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ARTICLE INFO ABSTRACT

Keywords: We present a machine learning approach to short tandem repeat (STR) sequence detection and extraction from
STR extraction massively parallel sequencing data called Fragsifier. Using this approach, STRs are detected on each read by first
Machine learning locating the longest repeat stretches followed by locus prediction using k-mers in a machine learning sequence
Massively parallel sequencing model. This is followed by reference flanking sequence alignment to determine precise STR boundaries. We show

Biohntoomatics that Fragsifier produces genotypes that are concordant with profiles obtained using capillary electrophoresis

(CE), and also compared the results with that of STRait Razor and the ForenSeq UAS. The data pre-processing
and training of the sequence classifier is readily scripted, allowing the analyst to experiment with different
thresholds, datasets and loci of interest, and different machine learning models.
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P. de Knijff

ATCTGCCGGGGTAT CTAG CTAG CTAG CTAG GTTCTACGTATCATCGGATAG
ATCTGCCTGGGTATCTAG CTGG CTAG CTAG GTTCTACGTATCATCGGATAG

[ sequence variants of one STR locus present in source sample ]

[ (2) Summary (with counts) of all unique sequencereads |

sequar-01 (1) ATCTGCCGGGGTAT CTAG CTAG CTAG CTAG GTTCTAGGTATCATCGGATAG
sequar-02 (5) ATCTGCCGGGGTAT CTAG CTAG CTAG CTAG GTTCTACGTATCATCGGATAG
sequar-03 (4) ATCTGCCTGGGTAT CTAG CTGG CTAG CTAG GTTCTACGTATCATCGGATAG
sequar-04 (1) ATCTGCCTGGGTAT CTAG CTGG CTAG CTAG GTTCTACGTATCATCGCATAG
soquar-05 (1) ACCTGCCTGGGTAT CTAG CTGG CTAG CTAG GTTCTACGTATCATCGGATAG

a

[ (1) catalogue of all sequencereads |

PCR-primers without
read-01 ATCTGCCGGGGTAT CTAG CTAG CTAG CTAG GTTCTAGGTATCATCGGATAG fluorascent labels

read-02 ATCTGCCGGGGTAT CTAG CTAG CTAG CTAG GTTCTACGTATCATCGGATAG

read-03 ATCTGCOGGGGTAT CTAG CTAG CTAG CTAG GTTCTACGTATCATCGGATAG PCR-primer with

read-04 ATCTGCOGGGGTAT CTAG CTAG CTAG CTAG GTTCTACGTATCATCGGATAG Booracoank lakials "
read-05 ATCTGCOGGGGTAT CTAG CTAG CTAG CTAG GTTCTACGTATCATCGGATAG \ - tls:l’m 'd°“f"‘
read-06 ATCTGCCGGGGTAT CTAG CTAG CTAG CTAG GTTCTACGTATCATCGGATAG PCR et M entification of variants
read-07 ATCTGCCTGGGTAT CTAG CTGG CTAG CTAG GTTCTACGTATCATCGGATAG -products: y coples of with different lengths
road-08 ATCTGCCTGGGTAT CTAG CTGG CTAG CTAG GTTCTACGTATCATCGGATAG a small genome fragment

read-09 ATCTGCCTGGGTAT CTAG CTGG CTAG CTAG GTTCTACGTATCATCGGATAG

read-10 ATCTGCCTGGGTAT CTAG CTGG CTAG CTAG GTTCTACGTATCATCGCATAG
read-11 ATCTGCCTGGGTAT CTAG CTGG CTAG CTAG GTTCTACGTATCATCGGATAG
read-12 ACCTGCCTGGGTAT CTAG CTGG CTAG CTAG GTTCTACGTATCATCGGATAG
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Fig. 1. A simplified explanation of the main
differences between CE genotyping of STRs
and MPS of STRs.

