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STR sequencing validation of the Powerseq™ assay

Abstract

Current forensic DNA analysis predominantly involves identification of human
donors by analysis of short tandem repeats (STRs) using Capillary Electrophoresis
(CE). Recent developments in Massively Parallel Sequencing (MPS) technologies offer
new possibilities in analysis of STRs since they might overcome some of the limitations
of CE analysis. In this study |7 STRs and Amelogenin were sequenced in high coverage
using a prototype version of the Promega PowerSeq™ system for 297 population
samples from the Netherlands, Nepal, Bhutan and Central African Pygmies. In addition,
45 two-person mixtures with different minor contributions down to 1% were analysed
to investigate the performance of this system for mixed samples. Regarding fragment
length, complete concordance between the MPS and CE-based data was found,
marking the reliability of MPS PowerSeq™ system. As expected, MPS presented a
broader allele range and higher power of discrimination and exclusion rate. The high
coverage sequencing data were used to determine stutter characteristics for all loci
and stutter ratios were compared to CE data. The separation of alleles with the same
length but exhibiting different stutter ratios lowers the overall variation in stutter ratio
and helps in differentiation of stutters from genuine alleles in mixed samples. All alleles
of the minor contributors were detected in the sequence reads even for the 1%
contributions, but analysis of mixtures below 5% without prior information of the
mixture ratio is complicated by PCR and sequencing artefacts.

Introduction

Current forensic DNA analysis almost exclusively focuses on the identification of
human sample donors using multiplex short tandem repeat (STR) genotyping with
commercial kits based on polymerase chain reaction (PCR) and capillary electrophoresis
(CE). Although this type of analysis has proven its value over the past decades, it is not
without limitations. In CE, multiplexing of more than 5 loci in a single assay can only be
achieved by using different fluorescent labels in the PCR and by using non-overlapping
PCR fragment lengths for STRs with the same fluorescent label. Consequently, most
commercial assays have a PCR fragment range between 80-500 bp [20].

When analysing degraded DNA samples, this variation in fragment length frequently
results in noticeable lower, or even absent, signals for the longer PCR fragments. As a
consequence, profiles of degraded DNA often have a lower discriminating power.

Another potential difficulty associated with the CE detection of STRs is the
background signal arising from stutter peaks [19], caused by slippage of the polymerase
in the PCR.In DNA samples from a single person, genuine alleles and stutter alleles can
be easily distinguished. However, the analysis of unbalanced mixtures with low minor
contributions is frequently complicated by stutter alleles that cannot be distinguished
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from genuine alleles of the minor contributors [4].

In theory, these limitations can mostly be solved by the use of massively parallel
sequencing (MPS) of STR loci. STR alleles can be identified by repeat number and
sequence variation and primers can be designed in such a way that PCR fragments
have similar size ranges for all loci. Moreover, many more loci can be multiplexed in
the same reaction because the detection is no longer based on a limited number of
fluorescent labels. A few studies have indicated the potential of MPS STR genotyping
[6, 8, I5, 21]. They showed that, in addition to the variation in repeat number and
repeat sequence, the repeat-flanking regions provide an additional source of variation
and add to the discriminating power of the loci. However, the additional power of
this new sequence variation cannot be fully used until sufficient population frequency
data is available for all loci. We speculated that this additional information could help
in distinguishing genuine alleles from stutter alleles afthough it is not likely that this
problem will be completely overcome.

For this purpose, we assessed population data for 297 samples of three distinct
populations (Dutch, Himalayan, and Central African Pygmies) for |7 STR loci included
in a prototype version of the PowerSeq™ MPS STR assay [21]. These data were
compared to the results of CE-based data from the PowerPlex® Fusion System [12].
We also present data from several series of mixed DNA samples in different ratios
down to 1199 to survey the possibilities and limits for this assay in analysis of mixed
samples.

We examined the additional sequence variation of the loci, both within the STR
motifs and in the flanking regions, and assessed the impact of this variation on the
discriminating power of the loci. In addition, stutter ratios were studied and compared
to those obtained with CE-based profiling.

As a consequence of various mechanisms such as DNA recombination, replication
and repair-associated processes, the spectrum of human genetic variation ranges from
single nucleotide differences to large chromosomal events. Among the different types
of genetic changes, repetitive DNA sequences show more polymorphism than single
nucleotide variants (Conrad et al., 20 10; Hinds et al., 2006; lafrate et al., 2004; Kidd et al,,
2008; Redon et al,, 2006; Sebat et al,, 2004; Tuzun et al., 2005), and they are important
in human diseases (Conrad et al, 2010; de Cid et al,, 2009; Girirajan et al., 201 |; Hollox
et al, 2008; McCarroll et al, 2009; Pinto et al, 2010), complex traits and evolution
(Mills et al,, 201 I; Stephens et al,, 201 I; Sudmant et al., 2010). In particular; microsatellite
variants, also known as short tandem repeats (STR), and their expansion/shortening
have been linked to a variety of human genetic disorders (Mirkin, 2007; Pearson et al,,
2005; Sutherland and Richards, 1995), and have been used in genotyping (Kimura et al,,
2009; Weber and May, 1989) and forensic DNA fingerprinting studies (Kayser and de
Knijff, 201 |; Moretti et al., 2001).
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Because of the repetitive nature of STRs and often the low level of complexity of the
DNA sequences in which they occur (Treangen and Salzberg, 2012), characterization
of STR variability and understanding of their functional consequences are challenging
(Weischenfeldt et al, 2013). So far, sequencing-based strategies have focused on
reads mapped to the reference genome and subsequent identification of discordant
signatures and classification of associated STRs (Medvedev et al., 2009; Mills et al., 201 I).
Yet, the mainstream aligners, such as BWA (Li and Durbin, 2009) or Bowtie (Langmead
and Salzberg, 2012), do not tolerate repeats or insertions and deletions (indels) as a
trade-off of run time (Li and Homer, 2010).This limitation leads to ambiguities in the
alignment or assembly of repeats which, in turn, can obscure the interpretation of results
(Treangen and Salzberg, 2012). Moreover, the current human genome reference still
remains incomplete and provides only limited information on expected and potentially
uncharacterized STRs in different individuals (Alkan et al,, 201 [; lafrate et al., 2004; Kidd
et al, 2008; Sebat et al, 2004). Consequently, STRs are not routinely analyzed in whole-
genome or whole-exome sequencing studies, despite their obvious applications and
their role in human diseases, complex traits and evolution.

Here, we present a method for targeted profiling of STRs that reports a full
spectrum of all observed genomic variants along with their respective abundance.
Our tool, TSSV, can accurately profile and characterize STRs without the use of a
complete reference genome, and therefore minimizes biases introduced during the
alignment and downstream analysis. TSSV scans sequencing data for reads that fully
or partially encompass loci of interest based on the detection of unique flanking
sequences. Subsequently, TSSV characterizes the sequence between a pair of non-
repetitive flanking regions and reports statistics on known and novel alleles for each
locus of interest. We show the performance of TSSV on robust characterization of all
allelic variants in a given targeted locus by its application in several case studies: forensic
DNA fingerprinting of mixed samples by STR profiling, characterization of variants
introduced by transcription activator-like effector nucleases (TALENS) in embryonic
stem (ES) cells and detailed characterization of errors derived from a next-generation
sequencing (NGS) experiment.

Material and Methods

Population samples

To assess the potential genetic variation, 297 DNA samples were selected from a
European population (101 Dutch samples [20]), an Asian population (97 samples from
Nepal and Bhutan [10]) and an African population (99 Central African Pygmy samples

D
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Capillary electrophoresis

PCR reactions were performed according to the protocol of the PowerPlex® Fusion
System [14] using 0.5 ng of DNA and 30 amplification cycles using a GeneAmp® PCR
System 9700 (Life Technologies). For every reaction, 2800M Control DNA (Promega)
was included as a positive control and a water sample was included as negative control
sample. CE was performed using an AB3500XL (Life Technologies) according to the
PowerPlex® Fusion System protocol, data was analysed using GeneMarker® software
v2.4.0 (Softgenetics).

Massively Parallel Sequencing

PCR reactions were performed with a prototype PowerSeq™ sequencing assay
primer mix and master mix (Promega) amplifying | 7 STR loci and Amelogenin. All PCRs
were performed on a GeneAmp® PCR System 9700 using the following program: 96
°C for | min, 30 cycles of 94 °C for 10s, 59 °C for | min, 72 °C for 30s and a final
extension of 60 °C for 10 min, for every reaction 2800M Control DNA was included
as a positive control and a water sample was included as negative control sample.

[llumina sequencing libraries were prepared from the PCR products by ligating
barcoded adapters using the KAPA Library Preparation kit (KAPA Biosystems) without
additional amplification using 2.5 pl of PCR product directly in the end repair reaction
(without prior purification) in a total volume of 35 ul. The A-tailing and ligation step
were performed in a total volume of 25 pl. For ligation,a | 0-fold dilution of a barcoded
TruSeq adapter (lllumina) was used.To confirm successful ligation of the adapters, | pl
of library was analysed on the Qiaxcel (Qiagen) for a selection of libraries. To enable
balanced pooling, sequencing libraries were quantified in duplicate by real time PCR
using the KAPA SYBR® FAST gPCR kit. Quantification reactions were performed on a
LightCycler® 480 (Roche) or a 7500 Real Time PCR System (Life Technologies) using a
dilution series of PhiX control library (lllumina) as standard. After pooling the libraries,
the final pool was quantified again using the same method to enable optimal loading of
the flow cell. Sequencing was performed on the MiSeq® sequencer (lllumina) using v3
sequencing reagents according to the manufacturer's protocol with approximately 5%
of PhiX control library and 14-19 pM final library concentration.

Data analysis

For the analysis of STR sequences, the use of simple alignment-based methods
could lead to errors. In the analysis pipeline, the first step is the alignment of both
paired-end reads that are generated by the sequencer to obtain one high quality
consensus read. We used the paired-end read aligner FLASH [I 1] that aims for a
maximum overlap of both reads when creating one consensus read (matching any two
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paired reads with a mismatch ratio of under 0.33 in the overlapping part). If both reads
end within a repeated element, the alignment could lead to a shortened repeated
element in the consensus read. To be able to recognise possible misalignment of the
reads we altered FLASH version [.2.1| (this altered version is available via https://
github.com/Jerrythafast/FLASH-lowercase-overhang). We added an option to mark
the bases that were not overlapped by both reads in small letters in the consensus
read. Hereby, when all the bases of the flanking regions are in small letters (and thus the
sequence reads ended within the repeated element), they can be filtered out in later
analysis. When a difference occurred between the two reads, the base call with the
highest quality value was used for the consensus. Analysis of the paired-end consensus
reads was performed using TSSV [2] (install using: pip install tssv). ATSSV library was
created based on all observed variants (Sup. File ). In Figure [, the analysis of STRs
using TSSV is illustrated. To further support the interpretation of STR sequencing data,
we developed Stuttermark (part of the Python package fdstools, for installation use:
pip install fdstools); a Python script that marks possible stutter alleles based on the
sequence structure.With this software a column is added to the table of ‘known alleles’
from TSSV where alleles that could be derived from an n-1, n-2 or n+1 stutter of an
allele (based on the complete allele sequence) in the sample are marked. Thresholds
for n-1 and n+1 stutter ratios (n-2 is considered as an n-1-1 using a squared value of
the n-1 threshold) are used to decide whether a sequence is marked as an allele or
as a possible stutter A shell script (available upon request) was written to automate
all the analysis steps in parallel on a computer cluster for large sample series. An Excel
sheet (available upon request) was subsequently used to summarise the results and
score variants according to a priori defined criteria for the number of reads per variant
(total and per orientation) and a minimum percentage from the reads of the highest
allele for every locus.

79



Chapter 4

Figure 1. An overview of the TSSV analysis strategy of short tandem repeat
sequences

TSSV-library

Locus | Flankingl Flanking2 Variant definition
i (5’ of variant) (3’ of variant )

D251338 GTTCATGCCTACATCCCTAGTACCT AGCTGGATTATGGGCCAGTAGGAAT AGCATGGTACCTGCAGGTGGCCCATAATCATGAGTTATTCAGTAAGTTAAAGGATTGCAGGAG 0 1
AGCATGGTACCTGCAGGTGGCCT GTTATTCAGTAAGTTAAAGGATTGCAGGAG 0 1
GGAA420GGCA2 10
AGGCCAAGCCATTTCTGTTTCCAAATCCACTGGCTCCCTCCCAC 01

Flanking sequences in TSSV-library are used torecognise the locus
(usually primer-regions, both flanking sequences are in the same strand orientation)

P e M ] [coan][ceAx ] [Gan] [GeAa ] [Goca|[GocA | ARG CCARGCCATTTCTG T CARATCCACTGGCTCCCTCCCACAGCTGGATT ATGGGCCAG TAGG AT
:

Analysis of seq b flanki gions of TSSV library by variant definition in the library
¢ [T o ] 2x(E) | o]
This sequence was found for 96 forward reads and 102 reverse reads

TSSV report
Locus Forward | Reverse | Total Variant
reads reads reads
D. D251338 | 96 102 198 c \TTGCAGGAG(1)
‘GGAA(4)GGCA(2) AGGCCAAGCCATTTCTGTTTCCAAATCCACTGGCTCCCTCCCAC()

A. An example of the TSSV library entry for locus D25 1338 with from left to right the locus name, flanking 1, flanking 2 (in the same orientation
as flanking ) and the variant definition. Both flanking sequences usually represent the PCR primers. The numbers at the ends of the variant
definition sequences (in this example “0 17, “0 1", *4 20", "2 10", and “0 |") indicate how often (based on current knowledge) a sequence
could be repeated.

