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Mee�ng Minutes 

61st EDNAP Mee�ng, Barcelona, Spain, Catalunia Plaza Hotel 

12.11.2024 

 

Agenda 

 

  

09:00 Welcome
Welcome by the host organization
Welcome by EDNAP board EDNAP board

09:20 Current EDNAP projects
Methylated DNA and age exercise David Ballard
MPS RNA cSNPs exercises 3&4 Cordula Haas
mtDNA heteroplasmy exercise Walther Parson
Discussion on the current EDNAP projects all

11:00 Coffee/Tea

11:30 Current EDNAP projects
Paper Exercise on Estimating Biogeographic Ancestry from DNA Marta Diepenbroek, Chris Phillips  & W Parson

Future EDNAP activities
part 2 - Paper Exercise on Estimating Biogeographic Ancestry from 
DNA

Marta Diepenbroek, Chris Phillips  & W Parson

13:00 Lunch

14:00 Future EDNAP activities
Funding for projects with EDNAP participation EDNAP Board
CapCell: EU-project initiative on single cell analysis Walther Parson, Bo Thisted Simonsen
Brief round: Publications by projects with EDNAP-participation All

14:45 EDNAP topics
Member management EDNAP Board
Applications for membership All
Online meetings All
EDNAP Homepage EDNAP Board
New logo for EDNAP? (include the use of ISFG-logo?) EDNAP Board

15:30 Coffee/Tea

16:00 Updates from other reserch
The ENFSI ReAct project Peter Gill
MitoMetrics Vania Pereira
Other ISFG projects, that can be adopted by EDNAP All

16:45 Any other business
next EDNAP meeting: Luxemburg 6 May 2025 followed by the 
ENFSI DNA Expert Working Group meeting 7-9 May 2025

EDNAP Board

other

17:00 Closure of the meeting
Closure of the meeting EDNAP Board
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Summary of the presenta�ons/discussions 

 

Current EDNAP projects 

1. Methylated DNA and age exercise (David Ballard) 

David discussed the age methyla�on collabora�ve exercise that was carried out in two parts 
and has been deferred since the pandemic. He presented a summary of both the data and 
the challenges associated with turning this data into a publica�on. There was a discussion 
regarding whether the PGM results were relevant given the instrument is not in common use 
anymore, where points were raised that the underlying technology is the same as the S5 and 
that the difference between laboratories is interes�ng irrespec�ve of the difference between 
technologies. It was decided to explore what could be done with the data we have and see 
how a story could be writen with the paper. David said he could not look at this before 
Christmas but would work on it In January. 

2. MPS RNA cSNPs exercises 3&4 (Cordula Haas) 

Cordula summarized the results of parts 3 and 4 of the MPS RNA cSNPs exercise, on body 
fluid iden�fica�on and donor associa�on. A dra� manuscript was shared with the 
par�cipants, who provided valuable feedback. The manuscript will be submited to FSI 
Gene�cs before Christmas 2024. 

3. mtDNA heteroplasmy exercise (Walther Parson) 

Walther presented the preliminary results of the mtDNA heteroplasmy exercise, which had 
been delayed due to the pandemic. A total of 24 par�cipants submited results for the first 
part of the exercise, which focused on comparing the detec�on of point and length 
heteroplasmy across Sanger, Ion Torrent, and Illumina technologies. The exercise u�lized five 
DNA extracts provided by the organizing laboratory in Innsbruck. While the detec�on and 
repor�ng of point heteroplasmy were generally consistent across the technologies, notable 
differences were observed in the repor�ng of length heteroplasmy, both within and between 
the technologies. These findings may necessitate revisions to the current interpreta�on 
guidelines. Walther will share the result tables with the par�cipants, invi�ng comments and 
correc�ons. A manuscript summarizing and presen�ng the findings will be prepared. 

4. Paper Exercise on Es�ma�ng Biogeographic Ancestry from DNA – part 1 (Marta 
Diepenbroek) 

Marta delivered the final report on the joint exercise on biogeographic ancestry (BGA) 
es�ma�on.  

The slides focused on reports provided by the par�cipants of the exercise, by presen�ng data 
in a structure aligned with the planned publica�on. The nine samples used in the study were 
divided into three groups with varying levels of difficulty: “easy” samples, samples with 
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similar gene�c paterns, and “advanced” samples. Marta provided a summary of how the 
labs reported the biogeographical ancestry (BGA) of the samples, emphasizing the different 
approaches par�cipants used. Addi�onally, she discussed how labs reported phenotype 
predic�ons based on the provided HIrisPlex-S p-values. 

It was concluded that simple, unequivocal ancestries received consistent and clear repor�ng 
across all labs, while complex samples did not. This highlighted a need for guidelines on data 
interpreta�on and the use of so�ware such as STRUCTURE. It was also noted that phenotype 
predic�ons lacked consistency between labs, despite most using the available HPS 
guidelines, indica�ng a need for updated guidelines on phenotype repor�ng. Marta also 
discussed the use of uniparental markers for BGA analysis, concluding that the interpreta�on 
of both maternal and paternal markers lacks a clear pathway. 

Marta presented the proposed structure of the publica�on summarizing the study, which will 
include results from the analyses, lab reports, and feedback from ques�onnaires completed 
by par�cipants. It was concluded that this publica�on should play an observa�onal role. The 
manuscript is planned for submission before the next EDNAP mee�ng in May 2025. 

 

Future EDNAP ac�vi�es 

1. Paper Exercise on Es�ma�ng Biogeographic Ancestry from DNA – part 2 (Marta 
Diepenbroek) 

Marta introduced the idea of a follow-up study, primarily planned based on feedback 
gathered during the first exercise. In this study, a smaller number of samples (five) will be 
used, and based on an updated ethics commitee agreement, raw data (genotypes and 
haplotypes) will be sent to the par�cipants. Marta shared that guidelines on using 
STRUCTURE, Snipper, Genogeographer, as well as on interpre�ng X-SNPs and uniparental 
markers, will be provided to the par�cipants. In the study, labs will be able to choose which 
set of markers they will receive and decide how they want to conduct the data analysis. The 
proposal was posi�vely received by the mee�ng par�cipants. The follow-up study is planned 
to begin in 2025. 

2. CapCell (Bo Thisted Simonsen and Walther Parson) 

The EDNAP Board facilitated discussions on poten�al future ac�vi�es. Bo and Walther 
introduced the CapCell consor�um, which has applied for EU funding under the current 
Open Call HORIZON-CL3-2024-FCT-01. If successful, the consor�um will focus on developing 
methods, so�ware, and interpre�ve frameworks for single-cell forensic DNA analysis. EDNAP, 
represented by Bo, will support the consor�um by reviewing research plans and 
achievements. 
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EDNAP Topics 

1. Member management: Bo Thisted Simonsen summarized the Board’s considera�ons 
regarding member management. The Board recommended retaining all current 
members who have atended mee�ngs within the past five years. Applica�ons for new 
memberships will be reviewed and voted for during (online) mee�ngs. Former members 
who have not atended mee�ngs in the past five years may reapply for membership. The 
boards considera�ons on member management was approved. 

2. Applica�ons for membership: There were two applica�ons for membership, Natalie de 
Jong-Weiler, The Netherlands (presented by Walther Parson) and Andreas Tillmar, 
Sweden (presented by Bo Thisted Simonsen). Both applica�ons were unanimously 
approved. 

3. Online mee�ngs: The group discussed the op�on of online mee�ngs. It was decided that 
online mee�ngs can be held on an ad hoc basis in addi�on to the annual personal 
mee�ngs. 

4. EDNAP homepage: The EDNAP homepage, which is part of the ISFG website, is 
scheduled for an update. As part of this process, the EDNAP homepage will also undergo 
revisions. 

5. New EDNAP logo: There was a brief discussion, no decision was made. 

 

Updates from other research 

1. The ENFSI ReAct project (Peter Gill) 

Peter provided a summary for the ENFSI supported ReAct project, which is an inter-
laboratory study to inves�gate direct and indirect transfer using an agreed experimental 
design. The first paper is now published as a pre-print and is complemented by databases 
and so�ware to calculate likelihood ra�os. There were wide differences in DNA recovery 
which affects the likelihood ra�os. The ReAct II project is designed to address the issues of 
reproducibility between labs, by introducing a method to measure DNA recovery. These data 
will be used to update ReAct I project results. 

2. MitoMetrics (Vania Pereira) 

Vania Pereira presented MitoMetrics - an ini�a�ve that aims to address challenges when 
interpre�ng forensic mtDNA evidence. The work has a par�cular focus on heteroplasmy and 
mtDNA profile discrepancies when comparing different �ssues from the same donor. The 
study introduced a preliminary model to calculate the weight of mtDNA-based evidence 
using a likelihood ra�o approach that accounts for profile discrepancies between �ssues. 
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Par�cipants 

 

Last Name First Name Contact E-mail Institution
Aili Fagerholm Siri siri.aili-fagerholm@polisen.se National Forensic Centre, Swedish Police 

Authority
Ansell Ricky ricky.ansell@polisen.se Swedish Police Authority, National Forensic 

 Ballard David david.ballard@kcl.ac.uk King's College London
Banemann Regine regine.banemann@bka.bund.de BKA, Federal Criminal Police Office
Bastisch Ingo ingo.bastisch@icmp.int ICMP
Brągoszewska Anna anna.bragoszewska@policja.gov.pl Central Forensic Laboratory of the Police, 

Departament of Genetics
Courts Cornelius cornelius.courts@uk-koeln.de University Hospital of Cologne - Institute of Legal 

Medicine
Diepenbroek Marta marta.diepenbroek@med.uni-muenchen.de Institute of Legal Medicine LMU Munich
Fonneløp Ane Elida rmanfo@ous-hf.no Oslo University Hospital 
Forsberg Christina christina-u.forsberg@polisen.se Swedish National Forensic Centre 
GAMONAL SIMON Marina marina.gamonal@gmail.com POLICIA NACIONAL
Gentile Fabiano fabiano.gentile@carabinieri.it Arma dei Carabinieri
Gill Peter peterd.gill@gmail.com Oslo University Hospital
Guiness June june.guiness@homeoffice.gov.uk Office of the Forensic Science Regulator
Haas Cordula cordula.haas@irm.uzh.ch University of Zurich
Kal Arnoud a.kal@nfi.nl Netherlands Forensic Institute
Kneppers Sander s.kneppers@nfi.nl Netherlands Forensic Institute
Kondili Aikaterina k.kondili@astynomia.gr Forensic Sciences Division, Hellenic Police
Mariiko Viacheslav viacheslavmariiko@gmail.com The State Scientific Research Forensic Center 

(SSRFC) of the Ministry of Internal Affairs of 
Ukraine

NOEL Fabrice fabrice.noel@just.fgov.be NICC
O Donnell Geraldine gaodonnell@fsi.gov.ie Forensic Science Ireland
Palencia Madrid Leire leire.palencia@seg.euskadi.eus Forensic Genetics Section, Basque Country Police 

- Ertzaintza
Parson Walther walther.parson@i-med.ac.at Medical University of Innsbruck
Pereira Vania Vania.Pereira@sund.ku.dk Department of Forensic Medicine, University of 

Copenhagen
Pietikäinen Sanna sanna.pietikainen@poliisi.fi National Bureau of Investigation Forensic 

Laboratory
Rodriguez Cuadrado Irene irodriguez0061@policia.es POLICIA NACIONAL
Simonsen Bo Thisted bo.simonsen@sund.ku.dk Dept. Forensic Medicine, University of 

Copenhagen
Syn Christopher Kiu Choong christopher_syn@hsa.gov.sg Health Sciences Authority Singapore
Syndercombe Court Denise denise.syndercombe=court@kcl.ac.uk King's College London
Wong Hang Yee wong_hang_yee@hsa.gov.sg Health Sciences Authority, Singapore
Zatkalikova Livia livia.zatkalikova@minv.sk Institute of Forensic Science, Ministry of Interior, 

Slovakia
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University of Zurich

History of EDNAP

1988: Foundation of EDNAP with the aim of harmonizing DNA technology for crime investigation by organizing 
collaborative intercomparison exercises

1991: EDNAP was accepted as a working group of the International Society for Forensic Genetics (ISFG)
Each European country is represented by one laboratory

First collaborative exercises on:
single-locus DNA probes
STR typing > led to the selection of the "European standard set of loci"

1997-2000: STADNAP network > exercises on autosomal and Y-STRs, mtDNA

1999: The EDNAP Forensic mtDNA Population Database EMPOP was established

Since 2004: joint meetings with the DNA Expert Working Group of the European Network of Forensic Science Institutes 
(ENFSI)

Recent collaborative exercises on: 
single nucleotide polymorphism (SNP) typing
identification of body fluids in forensic stain samples using mRNA analysis
forensic ancestry analysis by SNP typing
forensic phenotyping of eye colour
age estimation by measuring DNA methylation of informative CpG DNA nucleotides
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33 EDNAP publications

Here the 5 most recent ones:

Ingold S, Dørum G, Hanson E, Ballard D, Berti A, Gettings KB, Giangasparo F, Kampmann ML, Laurent FX, Morling N, Parson W, Steffen CR, Ulus A, van 
den Berge M, van der Gaag KJ, Verdoliva V, Xavier C, Ballantyne J, Haas C. Body fluid identification and assignment to donors using a targeted 
mRNA massively parallel sequencing approach - results of a second EUROFORGEN / EDNAP collaborative exercise. Forensic Sci Int Genet. 
2020; 45:102208. 

