NGS Data



Next Generation Sequencing

The introduction of Next Generation Sequencing (NGS) added a
new dimension to the field of forensic genetics, providing distinct
advantages over traditional CE systems in terms of captured
information.

Locus Allele number Allele sequence

D351358 15 [TCTA][TCTG]3[TCTA]11
D35S1358 15 [TCTA][TCTG][TCTA]1o
D185S51 20 [AGAA]>g

D185S51 20 [AGAA]16GGAA[AGAA]3

NGS is also referred to as Massively Parallel Sequencing (MPS),
Second Generation Sequencing (SGS) or High-Throughput (HTP)
sequencing.
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NGS Workflow

By far the biggest player in the field of sequencing instruments is
Illumina. Their workflow includes four basic steps:

A. Library Preparation

Genomic DNA

l Fragmentation
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NGS library is prepared by fragmenting a gDNA sample and
ligating specialized adapters to bath fragment ends.

C. Sequencing

Sequencing Cycles ( )
-Dgna Image

Data is exported to an output file l

Cluster 1 > Read 1: GAGT...
Cluster 2 > Read 2: TTGA...
Cluster 3 > Read 3: CTAG...
Cluster 4 > Read 4: ATAC...

Text File
Sequencing reagents, including fluorescently labeled nucleo-
tides, are added and the first base is incorporated. The flow
cellis imaged and the emission from each cluster is recorded.
The emission wavelength and intensity are used to identify
the base. This cycle is repeated “n” times to create a read
length of “n” bases.

B. Cluster Amplification

Flow Cell

Bridge Amplification
Cycles

Clusters

Library is loaded into a flow cell and the fragments are
hybridized to the flow cell surface. Each bound fragment
is amplified into a clonal cluster through bridge amplification.

D. Alignment and Data Anaylsis

ATGGCATTGCAATTTGACAT
TGGCATTGCAATTTG
AGATGGTATTG
Reads GATGGCATTGCAA
GCATTGCAATTTGAC
ATGGCATTGCAATT
AGATGGCATTGCAATTTG

Reference
Genome

AGATGGTATTGCAATTTGACAT

Reads are aligned to a reference sequence with bioinformatics
software. After alignment, differences between the reference
genome and the newly sequenced reads can be identified

Source: An Introduction to NGS Technology (Illumina, 2015).
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NGS Data

Results from sequencing platforms usually entail raw data, and
need to be translated into information suitable for further (statis-
tical) analysis.

e Software tools are available that align the reads to a reference
sequence (alignment);

e Detect variations in the individual’s genome (variant calling);

e And annotate the data using external information, resulting
in @ summarized data structure (annotation).

Instead of aligning to a reference sequence, sequence-searching
techniques can be used that will use flanking sequences to detect

STRs.
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NGS Data Output

A DNA profile can be visualized similar to an epg:
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NGS Data Output

A DNA profile can be visualized similar to an epg:

Genotype plot for locus vWA, sample NA20342
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NGS Considerations

e Reads vs. peaks (discrete vs. continuous data)

e Discovery of previously unknown alleles and more variability

e New system of nomenclature needed

e Direction of strand reporting
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Source: https://www.khanacademy.org/science/biology/dna-as-the-genetic-material/
dna-replication/a/molecular-mechanism-of-dna-replication.
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LB vs. SB Allele Callings

LLocus Penta E is already quite polymorphic, so NGS data does not
lead to significant improvements. For locus D851179, sequencing

leads to a substantial increase in variability.

Allele counts for locus D8S1179

Allele counts for locus PentaE
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Flanking Region SNPs

Additional variation has been found in the flanking regions adja-
cent to repeat motifs.

Primer binding Flanking Repeat Flanking Primer binding

L N -4

Source: Forensic DNA Evidence Interpretation (Buckleton et al., 2016).

For STR loci in which repeat regions do not display sequence dif-
ferences, flanking region SNPs may still add substantial variability.
Knowledge of these variants can be utilized in primer design to
ensure optimal positioning during the PCR process.

Locus LB Allele SB Allele SB Allele with SNPs
D165S539 11 [GATA]]_]_ [GATA]11r511642858[A]
D165539 11 [GATA]11 [GATA]11rs11642858[C]
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Observed Sequence Variation

STR sequence variation divided in length variation, additional
sequence variation, and SNP variation:
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Source: Massively parallel sequencing of short tandem repeats (van der Gaag et al., 2016).
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