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Presentation of Thesis

This thesis is presented in six chapters and follows the process of mitochondrial DNA testing
in forensics. Chapter 1 introduces the theory of mitochondrial DNA, its testing and forensic
uses in cases. Sequencing technologies for mitochondrial DNA are reviewed as well as the
limitations in DNA markers for quantification and sequencing, providing a strong justification
for this research in developing and evaluating novel mitochondrial DNA markers for human
identification. Chapters 2-5 listed below describe the methods and results, and discuss the
two projects undertaken in this research. Note that Chapter 3 is prepared as a manuscript for
publishing and Chapter 5 is accepted as a research article. As such, the references of
Chapters 3 and 5 are independent to the thesis. Both of these manuscripts were written in

collaboration with the candidate as the primary contributor.

Chapter 2 introduces the qualities of DNA that can be encountered in compromised forensic

samples and the research methods, which were used to mimic these samples.

Chapter 3 describes the development of a quantification assay which was used to assess the
mitochondrial DNA quantity. While it does appear prior, it should be noted that the assay in

Chapter 3 was developed last and is discussed retrospectively.
Chapter 4 presents the nuclear typing of DNA samples as an indication of DNA quality.

Chapter 5: ‘Performance of the Early Access AmpliSeq™ Mitochondrial Panel with degraded

DNA samples using the lon Torrent™ platform’

Chapter 6 provides a final discussion of the projects and its conclusions as well as

recommendations for the research field.
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Abstract

Mitochondrial DNA testing is expanding the use of DNA as a forensic tool for human
identification. The testing of mitochondrial DNA is a common practice for biological samples,
which are compromised, degraded and contain limited STR information. In these cases, the
amplification and sequencing of mitochondrial DNA becomes a valuable tool in determining
the source of DNA samples. A review of mitochondrial DNA testing in forensic science reveals
a number of improvements which can be made to this process. The project therefore aimed
to improve the process of mitochondrial DNA testing. In particularly, it focuses on the
developing and testing of mitochondrial DNA markers involved in the quantification and

amplification of samples.

The quantification of mitochondrial DNA is important to optimising the amplification of DNA
samples. Methods for quantification of mitochondrial DNA commonly involve estimating
mitochondrial DNA quantities from nuclear DNA. This is usually unreliable as a high variability
of mitochondrial DNA copy number exists between human cells. Hence, in this study, the
development of a specific DNA assay for mitochondrial DNA provides a reliable determination
of mitochondrial copy number. The testing of this novel assay has shown it is specific, sensitive
and reproducible in DNA samples of artificially degraded qualities. As such, the incorporating
of the DNA assay into workflows of mitochondrial DNA testing will improve the overall

amplification of samples for downstream processes such as mitochondrial DNA sequencing.

Furthermore, the transition of mitochondrial DNA sequencing from capillary electrophoresis to
massively parallel sequencing platforms is increasing the feasibility of typing multiple DNA
fragments in a single reaction. This has led to the development of small PCR markers, which
are capable of amplifying the entire mitochondrial genome even in challenging forensic
samples. While the sequences of these PCR markers and panels are available for use, its full
performance in amplifying compromised samples remains unknown due to the limited and
usually specialist use of mitochondrial DNA testing and massively parallel sequencing in
forensic laboratories. Therefore, the technical work carried out in this study tests the
performance of the Early Access AmpliSeq™ Mitochondrial Panel (Applied Biosystems, CA,
USA) for amplifying complete mitochondrial genomes in samples of degrading qualities. The
testing of this Panel in compromised samples with limited STR success informs the use of the
Panel in the mitochondrial testing of DNA in forensic laboratories. In this study, the typing of
amplified DNA fragments in parallel reveals the recovery of complete mitochondrial DNA
sequences in all samples. These samples were concordant to reference sequences and the
HV1 and HV2 sequences provided by the ‘gold standard’ of capillary electrophoresis

platforms. Importantly, the analysis of mitochondrial DNA sequences shows a capability to

Xi



resolve mitochondrial haplogroups and ancestries for familial matching. Overall, the results of
this technical work confirms the Panel is able to amplify the complete mitochondrial genome
of compromised samples for sequencing using massively parallel technologies. As such, this
contributes to the use and validation of massively parallel sequencing technologies in forensic
DNA testing.

Overall, the development of a novel DNA assay for the quantification of mitochondrial DNA
and the technical testing of the Early Access AmpliSeq™ Mitochondrial Panel (Applied
Biosystems, CA, USA) has contributed to improvement of mitochondrial DNA testing in
compromised samples. Past use of mitochondrial DNA testing has provided identifications in
cases of mass disasters, missing persons and historical remains. As such, the improvements

to this process will continue to assist in these identifications.
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