B. Both flanking sequences of the library are used to recognise which locus (in both orientations) any read represents. The observed sequence
variation between the two flanking sequences will be reported by TSSV. In this example, some of the surrounding sequence of the STR is included
to not only report the STR variation, but also the sequence variation in the surrounding region of the STR.

C. The sequence between the flanking regions is compared to the variant definition of the library. A sequence that complies with the variant
definition is reported and summarised (by counting the separate repeated motifs) in the ‘known dlleles’ table and a sequence that doesn't
comply with the variant definition is reported in the new dlleles’ table.

D. ATSSV report summarising the displayed allele which was observed 96 times in the forward orientation and 102 times in the reverse orienta-
tion. The variant starts with AGCATGG... (not repeated), followed by GGAA (repeated 4 times), GGCA (repeated 2 times) and AGGCCAA... (not
repeated). In addition to the tables, fasta files are generated containing the complete sequence reads for the known and new alleles at each
locus, but also for the reads that are not recognised or in which only one of the flanking sequences of a locus is recognised. In this way, it is pos-
sible to keep track of the sequences that are not reported.

Analysis of single source samples

In every sequencing run for the population samples (7 runs in total), a maximum
of 48 barcoded samples were sequenced aiming for a coverage of at least 1000 reads
for every STR allele in each sample. After measuring concentrations of the sequencing
libraries, all samples of a run were pooled in an equimolar fashion prior to sequencing.
The output of TSSV was analysed with Stuttermark using two different threshold
settings; first, n-1 position stutters with ratios below 10% of the genuine allele and
n+ | position stutters below 2% of the genuine allele were marked while in the second
analysis thresholds of respectively 20% and 3% were used. As a final step, a sequence
read profile (see Figure 2) was generated showing all the alleles that have met defined
thresholds for read coverage (further described in the Results section).In the sequence
read profile, allele names for alleles marked as stutter for both settings of Stuttermark
are automatically removed. As with CE analysis, remaining alleles with an assigned
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allele name were inspected by a trained expert and alleles interpreted as stutter were
removed. In this article, allele names are described according to the nomenclature
described by van der Gaag and de Knijff [17]. In all figures, locus coordinates were
removed to shorten the allele name.

Figure 2. An example of a PowerSeq™ MPS read profile and read statistics for
all 18 loci in a single-source sample

A. An STR sequence read profile

O oA AN

B. Sample read statistics

Read-category Read-counts Proportion of
total reads

Total passed filter reads 537665 100,0%
Matched pairs 510409 94,9%
Known alleles (including stutters) 406437 75,6%
Genuine alleles (excluding stutter) 350294 65,2%
Reads with errors in the variant region

(new alleles in TSSV analysis) 103972 19,3%
(Singletons) (27973) 52%
Reads representing stutters 56143 10,4%
Primer dimers 27256 5,1%

A.An MPS-STR sequence read profile showing all observed alleles of a single-source reference sample with the corresponding number of forward
reads (blue bars) and reverse reads (red bars) for every allele. Only the observed variants with coverage of at least 5 reads and a within locus
proportion of 2% of the highest allele are displayed in this profile. B. Read statistics of the displayed sample, all percentages are displayed as
a proportion of the total passed filter reads. 94.9% of the reads of this sample were recognised for both flanking sequences (matched pairs)
of a locus using TSSV. 75.6% of the total reads represented known alleles and after removing the stutter reads, 65.2% of the reads represent
the genuine alleles of this sample. From the 19.3% of matched pairs that were marked as new dlleles by TSSV, a large proportion (5.2% of the
total reads) consisted of singletons. The remaining 5.1% of passed filter reads (not recognised as matched pairs) represented primer dimers.
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Analysis of mixed samples

For five two-person combinations selected from the Dutch population samples,
mixtures were prepared in the ratios 1:99, 5:95, 10:90, 20:80, 50:50, 80:20, 90:10, 95:5
and 99:1 by mixing the samples based on triplicate DNA quantifications acquired using
the Quantifiler® Duo DNA Quantification Kit (Life Technologies).

In the PCR reaction for STR amplification, DNA input amounts were adjusted to
add at least 60 pg (= 10 cells) of the minor contributor.To achieve this, total DNA input
varied from 0.5 ng — 6 ng. Samples were sequenced in two runs and pooling ratios were
calculated to achieve a minimum of 20 reads for every allele of the minor contributor in
each mixture. Analysis was performed in the same way as for the single source samples,
but the threshold for the percentage of reads from the highest allele of a marker was
lowered depending on the mixture ratio (further discussed in results and discussion).
Based on the sequence variation and allele ratios, suspected stutter peaks were marked
by an expert to distinguish genuine alleles from stutter peaks.

Analysis of stutter ratios
Stutter analysis of CE data

The sized output trace data (containing fluorescence intensity data for every
position in the electropherogram) was exported from GeneMarker® to Excel. Using
peak heights, the stutter ratios at n-1, n+1 and n-2 stutter positions, were determined
for every allele. Peaks that may represent overlapping stutter events (e.g. stutters in
between two genuine alleles that may represent both an n-1 and an n+1 stutter)
were removed. Sup. Figure | illustrates which combinations of stutter peaks and alleles
were used for analysis. Peaks with intensities below 30 rfu were discarded in order
to avoid miscalled CE artefacts and to minimise the influence of run-to-run variation
of the Genetic Analyser. For some loci, a large proportion of the peaks on stutter
positions were lower than 30 rfu (because of the low stutter ratio and the limit in
detection range), these peaks did not necessarily represent a zero stutter ratio and
were therefore considered to miss a stutter value to avoid underestimation of the
stutter ratio (resulting in a slight overestimation of low ratio stutter peaks).

Stutter analysis of STR sequencing data

Stutter analysis was performed for all samples for which we obtained more than
50.000 total reads (271 out of 297 samples) to avoid bias introduced by low coverage
alleles. To check for possible differences in coverage between long and short alleles,
the within locus allele balance was calculated for every marker. For the stutter analysis,
sequence variants with coverage below 5 reads were discarded to minimise bias in the
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stutter ratio. For every observed sequence allele, a table was generated with 6 possible
stutter sequences; the two most likely stutter sequences for the n-| stutter reads, the
n+ 1| stutter reads and the n-2 stutter reads. The most likely stutter sequences were
determined based on the length of the longest repeating element in the sequence
assuming that longer repeats produce the most stutter [3]. For these 6 stutter alleles,
the stutter percentage was determined by dividing the read count of the stutter allele
by the read count of the genuine allele. Stutter alleles that could overlap with other
alleles or stutter reads were removed taking sequence-specific differences into account
as illustrated in Sup. Figure |.

Statistical Calculations

Forall STRs in the assay, the match likelihood and power of exclusion were calculated
for the alleles observed in CE and MPS for all three populations using the Powerstat
excel spreadsheet [|3].

Results and discussion

To assess sequence variation in STR loci and stutter characteristics of a prototype
MPS STR sequencing assay (PowerSeq™), 297 samples from three globally dispersed
populations were sequenced. To avoid the influence of possible somatic cell line
mutations on the analysis of stutter characteristics, we preferred to use DNA samples
derived from blood over the use of cell line material from worldwide panels like
HapMap or the Human Genome Diversity Panel [, 5].

In the PowerSeq™ assay, all PCRs are designed to amplify STR fragments which
are around the same fragment length (shortest to longest allele: 180-310 bp, 180-280
bp excluding the exceptionally long FGA-alleles). Figure 3 displays the fragment length
distribution of the sequenced alleles in this study for all 17 STRs and Amelogenin.
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Figure 3. Overview of fragment range for all loci in the prototype PowerSeq™
assay

Fragment ranges of Sequencing-assay
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Fragment length (bp)

The prototype MPS PowerSeq™ multiplex assay used in this study contains |7 autosomal STR loci and Amelogenin. This figure shows the PCR
fragment size variation of all alleles sequenced in this study.

Optimisation

Reliable quantification of the sequence libraries is an important step for optimal
sequencing. It is used to achieve optimal balance for pooling different libraries in a run
and it influences the number of molecules that are loaded on the sequencer.To assess
whether equimolar pooling was achieved, the observed and expected proportion of
sequences were compared for all samples in the 7 sequencing runs comprising the
297 population samples (Figure 4). The majority of libraries are represented in 0.5-2
times the expected proportion of reads in the sequencing run, which is sufficiently
balanced for the current design.Thus, the quantitation method that was used (real time
PCR) allows effective library pooling. Different loading concentrations were used on
the MiSeq® sequencer to determine optimal cluster density on the flow cell (higher
loading concentrations result in higher cluster densities). Higher cluster density results
in a higher amount of unfiltered reads but decreases sequence quality (Sup. Figure
2). We infer that a flow cell cluster density around 800-1000 K/mm2 may be most
optimal (further discussed in the section ffiltering noise from alleles”).
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Figure 4. Tukey boxplot of the ratio of observed versus expected read
proportion of pooled samples over different sequencing runs

4.5+

[l o
o w o
A i i

Observed /| Expected read-%
]
th

Tukey boxplot showing the ratio of observed versus expected read proportion of 297 pooled samples analysed in 7 sequencing runs.The box
displays the interquartile range (IQR), the line in the box displays the median and the whiskers display the range until the last sample within
1.5 1QR.

An example of a read profile is shown in Figure 2A. The sequence profile resembles
a CE profile with the y-axis displaying the number of reads observed for every sequence
variant, the labels on the x-axis display a more detailed description of the sequence
for every allele. Note that the range of amplicon sizes is similar for all STRs (Figure 3)
even though the loci are displayed next to each other on the x-axis. The number of
reads is directly proportional to the number of actual molecules for every allele, which
is distinct from CE profiles where peak height is influenced by the intensity of emission
for different fluorescent labels.
Sequence efficiency

In Figure 2, we display the statistics of read counts and the sequencing profile for
a typical sample which is prepared using the recommended input of 0.5 ng DNA
in the PCR reaction for this assay. 65% of the reads represented the genuine allele
sequences of the alleles, approximately 5% of the reads were occupied by stutter reads,
the remaining 25% of recognised reads consisted of reads containing PCR and / or
sequencing errors. The 5% of unrecognised reads consisted mostly of primer-dimers
which is a well-known side effect when large multiplexes such as this |8-plex are
used. Remaining primer-dimers could be minimised by purification steps involving size
selection such as using a low bead-to-volume ratio for AMPure XP beads. However,
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we chose to use the PCR product without purification before the library preparation
and we used a 2:| bead ratio in the purification steps of the library preparation to
avoid size selection which may affect the balance in sequence reads between longer
and shorter STR alleles.

Filtering noise from alleles

In order to be accepted as a reliable forensic diagnostic tool, MPS results should
be retrieved and stored in much more detail compared to CE data. Processing of
millions of reads involves complex bioinformatics. It is for this purpose that the tools
we developed to analyse MPS reads not only report genuine alleles but also facilitate
storing and screening those reads that do not represent genuine STR alleles. Detailed
tables of read statistics are produced and checked before allele interpretation. These
tables contain read counts for new alleles and for alleles that are only recognised
for either one or none of the flanking sequences of the TSSV library. In case of high
read numbers for these categories, fasta files containing the complete sequences of
the reads can be checked for every locus and for each category (known alleles, new
alleles, reads with only the start flanking sequence recognised, reads with only the end-
flanking sequence recognised and reads with no recognised flanking sequences at all)
separately.

The frequency of sequencing errors varies per locus, but is also strongly influenced
by the cluster density in the sequence run. A good indicator for sequence quality of a
sequencing run is the balance between forward and reverse reads. Since read errors
tend to be influenced by sequence content, the same error will usually not appear in
both orientations [ 16]. For the longest alleles from PentaD, Pentak and FGA we noted
that sequencing errors may accumulate in the end of the reads. As a consequence, the
flanking sequences for that strand may no longer be recognised by TSSV, which could
lead to strand bias of over five-fold differences between both orientations, even when
analysing paired-end consensus reads. Thus, one should not straightforwardly aim for a
high cluster density to retain the highest number of reads, as this may be accompanied
with strong strand bias. We observed increased rates of sequence errors and strand
bias for cluster densities over 1000 K/mm? which is below the recommended cluster
density of 1200-1500 K/mm? When a cluster density of 800 K/mm? is used, at least
|.5x107 Passed Filter reads are retained (all sequenced for both read orientations)
which is a sufficient read number to multiplex an effective number of libraries.

Quality filtering of the data was done in the following order:

|. Paired-end consensus alignment: the two paired-end reads of each cluster are
combined. In case of discrepancies, the highest quality base call is used in the
consensus read for further analysis. Parts of the read that are not overlapped
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by both reads are marked in lower case (reads that have one of the library
flanking sequences completely represented by lower case letters are later on
moved to the TSSV category of reads recognised for only one of the flanking
sequences).

Singletons are discarded during analysis using TSSV (TSSV option:‘-a 2'). These
reads can only be checked afterwards by restarting the analysis without this
option. Discarding singletons significantly decreases the report file size and
memory demand in the follow up analyses. Singletons will not meet forensic
standards, but could be used to decide whether sequence coverage needs to
be increased for a low coverage sample. New alleles (that do not match the
variant description of the TSSV library) are reported in a separate table.

After performing TSSV analysis, the table of known alleles is filtered by a priori
defined criteria in an Excel sheet while ensuring that the sequences, which are
filtered out in these steps, can easily be retrieved and investigated. We used
a minimum of 8 reads as allele coverage and a minimum of 2 reads for both
seguence orientations which removed the majority of sequencing errors. These
numbers may seem low, but it should be noted that we use ‘allele coverage’ (only
including reads without errors) and not ‘total coverage’ (which would mean
the sum of all reads for one locus and could include reads with errors). Since
forensic samples often carry allele imbalance due to low amounts of template
or multiple contributors to a sample, the use of total summed coverage of all
alleles for a target can give a misleading sense of quality and should be avoided.
The threshold of 2 reads for both sequence orientations is sufficient to remove
the majority of sequence artefacts.A higher threshold could result in the loss of
some (mostly longer) alleles that exhibit a strong strand-bias due to structural
sequence errors. Retained alleles were interpreted before being reported.

