AGENDA FOR THE EDNAP MEETING
MADRID -7 MAY 2019
ROOM: MEDICI I

Expected duration: 09.00 - 17.00

Coffee: 10.30-10.50 — Lunch: 12.30-13.30 — Coffee: 15.30-15.50

Host: Victor José Esteban Ramos
Chairman: Niels Morling

Welcome

Update on activities
Methylated DNA and age exercise
Update on exercise no. 2 on MPS mRNA typing
mtDNA quantification exercise

Updates from other groups
ENFSI
EMPOP (DNA.BASES)
A note on mtDNA inheritance
STRIdER (DNA.BASES)
The VISAGE project
ISFG
Final report from the DNASEQEX project

Other activities
Investigative DNA profiling using Case Solver - illustration with a real
case of >100 crime-stains

Future activities
Collaborative exercise on detection of mMtDNA heteroplasmy by MPS
New collaborative exercise on MPS mRNA
New associated member: Institute of Legal Medicine and Forensic
Sciences, Charité Medical University, Berlin, Germany
New collaborative exercise on ancestry investigations? - Roewer
New collaborative exercises on transfer of DNA? — Oorschot/Kokshoorn
Next EDNAP meeting: 23 October 2019 in Riga

Any other business

Victor Esteban

David Ballard
Cordula Haas
Arnoud Kal

Sander Kneppers
Walther Parson
Walther Parson
Walther Parson
Walther Parson
Walther Parson
Antonio Alonso

Peter Gill, Lourdes
Prieto, Oyvind Bleka

Walther Parson
Cordula Haas
Niels Morling

Niels Morling
Niels Morling
Niels Morling

Niels Morling
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EUROPEAN DNA PROFILING GROUP (EDNAP) MEETING

Madrid, Spain

7 May 2019

Host: Victor Jose Esteban Ramos
Chairman: Niels Morling

A list of participants is attached.

Welcome
Victor Esteban welcomed members to Madrid.

Update on exercises

Second exercise on methylated DNA and age David Ballard

David Ballard presented an update of the results of the second collaborative EDNAP exercise
on age estimation by means of measurements of methylation of selected DNA positions. A draft
of a manuscript is expected to be circulated before the end of 2018 (presentation attached).

Exercise no. 2 on mRNA typing with NGS Cordula Haas/Guro Dérum
Cordula Haas presented an update on the results of the second collaborative EDNAP exercise
on discrimination between various tissues and body fluids as well as assignment to donors of
the various tissue components with mRNA determined with MPS. A draft of a manuscript is
expected to be circulated within the next weeks (presentation attached).

mtDNA quantification exercise Arnoud Kal

Arnoud Kal updated about the planned collaborative exercise concerning quantification of
mtDNA. Arnoud Kal on 29 Oct 2018 circulated the attached email. Please contact Arnoud Kal
if you want to participate. The plan is to send out the exercise within the next few weeks
(presentation attached).

Updates from other groups
ENFSI Sander Kneppers
Sander Kneppers reported from the ENFSI DNA Working Group (presentation attached).

EMPOP (DNA.BASES) Walther Parson
Walther Parson gave a short update of the activities of EMPOP (presentation attached).

A note on mtDNA inheritance Walther Parson
Walther Parson presented a short overview on data that might suggest paternal inheritance of
mtDNA. Walther Parson also presented mtDNA family data that suggested incorporation of
mtDNA into autosomal chromosomes — nuclear mitochondrial DNA segment - NUMT
(manuscript in preparation — no presentation attached).

STRIdER (DNA.BASES) Walther Parson
Walther Parson gave a short update on STRIdER (presentation attached).
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The VISAGE project Walther Parson
Walther Parson gave an update on the VISAGE project (presentation attached).

ISFG Walther Parson
Walther Parson gave an update of the activities of the ISFG (presentation attached).

Final report from the DNASEQEX project Antonio Alonso
Antonio Alonso presented the final report of the DNASEQEX project (presentation attached).

Other activities

Investigative DNA profiling using Case Solver - illustration with

a real case of >100 crime-stains Peter Gill
Peter Gill gave an overview on the free software Case Solver (presentation attached).

Future activities

Collaborative exercise on detection of mtDNA heteropasmy by MPS ~ Walther Parson
Walther Parson summarized the purpose with the collaborative exercise on mtDNA
heteroplasmy. The Innsbruck laboratory will send out the plan for the exercise and DNA
extracted from individuals with point and/or length heteroplasmy before the end of June 20109.
Laboratories with volunteers with heteroplasmia in the mtDNA are invited to submit 10 hair
pieces that are at least 2 cm long and a buccal swab sample, e.g. on FTA-card, from each
individual. Please contact Walther Parson. Laboratories that have not yet informed Walther
Parson about their participation are kindly asked to do this as soon as possible. The laboratories
should submit their results before the end of 2019 (no presentation enclosed, please see the
presentation in the minutes from the previous EDNAP meeting).

New collaborative exercise on MPS mRNA Cordula Haas
Depending on the success of the implementation of MPS analysis on TFS S5 that is performed
by Jack Ballantyne and colleagues in Orlanda, USA, Cordula Haas and Jack Ballantyne may
suggest a collaborative exercise on MRNA using the TFS S5 (see the presentation above).

New collaborative exercise on ancestry investigations Niels Morling

The members were positive about the idea of participation in collaborative exercises on ancestry
investigations under the umbrella of EDNAP as suggested by Lutz Roewer. The members asked
the secretary to discuss with Lutz Roewer if a group including Chris Phillips, Lutz Roewer, and
Walther Parson should discuss and - hopefully - take the idea forward?

New collaborative exercises on transfer of DNA Niels Morling

Although very few details about Roland van Oorshot’s and Bas Kokshoorn’s ideas about
collaborative exercises concerning transfer of DNA were available, the EDNAP members were
positive about the idea. At least 15 laboratories expressed interest in participation. However,
there is a need for information about the plan and discussions of the various aspects. Hopefully,
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Roland van Oorshot and Bas Kokshoorn will be able to circulate the ideas before the next
EDNAP meeting 23 October 2019 in Riga.

Next meetings Niels Morling
The next EDNAP meeting will take place 23 October 2019 in Riga, Latvia together with the
meeting of the steering group of the ENFSI DNA Working Group.

Any other business Niels Morling
There was no other business.

Closing of the meeting Niels Morling
The meeting closed with sincere thanks to Victor Esteban and all colleagues, who helped
organising the meeting.

The minutes and attachments are found at the EDNAP website:
http://www.isfg.org/EDNAP/Meetings, including:

e Agenda

e List of participants

e Presentations
David Ballard: Update on methylated DNA and age determination
Cordula Haas: Update on the second collaborative exercise on mRNA NGS
Arnoud Kal: Update on the mtDNA quantification exercise
Sander Kneppers: Report from the ENFSI DNA Working Group
Walther Parson: EMPOP report (DNA.BASES)
Walther Parson: STRIdER report (DNA.BASES)
Walther Parson: The VISAGE project
Walther Parson: ISFG report
Antonio Alonso: Final report from the DNASEQEX project
Peter Gill: Investigative DNA profiling using Case Solver.