Ingold S, Dørum G, Hanson E, Berti A, Branicki W, Brito P, Elsmore P, Gettings KB, Giangasparo F, Gross TE, Hansen S, Hanssen EN, Kampmann ML, 
Kayser M, Laurent FX, Morling N, Mosquera-Miguel A, Parson W, Phillips C, Porto MJ, Pośpiech E, Roeder AD, Schneider PM, Schulze Johann K, 
Steffen CR, Syndercombe-Court D, Trautmann M, van den Berge M, van der Gaag KJ, Vannier J, Verdoliva V, Vidaki A, Xavier C, Ballantyne J, 
Haas C. Body fluid identification using a targeted mRNA massively parallel sequencing approach - results of a EUROFORGEN/EDNAP 
collaborative exercise. Forensic Sci Int Genet. 2018; 34:105-115. 

Weiler NE, Baca K, Ballard D, Balsa F, Bogus M, Børsting C, Brisighelli F, Červenáková J, Chaitanya L, Coble M, Decroyer V, Desmyter S, van der Gaag 
KJ, Gettings K, Haas C, Heinrich J, João Porto M, Kal AJ, Kayser M, Kúdelová A, Morling N, Mosquera-Miguel A, Noel F, Parson W, Pereira V, 
Phillips C, Schneider PM, Syndercombe Court D, Turanska M, Vidaki A, Woliński P, Zatkalíková L, Sijen T. A collaborative EDNAP exercise on 
SNaPshot™-based mtDNA control region typing. Forensic Sci Int Genet 2017; 26: 77-84. 

Santos C, Fondevila M, Ballard D, Baneman R, Bentod AM, Børsting C, Branicki W, Brisighelli F, Burrington M, Capal T, Chaitanya N, Daniel R, Decroyer
V, England R, Gettings KB, Gross TE, Haas C, Harteveld PJ, Hoff-Oisen P, Hoffmann A, Kayseri M, Linacre A, Kohler P, Mayr-Eduardoffu M, 
McGovern C, Morling N, Noel F, O'Donnell G,Parson W, Pascali VL, Porto MJ, Roset A, SchneiderPM, Sijen T, Sten V, Syndercombe Court D, 
Templeton J, Turanska M, Vallone PM, van Oorschot PAV, Zatkalikova L, The EUROFORGEN-NoE Consortium, Carracedo A, Phillips C. Forensic 
ancestry analysis with two simple capillary electrophoresis AlMs panels: Results of a collaborative EDNAP exercise. Forensic Sci Int Genet 
2015; 19: 56-67. 

Chaitanya L, Walsh S, Andersen JD, Ansell R, Ballantyne K, Ballard D, Banemann R, Bauer CM, Bento AM, Brisighelli F, Capal T, ClarisseL, Groß T, Haas 
C, Hoff-Olsen P, Hollard C, Keyser C, Kiesler CM, Kohler P, Linacre A, Minawi A, Morling N, Nilsson H, Norén L, Ottens R, Parson W, Pascali VL, 
Phillips C, Porto MJ, Sajantila A, Schneider P, Sijen T, Söchtig J, Syndercombe-Court D, Tilmar A, Turanska M, Vallone PM, Zatkalíková L, 
Zidkova A, Branicki W and Kayser M. Collaborative EDNAP Exercise on the IrisPlex system for DNA based prediction of human eye colour. 
Forensic Sci Int Genet 2014; 11: 241-51. 
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New directions of EDNAP

Today, forensic genetic typing methods are well-established and harmonized in Europe and other parts of the World. 
The EDNAP laboratories perform accredited DNA analyses. Most EDNAP laboratories are members of the DNA Expert 
Working Group of ENFSI, which serves as a platform for practical scientific collaboration among European forensic 
genetic laboratories. The ENFSI group competently addresses many of the issues initially dealt with by EDNAP.
> The need for EDNAP’s role in harmonizing standard DNA typing methods no longer exists, a lot of overlap with ENFSI 

EDNAP is undergoing a transformation and in this context has adopted Terms of Reference and Statutes for EDNAP.
The main points are:

Aims: - share information, explore new research areas, and drive the development of forensic genetics
- organize collaborative exercises, workshops, in-depth discussions

Members: - change from laboratory/country membership to individual/personal membership
- the General Assembly decides on membership with a simple majority
- invite guests (temporary) 

Meetings: - at least one annual personal scientific meeting, together with ENFSI
- additional personal, internet-based, or combined meetings

Projects: - explore new forensic genetic research areas suitable for research projects 
- form research groups
- apply for funding

Zurich Institute of Forensic Medicine 4
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New structure and organization of EDNAP:
- is a working group with its own statutes under the 
International Society for Forensic Genetics
- is organized with an elected board with a Chairman, a 
Deputy Chairman, a Secretary/Treasurer

At the last EDNAP meeting (29. May 2024 in Copenhagen)
- the Statutes and the terms of references (ToR) were 
adopted
- new EDNAP board members were elected

Chair: Cordula Haas
Deputy Chair: Bo Simonsen
Secretary and Treasurer: Walther Parson

New directions of EDNAP



University of Zurich

New directions of EDNAP

Change of collaboration style:
- Colleagues that have new research questions/suggestions can get in contact with the EDNAP group 
directly/immediately
- Colleagues that plan to present ongoing exercise results should send results well ahead of the meeting to allow 
for more meaningful discussions
- Particularly problems, limitations that arise during the analyses should be shared when they arise to allow for 
better troubleshooting

Focus more on EDNAP members’ practical experiences (at court)

On-going collaborative exercises:
- Paper Exercise on Estimating Biogeographic Ancestry (M. Diepenbroek, C. Phillips & W. Parson)
- mtDNA heteroplasmy exercise (W. Parson)
- Second exercise on methylated DNA and age (D. Syndercombe Court, D. Ballard)
- Exercise 4 on mRNA typing with MPS (C. Haas)
- The series of exercises relating to DNA transfer (R. van Oorschot, B. Kokshoorn) 

→ New topics/ideas are welcome !

Zurich Institute of Forensic Medicine 6
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New agenda structure

Zurich Institute of Forensic Medicine 7

Preliminary EDNAP Agenda Vs. 3.0 (04.11.2024)
12. Nov 24

Catalonia Barcelona Plaza Hotel

09:00 Welcome
10 min Welcome by the host organization
10 min Welcome by EDNAP board EDNAP board

09:20 Current EDNAP projects
30 min Methylated DNA and age exercise David Ballard
20 min MPS RNA cSNPs exercises 3&4 Cordula Haas
30 min mtDNA heteroplasmy exercise Walther Parson
20 min Discussion on the current EDNAP projects all

11:00 Coffee/Tea

11:30 Current EDNAP projects
45 min Paper Exercise on Estimating Biogeographic Ancestry from DNA Marta Diepenbroek, Chris Phillips  & W Parson

Future EDNAP activities
30 min part 2 - Paper Exercise on Estimating Biogeographic Ancestry from 

DNA
Marta Diepenbroek, Chris Phillips  & W Parson

13:00 Lunch

14:00 Future EDNAP activities
10 min Funding for projects with EDNAP participation EDNAP Board
20 min CapCell: EU-project initiative on single cell analysis Walther Parson, Bo Thisted Simonsen
10 min Brief round: Publications by projects with EDNAP-participation All

14:45 EDNAP topics
45 min Member management EDNAP Board

Applications for membership All
Online meetings All
EDNAP Homepage EDNAP Board
New logo for EDNAP? (include the use of ISFG-logo?) EDNAP Board

15:30 Coffee/Tea

16:00 Updates from other reserch
15 min The ENFSI ReAct project Peter Gill
15 min MitoMetrics Vania Pereira
5 min Other ISFG projects, that can be adopted by EDNAP All

16:45 Any other business
next EDNAP meeting: Luxemburg 6 May 2025 followed by the 
ENFSI DNA Expert Working Group meeting 7-9 May 2025

EDNAP Board

other

17:00 Closure of the meeting
Closure of the meeting EDNAP Board
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Contact
Cordula Haas: cordula.haas@irm.uzh.ch
Bo Simonsen: bo.simonsen@sund.ku.dk
Walther Parson: walther.parson@i-med.ac.at

https://www.isfg.org/EDNAP

Zurich Institute of Forensic Medicine

EDNAP/ENFSI Rome 2018

Zurich Institute of Forensic Medicine
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Methylated DNA & Age 
Exercise

David Ballard
EDNAP, Barcelona 2024



EDNAP Exercise
• 15 laboratories participated 

o 8 MiSeq only

o 5 PGM only

o 2 MiSeq and PGM/S5

• Part 1 - 7 Methylation standards between 0-100% sent 
out to all labs

• Part 2 – 7 blood stains sent out to laboratories to test.  Also optional 
submission of extra blood samples.  Age prediction by ANN from 
methylation values at 12 markers.











• Average sequencing reads for the different markers in the MiSeq and the PGM/S5 
platforms. Error bars represent the standard deviation.



Figure 1 – Laboratory prediction of samples A-F



Figure 2 – Laboratory prediction of samples A-F



Manuscript
• Introduction

• Methods

• Results Phase 1
o Methylation control reproducibility per lab and marker

o Methylation control differences MiSeq vs PGM/S5

• Results Phase 2
o Age prediction reproducibility per lab

o Blind prediction samples

• Discussion/conclusion
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EDNAP mRNA MPS 
collaborative exercises 3 and 4 

(BFID-cSNP-BSS and BFID-cSNP-6F) 

Cordula Haas, Nadescha Hänggi, Erin Hanson, Jack Ballantyne

EDNAP Meeting, 12. November 2024, Barcelona
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Association of Body Fluids with a Donor: cSNPs

DNA Profile:
 Mixture of 2 persons

RNA Profile:
 Body fluid 

identification (BFID)

cSNPs:
 Association to donors

2
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Association of Body Fluids with a Donor: cSNPs

BFID-cSNP-BSS blood, semen, saliva

BFID-cSNP-6F 6 fluids/tissue

3
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12 participating 
laboratories

2 Sequencing 
Platforms (S5 + 

MiSeq)

16 stains 
provided by 

UZH

8 own stains 
incl. reference 

profiles

RNA/DNA 
Co-Extraction

RT  cDNA
STR-Analysis

Library 
Preparation

Sequencing: 
S5/MiSeq Data Analysis

EDNAP mRNA MPS Exercises 3 and 4

4

3rd Exercise 4th Exercise

Body Fluid BFID Marker included # cSNPs included # cSNPs
Blood ANK1 2 2
(BL) CD3G 1 1

SPTB 4 4
Semen PRM1 1 1
(SE) SEMG2 1 1

KLK3 2 2
TGM4 4 4

Saliva HTN3 3 3
(SA) PRB4 1 1

PRH2 1 1
MUC7 1 1
STATH

Vaginal Secretion CYP2A6 1
(VAG) MUC22 7

CYP2B7P1
Menstrual Blood MMP10 2
(MB) MMP3 1

COL6A3 5
COL12A1 3
LEFTY2

Skin LCE1C 3
(SK) COL17A1 1

IL37 2

BFID-cSNP-BSS assay BFID-cSNP-6F assay
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Light blue: single donor, low input
Dark blue: single donor, high input
Orange: mixtures

Stain N° BF/T Amount Stain Provided
1 SK 1 swab 1 swab
2 BL-MB 1 swab + 25ul 1/4 swab
3 SA-VAG 1 swab + 25ul 1/4 swab
4 SE-MB 1 swab + 25ul 1/4 swab
5 BL-SE 25ul + 25ul part of T-Shirt
6 SE-SE 25ul + 25ul 1 swab
7 SA-MB 1 swab + 50ul 1/4 swab
8 SA-SK 1 swab + 25ul 1 swab
9 VAG cotton part of a slip a piece of it
10 MB menstrual pad a part of it
11 SE 50ul part of a glove (latex)
12 BL 20ul part of a T-Shirt
13 SA-SE 50ul + 10ul artificial cotton
14 VAG-BL  1 swab + 25ul 1/4 swab
15 SA 50ul stockings (nylon)
16 VAG-SE 1 swab + 25ul 1/4 swab

EDNAP mRNA MPS Exercises 3 and 4

5

Stain N° BF/T Amount Stain Provided
1 SE 10 μl piece of fabric (boxer shorts)
2 BL-MB 1/2 Swab + 25 μl 1/2 swab
3 SE 50 μl artificial cotton
4 SA-SE 50 μl + 25 μl part of a T-shirt
5 BL 50 μl 1 swab
6 SK 1 swab 1 swab
7 BL-BL 25 μl + 25 μl part of a T-shirt
8 SA Licked plastic spoon spoon
9 SA-SA 25 μl + 25 μl 1 swab
10 BL-SA 25 μl +25 μl 1 swab
11 SA 50 μl part of a T-shirt
12 VAG 1/2 swab 1/2 swab
13 BL Nose bleed on tissue part of a tissue
14 SA-SE 25 μl + 25 μl piece of fabric (boxer shorts)
15 MB 1/2 swab 1/2 swab
16 SE-VAG ½ Swab+ 25 μl SE 1/2 swab



Zurich Institute of Forensic Medicine

Participating Laboratories
Institute of Forensic Medicine, 
University Medical Center Cologne, 
University of Cologne, Germany
National Center for Forensic Science, 
University of Central Florida (UCF), 
USA
Institute of Forensic Sciences, DNA 
department, Bavarian State Criminal 
Police Office, Germany
Departement of Forensic Sciences, 
Oslo University Hospital, Norway
Institute of Legal Medicine, Innsbruck 
Medical University, Austria
Instituto Nacional de Medicina Legal, 
I.P., Ministry of Justice, Portugal 

6x S5
3x MiSeq
2x both sequencing platforms
Netherlands Forensic Institute, 
Ministry of Justice and Security, 
Netherlands
National Forensic Center, Swedish
Police Authority, Sweden
Department of Analytical, 
Environmental and Forensic 
Sciences, King’s College London, UK
Institute of Forensic Medicine, 
University of Zurich, Switzerland
Department of Forensic Medicine, 
University of Copenhagen, Denmark
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RNA / DNA 
yields

