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Gene expression, Human Clariom S array

Objectives: Functional genetic variation plays an important role in predicting patients'response to chemotherapeu-
tic agents. A growing catalogue of mitochondrial DNA (mtDNA) alterations in various cancers point to their important
roles in altering the drug responsiveness and survival of cancer cells. In this work, we report the mtDNA sequences,
obtained using a nanopore sequencer that can directly sequence unamplified DNA, and the transcriptomes of oral
squamous cell carcinoma (OSCC) cell lines with differing responses to cisplatin, to explore the interplay between
mtDNA alterations, epigenetic regulation of gene expression, and cisplatin response in OSCC.

Data description: Two human OSCC cell lines, namely H103 and SAS, and drug-resistant stem-like cells derived
from SAS were used in this work. To validate our hypothesis that cisplatin sensitivity is linked to mtDNA changes, we
sequenced their mtDNA using a nanopore sequencer, MinlON. We also obtained the whole transcriptomic profiles of
the cells from a microarray analysis. The mtDNA mutational and whole transcriptomic profiles that we provide can be
used alongside other similar datasets to facilitate the identification of new markers of cisplatin sensitivity, and there-

Keywords: Oral squamous cell carcinoma, Cisplatin response, Mitochondrial DNA, Oxford Nanopore Technologies,

Objective

Oral squamous cell carcinoma (OSCC) is a common
malignant tumour of the head and neck [1]. To date, cis-
platin remains the first-line chemotherapeutic agent for
OSCC. However, its efficacy is limited by drug toxicity
and the resistance capabilities of cancer cells [2]. Recently,
mitochondrial DNA (mtDNA) abnormalities have been
reported in various cancers, highlighting their immedi-
ate role in modulating cancer development and survival
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and therapeutic resistance [3, 4]. By altering mtDNA
replication or transcription, mtDNA defects may impair
mitochondrial functions, including energy production,
biosynthesis, cell signalling, and regulation of oxidative
stress and cell death [5-7]. In this work, we hypothesized
that functional genetic variation in mtDNA could alter
cisplatin-mitochondria interaction, potentially leading to
enhanced toxicity or reduced drug efficacy.

In our previous work [8], we examined the influ-
ence of mtDNA alterations on the cisplatin respon-
siveness of human OSCC cell lines, SAS and H103,
obtained from Japanese Cell Bank Research and
European Collection of Authenticated Cell Cultures,
respectively. We also derived cancer stem-like cells
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Table 1 Overview of data files/datasets
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Label Name of data file/data set File types (file extension) Data repository and identifier (DOI or accession
number)
Datafile 1 Schematic overview of the study design Image file (tif) Figshare (https://doi.org/10.6084/m9.figshare.14701
590) [9]
Datafile 2 The general characteristics of the oral squamous cell  Document file (pdf) Figshare (https://doi.org/10.6084/m9 figshare.14701
carcinoma cell lines 581) [10]
Data file 3 Details of sample processing and sequencing runs Document file (.pdf) Figshare (https://doi.org/10.6084/m9.figshare.14703
801.v1) [11]
Datafile4 Poretools visualizations of the FASTS files generated  Image file (.tif) Figshare (https://doi.org/10.6084/m9.figshare.14701
by each sequencing run 572)[12]
Datafile 5 Albacore base-called reads statistics generated using  Document file (pdf) Figshare (https://doi.org/10.6084/m9.figshare.14701
NanoStat 578.v1) [13]
Datafile 6 Mapping statistics generated using QualiMap and Document file (.pdf) Figshare (https://doi.org/10.6084/m9.figshare.14701
Geneious 587.v1) [14]
Datafile 7 The workflow for sequencing read processing and Image file (tif) Figshare (https://doi.org/10.6084/m9.figshare.14701
variant-calling analysis 584.v1) [15]
Data file 8 The transcriptomic profiles of SAS, SAS tumour Image file (tif) Figshare (https://doi.org/10.6084/m9 figshare.14701
spheres, and H103, as analysed via GeneChip Human 575.v1) [16]

Clariom S arrays

Dataset 1 Raw MinlON sequencing data files

Data set 2 Raw microarray data files

FASTS file (fast5)

CEL file (CEL)

