
The STR Sequencing Project (STRSeq) was initiated to facilitate the description of
sequence-based alleles at the Short Tandem Repeat (STR) loci targeted in human
identification assays. STRSeq data are maintained as GenBank records at the U.S.
National Center for Biotechnology Information (NCBI). Each GenBank record
contains: observed sequence of an STR region, annotation of the repeat region
(“bracketing” consistent with the guidance of the International Society for Forensic
Genetics) and flanking region polymorphisms, information regarding the
sequencing assay and data quality, and backward compatible length-based allelic
designation. STRSeq GenBank records are organized within a BioProject at NCBI
(www.ncbi.nlm.nih.gov/bioproject/380127), which is sub-divided by Commonly
used autosomal STR Loci, Alternate autosomal STR Loci, Y-chromosomal STR loci,
and X-chromosomal STR loci. Each of these categories is further divided into locus-
specific projects. The BioProject will initially contain aggregate alleles across 4,612
samples submitted by four laboratories: National Institute of Standards and
Technology (NIST, the project organizer), University of North Texas Health Sciences
Center, Kings College London, and University of Santiago de Compostela. In addition
to providing a framework for communication among laboratories, the ability to
search the BioProject can be leveraged as QC for rare sequences encountered in
forensic casework. Future plans for this NIJ-funded effort include a pathway for
researchers to submit additional alleles and customized interface tools.
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Length variations among individuals in short tandem repeat (STR) loci have been
used in forensic applications since the 1990s, due to the ease with which these loci
can be multiplexed combined with a high degree of heterogeneity. At some STR loci
commonly used in human identification, sequence variation can provide an
additional level of discrimination, as shown in figures 1 and 2.

As the forensic DNA community evaluates the potential of sequencing applications
for Short Tandem Repeat (STR) loci, it is imperative to define the allelic diversity in
these regions of the human genome, in order to standardize nomenclature for
sequence-based STR alleles and ensure backward compatibility to traditional
length-based alleles. The STRSeq BioProject [1] has been initiated to facilitate the
description of sequence-based alleles at the STRs targeted in human identification
assays. This resource consists of a curated catalog of sequence diversity at forensic
STR loci, along with the key elements of nomenclature conforming to current
guidelines [2], and will serve as the data backbone during this time of transition, as
well as a stable resource for the future.
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Figure 3. Sample submission by laboratory for the initial formation of the BioProject. NIST
population samples have all been sequenced with the Illumina ForenSeq assay (MiSeq FGx), while a
subset have been sequenced with the Promega PowerSeq Auto-Y assay (MiSeq) and are expected to
be sequenced with ThermoFisher GlobalFiler NGS (S5) in 2018. The other three laboratories are
submitting population data sequenced with Illumina ForenSeq. Varying levels of length-based (CE)
supporting data exist across the laboratories.
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Figure 7. Example Graphics view of STRSeq Genbank record, available and interactive online at
https://www.ncbi.nlm.nih.gov/nuccore/1197990967?report=graph.By selecting the Graphics link at
the top of the GenBank record, users can access this graphical sequence view of the record, which
shows the defined repeat region in the context of the reported sequence result from the assay(s)
used. Polymorphisms in the flanking regions are also displayed, when present. This information will
aide users understanding of the presence/absence of flanking polymorphisms across assays.

Figure 6. An example STRSeq BioProject GenBank record for the TPOX locus, available online at
https://www.ncbi.nlm.nih.gov/nuccore/1197990967. The custom comment section, bounded by
##HumanSTR-START## ... ##HumanSTR-END##, contains information of particular relevance to the
forensic community such as the properly formatted bracketed repeat, quality information, and
orientation on the human genome reference sequence. The FEATURES table toward the bottom of
the record indicates the portion of the sequence was obtained from each assay, and the overlap
therein.

Figure 4. Venn diagram demonstrating the overlap of D12S391 sequence-based alleles observed
among the four laboratories, and the total number of unique sequence-based alleles observed
within each laboratory. STRSeq GenBank records will be created for each of the 157 unique
sequence-based alleles at D12S391.

Several use cases for STRSeq have been identified based on feedback from the
forensic community:
I. As a teaching tool to explore STR sequences. The STRSeq BioProject is expected to
be useful to forensic operational, academic, and commercial laboratories interested in
sequencing STRs as it allows the viewing and downloading of repeat region motifs,
flanking region polymorphisms, and commercial assay overlap.
II. As the data backbone for software development. This catalog of sequences with
associated forensic formatting and stable links to GenBank records facilitates
development of STR sequencing methods and bioinformatic pipelines that conform to
agreed variant data frameworks.
III. To provide a quality control function for the evaluation of rare sequences. When a
sequence is observed in forensic casework that was not observed in initial validation
studies or in the implemented allele frequency database, a STRSeq BLAST search
determines if a similar or identical sequence has been recorded. When a link to
previous data is identified, STRSeq provides nomenclature information and leads the
analyst to published allele frequency data (see Figure 8).
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The STRSeq Bioproject will initially contain aggregate alleles across 4,612 samples
sequenced among the partner laboratories, as shown in figure 3. Importantly,
sequence data for NIST population samples is compared to length-based (CE) data
derived across multiple manufacturer assays and instruments, and a subset have
now been sequenced with multiple assays. This cross validation lends confidence
to the sequence data and evaluates back compatibility. Figures 4 and 5
demonstrate the alleles obtained across laboratories for one highly polymorphic
locus, and the submission strategy.
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Figure 9. NCBI Sequence Viewer display of alignments returned from a STRSeq BioProject BLAST
search of a sequence generated at the TPOX locus. The sequence matching the query shows 100%
coverage and 100% identity. Searching sequences with start/stop coordinates varying from the
sequences contained in the BioProject has challenges, as described in [3].

Figure 8. Outline of the anticipated STRSeq use case for evaluation of rare alleles in forensic
casework, integrated into an overall quality assurance system. When a sequence variant is observed
in casework which has not been previously observed, searching the STRSeq BioProject may provide
the user with nomenclature information and lead the user to published allele frequency data
through the connection which will be established between STRSeq and STRidER (an online database
of allele frequencies maintained by the Institute of Legal Medicine, Medical University of Innsbruck,
strider.online).

Figure 5. Submission strategy for 157 unique sequence-based alleles observed at the D12S391
locus. The 105 unique alleles generated at NIST form the basis of STRSeq records. Subsequent
submissions from KCL, UNT, and USC will add records for sequences generated at each laboratory
for which records do not already exist (25, 9, and 18 records, respectively).

Figure 1. An example DNA profile at four STR loci used in human identification. The length-based
profile is derived from peaks in an electropherogram. Peaks are given numerical assignments based
on detection time compared to an allelic ladder. The numerical alleles correspond to counts of
repetitive nucleotides (most often tetranucleotide repeats). DNA sequencing can be used to derive
the same length-based profile, and sometimes provides additional discrimination of length-based
alleles, as shown for the D3S1358 locus in this example.

Figure 2. Comparison of allele frequency distribution of two loci by length and by sequence. The
D12S391 locus is one of the more polymorphic loci by length used in human identification, and
becomes further discriminating by sequence. The most common D12S391 allele by length is present
at a frequency of 20.8% in the NIST population set of 1036 individuals, and this frequency drops to
17.5% by sequence, in addition to a proliferation of rare alleles shown in grayscale. The TPOX locus
is far less polymorphic by length and does not improve by sequence.
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