7

> Suppl



Composition 
analysis of stains 
by body fluid 
percentages
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Exercise 4: Single body fluid stains analyzed by S5 laboratories

9

> Suppl
BL MB SA SE VAG SK

BL

MB

SA

SE

VAG

SK
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> Suppl
Exercise 4: Mixed body fluid stains analyzed by S5 laboratories

BL-MB

SA-VAG

MB-SE

BL-SE

SE-SE

MB-SA

SA-SK

SA-SE

BL-VAG

SE-VAG
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Stain 14 CYP2A6 MUC22.0 MUC22.1 MUC22.2 MUC22.3 MUC22.4 MUC22.5 MUC22.6 MUC22.7 MUC22.8 MUC22.9 ANK1.0 ANK1.1 CD3G SPTB.0 SPTB.1 SPTB.2 SPTB.3 SPTB.4
VAG-BL rs8192721 rs12110470_rs12110785 rs12110470 rs12110785 rs3869098_rs4248153 rs3869098 rs4248153 rs1419664_rs3094672 rs1419664 rs3094672 rs10947121 rs504574 rs7816734 rs3753059 rs1741488_rs1741487 rs1741488 rs1741487 rs229592 rs229586
IonCode_139 C/C GT T/T AA/GA A/G A/A CT/CA/CC C/C T/A T/T C/G G/G T/T CA C/C A/A A/A C/T
IonCode_147 C/C TC/TT T/T C/T GG/AG G/A G/G CA/TA/CC/TC C/T A/A C/T G/C G/G T/T CA/TG C/T A/G A/G C/C
Lab1 S5 - Genotype
Lab1 S5 - Read Counts
Lab2 S5 - Genotype GT/GT G/G T/T CAA/CGA A/G A/A ACT/ACA C/C T/A T/T C/G G/G T/T ATG/ACA T/C G/A G/A C/C
Lab2 S5 - Read Counts 16600 16600\16600 16600\16600 76026\60510 76026\60510 76026\76026 38149\36457 38149\38149 38149\36457 16600\16600 530\375 868\868 413\413 244\228 244\228 244\228 304\60 1511\1511
Lab3 S5 - Genotype GT/GT G/G T/T CAA/CGA A/G A/A ACA/ACT C/C A/T T/T C/G G/G T/T ATG/ACA T/C G/A G/A C/C
Lab3 S5 - Read Counts 6370 6370\6370 6370\6370 25976\23531 25976\23531 25976\25976 18803\18118 18803\18803 18803\18118 6370\6370 84\18 421\421 326\326 82\20 82\20 82\20 31\11 312\312
Lab4 S5 - Genotype GT/GT G/G T/T CGA/CAA G/A A/A ACA/ACT C/C A/T T/T C/G G/G T/T ATG/ACA/AAG T/C G/A C/C
Lab4 S5 - Read Counts 39616 39616\39616 39616\39616 179565\170161 179565\170161 179565\179565 39416\35836 39416\39416 39416\35836 39616\39616 798\682 56\56 1055\1055 99\64\8 99\64 99\64 1604\1604
Lab5 S5 - Genotype GT/GT G/G T/T CAA/CGA A/G A/A ACT/ACA C/C T/A T/T C/C G/G T/T ACA C/C A/A G/G C/C
Lab5 S5 - Read Counts 39196 39196\39196 39196\39196 200156\191512 200156\191512 200156\200156 79575\73926 79575\79575 79575\73926 39196\39196 932\932 1226\1226 1665\1665 735 735\735 735\735 479\479 2034\2034
Lab6 MiSeq - Genotype GT/GT G/G T/T CGA/CAA G/A A/A ACA/ACT C/C A/T T/T G/C G/G T/T ATG/ACA T/C G/A G/A C/T
Lab6 MiSeq - Read Counts 18646 18646\18646 18646\18646 30610\12528 30610\12528 30610\30610 17009\8256 17009\8256 17009\8256 18646\18646 7770\7770 1125\1125 14020\14020 1100 1100\1100 1100\1100 24\24 9180\9180
Lab7 MiSeq - Genotype GT/GT G/G T/T CGA/CAA G/A A/A ACT/ACA C/C T/A T/T G/C G/G T/T ACA/ATG C/T A/G G/A C/C
Lab7 MiSeq - Read Counts 21248 21248\21248 21248\21248 77165\76895 77165\76895 77165\77165 46196\46069 46196\46196 46196\46069 21248\21248 299\175 274\274 485\485 177\22 177\22 177\22 21\19 588\588
Lab8 S5 - Genotype GT/GT G/G T/T CGA/CAA G/A A/A ACT/ACA C/C T/A T/T C/G G/G T/T ACA/ATG C/T A/G A/A C/C
Lab8 S5 - Read Counts 36495 36495\36495 36495\36495 187101\175195 187101\175195 187101\187101 158341\153043 158341\158341 158341\153043 36495\36495 1263\261 189\189 2392\2392 248\231 248\231 248\231 253\253 661\661
Lab9 S5 - Genotype GT/GT G/G T/T CAA/CGA A/G A/A ACT/ACA C/C T/A T/T G/C G/G T/T ACA C/C A/A G/G C/C
Lab9 S5 - Read Counts 57011 57011\57011 57011\57011 154560\153950 154560\153950 154560\154560 157605\149433 157605\157605 157605\149433 57011\57011 378\364 550\550 1372\1372 301 301\301 301\301 181\181 2274\2274
Lab10 MiSeq - Genotype GT/GT G/G T/T CAA/CGA A/G A/A ACA/ACT C/C A/T T/T G/C G/G T/T ACA C/C A/A C/C
Lab10 MiSeq - Read Counts 1106 1106\1106 1106\1106 8971\8630 8971\8630 8971\8971 3612\3557 3612\3612 3612\3557 1106\1106 16\16 26\26 49\49 6 6\6 6\6 24\24
Lab11 MiSeq - Genotype GT/GT G/G T/T CGA/CAA G/A A/A ACA/ACT C/C A/T T/T C/G G/G T/T ATG/ACA T/C G/A A/A C/C
Lab11 MiSeq - Read Counts 8562 8562\8562 8562\8562 45238\45119 45238\45119 45238\45238 26448\24013 26448\26448 26448\24013 8562\8562 102\42 133\133 77\77 35\31 35\31 35\31 13\13 53\53
Lab12 MiSeq - Genotype GT/GT G/G T/T CGA/CAA G/A A/A ACA/ACT C/C A/T T/T G/C G/G T/T ACA C/C A/A G/G C/C
Lab12 MiSeq - Read Counts 1697 1697\1697 1697\1697 10233\9976 10233\9976 10233\10233 6486\4946 6486\6486 6486\4946 1697\1697 59\9 120\120 49\49 13 13\13 13\13 14\14 25\25

Stain 14 (VAG-BL):
- high number of reads
in most markers
- RNA cSNP genotype
reflects donor genotypes

Stain 3 (SA-VAG):
- high number of reads
- RNA cSNP genotype
mostly reflects donor
genotypes

Stain 3 HTN3 HTN3 HTN3 MUC7 PRB4 PRH2 HTN3 CYP2A6 MUC22 MUC22 MUC22 MUC22 MUC22 MUC22 MUC22 MUC22 MUC22 MUC22
SA-VAG rs1849937_rs1136515 rs1849937 rs1136515 rs2306948 rs1052808 rs10772391 rs75067954 rs8192721 rs12110470_rs12110785 rs12110470 rs12110785 rs3869098_rs4248153 rs3869098 rs4248153 rs1419664_rs3094672 rs1419664 rs3094672 rs10947121
IonCode_135 TC T/T C/C C/T G/G C/C C/C C/C GT G/G T/T AA/GA A/G A/A CT/TA/TC C/T T/A T/T
IonCode_136 CT/CC C/C T/C C/C G/C C/C C/C C/C TC/GT T/G C/T AA/GG A/G A/G CA/CC C/C A/C T/C
Lab1 S5 - Genotype
Lab1 S5 - Read Counts
Lab2 S5 - Genotype TC/CT T/C C/T C/T G/G C/C C/C TC/GT T/G C/T CAA/CGG A/G A/G ACA/ACT C/C A/T C/T
Lab2 S5 - Read Counts 204\51 204\51 204\51 2185\1911 15\15 2327\2327 204\204 672\600 672\600 672\600 5858\3628 5858\3628 5858\3628 1600\274 1600\1600 1600\274 672\600
Lab3 S5 - Genotype TC/TC T/T C/C C/T C/C C/C TC/GT T/G C/T CGG/CAA G/A G/A ACA C/C A/A C/T
Lab3 S5 - Read Counts 215 215\215 1724\1504 1632\1632 215\215 269\200 269\200 269\200 1700\1548 1700\1548 1700\1548 1065 1065\1065 1065\1065 269\200
Lab4 S5 - Genotype
Lab4 S5 - Read Counts
Lab5 S5 - Genotype TC/CC T/C C/C T/C C/C C/C CAA/CGG A/G A/G ACT C/C T/T
Lab5 S5 - Read Counts 42\17\15 42\17 42\42 4405\3462 560\560 42\42 950\668 950\668 950\668 19 19\19 19\19
Lab6 MiSeq - Genotype C/T C/C TC/GT T/G C/T CAA/CGG A/G A/G ACA C/C A/A C/T
Lab6 MiSeq - Read Counts 34\19 51\51 76\32 76\32 76\32 103\102 103\102 103\102 250 250\250 250\250 76\32
Lab7 MiSeq - Genotype TC/TC T/T C/C C/T G/G C/C C/C TC/GT T/G C/T CAA/CGG A/G A/G ACA C/C A/A C/T
Lab7 MiSeq - Read Counts 14464\14464 14464\14464 21108\17201 2418\2418 8824\8824 14464\14464 8858\8081 8858\8081 8858\8081 27716\18812 27716\18812 27716\18812 30115 30115\30115 30115\30115 8858\8081
Lab8 S5 - Genotype TC/TC T/T C/C C/T G/G C/C C/C TC/GT T/G C/T CGG/CAA G/A G/A ACA C/C A/A C/T
Lab8 S5 - Read Counts 33244 33244\33244 33244\33244 47296\36046 3064\3064 33033\33033 33244\33244 11954\10099 11954\10099 11954\10099 57295\51908 57295\51908 57295\51908 70883 70883\70883 70883\70883 11954\10099
Lab9 S5 - Genotype TC/TC T/T C/C C/T G/G C/C C/C TC/GT T/G C/T CAA/CGG A/G A/G ACA C/C A/A C/T
Lab9 S5 - Read Counts 2536 2536\2536 2536\2536 68781\41249 298\298 60076\60076 2536\2536 6614\3587 6614\3587 6614\3587 30194\23648 30194\23648 30194\23648 36149 36149\36149 36149\36149 6614\3587
Lab10 MiSeq - Genotype TC/TC T/T C/C C/T G/G C/C C/C TC/GT T/G C/T CAA/CGG A/G A/G ACA C/C A/A C/T
Lab10 MiSeq - Read Counts 311 311\311 311\311 1017\559 5\5 329\329 311\311 197\71 197\71 197\71 1740\1328 1740\1328 1740\1328 761 761\761 761\761 197\71
Lab11 MiSeq - Genotype TC/TC T/T C/C C/T G/G C/C C/C GT/TC G/T T/C CAA/CGG A/G A/G ACA C/C A/A T/C
Lab11 MiSeq - Read Counts 2971 2971\2971 2971\2971 3854\3124 268\268 3107\3107 2971\2971 1978\1777 1978\1777 1978\1777 9956\9835 9956\9835 9956\9835 7131 7131\7131 7131\7131 1978\1777
Lab12 MiSeq - Genotype TC/TC T/T C/C C/T C/C C/C CAA/CGG A/G A/G ACA C/C A/A
Lab12 MiSeq - Read Counts 36 36\36 36\36 120\110 15\15 36\36 106\69 106\69 106\69 14 14\14 14\14

Association to Donors in Mixed Stains
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Zurich Institute of Forensic Medicine

Comparison of Sequencing Platforms (Lab1)
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Zurich Institute of Forensic Medicine

Evaluating an Alternative cSNP Panel (Cologne)

Stain Nr. BF/T 6F-cSNP-Panel alternative cSNP Panel
1 SK ? ?
2 BL-MB BL-MB BL-MB
3 SA-VAG VAG-SA (SE in VAG?) ?
4 MB-SE MB-SE MB-SE
5 BL-SE SE-BL ?
6 SE-SE SE-SE SE-SE
7 MB-SA MB-SA MB-SA
8 SA-SK SA SA-BL
9 VAG VAG ?
10 MB MB MB
11 SE SE SE
12 BL ? MB
13 SA-SE ? ?
14 VAG-BL VAG VAG-BL
15 SA SA(?) ?
16 VAG-SE VAG-SE VAG-SE

• Target amplification from the
same cDNA

Composition Analysis of Stains by Body Fluid Percentages

13



Comparison of the 2 panels
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Zurich Institute of Forensic Medicine

Feedback from participants

• well organized exercise, great opportunity for us to get some hands on 
practice on mRNA sequencing, monster task (different labs, different 
knowledge, different sequencers, different panels, two different exercises -
hats off)

• very nice manuscript, really nice work, we are impressed, great job and not 
an easy task, well structured, super introduction – very nice overview

• too many “detours” > focus on main story

• Main suggestions:
- performance by laboratory
- thresholds / cross-reactions / false positives
- presentation of cSNP results

