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The Application of Novel NGS Technology in Forensic DNA Research
Chia-Hung Huang*, Tsun-Ying Huang, Fang-Chun Chung, Chun-Yen Lin, Institute of Forensic
Medicine, Ministry of Justices, N0.123, Min ‘an St., Zhonghe Dist., New Taipei City 235, Taiwan
(R.O.C.)

After attending this presentation, attendees will see the merits of next-generation sequencing
(NGS) in forensic mitochondrial DNA typing and the advantages verses disadvantages of different
sequencing techniques.

This presentation may shed some light on the discrepancy of mitochondrial DNA sequencing by
Sanger’s sequencing, ion-semiconductor sequencing, and sequencing-by-synthesis. This also paved the
way for the application of NGS to forensic DNA typing.

In forensic medicine, mitochondrial DNA provides the evidence of maternal inheritance; the high
variable regions (HV-1 and HV-2) in the D-loop are the most informative among all. The traditional
Sanger’s sequencing can generate high quality mtDNA sequencing data. However, this can be a tedious
task under the pressure of time limitation and human resource. In contrast, the NGS offers more reads
at the price of higher cost. Thus, this study compares the cons and pros of NGS with Sanger’s
sequencing.

22 anonymous cases were selected. Sample types included oral swabs for 3 cases, muscles for 3
cases, and bones for 16 cases. For Sanger’s sequencing, HV-1 and HV-2 were amplified independently,
and the PCR products were purified and sequenced with 3130xL. For NGS, the DNA samples were
amplified using 2 pairs of mtDNA specific primers. The two amplicons covering the whole
mitochondrial genome were ~8.5kb for each with some overlap and were subjected for library
preparation. In brief, for ion-semiconductor sequencing, the amplicons were sheared to suitable size
using shearing enzyme, tagged with different barcodes to identify different cases, and amplified with
emulsion PCR to provide adequate signal strength. A higher sequencing depth indicates a better data
quality. Since the sequencing depth have a coverage ranges of 1500-folds, this indicated that the quality
of the data was very high. For sequencing-by-synthesis, the amplicons were fragmented and tagged
simultaneously by special transposase, labeled using different barcodes, and amplified with
bridge-amplification in order to provide sufficient florescence signal. The sequencing depth maintained
a coverage range of 2000-folds, which shows that the data should be very accurate. Variants called
from different platforms were compared, while 19 cases were determined by ion-semiconductor
sequencing, 21cases were determined by sequencing-by-synthesis, and all of their HV-1 and HV-2
regions were determined by Sanger’s sequencing.

The polymorphisms of HV-1 and HV-2 regions include SNP, indel, and heteroplasmy; most of the
SNP could be identified by both NGS platforms. Moreover, both NGS platforms showed better
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sensitivity in detection of heteroplasmy, and the determined heteroplasmic proportions were
concordance between the two platforms. However, in detecting indels, there were some discrepancies
between them. For ion-semiconductor sequencing, the homopolymer emitted an accumulated proton
signal, and thus the algorithm needed optimization, setting “hot spots” previously, to approach the
accurate length of homopolymer. For sequencing-by-synthesis, few adjustments were required for the
estimated length of homopolymer. In some cases, the estimated lengths of sequencing-by-synthesis
were one-base longer than the length determined by Sanger’s sequencing; this is probably due to the
conservative fashion of the determination of Sanger’s sequencing.

The DNA quality should be a critical issue in the preparation of amplicons. In this report, the DNA
samples from the bones were severely damaged. The DNA quantities extracted from the bones were
poor and barely met the requirements of long-range PCR. NGS platforms brought resolutions for this
challenge. For the whole mitochondrial genome, the company recommended different optimized
primers for different platforms to amplify the genome, as well as shorter amplicons. Furthermore, both
NGS techniques (ion semiconductors sequencing and sequencing-by-synthesis) suggest that
transposase should be used in order to construct the library. This not only dramatically shortened the
consumption of amplicons, but also decreased the labor input. These improvements could make NGS

more feasible in forensic DNA analysis.

keywords: next-generation sequencing (NGS) , mitochondrial DNA, homopolymer
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