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From Forensic Genetics to Forensic Genomics
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506 original peer-reviewed publications
>28k citations, h-index 95, i10-index 353 (Google Scholar) Penn State

Elected memberships (excerpt)
1998 European DNA Profiling Group
1999 European Network of Forensic Science Institutes
2001 International Society of Forensic Genetics

2012 Executive Board Member

2015-2019 President

2020 Vice President
2009 Nationale Akademie der Wissenschaften Leopoldina
2023 Mitglied der Spurenkommission

CSl laboratory (1SO017025)
Austrian Central DNA laboratory

EDNAP, ENFSI, Interpol

Int. reference lab for forensic DNA testing

DVI laboratory (1ISO17025)
e.g. Tsunami (Sri Lanka, 2004), Chile (1973 regime
victims), Missing Mexican students (2014)

Forensic molecular research laboratory
Mitochondrial DNA databasing (EMPOP)

Population genetics (mito, Y)
Forensic DNA Phenotyping (appearance, ancestry, age)
New technologies (Massively Parallel Sequencing)
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Locard's exchange principle

A perpetrator of a crime
will bring something into the crime scene
and leave with something from it

Both can be used as forensic evidence

A C G I Edmond Locard

(1877-1966)

W. de Gruyter, 1916 QI“IL
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DNA quantification

(Conventional) Short Tandem Repeat Analysis
- STR
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Hierarchy of Propositions

Opposing propositions

cusco0 (T
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District Court, Haugesund, Norway; 30 Nov 2022

Murder of Birgitte Tengs (1995) W‘l-]z
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Human identification

. ante mortem sample
or
related person(s)

- Paternity casework
Cell line ID related person(s)
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DNAInteIIngence Databases : Teod

The ldentification of the Romanov Family

Tsar family (1913) 300" Anniversary of the Romanov Dynasty [¢ ir1'|
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http://www.enfsi.org/

The Royal family was held under house arrest by the Bolsheviks in the
Ipatiev House, Ekaterinburg (April - July 1918)

Nikolay Sokolov (1919)
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Judge and Chief
Investigator From the Sokolov collection (Harvard)
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Basement room of the Ipatiev House where the Russian Imperial family
was murdered July 16-17 1918 by members by Bolsheviks

From the Sokolov collection (Harvard)
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Four Brother's Mine (Ganina Yama

Exarepimoypr
Exaennburg
*

\ \ :
Nikolay Sokolov (1919) i \ :‘
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Nikolay Sokolov (1919)
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19 - N
Dr. Avdonin and his group discover the mass grave in Porosenkov Log
20 -
Dr. Avdonin and his group planting bushes to hide their find
Qri
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1991 - Official discovery of the mass
grave and excavation of the remains
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Identification of the remains of
the Romanov family by DNA
analysis
Peter Gill', Pavel L. Ivanov?, Colin Kimpton', Romelle Piercy', Nicola Benson',
Gillian Tully, Ian Evett!, Erika Hagelberg’ & Kevin Sullivan!
Nature Genetics — Feb. 1994
qr
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Ivan Kharitim;v Dr. Eugene Botkin [l
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Mitochondrial lineages of the Romanov Family

T0 10A1/F 15971
AAACCVAATCC

161697T/C

AUl et 211994 Nat Genet; Ivanov ¢t 21 1996 Nt Genet: Roggey ¢t 91 2009 PNAS; Coble ot 212000 PLOS ONE
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Table 2 Summary of mtDNA differences Anderson®
o S T e~
‘sample 'sequenced (bp) of mitochondrial DNA'
.
r88s3R338 % h & e
EE2820838088 osspiit
cCTCCCCACCTTT ATTA .
Servant 1(?) Femur skeleton 1 760 = & % 5 B - Gccc
Servant 3 (?) Femur skeleton 9 650 # w T TG v » B« - .CG < B
Royal Physician Femur skeleton 2 736 o @ o v c.Ggccc
e
Daughter 1 of Tsar/Tsarina (?) Femur skeleton 3 756 T . C i W s [
Daughter 2 of Tsar/Tsarina (?) Femur skeleton 5 634 T . C -Q c
Daughter 3 of Tsar/Tsarina (?) Femur skeleton 6 760 X [ G c
Tsarina Alexandra (?) Femur skeleton 7 744 b c <] = B
Duke of Edinburgh (Grand Blood sample 760 T [ G c
Tsar Nichoias i (2) Femur skelaton 4 782 cv TT . @ ) C
Gt. Gt. grandson of Louise Blood sample 781 cT TT G .G . c
Lo g
Gt. Gt. Gt. granddaughter Blood sample 782 .CcT «PT <] G [
of Louise of -Cassel
., Seq -, No leotide t; *, Nucleotide absent from reference sequence; Y, C/T
heteroplasmy.
700< LR < 8.4x10° T
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Remains of Czar Nicholas II's Son
May Have Been Found

