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Agenda: April 12, 2019
 Arrival 8:30am - 8:45am

8:45am - 9:00am

9:00am - 11:00am

Welcome and Opening Remarks 

STRAND WG Facilitated Discussion 

● Reference genomes, existing databases
● Quality control
● Bioinformatics
● Implementation

Coffee Break 11:00am - 11:15am

11:15am - 12:00pm Summary, Path Forward, and Closing Remarks 
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NGS of STRs: Nomenclature Panel at ISFG Conference Krakow 2015

foto



NGS of STRs: Considerations of the ISFG (2016)

the full sequence (sequence string), 
the alignment of sequences relative to a reference sequence

the annotation of alleles



NGS of STRs: Considerations of the ISFG (2016)



Quality Control Concept for Forensic Autosomal STRs (STRidER, 2016)



NCBI BioProject—STRseq and STRidER
Collaboration in QC and exchange of data



+ revised STR Sequence Guide as dynamic document at STRidER

(2018)



Detailed sequence analyses on STRs (2017)

Goals
Continue collection of STR sequence information to understand variation
Update STRSeq @NCBI and STR sequence guide @STRidER
Harmonize efforts to develop a common STR nomenclature system

Propose a common STR nomenclature system to the community through 
the ISFG



Detailed sequence analyses on STRs (2017)

This is a nomenclature panel

This is NOT a panel to focus on technical and analytical problems



Katherine Gettings - NIST Applied Genetics Group 

►NIST population sample sequencing

►Reference materials for STR sequencing

STRAND working group
align|name|define



►NIST population sample sequencing

STRAND working group
align|name|define



11 pages of methods, including:
https://doi.org/10.18434/T4/1500024

STRAND working group
align|name|define



https://doi.org/10.18434/T4/1500024

~800 unique sequences

STRAND working group
align|name|define



Controls for STR Sequencing
► NIST SRM 2391d 
► Expected release Summer 2019
► STR sequence data:

► ForenSeq
► Precision ID GlobalFiler NGS STR Panel v2
► PowerSeq 46GY (prototype)

STRAND working group
align|name|define



Controls for STR Sequencing
► NIST GiaB

► 7 Coriell cell lines
► One individual and two trios
► PCR-free prep, HiSeq 150 and 250, PacBio

► STR project
► Any “novel” marker can be characterized
► ISFG Poster targeting ~500 “novel” STRs

STRAND working group
align|name|define



Lisa Borsuk - NIST Applied Genetics Group

► BioProject Structure
► Record Structure
► Current Sample Sets
► BioProject Status

STRAND working group
align|name|define

Update



STRAND working group
align|name|define

BioProject Structure

https://www.ncbi.nlm.nih.gov/bioproject/380127

24

11

7

26



STRAND working group
align|name|define

BioProject Structure (cont.)

Links to 
BioProjects



STRAND working group
align|name|define

Record Structure



STRAND working group
align|name|define

1786 Samples 1043 Samples 839 Samples 944 Samples
ForenSeq Verogen,
PowerSeq 46GY (prototype) 
Promega, and GlobalFiler
NGS Thermo Fisher (and Sanger 

🤫🤫)

CE Information

ForenSeq Verogen,
CE Information

ForenSeq Verogen,
CE Information

ForenSeq Verogen,
CE Information

Current Sample Sets

Working towards including more sets of data
Collaborating with STRidER



STRAND working group
align|name|define

BioProject Status

► Currently sequences for autosomal 
loci have been submitted
► Additional autosomal sequences 

continue to be loaded

► Y and X data is going to be 
submitted in the next few months
► 2019 Summer - Fall



Jonathan King

STRAND working group
align|name|define



► Current stable release
► v3

► fastq processing (C++ script )

► Data visualization and processing (Microsoft Excel)

► Development version
► R package

► Combination of C++ script and functions 
► Full UI

► Data visualization

► Allele-calling

STRAND working group
align|name|define



► Default settings (ForenSeq-STRs only)
► ~2s per sample 

► (~15s from fastq)

► ~97.9% of alleles called automatically
► (>99% excluding D22S1045…)

► Stutter Assessment
► ~6s per sample

► Population-level processing

STRAND working group
align|name|define



► In Development UI

STRAND working group
align|name|define



STRAND working group
align|name|define



STRAND working group
align|name|define

Caution

Warning



STRAND working group
align|name|define



► Length-based Allele Calling

STRAND working group
align|name|define



► Sequence-based

STRAND working group
align|name|define



► Stutter Assessment
► Refine Levels

► Locus
► Most widely implemented

► Length-based allele
► Most widely studied

► Haplotype
► Most useful ultimately…(probably)

STRAND working group
align|name|define



► Parent Allele: D2S1338 [CE 17]…[GGAA]11 [GGCA]6 
► Primary Stutter Product (~12% of parent allele)

► [GGAA]10 [GGCA]6

► GAGGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAA
GG----CAGGCAGGCAGGCAGGCAGGCAAGGCCAAGCCATTT

► Secondary Stutter Product (~1% of parent allele)
► [GGAA]11 [GGCA]5

► GAGGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAA
GGAAGG----CAGGCAGGCAGGCAGGCAAGGCCAAGCCATTT

► GAGGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGCAGGCAGGCAGGCAGGCAGGCAAGGCCAAGCCATTT

STRAND working group
align|name|define



► D21S11
► PA: [TCTA]4 [TCTG]6 [TCTA]3 TA [TCTA]3 TCA [TCTA]2 TCCA TA [TCTA]9 

► [TCTA]4 [TCTG]6 [TCTA]3 TA [TCTA]3 TCA [TCTA]2 TCCA TA [TCTA]8

► >6%

► [TCTA]4 [TCTG]5 [TCTA]3 TA [TCTA]3 TCA [TCTA]2 TCCA TA [TCTA]9

► >1%

► [TCTA]3 [TCTG]6 [TCTA]3 TA [TCTA]3 TCA [TCTA]2 TCCA TA [TCTA]9

► <1%

► [TCTA]4 [TCTG]6 [TCTA]3 TA [TCTA]2 TCA [TCTA]2 TCCA TA [TCTA]9

► <1%

STRAND working group
align|name|define



► Understanding Error via Haplotype Networks

STRAND working group
align|name|define

CSF1PO D19S433



► Future Directions
► Long-term vision of STRait Razor

► Alignment-based

► Dynamic flanking region processing/anchor assignment

► Web interface

STRAND working group
align|name|define



UNT Center for Human ID Research and Development Unit

STRAND working group
align|name|define



Chris Phillips

STRAND working group
align|name|define



GRCh38 has regular updates but no ‘audits’ reveal the sequence build or 
alignments for forensic STRs have changed

GRCh37 and GRCh 38 do have different sequence builds in one or two loci -
most complex comparison of sequences is DXS10146

Reference genomes, existing databases

No distinction can be made between the fragments of duplication-inversion Y-
STRs when we move away from the single strand RefSeq framework





GRCh38 has regular updates but no ‘audits’ reveal the sequence build or 
alignments for forensic STRs have changed

GRCh37 and GRCh 38 do have different sequence builds in one or two loci -
most complex comparison of sequences is DXS10146

Reference genomes, existing databases

Handling of insertions is quite low key when these are above a certain length

Short Indels can be insertions or 
deletions of the sequence element 
- this is rarely fixed in 1000 
Genomes / dbSNP annotations

[A/-] is rarely given as [-/A]

[G/GA] rarely [GA/G]

longer sequence elements are 
given as insertions and this 
includes STR alleles when these 
are compiled in 1000 Genomes 
(not always) 

No distinction can be made between the fragments of duplication-inversion Y-
STRs when we move away from the single strand RefSeq framework



CEPH
D8S1179



FGA

Insertions are generally rare but 
can be difficult to align to RefSeq



The final 3’ repeat motifs of D21S11 are the only 
common STR alleles not represented in RefSeq



Reference genomes, existing databases

The two sets of co-ordinates and sequence linked to them won’t change substantially

We can accommodate whatever framework for defining the repeat region we agree to



Databases of genomic details pertinent to a variant

Databases of the population variation observed in a variant 

Sequence databases generally compile good quality data for SNPs/Indels

STR structure data is poor - description and detail varies between loci

There may be a need to systematise some forensic STR locus names (e.g. 
FGA) - less regularised than SNPs/Indels, so locating novel loci very difficult

In last two years >10K genome projects have found many rare variants

No STR sequence variation database exists - we will have to build our own

Forensic STR databases of CE-alleles have functioned well up to now

STR.Base   popSTR   ALFRED

Reference genomes, existing databases



Maps of clustered variants:

STRs and their accompanying flanking SNPs   

Multiple STRs in close proximity

Indels that might influence CE size estimates

Arrangement of multiple fragment STRs

Gauging linkage between close STRs:

cM estimates of syntenic loci

Databases of genomic details pertinent to a variant

Databases of the population variation observed in a variant 

HapMap

Ensembl

NCBI Genbank
STR-specific 
BioProjects

Identifying less well established STRs as unique

D5S2500 (in a CE kit) vs D5S2800 (in an MPS kit)NCBI Probe



Maps of clustered variants:

STRs and their accompanying flanking SNPs   

Multiple STRs in close proximity

Indels that might influence CE size estimates

Arrangement of multiple fragment STRs

Gauging linkage between close STRs:

cM estimates of syntenic loci

Identifying less well established STRs as unique

D5S2500 (in a CE kit) vs D5S2800 (in an MPS kit)

Agreement to use the RefSeq reference strand:

5’ to 3’ single sequence with fixed coordinates for both current builds

Consensus amongst STRAND members for each STR’s START-END nucleotides and repeat region structures

HapMap NCBI Probe

Ensembl

STR 
Sequence 

Guide

NCBI Genbank
STR-specific 
BioProjects

Guide
Wiki

Database

‘Red-point’ SNPs

Mobility-shift SNPs

Rare 4-nt Indels

Consensus amongst MPS users for loci and level of detail

Databases of genomic details pertinent to a variant

Databases of the population variation observed in a variant 

√ Flanking variants even at low frequency are easy to compile  

STRSeq compiling full sequences including flanks

dbSNP is accelerating the uptake of Indels and assignment of rs-numbers

1000 genomes is now supplemented by gnomAD / TOPMed - tens of thousands of samples



Databases of genomic details pertinent to a variant

Databases of the population variation observed in a variant 



Text

dbSNP is undergoing a transition in presentation and scope to 
accommodate many more rare SNPs identified by >10,000 sample 
projects 

TOPMed Trans-Omics 
for Precision MedicinegnomAD Genome Aggregation Database 



Text

11% of Africans

0.02% of Africans

2% of Africans

gnomAD Data



TOPMed Trans-Omics for Precision Medicine ProgramgnomAD Genome Aggregation Database 

TOPMed and ‘red-point’ 
(very rare) SNPs



STR Flanking Region 
Variation
David Ballard – King’s College London



D16S539 – Known Flanking SNP 
Variation



D16S539 – Expected frequency of alleles using 
flanking sequence



D16S539 – Expected frequency of alleles 
using flanking sequence



D16S539 – Actual frequency of alleles 
using flanking sequence



D16S539 – Why isn’t the flanking 
region helping?
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STR nomenclature



To consider?