Sequence Read Archive (Accession No.: PRINA712949)
[17]

Gene Expression Omnibus (Accession No.: GSE168424)
[18]

(CSCs) from the cell lines via a sphere-forming assay.
We demonstrated that compared with SAS, H103
and the tumour spheres derived from SAS (which we
loosely classified as a cell line) had reduced sensitiv-
ity towards cisplatin. To validate our prior hypothesis
that cisplatin sensitivity is linked to mtDNA changes,
we used MinION, a nanopore sequencer, to obtain
the mtDNA profiles of the cells. We also performed a
microarray-based transcriptomic analysis of the cells
to explore the complex interplay between mtDNA and
nuclear DNA, which could be manifested as genetic or
epigenetic changes.

Here, we report the mtDNA sequences and the tran-
scriptomes of the cells with differing responses to cispl-
atin [8]. One of the microarray datasets (H103), despite
having been published elsewhere [8], has not been thor-
oughly analysed. Our findings add to the budding body
of genomic and transcriptomic data, where pooled analy-
ses may aid in the identification of molecular markers
for predicting cisplatin response and enabling precise
anticancer therapies of OSCC. The unique mechanism
of nanopore sequencing, which draws on the distinc-
tive electric current patterns produced by different DNA
motifs, allows the detection of both sequence variations
and DNA methylation. Therefore, the sequencing data
can also be reused for in-depth analysis of mtDNA pro-
files and development of more effective tools for process-
ing nanopore sequences.

Data description

All the data files associated with this work are listed in
Table 1. The study design is illustrated in Data file 1. The
characteristics of the OSCC cell lines used in this work
are described in Data file 2. The characterization of the
stem cell-like tumour spheres and the measurements
of cisplatin sensitivity of the three cell lines have been
reported previously [8]. All the methods provided in the
following sections are condensed versions of the methods
described in our previous work [8].

MinlON sequencing

We performed six MinlON sequencing runs for H103,
SAS, and SAS tumour spheres using two MinION Spo-
tOn Flow Cells version R9.5 (Oxford Nanopore Tech-
nologies (ONT), UK; Data file 3). We first co-extracted
supercoiled mtDNA and nuclear DNA of the cells using
QIAprep Miniprep Kit (QIAGEN, Germany) and Agen-
court AMPure XP (Beckman Coulter Inc., USA) [19]. The
sequencing libraries were prepared using the 1D Ligation
Sequencing Kit (SQK-LSK108; ONT, UK), loaded onto
the flow cells, and sequenced for 48 hours. The flow cells
were washed using a Wash Kit (EXP-WSHO002; ONT,
UK) before they were reused for subsequent sequencing
runs.

Raw sequencing signals stored in FAST5 files were
acquired by MinKNOW version 1.6 (ONT, UK; Data
set 1). The sequencing run performance was assessed
using Poretools [20] (Data file 4). During sequencing, live
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base-calling with a read quality score threshold of 7 was
executed by an in-built MinKNOW base-caller. To base-
call all the reads, additional post-sequencing base-call-
ing was performed using Albacore version 1.2.6 (ONT,
UK). The quality of the base-called reads was assessed
using NanoStat [21] (Data file 5). The base-called reads
were mapped to the human reference genome assem-
bly GRCh38 using BWA-MEM [22], generating align-
ment files (Sequence Alignment Map (SAM) format).
The mapping statistics are provided in Data file 6 [23].
The SAM files were compressed into the binary format
(BAM) using SAMtools [24]. The variants were called by
Nanopolish [25], which compared the aligned reads with
the revised Cambridge Reference Sequence of mtDNA
in the GRCh38 assembly. The accuracy of variant call-
ing was evaluated by a cross-check of the quality-filtered
variants with Sanger sequencing, as described in our pre-
vious work [8]. The workflow for sequence reads process-
ing and variant-calling analysis is provided in Data file 7.