In this theoretical example, a PCR is designed
to reveal the genetic variation of a single STR
locus. The DNA sample has two different al-
leles, both four repeats long. One allele con-
tains a CTGG instead of a CTAG repeat unit.
The other allele contains a SNP in the
5flanking region, a T > G mutation 7 bp.
prior to the first repeat unit. When using CE,
the PCR uses a set of PCR primers of which one
primer has a fluorescent label. After PCR, all
PCR products will include this fluorochrome,
enabling the detecting of the PCR products on
a CE platform. As both alleles are 4 repeats
long, only a single peak will be visible. For this
locus, this DNA sample will be called a homo-
zygote when using CE. When using MPS, the
PCR primers are not labeled with a fluor-
ochrome. All PCR products are simply se-
quenced on a MPS platform, resulting in a long
list of sequence reads. For the sake of simpli-
city, in this example 12 sequence reads are
shown (panel 1). Six reads (01 - 06) contain

the T > G mutation in the 5’flanking region. Six other reads (07-12) contain the CTGG repeat. Upon further inspection, three more genetic variants are detected. A
single read (01) contains a C > G error 7 bp. 3’of the repeat structure. Another read [10] contains a G > C error 16 bp. 3’of the repeat structure. Finally, read 12
shows a T > C error at the second position of the sequence. This full spectrum of sequence variation is summarized in panel 2. A total of five different sequence
variants were detected in this sample. Two variants (02 and 03) were seen multiple times and probably reflect the true alleles. A further three variants (01, 04, and
05) are seen only once; their defining SNP likely representing error reads: reads containing PCR or sequence induced sequence errors.
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read-10 ATCTGCCTGGGTAT CTAG CTGG CTAG CTAG GTTCTACGTATCATCGCATAG
read-11 ATCTGCCTGGGTAT CTAG CTGG CTAG CTAG GTTCTACGTATCATCGGATAG
read-12 ACCTGCCTGGGTAT CTAG CTGG CTAG CTAG GTTCTACGTATCATCGGATAG
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zygote when using CE. When using MPS, the

PCR primers are not labeled with a fluor-

ochrome. All PCR products are simply se-
quenced on a MPS platform, resulting in a long
list of sequence reads. For the sake of simpli-
city, in this example 12 sequence reads are
shown (panel 1). Six reads (01 - 06) contain
the T > G mutation in the 5’flanking region. Six other reads (07-12) contain the CTGG repeat. Upon further inspection, three more genetic variants are detected. A
single read (01) contains a C > G error 7 bp. 3’of the repeat structure. Another read [10] contains a G > C error 16 bp. 3’of the repeat structure. Finally, read 12
shows a T > C error at the second position of the sequence. This full spectrum of sequence variation is summarized in panel 2. A total of five different sequence
variants were detected in this sample. Two variants (02 and 03) were seen multiple times and probably reflect the true alleles. A further three variants (01, 04, and
05) are seen only once; their defining SNP likely representing error reads: reads containing PCR or sequence induced sequence errors.
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AGTC [AGAT]10 GGA[TCTA]2 [ACT]3 ATGCA

POSSIBLE STRS:
[AGAT]10 GGA[TCTA]2 [ACT]3
[AGAT]10 GGA[TCTA]2
[TCTA]2 [ACT]3
[AGAT]10
[TCTA]2
[ACT]3

Fig. 1. Schematic of possible STRs enumerated from a read containing multiple
repeat stretches. As only the possible STRs in rows 1, 2, and 4 contain the
identified repeat stretch (when only one repeat stretch is examined) the rest are
discarded.
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ABSTRACT

We present a machine learning approach to short tandem repeat (STR) sequence detection and extraction from
massively parallel sequencing data called Fragsifier. Using this approach, STRs are detected on each read by first

locating the longest repeat stretches followed by locus prediction using k-mers in a machine learning sequence
model. This is followed by reference flanking sequence alignment to determine precise STR boundaries. We show

that Fragsifier produces genotypes that are concordant with profiles obtained using capillary electrophoresis
(CE), and also compared the results with that of STRait Razor and the ForenSeq UAS. The data pre-processing
and training of the sequence classifier is readily scripted, allowing the analyst to experiment with different
thresholds, datasets and loci of interest, and different machine learning models.
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scikit-learn
algorithm cheat-sheet

classification

clustering

or
WORKING

dimensionality
reduction