O
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Exercise

David Ballard
EDNAP, Madrid 2019















Figure 1 — Laboratory prediction of samples A-F



Figure 2 — Laboratory prediction of samples A-F
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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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Zurich Institute of Forensic Medicine

EUROFORGEN / EDNAP
MRNA NGS exercise 2

Assay for body fluid/tissue identification
and assignment to donor(s)

Cordula Haas / Guro Dgrum / Sabrina Ingold
Erin Hanson / Jack Ballantyne

7. May 2019, Madrid




Zurich Institute of Forensic Medicine

1. Collaborative exercise mMRNA NGS part 2

» only MiSeq laboratories (1/2 library kit left from exercise 1)

» 2 separate assays:
1) targeted mMRNA NGS approach for the identification of blood,
saliva, semen, vaginal secretion, menstrual blood, skin
2) cSNPs assay to associate specific mMRNA transcripts to an
individual

* RNA extraction (manual or kit), DNase treatment, quantification
* Protocols and primerpools were provided
« Laboratories analyzed 16 samples provided by UZH

» Results (FASTQ files) were collected and evaluated by UZH



Zurich Institute of Forensic Medicine

1. cSNPs = coding region SNPs

Body fluid / tissue specific SNPs galivd
» In body fluid specific RNA we looked for SNPs that blood
discriminate European individuals the most
» 34 off-the shelf cSNPs (MAF from 0.48 — 0.006)
« 3-11 markers per body fluid menstrual blood
\,ag\\’\‘
gecretion

cSNPs give a direct link between donors and body fluids

—> Identification of individual and body fluid



Targeted mMRNA NGS
approach for body
fluid/tissue
identification and
assignment to donor(s)

Body Gene mRNA cSNPs
fluid/tissue 33plex 35plex
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SPTB
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CD93
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PRB4

PRH2
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CYP2B7P1
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FAMS83D
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cypA7 [ ]

MMP10
LEFTY2
MMP7
MMP11
SFRP4
LCE1C 2
CCL27
IL37
SERPINA12
KRT77 2
COL17A1 3

Skin




Zurich Institute of Forensic Medicine

1. Collaborative exercise mMRNA NGS part 2

10 participating laboratories: — 1x no data
— Copenhagen, Denmark

— Innsbruck, Austria

— London, UK

— Lyon, France

— NFI, Netherlands

— NIST, USA

— Orlando, Florida, USA

— Rome, ltaly

— Rotterdam, Netherlands

— Zurich, Switzerland



Zurich Institute of Forensic Medicine

1. cSNP discussion

« Analysis of RNA/cSNP in stains is challenging

— RNA easily degrades - some markers drop out

— Residual DNA in RNA extract - markers for body fluids not
present “drop in”

— Heterozygote read count ratio can deviate from an expected 1:1
ratio, due to stochastic amplification processes with low template
targets

- |Inconsistencies between reference profiles and stain/mixture
profile

—> Hindering for mixture deconvolution

« Combining evidence — DNA, RNA and cSNP

 Need more suitable markers =& Simultaneous identification of
individual and body fluid



Zurich Institute of Forensic Medicine

1. Manuscripts

1) cSNP proof of concept paper
* 12 single source samples, 51 mixtures
« STRs, mRNA, cSNPs

o Statistics

2) Collaborative exercise mMRNA NGS part 2
* 10 labs, 9 data sets
* 16 samples
« TOPG6 and cSNP data

« Statistics

— submitted to FSI Genetics

— ready to distribute



Zurich Institute of Forensic Medicine

2. Thermofisher cSNP assay

- blood, semen, saliva, (vaginal, menstrual and skin)
- ¢SNP amplicons are useful for body fluid identification
- some marker overlap between the MiSeq cSNP assay and TF assay

- first trial experiment - genotypes can be distinguished for most of
the body fluids, even amongst a small number of donors - good
discrimination at the cSNP level

- Possible collaborative exercise in autumn 2019



High degree of specificity
(body fluid ID)

v

Unique RNA genotypes
(body fluid to donor association)

1 AA AA AG AG GG AA
2 CG CG CG GG GG CG
3 CC CcT CT CT CcT CcT
4 TT CcT LiLJ T 1T 1T
S5 AG GG AG GG GG GG
6 AG AG AG AG AG AG
7 cT CT CT cT CC CcT
8 AG AG AG AG AA AG
9 cT CC CT CC CcT CcT




Zurich Institute of Forensic Medicine

3. FORNAP - Forensic RNA Profiling Gruppli



Zurich Institute of Forensic Medicine

3. FORNAP - Forensic RNA Profiling Gruppli

« Exchange on RNA profiling applied to casework
* Methods, Validation, Interpretation, Cases, Recommendations, etc.

* 1. Meeting: 22./23. March 2018, Zurich
2. Meeting: 22. Feb. 2019, Jena
3. Meeting: 10. Sept. 2019, Prague

* 9 laboratories: Kiel, Ulm, Munich, Ljubljana, Zurich, Cologne, NFI, BKA,
LKA Rheinland-Pfalz

* Online Platform to exchange / collect information

» Collaborative exercise 2019: 16 stains, use own RNA only or RNA/DNA
co-analysis methods, CE/MPS

— Laboratories who have applied RNA profiling in casework are welcome to
participate
— send an Email to: cordula.haas@irm.uzh.ch



Zurich Institute of Forensic Medicine

Thank you for your attention!



EDNAP Exercise
MtDNA quantification

Kris van der Gaag
Natalie Weiler
Titia Sijen
Arnoud Kal




EDNAP exercise mtDNA guantification

eHome made assay (cheap!)
eQuantification of autosomal, Y and mtDNA
eEstablish if sufficient mtDNA is present in the sample
eOptimize the input for your favourite typing method
« Sanger (mini-mito)
« MPS (equalize input for multiple samples in one run)

2 EDNAP Exercise mtDNA quant | 7-5-2019



Quantification Assay

Real time multiplex PCR assay:

42 cycles

eBuffer system: TaqPath ProAmp Master Mix

eAmplicons for autDNA, YDNA, long mtDNA and short mtDNA

_E-_ Sensitivity

Total DNA Alu Ya5 127 bp 0,5 pg/ul
Y DNA DYZ5 137 bp FAM 4 pg/ul
mMtDNA 16533-180 217 bp JUN
MtDNA 2502-2571 70 bp ABY

3 EDNAP Exercise mtDNA quant | 7-5-2019



20 Labs showed interest

NFI provides:
ePrimers and probes
eChallenging samples
eProtocols

Labs provide:

eTheir own favourite sample
eTheir own total/Y/mtDNA quantification method
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Exercise sample shipping 1

eExercise samples and reagents shipped on 3 december 2018
eShipment to 20 labs

¢16 X Europe

o4 x USA
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US Government shutdown

eSamples stuck untill januari/februari 2019
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Exercise sample shipping 2

o2 extra labs
*3 labs asked for more samples/reagents

New samples prepared at NFI, allmost ready to be shipped
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Data analysis

8 samples

Triplicate analysis undiluted
Triplicate analysis diluted

4 probes

21 labs

¥

6048 data points

8 EDNAP Exercise mtDNA quant | 7-5-2019



Challenging Samples

« Control DNA

e Sperm

« Unbalanced mixture male:female
« Fragmented DNA

* Oligo short mt amplicon

« Humic acid inhibited sample
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To be continued

e 2nd shipment

e Wait for results
e Data analysis

e Draft publication

e Next update in Riga

EDNAP Exercise mtDNA quant | 7-5-2019



Update ENFSI DNA
Expert Working
Group activities

Alexander Kneppers

Chair ENFSI DNA Expert
Working Group

NFI Division Biological Traces

ENFSI update EDNAP Madrid May 2019




69 MEMBERS IN 37 COUNTRIES

ENFSI update Madrid May 2019




EVERY MEMBER HAS TO

~\\.'