 For discrimination purposes, extended flanking region 
variation is of limited use due to linkage with specific STR 
repeat sequence alleles
 A nomenclature system just describing the repeat region 

(or a defined region around the repeat) would be simple 
and capture almost all of the useful variation 
 A collection of all common STR sequence allele variation 

is already available



STR Sequence Nomenclature –
The view from Leicester

Tunde Huszar

University of Leicester

Alec Jeffreys Forensic Genomics Unit

Department of Genetics and Genome Biology

Leicester, UK

th201@leicester.ac.uk



STR Sequence Nomenclature

 Lessons from a phylogenetic framework for Y-STRs

 Existing databases – using STRSeq

 Local database – LeiceSTRSeq



Phylogenetic framework 

Huszar et al. FSI: Genetics (2018), 35, 97-106
A phylogenetic framework facilitates Y-STR variant discovery and classification via 
massively parallel sequencing

 variable array limits:

• DYS385a,b
• DYS481
• DYS390

“non-variable” flanking regions

3′ flSTR array5′ fl

+1

-1
+2



Phylogenetic framework - DYS385a,b

Huszar et al. FSI: Genetics (2018), 35, 97-106
A phylogenetic framework facilitates Y-STR variant discovery and classification via 
massively parallel sequencing

conventionally : (STRBase, strbase.nist.gov)

DYS385a,b: [GAAA]n
2016 ISFG recommendation: (Parson et al. 2016 FSI Gen)

DYS385a : [TTTC]n

DYS385b:  [GAAA]n

no distinction between a/b in kits – suggestion: 

DYS385a,b: [GAAA]n



Huszar et al. FSI: Genetics (2018), 35, 97-106
A phylogenetic framework facilitates Y-STR variant discovery and classification via 
massively parallel sequencing

 Variable flanking regions:

recognise repeat structure, rather than calling several SNPs 

Allele Observed 
#

General structure of alleles including variable 
flanking sequences

CE allele name 
designation

canonical 193 AAGG[6]GAAA[n] n

variant 4 AAGG[5]GAAA[n] n − 1

variant 2 AAGG[7]GAAA[n] n + 1

variant 2 AAGG[8]GAAA[n] n + 2

variant * AAGG[9]GAAA[n] n + 3

Phylogenetic framework - DYS385a,b

* observed in Novroski et al. 2016, FSI Gen



Phylogenetic framework 

Huszar et al. FSI: Genetics (2018), 35, 97-106
A phylogenetic framework facilitates Y-STR variant discovery and classification via 
massively parallel sequencing

 high sequence variability – flexible software

FDSTools (Hoogenboom et al. 2017, FSI Gen) 

non-standard populations, new variants, non-human STRs

 Multiple software/analysis – against bioinformatic nulls

UAS / STRaitRazor / FDSTools / 

/ commercial software / in-house scripts



Existing databases

 STRSeq: (Gettings et al. 2017, FSI Gen) 

GenBank records at NCBI - (unique Acc#)

BioProjects (Auto, Auto+, Y- ,X-STRs) 

 STRidER: (Bodner et al. 2016, FSI Gen) 

STR sequence guide v4 (Phillips et al. 2018, FSI Gen)

“Project Data:
No public data is linked to this project. Any recently released data 
that cites this project will be linked to it within a few days.”

user interface, pathway for submission, QC 



Existing databases

 STRSeq: (Auto, Auto+, Y- ,X-STRs) 

search by BLASTn

detailed, comparable,

sequence identifiers

 STRidER:

compendium for variation



Existing databases - Issues

 STRSeq: not yet applicable for Auto+, Y- ,X-STRs

instead: literature search

redundant task

no unique sequence ID

LeiceSTRSeq – local DB

 STRidER:

great QC for CE-based submission,

but no MPS submission pathway yet



Existing databases – Potential issues

 STRSeq: GenBank Acc# - unique sequence ID

Kit1 STR only – unique ID#1 
Kit2 STR + flanking SNP – unique ID#2 

D16S539 – same sample on GRCh38, chr16

PowerSeq:CE8_GATA[8] – in STRSeq as MH167241.1

ForenSeq:CE8_GATA[8]_rs11642858 – in STRSeq as MK570017.1

3′ flSTR array5′ fl fSNP



Integrative Genomics Viewer (IGV) tool (Robinson et al. 2011, Nat. Biotechnol.)

Existing databases – Potential issues

2 allelesfSNP iSNP

Primer 
interference 
– trimming!
(Huszar et 
al. 2019, 
FSI Gen.)



Existing databases – Potential issues

 STRSeq: GenBank Acc# - unique sequence ID

- one DNA type – several unique sequence IDs

- sequence ID groups – based on STR array seq identity

- flanking region difference – exclusion / no match

real OR kit / software / reported region difference

- unique ID currently at flanking region variants level 

not ideal for automated matches 



Unique ID for comparable reporting

Locus

CE allele

array 
sequence 
allele

flanking  
seq
variant 1

flanking  
seq
variant 3

flanking  
seq
variant 2

equicentric allele group (same array core)

Unique ID for array-level identity

isometric allele group (same CE)



Local database - LeiceSTRSeq

 To help MPS-based projects with redundant tasks:

- literature search for allele variants

- allele IDs from STRSeq – by array-level identity groups

- extra: kit, software, amplified/reported coordinates

STRSeq ID/publications for reference, annotated string

 Difficulties: 

- lack of personnel: constant screening, input, cleaning data 

and development

- Excel-based user’s copy, Access-based background DB



Summary

 more flexible/sensible array definition – repeat vs SNPs

 unique ID for STR array-level identity – comparable match

 flanking variants - with clear reporting coordinates 

(reference genome, kit type, software) 

 Current state: doable, but not user-friendly
– central QC
– curation of submitted new alleles
– build and maintain database
– cross-platform searchable interface
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CE-MPS Discordances

in a study of 31 autosomal STR loci 
from 498 Spanish individuals

Pedro A. Barrio1, Pablo Martin1, Antonio Alonso1, The DNASEQEX Consortium

1 Servicio de Biología del Instituto Nacional de Toxicología y Ciencias Forenses (INTCF), 
Departamento de Madrid
pedro.barrio@justicia.es

mailto:pedro.barrio@justicia.es


DNA-STR Massive Sequencing & International Information Exchange
HOME/2014/ISFP/AG/LAWX/4000007135

Comparison of two MPS platforms: 
Ion S5 (Thermo Fisher Scientific) MiSeq FGxTM (Illumina)

Madrid Innsbruck Berlin

STRs Standardization typing by MPS

International Exchange of MPS data

Population Studies



498 samples

Material & Methods

Spanish ancestries 
representing all the 17 
Autonomous Communities 
of Spain (i.e. “regions”)

Concordance Study CE/MPS

221 samples

Precision ID GlobalFiler® NGS STR Panel v2 on Ion S5 System

PowerPlex Fusion 6C System (Promega, Madison, WI, USA)



Results. Allele frequencies

STR allelic gains by sequence:

Number of alleles compared to heterozygosity observed for the 31 auSTR loci
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Discordances. Samples

Putative mismatches:

3 loci:

5 samples: 5 samples out of 221 (97.73 % sample concordance)

1 locus/sample: 5 loci out of 5083 (99.90 % locus concordance)

1 allele/locus: 5 alleles out of 10166 (99.95 % allele concordance)

Penta D, D2S441 and D19S433



Discordances. Penta D locus

3 samples: M17-06600-47-869-EX-1 , M17-06602-78-882-EX-1 and M17-06602-84-767-EX-1
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Discordances. Penta D locus

Additional analysis: STRait Razor v3 (Woerner et al., 2017)
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Discordances. Penta D locus

Additional analysis: STRSeq catalog (Gettings et al., 2017)

BioProject: PRJNA380576 Penta_D[CE2.2] [AAAGA]5 rs1190908807

Integrative Genomics Viewer - IGV v2.4.16 (Robinson et al., 2011; Thorvaldsdottir et al., 2013)

rs1190908807

(13 pb deletion)

https://www.ncbi.nlm.nih.gov/bioproject/PRJNA380576


Discordances. Penta D locus

Additional analysis: STRait Razor v3 (Woerner et al., 2017)

(…)

C A A G A A A G A A A A A G G G G A A A A A A A G A G A A T3’ 3’

5’ anchor sequence aligns on the deleted region (rs1190908807)

Anchor sequences of .config file

1 2 3 4 5

The allele 2.2 is really an allele 5…. with the 13 bp deletion (rs1190908807)

5’ 5’



Discordances. D2S441 locus

1 sample: M17-06603-60-608-EX-1



Discordances. D2S441 locus

Additional analysis: STRait Razor v3 (Woerner et al., 2017)
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Manual alignments using
updated Forensic STR 
Sequence Guide v4
(Phillips et al., 2018)

Converge doesn’t detect/value the 1 bp insertion inside the repeat unit.



Discordances. D2S441 locus

Additional analysis: IGV v2.4.16 (Robinson et al., 2011; Thorvaldsdottir et al., 2013)

allele 14

allele 13.1

Reference sequence

allele 13.1



Discordances. D19S433 locus

1 sample: M17-06600-36-824-EX-1



Discordances. D19S433 locus

Additional analysis: STRait Razor v3 (Woerner et al., 2017)
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Discordances. D19S433 locus

BioProject: PRJNA380574 D19S433[CE13.2] [CCTT]12 ccta CCTT cttt CCTT rs745607776

Integrative Genomics Viewer - IGV v2.4.16 (Robinson et al., 2011; Thorvaldsdottir et al., 2013)

rs745607776
(2 pb deletion)

Additional analysis: STRSeq catalog (Gettings et al., 2017)

It is really an allele 14 with a 2 bp deletion in the flanking region!!!

https://www.ncbi.nlm.nih.gov/bioproject/PRJNA380574


Discordances. D19S433 locus

Additional analysis: STRait Razor v3 (Woerner et al., 2017)

(…)

3’ 3’

5’ anchor sequence aligns on the deleted region (rs745607776)

Anchor sequences of .config file

If we move the anchor sequence to save the deleted region...