Microarray analysis

Total RNA was isolated and purified using innuPREP
RNA Mini Kit (Analytik Jena, Germany) and RapidOut
DNA Removal Kit (Thermo Fisher Scientific Inc., USA).
The purified RNA samples were subjected to a whole
transcriptomic analysis using the GeneChip Human
Clariom S Array (Thermo Fisher Scientific Inc., USA; the
analysis outsourced to Research Instruments Sdn. Bhd.,
Malaysia). The raw data files (CEL files) were obtained
from the GeneChip Command Console Software
(Thermo Fisher Scientific Inc., USA; Data set 2). The
transcriptomic profiles of the cells, as described in Data
file 8, were analysed using Transcriptome Analysis Con-
sole 4.0 (Affymetric Inc., USA). As reported previously,
the findings of the microarray analysis were confirmed
by real-time quantitative polymerase chain reactions
(qPCR) [8].

Limitations

The MinION sequencing produced raw signals stored in
FASTS5 files, whose size ranged from 321 MB to 6.94GB
(Data file 5). The notably varied file size was a conse-
quence of variable sequencing output that was deter-
mined by the number of active nanopores in a flow cell at
the start of a sequencing run. We found that the availabil-
ity of active nanopores declined progressively after con-
secutive uses. Both amplicon and native DNA libraries of
H103 that were sequenced on two used flow cells yielded
low average depths of on-target coverage (Data file 6). As
a result, Nanopolish could not call a complete profile of
mtDNA variants for H103. Nevertheless, we performed
fill-in’ Sanger sequencing for regions that were not
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adequately covered to provide a complete set of mtDNA
variants for H103, as described in our previous work [8].

All the nanopore reads had average quality scores
consistently >10, computed from every position in
the reads (Data file 4). The read quality scores may
seem low if we assess them on the same scale used to
interpret the widely used Phred scores; and if we con-
sider the levels of data accuracy typically reported for
other platforms. However, some have pointed out that
the quality scores reflect error characteristics pecu-
liar to MinION and should not be considered equiva-
lent to the Phred-based scores [26]. Other researchers
intending to reuse the data should be aware that the
read quality scores may improve (or deteriorate) sig-
nificantly with different base-calling schemes. Creating
an algorithm for accurately rendering electrical signals
derived from the nanopores into DNA sequences are
still an area of ongoing research.
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CSCs: Cancer stem-like cells; MtDNA: Mitochondrial DNA; OSCC: Oral squa-
mous cell carcinoma; ONT: Oxford Nanopore Technologies; gPCR: Real-time
quantitative polymerase chain reaction; SAM: Sequence Alignment Map.

Acknowledgements
Not applicable.

Authors’ contributions

EWC conceived and designed the experiments, contributed materials and
analysis tools, reviewed the initial draft of the manuscript critically, and
approved the final draft submitted for review and publication. AA designed
and performed the experiments, analysed the data, prepared the figures

and tables, drafted and revised the manuscript, and approved the final draft
submitted for review and publication. PYN contributed materials and analysis
tools. All the authors read and approved the final manuscript.

Funding

This study was supported by a university grant (Dana Impak Perdana, DIP-
2016-017) and MAKNA Cancer Research Award 2015. The funding bodies
played no role in the design of the study and collection, analysis, and interpre-
tation of data and in writing the manuscript.

Availability of data and materials

The nanopore sequencing and transcriptomic data described in this Data
Note were deposited in Sequence Read Archive (Accession No.: PRINA712949)
and Gene Expression Omnibus (Accession No.: GSE168424), respectively. The
supplementary figures and tables can be accessed on Figshare. Please see
Table 1 and references [9-18] for links to the relevant data repositories.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 9 September 2021 Accepted: 11 June 2022
Published online: 21 June 2022



Aminuddin et al. BMC Genomic Data (2022) 23:47

References

1.

20.

21

22.

Vigneswaran N, Williams MD. Epidemiologic trends in head and neck
cancer and aids in diagnosis. Oral Maxillofac Surg Clin North Am.
2014,26:123-41 https://doi.org/10.1016/j.coms.2014.01.001.

da Silva SD, Hier M, Mlynarek A, Kowalski LP, Alaoui-Jamali MA. Recurrent
oral cancer: current and emerging therapeutic approaches. Front Phar-
macol. 2012;3:1-7 https://doi.org/10.3389/fphar.2012.00149.

Copeland WC, Wachsman JT, Johnson FM, Penta JS. Mitochondrial DNA
alterations in cancer. Cancer Investig. 2002,20:557-69 https://doi.org/10.
1081/CNV-120002155.