/ /fr“

ORIGINATE FROM A COUNCIL OF EUROPE

MEMBER STATE
o SN =—==="TIW

COVER 50 % OF THE WORKING GROUPS
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ACCREDITATED AGAINSTISOl7020 / 1S017025 OR ..

"', | ... HAVE THREE YEARS TO ACHIEVE THIS




SYNERGY IN NETWORKING

> 1000

Forensic
Experts

’ 17 WORKING GROUPS



COMMUNICATION

EXTERNAL: WWW.ENFSI.EU



http://enfsi.eu/

COMMUNICATION

INTERNAL: EPE.EUROPOL.EUROPA.EU
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https://epe.europol.europa.eu/login?p_p_state=maximized&p_p_mode=view&saveLastPath=0&_58_struts_action=/login/login&p_p_id=58&p_p_lifecycle=0&_58_redirect=/group/enfsi

Strategic plan 2018 - 2019

1. Contribute to the establishment of a European Forensic Science
Area 2020 through the implementation of the Action Plan.

Facilitate the establishment and sharing of BPMs
Facilitate the establishment and sharing of Forensic Databases.

Facilitate the establishment of new Proficiency Tests and
Collaborative Exercises

4. Guide the coordinators of several actions of the EFSA2020
Action Plan

7 ENFSI update Madrid May 2019



European Forensic Science Area 2020

Work with the EC to obtain funding for creating new BPMs and
updating existing BPMs, including their translation into EU
languages.

Ensure the data collected are harmonized and thus comparable.

Make a clear separation between knowledge databases and case
related databases.

Work with Europol to achieve a solid platform and maintenance
system for forensic databases.

Work with the EC to provide funding for the development of new
databases and their implementation into a common network.

Work with the EC to provide funding for new Proficiency Tests and
Collaborative Exercises.

Explore the availability of ENFSI Member institutes and private
service providers to produce the tests on a regular basis.

8 ENFSI update Madrid May 2019



STEFA Project
Work Package 3

Collaborative exercise covering the forensic
disciplines of DNA, document examination,
fingerprint examination and handwriting
examination

ISFP-2016-AG-IBA-ENFSI



INntroduction

Historically Proficiency Tests (PT) and Collaborative Exercises (CE)
have

 Been carried out within a single discipline

 Tended to only cover the examination and interpretation aspects of
the individual forensic processes.

However the “real” world is normally more complex than single
examination types, and in many instances forensic material must be
examined for a number of different evidence types.

ISFP-2016-AG-IBA-ENFSI



Participants

Two representatives from each of

* European Network of Forensic Handwriting Experts (ENFHEX),
* European Document Experts Working Group (EDEWG),

* European Fingerprint Working Group (EFP-WG) and

 ENFSI DNA working group (DNA-WG)

ISFP-2016-AG-IBA-ENFSI



Proposal

Within the four forensic discipline involved the project will:

determine current availability and process for development of CEs
determine the practicality of developing a multi-discipline CE
prepare guidelines for the development of a multi-discipline CE

develop, run and evaluate a multi-discipline CE covering the four
areas of forensic science and the laboratory management
processes

ISFP-2016-AG-IBA-ENFSI



Benefits

The benefits of the project are:

« The CE will act as a benchmarking exercise between laboratories
(not between different forensic disciplines)

 The CE will assess the movement of exhibits through various forensic
areas/activities in the laboratory

 The CE will develop a process for running multi-discipline Ces

« The CE may identify best practice in examining certain types of
material

« FREE TO USER

ISFP-2016-AG-IBA-ENFSI



Horizon 2018 funding opportunities

« “Accreditation of Forensic Laboratories in Europe” (AFORE)

14

Accreditation of Scene of Crime Services

Training of Forensic Personnel in Accreditation Matters
Training of Technical Experts

Production of New and/or Updated Best Practice Manuals
« BPM on Digital Image Authentication

« BPM on Forensic Examination on Fibres

« BPM on Forensic Examination of Gunshot Residues

« BPM on Forensic Handwriting Examination

« BPM on Forensic Voice Comparison

« BPM on Human DNA Analysis (Application for funding (40K
EUR))

« BPM on Glass or BPM on Paint

ENFSI update Madrid May 2019




Strategic plan 2018 - 2019

2. Strengthen the capability of the ENFSI organization as a resource
to support the forensic science community.

1. Strengthen the ENFSI Board

2. Organize ENFSI Forensic Governance Forum

3. Re-activate the "One Day - One Topic Seminars (00S)”

4. Facilitate and stimulate the use of the new intranet platform
1. Evaluation Report, Training for EPE Managers at Europol

5. Improving external communication

1. An ENFSI Newsletter shall be created. The newsletter shall be
provided to Members and relevant strategic partners each
quarter.

6. Development of ENFSI Annual Meetings

15 ENFSI update Madrid May 2019




Strategic plan 2018 - 2019

3. Consolidate the interaction with the stakeholders and partners
1. Involve Strategic Liaison Officers of ENFSI Stakeholders such as
EA, ILAC, ICC, CEN/ISO, NIST/OSAC
2. Establish an ENFSI Advisory Committee.
3. Appoint liaison officers for the communication with partner
organizations

ENFSI update Madrid May 2019

16




ENFSI DNA Working group Steering Committee

Chair Sander Kneppers NFI, the Netherlands

Vice chair Livia Zatkalikova, Ministry of Interior, Slovakia
Secretary Astrid Quak, NFI, the Netherlands

Treasurer Ingo Bastisch, BKA, Germany

QCLG June Guiness, FSR Home Office UK

R&D Shazia Khan, MP UK

E&T Paula di Simone, Italian National Police
Webmaster Fabrice Noel, NICC Belgium

EDNAP Niels Morling, Univ. Copenhagen, Denmark

Peter Schneider, ILM, Univ. Cologne, Germany

5 subgroups with subgroup chairs

17 ENFSI update Madrid May 2019




DNA working group

 Annual meeting of the working group in association with
- the European CODIS meeting
- EDNAP meeting (European DNA Profiling group)
 Annual ENFSI board meeting with workgroup chairs
« Two steering committee meetings DNA working group

Group A: Quality Assurance

Group B: DNA Analysis Methods & Interpretation
Group C: DNA Database and Legislation

Group D: Automation & Expert Systems

Group E: Forensic Biology and casework

18 ENFSI update Madrid May 2019




(Associate) Members DNA working group

« Currently 75 labs are participating in the DNA working group
46 member laboratories
29 associate member laboratories

19 ENFSI update Madrid May 2019




4 task forces

Task Project title Project description Task Force Task Force
force member leader
1 BPM DNA pattern Revising of the existing BPM Ricky Ansell Ela Zaimi
recognition and B
comparison Walther Parson
2 BPM Human DNA Analysis Writing of BPM to cover the general accepted Ricky Ansell Stavroulla
procedures and workflows for the processing of June Guiness Xenophontos
human DNA; from the collection of evidence to the (editorial)
reporting of findings Ate Kloosterman
Astrid Quak
Tacha Hicks
Paula di Simone
Ela Zaimi

Tom Heylen
Aikaterini Kondili
3A  Guideline: Training of A: Update the Guideline for the training of staff Heli Autere Tom Heylen

DNA staff working in the forensic DNA laboratory Paola Di Simone
June Guiness

3B  Guideline: ENFSI Quality B: Update the Guideline regarding the ENFSI June Guiness
Assurance Program for Quality Assurance Program for DNA Laboratories Elisabetta Mei
DNA Laboratories Maria Vouropoulou