15
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The number of 
laboratories that 
correctly identified 
one or more body 
fluid components 
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Proportions of 
false negatives, 
false positives, 
partially correctly 
predicted stains and 
true positives
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Percentage of blood 
cSNP genotypes 
found in the 
respective categories 
(correct/missing/inc
orrect) per stain
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The number of full cSNP
profiles identified by the 
participating laboratories 
in each exercise per stain 
and per body fluid 
component

Stain Nr. BF/T BF/T 1 BF/T 2 Complement

Ex.3-1 SE 3 NA
Ex.3-2 BL-MB 5 NA
Ex.3-3 SE 2
Ex.3-4 SA-SE 0 0
Ex.3-5 BL 6 NA
Ex.3-6 SK NA NA
Ex.3-7 BL-BL 6 6
Ex.3-8 SA 0 NA
Ex.3-9 SA-SA 3 3
Ex.3-10 BL-SA 6 0
Ex.3-11 SA 5 NA
Ex.3-12 VAG NA NA
Ex.3-13 BL 3 NA
Ex.3-14 SA-SE
Ex.3-15 MB NA NA
Ex.3-16 SE-VAG 4 NA
Ex.4-1 SK 0 NA
Ex.4-2 BL-MB 9 9
Ex.4-3 SA-VAG 5 0
Ex.4-4 MB-SE 6 6 BL: 1
Ex.4-5 BL-SE 5 2
Ex.4-6 SE-SE 1 1
Ex.4-7 MB-SA 6 6 VAG:8*, BL: 4

Ex.4-8 SA-SK 7 0
Ex.4-9 VAG 9* NA
Ex.4-10 MB 7 NA VAG:11*, BL:8

Ex.4-11 SE 0 NA
Ex.4-12 BL 0 NA
Ex.4-13 SA-SE 0 0
Ex.4-14 VAG-BL 11 3
Ex.4-15 SA 0 NA
Ex.4-16 VAG-SE 11 6

Full cSNP Profile(s)
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Poster presentation at 
ISFG congress  2024 
in Santiago de Compostela



Zurich Institute of Forensic Medicine

Summary

• Overall promising results with both assays

• Some participants did not (fully) follow the recommendations

• Laboratories with limited RNA experience also achieved good results

• Results were quite consistent across different laboratories

• The cSNP panels performed well on both sequencing platforms

• Comparison with Cologne cSNP panel (30 body fluid markers, 70 cSNPs)

 Manuscript will be submitted to FSI Genetics soon
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Mitotypes from DNA extracts provided by Innsbruck

CS-1: 007 (TFS 1707017)
73G 152C 199C 204C 207A 250C 263G 315.1C 460C 573.XC 750G 1438G 1719A 2413Y 2706G 4529T 4769G 6293C 7028T 
8251A 8860G 9438A 10034C 10238C 10398G 11719A 12501A 12705T 13780G 14766T 15043A 15326G 15758G 15924G 
16129A 16223T 16391A 16519C 

CS-2: 9947A (Promega 18961603)
93G 195C 214G 263G 309.XC 315.1C 750G 1438G 4135C 4769G 7645C 7861Y 8448C 8860G 9315C 13572C 13759A 15326G 
16311C 16519C 

CS-3: reference sample volunteer 1 (U8b1b1)
73G 152C 195C 263G 309.XC 315.1C 573.XC 750G 1438G 2706G 3480G 4769G 5165T 7028T 8860G 9055A 9698C 11467G 
11719A 12308G 12372A 14053G 14167T 14766T 15326G 15924G 16183C 16189C 16193.XC 16234T 16324C 16519C 

CS-4: reference sample volunteer 2 (H*)
16093Y 16311C 16519C 73G 263G 315.1C 750G 1438G 4769G 8860G 12483Y 15326G

CS-5: reference sample volunteer 3 (H1b1)
16189C 16193.XC 16356C 16362C 16519C 234R 263G 315.1C 523del 524del 573.XC 750G 1438G 3010A 3796G 4769G 
8860G 15326G



Challenges

Some laboratories sent results back with significant delay (covid, etc …)

Reporting of heteroplasmy not uniform

Huge diversity of individual platforms (= instrumentation + software) introduced additional 
variability

Developed agnostic software “MPSAligner” to remove variability due to different software 
(versions) used 

Staff change at GMI that required a new person to pick up the work



Platforms and settings
Overview Sanger 

Table S1a: Sanger data

Lab Range Kit/Protocol Instrument Seq. chemistry Anal. software AT/IT*

Advantage 2 Polymerase Mix Sequencher v5.1 10%*

PCR, CS

Taq Gold SeqScape v3

 PCR, CS

Preformulated PCR Optimization Kit Buffer B Sequencher v5.1 PHP: 10%, 10-79.9%

PCR, CS

Advantage 2 Polymerase Mix Sequencher v5.4.6 10%

Mini PCR or Midi PCR, CS 10-20%

AmpliTaq Gold Polymerase Sequencher v3

PCR, CS

Qiagen Multiplex PCR Kit Sequencing Analysis  v6.0

PCR, CS

Taq DNA Polymerase or Platinum® Taq DNA Polymerase Sequencing Analysis v?

PCR, CS BioEdit

MEGA6

Qiagen Multiplex PCR Kit SeqScape v2.6

PCR, CS

* Note that Sanger Sequencing is semi-quantitative

23 HVS-I/II 3130 BDT CS v3.1

24 CR 3130xL BDT CS v3.1 ?

21 CR 3500XL BDT CS v1.1 ?

22 CR 3130 BDT CS v3.1

?

5 HVS-I/II 3500 BDT CS v1.1

?

n.a.

6 HVS-I/II 3130xL BDT CS v1.1

7 CR 3130Avant BDT CS v1.1

0 CR 3500XL BDT CS v1.1



Platforms and settings
Overview Ion Torrent 

Table S1b: Ion Torrent data

Lab Range Kit/Protocol Instrument Seq. chemistry Anal. software Alignment AT/IT

PID mtDNA WGP TSS v5.10.0 HID GT v2.1/2.3 10%

AB MAN0017771 Con. v2.1/2.3

MVC v1.09b

PID mtDNA WGP TSS v5.10 HID GT? n.a.

AB MAN0017771 Con. v2.1 or

IGV/MVC TMAP?

PID mtDNA WGP TSS v5.10.1 HID GT v2.1 20 reads

MAN0015831 Con. v2.2 96% confirmed call

 IGV variant strand bias ≤ 0.6

30% del, 20% ins, 10% PHP

PID mtDNA WGP TSS v5.10.1 TMAP 20 reads, 20 reads

Con. v2.1 PHP: 20 reads, 10%

IGV 

PID mtDNA WGP TSS v5.10.1 TMAP 96

AB MAN0017771 Con. v2.2 PHP: 10

IGV v?

PID mtDNA WGP TSS v5.12.2 TMAP n.a.

AB MAN0015831 TVC v5.2.2.41

IGV

PID mtDNA WGP TSS v5.10 HID GT v2.1 20 reads, 20 reads

AB MAN0017770 IGV v2.3.94/MVC PHP: 10%, 10-79.9%

Precision ID Ion S5 XL TSS v5.10.0 TMAP? 20 reads, 20 reads

AB MAN0015831 TVC v5.10.0.18 HID GT v2.1 30% del, 20% ins, 10% PHP

Con. v2.1 (default thresholds Converge)

MVC v1.09b

PID mtDNA CRP TSS v5.10.0 HID GT v2.2 20 reads

 AB MAN0017772 Con. v2.2 96% confirmed call

IGV v.2.7.1 30% del, 20% ins

PHP: 5%a

PID mtDNA WGP TSS v5.2.2 TMAP? 20 reads, 10%

MAN0015830 TVC v5.2.1.38  40% del, 30% ins, 10% PHP

GM-HTS (demo v1.0.17.1266)b

IGV v2.3.72b

Precision ID Ion S5 TSS v5.10.1 TMAP? 20 reads, 100 reads

 AB MAN0017770 B.0 TVC v5.10.1.19 PHP: 5%

IGV 

coustom Excel workbook

Con. v? (LHP levels only)

Precision ID Ion Chef & Ion S5 TSS v5.12 HID GT v2.3 PHP: 20 reads, 10%

MAN0017770 Rev B Con. v2.2

Early Access Mito Kit v.1 TSS v5.10.1 TMAP 50 reads

 AB MAN0017771 IGV 8% (minor variant > 15 reads)

b
 … only positions with frequency < 90% and allele call as "heterozygous" and some positions usually not reported (e.g. 309, 315, 573, 16183-16189) were reanalyzed using IGV and GeneMarker HTS

AB MAN0017770 … detailed Pcrotocol S5 for both manuel ans automatic approach (2018-2023)

AB MAN0017771 … quick reference for manual approach based on AB MAN0017770

AB MAN0017772 … quick reference for automatic approach based on AB MAN0017770

MAN0015830 … PGM protocol

AB MAN0015831 … detailed Pcrotocol S5 for both manuel ans automatic approach (2016)

0 MtG Ion S5 Ion 530

1 MtG Ion S5 Ion 530

2 MtG Ion S5 Ion 530

3 MtG Ion S5 Ion 530

4 MtG Ion S5 Ion 530

5 CR Ion S5 Ion 520

Ion 530

10 MtG Ion S5 XL Ion 530

a
 … for this exercise only

14 MtG Ion S5 XL Ion 520

15 MtG Ion S5 XL Ion 530

17 MtG Ion S5 Ion 530

12 CR Ion S5 XL Ion 530

13 MtG Ion PGM Ion 318

6 MtG Ion S5



Platforms and settings
Overview Ion Torrent 

Table S1b: Ion Torrent data

Lab Range Kit/Protocol Instrument Seq. chemistry Anal. software Alignment AT/IT

PID mtDNA WGP TSS v5.10.0 HID GT v2.1/2.3 10%

AB MAN0017771 Con. v2.1/2.3

MVC v1.09b

PID mtDNA WGP TSS v5.10 HID GT? n.a.

AB MAN0017771 Con. v2.1 or

IGV/MVC TMAP?

PID mtDNA WGP TSS v5.10.1 HID GT v2.1 20 reads

MAN0015831 Con. v2.2 96% confirmed call

 IGV variant strand bias ≤ 0.6

30% del, 20% ins, 10% PHP

PID mtDNA WGP TSS v5.10.1 TMAP 20 reads, 20 reads

Con. v2.1 PHP: 20 reads, 10%

IGV 

PID mtDNA WGP TSS v5.10.1 TMAP 96

AB MAN0017771 Con. v2.2 PHP: 10

IGV v?

PID mtDNA WGP TSS v5.12.2 TMAP n.a.

AB MAN0015831 TVC v5.2.2.41

IGV

PID mtDNA WGP TSS v5.10 HID GT v2.1 20 reads, 20 reads

AB MAN0017770 IGV v2.3.94/MVC PHP: 10%, 10-79.9%

Precision ID Ion S5 XL TSS v5.10.0 TMAP? 20 reads, 20 reads

AB MAN0015831 TVC v5.10.0.18 HID GT v2.1 30% del, 20% ins, 10% PHP

Con. v2.1 (default thresholds Converge)

MVC v1.09b

PID mtDNA CRP TSS v5.10.0 HID GT v2.2 20 reads

 AB MAN0017772 Con. v2.2 96% confirmed call

IGV v.2.7.1 30% del, 20% ins

PHP: 5%a

PID mtDNA WGP TSS v5.2.2 TMAP? 20 reads, 10%

MAN0015830 TVC v5.2.1.38  40% del, 30% ins, 10% PHP

GM-HTS (demo v1.0.17.1266)b

IGV v2.3.72b

Precision ID Ion S5 TSS v5.10.1 TMAP? 20 reads, 100 reads

 AB MAN0017770 B.0 TVC v5.10.1.19 PHP: 5%

IGV 

coustom Excel workbook

Con. v? (LHP levels only)

Precision ID Ion Chef & Ion S5 TSS v5.12 HID GT v2.3 PHP: 20 reads, 10%

MAN0017770 Rev B Con. v2.2

Early Access Mito Kit v.1 TSS v5.10.1 TMAP 50 reads

 AB MAN0017771 IGV 8% (minor variant > 15 reads)

b
 … only positions with frequency < 90% and allele call as "heterozygous" and some positions usually not reported (e.g. 309, 315, 573, 16183-16189) were reanalyzed using IGV and GeneMarker HTS

AB MAN0017770 … detailed Pcrotocol S5 for both manuel ans automatic approach (2018-2023)

AB MAN0017771 … quick reference for manual approach based on AB MAN0017770

AB MAN0017772 … quick reference for automatic approach based on AB MAN0017770

MAN0015830 … PGM protocol

AB MAN0015831 … detailed Pcrotocol S5 for both manuel ans automatic approach (2016)

0 MtG Ion S5 Ion 530

1 MtG Ion S5 Ion 530

2 MtG Ion S5 Ion 530

3 MtG Ion S5 Ion 530

4 MtG Ion S5 Ion 530

5 CR Ion S5 Ion 520

Ion 530

10 MtG Ion S5 XL Ion 530

a
 … for this exercise only

14 MtG Ion S5 XL Ion 520

15 MtG Ion S5 XL Ion 530

17 MtG Ion S5 Ion 530

12 CR Ion S5 XL Ion 530

13 MtG Ion PGM Ion 318

6 MtG Ion S5



Platforms and settings
Overview Ion Torrent 

Table S1b: Ion Torrent data

Lab Range Kit/Protocol Instrument Seq. chemistry Anal. software Alignment AT/IT

PID mtDNA WGP TSS v5.10.0 HID GT v2.1/2.3 10%

AB MAN0017771 Con. v2.1/2.3

MVC v1.09b

PID mtDNA WGP TSS v5.10 HID GT? n.a.