3’ 3’

1 2 3 4 5 6 7 8 9 10 11 12 13 14

The allele 13.2 is really an allele 14…. with the 2 bp deletion (rs745607776)

5’ 5’

5’ 5’



Summary. Highlights

* Findings based on the CE (Fusion 6C) - MPS (Global NGS) concordance study:

• Deletions in the flanking region (13 bp deletion in Penta D associated to CE allele 
2.2) may cause “bioinformatic null alleles” if the selected region matches the 
anchor region of sequence recognition by the software.

• Deletions and insertions in the flanking regions also generated discrepancies 
between the CE micro-variant alleles and MPS data for Penta D, D2S441, and 
D19S433.

• The identification and classification of these small discrepancies in the different 
STR markers will allow software improvement and the development of better 
comparison tools  between CE and MPS data.

Penta_D[CE2.2]-chr21-hg19 45056086-45056150 [AAAGA]5 45056081-45056093-delAAAAGAAAGAAAA

• The knowledge of the MPS sequence demonstrated that these microvariants
were erroneously called by CE, as they were alleles with complete repeat units 
plus insertions or deletions in the flanking region.

D2S441[CE13.1]-chr2-hg19 68239079-68239126 A [TCTA]10 TTTA [TCTA]2

D19S433[CE13.2]-chr19-hg19 30417142-30417197 [CCTT]12 ccta CCTT cttt CCTT 30417137-3041713-delGA
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STR sequencing in Copenhagen

A bit of history

Case reporting

NGS nomenclature issues
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2011: 454 GS Junior (Roche)

2014: Ion PGM (Thermo Fisher Scientific)

2015: MiSeq FGx (Verogen)

Fordyce et al., (2011) Biotechniques 51, 127-133.
Rockenbauer et al., (2014) FSI genet. 8, 68-72.
Dalsgaard et al., (2014) FSI genet. 8, 195-199.
Gelardi et al., (2014) FSI genet. 12, 38-41.

2016: Ion S5 System (Thermo Fisher Scientific)

STR sequencing in Copenhagen - history

Fordyce et al., (2015) FSI genet. 14, 132-140.
Friis et al., (2016) FSI genet. 21, 68-75.
Vilsen et al., (2017) FSI genet. 28, 82-89.

Hussing et al., (2018) Foren. Sci. Res. 3, 111-123.
Vilsen et al., (2018) FSI genet. 35, 107-112.
Hussing et al., (2019) Int. J. Legal Med. 133, 325-334.
Simayijiang et al., (2019) in preparation.
DNASEQEX 29 Y-STR panel test (2019).

Precision ID Globalfiler mixture ID test (2017).
Project Iceberg: Precision ID Globalfiler NGS STR panel test (2018-19).
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Nomenclature*:
• Locus name (used in forensic genetics)
• Length of repeat region/length of subunit
• Sequence(s) of subrepeat(s) followed by the number of repeats
• Variation in the flanking regions

*Gelardi et al., FSI genet. (2014) 12, 38-41
‡ Friis et al., (2016) FSI genet. 21, 68-75.

Examples:
TH01[9] AATG[9]
D5S818[12] AGAT[9]ACAT[1]AGAT[2]rs25768[T]rs73801920[G]
DXS10135[23] AAGA[3]GAAAGGA[1]AAGA[19]AAAG[1]del:9306454-6

STR sequencing in Copenhagen - history

Python script: STRinNGS‡
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Case reporting in Copenhagen - history

Forensic Genetics in Denmark
• Accredited according to ISO 17025
• University based service
• Independent of the State administration, police, and judiciary

system 

Report everything we detect
• Unless the quality of the results prevent it
• Example: LPL in the FFFL panel
• Example: rs7520386 and rs576261 in the Precision ID Identity 

Panel
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STR sequencing nomenclature

Examples:
TH01[9] AATG[9]
D5S818[12] AGAT[9]ACAT[1]AGAT[2]rs25768[T]rs73801920[G]
DXS10135[23] AAGA[3]GAAAGGA[1]AAGA[19]AAAG[1]del:9306454-6

STRidER nomenclature*:
TH01 [AATG]9
D5S818 [ATCT]9 ATGT [ATCT]2 rs25768[T] rs73801920[G]
DXS10135 [AAGA]3 gaaagga [AAGA]19 AAAG del:9306454-6

*Bodner et al., (2016) FSI genet. 24, 97-102.
Phillips et al., (2018) FSI genet. 34, 162-169.
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STR sequencing nomenclature
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360 stutter reads What is the SNP-
STR haplotype

STR sequencing nomenclature
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STR sequencing nomenclature
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Summary

Nomenclature
STR region (clear definitions in STRidER)
• Start and end (genome build)
• Forward strand
• Subrepeat format
Flanking regions
• InDels should be incorporated for back-compatibility with CE
 PCR primers should be made available (old and new kits)

• SNPs?
 Global nomenclature for SNP-STR - which SNPs?
 Restrict multiplex design
 Challenge sequencing length

Database in place (STRSeq)
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Thank you for the invitation
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Motivation

• Casework by MPS Has Been Hindered by a Lack of Available Methods 
for Interpreting Mixed DNA Samples

• We Developed a Mixed DNA Interpretation Method But it Requires 
an ‘Operational’ Nomenclature

3
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Challenges

1. Space in Computer Displays is Limited

2. Both Artifacts and Alleles Must be Labeled In Mixture Analysis

3. Artifacts are Errors, Not Polymorphisms (rs# Not Available)

4. Universal: Every Laboratory Gets Equivalent Labels for Equivalent Sequences

5. Sequence Type Labeling That is Easy to Vocalize When Discussing Profiles

5

Show Stutter and Non-Stutter Artifacts Filter  Stutter and Non-Stutter Artifacts

Example Screen Captures from ArmedXpert/MixtureAce 

2800M sample 141, PowerSeq, Syracuse Univ.



Marker SID Count STR Amplicon

20 ZU.HE 10 [GGAA]2GGAC[GGAA]10[GGCA]7 GGATTGCAGGAGGGAAGGAAGGACGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGCAGGCAGGCAGGCAGGCAGGCAGGCAAGGCCAAGCCATTTCTGTT

21 ZU.TG 183 [GGAA]2GGAC[GGAA]11[GGCA]7 GGATTGCAGGAGGGAAGGAAGGACGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGCAGGCAGGCAGGCAGGCAGGCAGGCAAGGCCAAGCCATTTCTGTT

21 ZU.MW 33 [GGAA]2GGAC[GGAA]12[GGCA]6 GGATTGCAGGAGGGAAGGAAGGACGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGCAGGCAGGCAGGCAGGCAGGCAAGGCCAAGCCATTTCTGTT

22 ZU 2000 [GGAA]2GGAC[GGAA]12[GGCA]7 GGATTGCAGGAGGGAAGGAAGGACGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGCAGGCAGGCAGGCAGGCAGGCAGGCAAGGCCAAGCCATTTCTGTT

22 ZU`CM 22 [GGAA]2GGAC[GGAA]12[GGCA]6GACA GGATTGCAGGAGGGAAGGAAGGACGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGCAGGCAGGCAGGCAGGCAGGCAGACAAGGCCAAGCCATTTCTGTT

22 ZU`FH 12 [GGAA]2GGAC[GGAA]5AGAA[GGAA]6[GGCA]7 GGATTGCAGGAGGGAAGGAAGGACGGAAGGAAGGAAGGAAGGAAAGAAGGAAGGAAGGAAGGAAGGAAGGAAGGCAGGCAGGCAGGCAGGCAGGCAGGCAAGGCCAAGCCATTTCTGTT

23 ZU.FV 20 [GGAA]2GGAC[GGAA]13[GGCA]7 GGATTGCAGGAGGGAAGGAAGGACGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGCAGGCAGGCAGGCAGGCAGGCAGGCAAGGCCAAGCCATTTCTGTT

24 MB.EL 221 [GGAA]2GGAC[GGAA]14[GGCA]7 GGATTGCAGGAGGGAAGGAAGGACGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGCAGGCAGGCAGGCAGGCAGGCAGGCAAGGCCAAGCCATTTCTGTT

24 MB.VV 30 [GGAA]2GGAC[GGAA]15[GGCA]6 GGATTGCAGGAGGGAAGGAAGGACGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGCAGGCAGGCAGGCAGGCAGGCAAGGCCAAGCCATTTCTGTT

25 MB 1766 [GGAA]2GGAC[GGAA]15[GGCA]7 GGATTGCAGGAGGGAAGGAAGGACGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGCAGGCAGGCAGGCAGGCAGGCAGGCAAGGCCAAGCCATTTCTGTT

25 MB`SF 20 [GGAA]2GGAC[GGAA]15[GGCA]7 GGATTGCAGGAGGGAAGGAAGGACGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGCAGGCAGGCAGGCAGGCAGGCAGGCAAGGCCAAGCCATTTCTGCT

25 MB`WP 17 [GGAA]2GGAC[GGAA]15[GGCA]7 GGATTGCAGGAGGGAAGGAAGGACGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGCAGGCAGGCAGGCAGGCAGGCAGGCAAGGCCAAGCCATGTCTGTT

25 MB`QM 16 [GGAA]2GGAC[GGAA]15[GGCA]7 GGATTGCAGGAGGGAAGGAAGGACGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGCAGGCAGGCAGGCAGGCAGGCAGGCAAGGCCAAGCCATCTCTGTT

25 MB`KT 10 [GGAA]2GGAC[GGAA]15[GGCA]7 GGATTGCAGGAGGGAAGGAAGGACGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGCAGGCAGGCAGGCAGGCAGGCAGGCAAGGCCAAGCCATTTCTGAT

15 KW.OU 22 [TCTA]1[TCTG]3[TCTA]11 TTTGGGGGCATCTCTTATACTCATGAAATCAACAGAGGCTTGCATGTATCTATCTGTCTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATGAGACAGGGTCTTGCTC

16 KW.TX 298 [TCTA]1[TCTG]3[TCTA]12 TTTGGGGGCATCTCTTATACTCATGAAATCAACAGAGGCTTGCATGTATCTATCTGTCTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATGAGACAGGGTCTTGCTC

17 KW 3947 [TCTA]1[TCTG]3[TCTA]13 TTTGGGGGCATCTCTTATACTCATGAAATCAACAGAGGCTTGCATGTATCTATCTGTCTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATGAGACAGGGTCTTGCTC

17 KW`PU 32 [TCTA]1[TCTG]3[TCTA]13 TTTGGGGGCATCTCTTATACTTATGAAATCAACAGAGGCTTGCATGTATCTATCTGTCTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATGAGACAGGGTCTTGCTC

17 KW`UG 23 [TCTA]1[TCTG]3[TCTA]13 TTTGGGGGCATCCCTTATACTCATGAAATCAACAGAGGCTTGCATGTATCTATCTGTCTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATGAGACAGGGTCTTGCTC

17 KW`PP 12 [TCTA]1[TCTG]3[TCTA]13 TTTGGGGACATCTCTTATACTCATGAAATCAACAGAGGCTTGCATGTATCTATCTGTCTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATGAGACAGGGTCTTGCTC

18 MI 2856 [TCTA]1[TCTG]3[TCTA]14 TTTGGGGGCATCTCTTATACTCATGAAATCAACAGAGGCTTGCATGTATCTATCTGTCTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATGAGACAGGGTCTTGCTC

18 KW.VL 21 [TCTA]1[TCTG]2[TCTA]15 TTTGGGGGCATCTCTTATACTCATGAAATCAACAGAGGCTTGCATGTATCTATCTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATGAGACAGGGTCTTGCTC

18 KW.AK 12 [TCTA]1[TCTG]4[TCTA]13 TTTGGGGGCATCTCTTATACTCATGAAATCAACAGAGGCTTGCATGTATCTATCTGTCTGTCTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATGAGACAGGGTCTTGCTC

18 MI`ZJ 15 [TCTA]1[TCTG]3[TCTA]14 TTTGGGGGCATCTCTTATACTCATGAAATCAACAGGGGCTTGCATGTATCTATCTGTCTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATGAGACAGGGTCTTGCTC

D2S1338

D3S1358

Any Sequence is a Potential Allele in Mixtures
All Sequences Must be Labeled, and Attributed

6

Sample: 2800M/ForenSeq
AT = 10 Reads
Source: OCME

ALLELE

ALLELE

ALLELE

ALLELE

Marker Length Count

20 10

21 216

22 2034

23 20

24 251

25 1829

15 22

16 298

17 4014

18 2904

Expressed by Length

D2S1338

D3S1358

Marker Length Count

21 216

22 2034

24 251

25 1829

16 298

17 4014

18 2904

Apply 1.5% AT

D2S1338

D3S1358

Features of Allele Number Nomenclature
• Compact enough for computer display
• Any lab using the same kit gets the same 

allele number
• Easy to vocalize
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TAGATAGATAGATAGATAGAT
AGATAGATAGATAGATAGACA
GACAGACAGA

CXGCYSCTSLHDJOUZDROTHPBWUVKKWDJEKIZOVRIIGSXXRMGPYGVWOYC

ATACACCCATATCTGTCTGTCTGTCTATC
TATCTATCTATCTATCTATCTATCTATCT
ATCTGCCTATCTGCCTGCCTACCTATCCC
TCTATGGC

NUFGCFQIEEPRLTMEOSUOOHGRUPOYFFSVNEDRGCCKGSNOOCGHWLTDBXC

AGAAGAAGAAGAAAGAGAAAAAAAGAAAGAA
AGGTAGGAAGGAAGGAAGGAAGAAAGAAAGG
AAGAAAGAAAGGAAGGAAGGAAGGAAGGAAG
GAAGGAAGGAAGGAAGAAAGAAAGAAAGAAA
GAAAGAAAGAAAGAAAGAAAGAAAGAAAGAA
AGAAAGAAAGAAAGAAAATAAAAAAAACTGT
GGTAGC

SELFQMYJPTMWUGVRAFCPNLGMXUYDPIUDDYBRMKOHCJMCGPCVIOXMIW

Domain of “All” Forensic Sequences
(< 108)

Range of SID Function 
(2256 ~ 2655 ~ 1077)

Mapping
Function

A

TZAWHAETJXKBMJMVSVSDDVEBTYTKCZLXSVLULPCATTAZFXOTFHHSHNB

ZPVLQTLLMIJHBKHPXKINASFVEWKLXEYGNSJDQRBRCZNYSOERXEZWUZB

{GRCh38 Chromosome 1}

Any Sequence String 55-Character SID Label (Little-Endian)
Digits Arranged Least- to Most-Significant

SID: Shorthand Labels for Sequences



CXGCYSCTSLHDJOUZDROTHPBWUVKKWDJEKIZOVRIIGSXXRMGPYGVWOYC

NUFGCFQIEEPRLTMEOSUOOHGRUPOYFFSVNEDRGCCKGSNOOCGHWLTDBXC

SELFQMYJPTMWUGVRAFCPNLGMXUYDPIUDDYBRMKOHCJMCGPCVIOXMIW

Domain of “All” Forensic Sequences
(< 108)

Range of SID Function 
(2256 ~ 2655 ~ 1077)

Mapping
Function

TZAWHAETJXKBMJMVSVSDDVEBTYTKCZLXSVLULPCATTAZFXOTFHHSHNB

ZPVLQTLLMIJHBKHPXKINASFVEWKLXEYGNSJDQRBRCZNYSOERXEZWUZB

Any Sequence String 55-Character SID Label (Little-Endian)
Digits Arranged Least- to Most-Significant

SIDs are Shorthand Labels for Sequences

Number of possible 
sequences of a 200-
nucleotide amplicon

= 4200 ~ 10120

Number of human 
chromosomes
on earth

~ (8x109)x(2) 
~ 1.6x1010

Number of different 
sequences observed in 

allele surveys
<~ 100 

1,000 forensic loci 
100 alleles each 

1,000 trim sites each
= 108



CXGCYSCTSLHDJOUZDROTHPBWUVKKWDJEKIZOVRIIGSXXRMGPYGVWOYC

NUFGCFQIEEPRLTMEOSUOOHGRUPOYFFSVNEDRGCCKGSNOOCGHWLTDBXC

SELFQMYJPTMWUGVRAFCPNLGMXUYDPIUDDYBRMKOHCJMCGPCVIOXMIW

Domain of “All” Forensic Sequences
(< 108)

Range of SID Function 
(2256 ~ 2655 ~ 1077)

Mapping
Function

TZAWHAETJXKBMJMVSVSDDVEBTYTKCZLXSVLULPCATTAZFXOTFHHSHNB

ZPVLQTLLMIJHBKHPXKINASFVEWKLXEYGNSJDQRBRCZNYSOERXEZWUZB

Any Sequence String 55-Character SID Label (Little-Endian)
Digits Arranged Least- to Most-Significant

SIDs are Shorthand Labels for Sequences

1,000 forensic loci 
100 alleles each 

1,000 trim sites each
1,000 artifacts each

= 1011



feb9d9c28bc82a468471f2b0a9afda5144a0d5805c6d2968f2bbc57a50ac0968

GCCAGGAACTGTGGCTCATCTATGAAAACTTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATATCATAACA

4co4bmh75k48o4mjpjcbj5jealbhpboooii0hke5gg7ih1k33l46cba

4CO4BMH75K48O4MJPJCBJ5JEALBHPBOOOII0HKE5GG7IH1K33L46CBA

A  B  C  6  4  L  3  3  K  1  H  I  7  G  G  5  E  K  H  0  I  I O  O  O  B  P  H  B  L  A  E  J  5  J  B  C  J  P  J  M  4  O 8  4  K  5  7  H  M  B  4  O  C  4

75 76 77 71 69 86 68 68 85 66 82 83 72 81 81 70 79 85 82 65 83 83 89 89 89 76 90 82 76 86 75 79 84 70 84 76 77 84 90 85 87 69 89 73 69 85 70 72 82 87 76 69 89 77 69

K  L  M  G  E  V  D  D  U  B  R  S  H  Q  Q  F  O  U  R  A  S  S Y  Y  Y  L  Z  R  L  V  K  O  T  F  T  L  M  T  Z  T  W  E  Y I  E  U  F  H  R  W  L  E  Y  M  E

65 66 67 54 52 76 51 51 75 49 72 73 55 71 71 53 69 75 72 48 73 73 79 79 79 66 80 72 66 76 65 69 74 53 74 66 67 74 80 74 77 52 79 56 52 75 53 55 72 77 66 52 79 67 52

KL

12 KL

DNA Sequence (88 nt)

SHA-256 Hash in Hexadecimal (64 digits)

SHA-256 Hash in Hexavigesimal (55 digits)

Capitalized

Reversed

ASCII Codes

Offset

ASCII Letters

Dynamic Allocation of Letters Within a Context

Optionally Prepend with Allele Number

Optionally Prepend with Locus Name

Example Sequence
D2S441 [TCTA]12 including 30 nt upstream and 10 nt downstream

D2S441 12 KL

Universal & Portable (Like Allele Numbers): 
• The same sequence will yield the same SID 

regardless of laboratory generating the SID
• Independent of any external reference
• But ‘SID Dictionary’ is Trim Specific

https://nichevision.github.io/sid.js/

https://nichevision.github.io/sid.js/


Algorithm is Highly Sensitive
to Small Changes In Input Strings

Letter
Changes

Sequence 
String

SID Labels

Base Sequence TAGATAGA EJZUKYGKYTNLOLXDTVLVGOTSMYKZJVBDFKJZLWIXEVULUGXZZDFGFJD

Substitution TAGGTAGA TXSUCZXTZDJWUVOCTXTTLMPNJRMUHJRUDLRFFDGWFVQQCIKYHMVYFVB

Deletion TAGATAG_ INOGHEHOUNOGOBUYWZBCLPJOHQJMFLUJUYZFWTAMSIHWKZCALUGNUAC

Insertion TAGATAGAT NPUCXCAJHYLRPJWBFHTLJUCXXMYTKBAHZIUKJIBUFPJYFOEIOWLQCDB

12

In cryptography, the “avalanche effect” means that 
nearly all digits change in response to even a single 

change in the input string.