Task Group 3a or 3B
up to task force

leader:
Kua Guo Wei
Coro Fernandez Oliva
4 Guideline: ‘Minimum Update the Guideline regarding the minimum Christina Forsberg Annick Delaire
Criteria for the Validation criteria for the validation of various aspects of the Ron Gafny
of Various Aspects of the DNA profiling process Aikaterini Kondili
DNA Profiling Process’ Wong Hang Yee

ENFSI update Madrid May 2019



Madrid 7t — 10t May 2019
Annual meeting ENFSI DNA Expert Working Group

Host Criminalistic
Service Guardia Civil

135 persons attending
103 participants

32 company
representatives

12 companies
31 countries represented
>60 speakers

ENFSI update Madrid May 2019




QA-subgroup

co-chairs Annick Delaire (France), Tom Heylen (Belgium)
o Quality documents

Guideline: Training of DNA staff

Guideline: ‘Minimum Criteria for the Validation of Various
Aspects of the DNA Profiling Process’

Guideline: ENFSI Quality Assurance Program for DNA
Laboratories

22 ENFSI update Madrid May 2019




Methods analysis and interpretation sub
group

co-chairs Antonio Alonso (Spain) and Walther Parson (Austria)

« Software analysis tools

Case Solver
Dna.bases/EMPOP/STRIMER)
DNAXs

* EuroForMix with link to STRIdER

 MPS updates

23

* Verogen/Qiagen/Promega
« Nomenclature (STRAND meeting)

» Casework

ENFSI update Madrid May 2019




DNA database and legislation subgroup
co-chairs Dyan Daly (Ireland) and Izanda Puncule (Latvia)

« DNA Database Management Document
Feedback on audit
 Updates
Databases
Legislation across Europe
Statistics
Interpol
« Discussion on EU Data protection directive/CODIS update

24 ENFSI update Madrid May 2019




Automation and LIMS subgroup
Co-Chairs Christina Forsberg & Shazia Khan

« Automated workflows for NGS
« Rapid DNA analysis

« Laboratory automation
 LIMS

25 ENFSI update Madrid May 2019




Forensic Biology and Casework subgroup
co-chairs Arnoud Kal (Netherlands), Ricky Ansell (Sweden)
and Livia Zatkalikova (Slovakia)

* Routine casework examples in and beyond DNA testing

» Possible solutions for forensic labs to cope with high
demands/backlogs

« Investigative genealogy vs familial searching

26 ENFSI update Madrid May 2019




Contact ENFSI DNA Working group

Chair
Sander Kneppers
NFI, the Netherlands s.kneppers@nfi.nl

Vice chair
Livia Zatkalikova
Ministry of Interior, Slovakia, livia.zatkalikova@minv.sk

Secretary
Astrid Quak
NFI, the Netherlands, a.quak@nfi.nl

27 ENFSI update Madrid May 2019
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EMPOP v4 is fully
phylogenetic



rCRS-coded: C16188T T16189C A263G -315+C

4

ATGGCTCGGATCTCGATACACATCCGGGCTTCGATT

before 2010 before 2018

perfomed manually
28 matches 0 matches Phylotree
EMPOP v3 (2010) EMPOP v4 (2018)

16188T 16189C 16188- 16193+C
28 matches 28 matches

EMPOP V3 R11; N = 34,617

Alignment-Free Query Phylogenetic Alignment

Rock et al 2011 FSIG Parson et al 2014 FSIG
Huber et al 2018 FSIG Dir et al in prep

QUERY &= | ALIGNMENT | == HAPLOGROUPING

before 2018

perfomed manually /
software (alignment)

EMPOP v4 (2018)
EMMA/

“ gy
- S{Fﬁw‘

Haplogrouping
Rock et al 2013 FSIG
Dir et al in prep

G,



EMPOP 4 workflow

Query Phylogenetic alignment

Query Result Details Neighbors Alignment Haplogrouping

Query Result Details Neighbors Alignment Haplogrouping r—

— Phylogenetic alignment

Sample ID Input Profile 263G 3151C  499A  16183- 16217C  16519C
Phylogenetic alignment ~ 263G 3151C 499A 16183C  16188T  16189C  16193- 16217C  16519C

Ranges 16024-576

Profile 16183- 16217C 16519C 263G 315+C 499A .
Haplogrouping result

Query Result Details Neighbors Alignment Haplogrouping

=]
Haplogrouping
Result of database search Rankc1: MRCA: [ 188
[ Source | Hoplogrop _[Range | DiognosticMutations | Cost_|
Query Result Details Neighbors Alignment Haplogrouping e B2 B2b B2b3 B2c B2c1B2cTa B2cTbB2cTe oo o 16183M 16189C 16217C 16519Y _ oo
— B2e B2f B2i B2n B2p B2q B2r B4b 736 2636 3151C 499A :
Sample ID (none specified) 16183M 16189C 16217C 16239Y
PT17  B2b4 16024-576 16353Y 16519Y 73G 159Y 195Y  1.88
Ranges 16024-576 263G 3151C 499A
Profile 16183-16217C 16519C 263G 315+C 499A

Rank 2: MRCA: [P0 EFN 2.26
53 i 7 SO Vs 7 50

16183M 16189C 16217C 16513Y
PT17 B2b+152 16024-576 73G 152C 263G 3151C 499A 2.26

EMPOP workshops Qi

Entire Database Frequency
|
2/33447 5.9796e-5

Clopper Pearson CI

[7.2416e-6, 21599€-4]




May 2018 - April 2019
Simao et al (2018) Forensic Sci Int Genet 34: 97-104

Parson et al (2018) Forensic Sci Int Genet 36: 148-151
Huber et al (2018) Forensic Sci Int Genet 37: 204-214
Simao et al (2019) Forensic Sci Int Genet 39: 66-72

Lutz-Bonengel and Parson (2019) Proc Natl Acad Sci USA doi: 10.1073/pnas.1820533116

Scientific Working Group on

_ approved April 23 2019
DNA Analysis Methods

alignment and nomenclature
based on phylogenetic
considerations in EMPOP

https://www.swgdam.org/publications

Interpretation Guidelines for
Mitochondrial DNA Analysis
by Forensic DNA Testing
Laboratories

EMP2P SWGDAM

Qi



Metapopulation Distribution

N
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43Kk

EMPOP Release 12

" Continent

# samples

Africa

Guinea-Bissau
Angola

America

Argentina

United States of America
Bolivia

Brazil

Paraguay

Asia

Pakistan

South Korea
Timor-Leste

United Arab Emirates
China

Indonesia

Europe

Netherlands
Spain
Romania
Bulgaria
Slovakia
Portugal
Hungary
Greece
Serbia
Ukraine
Norway
Kosovo
Montenegro < |
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Bydgoszcz, May 17-19 2018

Congress chair: Tomasz Grzybowski/Urszula Rogalla-Ladniak

190 participants from 49 countries, 40 talks and 62 poster presentations
Keynotes: Chris Phillips, Mark Jobling, Chris Tyler-Smith




May 2018 - April 2019

EMPOP meeting at SWGDAM, Woodbridge, VG, USA, Jul 07 2018

EMPOP workshop at ISFG Summer School, Catanzaro, ITA, Sep 03 2018
EMPOP workshop at GHEP, Araraquara, BRA, Sep 13 2018

EMPOP workshop at ISFG ESWG Meeting, St. Petersburg, RUS, Sep 13 2018
NGS workshop at ISHI, Phoenix, AZ, USA, Sep 24 2018