AB MAN0017771 Con. v2.1 or

IGV/MVC TMAP?

PID mtDNA WGP TSS v5.10.1 HID GT v2.1 20 reads

MAN0015831 Con. v2.2 96% confirmed call

 IGV variant strand bias ≤ 0.6

30% del, 20% ins, 10% PHP

PID mtDNA WGP TSS v5.10.1 TMAP 20 reads, 20 reads

Con. v2.1 PHP: 20 reads, 10%

IGV 

PID mtDNA WGP TSS v5.10.1 TMAP 96

AB MAN0017771 Con. v2.2 PHP: 10

IGV v?

PID mtDNA WGP TSS v5.12.2 TMAP n.a.

AB MAN0015831 TVC v5.2.2.41

IGV

PID mtDNA WGP TSS v5.10 HID GT v2.1 20 reads, 20 reads

AB MAN0017770 IGV v2.3.94/MVC PHP: 10%, 10-79.9%

Precision ID Ion S5 XL TSS v5.10.0 TMAP? 20 reads, 20 reads

AB MAN0015831 TVC v5.10.0.18 HID GT v2.1 30% del, 20% ins, 10% PHP

Con. v2.1 (default thresholds Converge)

MVC v1.09b

PID mtDNA CRP TSS v5.10.0 HID GT v2.2 20 reads

 AB MAN0017772 Con. v2.2 96% confirmed call

IGV v.2.7.1 30% del, 20% ins

PHP: 5%a

PID mtDNA WGP TSS v5.2.2 TMAP? 20 reads, 10%

MAN0015830 TVC v5.2.1.38  40% del, 30% ins, 10% PHP

GM-HTS (demo v1.0.17.1266)b

IGV v2.3.72b

Precision ID Ion S5 TSS v5.10.1 TMAP? 20 reads, 100 reads

 AB MAN0017770 B.0 TVC v5.10.1.19 PHP: 5%

IGV 

coustom Excel workbook

Con. v? (LHP levels only)

Precision ID Ion Chef & Ion S5 TSS v5.12 HID GT v2.3 PHP: 20 reads, 10%

MAN0017770 Rev B Con. v2.2

Early Access Mito Kit v.1 TSS v5.10.1 TMAP 50 reads

 AB MAN0017771 IGV 8% (minor variant > 15 reads)

b
 … only positions with frequency < 90% and allele call as "heterozygous" and some positions usually not reported (e.g. 309, 315, 573, 16183-16189) were reanalyzed using IGV and GeneMarker HTS

AB MAN0017770 … detailed Pcrotocol S5 for both manuel ans automatic approach (2018-2023)

AB MAN0017771 … quick reference for manual approach based on AB MAN0017770

AB MAN0017772 … quick reference for automatic approach based on AB MAN0017770

MAN0015830 … PGM protocol

AB MAN0015831 … detailed Pcrotocol S5 for both manuel ans automatic approach (2016)

0 MtG Ion S5 Ion 530

1 MtG Ion S5 Ion 530

2 MtG Ion S5 Ion 530

3 MtG Ion S5 Ion 530

4 MtG Ion S5 Ion 530

5 CR Ion S5 Ion 520

Ion 530

10 MtG Ion S5 XL Ion 530

a
 … for this exercise only

14 MtG Ion S5 XL Ion 520

15 MtG Ion S5 XL Ion 530

17 MtG Ion S5 Ion 530

12 CR Ion S5 XL Ion 530

13 MtG Ion PGM Ion 318

6 MtG Ion S5

Table S1b: Ion Torrent data

Lab Range Kit/Protocol Instrument Seq. chemistry Anal. software Alignment AT/IT

PID mtDNA WGP TSS v5.10.0 HID GT v2.1/2.3 10%

AB MAN0017771 Con. v2.1/2.3

MVC v1.09b

PID mtDNA WGP TSS v5.10 HID GT? n.a.

AB MAN0017771 Con. v2.1 or

IGV/MVC TMAP?

PID mtDNA WGP TSS v5.10.1 HID GT v2.1 20 reads

MAN0015831 Con. v2.2 96% confirmed call

 IGV variant strand bias ≤ 0.6

30% del, 20% ins, 10% PHP

PID mtDNA WGP TSS v5.10.1 TMAP 20 reads, 20 reads

Con. v2.1 PHP: 20 reads, 10%

IGV 

PID mtDNA WGP TSS v5.10.1 TMAP 96

AB MAN0017771 Con. v2.2 PHP: 10

IGV v?

PID mtDNA WGP TSS v5.12.2 TMAP n.a.

AB MAN0015831 TVC v5.2.2.41

IGV

PID mtDNA WGP TSS v5.10 HID GT v2.1 20 reads, 20 reads

AB MAN0017770 IGV v2.3.94/MVC PHP: 10%, 10-79.9%

Precision ID Ion S5 XL TSS v5.10.0 TMAP? 20 reads, 20 reads

AB MAN0015831 TVC v5.10.0.18 HID GT v2.1 30% del, 20% ins, 10% PHP

Con. v2.1 (default thresholds Converge)

MVC v1.09b

PID mtDNA CRP TSS v5.10.0 HID GT v2.2 20 reads

 AB MAN0017772 Con. v2.2 96% confirmed call

IGV v.2.7.1 30% del, 20% ins

PHP: 5%a

PID mtDNA WGP TSS v5.2.2 TMAP? 20 reads, 10%

MAN0015830 TVC v5.2.1.38  40% del, 30% ins, 10% PHP

GM-HTS (demo v1.0.17.1266)b

IGV v2.3.72b

Precision ID Ion S5 TSS v5.10.1 TMAP? 20 reads, 100 reads

 AB MAN0017770 B.0 TVC v5.10.1.19 PHP: 5%

IGV 

coustom Excel workbook

Con. v? (LHP levels only)

Precision ID Ion Chef & Ion S5 TSS v5.12 HID GT v2.3 PHP: 20 reads, 10%

MAN0017770 Rev B Con. v2.2

Early Access Mito Kit v.1 TSS v5.10.1 TMAP 50 reads

 AB MAN0017771 IGV 8% (minor variant > 15 reads)

b
 … only positions with frequency < 90% and allele call as "heterozygous" and some positions usually not reported (e.g. 309, 315, 573, 16183-16189) were reanalyzed using IGV and GeneMarker HTS

AB MAN0017770 … detailed Pcrotocol S5 for both manuel ans automatic approach (2018-2023)

AB MAN0017771 … quick reference for manual approach based on AB MAN0017770

AB MAN0017772 … quick reference for automatic approach based on AB MAN0017770

MAN0015830 … PGM protocol

AB MAN0015831 … detailed Pcrotocol S5 for both manuel ans automatic approach (2016)

0 MtG Ion S5 Ion 530

1 MtG Ion S5 Ion 530

2 MtG Ion S5 Ion 530

3 MtG Ion S5 Ion 530

4 MtG Ion S5 Ion 530

5 CR Ion S5 Ion 520

Ion 530

10 MtG Ion S5 XL Ion 530

a
 … for this exercise only

14 MtG Ion S5 XL Ion 520

15 MtG Ion S5 XL Ion 530

17 MtG Ion S5 Ion 530

12 CR Ion S5 XL Ion 530

13 MtG Ion PGM Ion 318

6 MtG Ion S5



Platforms and settings
Overview Illumina



Results DNA extracts – Point Heteroplasmy
Sanger

method lab 2413Y (%T) 7861Y (%C) 16093Y (%C) 12483Y (%T) 234R (%G)

lab 0 n.a. n.a. Y n.a. R

lab 5 n.a. n.a. Y n.a. R

lab 6 n.a. n.a. Y n.a. R

lab 7 n.a. n.a. Y n.a. R

lab 21 n.a. n.a. Y n.a. R

lab 22 n.a. n.a. C n.a. R

lab 23 n.a. n.a. C n.a. R

lab 24 n.a. n.a. Y n.a. R

Sa
ng

er
   

   
   

 

Se
q

ue
nc

in
g 



Results DNA extracts - Heteroplasmy

Evaluated data in two forms

1) reported results

2) reviewed results

Review: MPSAligner accepts bam files and performs phylogenetic alignment according to 
ISFG guidelines

=> alignment specific to human mtDNA

MPSAligner is based on the EMPOP query engine SAM2 (Huber et al 2018) that uses rCRS-
coded mitotypes/fasta-like data as source



Results DNA extracts – Point Heteroplasmy
Conclusions

Reported and reviewed levels of PHP comparable to each other

Little variation between platforms and instruments

Keep in mind that PHP levels can be affected by primer sequences, which needs to be taken 
into account in data analysis



Participants were asked to determine and report LHP according to their established 
guidelines

Most labs reported the dominant variant (= major molecule) as recommended by revised 
ISFG guidelines (Parson et al 2014)

Results DNA extracts
Length heteroplasmy (LHP)



Reporting of LHP in DNA extracts not concordant between technologies and labs

In total we discern three sources of variation: technological, software and interpretational

MPSAligner removes individual user settings and variation in software but still results in 
LHP differences between labs

It maybe difficult if not impossible to achieve consistent results across labs (see also Sturk-
Andreaggi et al 2020)

Needs to be reflected in interpretation guidelines 

Will guide interpretation of results in hair shafts (follow up study)

Results – DNA extracts



Share tables with participants to confirm data and add missing information

work on manuscript on DNA extracts

evaluate hair results based on platform-specific findings of this study

Way forward
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Quo vadis, BGA?
A collaborative EDNAP exercise on estimating biogeographic ancestry from the DNA of unknown samples

Organized by:

Final update



Institute of Legal Medicine

Samples

KS106
KS110
KS153

KS102
KS126
KS180

Level 1 – „easy“ samples Level 2 – samples with similar genetic pattern Level 3 – „advanced“ samples

KS71
KS96
KS9

KS102
KS126
KS180

KS71
KS96
KS9
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KS106, KS110, KS153 - admixture analysis - STRUCTURE

11
0

15
3

10
6 106

PT BT ET

AFR 0.001 0.009 0.007

ME 0.001 0.002 0.003

EUR 0.001 0.001 0.001

SAS 0.001 0.002 0.002

EAS 0.991 0.980 0.982

OCE 0.003 0.003 0.005

AME 0.003 0.003 0.001

PT
BT

ET

110 153

PT BT ET PT BT ET

0.001 0.001 0.001 0.001 0.005 0.001

0.006 0.005 0.009 0.003 0.007 0.008

0.977 0.987 0.880 0.988 0.975 0.900

0.005 0.002 0.056 0.004 0.007 0.013

0.006 0.004 0.051 0.001 0.002 0.066

0.002 0.001 0.002 0.002 0.002 0.003

0.002 0.001 0.001 0.001 0.002 0.009
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106

TFS MAC

AFR 0.000 0.000

ME 0.000 0.000

EUR 0.000 0.000

SAS 0.000 0.000

EAS 0.995 0.968

OCE 0.005 0.032

AME 0.000 0.000

KS106, KS110, KS153 - admixture analysis - CONVERGE

PT only

110 153

TFS MAC TFS MAC

0.000 0.000 0.000 0.000

0.001 0.001 0.001 0.000

0.999 0.999 0.999 0.913

0.000 0.000 0.000 0.087

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000
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KS106, KS110, KS153 - PCA

BT ETPT
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KS106, KS110, KS153 - GenoGeographer

110

z-score ≤ 1.64; P ≥ 0.05

PT 

population z-score p-value

Europe -0.353 0.638

BT

population z-score p-value

Europe 0.509 0.305

ET

population z-score p-value

All populations rejected

153

z-score ≤ 1.64; P ≥ 0.05

PT

population z-score p-value

Europe -1.159 0.877

BT

population z-score p-value

Europe -0.283 0.611

ET

population z-score p-value

Europe 1.633 0.051

106

z-score ≤ 1.64; P ≥ 0.05

PT

population z-score p-value

All populations are rejected

BT

population z-score p-value

East Asia -1.33 0.908

ET

population z-score p-value

East Asia 0.736 0.231
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KS106, KS110, KS153 - extra markers
106 110 153

p-value

ey
e 

co
lo

ur
 blue 0,000 0,099 0,903

intermediate 0,002 0,134 0,074

brown 0,998 0,767 0,023

ha
ir

 co
lo

ur

blond 0,001 0,362 0,319

brown 0,122 0,521 0,605

red 0,000 0,002 0,007

black 0,877 0,116 0,068

sh
ad

e light 0,002 0,742 0,812

dark 0,998 0,258 0,188

sk
in

 
co

lo
ur

very pale 0,000 0,008 0,078

pale 0,000 0,304 0,563

intermediate 0,965 0,681 0,369

dark 0,035 0,007 0,000

dark to black 0,000 0,000 0,000

106 110 153
mtDNA F1e3 H2a1c U4c1
87 ET 
Y-SNPs

O-M119 ♀ R-P312

116 PT 
Y-SNPs

O-M119 ♀ R-U152

16 ET 
X-SNPs

East Asian 
specific 
X-chromosome

European 
specific 
X-chromosomes

European 
specific 
X-chromosome
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KS106 - ancestry results
PT BT ET

AFR 0.001 0.009 0.007

ME 0.001 0.002 0.003

EUR 0.001 0.001 0.001

SAS 0.001 0.002 0.002

EAS 0.991 0.980 0.982

OCE 0.003 0.003 0.005

AME 0.003 0.003 0.001

Grandfather

Asia
East

Chinese

Grandmother

Asia
East

Chinese

Grandmother

Asia
East

Chinese

Grandfather

Asia
East

Chinese

Mother

Asia
East

100% Chinese

KS106

Father

Asia
East

100% Chinese

STRUCTURE

mt: F1e3
Y: O-M119
X: EA
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KS106 - ancestry results