SID Rosetta Stone for Alleles at D1S1656

13

gi gb SID-3D Length Allele String

1384961645 MH174866.1 GGN 19.3 [CA]5 CCTA [TCTA]14 TCA [TCTA]4 CACACACACACCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCATCTATCTATCTATCTA

1384961644 MH174865.1 LCE 18.3 [CA]5 CCTA [TCTA]13 TCA [TCTA]4 CACACACACACCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCATCTATCTATCTATCTA

1384961643 MH174864.1 DQQ 18 [CA]5 CCTA [TCTA]17 CACACACACACCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1384961642 MH174863.1 IKU 17.3 [CA]5 [TCTA]13 TCA [TCTA]4 CACACACACATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCATCTATCTATCTATCTA

1384961640 MH174862.1 OGR 17.3 [CA]5 CCTA [TCTA]12 TCA TCTG [TCTA]3 CACACACACACCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCATCTGTCTATCTATCTA

1384961638 MH174861.1 QIZ 17.3 [CA]5 CCTA [TCTA]12 TCA [TCTA]4 CACACACACACCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCATCTATCTATCTATCTA

1384961635 MH174860.1 KGL 17 [CA]5 [TCTA]17 CACACACACATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1384961634 MH174859.1 SIA 17 [CA]5 CTTA [TCTA]16 CACACACACACTTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1384961633 MH174858.1 NEC 17 [CA]5 CCTA [TCTA]16 CACACACACACCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1384961631 MH174857.1 ZDN 16.3 [CA]5 CCTA [TCTA]12 TCA [TCTA]3 CACACACACACCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCATCTATCTATCTA

1384961630 MH174856.1 LQE 16.3 [CA]5 CCTA [TCTA]11 TCA [TCTA]4 CACACACACACCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCATCTATCTATCTATCTA

1384961629 MH174855.1 BFZ 16 [CA]5 [TCTA]16 CACACACACATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1384961627 MH174854.1 FLL 16 [CA]5 CTTA [TCTA]15 CACACACACACTTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1384961626 MH174853.1 SCC 16 [CA]5 CCTA [TCTA]15 CACACACACACCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1384961623 MH174852.1 CIG 15.3 [CA]5 CCTA [TCTA]11 TCA [TCTA]3 CACACACACACCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCATCTATCTATCTA

1384961620 MH174851.1 QQI 15.3 [CA]5 CCTA [TCTA]10 TCA [TCTA]4 CACACACACACCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCATCTATCTATCTATCTA

1384961618 MH174850.1 VZG 15 [CA]5 [TCTA]15 CACACACACATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1384961615 MH174849.1 QIQ 15 [CA]5 CTTA [TCTA]14 CACACACACACTTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1384961612 MH174848.1 OCB 15 [CA]5 CCTA [TCTA]14 CACACACACACCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1384961611 MH174847.1 QUN 14.3 [CA]5 CCTA [TCTA]11 TCA [TCTA]2 CACACACACACCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCATCTATCTA

1384961608 MH174846.1 QVO 14.3 [CA]5 CCTA [TCTA]9 TCA [TCTA]4 CACACACACACCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCATCTATCTATCTATCTA

1384961606 MH174845.1 HNV 14 [CA]5 [TCTA]14 CACACACACATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1384961604 MH174844.1 JLZ 14 [CA]5 CCTA [TCTA]13 CACACACACACCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1384961603 MH174843.1 --- 14 [CA]5 CCTA [TCTA]13 Differs at rs1019813099

1384961602 MH174842.1 SVF 13 [CA]5 [TCTA]13 CACACACACATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1384961600 MH174841.1 AXL 13 [CA]5 TCTA GCTA [TCTA]11 CACACACACATCTAGCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1384961599 MH174840.1 YCZ 13 [CA]5 CCTA [TCTA]12 CACACACACACCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1384961597 MH174839.1 FAE 12 [CA]5 [TCTA]12 CACACACACATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1384961595 MH174838.1 OGP 12 [CA]5 CCTA [TCTA]11 CACACACACACCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1384961594 MH174837.1 CFP 11 [CA]5 [TCTA]11 CACACACACATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1384961593 MH174836.1 XAP 11 [CA]5 CCTA [TCTA]10 CACACACACACCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1384961591 MH174835.1 IUW 10 [CA]5 [TCTA]10 CACACACACATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1384961589 MH174834.1 BCM 10 [CA]5 CCTA [TCTA]9 CACACACACACCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

Dictionary of SID Labels and Sequence Strings
Genomic Extent = GRCh38 chr1:230769606…230769683



Outline

1. Motivation

2. The Challenge of MPS Artifacts in Mixed DNA Interpretation

3. Sequence Identifier (SID) Nomenclature 

4. Why We Need SID: Labeling of Artifacts by ‘Phylogeny’ 

5. Mixture Interpretation of Sequence-Based MPS Data Using 
MixtureAce™ Plugin to ArmedXpert™ Software
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‘Phylogenetic’ Model of the PCR-MPS Method

Analyte
Accurate

PCR Amplicon
Allele

Erroneous PCR
Amplicon

Stutter
Artifacts
(of Allele)

Accurate Read
Of Accurate

PCR Amplicon

Accurate Read
Of Erroneous 
PCR Amplicon

Erroneous Read
Of Erroneous 
PCR Amplicon

Sequence
Artifacts

(of Stutter)

Bioinformatic RepresentationsPhysical Entities

Erroneous Read 
Of Accurate 

PCR Amplicon

Sequencing
Error

Sequence 
Artifacts
(of Allele)

Sequencing
Error

PCR Sequencing

Sequencing

TCCATGGTGAATGAA
TGAATGAATGAATGA
ATGAGGGAAATAAGG

Erroneous PCR
Amplicon

Sequencing

Strand 
Slippage 

Error

Accurate Read
Of Erroneous 
PCR Amplicon

Erroneous Read
Of Erroneous 
PCR Amplicon

Sequence
Artifacts
(of Allele)

Sequence
Artifacts
(of Allele)

Back Mutation ‘Allele’

Class Name

Sequencing
Error

Misincorporation
Error

Error

TCCATGGTGAATGAA
TGAATGAATGAATGA
ATGAGGGAAATAAGG

TCCATGGTGAATGAA
CGAATGAATGAATGA
ATGAGGGAAATAAGG

TCCATGGTGAATGAA
TGAATGAATGAATG-
---AGGGAAATAAGG

TCCATGGTGAATGAA
TGAATGAATGAATG-
---AGGGAAACAAGG

TCTATGGTGAATGAA
TGAATGAATGAATGA
ATGAGGGAAATAAGG

TCTATGGTGAACGAA
TGAATGAATGAATGA
ATGAGGGAAATAAGG

TCCATGGTGAATGAA
TGAATGAATGAATGA
ATGAGGGAAATAAGG

Example

TCCATGGTGAATGAA
TGAATGAATGAATGA
ATGAGGGAAATAAGG

SID = 6 TK

TCCATGGTGAATGAA
TGAATGAATGAATG-
---AGGGAAATAAGG

SID = 5 TK.LI

TCTATGGTGAATGAA
TGAATGAATGAATGA
ATGAGGGAAATAAGG

SID = 6 TK`RX

6 TK

6 TK`VS

5 TK.LI

5 TK.LI`JI

6 TK`RX

6 TK`QT

6 TK

Class ID

1

2

3

4

5

6

7

SID

DNA Segment 
Intended to be 

Measured

(TH01)
(ForenSeq Amplicon)
(Primers Trimmed)

PCR Chimeras
Primer Dimers



Artifact Assignment Rules

• Shared stutter artifacts can be apportioned to multiple parent alleles

• Ambiguous non-stutter artifacts remain as candidate alleles (potential minor)

• Categories of ambiguous non-stutter artifacts:
1. Questioned sequences that are minimally close to > 1 parent

2. Questioned sequences with minimal distances to any parent > δ

16

SID & Connector Conventions for MixtureAce Parent-Child Associations
PARENT.STUTTER BT.NU    (dot)
PARENT`SEQARTIFACT BT`HL    (tick)



Outline

1. Motivation

2. The Challenge of MPS Artifacts in Mixed DNA Interpretation

3. Sequence Identifier (SID) Nomenclature 

4. Why We Need SID: Labeling of Artifacts by ‘Phylogeny’ 

5. Mixture Interpretation of Sequence-Based MPS Data Using 
MixtureAce™ Plugin to ArmedXpert™ Software
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3:1 Mixture, AT = 10
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Show
Artifacts

Filter
Artifacts

OCME ForenSeq 3:1 2800M : CRM2391c-A



Isoalleles Are Displayed Separately

Contributor
Allele 
Length

Allele Sequence

2800M (Major) 14 [TCTA]1[TCTG]1[TCTA]12

2391c-A (Minor) 14 [TCTA]2[TCTG]1[TCTA]11

19

Length-14
Isoalleles From Different 

Contributors



ArmedXpert Match & Comparison Tool
With Sequence-Based Alleles

20



ArmedXpert Mixture Deconvolution
With Sequence-Based Alleles

21



ArmedXpert Mixture Deconvolution
Call Report

22



Audit Trail Of Sequence Type Assignments
in CSV File
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MPS - STR Nomenclature

why a new nomenclature

11-Apr-20193 STRAND - April 2019

Practical Issues:

• We now have to describe sequence variation. 

• We have a unique opportunity to repair forward – reverse mistakes.

• There will be “repeat” confusion (N-CE ≠ N-MPS).

• Have to deal with SNP variation. 

• There is already a HGVS nomenclature in use.

• Describing MPS – STR variants in reports (articles) must be compatible 
with CE – STR results.

• Allele input in stat-progs and databases.



MPS - STR Nomenclature

why a new nomenclature

11-Apr-20194 STRAND - April 2019

Two choices:

• A one size fits all solution (a code).

• A set of different solutions.

Minimal criteria:

• No online only repository / coding solution.

• Should be able to accommodate kit design variation.

• Accept FASTA – format. 