* FRIDAY, AUGUST 24, 2007

* MOSCOW — The remains of the last
czar's hemophiliac son and heir to the
Russian throne, missing since the royal
family was gunned down nine decades
ago by Bolsheviks in a basement room,
may have been found, an archaeologist
said Thursday.

Prince Alexel, aged 8 or 9, in a detail from an

offcial Russian royal-family photograph taken in

1913. His sister Grand Duchess Anastasia's hand
drapes over his shoulder.

http://www.foxnews.com/story/0,2933,294360,00.htm| ( ir‘“
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DNA Analyses Innsbruck
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Bone preparation
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Autosomal DNA Y-Chromosomal DNA Mitochondrial DNA
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The Identification of the Romanov Family

autosomal
% STRs

Y-STRs

mtDNA

Coble et al PLoS ONE (2008)
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The ldentification of the Romanov Family

Tsar
Nicholas I

SEH0E

Hypothesis: Samples 146.1 and 147 are members of the Romanov Family vs.
Samples 146.1 and 147 are unrelated

Cumulative LR = 4.36 Trillion
Coble et al PLoS ONE (2008) m
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Confirmation of the Tsar’s STR profile

i -
Nagasaki, 1891 blood stain on shirt

Full matches in Y-Chromosomal and autosomal STR profiles

Coble et al PLoS ONE (2008)
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The Imposters e o Manahan

Peter Gill, Cotin Kimpton, Rosemary Aliston-Greiner,
Kevin Sullivan, Mark Stoneking, Terry Melton, Julian
Nott, Suzanne Barrit, Rhonda Roby, Mitchell Holland &
LTC Victor Weedn

Nature Genetics 9, 9-10 (1994)

B Oricin of sample

36

“They never answered the other forensic evidence — the mountain of forensic

evidence— in her favor,” says a still-believing Robert Crouch, shown last month

placing flowers near the memorial marker of the late Anna Manahan.
a5 3 v g
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The Imposters

Olga: 28 claimants
Tatiana: 33 claimants
Maria: 53 claimants
Anastasia: 33 claimants

Alexei: 81 claimants
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PLOS ONE

6 orenaccess B peerreviEwed

[RESEARCH ARTICLE 241 120
Save Citation

Mystery Solved: The Identification of the Two Missing

Romanov Children Using DNA Analysis e 4
View | snre

Micha D. Coble B3 Ol M. Loreile B, Mark J. Wadhams, Suni M. Edson, Kerry Maynard, Cama E. Meyer,

Harald Niederstater, Cordula Borger, Burkhard Berger, Anthony B. Faiset, Poter Gil, Walther Parson, Louis N. Finel

Published: March 11,2009« hitpsz/doi.org/10.1371/joural.pone.0004838
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Truth of Anastasia Romanov

@ Offentliche Gruppe - 704 Mitglieder EIEHEREaiEED | v

qril
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Celebrity Genetics

Wolfgang A. Mozart (+1791)  Friedrich v. Schiller (+1805)  King Richard Il (+1485) Kaspar Hauser (+1883)
Parson 2006 Parson 2008 King etal 2014 Parson etalin 2024
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Walther Parson

DER MANN, DER
DAS FBI BERAT

Time

DNA-Degradation

< >

> 400 bp 100-400 bp <100 bp

Q.
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75bp : = 500 bp

L | |

PowerPlex Fusion 27 loci, Promega; Ensenberger et al (2016) FSIG Qri
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1970 Nanga Parbat Victim Identification

[
= Kmaro.