All assigned to East Asia (8 labs used all markers, 4 only biparental), examples:

• „individual of EAS origin“ 

• „most likely an East Asian biogeographic origin“

• „ancestry from East Asia“ 

• „is most likely of East Asian ancestry“ 

• „biogeographical ancestry being East Asia, or a population with East Asian ancestry“

• „more likely if the investigated DNA comes from an individual from the East Asian reference population than if the investigated 

DNA comes from an individual from the Native American, South Asian, Oceanian, Middle Eastern, European, or African 

reference populations“

• „biogeographical ancestry results are in line with ancestry in East Asia. The regions considered to have low probability 

are ME, America, Europe, Africa and South Asia“ 

colour code more “direct” less “direct”



Institute of Legal 
MedicineInstitute of Legal Medicine

KS110 - ancestry results
PT BT ET

AFR 0.001 0.001 0.001

ME 0.006 0.005 0.009

EUR 0.977 0.987 0.880

SAS 0.005 0.002 0.056

EAS 0.006 0.004 0.051

OCE 0.002 0.001 0.002

AME 0.002 0.001 0.001

Grandfather

Europe
East

Ukrainian

Grandmother

Europe
East

Russian

Grandmother

Europe
East

Ukrainian

Grandfather

Europe
East

Ukrainian

Mother

Europe
East

50% Ukrainian
50% Russian

KS110

Father

Europe
East

100%Ukrainian

STRUCTURE

mt: H2a1c
X: EU & EU



Institute of Legal 
MedicineInstitute of Legal Medicine

KS153 - ancestry results
PT BT ET

AFR 0.001 0.005 0.001

ME 0.003 0.007 0.008

EUR 0.988 0.975 0.900

SAS 0.004 0.007 0.013

EAS 0.001 0.002 0.066

OCE 0.002 0.002 0.003

AME 0.001 0.002 0.009

Grandfather

Europe
West

German

Grandmother

Europe
West

German

Grandmother

Europe
West

German

Grandfather

Europe
West

German

Mother

Europe
West

100% German

KS153

Father

Europe
West

100% German

STRUCTURE

mt: U4c1
Y: R-U152
X: EU
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KS110 and KS153 - ancestry results

All assigned to Europe (8 labs used all markers, 4 labs only biparental SNPs), examples:

• „individual of European origin“ 

• „most likely has a European biogeographic background“ 

• „ancestry from Europe“ 

• „is most likely of European ancestry“ 

• „biogeographical ancestry being Europe, or a population with European ancestry“

• „more likely if the investigated DNA comes from an individual from the European reference population than if the investigated 

DNA comes from the South Asian, Middle Eastern, Oceanian, East Asian, Native American, or African reference populations“

• „results are in line with ancestry in Europe. low probability are ME, Europe, Africa, America, East Asia, Oceania and 

South Asia“ 

colour code more “direct” less “direct”
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KS106 - phenotype results

„brown eyes, black hair, intermediate skin“

106

p-value

ey
e 

co
lo

ur
 blue 0,000

intermediate 0,002

brown 0,998

ha
ir

 co
lo

ur

blond 0,001

brown 0,122

red 0,000

black 0,877

sh
ad

e light 0,002

dark 0,998

sk
in

 
co

lo
ur

very pale 0,000

pale 0,000

intermediate 0,965

dark 0,035

dark to black 0,000

reference photos
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KS110 - phenotype results

„brown eyes, dark-brown to black hair and intermediate skin“

„brown eyes, light hair shade and brown to blond hair, intermediate to pale skin“

„brown eyes, dark brown hair and intermediate skin“

„brown eyes, blond or brown hair, and intermediate skin“

„brown eyes, brown hair and intermediate skin“

„brown eyes, dark brown or black hair and a pale to intermediate skin“ 

„brown eyes, dark blond or brown hair and intermediate skin“

110

p-value

ey
e 

co
lo

ur
 blue 0,099

intermediate 0,134

brown 0,767

ha
ir

 co
lo

ur

blond 0,362

brown 0,521

red 0,002

black 0,116

sh
ad

e light 0,742

dark 0,258

sk
in

 
co

lo
ur

very pale 0,008

pale 0,304

intermediate 0,681

dark 0,007

dark to black 0,000

reference photos
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KS110 - phenotype results
HPS guidelines: dark brown/black hair (natural: brown)

„dark-brown/black hair “ 
– 4 labs, 3 used HPS and 1 updated guidelines

„dark brown hair“ 
– 1 lab, HPS guidelines

„light hair shade and brown to blond hair “ 
– 1 lab, HPS guidelines

„brown hair“ 
– 1 lab, updated HPS guidelines

„blond or brown hair “ 
– 1 lab, updated HPS guidelines

„dark blond or brown hair“ 
– 1 lab, updated HPS guidelines

110

p-value

ey
e 

co
lo

ur
 blue 0,099

intermediate 0,134

brown 0,767

ha
ir

 co
lo

ur

blond 0,362

brown 0,521

red 0,002

black 0,116

sh
ad

e light 0,742

dark 0,258

sk
in

 
co

lo
ur

very pale 0,008

pale 0,304

intermediate 0,681

dark 0,007

dark to black 0,000

reference photos
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KS153 - phenotype results

„blue eyes, dark blond/brown hair and pale/intermediate skin“

„blue eyes, brown/dark brown hair and pale to intermediate skin“

„blue eyes, light hair shade and brown to blond hair and pale to intermediate skin“

„blue eyes, blond or brown hair and pale to intermediate skin“

„blue eyes, brown hair and pale/intermediate skin“

153

p-value

ey
e 

co
lo

ur
 blue 0,903

intermediate 0,074

brown 0,023

ha
ir

 co
lo

ur

blond 0,319

brown 0,605

red 0,007

black 0,068

sh
ad

e light 0,812

dark 0,188

sk
in

 
co

lo
ur

very pale 0,078

pale 0,563

intermediate 0,369

dark 0,000

dark to black 0,000

reference photos
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KS153 - phenotype results

HPS guidelines: brown/dark brown hair (natural: dark brown)

„brown/dark brown hair“ 
– 5 labs, 4 with HPS and 1 with updated guidelines

„brown hair“ 
- 1 lab, HPS guidelines

„light hair shade and brown to blond hair “
 – 1 lab, HPS guidelines

„dark blond or brown hair“ 
– 1 lab, updated HPS guidelines

„blond or brown hair“ 
– 1 lab, updated HPS guidelines

153

p-value

ey
e 

co
lo

ur
 blue 0,903

intermediate 0,074

brown 0,023

ha
ir

 co
lo

ur

blond 0,319

brown 0,605

red 0,007

black 0,068

sh
ad

e light 0,812

dark 0,188

sk
in

 
co

lo
ur

very pale 0,078

pale 0,563

intermediate 0,369

dark 0,000

dark to black 0,000

reference photos
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Summary

• simple unequivocal ancestries – consistent clear reporting among all labs

• eye colour based on highest p-value consistent among all labs: predictions tend towards the more secure binary 

classification approach: i.e., blue vs brown, or neither

• hair and skin colour more ambiguous when close and below 0.7

• HPS guidelines tend to ‚darken‘ European hair colour predictions in comparison to updated guidelines used by 

some labs

• no consistency between labs that claimed to use HPS guidelines
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PT
BT

ET

10
2 12
6

18
0 102 126 180

PT BT ET PT BT ET PT BT ET

AFR 0.003 0.002 0.003 0.003 0.003 0.004 0.005 0.003 0.002

ME 0.317 0.406 0.036 0.079 0.156 0.704 0.149 0.069 0.025

EUR 0.658 0.585 0.855 0.751 0.505 0.112 0.648 0.786 0.674

SAS 0.017 0.004 0.048 0.141 0.250 0.035 0.171 0.074 0.047

EAS 0.002 0.001 0.048 0.011 0.046 0.130 0.005 0.007 0.179

OCE 0.004 0.002 0.004 0.007 0.036 0.012 0.019 0.001 0.006

AME 0.001 0.001 0.005 0.008 0.005 0.003 0.003 0.061 0.067

KS102, KS126, KS180 - admixture analysis - STRUCTURE
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102 126 180

TFS MAC TFS MAC TFS MAC

AFR 0.000 0.000 0.000 0.000 0.007 0.005

ME 0.445 0.439 0.445 0.439 0.030 0.031

EUR 0.549 0.525 0.549 0.525 0.657 0.633

SAS 0.003 0.036 0.003 0.036 0.306 0.331

EAS 0.001 0.000 0.001 0.000 0.000 0.000

OCE 0.001 0.000 0.001 0.000 0.000 0.000

AME 0.001 0.000 0.001 0.000 0.000 0.000

KS102, KS126, KS180 - admixture analysis - CONVERGE

PT only
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KS102, KS126, KS180 - PCA

BT ETPT
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KS102, KS126, KS180 - GenoGeographer

102

z-score ≤ 1.64; P ≥ 0.05

PT 

population z-score p-value

Middle East -0.956 0.830

BT

population z-score p-value

Europe & ME -1.546 0.939

ET

population z-score p-value

Europe & ME 1.356 0.088

126

z-score ≤ 1.64; P ≥ 0.05

PT

population z-score p-value

ME & S. Asia 0.306 0.380

BT

population z-score p-value

Europe & S. Asia 1.525 0.064

ET

population z-score p-value

Middle East 0.347 0.364

180

z-score ≤ 1.64; P ≥ 0.05

PT

population z-score p-value

Europe & S. Asia -0.865 0.806

BT

population z-score p-value

Europe & S. Asia 0.257 0.398

ET

population z-score p-value

Middle East -0.087 0.535
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KS102, KS126, KS180 - extra markers
102 126 180

p-value

ey
e 

co
lo

ur
 blue 0,001 0,000 0,082

intermediate 0,032 0,013 0,142

brown 0,967 0,986 0,776

ha
ir

 co
lo

ur

blond 0,027 0,101 0,256

brown 0,604 0,657 0,617

red 0,000 0,000 0,058

black 0,369 0,241 0,069

sh
ad

e light 0,060 0,246 0,864

dark 0,940 0,754 0,136

sk
in

 
co

lo
ur

very pale 0,006 0,004 0,138

pale 0,159 0,103 0,458

intermediate 0,807 0,755 0,383

dark 0,026 0,136 0,021

dark to black 0,002 0,002 0,000

102 126 180
mtDNA W1 U7a U2e2a1a
87 ET 
Y-SNPs

R-CTS1078 R-CTS1078 J-M172

116 PT 
Y-SNPs

R-M269 R-M269 J-M67

16 ET 
X-SNPs

European 
specific 
X-chromosome

European 
specific 
X-chromosome

European 
specific 
X-chromosome
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KS102 - ancestry results
PT BT ET

AFR 0.003 0.002 0.003

ME 0.317 0.406 0.036

EUR 0.658 0.585 0.855

SAS 0.017 0.004 0.048

EAS 0.002 0.001 0.048

OCE 0.004 0.002 0.004

AME 0.001 0.001 0.005

Grandfather

Europe
South

Albanian

Grandmother

Europe
South

Albanian

Grandmother

Europe
South

Albanian

Grandfather

Europe
South

Albanian

Mother

Europe
South

100% Albanian

KS102

Father

Europe
South

100% Albanian

STRUCTURE

mt: W1
Y: R-CTS1078
X: EU
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KS102 - ancestry results

mt: W1

Y: R-CTS1078
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KS102 - ancestry results
Assigned as of European or/and Middle East ancestry (3 labs used all markers, 4 only biparental), examples:
• „ancestry in Europe, or a location between Europe and the ME regions; probable that one parent has European 

ancestry while the other could have ME ancestry“
• „predominant biogeographical origin is European and/or Middle Eastern (indication of admixture)
• „either of European ancestry or of Middle-East and European co-ancestry“
• „biogeographical ancestry being Europe or Middle East, or a population with European or Middle East ancestry, or an 

admixture of the aforementioned meta-populations“ 

Assigned as European/Middle East admixture (3 labs used all markers):
• „a double inclusion biogeographic ancestry with two root populations, 53.80% European and 46.20% Southwest 

Asia“
• „either an admixed individual of European and Middle East origin or stems from an admixed population “ 
• „admixed (Europe & Middle East)“ 

Assigned to Europe (2 labs used all markers):
• „probably has European biogeographical background“ 
• „most likely ancestry is from Europe“

colour code EU OR/AND ME EU/ME admixture EU
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KS126 - ancestry results
PT BT ET

AFR 0.003 0.003 0.004

ME 0.079 0.156 0.704

EUR 0.751 0.505 0.112

SAS 0.141 0.250 0.035

EAS 0.011 0.046 0.130

OCE 0.007 0.036 0.012

AME 0.008 0.005 0.003

Grandfather

Asia
West

Turkish

Grandmother

Asia
West

Turkish

Grandmother

Asia
West

Turkish

Grandfather

Asia
West

Turkish

Mother

Asia
West

100% Turkish

KS126

Father

Asia
West

100% Turkish

STRUCTURE

mt: U7a
Y: R-CTS1078
X: EU
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KS126 - ancestry results

mt: U7a

Y: R-CTS1078
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KS126 - ancestry results
Assigned as of European, Middle East and South Asian admixture (4 labs used all markers, 4 only biparental), examples:
• „admixed (Europe & Middle East & South Asia)“
• „either an admixed individual of European, Middle East and South Asian origin or stems from an admixed population“ 
• „more likely if the investigated DNA comes from an individual of European and Middle Eastern genetic admixture, of European and 

South Asian genetic admixture or of Middle Eastern and South Asian genetic admixture than if the investigated DNA comes from an 
individual from the European, Middle Eastern, East Asian, South Asian, Oceanian, Native American, or African reference 
populations“