In the same Excel sheet an additional criterion is a within-locus proportion
(the read count of an allele divided by the read count of the highest allele of a
locus) that is required for reporting an allele. This threshold is used to remove
PCR errors and structural sequencing errors that may especially occur at high
coverage. This value can be adjusted depending on the required detection of
low percentage contributions. When the input amount of DNA in the PCR is
available, it can also be used to filter out unrealistic mixture contributions (for
example: for a start amount of 60 pg in the PCR it is not realistic to look for
a 1% contribution since this would represent the DNA equivalent of only O.|
cell). For single reference samples we used a threshold of 5%, for mixtures, this
threshold was lowered to 1% except for mixtures with a minor contribution of
1% in which this threshold was lowered to 0.25%. All retained alleles appear as
a bar in the STR sequence profile (Figure 2).

Allele variants that are not represented in the TSSV library are added to the
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table of new alleles. This table is filtered using the same settings as used for the
known alleles. When a new allele is identified as a genuine allele, it is added
to the TSSV library and samples are reprocessed using the new TSSV library
which will move it to the known alleles category.

6. Stuttermark is used to mark alleles that could be (partly) derived from stutter
(as described in the Materials and methods section). When interpreting the
alleles that pass the filtering steps mentioned before, alleles at a stutter position
of another allele (based on the sequence) and with less reads than an a priori
defined percentage of the reads of a genuine allele are marked as stutter.

7. Interpretation of the retained alleles is done by inspection of the markings
from Stuttermark in combination with the ratio between the retained alleles
and the strand balance for every allele. In this step, the label of the alleles that
are marked as stutter (or any other artefact) will be removed from the STR
sequence profile. However, in the sequence profile, the bar representing the
removed allele will remain without a label as is common practice for CE-based
profiles.

Sup. Figure 3 shows examples of STR sequencing profiles for a single and a mixed

source sample after different filtering settings to illustrate the effect of the used
parameters.

Concordancy

Reliability of sequencing results was assessed for the 297 population samples by
comparison of CE data from the PowerPlex® Fusion System with the sequencing data.
All STR alleles from the sequencing data were in concordance with CE analysis except
for two alleles from PentaD. These alleles were missed when using the 5% within
locus threshold (heterozygote balance), as they had a frequency of 8% and 12% of the
highest allele (Sup. Figure 4). Since both samples are from the same population, and
both alleles have the same repeat length and sequence, it is likely that this difference
in read numbers is caused by a SNP under the PCR primer used in the PowerSeq™
sequencing assay as observed for rare null alleles in commercial CE-based assays [20].

Sequence variation

As was expected, MPS STR genotyping revealed substantial genetic variation in
addition to the variation in repeat length that is detected using CE (Figure 5). Sup.
Figure 5 displays the sequence of the genome reference (GRCh37/hgl9) and of
control sample 2800M (which is provided with the assay). Sup. Figure 6 displays the
observed alleles for all loci and the frequencies of these alleles in the three tested
populations. Since we describe our variants according to nomenclature rules [17] in
which all variants are described in the forward orientation of the genome reference,
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the start position and orientation of some of the alleles is slightly different than the
reference alleles described by Gettings et al. [7]. Based on the observed variation in this
study, the analysed STRs can be divided into four classes.
I. Simple STRs: Loci that only show variation in the number of repeats without
additional sequence variation. CSFIPO is the only simple STR locus.
2. Complex STRs: Loci where the repeat motif consists of several repeating blocks
with a different sequence. D195433, FGA and Pentak are complex STRs.
3. Simple STRs with SNPs in the flanking sequence of the repeat region. D75820,
D 165539, TPOX and PentaD are simple STRs with SNPs.
4. Complex STRs containing SNPs in the flanking sequence of the repeat region:
D2S1338,D351358,D55818,08S1179,D13S317,D18551,D21S1'1,THOI and
VWA (interestingly, for VWA, all SNIPs are associated with specific repeat region
variation) are complex STRs containing SNPs in the flanking sequence.

Figure 5. STR sequence variation divided in length variation, complex STR
variation and SNP variation

Observed sequence-alleles

VWA
TPOX
THO1
PentaE
PentaD
FGA —
D21s11
D195433 S —
D18S51  I—— . o
D165530 — [ ] Add?tnonal alleles by variation in STR-
D135317 ‘—_l motf
D8S1179 s —— u Additionfal alleles by variation outside
075820 pmmm— STRmotif
D55818
D351358
D251338 |

CSF1PO s
LB

o Fragment-alleles

Amel

10 20 30 40 50 60 70
Amount of different Alleles

o

The stacked bar graph displays the number of different alleles observed in sequence analysis of 297 samples divided in three categories: In blue,
the number of alleles observed when performing CE. In red, the additional alleles observed by sequencing when taking into account variation
within the STR motif. In green, the additional alleles when taking into account variation flanking the STR motif. When the variation flanking the
STR motif is linked with variation inside the STR motif, the green portion of the bar graph doesn't display those alleles (they are included in the
red portion of the bar graph).
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Table |. Locus statistics for CE and MPS analysis of the same samples from

three populations

Total Alleles Heterozygous % Match Likelihood Power of Exclusion
Netherlands Nepal + Buthan Biaka Pygmees Netheriands Nepal + Buthan Biaka Pygmees
Fragment- Sequence- |Fragment- Sequence- [Fragment- Sequence- Fragment- Sequence- (Fragment- Sequence- [Fragment- Sequence- (Fragment- Sequence- iFragment- Sequence-
Marker |length variation length variation length variation length variation ‘length variation |length variation length variation :length variation
CSF1PO 10 10 75.8% 75.8% 0.12 0.12 0.12 0.12 0.15 0.15 0.57 0.57 045 045 0.56 0.56
D2S1338 12 55 83.6% 90.6% 0.04 0.03 0.04 0.03 0.04 0.01 0.82 0.82 057 069 061 0.92
D3S1358 9 21 73.8% 87.2% 0.07 0.04 0.11 0.06 0.14 0.05 0.48 0.66 0.50 0.75 0.49 0.81
D58818 7 23 725% 84.9% 0.16 0.04 0.09 0.05 013 0.02 0.54 0.80 043 051 0.44 0.77
D7s820 10 32 81.9% 87.9% 0.07 0.03 0.08 0.03 0.09 0.03 064 0.70 048 063 079 0.94
D8s1179 1" 27 80.2% 86.9% 0.07 0.04 0.06 0.03 0.09 0.03 061 0.76 065 075 0.56 0.69
D138317 8 31 725% 85.6% 0.09 0.03 0.07 0.03 017 0.05 0.57 0.74 055 069 0.31 0.69
D16S539 9 17 75.5% 81.2% 0.10 0.07 0.09 0.05 0.08 0.03 0.48 0.55 0.50 0.55 0.58 0.77
D18851 15 19 83.9% 85.2% 0.04 0.04 0.04 0.04 0.05 0.04 0.70 0.72 069 069 063 0.69
D198433 17 20 836% 83.6% 0.09 0.08 0.06 0.06 0.03 003 057 057 067 067 077 0.77
D21811 25 63 842% 88.3% 0.05 0.03 0.06 0.02 0.04 0.02 0.70 0.78 069 079 065 071
FGA 23 35 86.2% 86.2% 0.05 0.05 0.03 0.03 0.04 0.04 0.82 0.82 075 075 0.60 0.60
PentaD 18 24 83.2% 84.2% 0.06 0.05 0.06 0.06 0.04 0.04 0.62 0.66 057 0.59 0.79 0.79
PentaE 18 19 85.2% 85.2% 0.03 0.03 0.03 0.03 0.04 0.04 0.66 0.66 0.75 0.75 0.69 0.69
THO1 8 14 70.8% 72.5% 0.10 0.10 0.16 0.16 013 0.08 061 0.61 033 033 0.41 0.49
TPOX 7 12 65.4% 711% 0.20 0.20 021 0.19 013 0.05 0.38 0.38 031 033 0.39 0.67
VWA 9 24 785% 83.6% 0.07 0.05 008 0.07 0.06 0.02 0.62 0.70 046 050 063 081
Amel 2 3
_O<mwm__ 5.3E-20 8.6E-23 22E-20 4.6E-23] 4.1E-20 5.2E-25

Heterozygosity, Match Likelihood and Power of Exclusion for STR CE and sequence analysis for all 17 STRs as observed in the three tested

populations.
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Using CE, uniquely identified alleles comprise only 48% of the total alleles observed
using sequencing in these 17 STRs for the analysed set of 297 samples. However,
the variation is not evenly dispersed over the loci (Table |). Since not every available
software tool for analysis of STRs capture the variation within the repeat structure
and the flanking sequence [18] it is important to be aware of the information that
is missed when variation outside the repeat structure is not reported. Obviously, the
discriminating power of the loci is increased when all the variation on sequence level
is taken into account. In Table | we display the match likelihood (ML) for every locus
in all three populations for sequence analysis and for CE analysis in comparison. The
additional sequence variation has the strongest effect on the discriminating power
of D5S818 and DI13S317 with an average three-fold difference in the ML over all
populations between the two methods. D2S1338, D3S1358, D75820, D8SI179,
D16S539 and D2ISI | exhibit more than a two-fold difference in the ML over all
populations. When only taking into account the Dutch and Himalayan population,
D55S818,D75820,D 135317 and D21S1 | still exhibit a greater than two-fold difference
in match likelihood between length and sequence variation.

Stutter analysis

Stutter ratios were determined when the CE signal intensity or MPS read coverage
was sufficient for alleles which are not influenced by stutters from other alleles. An
overview of the read coverage statistics and within locus allele balance of the samples
used for this analysis is shown in Supplemental Figure 7. For each locus, dot plots were
generated displaying the average stutter ratios for all STR alleles for which at least
four stutter ratios could be calculated (Sup. Figure 8). In general, stutter ratios of both
methods are very similar with the exception of PentakE where stutter ratios for CE
are lower than for sequence data. Some sequence alleles correspond to the same CE
allele (e.g. D2S1338 allele 21). For complex STRs, the longest uninterrupted repeat
stretch determines the stutter ratio [19] which is confirmed by our data as illustrated
in Figure 6. Here, detailed stutter graphs for DI8S51 are shown for both methods;
the dots of the alleles carrying an interrupted repeat motif (marked in red) tend to
have lower stutter ratios than the uninterrupted alleles of the same length.. Because of
the separation of these new sequence alleles it is expected that the stutter ratio per
sequence allele would show less variation than the CE stutter ratio which represents
several sequence variants. To test this, the Coefficient of Variance of the stutter ratio
was determined for every allele with stutter data for at least four samples (Sup. Figure
8). Most obtained CV values are either similar or lower for sequencing stutter ratios
than for CE stutter ratios. As expected, the loci for which the CV of the stutter ratio
is generally lower for sequencing data than for CE are all complex STRs (especially
D5S818,D8SI179,D13S317,D21SI 1, FGA and VWA). In addition it was noted that
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the CV of the stutter ratio for sequence data remains relatively stable for all alleles
within the same locus (even though the stutter becomes higher for longer alleles). For
CE-based stutter ratios, much more variation in CV is observed between different
alleles within the same locus which is partly explained by alleles that are subdivided
into different sequence alleles. For some STRs (in particular D2S1338, D3S1358,
D75820 and D18S51) the CV shows a downward trend for increasing allele length in
CE data. An explanation for this decreasing CV could be that low percentage stutter
peaks in a CE profile are often below the detection threshold (30 rfu in this analysis).
Since a certain number (at least several thousand depending on the fluorescent label)
of molecules is needed before a CE peak becomes visible, the signal intensity might not
be linearly correlated with the number of molecules for alleles with low peak heights.
This could contribute to an increased variation of stutter ratios.

Mixture analysis

A total of 45 two-person mixtures (from five donor combinations) were analysed
with minor contributions of 1%, 5%, 10%, 20% and 50% using the PowerSeq™
sequencing assay. In every mixture, all alleles of both contributors were recovered
in the sequence reads, mostly with allele ratios close to expected. Figure 7a displays
the read percentage for each allele call of the minor contributor grouped by mixture
ratio. Although there is variation, we found that the observed percentage of reads
(per allele) from the total locus reads is a good indication of the ratio between two
contributors in a mixture. For each of the 45 mixtures the minor contribution was
estimated based on the read frequencies of the minor alleles that are not overlapping
other alleles or stutter reads in the mixture (see Sup. Figure 9 for further explanation
of this procedure for a hypothetical three locus mixture profile). Figure 7b shows the
summary statistics for calculation of the minor contribution in the |0 mixtures (for
the 50/50 mixtures, calculations were performed for both contributors) of each ratio.
Since the total marker reads also contain reads representing stutter, the quantitative
prediction of the minor contribution is expected to be slightly lower than the genuine
contribution which is apparent for the mixtures with 50% and 20% minor contribution.
Not surprisingly, a quantitative prediction of the minor contribution becomes less
accurate (relative to the percentage of contribution) when the minor contribution
decreases. It is apparent that the standard deviation is almost stable across all mixture
ratios.
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Figure 6. Comparison of stutter ratios for locus D18S51 analysed by CE and
MPS
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A. Dot plot displaying the distribution of stutter ratios for the locus D18S51 analysed by CE using the PowerPlex® Fusion System. Every dot
represents the stutter ratio of one allele in a single sample, lines display the median and whiskers display 1.5 interquartile range. Red dots
represent alleles in which the sequence revealed an interrupted repeat (resulting in a shorter length of the longest repeated motif). B. Dot plot
displaying the distribution of stutter ratios for the locus D18S51 analysed by MPS using the prototype PowerSeq™ system. Red dots represent
alleles in which the sequence revealed an interrupted repeat. It is apparent that the stutter ratio of the alleles carrying an interrupted repeat
motif is generally lower than the alleles of the same length without interruption of the repeat motif.