MPS - STR Nomenclature

nomenclature challenges

11-Apr-20195 STRAND - April 2019

D13S317[CE11]-Chr13-GRCh37-g.82.722.160:82.722.223-TATC[11]AATC[2]ATCT[3]
D13S317[CE12]-Chr13-GRCh37-g.82.722.160:82.722.223-TATC[13]AATC[1]ATCT[3]-g.x.136G>A

D13S317[CE12] - TATC[13]AATC[1]ATCT[3] – 24 136G>A
D13S317[CE12] – 101 



STRNaming 

Standardised STR sequence 
allele naming 

Jerry Hoogenboom & Kris van der Gaag 
 
April 11th 2019 
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Different naming approaches for each situation 
• The entire sequence 

• Exchange of data 
• Software processing and storage in database 

 
• Human-readable format; preserving sequence information 

• Publications, presentations, reports, etc. 

• Manual profile interpretation 

• Within-case manual comparisons 

 
• Very short code 

• Compact tables 
• Software that can’t handle complete sequences 

2 
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Our focus: human-interpretable names 
• One unique name describing one sequence 

• One-to-one relationship 
 

• Sequence-descriptive 
• Small change in sequence  small change in name 
• The exact sequence change is obvious from the name 
• Essential in interpreting stutters/hybrids/artefacts by humans! 

 
• Standardised and automated 

• Should work the same on any locus in current or future use 
• Don’t want to spend weeks working out the details of a locus 
• Publically available online & offline; open source algorithm 

3 
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Definitions 
 
 
 
 
 
 
 

CTCCATGGTGAATGAATGAATGAATGAATGAATGATGAATGAATGAATGAGGGAAATAAGG 
 
 
 
 
 
 
 
 
 

4 

Structure 

5’ – Prefix Suffix – 3’ Stretch Stretch 
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Which name would you prefer? 
 CTCCATGGTGAATGAATGAATGAATGAATGAATGATGAATGAATGAATGAGGGAAATAAGG 
 
CTCCATGGTGAATGAATGAATGAATGAATGAATGATGAATGAATGAATGAGGGAAATAAGG 
CTCCATGGTGAATGAATGAATGAATGAATGAATGATGAATGAATGAATGAGGGAAATAAGG 
CTCCATGGTGAATGAATGAATGAATGAATGAATGATGAATGAATGAATGAGGGAAATAAGG 
CTCCATGGTGAATGAATGAATGAATGAATGAATGATGAATGAATGAATGAGGGAAATAAGG 
 
1. ATGA[6]TGA[1]ATGA[3] Nice! Two stretches of the same repeat unit! 
2. TGAA[6]TGA[1]TGAA[3] Nice! Moved 5’ as far as possible! 
3. ATGA[6]TGAA[3] Nice! No interruptions! 
4. TGAA[6]TGA[2]ATGA[3] Nice! Only repeats, no interruptions, short prefix/suffix! 
 

5 

 None of these is bad! 
Also, which locus is this? 
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 Do we care about the CE number? 

Which name would you prefer? 
 CTCCATGGTGAATGAATGAATGAATGAATGAATGATGAATGAATGAATGAGGGAAATAAGG 9.3 
 
CTCCATGGTGAATGAATGAATGAATGAATGAATGATGAATGAATGAATGAGGGAAATAAGG 9.3 
CTCCATGGTGAATGAATGAATGAATGAATGAATGATGAATGAATGAATGAGGGAAATAAGG 9.3 
CTCCATGGTGAATGAATGAATGAATGAATGAATGATGAATGAATGAATGAGGGAAATAAGG 9.3 
CTCCATGGTGAATGAATGAATGAATGAATGAATGATGAATGAATGAATGAGGGAAATAAGG 9.3 
 
CE9.3 ATGA[6]TGA[1]ATGA[3] Nice! Two stretches of the same repeat unit! 
CE9.3 TGAA[6]TGA[1]TGAA[3] Nice! Moved 5’ as far as possible! 
CE9.3 ATGA[6]TGAA[3] Nice? No interruptions! 
CE9.3 TGAA[6]TGA[2]ATGA[3] Nice? Only repeats, no interruptions, short prefix/suffix! 
 

6 

 What would allele 9 look like? 
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Which name would you prefer? 
 CTCCATGGTGAATGAATGAATGAATGAATGAATGAATGAATGAATGAGGGAAATAAGG 9 
 
CTCCATGGTGAATGAATGAATGAATGAATGAATGAATGAATGAATGAGGGAAATAAGG 9 
CTCCATGGTGAATGAATGAATGAATGAATGAATGAATGAATGAATGAGGGAAATAAGG 9 
CTCCATGGTGAATGAATGAATGAATGAATGAATGAATGAATGAATGAGGGAAATAAGG 9 
CTCCATGGTGAATGAATGAATGAATGAATGAATGAATGAATGAATGAGGGAAATAAGG 9 
 
CE9.3 ATGA[6]TGA[1]ATGA[3] CE9 ATGA[9] Nice! 
CE9.3 TGAA[6]TGA[1]TGAA[3] CE9 TGAA[9] Nice! 
CE9.3 ATGA[6]TGAA[3] CE9 ATGA[8]A[1] Need to account for the extra A… 
CE9.3 TGAA[6]TGA[2]ATGA[3] CE9 TGAA[9]TGA[1] Name has changed a lot? 
 

7 

 We have 100s of markers more… 
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Our solution! 
STRNaming 
• Figures out what is repeated 
• Figures out the nicest way of shortening that 

• The rules aren’t simple, but STRNaming does it for you 
• Apply some pretty notation… 
• Done! 
 
Availability 
• Free online & offline STRNaming tools 
• Open-source the algorithm 

 

8 
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But how? 

9 
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The reference sequence 
1. Find longest repeat stretch  extract repeat unit only 

• Repeat until no more non-overlapping stretches are found 
2. Shift the extracted units (optional step) 

• E.g., CTAT  TATC, ATCT, TCTA 
3. Find all stretches of all extracted units (ignoring overlap) 
4. Select the nicest combination of repeat stretches (structure) 
 
1. CTTCCTATCTATCTATCTATCTATCTATCTATCTATCTATCTAATCTATCTATCTTCA 

   CTAT ATCT 

2. CTAT TATC ATCT TCTA 

3. CTTCCTATCTATCTATCTATCTATCTATCTATCTATCTATCTAATCTATCTATCTTCA 

   CTTCCTATCTATCTATCTATCTATCTATCTATCTATCTATCTAATCTATCTATCTTCA 

   CTTCCTATCTATCTATCTATCTATCTATCTATCTATCTATCTAATCTATCTATCTTCA 

   CTTCCTATCTATCTATCTATCTATCTATCTATCTATCTATCTAATCTATCTATCTTCA 

4. CTTCCTATCTATCTATCTATCTATCTATCTATCTATCTATCTAATCTATCTATCTTCA 

10 
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The reference sequence 
• From the reference, we store: 

• Which repeat units were used in its name  TCTA, ATCT 
• The prefix and suffix sequence  CTTCCTA, TCA 
• The sequence of the longest interruption (if very long)  n/a 
• Its length and CE allele number  58bp = CE9 

 
Sequence: 
CTTCCTATCTATCTATCTATCTATCTATCTATCTATCTATCTAATCTATCTATCTTCA 

 

Structure: 
CTTCCTA(1)TCTA(9)ATCT(3)TCA(1) 

 

Name: 
CE9_TCTA[9]ATCT[3] 

 

11 
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Naming other sequences 
• From the reference, we had stored: 

• Which repeat units were used in its name  TCTA, ATCT 
• The prefix and suffix sequence  CTTCCTA, TCA 
• The sequence of the longest interruption (if very long)  n/a 
• Its length and CE allele number  58bp = CE9 

 
1. Find all stretches of TCTA and ATCT (ignoring overlap) 

CTTCCTATCTATCTATCTATCTATCTATCTATCTATCTATCTAATCTATCTATCTTCA 
CTTCCTATCTATCTATCTATCTATCTATCTATCTATCTATCTAATCTATCTATCTTCA 

2. Select the nicest combination of repeat stretches (structure) 
CTTCCTATCTATCTATCTATCTATCTATCTATCTATCTATCTAATCTATCTATCTTCA 

3. Find and shorten repeat stretches in interruptions 
• Can use repeat units other than TCTA and ATCT 

4. Convert the structure into an allele name 
• Simply a matter of notation, e.g.: CE9_TCTA[9]ATCT[3] 
 
 12 
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But what is nice??? 
Calculate a score for each STR structure 
 
• Bonus points for: 

• Every base covered by a repeat 
• Every repeat of a unit 
• Every interruption that is exactly x repeat units long 
 

• Penalty points for: 
• Every distinct repeat unit used 
• Every interruption introduced between stretches 
• Every base in an interruption 
• Every base inserted or deleted in the prefix or suffix 

 

How many points?  Mostly common sense, expert opinion 
needed for the complex alleles 

 13 
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Some words on notation 
• Variation in suffix 

 
GGTAAACAGTATATTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTATTTGAAATGGA 
CE10_TTTTC[10] 
 

GGTAAACAGTATATTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTATTTGCAATGGA 
CE10_TTTTC[10]_+7A>C 
 

GGTAAACAGTATATTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTATTTGAATGGA 
CE9.3_TTTTC[10]_+9A>- 
 

GGTAAACAGTATATTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTATTTGAAAATGGA 
CE10.1_TTTTC[10]_+9.1->A 

14 
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Some words on notation 
• Variation in prefix 

 
GGTAAACAGTATATTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTATTTGAAATGGA 

CE10_TTTTC[10] 
 

GGTACACAGTATATTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTATTTGAAATGGA 

CE10_TTTTC[10]_-9A>C 
 

GGTAACAGTATATTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTATTTGAAATGGA 

CE9.3_TTTTC[10]_-8A>- 
 

GGTAAAACAGTATATTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTATTTGAAATGGA 

CE10.1_TTTTC[10]_-8.1->A 

15 

             10 9  8      7  6  5  4  3  2  1 

             10 9  8  7  6  5  4  3  2  1 

             10 9  7  6  5  4  3  2  1 



STRNaming | April 11th 2019 

Some words on notation 
• Large interruptions (example: DYS389) 

 
AGATTGATAGAGGGAGGGATAGATAGATAGATAGATAGATAGATAGATAGATAGACAGACAGACAGATACATAGATAATACAGA 

DYS389II CE12_GATA[9]GACA[3] 
 
AGATTGATAGAGGGAGGGATAGATAGATAGATAGATAGATAGATAGATAGATAGACAGACAGACAGATACATAGATAATACAGATGAGAGTTG 
GATACAGAAGTAGGTATAATGATAGATAGATAGATAGATAGATAGATAGATAGATAGATAGATAGATAGACAGACAGACAGACAGACAGACAC 
ACACATAGATAATACAGA 

DYS389II CE29_GATA[9]GACA[3][]GATA[12]GACA[6] 
 
AGATTGATAGAGGGAGGGATAGATAGATAGATAGATAGATAGATAGATAGATAGACAGACAGACAGATAGATAGATAATACAGATGAGAGTTG 
GATACAGAAGTAGGTATAATGATAGATAGATAGATAGATAGATAGATAGATAGATAGATAGATAGATAGACAGACAGACAGACAGACAGACAC 
ACACATAGATAATACAGA 

DYS389II CE29_GATA[9]GACA[3][3C>G]GATA[12]GACA[6] 
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Demo! 

