated (blue) MCF10A cells; the 
panel also includes the GC percent (black, bottom) and annotated the NCR (gray shaded area) and the coding region (CR). The CR contains rRNAs and 
tRNAs (light red) and coding proteins (dark red) genes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

previously demonstrated ( 22 ), nDNA. Notably, the increase
in 8-oxodG following UVR treatment was higher in nDNA
compared with mtDNA (Figure 1 C). Finally, the treatment
with the antioxidant NAC decreased the endogenous levels
of 8-oxodG in both mtDNA and nDNA (Figure 1 C), in agree-
ment with previous findings reported for the nuclear genome
( 22–24 ). 

Overall, these data demonstrate that the average 8-oxodG
level is higher in mtDNA compared with nDNA, both under
steady-state redox conditions and during UVR-induced oxida-
tive stress. 

Distribution of 8-o x odG in mitochondrial DNA 

To examine the 8-oxodG distribution in mtDNA, we used
the UCSC genome browser and visualized the 8-oxodG mi-
tochondrial signal from untreated MCF10A cells (Figure 2 ).
We observed a non-uniform distribution of the 8-oxodG sig-
nal along the entire mtDNA genome, with multiple 8-oxodG
peaks within the region containing RNR1 and RNR2 genes
(encoding the 12S and 16S rRNAs, respectively, Figure 2 , up-
per, black-colored track). Next, as 8-oxodG accumulation has
been reported to occur at gene regulatory regions in the nu-
clear genome ( 22 ,23 ), we considered whether this might also
occur in the mitochondria NCR (Figure 2 , gray shaded area)
as this region hosts the O H 

and HSP1, HSP2 and LSP. We
therefore re-plotted the 8-oxodG mitochondrial signal using
the R platform (Supplementary Figure S1A) and, by visual
inspection, we observed a lower level of the normalized 8-
oxodG signal at the NCR compared with the coding region.
To confirm this, we measured the average 8-oxodG values in
the NCR versus the entire coding region of the mtDNA and
found lower 8-oxodG levels in the NCR (mean = 0.02 and
0.11, NCR and coding region, respectively, P = 0.01 Welch
t -test; Supplementary Figure S1B). 
Subsequently, we also visualized the 8-oxodG signal derived 

from the NAC- and UVR-treated cells (Figure 2 ). As expected,
and in agreement with the data in Figure 1 C, we observed a 
broad and highly evident decrease in 8-oxodG signal across 
the entire mitochondrial genome in NAC-treated cells (Figure 
2 , red-colored track). Similarly, we observed an increase in the 
8-oxodG levels following the induction of oxidative stress by 
UVR (Figure 2 , blue-colored track). However, the resulting in- 
crease in 8-oxodG levels was exclusively restricted to the cod- 
ing sequences encompassing RNR1 and RNR2 genes (Figure 
2 , blue-colored track). Furthermore, the NCR again showed a 
lower 8-oxodG signal compared with the region encompass- 
ing RNR1 and RNR2 genes (mean = −0.05 and 0.6, NCR and 

coding region, respectively, P = 4.8e-16 Welch t -test; Supple- 
mentary Figure S2A, B). 

Since previous studies have indicated a relationship be- 
tween the accumulation of 8-oxodG in the nuclear genome 
and genomic features such as GC content and G4 struc- 
tures ( 23 ), we compared the mitochondrial 8-oxodG signal 
from untreated MCF10A cells with the GC percent and G4- 
enriched regions previously identified in mitochondria ( 26 ).
First, we performed a Pearson’s correlation analysis that re- 
vealed no significant correlation between the 8-oxodG signal 
and GC content ( r = −0.04). Then, we measured the aver- 
age 8-oxodG levels in G4-enriched regions and the comple- 
mentary G4-poor regions and found only a slight difference 
(median = 0.09 and 0.1, G4-enriched and G4-poor regions.
respectively, P = 0.008 Welch t -test; Supplementary Figure 
S3). Hence, these findings suggest that the accumulation of 8- 
oxodG is not associated with the GC content or G4 structures 
in mitochondria. 