93



Chapter 4

Figure 7. Tukey boxplot displaying the observed within locus read percentages
of all minor alleles for 10 two-person mixtures for each of the five tested

mixture ratios
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20% 17,28% 0,26% 1,5%
50% 45,33% 0,28% 0,6%

When analysing alleles with abundance below 5% of the highest allele of the locus, additional PCR/sequence error variants were observed for
several loci which can complicate the interpretation of a DNA sample. Therefore, the analysis of minor contributions of 5% or less in a mixture
without prior knowledge of the ratio between the different donors, remains difficult for some, but not all loci using the current experimental
and analysis setup for this assay. Increasing the sequencing coverage increases the read counts of these artefacts as well and will not help to

distinguish them from genuine alleles.
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Analysing an unknown trace

When unknown samples are analysed that could have more than one contributor,
one needs to decide on the minimal allele coverage and level of minor allele detection
prior to sequencing. The minimal allele coverage of 8 reads for every allele and 2 reads
for both orientations used in this study was chosen for investigative purposes to get an
indication of general sequence quality. Although in most cases these thresholds were
sufficient to remove artefacts, some erroneous reads can still occur due to a relatively
low sequence quality that may be caused by variation in cluster density or other factors
yet unknown. In addition to a minimal read coverage to guarantee sequence quality,
an additional threshold can be used for the minimal percentage of reads compared to
the allele with the highest read count within a locus to filter out structural sequence
errors. Below 0.5%, most STRs show a high amount of additional sequence artefacts
that coexist with the genuine alleles at a relatively stable ratio. However, when using a
high threshold, low percentage contributions might be missed.

Recommendations

In this study, the population samples were sequenced with an average allele
coverage of over 800 reads (also including the samples that were not used for stutter
analysis), which is crucial for a reliable characterisation of stutter reads and structural
sequence errors in this stage of the development of this new technique. We assume
that, eventually, for reliable MPS-STR genotyping of a single-source reference sample
(e.g. for database purposes) a much lower coverage could be sufficient. To distinguish
genuine allele sequences from errors, we recommend a coverage of at least 20 reads
for every allele (sequences from both ends combined) with representation in both
orientations.This means that, for the current assay, 5.000 reads per sample will probably
be sufficient to achieve the recommended allele coverage. For evidentiary traces, more
sequences will be needed since locus balance will be influenced by low template
concentrations and low contributions can only be analysed reliably using sufficient
reads for the alleles of the minor contribution. For example, when we want to retain
sufficient data to detect a minor contribution of 5% we need at least (100/5) x 5000
= 100.000 reads (meaning 100.000 reads for read| and 100.000 reads for read?) for
the current assay. This assumes that the sample is of sufficient quality to retain the same
locus balance as a reference sample.
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Conclusion

The analysis of STRs by MPS using the MiSeq® provides several advantages over the
routinely used CE.We observed full concordance between CE (Powerplex® Fusion)
and MPS (PowerSeq™) based genotyping of STR loci among 297 individuals.

We observed substantial sequence variation within the repeat motifs of STR loci
and their immediate flanking regions, in addition to the length variation of the STR-
motifs. Since design of a multiplex assay for MPS is no longer limited by the number of
different fluorescent labels, PCR primers can be designed to amplify all STR loci within
a much more similar fragment size range. This offers advantages for degraded DNA
samples and reduces some of the amplification bias due to length variation among
the various PCR-templates in a single multiplex PCR reaction. In addition, the exact
nature of MPS data (which is as simple as sequence-specific read counts for every
allele) provides opportunities for a more standardised follow-up analysis. The study of
stutter in MPS data shows that the highest stutter artefact is determined by the longest
repeated element in the STR. STR stutter ratios in MPS data are generally similar to
those of CE data except for many of the complex STRs since those CE alleles can
be differentiated into separate MPS alleles with their own respective stutter profile.
Mixture analysis down to a minor contribution of 5% is routinely feasible for most
STR loci. Even sequence reads representing a minor contribution down to 1% can be
recovered, although here, obviously, reads representing stutters still cause interpretation
problems in the reads.
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Supplementary materials

Supplemental Figure I, four examples of allele combinations to illustrate the
criteria used for inclusion of stutters for the calculation of stutter ratios

A.

¥
n-1

B.

16 18
n-1 n+l

[
n+l

The peak profiles display which stutter peaks are included and excluded for analysis of stutter ratios. In all four examples, the blue peaks
represent the genuine alleles, the green peaks represent stutters that are included in the calculation of stutter ratios and the red peaks represent
stutters that are excluded for the calculation of stutter ratios. Example A.: Both alleles have no overlapping stutters, all the stutter peaks are
included for calculation of stutter ratios. Example B.:Allele |4 is overlapping with the n-| stutter of allele 5. For this allele |5, the n-1 stutter
cannot be used for calculation of the stutter ratio. The n-1 stutter of allele 14 overlaps the n-2 stutter of allele 15 but is still included in the
calculation of the stutter ratio for allele |4 since the contribution of the n-2 stutter to the peak height is considered to be negligible. Example
C..The n+1 stutter of allele 14 is overlapping with the n-2 stutter of allele |7.This stutter position is removed from the analysis of the stutter
ratio. Example D.:The n-| stutter of allele |6 overlaps with the n+1 stutter of allele |4 and is excluded from the analysis of the stutter ratio.
For the sequencing data, the same criteria were used but sequence variation was considered resulting in fewer alleles to be excluded from the
calculation of the stutter ratios.

99



Chapter 4

Supplemental Figure 2. Overview of sequence efficiency for MiSeq® sequencing
runs with different cluster density
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Scatterplot displaying the yield of sequence reads after different filtering steps in the analysis from signal on the MiSeq® until the reads retained
in the fastq files after demultiplexing for runs with different levels of cluster density. In red, the initial number of reads are displayed before any
filtering took place on the MiSeq®. In purple, remaining reads after MiSeq® qudlity filtering are displayed. In orange, the reads are displayed in
which a barcode is recognised during de-multiplexing.
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STR sequencing validation of the Powerseq™ assay

Supplemental Figure 3. Overview of analysis filtering / interpretation steps of a
sequence DNA profile for a single source sample and a mixture
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Chapter 4

g:gzi gagsi ysgssg

Final table used for interpretation _u!‘-._.ﬁi!

highest alleie  Allele / Stutter

CSF1PO
CE10_CTAT[10]
CE11_CTAT[11]

D138317
CE11_TATC[11JAATC[2]

CE13_TCCT[12IACCT1TCTT[1]TCCT]1)
CE14_TCCT(13ACCT1]TCTT1]TCCT]1]

D21S11

CE27_TCTA4]TCTG(S]TCTA[S|TATCI4JA{1]TCTA[]TCCA[1]TATC{10]
CE28_TCTAMTCTGIS]TCTAB[TATCI4JA1TCTAZITCCA[1]TATC{11]
CE29_TCTA4]TCTG(S]TCTA[3TATCI4JA{1]TCTA[ZITCCA[1]TATC[12]

D251338
CE19_GGAA[12]GGCA(7]

D351358

CE15_TCTA(1[TCTG(3[TCTA(11)]
CE16_TCTA[1]TCTG[3[TCTA[12]
CE18_TCTA(1]TCTG(ITCTA(14]
CE19_TCTA[1[TCTG[3[TCTA{15]

D5S818

CEB_ATCT[9] 123775612 A>G
CE9_ATCT[10]_123775612 A>G
CE10_CTCT[JATCT([10]

CE11_CTCTHATCT[11]

CSF1P0 e e -
CE11_CTAT[11)
D13§317 e
CE12_TATC[12JAATC{2]
CE13_TATC[14]AATC(1]
D16S539 e
CE9_GATA[9)
CE11_GATA[11]
D18S51 ——
CE10_AGAA[10]

CE17_AGAA[17]

CE14_TCCT3JACCT[1[TCTT1JTCCT[1]
D21811 ceeneeee

CE28_TCTA4|TCTG(S]TCTA[ITATCI4JA[1]TCTA[ZITCCA[1JTATC(11]
CE29_TCTA[4|TCTG{B]TCTA[SITATCIAJA{[TCTAZITCCA[1]TATC(12]

D251338 ~—eee

CE20_GGAA[13)GGCA[7]

CE21_GGAA[2IGGAC[1]GGAA[1 1}GGCA[7]
(110K P——
CE16_TCTA{1]TCTG(3]TCTA[12)
CE19_TCTA[1[TCTG{3[TCTA[15]

(o157 1 1. J——
CES_ATCT[10]_123775612 A>G

CE11_CTCT[1JATCT[11]
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STR sequencing validation of the Powerseq™ assay

!iitii_gggﬁ.

forward _reverse  reads Aliele label

D7S820 forward reverse total D7S820 ——rmeee

D73820 25 19 44

D75820 42 39 81

D7S820 1057 893 1850 CEB8_TCTA[8] 84160286 G>A
D78820 21 13 34

D75820 56 40 o5

D7s820 42 30 72

D78820 745 595 1340 CE11_TCTA[11]

D8s1179 forward reverse total DES 1179 e
D8sS1179 54 40 94

D8s1179 673 602 1275 CE12_TCTA[12]

Das1179 38 41 79

D8s1179 722 662 1384 CE13_TCTA[1]TCTG[1]TCTA[11]
FGA forward reverse total FGA ~oemeemee

FGA 1 9 20

FGA 88 86 174

FGA 786 960 1746 CE23_AAGG[3JAGAA15JAGAG]1JAAAA[1JAAGA[3]
FGA 129 133 262

FGA 740 855 1595 CE25_AAGG[IAGAA[1TIAGAG[1JAAAA[1JAAGA[3]
FGA 15 15 30

PentaD forward reverse total PentaD —eeeeeeeeeeen

PentaD 24 15 39

PentaD 2006 1707 an3 CE9_AAAGA[IJAAAAA[T]
PentaD 23 23 46

PentaD 1399 1270 2669 CE12_AAAGA[1ZJAAAAA[1]
PentaE forward  reverse  total PentaE - e

PentaE 13 14 27

PentaE 659 846 1505 CE10_TTTTC[10]

PentaE 20 34 54

PentakE 854 846 1500 CE12_TTTTC[12]

THO1 forward  reverse ftotal THOT e

THO1 18 12 30

THO1 1081 1048 2120 CE6_TGAA[6]

THO1 1130 1030 2160 CES.3_TGAA[GITGA[1]TGAA[3]
TPOX forward reverse total TPOX wmeeme

TPOX kAl 83 154

TPOX 3304 3466 6770 CEB_TGAA8]

WA forward  reverse  flotal VWA e

WA 84 53 17 CE16_GATG[2IGATA[1]GATG(1]GATA[12]GACA[3IGATA(1]

VWA 877 636 1313 CE17_GATG[2JGATA[1]GATG[1]GATA[13]GACA3]GATA[1] CE17_GATG[ZJGATA{1]GATG(1]GATA{13)GACA[3|GATA[1]
WA ] 5 14 K CE17_GATG[2]GATA[1]GATG[1]GATA[12]GACA4]GATA[1]

WA 57 57 14 CE18_GATG[2]GATA[1]GATG(1]GATA[13]GACAM]GATA[1]

WA 623 557 1180 CE19_GATG(2]GATA[1]GATG[1]GATA[14]GACA[4]GATA[1] CE19_GATG[Z]GATA[1]JGATG[1]GATA[14]GACA[4]GATA[1]
WA 13 11 24 X CE19_GATG[2]GATA[1|GATG[1]GATA[15]GACA[I|GATA[1]

?rgﬁigtggigigliér-Eig‘i;:{ii!ilnl?!!-?ulﬁr
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read profile that is filtered for sequence variants with coverage of < 8 total reads, < 2 reads per orientation and a within marker threshold of < 0.5% of the highest allele

table shown below)

Sequence read profile where labels for stutters and errors have b
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o

y Jdeyd

104



STR sequencing validation of the Powerseq™ assay
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A. Sequence profiles showing allele names after separate filtering steps used in the analysis for a single source sample with the final table used
for interpretation to call genuine alleles in a reference sample. B. Sequence profiles showing allele names after separate filtering steps used in
the analysis for a mixed sample with the final table used for interpretation to call genuine alleles in a mixed sample.
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STR sequencing validation of the Powerseq™ assay

Supplemental Figure 4. Sequence read profile for the two samples where
PentaD showed a strong allelic imbalance
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This figure displays the sequence read profile for PentaD for the two samples where a strong allelic imbalance was observed. For these samples,
the number of reads for the allele with CE-length | | was only observed for 8% and | 2% of the reads of the second dllele.
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Supplemental Figure 5. STR sequence alleles for the reference genome and

2800M Control DNA

STR coordinates in the reference CE-
Reference HGVS-name refseq:
genome (hg38) length