Targeting Mitochondria, Berlin, GER, Oct 24 2018

EMPOP Meeting at SAGF, Buenos Aires, ARG, Nov 21 2018

EMPOP workshop at GEDNAP, Jena, GER, Feb 21 2019

Qi

lil
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EMPOP tra

Araraquara, BRA, 13 Sep 2018




EMPOP training

Buenos Aires, ARG, 21-22 Nov 2018




Acknowledgements

Development, code programming, testing
Nicole Huber, Arne Dir (Innsbruck)

IT (Innsbruck)

Stefan Troger, Martin Pircher, vxweb

EMPOP 4 testers (international)
Lara Adams, Kimberly Andreaggi, Laura Catelli, Constance Fisher, Mario Gysi, Douglas Hares, Jodi Irwin, Rebecca Just, Hwan-

Young Lee, Sabine Lutz-Bonengel, Charla Marshall, Dixie Peters, Dirk Sauer, John Tonkyn

EMPOP analysts (Innsbruck)

Christiane Bauer, Cordula Berger, Martin Bodner, Mayra Eduardoff, Liane Fendt, Theresa Harm, Antonia Heidegger, Gabriela
Huber, Anita Kloss-Brandstatter, Anna Koénig, Simone Nagl, Harald Niederstatter, Daniela Niederwieser, Jannika Oeke,
Alexander Rock, Lisa Schnaller, Filipa Simao, Christina Strobl, Catarina Xavier, Bettina Zimmermann

Richard Scheithauer (Director)

Big THANK YOU to all EMPOP contributors worldwide

EU 779485 — STEFA — ISFP-2016-AG-IBA-ENFSI

QM. dna. EMPOP




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

European Union

*
* 4 X

STRIdER & EmPQOP
Jan 2018 - Dec 2019

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

STRIJER dna.
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A4

QC platform High quality STR data

Journals

W

STR database

Query

—a|

Researchers

Forensic Community

Authors

STRIdER in the field of forensic STR typing (from Bodner et al. 2016)

Practitioners

Qi
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https://strider.online/

s I R E R STRs for identity ENFSI Reference database, v2 ml

HOME QUERY BATCHQUERY ABOUT pgaelvia\{diaym FORMULAE  STR SEQUENCE NOMENCLATURE CONTACT TERMS OF USE

Frequencies

These tables include allele frequencies and number of samples (n) from the most recent database release sorted by marker and country.
In these tables, ,1” represents all rare alleles shorter than the accepted allele categories. The value ,99” represents all rare alleles longer than the accepted categories.

This data can be downloaded as [ XML file.

VWA
AUSTRIA BELGium  BOSNIAAND = CZECH oyy,pw  FINLAND — FRANCE GERMANY — GREECE HUNGARY IRELAND MONTENEGRO NORWAY POLAND SLOVAKIA SLOVENIA  SPAIN  SWEDEN
Allele HERZEGOWINA REPUBLIC
222 206 ”n 200 200 230 208 662 208 224 304 200 202 206 247 207 449 424
n 75529e-4
12 4.8077e-3
13 11696e-2 2265%-3 2.4038e-3  22321e-3 2.4753e-3 20243e-3  2.4155e-3 6.6815e-3  11792e-3
14 10586e-1 1.0680e-1 11Me-1 10000e-1 7.0000e-2 13043e-1 8653%-2 9.7432e-2 9.3750e-2  1716%e-1  11349e-1 14500e-1 8.6634e-2 7.7670e2 11943e-1  10145e-1  11024e-1 9.4340e-2
15 9.2362e-2 12136e-1 12573e-1 97500e-2 9.7500e-2 52174e-2 12740e-1 10347e-1 79327e-2 11384e-1 1.0197e-1  9.0000e-2 99010e-2 B8495le-2 11943e-1  12077e-1 1.236%e-1 8.9623e-2
16 17568e-1  1.9903e-1 2.0468e-1 17500e-1 2.6000e-1 17609e-1 24038e-1 22130e-1 16827e-1 2.0536e-1 21875e-1 17500e-1  22277e-1 22330e-1  1923%e-1 1.859%-1 2.4276e-1  2.099%e-1
17 28604e-1  2.7185e-1 23977e-1  31250e-1 2.3000e-1 27174e-1 23317e-1 25453e-1  3173le-1 3.0134e-1  2.7138e-1 28750e-1 28960e-1 27670e-1 27530e-1 2.8985e-1 2717%e-1  2.6533e-1
18 2590%-1  2.0146e-1 21053e-1 22750e-1 2.4000e-1 2.0435e-1 2M54e-1 22054e-1 24279%-1 17634e-1 19243e-1 21250e-1 19802e-1  24757e-1 2.0445e-1  2173%-1 17038e-1  2.4174e-1
19 72072e-2 8.0097e-2 9.0643e-2 7.2500e-2 B.2500e-2 13696e-1 8.653%-2 B6103e-2 7.4519%-2 7142%-2 9.3750e-2 72500e-2 B.6634e-2 BO097e-2 76923e-2 55556e-2 61247e-2 7.9009e-2
20 9.0090e-3 19418e-2 5.8480e-3 15000e-2 17500e-2 2173%-2 14423e2 12840e2 14423e-2 15625e-2 8.2237e-3 17500e-2 14852e-2 9.7087e-3 10122e-2 2173%-2 13363e-2 1.6509e-2
21 25000e-3  6.5217e-3 75529e-4 2.4038e-3  22321e-3 4.8309e-3 2.3585e-3
THO1
AUSTRIA BELGlum  BOSNIAAND = @ CZECH noyy.o  FINLAND  FRANCE GERMANY — GREECE HUNGARY IRELAND MONTENEGRO NORWAY POLAND SLOVAKIA SLOVENIA  SPAIN  SWEDEN !
Allele HERZEGOWINA REPUBLIC

222 206 7m 200 200 230 208 662 208 224 304 200 202 206 247 207 454 425
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S R l d E R STRs for identity ENFSI Reference database, v2

CE STR data MPS STR data
n = 155,555 n=4,491

sample number

submitted CE datasets since Aug 2017

dna.bases

Qrl  Gro

May 06, 2019

STRIidER QC stage # of

(since Aug 2017) datasets
Successfully passed QC 39
Withdrawn by submitter 35
Rejected by STRIidER 40
Waiting for authors reply 25
Handled by GMI 23
Total 162

34% accepted, 66% rejected/withdrawn

Data kindly provided by M. Bodner, GMI G”|§




MPS Nomenclature
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align | name | define

David Ballard
Martin Bodner

Lisa Borsuk
Katherine Gettings
Jonathan King
Walther Parson
Christopher Phillips




STR Nomenclature Meeting
Opril ILIZ, 2017 London

5 03"
Walther Parson, Lisa Borsuk,
Peter Schneider, Brian Young,
i | amat el 55 m) TS Rebecca Just, Jodi Irwin, David
PoEN T ol e T Ballard, Sascha Willuweit, Cydne
| e Ve 75 = Holt, Chris Phillips, Jonathan King,
Tunde Huszar, Peter Gill, Christian
Sell, Kris Van der Gaag, Laurence
Devesse, Claus Borsting, Doug
Hares, Katherine Gettings, Rob
Lagace, Jerry Hoogenboom,
Martin Bodner, Peter deKnijff,
Sebastian Ganschow, Pedro
Barrio, Teresa Gross
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ST l; A N D WOW ?wvtf/ D.Ballard:KCL,UK | M.Bodner&W.Parson:GMI,Austria | L.Borsuk&K.Getlings:NIST,US | J.King:UNT,US | C.Phillips:USC,Spain
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STRAND Meeting, London, UK April 11-12 2019

Participants provided updates on their work on MPS STRs

 Applied presentations

e Alignment concepts

e Software solutions at different stages of development
 Discussion on minimum requirements

e Feedback from industry

e Feedback from database curator

Positive and constructive discussions
STRAND group will write up proceedings of the meetings



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

European Union

*
* 4 X

STRIdER & EmPQOP
Jan 2018 - Dec 2019

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

STRIJER dna.
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Update VISAGE

Catarina Xavier!, Walther Parson?-?

