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ABSTRACT: Advancements in DNA sequencing technologies are occurring at a rapid rate. Various platforms
have proven useful in all aspects of health and science research, from molecular diagnostics in cancer research to
spore identification in bioterrorism. In the field of forensics, one particular single-molecule sequencing platform
shows promise for becoming a viable solution for small to midsize forensic laboratories.
Oxford Nanopore Technologies (ONT) has developed a portable, nanopore-based sequencing instrument that
has already been utilized for on-site identification of Zika and Ebola viruses, full genome sequencing, evaluation
of DNA and RNA base modifications, and enrichment-free mitochondrial DNA analysis. The rapid development
of this technology creates possibilities relevant to standard DNA sequencing, direct analysis of forensic samples,
including blood, semen, and buccal swabs, mitochondrial DNA analysis, SNP and STR analysis, familial identification,
and microbial identification for bioterrorism and geolocation. The small size of the platform, its low cost, and its
requirement of only basic laboratory equipment makes this platform well suited for small laboratories wishing to
begin developing expertise in sequence-based forensic analyses.
Herein, we outline recent developments and applications of nanopore sequencing technologies and their potential
application in forensic analysis. We address current and potential techniques in mitochondrial DNA analysis, SNP
and STR typing, and microbial identification. Additionally, we discuss recent developments in library preparation
and data analysis tool further streamlining the sequencing process that integrate workflows in laboratories or in
remote field scenarios.
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Forensic Genetic Marker Systems
DNA evidence has long been considered the gold
standard for human identification in forensic investigations.
Forensic genetic analyses may harness the information
within various markers depending on both the nature of the
evidence and case at hand. Most often, DNA typing exploits
the high variability of short tandem repeat (STR) sequences
to differentiate between individuals at the genetic level
[22,48,73,92]. Comparison of STR profiles can be used
for human identification in a wide range of forensic cases
including homicides, sexual assaults, missing persons, and
mass disaster victims [92]. In addition to autosomal short
tandem repeats (auSTRs), lineage-specific genetic markers
located on the Y chromosome (Y-STRs) can facilitate in
the identification of male sources and may provide critical
information in cases involving sexual assault evidence and
unestablished paternity [22,92,93].
Typical STR typing workflow consists of amplification
followed by size-based separation and detection via
capillary electrophoresis (CE) [24,92]. The power of
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discrimination achieved by the 20 loci in the expanded
core CODIS panel is often sufficient for routine forensic
casework [78]. However, the information obtained using
standard STR typing approaches may be inadequate
for the deconvolution of mixed DNA profiles and some
complex kinship analyses even when additional loci are
interrogated [122,123]. The abundance of nucleotide
variation observed within and around common forensic
STR markers demonstrates that sequence-level data not
captured by repeat length techniques are highly beneficial in
human identity testing [62–64,121,122,144,146,173,174].
Detection of hidden variation at these microsatellite loci
would significantly expand upon the level of resolution
realized via CE by enabling differentiation between
alleles with the same base composition but alternate motif
organizations [145].
STR loci are the most commonly utilized marker
system for forensic human identity testing due to the high
genetic instability and ease of CE-based interrogation
[177]. Despite these advantages, current typing techniques
are limited to repeat length information and rely on the
generation of longer range PCR amplicons, which may
prove challenging when working with highly degraded
or low template samples. Researchers have demonstrated
that other genetic markers, including single nucleotide
polymorphisms (SNPs) [97], mitochondrial DNA
(mtDNA) [15], and even microbial species [20,74], harbor
additional information capable of generating pivotal
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