[CSFIP0 [ohes.hga8: g. 150076322, 150076373 HGVS REF  |CTAT[13] 3
[2200m Alele__[CTAT[12) 2
[D251338 [che2 hga8: g 218014850- 218014850 HGVS REF |GGAAIZ|GGAC] TGGAA[13|GGCALT] =
[2800m Alleie 1 [GGAARIGGACITIGGAA121GGCART] z
aneie 2 [GGAARIGGACTIGGAA15IGECAT] =
[D3S1358 |chra.hgas: g 45540739 45540802 HGVS [REF [TCTALTCTGIITCTAI4] 6
[2800m el 1 [TCTAITCTGEITCTATS] T
aneie 2_[TCTA[TCTGI[TCTA[14] 8
[D5S818 |chrb hgaB: g.123775552- 123775500 HGVS REF  |CTCT[UATCT]11] T
[z800m laseie 1 [CTCTIIATCTIIZ) 2
laneie 2_[CTCT]1]ATCT[12] 123775612 A5 12
75820 [che? hgas: g B4160224-B4 160275 HGVS REF  [TCTA[13] 13
[z800m Aleie 1 [TCTALS] [
Abeie 2 [TCTA[11] 1
[DESTI78 [che.hga8. g 124604865 1248045 16 HGVS REF  [TCTALTCTGUITCTALTT] £
[z800m Alleie 1 [TCTALTCTGIITCTALZ] 4
TCTAZ[TCTGIJTCT 15
[D135317 [chr12.hgad. g.B2 148025 82148088 TATC{11AATCI2IATCT[] T
TATCIEIAATCIRIATCTR) 9
TATC{1ZJAATCIATCT]Y 1]
168520 [che1B.nga8: g BE352702-86352745 GATA11] 1
GATAID) ]
GATA[13] 13
[78551  [che18.ngas: g. 63281667 63281750 AGAAL BYAALTIAGLA] 8
AGAA] 1BJAA] TIAGIA] 16

1AGIE] 8

108433 [che18.nga8: g 20006234 20026297 TCCT13JACCTITCTITCCT1] M
TCCT[12JACCT[1[TCTTI[TCCT]) 13

TCCT13ACCT[[TCTIITCCT]1] M

D21811  [che21.ngas: g 18181973- 18182101 TCTA4[TCTGIB|TCTAISTATCIJAIT[TCTARITCCA[TTATC12) 7]
TCTA4|TCTG|S|TCTA3[TATCI4A| TCTARZITCCA(TTATC]12) 7]

TCTAS[TCTGIBITCTA[TATCIAJAIT[TCTAIZITCCA{NTATCIN TALTATCEZ) 32

FGA hed Q38 g 1545877 26- 154587821 AAGG[| AAGAL ARG GLIAGAAL T AGAGL 1 AAPAL JAAGA F7]
AAGG1JAAGA] 1|AAGG|IJAGAAL 1 ZJAGAGL JAARAL1JAAGA 2

_ AAGG|1|AAGA{ 1| AAGG[IIAGAA ISJAGAG(T TJAAGA] z3

PentaD  [chr21.ngas: g 43636205-43636274 AAAGA|13 0 3
AAAGA| TZIAAAAAL 12

AAAGA(T3 1 13
[PentaE  |che15.ngas: g B6E31012-06831036 TTTTCS] 5
TITTCH) 7

_ TTTTC[4] 4
[THD1 chr11.hg8: g.2171086-2171113 TG 7
[TGANG) s

- _ _ TGANGTGATTTGAA 23
TPOX  |chez.hgae: . 1480651- 1480662 [TGAALE) 8
TGAA 1"

VA he12.ngab: g SOBIBE0-S0BA0A2 [GATGI2|GATALT[GAT GLTIGATALT 1] SIGATALT i
[GATGI2|GATA1|GATG 1| GATA(12)GACAIGATA(1 18

AT G[2)GATA|1|GATG{1|GATA[T|GACA|GATALT 19

Description of the coordinates of the STR motif for each STR and the alleles represented in the reference genome (hg38) and in 2800M

Control DNA.
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STR sequencing validation of the Powerseq™ assay

Supplemental Figure 6. Observed sequence variation in 297 analysed samples
from three populations

Population Total Sampl Total Alleles
Duteh 101 202
Nepal / Bhutan 97 194
Pygmy 99 198
Total 297 594

Sequenced Alleles

Amel

Total sequence alleles 3
Total CE fragment alleles 2
Alleles containing SNPs

outside STR-motil 1
Frequency
Frequency Nepal / Frequency |Total
Fragment allele allel INL Bhutan Pygmies |Frequency
X X 0.490 0,608 0717 0,604
X X-11296959C>T 0.010 0,003
Y Y 0,500 0,392 0,283 0,393
CSF1P0
Total sequence alleles 10
Total CE fragment alleles 10
Alleles containing SNPs
outside STR-motil 0
Frequency
Frequency Nepal / Frequency |Total
Fragment allele lel INL Bhutan Pygmies |Frequency
Id CET-CTAT[7] 0,020 0.007
CEB-CTAT[8] 0.010 0,035 0.015
CE9-CTAT[9] 044 0,062 0,020 0,042
0 CE10-CTAT[10] 260 0,242 0,374 0,292
0.3 CE10.3-CTATI[B]CAT[1]CTAT[4] 0,005 _
11 CE11-CTAT[11] 0,299 U.Z_ﬁ:
CE12-CTAT[12] 0.304 0.38
CE13-CTAT[13] 0.064 0,03
CE14-CTAT[14] 0,010 0,015
15 CE15-CTAT[15] 0,005 0,005
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<
—
(V]
)
= D251338
e Total sequence alleles 55
U Total CE fragment alleles 12
Alleles containing SMPs
stside STR-motif 14
Frequency
Frequency Mepal / Frequency |Total
F allele allele ML Bhutan Pygmies  |Frequancy
14 CE14—GGAABIGGCAB|-21B014824C>A 0,005 0,002
16 CE16-GGAA[ 2|GECAM]-218014824C=A 0,066 0,022
18 CE16-GGAA[11]GGCA[S] 0,015 0,005
16 CE16-GGAA[10]GGCA[E]-218014824C>A 0,074 0,025
17 CE1T-GGAA[12]GGCA[S-218014824C>A 0,005 0,002
17 CE1T-GGAA[11]GGCA[E] 0.005 0,002
i7 CENT-GGAA[11]GGCA[E]-218014824C>A 0.230 0.041 0.015 0.097
18 CE18-GGAA[5]GECA[I-218014824C=A 0,005 [iTi7i-]
18 CE18-GGAA[4)GECAM]-218014824C=A 0,010 0,003
12 CE18-GGAA[13]GGCA[S] 0,005 0,002
18 CE18-GGAA[12]GECA[E] 0,010 0,003
18 CE18-GGAA[12|GGCA[El-218014824C>A 0,074 0,005 0.027
18 CE18-GGAA[11]GGCA[T)] 0.015 0.077 0,040 0.044
18 CE10-GGAA[1 0,005 0,002
18 CE10-GGAA[14]GGCA[S] 0,005 0.010 0,040/ 0.018]
19 CE18-GGAAZ|GGAC[1)GGAA[10)GGCA[E] 0,005 0,002/
19 CE18-GGAA[13]GGCA[S] 0,005 0,081 0,022
19 CE18-GGAA[13|GECA[E]-218014824C>A 0.ms 0,005
18 CE19-GGAA[12]GGCA[T] 0,050 0.170 0,106 0,111
19 CE1 11 0,005 0.002
20 CE20-GGAA[1T|GGCA[I-218014824C>A 0,005/ 0,002/
20 CE20-GGAA[16]GGCA[M]-218014824C>A 0,005/ 0,002/
20 CE20-GGAA[14]GGCA[8] 0,020 o0.010 0,071 0,034
20 CE20-GGAA[14]GGCA[E]-218014824C>A 0,005 0,002/
20 0015 0,005
20 0.015 0.005 0.007
20 0,088 0,108 0,058 0.084
20 0.05 0,005
20 0,005 0,005/ 0,003
20 0,010 0,003
0,035 0,012]
21 CE21-GGAA[2 pmmmnmapw[s] 0,005 0,002/
Fal CE21-GGAA[16]GGCA[S) 0,020 0,007
21 CE-GGAAZIGGAC[1|GGAA1 2)GGCAJE] 0,030/ 0.010
F4l CE21-GGAA[15]|GGCA[E] 0,058/ 0.018
21 CE-GGAAZIGGAC[1]GGAAI1 1)GGCA[T] 0,005 0,010 0,005
21 CE21-GGAA[14]GGCA[T] 0,025 0,048 0,040/ 0,037
21 CE21-GGAA[13]GGCA[B] 0.010 0.030 0.013)
2 CE22-GGAA[18]GGCA[4]-218014824C>A 0,005 0,002/
2 CE22-GGAA[ZIGGAC[1|GGAA[14)GGCA[S] 0,005 0,002
2 CE22-GGAA[ZIGGAC[1|GGAA[1 3)GGCAJE] 0.010 0,040/ 0.7
2 CE22-GGAA[ZIGGAC[1|GGAA[1 2)GGCA[T] 0.010 0.02¢ 0,045 0.027
2 CE22-GGAA[15]GGCA[T] 0,005 0,002/
2 CE22-GGAA 1 11 L] 0,005/ 0,002/
px] CEZ3-GOAA ] 1 ] 6,010 0.003|
23 CE23-GGAA[2]GOAC]1|GGAA[14)GGCALE] 0,005 0,005 0,003
2 CEZ3-GGAARIGGACT1|GOAN130GCAIT) 0,089 0,180 0,025 0.081
23 0,005/ 0,002/
d 0.005 0,005 0,010 X
0,003 0.155 0,076 0,107
0,005 0,002/
0,010 0,005 0,005
0,142 0,048 0,020/ 0,070
0.005 0.005 0.003
0.015 0,005 0,010 0.010
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D351358
Tatal sequence alleles 2
Total CE fragment alleles 9

