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Short tandem repeat sequencing on the 454 platform
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A B S T R A C T

To investigate the feasibility of next generation sequencing (NGS) technology for the multiplex detection

and sequence production of short tandem repeats (STRs), thirteen STR markers (CSF1PO, D2S441,

D3S1358, D5S818, D7S820, D8S1179, D10S1248, D13S317, D16S539, D21S11, D22S1045, TPOX, and

vWA) were amplified using an optimized multiplex reaction with primer sequences designed for reduced

size amplicons. Each sample multiplex was barcoded with a different sample-specific multiplex identifier

(MID) for subsequent parallel tagged sequencing on the GS Junior System (454 Life Sciences, Branford,

CT).
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1. Introduction

The development of reduced size amplicons for STR markers has
increased the success of typing samples with degraded DNA [1–4].
However, when separating these alleles using capillary electro-
phoresis, the number of loci that can be multiplexed together is
limited by the number of available dyes. Those loci with
overlapping size ranges must either be labeled with different
dyes or amplified in separate multiplexes [4]. One potential
solution to this limitation of standard chemistries and detection
platforms is next generation sequencing technology based on
clonal amplification by emulsion polymerase chain reaction
(emPCR) followed by pyrosequencing [5]. With this strategy,
many loci with overlapping amplicon size ranges can be multi-
plexed in one reaction, which allows conservation of valuable
sample extract.

2. Materials and methods

A multiplex of thirteen STR markers was amplified as described
in [6] with a total amplicon size range of 69–211 base pairs.
Individual samples were tagged with different multiplex identi-
fiers (MIDs) and processed according to the GS Junior Titanium
Series user manuals [7–9] with a few exceptions. First, no
fragmentation by nebulization was necessary, since amplified
targets were already smaller than the length that requires
fragmentation. Second, for the removal of small fragments such
as adaptors and adaptor dimers, the Agencourt1 AMPure1 XP
(Beckman Coulter, Inc., Danvers, Massachusetts) protocol was used
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according to manufacturer recommendations [10] rather than the
bead preparation recommended by the 454 protocol that
intentionally selects for fragments larger than 300 base pairs
[7]. Third, one molecule of sample library per capture bead was
targeted for emPCR, as previous experiments showed that two
molecules per bead produced an overabundance of beads contain-
ing multiple templates. This, in turn, leads to a drastic reduction in
successful reads since those reads representing multiple templates
are discarded during the data filtering process. Lastly, the quantity
of amplification primer for the emPCR reaction was reduced as
suggested for amplicon libraries of very short fragments. This
decreases crosstalk and is intended to eliminate incomplete
extension during the sequencing reaction [11].

Post-processing data analysis was performed with the CLC
Genomics Workbench software (CLC bio, Aarhus, Denmark).
Once high throughput sequencing data were imported, reads
representing individual samples were separated based on the
unique MID sequence tag. Sequences were then aligned to
references designed for this project. Reference sequences were
created for each allele of every locus and spanned both
amplification primers in length. Default mapping and alignment
parameters were adjusted so that only the sequences matching a
reference by 90% of its length and 90% of its base similarity were
captured. Non-specific matches, reads that could be aligned
equally well to multiple reference sequences [12], were ignored
(not aligned). These stringent parameters were used to both
ensure that STR markers with similar repeats would not align to
the incorrect references and eliminate reads ending within the
repeat region.

3. Results and discussion

The preliminary 454 data were extremely promising in terms of
total data recovery, despite an unequal distribution of reads among
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Fig. 1. Sequences aligned to a reference showing single nucleotide polymorphisms within the repeat region.

M. Scheible et al. / Forensic Science International: Genetics Supplement Series 3 (2011) e357–e358e358
the thirteen loci. Further optimization of the multiplex amplification
is currently underway to correct this imbalance. Despite this issue,
the recovered data and resulting aligned reads were more than
sufficient to reveal sequence variation among samples. Single
nucleotide polymorphisms (SNPs) were observed in varying
frequencies from sample to sample, introducing an opportunity
for discrimination not available with commercially available STR
kits (Fig. 1). However, this additional information also introduces
some complications when viewed from the familiar standpoint of
repeat-based allele nomenclature. Conversion of the sequence-
based information to repeat-based data will undoubtedly be
necessary to facilitate comparisons to existing fragment-based
STR profiles, but the benefits of recovering the sequence information
would be lost if allele calls are based solely on the number of repeats.
Thus, some type of alternative nomenclature system that retains the
repeat-based information, yet also captures the SNP variation,
should be considered moving forward.

While sequence data for STRs can also be generated using the
standard Sanger method, the difficulties associated with amplifying
each locus independently, separating heterozygous alleles on a gel,
and Sanger sequencing small fragments make this option unfeasible
for routine practice. Instead, the simplicity of simultaneously typing
multiple samples for numerous mini-amplicon STR markers each
highlights the benefits of NGS for STR sequence generation.

4. Conclusion

The relative ease of obtaining large quantities of sequence data
via emPCR and pyrosequencing, the additional discriminatory
power provided by SNPs otherwise indiscernible with traditional
STR typing methods, and the potential to multiplex many markers
with overlapping size ranges highlight the benefits of STR
sequencing on the 454 platform. Additional multiplexes for a given
sample could be amplified separately and then easily combined for
the emPCR and sequencing steps to further increase the genetic
information recovered. The additional data, and greater discrimina-
tory power resulting from those data, would be valuable to missing
persons identification efforts, especially those focused on highly
degraded skeletal elements containing fragmented DNA [13,14].
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