NeA
VISAGE

VISIBLE ATTRIBUTES THROUGH GENOMICS

lInstitute of Legal Medicine, Medical University of Innsbruck, Austria
2 Forensic Science Program, Penn State University, PA, USA



VISAGE - Visual Attributes Through Genomics
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Manfred Kayser (Coordinator) Rotterdam, NED Ingo Bastisch Wiesbaden, GER

Wojciech Branicki Krakow, POL Frangois-Xavier Laurent Lyon, FRA

Chris Phillips, Angel Carracedo S. de Compostela, ESP Titia Sijen The Hague, NED

Walther Parson Innsbruck, AUT Johannes Hedman Linkoping, SWE

Michael Nothnagel Cologne, GER Shazia Khan London, UK

Barbara Prainsack Vienna, AT Magdalena Spdlnicka Warsaw, POL :
Peter M. Schneider Cologne, GER www.visage-h2020.eu G”IE



Technical Readiness Level

10

— Basic Research

INeA
. VISAGE

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

— Final Product

VISAGE OBJECTIVES

The VISAGE - Consortium is developing genotyping
and statistical prototype tools, forensically validate
and implement them into forensic practice for
predicting appearance, age, and ancestry from DNA
traces and study its ethical, societal & regulatory
dimensions (period: 05/2017-04/2021).

Tool |:Appearance & Ancestry (SNP multiplex)
Tool 2: Age (quantitative methylation)

Qi



VISAGE PROGRESS

WP1 MANAGEMENT (EMC)

\WP2 MARKER DISCOVERY (EMC, JU, USC)

WP3 PROTOTYPE ANALYSIS TOOL DEVELOPMENT AND VALIDATION (MUI)

\WP4 STATISTICAL PREDICTION MODELLING AND SOFTWARE DEVELOPMENT (UoK)
WP5 ETHICAL, SOCIETAL AND REGULATORY DIMENSION MAPPING (KCL)

WP6 IMPLEMENTATION OF PROTOTYPE TOOLS IN RELEVANT ENVIRONMENT (BKA)
WP7 EDUCATION AND TRAINING (UKK)



WP2 MARKER DISCOVERY

Started in M1 (May 2017) - EMC

D2.1 (M3) Report on previously validated markers for predicting basic appearance,

age, ancestry from DNA

D2.2 (M24) Report on new markers for predicting enhanced appearance,

age, ancestry from DNA

WP2 finished by M24



WP3 PROTOTYPE TOOL DEVELOPMENT

Started in M1 (May 2017) - MUI

D3.1 (M12) Report on new MPS prototype tool(s) for constructing basic composite

sketches from DNA
D3.2 (M24) Report on forensic developmental validation of new MPS prototype

tool(s) for constructing basic composite sketches from DNA
D3.3 (M24) Report on new MPS prototype tool(s) for constructing enhanced

composite sketches from DNA



VISAGE Basic Tool

Tool 1: Appearance & Ancestry (SNP multiplex)

Design, develop and validate prototype tools

genomic

target DNA libraries
[ — —
MUltIplEX — Library U — .

Multiplex design/ Adapt to How many samples per chip
optimization different library Overall performance
primer pools prep commercial Coverage requirements

how many reactions products
optimize PCR

il



Age estimation by quantitative methylation
genoic Bissulfite W

conversion

—_— 00 00BO0doo

Multiplex
PCR

0000000000

https://www.gatc-biotech.com
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WP4 STATISTICAL MODELLING

Started in M1 (May 2017) - UoK

D4.1 (M24) Report on new integrative statistical framework for combined

appearance, age, and ancestry prediction from DNA

D4.2 Develop prototype software for constructing composite sketches from DNA
(M36)



ETHICS

Started in M1 (May 2017) - KCL

D5.1 (M12) Report on current and expected legal and regulatory landscape at
(a) EU level and

(b) specific for each participant country

D5.2 (M24) Report on challenges to the implementation of FDP in an ethical
and societally responsible manner, with special emphasis on privacy

and data protection



WP6 IMPEMENTATION

Starting in M25 (May 2019) - BKA

D6.1 Implementation of MPS prototype tools for constructing basic composite
sketches from DNA (M36)



WP/ EDUCATION AND TRAINING

Started in M19 (Nov 2018) - UKK

D7.1 (M24) Report on European-wide inquiry on training needs among stake
holders and end users

D7.2 Develop training curricula tailor-made for the different target groups on
technical, societal, regulatory challenges of constructing composite sketches
from DNA in forensic practice (M36)



VISAGE - Consortium Meeting Lyon, France, 10-11 Sep 2018
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Congress Travel Bursaries
Purpose: To support young scientists presenting

at an ISFG congress

»Travel bursaries will be made available again for the congress
In Prague 2019

»For current Terms of Reference, see
> https://www.isfg.org/files/ISFG Bursaries Nov2016.pdf




Short-term fellowships

e Purpose: To support transnational exchange visits between collaborating research
groups for specific projects related to forensic genetics

 For Terms of Reference, see
o https://www.isfg.org/files/ISFG Fellowships Nov2016.pdf

e Financial support for travel and accommodations for up to 1000 euros (within
continent) and 2000 euros (between continents)

e Application rounds: (1) April 2017, (2) October 2017, (3) April 2018, (4) October 2018,
(5) April 2019 — see https://www.isfg.org/Members+Area/Short+Term+Fellowships

e Selection committee included the Working Group chairs and was chaired by John
Butler from the ISFG Executive Board
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ISFG Summer School Program

e Paternity and kinship testing including X-chromosomal markers
 Thore Egeland, Daniel Kling (2 days)

 DNA interpretation in criminal casework using probabilistic software (LRmix
Studio and Euroformix)

e Peter Gill, Lourdes Prieto, Corina Benschop, Oyvind Bleka (2 days)

 Mitochondrial DNA analysis and interpretation using EMPOP
e Walther Parson (0.5 days)

* Next generation sequencing and population studies using Snipper and
Structure analysis

e Christopher Phillips, Leonor Gusmao (1 day)

e |ISO17025 accreditation procedures and DNA database management
e Renato Biondo (0.5 days)
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Presented by Antonio Alonso on behalf of the DNASEQEX Consortium

Background image: Sequence strings of STRs
Download at: STRIAER https://strider.online
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DNASEQEX Key Results

Identification of interest and the main challenges for MPS implementation by the
European forensic DNA laboratories.