0
>
°
ct
[0}
-
A

Alleles containing SNPs
oulside STR-matif 1
Frequency
Frequency Mepal / Fraquency
Fragment allele Seguence allale NL Bhutan Pygmies
10 CE10-TCTAMITCTG2[TCTA[7] 0,005
13 CE13-TCTA[[TCTG1[TCTA[11] 0,005
13 CE13-TCTA[]TCTG2[TCTA[10] 0,005 0,005
14 CE14-TCTA[|TCTG|TCTA[12] 0,005 0,040
14 CE14-TCTANMTCTG[2ITCTA[11] 0.162 0.036 0.056
15 CE15-TCTA[1]TCTG[1[TCTA[13] 0,020 0,045
15 CE15-TCTA[]TCTG2[TCTA[12] 0,211 0,284 0,207
15 CE15-TCTA[MTCTGAITCTA[11] 0.020 0,010 0,040
18 CE16-TCTA[[TCTG1|[TCTA[14] 0,015 0,141
16 CE16-TCTA[]TCTG[2[TCTA[13] 0,118 0,201 0,247
16 CE16-TCTA[]TCTG[2]TCTA[13]-45540653C>T 0,005
16 CE16-TCTANTCTG[I[TCTA[12] 0.078 0.098 0.010
16.2 CE16.2-TCTAN|TCTGR[TC1[TCTA[12] 0.005
17 CE17-TCTA[1 r‘I'CTG|T]TCTA.[1 l|TGCﬁ|1]’TC’TAl3] 0,010
17 CE17-TCTA[1]TCTG1]TCT. 0,010 0,015
17 CE17-TCTA[TCTG 2]TI:TA.[14| 0,088 0,160 0,086
17 CE17-TCTA[1]TCTG[ITCTA[13] 0,064 0,082 007
17 CE17-TCTA[TCTGAITCTA[12] 0.015
18 CE18-TCTA[1]TCTG[2]TCTA[15] 0,015 I.'IOQG 0,015
18 CE‘IG—TCTAI"I'CTG%F%%M 0.167
[18 CE18-TCTA[I|TCTG| 1 0, ﬂ_ﬁﬁ_
Dssa18
Total sequence alleles 23
Total CE fragment alleles 7
Alleles containing SNPs
outside STR-motif 18
Frequency
Frequency Mepal/  Frequency
|Fragmentallele _Sequence alléle NL Bhutan __Pygmies
8 CEB-CTCT[1)ATCT[8}-123775612A>G 0,010
}% CEB-ATC :FEQSTTH'IM 0.045
CEB-ATCT[10}-12377561 0,029 0,072 0,010
9 CES-CTCT[1)ATC 123775612A>G 0,005
1 1 1 10]-123775612A>G 0.620 0,155 0.025
10 CE10-CTCT[1JATCT[10) 0,005 0,005
10 CE10-ATCT[11]-123775612A>G 0.039 0,010 0.071
1" CET1-CICT[1 1112377561 0,235 0,253 0,088
1 CE11-CTCT[1JATCT[11] 0,064 0,005 0.010
11 CE11-ATCT[12]-123775612A>G 0,025 0,057 0,035
nz Ccei-cre 121-123775612A>G 0230 0206 0,141
12 CE12-CTCT[1JATCT[12) 0,113 0,041 0,068
12 CE12-CTCT[1JATCT[12}-123775612A>G-123775657T>G 0,061
12 CE12-ATCT[13 123‘!?53120!.?'6 0.069 0,036 0,157
13 CE13-CTCI[1 1 TT5612A>G 0,049 0,129 0,001
13 CE13-CTCT[JATCT[13] 0,059 0,021 0,025
13 CE13-CTCT[1JATCT[13]-123775612A>G-1237T5657T>G 0,010
13 CE13-ATCT[14]-123775612A>G 0,034 0,005 Rk
13 CE13-ATCT[14]-123775611CA>TG 0,005
13 CE13-CTC Hi E‘I‘CHE%TG!H JATCT]8}-123775612A>G 0.015
14 14 1 14]-123775612A>G 0,010
14 CE14-CTCT[1JATCT[14] 0,005 0,005
14 CE14-ATCT[15]-123775612A>G 0,015
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<
—
[0]
)
(a8 D7s820
= Total sequence alleles 32
Tetal CE fragment alleles 10
U Alleles containing SNPs
_outside STR-motif 25
Fraquancy
Frequency Mepal / Frequency |Total
allele NL Bhutan _ Pygmies |Frequency |
CEG-TCTA[G|-84160204T=4 0,005
CET-TCTA[T] 0,025 0,005
CET-TCTA[T|-84160204T=A 0,005
CEB-TCTA|8| 0,127 0,057 0,136
CEB-TCTA[B]-B4160204T=A 0,005
CEB-TCTA[8]-84 160204 T>A—B4160161A=C 0,010
CEB-TCTA[B]-84160204T>A-B4160286G>A 0.044 0.191 0.066/
CES-TCTA[10}-84 160219ATCT>de|-84160204T>A 10,005
CES-TCTA[9] 0,176 0,038 0,086
CE9-TCTA[S]-84160204T=A 0,010
CES9-TCTA[9]-84160204 T>A—B4160161A>C 0,005 0,025
CES-TCT. 160204 T=>A—B4160286G=>A 0.015 0.072 0.056|
CE10-TCTA[10] 0,162 0,098 0,222
CE10-TCTA[10]-B4160204T>A 0,049 0,015
CE10-TCTA[10]-84 160204 T>A-84 16016 1A>C 0,005
CE10-TCTA[10]-84160161A>C 0,010 0,031 0.035
10 CE10-TCTA[10]-84160204T>A-84160286G>A 0,005 0,020
[103 CE10.3-TCTA[11|-B41602041>del 0,005
11 CE11-TCTA[I1] 0,181 0,155 0,071
11 CE11-TCTA[11]-84160204T=A 0 015 0,041
1 CE11-TCTA[11]-84160204T>A-B4160161A>C 0.010
1 CE11-TCTA[11]-84160161A>C 0,021 0,066
1 CE11-TCTA[11]-84160204T>A-84 160286G>A 0,026 0,005
1 CE11-TCTA[BJCCTA[1]TCTA[2]-84160204T>A 0,010
2 CE12-TCTA[12] 0,108 0,175 0,066
12 CE12-TCTA[12]-84160204T>A 0,034 0,021
12 CE12-TCTA[12]-84160204T>A-84160161A>C 0,040
12 CE12-TCTA[12]-84160161A>C 0.030
12 CE12-TCTA| 1%]-&18020!1»-041802&36» 0.035
1 1 0,015 0,015
13 CE13-TCTA[13]-B4160204T>A 0.010 0,005
14 CE14-TCTA|[14] 84160204T>A 0,010 0.005
Das1179
Tatal sequence alleles 7
Total CE fragment alleles 11
Alleles containing SNPs
oulside STR-motif 1
Frequency
Frequency MNepal/ Frequency |Total
allele ML Bhutan m
(] CEB-TCTA[S] 0,010 0,005
] CED-_TCTA[D] 0,010
10 CE10-TCTA[10] 0,088 0,072 0,010
11 CETI-TCTA[|TCTG[1|TCTA[9] 0,005
11 CE11-TCTA[11] 0,083 0,036
11 CE11-TCTA[2]TCTG[1]TCTA(8] 0.030
12 CE12-TCTA[M]TCTG[1]TCTA[10] 0,010 0,046 0,005
12 CE12-TCTA[12] 0,137 0,062 0,020
12 CE12-TCTA[2[TCTG1[TCTA[S] 0,086
121 CE121-TCTA[1[TCTG{1]TCTA[SITCTTAT] 0,005
13 CE13-TCTA[|TCTG[1[TCTA[11] 0,260 0,155 0,106
13 CE13-TCTA[13] 0,064 0,062
13 CE13-TCTA[2[TCTG[1[TCTA[10] 0.071
14 CE14-TCTA[1|TCTG[1]TCTA[12] 0,142 0,138 0,172
14 CE14-TCTA[|TCTG[1[TGTA[1]TCTA[11] 0,005
14 CE14-TCTA[14] 0,020 0,005 0,005
14 CE14-TCT. CTG]TCTA[11] 0,049 0,062 0,192
‘5—55‘5167%&5'1 TCTA[13] 0,044 0,031 0,061
GE'IS—TGTAI!ITCTGH]TCTA.['IQI 0,059 0,180 0.116
CE15-TCTA[Z[TCTG[2[TCT. 0.030
CE'IG—TCTMI]‘TCTGthcn. 'Id| 0,005
|e CE16-TCTA[1]TCTG[3|TCTA[12] 0.010
16 CE16-TCTA[2|TCTG[1]TCTA[13] 0,010 0,113 0,058
16 CE16-TCTA[2]TCTG[1|TCTA| 13}—12409497363-1 0,010
16 CE16-TCT. CTG| A. 0.010
7 CET7-TCT, 0,005
17 cEw-TCTAE]‘TCTGl‘r]TCTA.hq 0.005 0.010 0.015)
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outside STR-motif 10

Fraquency

Frequency Mepal / Frequency |Total
Fragment allele Seguence allela NL Bhutan Pygmies |Frequency
7 CET-TATC[TIAATC[ZIATCT[3] 0,005 0.002|
7 CE7-TATC[BJAATC[1JATCT3] 0,010 0.003]
E CEB-TATC[S]AATC[ZIATCT]3] 0,083 0,175 0,030 0.096|
a CES-TATC[10JAATC[1JATCT[3] 0,010 0,077 0.029|
a CES-TATC[I]AATC[ZIATCT3] 0,083 0,139 0,015 0.079|
10 CE10-TATC[10JAATC[2JATCT[3] 0,049 0,041 0,005 0.032|
10 CE10-TATC[11JAATC[1JATCT[3] 0,124 0,020 0.047]
10 CE10-TATC[12JATCT[3] 0,005 0.002|
10 CE10-TATC[12JAATC[1JATCT]3}-82148097 GTCT>del 0,005 0,002|
1 CE11-TATC[11JAATC[2JATCT[3] 0,103 0,036 0,096 0.079|
1 CE11-TATC[12JAATC[1JATCT]3] 0,181 0,149 0,157 0,183]
1 CE11-TATC[12JAATC[1]ATCT][3}-82148000C>T 0,039 0,005 0,015
1 CE1-TATC[1ZJAATC[1JATCT[3}-82147972G>A 0,020 0.007|
1 CE11-TATC[13JATCT[3] 0,021 0,007|
1 CENM-TATC[B[TGTC[[TATC[3JAATC[1JATCT]3] 0,021 0,007|
12 CE12-TATC[12JAATC[2JATCT[3] 0,187 0,026 0,308 0.168|
12 CE12-TATC[13JAATC[1JATCT[3] 0,127 0,124 0,111 0,121
12 CE12-TATC[13JAATC[1JATCT[3}-82148001G>A 0,035 0.012|
12 CE12-TATC[13JAATC[1]ATCT[3}-82148000C>T 0,005 0,002
12 CE12-TATC[13JAATC[1JATCT[3}-82147972G>A 0,035 0.012|
12 CE12-TATC[14JATCT[3] 0,021 0,007|
12 CE12-TATC[F[TATT[1]TATC[SJAATC[1JATCT[3] 0,010 0.003|
13 CE13-TATC[13JAATC[2]ATCT[3] 0,039 0,116 0,052
13 CE13-TATC[14JAATC[1JATCTI3] 0,034 0,005 0,005 0,015
13 CE13-TATC[14JAATC[1JATCT[I}-82148001G=A 0,005 0,002
13 CE13-TATC[14JAATC[1JATCT[3}-82148000C>T 0,005 0,002
13 CE13-TATC[14JAATC[1JATCT[3}-82147972G>A 0,005 0,002
13 CE13-TATC[15JATCT[3] 0,010 0.003
13 CE13-TATC[15]AATC1]ATCT[3}-82148097GTCT=del 0.010) 0.003|
14 CE14-TATC[14JAATCI2JATCTI3] 0,074 0,010 0.029
14 CE14-TATC[15JAATC[1JATCT]3] 0,005 0.002|
D16S539
Total sequence alleles 7
Total CE fragment alleles O
Alleles containing SNPs
outside STR-motif 2
Frequency Mepal /

Fi allele ML Bhutan
B B.010 5,610
k] 0.7 \ X
9 CEG—GATAEEIHHM?M 1
10 CE10-GAT) 0.038 0,068 0.118
10 CE10-GATA[10]-8635280TA>C
ik CETTI-GATA[TT] 0,300 0,237
1" CE11-GATA[11]-8635280TA>C 0.044 0,067
1 CE11-GATA[S)GACA[1]GATA[5]|-BBAS260TA>C 0,010
11 CE11-GATA[11]-86352607A>C—BE3525T1A>C
12 CE12-GATA[12] 0.235 0,077
12 CE12-GATA[12]-86352584G>C 0.005
12 CE12-GATA[12] 8635280TA>C 0.020 0.119
13 CE13-GATA[13] 0.118 0,021
13 CE13-GATA[13] 8635280TA>C 0.029 0.062
14 CE14-GATA[14] 0.005
14 CE14-GATA[14] 8635280TA>C 0,021
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Chapter 4

<
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< D18S51
= Total sequence alleles 19
(@) Total CE fragment alisles 15
Alleles containing SNPs
oulside STR-motif [1]
Frequency
Frequency Mepal / Frequency |Total
|Fragmentallele  Jeguenccaligls NL Bhwtan  Pygmies |Frequency
10 D18551-CE10-AGAA[ 10JAA[1]AG]4] 0,005 0,002
11 D18551-CE1T1-AGAA]11]AA[1]AG]4] 0,020 0,005 0,008
12 D18551-CE12-AGAA12]AA[1]AG[4] 0,167 0,036 0,005 0,070
13 D18551-CE13-AGAA[13JAA[]AG]4] 0,069 0,227 0,025 0. 106
14 D1B551-CE 14—AGAA[1]AGCA[1JAGAA[1Z]AA[JAGH] 0,015 0,005
14 D1B551-CE14—AGAA[14JAA[1]AG4] 0,132 0,108 0.061 0.101
15 D1B551-CE15-AGAA[15JAA[1]AG[4] 0,162 0,180 0.131 0.158]
16 D18S51-CE16-AGAA[13]AGAT[1JAGAA[Z]AA 1]AG4] 0.020 0,007
16 D1BS51-CE16-AGAA[1B]AA[1]AG]4] 0,206 0,129 0217 0,185
16 D18551-CE16-AGAA[1E]AG[S] 0,005 0,005 0,003
7 DIBS51-CE1T-AGAA[TTIAATIAGH] 0,008 0.057 0.797 0117
18 D18551-CE18-AGAA[ 14]GGAA[1TAGAALIAAT]AGT4] 0.005] 0,002
18 D18551-CE18-AGAA[1BJAAM]AGI4 064 0,067 126 0.085
19 D18551-CE19-AGAA[19]AA[1]AG]4 025 0.103 41 0.080
20 D1B551_CE20_AGAAZ0JAA[1]AGI4 015 0.041 020 0,025
21 D18551-CE21 1 [1 % 010 0.015 040 0.022
2 mﬂ'm%ﬁ 010 0.015 0.008
23 D18S51-CE23-AGAA B3| AALTJAGA] 10 0,005 0,005
25 D18S51-CEZ5AGAA[ZS|AA[1JAGHA] 0,005 0,002
D195433
Total sequence alleles 20
Total CE fragment alleles 17
Alleles containing SNPs
outside STR-maotif L]
Frequency
Frequency Nepal / Frequency |Total
NL Bhutsn __ Pygmies _|Frequency |
TTCTT[TCCT]1] 015 005
1]TCCT(1] AT 059
ATCCT] 005 002
TCE T 0,045 0,015
TCI] 0.005 02|
CCT[1] 0.054 0.041 081 0.050/
[TCCT1] 0.015 025 0.013)
CE13-TCCT[12JACCT] ITCCT1] 0,260 0,242 187 0,223
13 CE13-T J3TCTTTCCT[ 0005 0.002/
132 ! CCTITTITCCT]1] 0,020 0.036 0.111 0.055]
TTCTITCE ] [ ] 0,237 0.138 0.5
14 CE14-TCCT@TCCCITCCTIACCTTCTTTCCT]Y) 000 0,003
4 CEV-TCCTN4[TCTT1[TCCT]1] ,005 0.002|
4.2 CE14.2-TCCT14JACCT]TTI[TCCT(1] 025 0.082 051 0.052]
5 CEVS-TCCTN4JACCT]TCTT]TCCT[1] 201 0.077 020 0.101
E CE15 ATTTECT]1] 038 0.170 101 0.102]
Cl TCTTTCCT[1] 029 0.031 025 0.029
ATTTCCT[1] 020 0,048 035 0,034
TETTITGE 1] 010 0,005 005
GG T] 0,008 0.005 0,000
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STR sequencing validation of the Powerseq™ assay

D21511
Total sequence alleles &3
Total CE fragment slleles 25

(@)
>
)
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BN

Alleles containing SNPs
outside STR-motif 2
Frequency
Frequency Mepal / Frequency |Total

