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Abstract
The introduction of Massive Parallel Sequencing (MPS) techniques enables 

sequencing of Short Tandem Repeats (STR) as a new tool for forensic research. In 
addition to variation in fragment-length, MPS also reveals allelic sequence-variation 
in STR-fragments. This additional variation demands a new way of describing allelic 
variants. Here we propose a nomenclature of MPS-derived STR alleles for use in 
forensic research.

Introduction
For over two decades, the analysis of Short Tandem Repeats (STRs) in forensics 

was routinely performed using Capillary Electrophoresis (CE). With CE, the length of a 
DNA fragment containing an STR is determined. STR alleles are identified by comparing 
unknown fragment lengths with a reference allelic ladder containing fragments with 
known repeat-lengths. The use of a simple number, representing the number of 
repeats was sufficient as nomenclature for STR allele variation. Recent developments 
in Massive Parallel Sequencing (MPS) technologies enable high-throughput sequencing 
of STRs, revealing additional sequence-variation in many of the STRs [1, 2]. A uniform 
nomenclature for MPS-STR alleles describing this additional variation still needs to 
be developed. Here, we propose a universal way of describing STR allele variation, 
specifically designed for use in forensic casework.

Material and Methods
Previously suggested ways of describing STR- and other genome-variation were 

compared. Based on published variation [2] and in-house available data for 22 STRs 
(van der Gaag et al., manuscript in preparation) Human genome coordinates were 
identified for the genomic regions containing STR-variation, and rules were developed 
to describe sequence allele-variation within STRs and in repeat-flanking regions. 
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Results
In several studies, MPS of STRs revealed substantial sequence variation in addition 

to that already described in STRbase [2, 4]. For comparison of published data and, 
more importantly, for comparison of profiles among databases, it is important that 
a uniform and straight-forward nomenclature is used. For this nomenclature several 
aspects should be taken into consideration:

• Different MPS assays will be used to analyse the same markers, introducing 
variation in the genome-coordinates of the analysed fragment containing an 
STR (fragments of different assays will not completely overlap). 

• Allele-nomenclature should be compact and readable. However, allele-
description should also contain all relevant information to reconstruct the 
original sequence.

• A direct comparison between CE- and MPS-results should be possible.

For CE-nomenclature, ranges have been determined in the past, defining the 
genomic coordinates of the STRs. For some STRs (like the example of D13S317 
discussed below), additional repeating elements adjacent to the defined STR turned 
out to vary in length resulting in a difference between the total number of variable 
repeat-units for sequencing and the CE allele-count. Here, we determined genomic 
coordinates for the region in which STR-variation has been observed for 22 commonly 
used autosomal STRs (Figure 1a) in the following way: 

The start-position of the STR-motif represents the first possible position while 
retaining maximum length for the longest repeated element. Any repeated elements 
directly adjacent to the STR of at least three repeats long was included as part of the 
STR-region. If a complex repeat consists of multiple blocks, interruptions were divided 
into blocks of the same length where possible (D2S1338, D21S11, FGA and vWA in 
figure 1a). 

For studies of genome variation, HGVS-nomenclature rules [5] describe almost any 
possible type of genomic variation including STRs. Based on the STR-variation analysed 
in this study we propose general rules for a straightforward forensic nomenclature that 
describes sequence-variation in STRs and flanking regions. We mostly follow HGVS-
guidelines but some specific rules are optimised for the intended use in forensics.  

Figure 1b shows an example of a hypothetical allele for marker D13S317.
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Figure 1, determined genome-coordinates for STR-variation and example 
of allele-description for an STR sequence-variant of D13S317 according to 
nomenclature rules
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From left to right, allele-description contains the following 4 elements:
1. Locus-name followed by “CE” and the allele-length (described as in current 

CE-nomenclature).
2. Chromosome-coordinates of the STR-motif in the reference sequence 

(including reference genome-version), representing the position of the first, 
and the last base of the STR-motif in the reference genome. If coordinates of 
the total analysed fragment (range between the used primers) are known, this 
information should always be provided (as a separate table).

3. STR-motif, described in the same orientation as the reference genome. For 
example: TATC[13]AATC[1]ATCT[3] (TATC repeated 13 times followed by 
AATC repeated 1 time and ATCT repeated 3 times). 

4. Variation outside the STR-region (but within the analysed fragment) is described 
relative to the reference by genome position. Variants are described in the 
following order: Genome coordinate, reference > variant. The long number of 
the genome coordinate can be shortened by a ‘x.’ followed by the last three 
numbers (since the total coordinates of the STR-motif are already described 
before). 

• A SNP of G>A on position 82.722.136 can be described as x.136G>A
• For a deletion of GC on position 82.722.136-82.722.137 we only write 

the starting-position of the deletion followed by the variation, for example: 
x.136GC>del.

• An insertion of AT after the same G is described as x.136.1–>insAT (‘–‘ before 
the ‘>’ is used since this position is absent in the reference).

Although we understand the suggested use of rs-nr.’s by Gelardi et al [1] to maintain 
a stable allele-name over different genome-versions, this will still result in different ways 
of describing variants within the same table because there can always be SNPs that 
are not listed in dbSNP. Rs-nr.s do not provide all the information that is needed to 
directly translate an allele-name back to the original sequence since the exact position 
of the SNP will need to be retrieved from dbSNP. Comparison of results from different 
assays (using different primers) is complicated if it is not directly visible from the name 
whether a SNP is within the range of both assays or not. Thereby, we prefer the use of 
genome-coordinates over rs-nr’s. However, it is essential that the version of the used 
reference genome is described.

In addition to the CE-fragment allele-name, our rules have some small deviations 
from the HGVS nomenclature. As in HGVS nomenclature, only the positions that differ 
from the reference are displayed, but they are described in the fixed order of ancestral 
> derived sequence. This is different from HVGS since deletions and insertions of 
one nt are described as delA (in our rules A>delA) and insA (in our rules x.1–>A). 
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This fixed order keeps the description directly translatable and is feasible for the use 
of computer-algorithms to automatically compare variants. To avoid accumulation of 
numbers, larger insertions and deletions are described in a more mtDNA-like fashion 
[3] displaying only the start-position of the variant followed by the ancestral > derived 
sequence. To combine all parts of the allele-name, an en-dash (long dash) was chosen 
as delimiter between the separate parts to leave an open space between the different 
parts and increase readability. Although we provide a method that can be used to 
describe variants without prior knowledge of the exact positions of the primers, we 
recognise that this is a suboptimal situation which limits possibilities in comparison of 
STR sequencing-results between different assays. 

Conclusion
Recommendations have been made for nomenclature of STRs in such a way to 

provide maximum information in the allele-name and help direct comparison of data 
from different assays and between CE- and sequencing-data.
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