• „biogeographical ancestry being Europe or Middle East or South Asia, or a population with European or Middle East or South Asian 
ancestry, or an admixture of the aforementioned meta-populations“ 

Assigned as of European and Middle East admixture (2 labs used all markers):
• „ancestry is either Middle Eastern, or admixed with a major European component“
• „double inclusion biogeographic ancestry with two root populations, 54.87% European and 44.45% Southwest Asia“ 

Referred to co-parentage (2 labs used all markers):
• „probably has a mixed biogeographical background a European (probably paternal) - Middle Eastern (probably maternal) 

origin“
• „under the unadmixed scenario, ancestry in the Middle East or Europe. under the admixed scenario, the results are 

suggestive of paternal ancestry in Eurasia and maternal ancestry that could be in Europe, Middle East or South Asia “ 

colour code EU/ME/SA admixture EU/ME admixture co-parentage
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KS180 - ancestry results
PT BT ET

AFR 0.005 0.003 0.002

ME 0.149 0.069 0.025

EUR 0.648 0.786 0.674

SAS 0.171 0.074 0.047

EAS 0.005 0.007 0.179

OCE 0.019 0.001 0.006

AME 0.003 0.061 0.067

Grandfather

Europe
West

German

Grandmother

Europe
West

German

Grandmother

Asia
West

Turkish

Grandfather

Asia
West

Turkish

Mother

Europe
West

100% German

KS180

Father

Asia
West

100% Turkish

STRUCTURE

mt: U2e2a1a
Y: J-M67
X: EU
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KS180 - ancestry results

mt: U2e2a1a

Y: J-M67
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KS180 - ancestry results

mt: U2e2a1a

Y: J-M67
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KS180 - ancestry results
Assigned as of European, Middle East and South Asian admixture (4 labs used all markers, 4 only biparental), 
examples:
• „admixed (Europe & South Asia & Middle East)“
• „is either an admixed individual of EUR, ME and/or SAS origin or stems from an admixed population“ 
• „biogeographical ancestry being Europe or Middle East or South Asia, or a population with European or Middle East or 

South Asian ancestry, or an admixture of the aforementioned meta-populations“
• „more likely if the investigated DNA comes from an individual of European and Middel Eastern genetic admixture, of 

European and South Asian genetic admixture or of Middle Eastern and South Asian genetic admixture than if the 
investigated DNA comes from an individual from the European, Middle Eastern, East Asian, South Asian, Oceanian, 
Native American, or African reference populations“

Referred to co-parentage (4 labs used all markers), examples:
• „is likely to have a mixed biogeographic background of European (probably maternal) – Middle Eastern/ 

Caucasus (probably paternal) origin“ 
• „results are in line with some degree of European ancestry. Under the hypothesis of admixture, it is possible 

that one parent has European ancestry and the other parent has ME or South Asian ancestry“

colour code EU/ME/SA admixture co-parentage
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KS102 - phenotype results

„brown eyes, dark-brown/black hair and intermediate/pale skin“

„brown eyes, brown or black hair, intermediate skin“

102

p-value

ey
e 

co
lo

ur
 blue 0,001

intermediate 0,032

brown 0,967

ha
ir

 co
lo

ur

blond 0,027

brown 0,604

red 0,000

black 0,369

sh
ad

e light 0,060

dark 0,940

sk
in

 
co

lo
ur

very pale 0,006

pale 0,159

intermediate 0,807

dark 0,026

dark to black 0,002

reference photos
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KS126 - phenotype results

„brown eyes, dark-brown to black hair and intermediate skin“

„brown eyes, dark hair shade and brown to black hair,  intermediate to dark skin“

126

p-value

ey
e 

co
lo

ur
 blue 0,000

intermediate 0,013

brown 0,986

ha
ir

 co
lo

ur

blond 0,101

brown 0,657

red 0,000

black 0,241

sh
ad

e light 0,246

dark 0,754

sk
in

 
co

lo
ur

very pale 0,004

pale 0,103

intermediate 0,755

dark 0,136

dark to black 0,002

reference photos
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KS180 - phenotype results

„brown eyes, blond or brown hair, pale to intermediate skin“

„brown eyes, light hair shade and brown to blond hair, pale to intermediate skin“

„brown eyes, brown hair and pale to intermediate skin“

“brown eyes, brown to dark brown hair and pale to intermediate skin“

„brown eyes, dark blond or brown hair and pale / intermediate skin“

180

p-value

ey
e 

co
lo

ur
 blue 0,082

intermediate 0,142

brown 0,776

ha
ir

 co
lo

ur

blond 0,256

brown 0,617

red 0,058

black 0,069

sh
ad

e light 0,864

dark 0,136

sk
in

 
co

lo
ur

very pale 0,138

pale 0,458

intermediate 0,383

dark 0,021

dark to black 0,000

reference photos
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KS180 - phenotype results

HPS guidelines: brown/dark brown (natural: brown)

“brown to dark brown hair “ 
– 5 labs, 4 with HPS and 1 with updated guidelines

„brown hair“ 
– 1 lab, HPS guidelines

„light hair shade and brown to blond hair “ 
– 1 lab, HPS guidelines

„blond or brown hair“
- 1 lab, updated HPS guidelines

„dark blond or brown hair“ 
– 1 lab, updated HPS guidelines

180

p-value

ey
e 

co
lo

ur
 blue 0,082

intermediate 0,142

brown 0,776

ha
ir

 co
lo

ur

blond 0,256

brown 0,617

red 0,058

black 0,069

sh
ad

e light 0,864

dark 0,136

sk
in

 
co

lo
ur

very pale 0,138

pale 0,458

intermediate 0,383

dark 0,021

dark to black 0,000

reference photos



Institute of Legal 
MedicineInstitute of Legal Medicine

Summary

• ET gave the clearest STRUCTURE patterns for KS102 (Albanian) and K126 (Turkish) samples in terms of relative EUR-
ME proportions

• KS180 (German-Turkish) had incorrect EAS cluster with ET
• KS180 and KS126 respectively, gave PT and BT  >0.15 SAS clusters

• differences appeared between KS126 (Turkish) and KS102 (Albanian) in how interpretations were made and how they 
were reported

• KS126 with stronger ME-SAS description in most reports: consistent in saying the individual was not completely 
European

• KS180 (German-Turkish) is the first sample where more labs distinguishing the paternal and maternal lineages and 
commenting on co-parentage

• tendency to over-emphasise relatively small co-ancestry proportions - no guidelines were given by us for the 
interpretation of minor co-ancestry cluster membership proportions

• the lack of any differentiation of ME-SAS with EUR for the ET X-chromosome SNP set was not explained to participants 
– data might have been misread 
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PT
BT

ET

71 96 9 71 96 9

PT BT ET PT BT ET PT BT ET

AFR 0.002 0.003 0.002 0.180 0.287 0.302 0.372 0.222 0.349

ME 0.089 0.014 0.054 0.249 0.170 0.048 0.475 0.600 0.326

EUR 0.405 0.438 0.344 0.308 0.531 0.633 0.026 0.090 0.111

SAS 0.026 0.021 0.042 0.247 0.004 0.011 0.049 0.019 0.016

EAS 0.447 0.479 0.463 0.006 0.002 0.002 0.047 0.029 0.192

OCE 0.029 0.025 0.012 0.007 0.003 0.002 0.018 0.011 0.003

AME 0.003 0.020 0.083 0.003 0.003 0.002 0.012 0.029 0.004

KS71, KS96, KS9 - admixture analysis - STRUCTURE
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71 96 9

TFS MAC TFS MAC TFS MAC

AFR 0.000 0.000 0.283 0.250 0.463 0.115

ME 0.012 0.242 0.115 0.137 0.236 0.732

EUR 0.479 0.291 0.582 0.551 0.007 0.000

SAS 0.033 0.000 0.020 0.062 0.294 0.002

EAS 0.471 0.467 0.000 0.000 0.000 0.151

OCE 0.005 0.000 0.000 0.000 0.000 0.000

AME 0.000 0.000 0.000 0.000 0.000 0.000

KS71, KS96, KS9 - admixture analysis - CONVERGE

PT only
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KS71, KS96, KS9 - PCA

BT ETPT
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KS71, KS96, KS9 - GenoGeographer

71

z-score ≤ 1.64; P ≥ 0.05

PT 

population z-score p-value

E. Asia & ME -0.153 0.561

BT

population z-score p-value

South Asia 1.241 0.107

ET

population z-score p-value

All populations are rejected

96

z-score ≤ 1.64; P ≥ 0.05

PT

population z-score p-value

Middle East 0.823 0.205

BT

population z-score p-value

All populations are rejected

ET

population z-score p-value

Middle East 0.957 0.169

9

z-score ≤ 1.64; P ≥ 0.05

PT

population z-score p-value

All populations are rejected

BT

population z-score p-value

All populations are rejected

ET

population z-score p-value

All populations are rejected
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KS71, KS96, KS9 - extra markers
71 96 9

p-value

ey
e 

co
lo

ur
 blue 0,000 0,003 0,000

intermediate 0,007 0,020 0,002

brown 0,993 0,977 0,998

ha
ir

 co
lo

ur

blond 0,004 0,038 0,003

brown 0,347 0,725 0,474

red 0,000 0,000 0,000

black 0,649 0,236 0,523

sh
ad

e light 0,005 0,103 0,005

dark 0,995 0,897 0,995

sk
in

 
co

lo
ur

very pale 0,000 0,001 0,000

pale 0,000 0,028 0,000

intermediate 0,705 0,262 0,000

dark 0,264 0,685 0,009

dark to black 0,030 0,024 0,991

71 96 9
mtDNA M7b1a1a1 L3e2a1a E1a1a1
87 ET 
Y-SNPs

♀ R-M343 ♀

116 PT 
Y-SNPs

♀ R-M343 ♀

16 ET 
X-SNPs

European and 
E.Asian specific 
X-chromosomes

African 
specific 
X-chromosome

African 
specific 
X-chromosomes
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KS71 - ancestry results
PT BT ET

AFR 0.002 0.003 0.002

ME 0.089 0.014 0.054

EUR 0.405 0.438 0.344

SAS 0.026 0.021 0.042

EAS 0.447 0.479 0.463

OCE 0.029 0.025 0.012

AME 0.003 0.020 0.083

Grandfather

Asia
East

Japanese

Grandmother

Asia
East

Japanese

Grandmother

Europe
West

German

Grandfather

Europe
West

German

Mother

Asia
East

100% Japanese

KS71

Father

Europe
West

100% German

STRUCTURE

mt: M7b1a1a1
X: EU & EA
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KS71 - ancestry results
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KS71 - ancestry results
Referred to co-parentage (5 labs used all markers), examples:
• „likely to have a recent mixed biogeographical background of East Asian (probably maternal) – European (probably 

paternal) origin“
• „admixed ancestry with one parent with European ancestry and one with East Asian. Lineage markers suggest that the 

East Asian ancestry is maternal while the European ancestry is from the male line“ 
• „results are in line with one parent having East Asian ancestry. Under the hypothesis of admixture, it is possible the 

other parent has European ancestry – although the ME and South Asia cannot be excluded as origins for the second 
parent“

Assigned as of European and East Asian admixture (3 labs used all markers, 3 only biparental) examples:
• „admixed (Europe & East Asia)“
• „biogeographical ancestry being an admixture of European and East Asian“
• „more likely if the investigated DNA comes from an individual of European and East Asian genetic admixture, of Middle Eastern 

and East Asian genetic admixture or of South Asian and East Asian genetic admixture than if the investigated DNA comes from 
an individual from the European, Middle Eastern, East Asian, South Asian, Oceanian, Native American, or African reference 
populations“ 

Didn‘t assign to any reference population (1 lab used only biparental):
• „this individual doesn’t present an African ancestry. The biogeographical origin of this individual could not be predicted more 

precisely“ 

colour code co-parentage EU/EA admixture no report
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KS96 - ancestry results
PT BT ET

AFR 0.180 0.287 0.302

ME 0.249 0.170 0.048

EUR 0.308 0.531 0.633

SAS 0.247 0.004 0.011

EAS 0.006 0.002 0.002

OCE 0.007 0.003 0.002

AME 0.003 0.003 0.002

Grandfather

America
South

Brazilian

Grandmother

America
South

Brazilian

Grandmother

Europe
West

German

Grandfather

Europe
West

German

Mother

America
South

100% Brazilian

KS96

Father

Europe
West

100% German

STRUCTURE

mt: L3e2a1a
Y: R-M343
X: AFR 
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KS96 - ancestry results

mt: L3e2a1a

Y: R-M343
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KS96 - ancestry results

mt: L3e2a1a

Y: R-M343
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KS96 - ancestry results
Referred to co-parentage (4 labs used all markers), examples:
• „results are in line with one parent having African ancestry. Under the hypothesis of admixture, it is possible the other parent has European or 

ME ancestry“
• „either admixed with the male lineage likely European and the female lineage having an African/North-east African component, or from some 

area on the edge of Europe where there are genetic influences from various regions, e.g. the Middle East or North-east Africa“ – lab 9
• „mixed biogeographical background an African (probably maternal) - European (probably paternal) origin. The origin of the maternal line is 

presumably in Africa“ 

Assigned as of European and African admixture (2 labs used all markers):
• „either an admixed individual of AFR and EUR origin or stems from an admixed population“ 
• „double inclusion biogeographic ancestry with two root populations, 58.21% European and 28.29% African“ 

Assigined as of Middle East or admixed (3 labs used only biparental, 1 used all markers), examples:
• „could be either of Middle-East ancestry or of Middle-East and European co-ancestry“
• „more likely if the investigated DNA comes from an individual from the Middle Eastern reference population than if the investigated DNA comes from an 

individual from the European, East Asian, South Asian, Oceanian, Native American, or African reference populations“ 

Didn‘t assign to any reference population (1 lab used all markers, 1 used only biparental):
• „most likely of admixed origin although it cannot be excluded that the ancestry is from a population not represented by the references database. 