CE24 2-TCTA[SITCTG[B[TCTARTC1JA[[TCTAR[TCCA[]T

242 ATC[10] 0,005 0,002
CE26-TCTA[GITCTGIITCTAR|TATCJA[1]TCTARZITCCA[]T

26 ATC[E] 0.045 0015
CE27T-TCTAMITCTG[S[TCTAR|TATCIHJA[1]TCTARITCCA[1]T

27 ATC[11] 0,005 0,002
CE2T-TCTAMITCTGE[TCTAR|TATCIHJA[1]TCTARITCCA[TT

27 ATC[10] 0,049 0.010 0,020
CE27-TCTA[SITCTG[SITCTARITATCHIA[1TCTARITCCA[IT

27 ATC[10] 0,010 0.003]
CE27-TCTAGITCTG[SITCTARITATCHIA[1ITCTARITCCA[IT

27 ATCIE] 0,005 0.002|
CE28-TCTAMTCTGIE[TCTARITATCHIAINTCTARZITCCANIT

28 ATC[11] 0,137 0,072 0.217 0,143
CE28-TCTAISITCTGISITCTARTATCIIANTCTARITCCANIT

28 ATC[12] 0,005 0.002|
CEZE-TCTAS[TCTGIE[TCTARTATCHIA[[TCTAZITCCANT

28 ATC[10] 0.05 0,005
CE2E-TCTAB[TCTG[SITCTARTATCHIA[[TCTAZITCCANT

28 ATC[10] 0.010 0.003)
CE28.2-TCTASTCTGB|TCTARITATCHIA[TTCTAIZITCCA[T

82 [TATC[B[TA[1]TA 0,026 0.008
CE29-TCTAM[TCTGIE[TCTARTATCHIA[[TCTARZITCCANT

29 ATC[12] 0,186 0,098 0,10 0,129
CE29-TCTAMITCTGTITCTARITATCHJA[1]TCTARITCCA[T

29 ATC[11] 0.005| 0.002]
CE29-TCTA[SITCTG[E[TCTARITATCIA[1]TCTARITCCA[T

29 ATC[12] 0,005 0.002]
CE29-TCTA[SITCTG[E[TCTAR|TATCHJA[1]TCTARITCCA[T

29 ATC[11] 0,005 0.081 0.029|
CE29-TCTAGITCTGIS|TCTARTATC4JA[1]TCTARITCCA[1T

29 ATC[11] 0,049 0,149 0.085|

. ATCHJA[TTCTA[ZITCCA[1

29.2 JTATCIGITA[]TA 0.010 0,003
CE Uyl

30 ATC[13] 0054 0,041 0,051 0,049
CE30-TCTA[SITCTGE[TCTARITATCIJATCTARTCCAIT

30 ATC[13] 0,008 0,002
CE30-TCTASITCTGBITCTARTATCHIA[1[TCTARITCCA[T

30 ATC[12] 0,005 0,067 0.081 0,044
CE30-TCTASITCTGSITCTARITATCHJA[TCTARITCCA[IT

30 ATC[12] 0,132 0,082 0,072
CE30-TCTASITCTGEITCTARITATCIJA[ITCTARITCCAIT

30 ATC[11] 0,030 0,010
CE30-TCTA[TITCTGSITCTARITATCHJA[TCTARITCCA[IT

30 ATC[11] 0,005 0.031 0.012
CE30.2-TCTA[4[TCTG[E|TCTAR|TATCH]A[1]TCTA[2]TCCA[1

30.2 ITATCI1]TA{1]TATC2] 0,005 0.002
CE30.2-TCTA[S[TCTG[S|TCTARTATC4JA[1[TCTA[2]TCCA[1

30.2 JTATCI 11 TA[1TATC{2] 0,005 0.002]
CE30.2-TCTA[S[TCTG[B|TCTARTATC[3JA[1]TCTA[2]TCCA[1

30.2 JTATCI 11 TA[1TATC{2] 0.025| 0.008|
CE30.2-TCTA[S[TCTG[B|TCTARTATCM4JA[1[TCTA[2]TCCA[1

30.2 JTATCIO|TA[VTATC[2] 0,034 0,041 0.030| 0,035
CE30.2-TCTA[S[TCTG[TITCTA[Z]TATC4JA[1]TCTA[2]TCCA[1

30.2 ET 1 1]TAT 0,005 0.002]

: 1
30.3 TCTAZITCCA[]TATC[11] 0020  0.007
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< Frequency Mepsl/  Frequency [Total
(@) Fi allale ence allele NL Bhutan Pygmies _ |Frequency
‘CE31-TCTAMITCTGE[TCTARITATCHIA[TTCTARITCCAIT
31 ATC[14] 0,010 0,010 0,007
CEH-TCTAISITCTGIETCTAZTATCHJALTCTAIZITCCA[]T
31 ATC[13] 0,054 0,045 0,020 0,040
CE31-TCTASITCTGISITCTA[TATCHJA[]TCTARITCCA]T
31 ATC[13) 0,054 0,031 0,029
CE31-TCTASITCTGIE[TCTARTATCHJA[]TCTARITCCA[]T
31 ATC[12] 0,015 0,005
CEX-TCTAEITCTGTITCTARTATCIHANTCTAIZITCCA]T
31 ATC[12) 0,010 0,003
CE31-TCTA[TITCTGISITCTA[TATCHJA[T]TCTAZITCCA1]T
31 ATC[12) 0,005 0,010 0,005
CE31-TCTABITCTGIS|TCTA[TATCI4JA[1]TCTARITCCA]T
31 ATC[11] 0.021 0,007
CE31 2-TCTAS[TCTGS[TCTABTATCJA[ TG TAZ]TCCAL1
31.2 ITATCH2ITANITATCIZ] 0,005 0,005 0,003
CE31.2-TCTA[SITCTGE|TCTARTATCI3AIITCTARITCCAL
31.2 ITATC[ZITA[TATC[Z] 0,005 0,002|
CEH 2-TCTA[S[TCTGE[TCTAITATCI4JA [TCTA[ZITCCAL
31.2 ITATC11]TA[1TATC[Z] 0,083 0,052 0,005 0,050
CE31.2-TCTA[S[TCTG[7|TCTAR|TATCHJA[[TCTA[2ITCCA[1
31.2 [TATCU[TA[1[TATC[2] 0.010 0,003
CER-TCTAISITCTGIEITCTA[STATCJALTCTAZITCCA[]T
32 ATC[14]) 0,010 0,003
CE32-TCTASITCTGISITCTA[TATCHJA[1]TCTAZITCCA]T
32 ATC[14] 0,005 0,002
CE32-TCTA[B[TCTGE]TCTARTATC4JA[1]TCTARITCCA[1]T
32 ATC[13) 0.005 0.002
CE32 2-TCTA[S[TCTG[E|TCTAR|TATCHJA[1[TCTAR]TCCA[
32.2 ITATC 2ITA[1ITATC2] 0,083 0,088 0,061 0,077
CE32.2-TCTA[SITCTG[TITCTA[SITATCI4JA[ITCTA[2]TCCA[1
322 ITATC1ITA[1ITATC[Z) o00s|  op02
TTCTARZITCCAT]
33 E»;Tqi 1 . 0.005 0.002
33 2-TCTA[S|TCTGEITCTARITATCA AL TTCTAR|TCCA]
33.2 ITATC1TA[1]TATC[2] 0,020 0,041 0,005 0022
CE33.2-TCTA[S[TCTGETCTATATCI4JAN [TCTAJ2ITCCAL
332 ITATCIIITACCITATCITA[1]TATCI2] 0,005 0,002/

CE33.2-TCTA[S|TCTG[TITCTA[I|TATCI4JA[[TCTA[2]TCCA[1

332 [TATC 1[TAT 0,005 0,002/
CEEH%HME&TWMWiWH

34 TATC[12) 0,015 0,005|
CEM-TCTA[1]TCTG{SITCTARTATC4JA{1|TCTARITCCA[1)]

34 TATC[11] 0.051 0.017
CE34.1-TCTA[S|TCTG[EITCTA[ITATCI4JA[[TCTA[2]TCCA[

34.1 A TC[TAT! 1TATC| 0,005 0,002
i TCA

34.2 ATC[ 1JTAT : 0,005 0,002/
T i

35 TATC[13] 0,005 0,002
CE35-TCTA[10]TCTGTITCTAZITATCAJANTCTA[ITCCA[1]

35 TATC[12) 0,005 0,002
CE35-TCTA[12]TCTGHITCTARITATCHIAN[TCTARITCCA[1)

35 TATC[1. 0,005 0,002
L= 1 1 CCA[

35.1 ATATC{12]-19182101.1->T 0,005/ 0.002|
CE35.2-TCTA[B[TCTG[E[TCTA[ITATCI4}A1[TCTA[2]TCCA[1

35.2 [TATC14[TA{1[TATC[2] 0,005 0,002
CE36-TCTA[11]TCTG[S[TCTATATCJA[|TCTA[]TCCA[1]

36 TATC[13] 0,005 0,002
CE3-TCTA[VTCTG[TITCTARZITATCI A [TCTA[ZITCCA[1)]

36 TATC{12) 0020 0007
CE38-TCTA[S|TCTG[E[TCTA[XTATCI4JA[1TCTARITCCA{]T

36 ATCOATC] [TATC{IATCTATCTAN|TATC[2) 0,025/ 0,008/
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STR sequencing validation of the Powerseq™ assay

FGA
Total soquonao allclos

24

Total CE fragment alisles 22

Alleles containing SNPs

outside STR-matif 0
Frequency
Frequency Mepal / Frequency |Total

F allele ence allele NL Bhutan Pygmies  |Fi
CE17-AAGG[1]AAGA[1]AAGGEAGAAGIAGAGL 1 IAAAA[T]AA