Hertweck KL, Dasgupta S. The landscape of mtDNA modifications in
cancer: a tale of two cities. Front Oncol. 2017;7:1-12 https://doi.org/10.
3389/fonc.2017.00262.

Gao D, Zhu B, Sun H, Wang X. Mitochondrial DNA methylation and
related disease. Adv Exp Med Biol. 2017;1038:117-32 https://doi.org/10.
1007/978-981-10-6674-0_9.

Malik AN, Czajka A. Is mitochondrial DNA content a potential biomarker
of mitochondrial dysfunction? Mitochondrion. 2013;13:481-92 https://
doi.org/10.1016/j.mito.2012.10.011.

van Gisbergen MW, Voets AM, Starmans MHW, de Coo IFM, Yadak R,
Hoffmann RF, et al. How do changes in the mtDNA and mitochondrial
dysfunction influence cancer and cancer therapy? Challenges, opportu-
nities and models. Mutat Res - Rev Mutat Res. 2015,764:16-30 https://doi.
0rg/10.1016/j.mrrev.2015.01.001.

Aminuddin A, Ng PY, Leong CO, Chua EW. Mitochondrial DNA
alterations may influence the cisplatin responsiveness of oral squa-
mous cell carcinoma. Sci Rep. 2020;10:1-17 https://doi.org/10.1038/
$41598-020-64664-3.

Aminuddin A, Ng PY, Chua EW. Data file 1: schematic overview of the
study design. Figshare. 2021; https://doi.org/10.6084/m9.figshare.14701
590.

Aminuddin A, Ng PY, Chua EW. Data file 2: the general characteristics of
the oral squamous cell carcinoma cell lines. Figshare. 2021; https://doi.
0rg/10.6084/m9.figshare.14701581.

. Aminuddin A, Ng PY, Chua EW. Data file 3: details of sample processing

and sequencing runs. Figshare. 2021; https://doi.org/10.6084/m9.figsh
are.14703801.v1.
Aminuddin A, Ng PY, Chua EW. Data file 4: Poretools visualizations of the

FASTS files generated by each sequencing run. Figshare. 2021; https://doi.

0rg/10.6084/m9.figshare.14701572.

Aminuddin A, Ng PY, Chua EW. Data file 5: albacore base-called reads
statistics generated using NanoStat. Figshare. 2021; https://doi.org/10.
6084/m9.figshare.14701578.v1.

Aminuddin A, Ng PY, Chua EW. Data file 6: mapping statistics generated
using QualiMap and Geneious. Figshare. 2021; https://doi.org/10.6084/
mO.figshare.14701587.v1.

Aminuddin A, Ng PY, Chua EW. Data file 7: the workflow for sequencing
read processing and variant-calling analysis. Figshare. 2021; https://doi.
0rg/10.6084/m?9.figshare.14701584.v1.

Aminuddin A, Ng PY, Chua EW. Data file 8: the transcriptomic profiles of
SAS, SAS tumour spheres, and H103, as analysed via GeneChip human
Clariom S arrays. Figshare. 2021; https://doi.org/10.6084/m9.figshare.
14701575.v1.

Aminuddin A, Ng PY, Chua EW. Raw MinION sequencing data files.
Sequence Read Archive. 2021; https://www.ncbi.nlm.nih.gov/sra/PRINA
712949.

Aminuddin A, Ng PY, Chua EW. Raw microarray data files. Gene Expres-
sion Omnibus. 2021; https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?
acc=GSE168424.

Quispe-tintaya W, White RR, Popov VN, Vijg J, Maslov AY. Rapid mitochon-
drial DNA isolation method for direct sequencing. Mitochondrial Med.
2015;1264:89-95 https://doi.org/10.1007/978-1-4939-2288-8.

Loman NJ, Quinlan AR. Poretools: a toolkit for analyzing nanopore
sequence data. Bioinformatics. 2014;30:3399-401 https://doi.org/10.
1093/bioinformatics/btu555.

De Coster W, D'Hert S, Schultz DT, Cruts M, Van Broeckhoven C. NanoPack:

visualizing and processing long-read sequencing data. Bioinformatics.
2018,34:2666-9 https://doi.org/10.1093/bioinformatics/bty149.