East Asian or Oceania ancestry is not likely, but any other ancestry component cannot be excluded“
• „prediction of biogeographic ancestry provide support against the unidentified individual’s biogeographical ancestry being East Asia, America or Oceania. It 

cannot be clarified whether the ancestry is Africa, Europe, Middle East, South Asia or an admixture of these meta-populations“ 

colour code co-parentage EU/AFR admixture ME/admixed no report
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KS9 - ancestry results
PT BT ET

AFR 0.372 0.222 0.349

ME 0.475 0.600 0.326

EUR 0.026 0.090 0.111

SAS 0.049 0.019 0.016

EAS 0.047 0.029 0.192

OCE 0.018 0.011 0.003

AME 0.012 0.029 0.004

Grandfather

Africa
South

RSA (coloured)

Grandmother

Africa
South

RSA (coloured)

Grandmother

Africa
South

RSA (coloured)

Grandfather

Africa
South

RSA (coloured)

Mother

Africa
South

100% RSA

KS9

Father

Africa
South

100% RSA

STRUCTURE

mt: E1a1a1
X: AFR & AFR
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KS9 - ancestry results
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KS9 - ancestry results
Didn‘t assign to any reference population (3 labs used only biparental, 1 all markers), examples:
• „the biogeographical origin of this individual could not be predicted“ 
• „not possible to find a most likely reference population or most likely genetic admixture for this sample“ 

Assigned as African, Middle Eastern and SouthEast Asian admixture (4 labs used all markers), examples: 
• „likely that the sample belongs genetically to the African, Middle Eastern and SouthEast Asian admixture population. It is likely that 

the maternal linage of the sample comes from SouthEast Asia“
• „predominant biogeographical origin is Middle Eastern or African, but in the maternal line an South East Asian origin is most likely 

(since autosomally East Asian is not strongly represented, this may be a deeper maternal ancestry). There is indication of admixture 
although a population in between that is not represented in the reference samples cannot be excluded“  

Referred to phenotype prediction (1 lab used all markers):
• „either ancestry from the North-east African/Middle-East area or admixed ancestry with male ancestry from Africa and ancestry on 

the female side from somewhere in the Middle East/South Asia/South-East Asia region. Given the dark-to-black skin tone, the 
admixed ancestry option is the most likely“

Assigned as of African and Middle East admixture (2 labs used all markers, 1 only biparental), examples:
• „biogeographical ancestry being Middle East or Africa, or a population with Middle East or African ancestry, or an admixture of the 

aforementioned meta-populations“
• „likely to have a mixed biogeographical background with a dominant African - Middle Eastern origin“

colour code no report AFR/ME/SEA admixture AFR/ME admixture
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KS71 - phenotype results

„brown eyes, brown to black / black hair and intermediate to dark skin“

71

p-value

ey
e 

co
lo

ur
 blue 0,000

intermediate 0,007

brown 0,993

ha
ir

 co
lo

ur

blond 0,004

brown 0,347

red 0,000

black 0,649

sh
ad

e light 0,005

dark 0,995

sk
in

 
co

lo
ur

very pale 0,000

pale 0,000

intermediate 0,705

dark 0,264

dark to black 0,030

reference photos
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KS96 - phenotype results
96

p-value

ey
e 

co
lo

ur
 blue 0,003

intermediate 0,020

brown 0,977

ha
ir

 co
lo

ur

blond 0,038

brown 0,725

red 0,000

black 0,236

sh
ad

e light 0,103

dark 0,897

sk
in

 
co

lo
ur

very pale 0,001

pale 0,028

intermediate 0,262

dark 0,685

dark to black 0,024

„brown eyes, brown hair and dark skin“

„brown eyes, brown to dark brown hair and dark to intermediate skin“ 

„brown eyes, dark hair shade and brown to black hair, dark to intermediate skin“

„brown eyes, brown to dark brown hair and dark skin“

„brown eyes, dark brown hair, dark to intermediate skin“

„brown eyes, dark brown hair, dark skin“

reference photos
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KS96 - phenotype results
96

p-value

ey
e 

co
lo

ur
 blue 0,003

intermediate 0,020

brown 0,977

ha
ir

 co
lo

ur

blond 0,038

brown 0,725

red 0,000

black 0,236

sh
ad

e light 0,103

dark 0,897

sk
in

 
co

lo
ur

very pale 0,001

pale 0,028

intermediate 0,262

dark 0,685

dark to black 0,024

HPS guidelines: 
brown/dark brown hair and dark skin 
(natural: dark brown hair and dark skin)

„brown to dark brown hair and dark skin“ 
– 2 labs, HPS guidelines

„brown hair and dark skin“ 
– 3 labs, 1 with HPS and 2 with updated guidelines

„dark brown hair, dark skin“ 
– 1 lab, HPS guidelines

„brown to dark brown hair and dark to intermediate skin“ 
– 1 lab, updated HPS guidelines

„dark hair shade and brown to black hair, dark to intermediate skin“ 
– 1 lab, HPS guidelines

„dark brown hair, dark to intermediate skin“ 
– 1 lab, HPS guidelines

reference photos
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KS9 - phenotype results

„brown eyes, dark brown / black hair and dark to black skin“

9

p-value

ey
e 

co
lo

ur
 blue 0,000

intermediate 0,002

brown 0,998

ha
ir

 co
lo

ur

blond 0,003

brown 0,474

red 0,000

black 0,523

sh
ad

e light 0,005

dark 0,995

sk
in

 
co

lo
ur

very pale 0,000

pale 0,000

intermediate 0,000

dark 0,009

dark to black 0,991

reference photos
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Summary

• KS71: parental admixture STRUCTURE patterns were straightforward for all
• 50% reported uniparental maternal EAS, paternal EUR and 50% reported just admixture
• HIrisPlex-S skin colour test is focussed on EUR, so EAS components produced a dark prediction, highlighting the European-

centric SNP selection in this SNP assay

• KS96: produced the most variation in reporting, from the specific: paternal parent EUR, maternal parent AFR, to “only can 
exclude EAS-OCE-AMR“

• Mito reporting suggests labs are taking EMPOP output without including the qualification that much of the ‘global diaspora’ 
distribution of AFR variation which should be necessary to include

• KS9: only sample where many labs refused to make any ancestry prediction
• the most complex patterns of genetic ancestry and consequent interpretations based on which panel, reference sets and 

software is used

• KS71 and KS9: FDP fully consistent - all probabilities over 0.7
• KS96: first sample where FDP had variable interpretation of the skin colour probabilities
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What we learned from you 

Legend: the bigger words reflect 
the more common replies  
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General summary

• consistency of genetic patterns between the three autosomal MPS panel’s data is important for participants confidence in 
reporting ancestry, especially when complex

• updated guidelines concerning phenotype reporting are needed

• guidelines concerning usage of common tools like STRUCTURE, SNIPPER and GenoGeographer are needed

• guidelines concerning interpretation of X-SNPs from ET are needed

• Y interpretation lacks a clear path - YHRD was the most common Y search system used, 
      but it is not particularly informative for Y-SNP variation

• similar with EMPOP – cannot be used as only source of information

• uniparental markers significantly aid complex ancestry reporting but guidelines on how to use
      them are needed



React project 
EDNAP



Summary of project so far

• Large consortium of more than 23 laboratories, where the 
primary purpose was to design experiments simulating 
typical casework circumstances; collect data and to 
implement Bayesian networks to assess the value (i.e., 
likelihood ratio) of DNA results given activity level 
propositions. 





Key findings 

• Can laboratory A share data with laboratory B?

Recovery varies between
200pg – 5ng

• Our latest work suggests 
around 10ng of DNA is 
deposited on a screwdriver 
when handled

• At best, around half is 
recovered

• At worst, around 98% is lost
• Median is 10% recovery



Back to the future (basics)

• Obviously, if we lose all the DNA from an extraction, we are not going 
to get much useful information

• In our pursuit of new methods and ever-increasing complexity of 
technology, have we forgotten something important?



Standardisation

• React project is the first to generate a large database of results: more 
than 2,700 samples at present

• New data are being accepted
• There are no restrictions on who joins in – i.e open to EDNAP 

members are everyone else
• However, there is more to do with standardisation, and this is also 

linked with normalisation of data
• React II will investigate a method where a lab can determine its 

recovery efficiency. This will be used as a factor which will help 
normalise data so that lab A can share data with lab B



The problem with publications

• Everyone has assumed that Transfer, Persistence and Recovery are lab 
independent:

• But they are not
• So this has implications



Updated formula



The problem with publications

• Data cannot be easily shared between labs to inform probabilities (because 
recovery rates are different)

• There is no overall standard for kind of data collected, or the method used 
to analyse

• Usually the data are not published, or are insufficient
• This also makes peer review very difficult, because we are effectively 

accepting data on trust
• Important to note that with the ReAct project, all data are published and 

furthermore all the results in the paper were created from the published 
data

• ReAct provides a model for the community to follow



Publications – bottom line

• Current publications represent the experience of the lab generating 
the paper

• The results may be interesting, but they cannot be directly used by 
other laboratories, as we have insufficient information available, lack 
of standardisation, and we work on the false premise that the 
probability of TPR is the same across all labs.



What is to be done

• Let’s recognise there is a problem
• Consensus view needed on standardisation of datasets
• Also, a method is needed to help normalise data between labs so 

data can be shared (in progress with ReAct II)
• Central databases needed – validation question of course – but we 

should follow example of STRidER
• In addition, we need to identify those Bayesian networks most used 

in casework
• So BNs, extraction efficiency and databases and the data used in 

them are closely linked



Summary

• In summary, the aim is to standardise data collection; define the raw data to be 
included as open-access data; define a series of open source Bayesian networks 
that can be used to capture the majority of casework. The ReAct project has 
published an extensive database which will hopefully kick-start the transition; 
there is an open invitation for any laboratory to contribute. It is envisaged that 
the ReAct database can follow the example already provided by STRider for 
collection of frequency databases. Ideally, it should eventually be placed under 
the auspices of a scientific society such as ISFG.

• Open to EDNAP members



Vânia Pereira
Section of Forensic Genetics
Department of Forensic Medicine
University of Copenhagen

MITOMETRICS: 
Characterisation of mitochondrial DNA
heteroplasmy in hair shafts and its
incorporation on likelihood ratio
calculations



About the MitoMetrics initiative 

To bring together group of scientists and
practitioners working with mitochondrial DNA
in the field of forensic genetics to investigate
research questions dealing with the analysis and
interpretation of mtDNA in forensic genetic
casework.



About the MitoMetrics initiative 

Goal:
Improve the interpretation of mtDNA
forensic evidence

Current forensic interpretation guidelines for
mtDNA evidence are ruled-based conventions

Phylogenetic knowledge suggests that this
approach is outdated and should instead be
based on ground truth data.



mtDNA heteroplasmy



Aims

• Investigate heteroplasmy and the discrepancies in mtDNA profiles from hair shafts
and reference samples from the same donor.

• Develop an initial model for calculating the weight of mtDNA-based evidence that
incorporates the number of discrepancies observed.



Standard protocols for blood and buccal swab samples

Methods

• Blood drop on FTA card
• Buccal swab on FTA card
• 3 hairs, min. 3 fragments/hair



Methods

Annotate variation, compare 
profiles and count discrepancies



Heteroplasmic discrepancies between blood and hair

• In the control region, most
comparisons between blood and hair
had no discrepancies reported

• When considering the whole mtDNA
molecule, some comparisons revealed
4 or more discrepancies, although
these were not very common.



Statistical modelling of heteroplasmy

• Similar results were observed for Sanger 
sequencing and MPS data



Statistical modelling of heteroplasmy

• The frequency of observed discrepancies
between reference and trace samples due to
heteroplasmy resembled a Poisson distribution

• We can now model these events, and this
information can be incorporated into a
likelihood ratio (LR) calculation.



Incorporation of heteroplasmy in likelihood ratio calculations

• If the reference and the crime scene samples originate from different biological material 
from the same individual (blood reference and trace sample from hair, for example) we 
can then consider:

Where:

P(D): the frequency of heteroplasmic discrepancies between blood and hairs in a population

P(XQ): the frequency of the mtDNA profile of the trace in a population



Incorporation of heteroplasmy in likelihood ratio calculations
Assuming that:
• P(D) follows the model considering the mtDNA control region

• P(XQ) = 1/15782 = 6.34x10-5, based on the size of the Westeurasian
database of control region mtDNA profiles in EMPOP

If D = 0 (no observed discrepancies between the profiles):

0.75



Incorporation of heteroplasmy in likelihood ratio calculations
Assuming that:
• P(D) follows the model considering the mtDNA control region

• P(XQ) = 1/15782 = 6.34x10-5, based on the size of the Westeurasian
database of control region mtDNA profiles in EMPOP

If D = 1 (1 observed discrepancy between the profiles): 0.23



Conclusions and Considerations

• Attempt to calculate the value of mtDNA-based evidence using LR, that considers
the possibility of heteroplasmy in different tissues from the same donor.

• Other possible causes of discrepancies such as degradation, sequencing errors, and
the effect of methodology used need to be further explored.



Future work and further models should address:

 How common/rare heteroplasmic positions (and the relative frequencies of the alleles) affect
the LR

 How heteroplasmy frequencies vary in and within different phylogenetic lineages

 If mtDNA reference databases from different biological sources can be used to estimate the
weight of the evidence in other tissues, or if any correction factors are needed

Conclusions and Considerations
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