33 ENFSI DNA WG laboratories

from 25 countries i Number of labs in December 2016

i Number of labs in 2018
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DNA Labs

Lack of nomenclature and reporting standards
National DNA Databases cannot accommodate...
Not sufficient population data
There is a lack of an adequate national...
No specific validation guidelines available
No specific proficiency tests available

Not demonstrated to be reliable
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European survey on forensic applications of massively parallel sequencing
Antonio Alonso, Petra Miller, Lutz Roewer, Sascha Willuweity, Bruce Budowle, and Walther Parson
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DNASEQEX Key Results
2. Inter-laboratory validation data have been provided for three

different MPS-STR kits
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DNASEQEX Key Results

3. Population data were obtained in three European populations
PowerSeq Auto /'Y System (Austria and Germany) and Precision ID Globalfiler NGS STR V2.0 (Spain)
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Massively parallel sequence data of 31 autosomal STR loci from 498
Spanish individuals revealed concordance with CE-STR technology and

enhanced discrimination power
Pedro A. Barrio, Pablo Martin, Antonio Alonso, Petra Miller, Martin Bodner, Burkhard Berger,
Walther Parson, Bruce Budowle, The DNASEQEX Consortium

Under review



DNASEQEX Key Results

4. A Web Self-Maintaining NOMenclature AUThority (NOMAUT) software has
been proposed https://nomaut.org/



DNASEQEX Key Results

5. Feedback on the performance of the analytical workflow as well as on
the MPS data analysis software requirements has been provided to the
MPS-STR manufacturing companies

ForenSeq™ Universal Analysis

ISFG Nomenclature

Flanking region sequence information
CODIS output files

STRIDER output files for population data



DNASEQEX Key Results

6. Dissemination of the ISFG recommendations on minimal nomenclature
requirements and quality control measures of autosomal STR allele

frequency databasing.

More than 30
presentations

in international meetings,
workshops, and courses

ENFSI DNA WG (Warsaw, Vilnius, Rome, and Madrid)
EDNAP (Vilnius, Rome, and Madrid)

ISFG 27th Congress (Seoul)

10th International Haploid Markers Meeting (Berlin)
HIDS (Vienna, Rome)

lllumina Forensic Workshops

Investigator Forum (Berlin)

GHEP-ISFG MPS Workshop (Coimbra)



500 donors

. Different alleles
: M Lengh 336
EE . Repeat Region Sequence 537
EE Flanking Region Sequence 38

D D o O R T T N VN R I S G S NI SRR S
AU SRR PR RO R R QRGPPSR SRA g OISR ORI R PR
oy R T ST FE PP S S E IS G
17 Autonomous Communities MR FETSETTIIG TIESG T TTIS

Lenght Repeat Region Sequence Flanking Region Sequence

Massively parallel sequence data of 31 autosomal STR loci from 498
Spanish individuals revealed concordance with CE-STR technology and

enhanced discrimination power
Pedro A. Barrio, Pablo Martin, Antonio Alonso, Petra Miller, Martin Bodner, Burkhard Berger,
Walther Parson, Bruce Budowle, The DNASEQEX Consortium



CMP* 31 GLOBALFILER NGS

CMP* 20 CODIS STR LOCI:
STR LOCI

Sequence data: 1.043E-27 Sequence data: 4.828E-40

Combined Match Probability

Massively parallel sequence data of 31 autosomal STR loci from 498
Spanish individuals revealed concordance with CE-STR technology and

enhanced discrimination power
Pedro A. Barrio, Pablo Martin, Antonio Alonso, Petra Muller, Martin Bodner, Burkhard Berger,
Walther Parson, Bruce Budowle, The DNASEQEX Consortium



CE-STR and MPS-STR discordant results

Precision ID 22 1 PowerPlex
GlobalFiler® NGS Fusion 6C

STR Panel v2 Samples System

97.73 % 99.90 % 99.95 %
Sample Concordance Locus Concordance Allele Concordance

5 samples out of 221 5 loci out of 5083 5 alleles out of 10166

4 Micro-variants associated to flanking INDEL

1 partial repeat sequence misaligned

* Penta D (X3): CE-allele 2.2 vs MPS-allele 5 - rs1190908807
e D19S433 : cE-allele 13.2 vs MPS-allele 14 -rs745607776
o D2S4417: ce-allele 13.1 vs MPS-allele 13



CE-STR and MPS-STR discordant results: P E NTA D

GeneMaper IDX Converge 2.1
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Sample M17-06602-78-882-EX-1_PENTAD

Manual alignments using Forensic STR Sequence Guide

rs1190908807
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5" anchor sequence (CONVERGE) aligns on the deleted 13 bp region



CE-STR and MPS-STR discordant results: D 19543 3

Sample M17-06600-36-824-EX-1_D1!
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Manual alignments using Forensic STR Sequence Guide

rs745607776

13

1 2 3 4 5 6 7 8 9 10 11 12 13 14
O CIC—1T— 1T 1T 17 1T 1T 1T 1T 1T 1T 1 3 [

The allele 13.2 is really an allele 14 with the 2 bp deletion rs745607776




CE-STR and MPS-STR discordant results: DZS44 1

AAAAA

Manual alignments using Forensic STR Sequence Guide

13

Alignment by Converge exclude Adenine from the repeat region



CE-MPS Concordance study highlights

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

Deletions and insertions in the flanking regions also generated
discrepancies between the CE micro-variant alleles and MPS data for
Penta D and D195433. The knowledge of the MPS sequence demonstrated
that these microvariants were erroneously called by CE, as they were
alleles with complete repeat units plus insertions or deletions in the
flanking region.

The identification and classification of these small discrepancies in the

different STR markers will allow software improvement and the
development of better comparison tools between CE and MPS data.



The Faculty

Institute of Legal Medicine, Medical University of
Innsbruck. Austria

Institute of Legal Medicine and Forensic Sciences,

Charité —Universitatsmedizin Berlin. Germany
Steffi Kocher

Center for Human Identification at the University of
North Texas Health Science Center. EEUU

National of Toxicology and Forensic Sciences.
Madrid Department. Spain



This project has been funded with support from the European
Commission (grant HOME/2014/ISFP/AG/LAWX/4000007135 under the
Internal Security Funding Police programme of the European
Commission-Directorate General Justice and Home Affairs). This
publication reflects the views only of the authors, and the European
Commission cannot be held responsible for any use which may be made
of the information contained therein.
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CaseSolver: An investigative
open source expert system
based on EuroForMix

Oyvind Bleka
Lourdes Prieto
Peter Gill
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EuroForMix

An open-source soffware for stafistical DNA inferpretation

Important Update Learning material § Version changess Datasets Evaluations dnamatch2 CaseSolver

CaseSolver is a R-program based on EuroForMix for analysing case data.

Requires euroformix v2.0.2 or newer to run.

Installation:

Open R and install following packages by running:
install. packages(c("forensim”,"gWidgetsateltk”,"RaHTML","igraph™))

Alternative 1: run:

install.packages("devtools"™)

librarv(devtools)

install github("oyvble/casesolver/casesolver_1.4.0")

Alternative 2: Open R and "install packages from local file" (download zip-file below).

Run CaseSolver by typing following in R:

library(casesolver):;gui()

Tutorial:
Download the tutorial with data below.

Changes:

Gill_Reviews.docx -~ Agenda-EDNAP-M...pdf i The Forensic Practi...zip Top 17 Hit of the...docx ™ Show all X







Background

e CaseSolver is a digital solution which supports forensic experts to
quickly visualise profiles as EPGs and to separate easy and difficult
profiles

* It provides a dynamic framework to analyse profiles: e.g.
deconvolution, conditioning on known/unknown contributors

* Fast comparison between reference and evidential profiles and
reference to references

* Users can select profiles to analyse further with EuroForMix
e Scope: STR or SNP MPS data.



Complex case review

* For very serious crimes, reporting scientists often have to contend
with complex cases where literally hundreds of items are submitted
by investigators for analysis.

* In order to efficiently expedite the challenge of comparing reference
profiles to evidence profiles, many of which are mixtures, we have
developed an investigative open source expert system CaseSolver.

* Example (real) case shown where CaseSolver was used to analyse 119
evidence profiles and three reference profiles

* Power of the system illustrated by searching a fictive database of 1m
individuals



Case circumstances

* Following a report from a concerned relative whose sister (REF1) had been
missing for several days, the police forcibly entered her residence to find
her deceased along with her son (REF2). There had clearly been a violent
struggle where the victims had been stabbed multiple times.