19 

Eager to try it out? 
Just drop me a line! 

  
j.hoogenboom@nfi.nl 

mailto:j.hoogenboom@nfi.nl
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Final remarks 
Ideas on the to-do list: 
• Auto-convert to forward strand: ISFG recommendation 
• Analyse reference sequence with more upstream and downstream 

sequence content 
• Stabilises names across kits 
• Auto-determine analysed range per kit 
• Provide table of analysed range 

 

 We are happy to share what we’ve got! 
 We are open for suggestions and improvements! 
 

20 
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Mixtures 

• Probabilistic genotyping open-source software EuroForMix 

• Modules that can analyse SNPs and STRs using LUS 

• We are designing software that will convert sequences into LUS 
primary, secondary, tertiary etc. 

• When we analyse mixtures, we will encounter genotypes for which a 
reference sample is not available. 

• Also we cannot tell if a sequence that is in an apparent stutter 
position of a major contributor, is indeed a stutter. 

• We cannot make the assumption of stutter – but we can filter low level 
products. 
 

 

 



Mixtures 

• When we go to court we report the strength of evidence 
• E.g.. the probability of the evidence if it has come from Mr X and an unknown 

individual(s) vs. the probability of the evidence if it has come from x unknown 
individuals. 

• With numerous loci to contend with and large numbers of case-stains, it 
becomes very time-consuming to suggest that the operator should 
examine each locus separately 

• Consequently,  we are looking towards complete automation of the 
interpretation process where the output that the court is interested in is 
the likelihood ratio. 

• Strictly we don’t need nomenclature to do this, we can use raw sequence. 

 



Why do we need a nomenclature at all? 

• It is feasible to use raw strings of sequenced bases for computers 

• But for database searches there must be a way to compare strings 
with traditional nomenclature – i.e. back-compatibility..  

• Sequence strings need to be available and tied to a nomenclature, 
whatever it may be. 

• It is easy for a computer to turn a string into a designation using a 
look-up table. 



Stutters 

• In probabilistic genotyping it is a requirement to identify stutters. 

• The LUS method will do this, but we also have to consider secondary 
and tertiary LUS because these will also stutter, albeit at lower levels. 

• Given an allele, the expectation of a given stutter is probabilistic, and 
the probability of stutter, and its sequence, will be dependent upon 
the length of the parent allele. 

• Many of the ‘exotic’ stutters will be very low level, and the evidential 
value would be low – they could be filtered. But we can anticipate 
that they may be important with future iterations of probabilistic 
genotyping. Consequently we should build this into the existing 
strategy in order to prevent having to revisit at a later time. 



Examples using D21S11 
• There are 5x type 37.2 variants 

 [TCTA]7 [TCTG]14 [TCTA]3 TCA [TCTA]2 TCCA TA [TCTA]12

[TCTA]9 [TCTG]12 [TCTA]3 TCA [TCTA]2 TCCA TA [TCTA]12

[TCTA]9 [TCTG]13 [TCTA]3 TCA [TCTA]2 TCCA TA [TCTA]11

[TCTA]10 [TCTG]11 [TCTA]3TCA [TCTA]2 TCCA TA [TCTA]12

[TCTA]11 [TCTG]11 [TCTA]3TCA [TCTA]2 TCCA TA [TCTA]11

RU LUS1 LUS2 LUS3

39.2.3 14 12 7

39.2.3 12 12 9

39.2.3 13 11 9

39.2.3 12 11 10

39.2.3 11 11 11

All the same 

[TCTA]5 [TCTG]6 [TCTA]3 TA [TCTA]3 TCA [TCTA]2 TCCA TA [TCTA]15 TA TCTA              36.2.2.2.3;15;6;5;3;3;2  

35.2 variant 



Stutter 

37.2 variant LUS notation

[TCTA]7 [TCTG]14 [TCTA]3 TCA [TCTA]2 TCCA TA [TCTA]12 39.2.3;14;12;7

RU LUS1 LUS2 LUS3

39.2.3 14 12 7

38.2.2 13 12 7

38.2.2 14 11 7

38.2.2 14 12 6

37.2.2 13 12 6

-1 stutter 
-1 stutter 
-1 stutter 
-1 stutter at 2 positions 

Repeat exercise for +1 stutters, -2 stutters and multiple stutters 

Parent allele 



Type 37.2 variant where, primary, secondary, 
tertiary LUS are the same length 

[TCTA]11 [TCTG]11 [TCTA]3TCA [TCTA]2 TCCA TA [TCTA]11 39.2.3;11;11;11  

The notation does not tell us the order in the sequence, but this could be rectified by 
 ordering the LUS variants as they appear e.g. 39;11;11;3;.3;2;1;.1;11 
But this is a bit unwieldy  



Conclusion 

• Computers can take raw sequence and turn it into a local 
nomenclature that can be used for a particular software. 

• LUS notation is probably sufficient if we use it on a per case basis – 
more difficult for a universal nomenclature. 

• Within case a) we need to identify an allele b) we need to apply a 
frequency (use sequence comparison for this). 

• A local nomenclature based on LUS is useful to assess stutters. 

• But this can be local – per case. 
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Landscape of open-access genotyping tools
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Introduction

mainstream
aligners

genome-wide
STR profilers

locus-centric
STR tools

 gapped alignment problem:

trade-off between runtime and accuracy

 bias due to incomplete reads

 do not report genotypes

 no stutter/noise modelling

 „selective“ alignment

 use whole-genome data

 legally and technically 

out of scope?

 anchor flanking sequences

 extract repeat region

 analyze length & sequence



Landscape of open-access genotyping tools
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Software
Programming 

language(s)
Platform Input format GUI Parallel processing Stutter modelling

Result 

visualization

ISFG 

nomenclature

g
e
n
o
m
e
-w
id
e

lobSTR

(Gymrek et al., 2012)
C/C++/R Unix FASTA, FASTQ, BAM no yes yes no no

RepeatSeq

(Highnam et al., 2013)
C++/Python Unix BAM no yes yes no no

STR Viper

(Cao et al., 2013)
Java any BAM, SAM no no no no no

lo
cu

s-
ce

n
tr

ic

STRait Razor v3

(Woerner et al., 2017)
C++ Windows, Unix FASTQ no yes no

yes
(Excel workbook)

yes
(known alleles)

MyFLq

(Van Neste et al., 2015)
Python

Web, Docker, 

Illumina BaseSpace
FASTA, FASTQ yes yes no yes no

FDSTools

(Hoogenboom et al., 2017)
Python Unix FASTA no no yes yes no

STRinNGS

(Friis et al., 2016)
Python/R Unix FASTQ, BAM no no no yes no

SEQ Mapper

(Lee et al., 2016)
.NET Windows, Web FASTA, FASTQ yes no no no no

Altius

(Bailey et al., 2017)
Python Web FASTQ yes yes no yes yes

toaSTR

(Ganschow et al., 2018)
Perl Web FASTA, FASTQ yes yes yes yes yes

Introduction
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clean,

intuitive

GUI

Web
application

www.toastr.online

differentiate

alleles, stutter 

and artefacts

custom

STR marker 

panels

independent

of sequencing

platform, STR kit 

& OS
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CALLING

toaSTR algorithm
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>Seq_1

GTGGTGTGTATTCCCTGTGCCTTTGGGGTTTTTCTGTCGTTCACACGCATCTCCTTTTTGGCTGTGCCTTTGGGGGCATCTCTTATACTCATGAAATC

AACAGAGGCTTGCATGTATCTGTCTGTCTGTCTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATGAGACTTTGTCTTTCTCTG

TCTCCCCTCTTTTACTTCCGTTTTTCTGTCGTTCACACTTCTCTTCTCCTTTTTCTGTCGTTCACACTTTTTCTGTCGTTCACATTATTCCCTGTGCCT

>Seq_2

GTGGTGTGTATTCCCTGTGCCTTTGGGGTTTTTCTGTCGTTCACACGCATCTCCTTTTTGGCTGTGCCTTTGGGGGCATCTCTTATACTCATGAAATC

AACAGAGGCTTGCATGTATCTGTCTGTCTGTCTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATGAGACTTTGTCTTTCTCTGTCTCCCCT

CTTTTACTTCCGTTTTTCTGTCGTTCACACTTCTCTTCTCCTTTTTCTGTCGTTCACACTTTTTCTGTCGTTCACATTATTCCCTGTGCCT

recognition elements
.
.
.