Li H. Aligning sequence reads, clone sequences and assembly contigs
with BWA-MEM. arXiv preprint arXiv:1303.3997. 2013. https://doi.org/10.
48550/arXiv.1303.3997.

Page 4 of 4

23. Okonechnikov K, Conesa A, Garcia-Alcalde F. Qualimap 2: advanced
multi-sample quality control for high-throughput sequencing data. Bioin-
formatics. 2015;32:btv566 https://doi.org/10.1093/bioinformatics/btv566.

24. LiH, Handsaker B, Wysoker A, Fennell T, Ruan J, Homer N, et al. The
sequence alignment/map format and SAMtools. Bioinformatics.
2009;25:2078-9 https://doi.org/10.1093/biocinformatics/btp352.

25. Loman NJ, Quick J, Simpson JT. A complete bacterial genome assem-
bled de novo using only nanopore sequencing data. Nat Methods.
2015;12:733-5 https://doi.org/10.1038/nmeth.3444.

26. LaverT, Harrison J, O'Neill PA, Moore K, Farbos A, Paszkiewicz K, et al.
Assessing the performance of the Oxford Nanopore technologies
MinlON. Biomol Detect Quantif. 2015;3:1-8 https://doi.org/10.1016/j.bdq.
2015.02.001.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/j.coms.2014.01.001
https://doi.org/10.3389/fphar.2012.00149
https://doi.org/10.1081/CNV-120002155
https://doi.org/10.1081/CNV-120002155
https://doi.org/10.3389/fonc.2017.00262
https://doi.org/10.3389/fonc.2017.00262
https://doi.org/10.1007/978-981-10-6674-0_9
https://doi.org/10.1007/978-981-10-6674-0_9
https://doi.org/10.1016/j.mito.2012.10.011
https://doi.org/10.1016/j.mito.2012.10.011
https://doi.org/10.1016/j.mrrev.2015.01.001
https://doi.org/10.1016/j.mrrev.2015.01.001
https://doi.org/10.1038/s41598-020-64664-3
https://doi.org/10.1038/s41598-020-64664-3
https://doi.org/10.6084/m9.figshare.14701590
https://doi.org/10.6084/m9.figshare.14701590
https://doi.org/10.6084/m9.figshare.14701581
https://doi.org/10.6084/m9.figshare.14701581
https://doi.org/10.6084/m9.figshare.14703801.v1
https://doi.org/10.6084/m9.figshare.14703801.v1
https://doi.org/10.6084/m9.figshare.14701572
https://doi.org/10.6084/m9.figshare.14701572
https://doi.org/10.6084/m9.figshare.14701578.v1
https://doi.org/10.6084/m9.figshare.14701578.v1
https://doi.org/10.6084/m9.figshare.14701587.v1
https://doi.org/10.6084/m9.figshare.14701587.v1
https://doi.org/10.6084/m9.figshare.14701584.v1
https://doi.org/10.6084/m9.figshare.14701584.v1
https://doi.org/10.6084/m9.figshare.14701575.v1
https://doi.org/10.6084/m9.figshare.14701575.v1
https://www.ncbi.nlm.nih.gov/sra/PRJNA712949
https://www.ncbi.nlm.nih.gov/sra/PRJNA712949
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE168424
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE168424
https://doi.org/10.1007/978-1-4939-2288-8
https://doi.org/10.1093/bioinformatics/btu555
https://doi.org/10.1093/bioinformatics/btu555
https://doi.org/10.1093/bioinformatics/bty149
https://doi.org/10.48550/arXiv.1303.3997
https://doi.org/10.48550/arXiv.1303.3997
https://doi.org/10.1093/bioinformatics/btv566
https://doi.org/10.1093/bioinformatics/btp352
https://doi.org/10.1038/nmeth.3444
https://doi.org/10.1016/j.bdq.2015.02.001
https://doi.org/10.1016/j.bdq.2015.02.001

	Mitochondrial DNA sequences and transcriptomic profiles for elucidating the genetic underpinnings of cisplatin responsiveness in oral squamous cell carcinoma
	Abstract 
	Objectives: 
	Data description: 

	Objective
	Data description
	MinION sequencing
	Microarray analysis

	Limitations
	Acknowledgements
	References