1T GA[3] 0,0:40/ 0,013
CE 18-AAGG[1]AAGA[1]AAGG[3AGAA[10]AGAG[JAARA[ 1A

18 AGA[3) 0,077 0,025
CE10-AAGG[1JAAGA[1[AAGCBAGAAT1JAGAG] JAARATTIA

19 AGA[] 0,059 0,003 0,058] 0,069
CE19.2-AAGG[1|AAGA[1AAGG2AGAA[1 SJAAAA[TIGA[JAA

19.2 GA[2] 0,005 0,005 0,003
CEI-AAGG[]AAGA[1]AAGG[IAGAANZAGAG1]AAAA[1]A

20 AGA[] 0.108 0.046 0,051 0,060
CEZ1-AAGG[1JAAGA[1[AAGCEAGAA[ TIAGAG] JAARATTIA

21 AGA[3) 0,176 0,052 0,086 0,108

21.2 CE21.2-AAGG[1JAAGA[1JAAGG[3AGAA[18]GA[1]AAGA[2)] 0,005 0,002
CE21.2-AAGG[1JAAGA[1JAAGGIAGAA1 SAAAAIGA[1]AA

21.2 GA[2] 0,005 0,010 0,005
CEZ-AAGG[AAGA[1|AAGCEAGAA 1A AGAGJAARA[TA

22 AGA[Z] 0,106 0,103 0,288 0,196
CE22 1-AAGG[1JAAGA[1AAGG[IJAGAANA]A[TJAGAG]1]AA

22.1 AA[1JAAGA[] 0,005 0,002
CEZ I-AAGG[1AAGA[TAAGGIAGAATBJAARATIGA[1JAA

222 GA[2] 0,005 0,031 0,012
cm.z—m1mﬂ1 JAAGG[3JAGAA[14JAAAG[1JAGAA[1]|

322 0.020| 0.007
CMI|W1WW15MABHMM
AGA[3] 0,157 0,186 0,167 0,160

0,005 0,005 0,003 |

AGA[3) 0.137 0,180 0,126] 0,148]
CEZ4 2-AAGG[TAAGA[IAAGGRIAGAA BJAARATIGATTIAA

24.2 GA[Z] 0,026 0,008 |
CE24.2-AAGG[1JAAGA[1JAAGGIIJAGAA[1BJAAAG] 1JAGAAL1)|

242 AAAA[JGAL1JAAGAI2) oot o003
CE25-AAGG[1JAAGA[1|AAGG[IAGAAIZIACAA[ TJAGAA[ 14]A

25 GAG[1JAAAA[1JAAGA[3] 0,005 0,002
CE25-AAGG(1JAAGA[1]AAGG[IJAGAA| 1S|AGAG[1JAGAA[T]A

25 GAG[1JAAAA[1]AAGA[3] 0,005 0,002
czmnw1wﬁawrmamip

25 0003 0077 0,051 0,074

25, 0.005 0.002

26 GAG[1JAAAA1]AAGA[3] 0,005 0,002
CE26-AAGG(1JAAGA[1]JAAGGIIJAGAABIGOAA[TJAGAA[1 1)A

26 GAG[1JAAAA[1JAAGA[3] 0005| 0002

26 0,010 0,003

26 0.028 0,048 0,040 | 0,038

26, 0,005 0,002

1

a7 GAG[1JAAAA[1]AAGA[3] 0,015 0,008
CE27-AAGG(1JAAGA1JAAGG[IAGAABIGGAA[1JAGAAL1 Z]A

27 GAG1JAAAAL1JAAGAL3)] 0010| 0003
CE27-AAGG(1AAGA[1JAAGG[IAGAAZIACAAl 1JAGAA[16JA

27 GAG1JAAAA[1JAAGA[3) 0,005 0,002
CE27-AAGG(1JAAGA[1 JAAGG[IAGAA[19JAGAG{TJAAAA 1A

27 AGA[T] 0.010 0,015 0,008
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(V]
)
(a8
) Frequency
c Freguency Mepal / Frequency |Total
U allele ML Eutan Pygmies  |Frequency |
CE20-AAGG[1|AAGA| 1 AAGGI|AGAABIGGAA TJAGAATAIA
20 GAG[1JAAAA[AAGAL3] 0,005 0,002
CE3D-AAGG]1|AAGA| 1 AAGGII|AGAAZTIAGAG] TAGAATIA
30 GAG]1JAAAA1]AAGAL] 0,005 0,002
CEA5 2-AAGH 1|AAGA[1]|AAGGS|AGAA[S|AGGA[SIAGAA[13
45.2 JAGACISACAAN 4JAAAA 1 CA[ 1 JAAGAIS] 0010 0,003
Thiz adiele is longer than 300 bp and can only be complelaly analysed using paied-end dala
PentaD
Total sequence alleles 24
Total CE fragment alieles 18
Alledes containing SMPs
outside STR-mabif [
Frequency
Frequency Mepal / Frequency |Total
ML Bhutan Pygmees  |Frequency
0202 0.067
0,005 0,002
0.051 0.017
0.005 0.005 0.076 0,029
0.031 0.015 0,015
0.005 0.057 0.145 0,068
0.005 0,002
021 021 0.217 0213
0010 0,003
0,034 0,012
0.088 0.103 0.081 0,09
10 CE10-AAAGA 10JAAAAA 1 |-43636331 T=G 0.015 0.005 0.007
11 CE11-ARAGA[11|AARAA1] 0,127 0227 0,071 0,141
11 CE11-AAAGA[11JAAAAAl 1 HI3636331 T=C 0,005 0.002
12 CE1Z-AAAGA[TIAARANT] 0.25 0.201 0061 0,163
12 CE12-AAAGA[13] 0,005 0,002
122 CE12.2 1 1] 0.015 0,005
Mﬁmﬁwm 0,981 D088 u,m:TI 0,106
13 CE13-AAAGA[14] 0,005 0,002
14 CE1 14] 1 0.058 0.052 0005/ .039
T4 Eld1 B TIAAAAAT] 0,005 5,002
1 CE15-AAAGA[15]AAAAALY 0,025 0.010 012
1 CE16-AAAGA[1EJAAAAAL | 0005 002
i CE15-AAAGA| 1EJAAARAT 0,005 002
PantaE
Total sequence alleles 19
Total CE fragment alleles 18
Alldes containing SNPs
outside STR-mobif L]
Frequency
Frequency Mepal | Frequency |Totsl
Fragment allele Sequence allsle NL Bhutan __Pygmies |Frequency |
[ CES-TTTTL]S] 074 L0268 101 087
7 CET-TTITC{7] 172 031 LOTE 094
B CEB-T 8] 005 005 268 ).062 |
] CEo-TTTTCHHl _ 020 0.00¢ 101 0.043]
10 CE10= 10§ 078 01 086 | 060 |
il CE11- e 083 7! 00S| ).081 |
12 CEAZ-TTTTCIO[TTTTA[T]TTTTC[1] 01 005
12 CE12- 12) 151 113 088 131
13 CE1}- 13] 068 052 L 136] 096
d CE14-TTTTCl14) DB 077 D51 ).070]
15 CE15-T111C[15] 034 063 D51 058
18 Tl FF‘I'I"I'I'ETGI 049 136 018 ),067 |
7 CET=TTTTC ] i 020 050
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THO1

Total sequence alleles 14
Total CE fragment alleles 8
Alleles containing SNPs

outside STR-motif 5
Frequency
Frequency Nepal / Frequency |Total
Fragment allele Seguence allele INL Bhutan Pygmies |Frequency
5 CE5-TGAA[5) 0,010 ,003
6 CEB-TGAA[G] 0.201 0,048 0,056] ,1[12|
7 CE7-TGAA[1]TTAA[1]TGAA[5] 0,005 ,002
7 CE7-TGAA[7] 0,196 0,258 0,404 0,285
7 CE7-TGAA[T]-2171244C>T 0,025| 0,008
7 CE7-TGAA[7]-2171200C>A 0,005 0,002
G CEB-TGAA[8]-2171115G>T-2171244C>T 0,015 0,005|
8 CEB-TGAA[8] 0127 0,098 0,116 0,114
8 CE8-TGAA[8]-2171244C>T 0.101 0,034
9 CES-TGAA[9] 0,123 0,479 0,197 0,263
9 CES9-TGAA[9]-2171244C>T ,010 0,003
9.3 CE9.3-TGAA[6]TGA[1]TGAA[3] 0,333 0,103 ,020 0,154
10 CE10-TGAA[10] 0,010 0,010 .035] 0.018
K CE11-TGAA[11] 015 0,005
TPOX
Total sequence alleles 12
Total CE fragment alleles 7
Alleles containing SNPs
outside STR-motif 5
Frequency
Frequency Nepal / Frequency |Total
Fragment allele | INL Bhutan Pygmies  [Frequency |
B CEB-TGAA[6) 0,091 0,030
B CEB-TGAA[8] 0,461 0,443 0,273 0,393
B CE8-TGAA[8]-1489601G>T 0,005 0,021 0,008
B CEB-TGAA[8]-1489557G>A 0,030 0,010
B CEB-TGAA[8]-1489556C>T 0,121 0,040
9 CES-TGAA[9] 0,113 0,129 0,152 0,131
9 CES-TGAA[9]-1489544C>A 0,111 0,037
9 CE9-TGAA[9]-1489557G>A ,015 ,005
0 CE10-TGAA[10 064 015 El 052

CE11-TGAA[11 333 371 1121 275

CE12-TGAA[12] 020 ,021 ,010 ,017

CE13-TGAA[13] ,005 0,002]
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vWA

Total sequence alleles

24

Total CE fragment alleles 9

Alleles containing SNPs
outside STR-motif

3

Frequency
Frequency Nepal / Frequency |Total

Fragment allele uence allel INL Bhutan Pygmies |Frequency
11 CE11-GATG[2]GATA[1]JGATG[1]GATA[7]GACA[3]GATA[1] 0,010 0,003

CE14-GATG[4]GATA[3]GATG[1]GATA[3]GACA[4]GATA[1]GA
14 CA[1]GATA[1]-5984116A>T-5984121C>T-5984134T>C 0.093 0.139 0.051 0.094

CE14-GATG[4]GATA[3]GATG[1]GATA[2]GACA[S]GATA[1]GA
14 CA[1]GATA[1]-5984116A>T-5084121C>T-5984134T>C 0,051 0,017
14 CE14-GATG[2]GATA[1]GATG[1]GATA[10]GACA[3]GATA[1] 0,010 0,020 0,010
14 CE14-GATG[2]GATA[11]GACA[4]GATA[1] 0,015 0,005
14 CE14-GATG[2]GATA[1]GATG[1])GATA[S]GACA[4]GATA[1] 0,051 0,017

CE15-GATG[5]GATA[3]GATG[1]GATA[3]GACA[4]GATA[1]GA
15 CA[1]GATA[1]-5984116A>T-5984121C>T-5984134T>C 0,005 0,002
15 CE15-GATG[2]GATA[1]GATG[2]GATA[10]GACA[3]GATA[1] 0,010 0,003
15 CE15-GATG[Z]GATA[1]GATG[1)GATA[11]GACA[3IGATA[1] 0,074 0,045 0,040
15 CE15-GATG[2]GATA[1]GATG[1]GATA[10]GACA[4]GATA[1] 0,034 0,010 0,121 0,055
16 CE16—-GATG[2]GATA[1]GATG[1]GATA[12]GACA[3]GATA[1] 0,034 0,026 0,086 0,049
16 CE16-GATG[2]GATA1]GATG[1]GATA[11]GACA[4]GATA[1] 0,147 0,165 0,146] 0,153
17 CE17-GATG[2]GATA[1]GATG[1]GATA[13]GACA[3]GATA[1] 0,015 0,005 0,045 0,022
17 CE17-GATG[2]GATA[1]GATG[1]GATA[12]GACA[4]GATA[1] 0,275 0,314 0,141 0,243
18 CE18-GATG[2]GATA[1]GATG[1]GATA[14]GACA[3]GATA[1] 0,025 0,008
18 CE18-GATG[2]GATA[1]GATG[1]GATA[13]GACA[4]GATA[1] 0,196 0,216 0,096 0,169
18 CE18-GATG[2]GATA[1]GATG[1]GATA[12]GACA[SIGATA[1] 0,010 0,003
18 CE18-GATG[2]JGATA[1]GATG[1]GATA[11]GACA[BJGATA[1] 0.025 0.008
19 CE19-GATG[2]GATA[1]GATG[1)GATA[15]GACA[3IGATA[1] 0,005 0,002
19 CE19-GATG[2]GATA[1]GATG[1)GATA[14]GACA[4]GATA[1] 0,113 0,088 0,025 0,079
19 CE19-GATG[2]GATA[1]GATG[1])GATA[13]GACA[S]GATA[1] 0,005 0,002
20 CE20-GATG[2]GATA[1]GATG[1]GATA[15]GACA[4]GATA[1] 0,005 0,010 0,005 0,007
20 CE20-GATG[2]GATA[1]GATG[1]GATA[14]GACA[S]GATA[1] 0,005 0,002
22 CE22-GATG[2]GATA[1]GATG[1]GATA[14]GACA[TIGATA[1] 0,020 0,007

For every locus the table displays the observed sequence alleles and respective allele frequencies for the three populations tested.
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Supplemental Figure 7. Coverage and within locus allele balance for the samples

used for stutter analysis

A. Average allele coverage and percentage of samples reaching the aimed allele coverage of 1000 reads

Locus Average allele coverage Allele percentage coverage >1000
CSF1PD 8512 100%
D251338 2596 86%
D351358 5390 100%
D55818 7635 100%
D75820 5354 90%
DES1179 4416 92%
0135317 7901 100%
D165539 5279 96%
D18551 5878 100%
D195433 4476 99%
D21511 6700 100%
FGA 4024 98%
PentaD 5271 99%
Pentak 5411 93%
THO1 5743 98%
TPOX 7074 100%
VWA 4389 89%
B. Within locus read balance for each marker grouped by the difference in length between both alleles
Within locus read balance CSF1PO Within locus read balance D251338
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Within locus read balance D135317

Within locus read balance D165539
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Dot plots for each locus displaying the ratio of the reads of the shortest and longest allele in each sample grouped by the STR length difference

of the two dlleles. In general, the shorter allele has a slightly higher number of reads than the longer allele (on average 1.2 times higher). For
some loci, large length differences between the two dlleles can result in stronger within marker allele inbalance.

Supplemental Figure 8. Stutter characteristics for the 17 STRs of the prototype
Powerseq™ system and the Powerplex® Fusion system
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Comparison of stutter characteristics for the MPS-based Powerseq™ system and the CE-based Powerplex® Fusion system. For every marker,
two graphs display the average stutter ratio for every allele and the Coefficient of Variance (CV) for the stutter ratio of each allele. Since for
MPS-based analysis some alleles of the same CE-length are represented by distinct sequence alleles, the stutter ratios and CV of these dlleles
are displayed separately. It is apparent that in general, stutter ratios of the MPS-based analysis are similar to the CE-based stutter ratios except
for CE-alleles that are subdivided into several sequence dlleles. The subdivided sequence dlleles of the same total CE-length often have different
stutter ratios which results in a lower variation of stutter ratio per allele compared to the combined CE-allele. This can be observed from the
generally lower values for the CV of the stutter ratio for the sequence alleles.
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Supplemental Figure 9. A three locus hypothetical example illustrating our
method for the calculation of the proportion of a minor contribution in a

mixture

Chapter 4

y Jdeyd

A. The sequence read profiles for three loci of a single two-person mixture

M Reverse strand reads _ W Reverse strand reads

M Forward strand reads

1600  LOCUS 1 Locus 2
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X-axis shows allele number
Y-axis shows number of sequence reads cbserved

X-axis shows allele number
‘Y-axis shows number of sequence reads observed

B. Summary tables showing the read numbers of all unique alleles and stutters that passed all quality filters

Locus 1 Locus 2

M Reverse strand reads
M Forward strand reads

X e e 2 o & &

X-axis shows allele number
Y-axis shows number of sequence reads observed

Read interpretation of Locus 1
(Please note that in this example we only consider +1 or -1 stutters)

Read interpretation of Locus 2
(Please note that in this example we only consider +1 or -1 stutters)

None of the possible minor alleles overlap with stutters or with
major alleles

One minor allele (12) is visible. There is either only one
{homozygous) minor allele, or the second minor allele overiaps the
maijor. Only clear heterozygous minor alleles are used for the
caleulation which is not the case here

We use both minor allele (26 and 28) reads for caiculation Reads from this minor allele are not used for calculation

C. Calculation of the proportion of the minor contribution

Average minor allele propartion: (0,0448 + 0,0388 + 0,0369) / 3 = 0,041
Total minor contribution in profile: 0.0401 * 2 * 100(%) = 8%

Forward Reverse Proportion Forward Reverse Proportion Forward Reverse Proportion
strand strand Allreads of total locus strand strand Allreads of total locus strand strand Allreads of total locus
Alleles  reads  reads reads P i Alleles reads  reads i reads Alleles reads  reads 1" reads P

21 16 14 30 0.0090 stutter 11 22 18 40 0.0118 stutter 14 1 4 5 0.0017 stutter
22 760 740 1500 0.4478 major 12 135 145 280 0.0824 minor 15 50 60 110 0.0369 minor
23 28 32 60 0.0179 stutter 13 24 26 50 0.0147 stutter 16 4 6 10 0.0034 stutter
24 710 690 1400 0.4179 major 14 1510 1480 3000 0.8824 major 18 110 140 250 0.0838 stutter
25 13 17 30 0.0090 stutter 15 14 16 30 0.0088 stutter 19 680 720 1400 0.4690 major
26 74 76 150 0.0448 minor Total 1705] _ 1685] 3400 20 580 610 1200 0.4020 major
27 15 15 30 0.0090 stutter 21 5 5 10 0.0034 stutter
28 64 66 130 0.0388 minor Total 1440  1545] 2985
28 :] 12 20 0.0060 stutter

Read interpretation of Locus 3
(Please note that in this exampie we only consider +1 or -1 stutters)

Because of the high read count of allele 18, this allele was
interpreted as a minor allele + stutter, the stutter influences the
read-count of this allele and allele 18 can therefore not be used for
a reliable calculation of the proportion of minor contribution. Allele
15 remains as one of the heterazygous minor alleles and can be
included in the ion of the ion of minor ’

Only allele 15 is used for the calculation
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