1
CLUSTERING FORMATTING MODELLING

2 3 4



toaSTR algorithm
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TCTGTCTGTCTGTCTGTCATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

TCTGTCTGTCTGTCTGTCATCTATCTATCTATCTATCTATCTATCTATCTA

5000x

3000x

 Observations

CALLING CLUSTERING FORMATTING MODELLING

1 2 3 4

GAGGCTTGCATGTATCTGTCTGTCTGTCTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATGAGACTTTGTCTTTC

GAGGCTTGCATGTATCTGTCTGTCTGTCTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATGAGACTTTGTCTTTC

GAGGCTTGCATGTATCTGTCTGTCTGTCTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATGAGACTTTGTCTTTC

GAGGCTTGCATGTATCTGTCTGTCTGTCTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATGAGACTTTGTCTTTC

GAGGCTTGCATGTATCTGTCTGTCTGTCTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATGAGACTTTGTCTTTC

GAGGCTTGCATGTATCTGTCTGTCTGTCTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATGAGACTTTGTCTTTC



toaSTR algorithm
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CE Coverage Sequence

12 5000x [TCTG]4 TCA [TCTA]8

10 3000x [TCTG]4 TCA [TCTA]6

CALLING CLUSTERING FORMATTING MODELLING

1 2 3 4



toaSTR algorithm
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 Classification of observations: alleles, stutter, artefact

 Sequence-based stutter prediction

 Assumption: stutter occurs most likely in the LUS and SLUS

LUSSLUS

[TCTG]4 TCA [TCTA]8

CALLING CLUSTERING FORMATTING MODELLING

1 2 3 4



Stutter model
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toaSTR algorithm



Classification
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toaSTR algorithm

Stutter modelling enables automatic 

classification of observations:

1. Calling of observations



Classification
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toaSTR algorithm

Stutter modelling enables automatic 

classification of observations:

1. Calling of observations

2. Calculation of Virtual Stutter



Classification
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toaSTR algorithm

 Supports the interpretation 

of mixed samples

Stutter modelling enables automatic 

classification of observations:

1. Calling of observations

2. Calculation of Virtual Stutter

3. Classification







 toaSTR Expanded ESS Expanded CODIS 

AMEL    

D3S1358    

FGA    

SE33    

D8S1179    

TH01    

VWA    

D18S51    

D21S11    

D1S1656    

D2S441    

D2S1338    

D10S1248    

D12S391    

D16S539    

D19S433    

D22S1045    

TPOX    

CSF1PO    

D5S818    

D7S820    

D13S317    

D6S1043    

PENTA E    

PENTA D    

DYS391    
 

26 17 21 
 





Sebastian Ganschow – London, April 11, 2019 20



Sebastian Ganschow – London, April 11, 2019 21



Sebastian Ganschow – London, April 11, 2019 22













Usage statistics

Sebastian Ganschow – London, April 11, 2019 28

toaSTR beta

>60
registered users

>2,800
analyses performed



Future directions
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toaSTR

 Refine the stutter model

 Capture flanking variation

 Interact with databases (e.g. NOMAUT)
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Points of discussion
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STR Sequencing

 Comprehensive benchmarking of MPS-STR genotyping tools on standardized data sets

 Standardization of anchor sequences (impacts the allelic detection capability):

 locus specificity (mismatch tolerance)

 kit compatibility

 CE concordance

 Guideline for quality control of raw sequencing data

 Quality filtering or quality trimming

 How to measure quality? Which QC tools and quality thresholds?

 Implement QM in genotyping software?

 Sequencing mode: single-end, paired-end, merging of paired end reads



STR Databasing and Quality control 

Martin Bodner, Walther Parson
STRAND WG meeting, London, 12 April 2019



1. (short) history of activities

2. .                                 and quality control

3. related activities

Outline of presentation



An aim of the European Network of Forensic Science Institutes (ENFSI) is to produce a 
DNA database of second generation multiplex (SGM) STR profiles that is representative 
of the resident cosmopolitan populations. To achieve this, data were collected from 24 
different populations. All of the data were combined to form one database of 5,700 
profiles from which allele proportions were calculated.

Early database considerations



• established in 2004
• high quality autosomal STR database
• 19 European countries, 16 autosomal STR loci
• allele frequency tables, also for download and import into other software
• query function: single and batch query
• hosted by

ENFSI STR database: STRbASE



• STRbASE became well-established
• time for update: more markers, more populations
• new elements?

• name changed to

• maintaining the tried-and-tested

Carefully enhancing STRbASE



How will    …….            be used?

Survey sent out to all ENFSI DNA WG participants (2016)

Use of adjustment methods for genotype probabilities (only complete profiles)
• which formulae to present?
• which are the preferred methods?

27 labs returned answers



• vast majority of users does not use adjustments:
„not necessary“
calculations using third party software

• majority of users prefers to receive only unadjusted frequencies 
• exception: minor allele frequency MAF (5/2n)

• data quality is the most important

Survey on adjustment factors







• high quality data is the most important feature of

• quality control is necessary towards better STR population data

• assistance to authors, reviewers and editors

• enormous experience at                from

Data quality is crucial



observations indicating
the need for STR data QC



Re-typing of a widely applied population dataset after 16 years revealed a 
certain number of clerical, technical, and data/sample processing errors

observations indicating
the need for STR data QC



Content
I) Positioning STRidER relative to other existing databases (STRbase, ALFRED, popSTR, 

popAffiliator, ALLST*R); important element of QC
II) Rationale, concept and workflow of QC via STRidER
III) Benefits to forensic and other scientific community
IV) Transparency, traceability and protection of data
V) Outloook: STR sequence data in STRidER (MPS)



The ENFSI DNA Working Group provides an updated version to the 
previously published 'ENFSI DNA WG STR Population Database'



https://strider.online/

ongoing addition of
data and functions

STRidER Newsletter enabled 
(via HOME tab)



QUERY 
according to questionnaire among ENFSI labs

- only uncorrected AMP is calculated
- query profile is not added to database
- correction factors not offered any longer
- F alleles no longer allowed
- only correction used is MAF (5/2n)



BATCH QUERY







MPS STR Nomenclature: ISFG considerations

ESM1 file showing 
STR sequence structure

+ flanking region



Updated Forensic STR Sequence Structure Guide
and change log

is available on STRidER
v4 online, v5 in prep.
STRAND WG + user feedback



QUALITY CONTROL
instructions



FSI:G Guidelines 2017

STRidER QC 
is now mandatory

Gusmao et al., 2017



Submission of STR data for QC to ……..
• instructions on data preparation and submission in publication and on website
• template files on website



QC of STR data on ……..

• assessment of non-DNA information
• assessment of reported genotypes and allele frequencies in dataset
• EPGs / raw data might be requested for QC: true variants or errors?

• optimized procedure for the detection of common data idiosyncrasies
• not an independent evaluation of all raw data

• communication during entire QC: discussion of all findings



QC of STR sequence data on   .

• submission of FASTA-like strings per locus per individual
• alignment and comparison to references: 

Forensic STR Sequence Structure Guide
STRSeq catalogue

• translation into CE allele
• inspection of flanking region where available

• no STR sequence nomenclature required, assessed or returned in reports
• database will host STR sequence data in future



Flowchart of QC on        on

submission

data QC

communication

corrections (if any)

final dataset

publication
database



Report on QC of STR data on ……..

Information on QC process

Detailed QC report
• submitted data
• corrections made to dataset

STRidER accession number (STR.….) for publication

(corrected) dataset + allele frequency table

FIGURE REMOVED



CE STR data
n = 144,511

139 datasets

sa
m

pl
e 

nu
m

be
r

submitted CE datasets

Submissions to Aug 2017 – March 2019



• form to enter required non-genetic information (drop-down/free text)

• upload of genotype table in required format

• initial plausibility tests performed during submission process

• submission completed: e-mail notification to submitter and

• external testing ongoing

Online submission tool for QC

back to more basic checks 
(completeness etc.)



Related activities



(1) STRSeq NCBI BioProject

Mission: To provide high-confidence STR allele sequence records with 
uniform annotation, facilitating exchange of information across forensic 
laboratories.

• collaborators with large datasets “seed” the BioProject

• NIST evaluates raw sequence data with agnostic bioinformatic pipeline

• GenBank record for all unique sequences

• BioProject searchable by string (BLAST), locus, allele…



www.ncbi.nlm.nih.gov/bioproject/PRJNA380127

STRAND working group



NCBI BioProject-STRseq and  ..
Collaboration in QC and exchange of data



(2) DNASEQEX

DNASeqEx - DNA-STR Massive Sequencing & 
International Information Exchange

2 years (2016-2018)



• Promote the implementation of MPS technology for improved STR profiling 
and international data exchange  

→ Inter-laboratory evaluation studies

• Evaluate the impact of STR sequencing on National DNA databases (EU Prüm) 
→ Alonso et al. 2017 FSIG

• Facilitate and standardize forensic STR sequence allele nomenclature 
→ NOMAUT - lead Berlin

Objectives





MONOPOLY 2016 - STEFA - WP G7
Empowering forensic genetic DNA databases for the interpretation of 
next generation sequencing profiles (dna.bases)  

STRidER & EmPOP
Jan 2018 - Dec 2019

Sequence alignments
Increase sample size
Increase markers/regions
Further develop QC tools
User-friendly access

(3) dna.bases



Goals in dna.bases project

Objectives of the work package
1) Develop a new database engine concept that enables event-based query of 

unaligned nucleotide sequence strings. This is relevant for the determination 
of DNA profiles with multiple sequence differences that are caused by single 
mutational events.

Collaborate to use and further develop existing STR sequence alignment tools



Goals in dna.bases project

Objectives of the work package
1) Develop a new database engine concept that enables event-based query of 
unaligned nucleotide sequence strings. This is relevant for the determination of 
DNA profiles with multiple sequence differences that are caused by single 
mutational events.
2) Extension of the number of STR markers and quality-controlled DNA profiles 
from global populations, including full mtGenome data and STR sequences 
generated by NGS.



Goals in dna.bases project

Objectives of the work package
1) Develop a new database engine concept that enables event-based query of 
unaligned nucleotide sequence strings. This is relevant for the determination of 
DNA profiles with multiple sequence differences that are caused by single 
mutational events.
2) Extension of the number of STR markers and quality-controlled DNA profiles 
from global populations, including full mtGenome data and STR sequences 
generated by NGS.
3) Update of existing and development of new tools for quality control of 
relevant genetic data. Development and deployment of QC tools in database.



Goals in dna.bases project

Objectives of the work package
1) Develop a new database engine concept that enables event-based query of 
unaligned nucleotide sequence strings. This is relevant for the determination of 
DNA profiles with multiple sequence differences that are caused by single 
mutational events.
2) Extension of the number of STR markers and quality-controlled DNA profiles 
from global populations, including full mtGenome data and STR sequences 
generated by NGS.
3) Update of existing and development of new tools for quality control of 
relevant genetic data.
4) Enable user-friendly access to the databases from diverse platforms including 
mobile devices and establish links to existing software for data interpretation of 
DNA evidence including Forensim and LRmix studio.



Sequencing of Forensic STRs
3 years (2017-2020)

Consortium
Federal crime lab Wiesbaden (Consortial leader)

State crime labs: Berlin, Bavaria, Rheinland-Pfalz

Legal Medicine labs: Berlin, Cologne, Innsbruck, Ulm

Tasks
Population study STRs as data basis to evaluate MPS - STRidER
Concordance between CE and MPS
Validation Study
Cost - benefit study
Feedback to European Laboratories (ENFSI)

(4) SeqForSTRs
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