* |nitially there was no suspect hence it was decided to carry out
comprehensive sampling of the crime scene

e Total of 119 crime stains from 46 different items
* 68 were single contributor profiles and 44 were mixtures

* Majority were blood stains, but contact traces were taken from cigarette
butts, mobile telephones, handles of drawers, knife handles and blades.

e Analysis with GlobalFiler



Investigative vs evaluative analysis

* Before defendants are identified, the process is investigative
* Propositions are not yet formulated until suspects are found

* When defendants are identified, the process is evaluative
* Propositions are formulated and fixed for court-going purposes

* Investigation highlights a potential suspect — a reference sample was
taken (REF3).



Plan of crime-scene

Crime Scene - # samples

Hall Kitchen Bathroom Living Main Second
room bedroom  bedroom
30 15 11 43 3 9
bathroom kitchen
hall
bedroom Autopsy - # samples
Female Male
4 4
bedroom
Living room
Reference samples
Female Male Suspect

2 2 2



Organisation of data into a single file directly
from GeneMapper

Select Caze D

‘Change view: |Rea|Case1

Data pAatch matrix Match list (Qual LR} Match list (Quan LR) Mixtures Deconveluted

St |

Evidence profile(s) and Reference profile(s)

Sort Evids by #

~| |Sort Refs by =

o SampleMame Match5tatus D351358 Ve D165539 CSF1PO TROX YIMDEL AMEL Das1ve ™
#1 19.01 mixture 15 ' 121314
#2 40,03 mixture 2 1314
#3 0801 mixture 1417 15/16 2 Y 111213
#4  13.02 mixture 14/15/17 13/16 1112 910 2 X 12/13/14
#3 20,01 mixture 14/15/17 1418 2 Y 12/13/14
#& 30,01 mixture 1517 1516 1112 810 7 X 121314
#7370 mixture 1517 15/16 1112 910 7 X 12714
#3 3815 mixture 1517 15/16 1112 910 7 X 12714
# 02,01 REF3 14/15 1418 a1z 8 7 2 LA 1314
#10 070 REF2 1415 1418 212 2 7 2 Y 1314
< >
o SampleMame 0351358 VA D165539 CSF1PO TROX YIMDEL AMEL Das117e
#1  REFR 1317 1316 1112 910 T K 1214
#2 REF2 1417 1516 1112 1011 i 2 Y 1212
#3 REF3 14/15 1418 812 911 7 2 Y 13714
<
Functicnalities
Compare Create Report Add/Edit references Export profile(s) Calculate RMP Calculate IBS Deconvolve RESTART



Automatic identification by case-import

* Every reference is compared to evidence profiles
* Matching refs identified and labelled in MatchStatus.
e Supports missing loci



Investigative propositions

* H,: “Person of interest (POl) and K — 1 unknowns (unrelated) are
contributors to evidence profile E”

* H;: “K unknowns (unrelated) are contributors to evidence profile E”

* The number of contributors is calculated automatically using the
allele count method (the maximum number of alleles at a locus

divided by two and rounded up)



Steps

* Matching Allele Count (MAC): Simple allele comparison is the
proportion of alleles in the evidence that ‘match’ a crime-stain profile
* MAC set to default 0.8

* Qualitative program based on LRmix Studio is used to assign a LR to
all surviving candidates. We used LR>1000 to select candidates

* A LR threshold is selected by the user for the third step which is
assigning a quantitative LR based on Euroformix

e Unknown contributors can be deconvolved and used as reference
samples (MAJ)



A small part of the output following three step
strategy



Graphical representation

Orange nodes are mixtures with 2 contributors

Red nodes are mixtures with more than 2 contributors
Cyan nodes are single source profiles

Green nodes are references



Time taken to do the analysis

» 2.8 hours for all three steps if limited to four contributors maximum

* 10 minutes for all three steps if limited to three contributors
maximum



Comparison with manual inspection

* A rough approximation on the time taken was 8 hours

* The time taken for the comparison depended on the complexity of
the evidence profiles. In general, when these are SS profiles with
good quality, the comparison is easy.

* Comparison with higher order mixtures took much longer time and
sometimes there were no clear conclusions.

* In addition, as some profiles come from related individuals (two of
the references shared many alleles), the probability of making a
mistake was high.



Searching a database — if there are no suspects
identified in the initial investigation

* One million randomly generated reference profiles were simulated
* The reference samples were added to this database
* CaseSolver was used to search the database



Analysis time to search 1m references against
44 mixtures and 75 single source profiles

* Time to analyse 44 classified mixtures against 1m reference samples
* Time to simulate, import and visualise data = 14min

* Time taken to compare 44 mixtures with 1m references with MAC method = 34min.
Generates a huge table of 12.5GB

* Atotal of 56,521 comparisons are carried through to step 2
e Step 2: Time = 8h.

* A total of 302 comparisons satisfy criterion LR>1000
e Step 3: Time= 4h (where max no of contributors=4)

* False positive rate 7 (three persons) and 24 (four persons)

* Largest false positive logl0OLR=6.1 (MAC=0.94) This was the only false positive comparison
using the threshold LR>1m, hence all of the reference samples were recovered

* Total Time for analysis is about 12 hours
* A limitation is the quality of the profile — partials will match more often



Validation study

* Carried out on 25 mixtures and 14 reference samples where ground
truth was known

e Various settings tried out. The format x/y/z means number of false
pos/negs after applying the three steps: (MAC/Qual/Quan) methods

MAC Qual.LR Quan.LR Time #Comp. False False
(maxkK) qual/gquan Positives Negatives
0.8 1 0800 - 2 min 82/- 17/0/- 5/B/-
0.8 1 - 2 min 82/- 17/0/- 5/5/-
0.8 1 1000 (3) 26 min 82/65 17/0/0 5/5/10
0.8 1 1000 (4) 125 h 82/65 17/0/0 5/5/6
0.8 1 1 (3) 26 min 82/65 17/0/0 5/5/9
0.8 1 1 (4) 125 h B82/65 17/0/0 5/5/6
0.7 1000 - 2 min 124/- 54/0/- 0/7/-
0.7 1 - 2 min 124/- 54/0/- 0/1/-
0.7 1 1000 (3) 26 min 124/69 54/0/0 0/1/6
0.7 1 1000 (4) 125 h 124/60 54/0/0 0/1/2
0.7 1 1 (3) 26 min 124/60 54/0/0 0/1/5
0.7 1 1 (4) 125 h 124/60 54/0/0 0/1/2




False positive rate is related to the size of the
LR itself

* How often a LR=x or more occurs is accommodated by
p(LR>x|Hd)<1/x, so we never expect more than N/x chance matches
where N is the size of the database ref:Gill et al (2014) FSI:Gen 13.

167-175

* There is an inherent limitation with poor quality, low level LRs since
there will be numerous false positives observed.



Application

e CaseSolver is integrated with LIMS system to enable easy
management

* Allows routine comparison with staff and police elimination
databases for contamination checks.

* Can be used to link cases together

* Very flexible tool which allows operator input. Allows relatedness
testing



Moving from investigation to evaluation

* Prioritising police resources when there is limited information in the

case.

* When the profile is a complex mixture of three or more persons then it is
inevitable that there are many false positive matches in the candidate list. In
order to carry out an investigation, this list is ranked according to the
likelihood ratio, and the police will investigate the individuals in this ranked

order.
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