Overall, these data showed a non-uniform distribution of 
high 8-oxodG levels at the coding region and lower 8-oxodG 

levels at the regulatory regions under steady-state conditions.
However, following oxidative stress, high 8-oxodG levels 
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Figure 3. ( A ) Schematic representation of the mitochondrial polycistronic transcripts H1, H2 and L. For (B–D) we used thiol-specific biotinylation of 
4sU-labeled RNA, f ollo w ed b y strepta vidin-based enrichment, to isolate ne wly synthesiz ed transcripts. ( B ) R T-qPCR analy ses sho w relativ e transcription 
of the RNR2 and ND5 RNAs in biotinylated samples treated with UVR (UV) or NAC, or left untreated (Untr). ( C ) R elativ e transcription le v els of the H1 and 
H2 transcripts in untreated and UVR-treated cells ( D ) R elativ e H1 transcript le v el in untreated and UVR-treated cells . Data are normalized to the nuclear 
GAPDH mRNA in total RNA inputs. The analyses were conducted twice and are presented as the mean ± SD. 

p  

R  

t  

o

8
t

W  

G  

o  

a  

o  

w  

i  

i  

(  

t  

o  

h  

u  

s  

c
 

w  

a  

f  

w  

i  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

referentially accumulated at the region encompassing the
NR1 and RNR2 genes. Moreover, GC content and G4 struc-

ures were not associated with the accumulation of high 8-
xodG levels. 

-o x odG levels positively associate with the 

ranscription of mitochondrial DNA 

e found that the main genome structural features such as
C content and G4 structures, which have been linked previ-
usly to 8-oxodG levels in the nuclear genome ( 23 ), did not
ppear to play a significant role in determining the sites of 8-
xodG accumulation in the mitochondrial genome. However,
e observed that 8-oxodG accumulation occurs preferentially

n the RNR1 and RNR2 genes and overlaps with a region that
s transcribed even in the shorter polycistronic transcript H1
 17–19 ) (Figure 3 A). This led us to hypothesize that transcrip-
ion of the H1 transcript might contribute to the distribution
f mitochondrial 8-oxodG accumulation. To investigate this
ypothesis, we performed a 4sU incorporation experiment in
ntreated and UVR- or NAC-treated MCF10A cells and mea-
ured the transcription level of the two mitochondrial poly-
istronic transcripts H1 and H2 (Figure 3 A). 

First, we assessed the transcription level of the RNR2 gene,
hich can be transcribed from both H1 and H2 transcripts,
s well as of the ND5 gene which is exclusively transcribed
rom the H2 transcript (Figure 3 A). Comparing UVR-treated
ith untreated cells, we found that the RNR2 gene showed an

ncrease in the level of transcription, while the ND5 gene dis-
played a decrease in transcription (Figure 3 B). This suggests
that the H1 transcript is more actively transcribed in UVR-
treated cells compared with untreated cells, while the H2 tran-
script is less transcribed under these conditions. 

To confirm this, we aimed to quantify the relative tran-
scription levels of the H1 and H2 transcripts by subtract-
ing the transcription level of ND5 (H2) from that of RNR2
(H1 + H2). In untreated cells, we discovered that ∼60% (Fig-
ure 3 C, Untr, blue bar) of the RNAs transcribed for the RNR2
gene originated from the H2 transcripts, while ∼40% (Figure
3 C, Untr, green bar) of the RNR2 transcript is derived from
the H1 transcript. However, in UVR-treated cells, the RNR2
gene was transcribed 27% (Figure 3 C, UV, blue bar) from the
H2 transcript and the remaining 73% (Figure 3 C, UV, green
bar) from the H1 transcript. Consequently, comparing UVR-
treated with untreated cells, the levels of the H2 transcript
decreased by a factor of 2.2 (60 / 27) (blue bars in Figure 3 C),
and the levels of the H1 transcript increased by a factor of 2.5
(Figure 3 D). Overall, this analysis suggests that the increased
levels of 8-oxodG observed in the region containing the
RNR1 and RNR2 genes are associated with higher transcrip-
tion levels of the mitochondrial H1 transcript in UV-treated
cells. 

Finally, we observed a significant decrease in the transcrip-
tion levels of both RNR2 and ND5 genes in NAC-treated cells
compared with untreated cells (Figure 3 B). This finding fur-
ther confirms the connection between the substantial reduc-
tion in 8-oxodG levels and decreased transcription levels in
the mitochondria. Taken together, these data suggest that the
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accumulation of 8-oxodG is positively associated with tran-
scription in mitochondria. 