Int J Legal Med
DOI 10.1007/500414-006-0098-6

Walther Parson - Anita Brandstitter -
Harald Niederstiitter - Petra Grubwieser
Richard Scheithauer

Unravelling the mystery of Nanga Parbat

A new " displaying reduced amplicon lengths
for the analysis of degraded DNA

Qi

mtDNA amplification/enrichment strategies

“ i i RS ‘i n
| midi mini | mICro
Fendt et al 2009 GMI modified Parson et al 2015 Precision-ID (TFS) Eduardoff et al 2017
MG ca. 8.5 kbp mtG ca.2 kbp CR/mtG ca. 300 bp CR/mtG ca. 175 bp PEC CR/mtG < 70 bp
|-—— . /
ﬂ. ——

PGM lon Chef/lon S5 MiSeq FGx® Q.
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Primer Extension Capture mtDNA CR MPS

Briges et al Science (2000)

SEPTEMBER 26, 2014, IGUALA, MEXICO

43 male students from the Ayotzinapa Rural
Teachers College went missing

Bag was found in a water with putative
human remains

We received 17 severely burnt fragmented
remains

Austrian forensic experts may shed
light on Mexico massacre

17 samples cleaned and DNA extracted
(Phenol/Chloroform)

gPCR nDNA (Niederstétter et al 2007)
brought promising quants in only 1
sample

This sample gave a full aSTR profile
matching 1 of the 43 families

PCR mtDNA (Niederstatter et al 2007)
brought no quants in the remaining 16
samples (143 bp)

Conventional DNA analysis

€he New Wlork Times

Remains of Student in Mexico Identified

48
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SD Quant - DNA/mtDNA quantitation

DNA: 24,400 mtGE 69bp/pl; 21,990 mtGE 143bp/ul
UV: OSRAM, 3 x 30W, & 280nm, d<10cm
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gPCR naturally degraded mtDNA

aDNA from medieval remains (5"/6" c. AD)
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NEWS

Foms | Voo Wodd | UK Business Sclrco | Megazne | Erensimert s Ars

World Aca asa  Ausrela  Eucpo _Lain s s canses

Latin America & Caribbean

9 of 16 “hopeless” samples brought PEC results

. genes ffwbey)

e
Optimized mtDNA Control Region Primer Extension
Capture Analysis for Forensically Relevant Samples
and Highly Compromised mtDNA of Different Age
and Origin

Mayea Eduardoft -, Cs
and Walther Parson |

Xavier, Christina Steobl 1, Andres Casas-Vargas *

e e aenergnews con/ ANM].
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Lyon ligree Joseph Smith
- Windsor Lyon & ot
Josephine Lyon |-
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Research paper
Resolving a 150-year-old paternity case in Mormon history using DTC )
autosomal DNA testing of distant relatives =
Ugo A. Perego™", Martin Bodner”, Alessandro Raveane’, Scott R. Woodward',
Francesco Montinaro™, Walther Parson™, Alessandro Achilli"-
Perego et al 2019 FSIG Data produced by 23andMe on lllumina 600k Chips QI
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Gummy bears Genetics

B |

IBD - Identical by Descent
IBS - Identical by State

s %e

itps://9gag com/gag/aLD1ddE QM
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Genetic Genealogy

er at | ~great-great
grandfather [T\ grandmother
=
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Fig. 3. UPGMA clustering tree inferred from the heatmap of the 56 samples. Darker colors indicate closer
relationship and the red box encloses the columns with the kinship values of Josephine Lyon’s direct descendants.

FAELL s
SIS
Figure S1. Proportion of IBD. IBD proportons shared between
o MSRSO7! and subjects belonging (o Lyon and Smith familis ()
Mean values are shown in the top pancl (A).
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Perego et al 2019 FSIG

The Case of the ,,Golden State Killer*

1974 - 1986

= 13+ murdered, 50+ raped, 120+ burglarized

=

;/4\\‘7 : ‘ ,m\ﬁ*\\ ,57: )
1 N = A?\\ N~ ;\’
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The Case of the ,,Golden State Killer«
1974 - 1986

= The investigation never stopped ...
+ Numerous suspects had been identified and excluded ‘g

= The investigator
+ Paul Holes (Contra Costa County district attorney’s
office) — close to retirement
= The DNA sample
+ An unused frozen rape kit from 1980 was analyzed,
compared to the CODIS profile from the unknown rapist
for authentication
+ Submitted to commercial provider for genome-wide SNP
analysis, then uploaded to public GEDmatch database
= The genealogist »
« Barbara Rae-Venter, retired patent attorney working in \
genealogy to help adoptees find their parents

3/13/25
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The Case of the ,,Golden State Killer*
1974 - 1986

[GED

match | Tools for DNA and Genealogy Research

GEDmatch provides DNA and genealogical analysis tools for amateur and professional
researchers and genealogists. Most tools are free, but we do provide some premium tools for
users who wish to help support us with contributions. You will need to upload DNA and / or
genealogical (GEDCOM) data to make use of the tools here. Registration requires your name,
email and a password of your choice. Click HERE to register.

= Two parental family trees established — of Italian and British origin

= The British side was informative leading to hundreds of potential
relatives, connecting a 3" cousin with a putative great-great-grandfather

= Further searches involved birth records, newspaper clippings, social
media profiles and family tree data

= One suspect providing a voluntary sample was excluded
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The Case of the ,,Golden State Killer*
1974 - 1986

= 13+ murdered, 50+ raped, 120+ burglarized

) m.‘
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= Joseph James DeAngelo, arrested April 24, 2018 in Sacramento, CA
« Bornin 1945, Vietnam veteran, 1971 BSc in criminal justice, police officer
1973-1980 in Sacramento and Exeter, married 1973 & divorced 1991, 3
daughters, living since then in Citrus Heights, Sacramento

60
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The Case of the ,,Golden State Killer«

61
The future of Forensic Genetics
1985-1995 Exploration
1995-2005 Harmonization
2005-2015 Growth
2015- Sophistication
adapted from Butler JM Phil. Trans. R. Soc. B (2015) m
62
Paradigm Shift in Forensic Genetics
Identification - Prediction
Genetics - Genomics
Qril
63
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Cases without suspects

IProvide investigative leads through DNA I

64
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the invisible gorilla
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And Other Ways Our Intuitions Deceive Us

Ca. 1 min movie of two teams playing basketball
Q: How often do the teams pass a ball

A lady in a gorilla costume walks through

228 test persons watching the movie

Results

194 counted the passes correctly

In most groups ca. 50% of the participants did not

report seeing the gorilla

Success higher in participants who counted the black team

= Inattentual blindness
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OCA2/HERC2

Forensic DNA Phenotyping

Kayser et al AJHG 2008 Kayser et al FSIG 2015 Q.
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Ancestry Informative DNA Markers

The Madrid bomb investigation
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Slide kindlz Erovided bx C. Phillips, USC Spain

Age estimation @

B-Testing set

MAE-32

[vears]  Predicted age [years]
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P
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Chromosome Chromatin
o/
" Methyl group
>

MAE=3.7

Predicted age [years]  Predict

Chronological age [years]

Heidegger etal 2022
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MARIANNE
VAATSTRA

Het verhaal van haar moord

Simon Vuyk |

1982-1999

The Vaastra Case

Traces from perpetrator’s blood and semen found at the crime scene

No supect/database matches

Blame on close-by asylum seekers refuge database
Case went cold

Case re-opened in 2012

Y-chromosomal analyses led to framer Jasper S. living close by

3/13/25

69

22



Forensic Genomics (Wahlfach) VU1 (June 2025)

Sample A

Hirisplex-5
Erasmus MC Genetic Identification
Indiana Purdue University Walsh Lab Genetic Tools

Ancestry
University Santiago Compostela (Spain), PCA, SNIPPER
STRUCTURE/CLUMPAC, mtDNA

Age
Somatic panel and model for blood

2
3
0 oa
B
i
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Dr. Walther Parson

assoc. Prof. Institute of Legal Medicine, Medical University of Innsbruck, Austria
SA

adj. Prof. Forensic Science Program, Penn State
Email: waltherparson@izmed.acat

q’l‘l:hm.&mmmmm

iversity, PA, US,

ik}

walther.parson@i-med.ac.at
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