Discussion 

mtDNA is essential for cellular energy production but is sus-
ceptible to oxidatively generated damage which can result
in lesions such as 8-oxodG ( 5 ,6 ). The presence of 8-oxodG
in mtDNA has been associated with various diseases ( 9–13 )
However, there is still limited understanding regarding how
and where the localization of 8-oxodG in the mitochondrial
genome impacts mitochondrial function. To address this gap
in the literature, we conducted the present study using a pre-
viously unexplored subset of mitochondrial-associated data
from the publicly available OxiDIP-Seq dataset ( 22–25 ), fo-
cusing on 8-oxodG in the mitochondrial genome. 

Our findings revealed, for the first time, intriguing patterns
of 8-oxodG distribution in the mitochondrial genome of hu-
man MCF10A cells under normal physiological (redox steady
state), oxidative stress and antioxidant conditions. Under re-
dox steady state, we observed a non-uniform distribution
of 8-oxodG levels across the mitochondrial genome, as has
been noted for cyclobutane pyrimidine dimers (CPDs) ( 28 ),
although not for the malondialdehyde-dG adducts (M1dG)
( 27 ). In general, two dynamic processes contribute to the
genome distribution of the DNA damage: (i) factors influenc-
ing where and how the damage forms and (ii) factors influ-
encing local DNA repair machinery recruitment. These two
processes may play distinct roles in managing non-bulky dam-
age, like 8-oxodG which does not inherently cause transcrip-
tion blockage ( 30 ), and bulky damage, as is the case for CPDs
and M1dG which lead to RNA polymerase II stalling ( 31 ,32 ).
This distinction could potentially account for the similarities
or differences observed in the mitochondrial distribution pat-
terns of 8-oxodG compared with CPDs or M1dG, respectively.
Interestingly, the accumulation of 8-oxodG levels in mtDNA
did not appear to be associated with sequence-linked features
such as GC content and G4 structures, unlike nDNA ( 23 ). This
observation provides additional evidence for the notion that
biological processes involving DNA as substrate may have a
role in mtDNA 8-oxodG accumulation. 

We also analyzed OxiDIP-Seq data from cells exposed to
oxidative stress induced by UV irradiation, as a biologically
relevant source of increased ROS. Remarkably, we found that
oxidative stress resulted in increased levels of 8-oxodG prefer-
entially localized to a short region of the mtDNA, encompass-
ing the RNR1 and 2 genes and transcribed as the polycistronic
transcript H1. Furthermore, following oxidative stress, we ob-
served an increased rate of transcription of the H1 transcript.
Conversely, decreasing mtDNA DNA 8-oxodG levels, through
treatment with the antioxidant NAC, led to a decrease in mito-
chondrial transcription. These observations suggest a positive
relationship between 8-oxodG levels and mitochondrial tran-
scription, highlighting the necessity for conducting additional
research to gain a deeper understanding of this association. 

Surprisingly, in contrast to nuclear DNA ( 22 ,23 ), the pro-
moters and replication origin located in the NCR exhibited
significantly lower levels of 8-oxodG accumulation compared
with the coding region, both under steady-state conditions
and following oxidative stress. This indicates that these reg-
ulatory regions may be better protected against oxidatively
generated damage by some form of safeguarding mechanisms
(e.g. some form of physical protection against ROS formation
of 8-oxodG, and / or preferential DNA repair at these regions) 
or that the mechanisms involved in the production of 8-oxodG 

residues occur more easily in the coding region. 
Our study provides evidence for a functional positive link 

between 8-oxodG accumulation and mitochondrial transcrip- 
tion, and opens up new avenues for exploring the cause-and- 
effect relationship between 8-oxodG and transcription in the 
mitochondrial genome. Additionally, it highlights the need for 
further investigation into the mechanisms underlying the ac- 
cumulation and repair of 8-oxodG in mtDNA. This knowl- 
edge could potentially advance the development of therapeu- 
tic approaches aimed at mitigating the detrimental impacts of 
oxidative stress and preserving mitochondrial function. 
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