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From Forensic Genetics to Forensic Genomics
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CSI laboratory (ISO17025)
Austrian Central DNA laboratory
EDNAP, ENFSI, Interpol
Int. reference lab for forensic DNA testing

DVI laboratory (ISO17025)
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

W. de Gruyter, 1916

Edmond Locard
(1877-1966)

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   T
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DNA extraction

Amplification (PCR)

Detection

DNA quantification 

Human Identification

100 pg DNA ≈ DNA in 15 cells

(Conventional) Forensic Genetic Workflow

Sequence (Single Nucleotide Polymorphisms) 

Size (Short Tandem Repeats, Indels)
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PCR

E-gram

(ConvenAonal) Short Tandem Repeat Analysis
STR
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PowerPlex Fusion 27 loci, Promega; Ensenberger et al (2016) FSIG
PI = 6.58 × 10–29

8



March 14 2024

Parson: Forensic Genetics - Forensic 
Genomics 3

Crime casework
reference sample

Paternity casework
related person(s)

Human identification
ante mortem sample

or
related person(s)

Applications

Cell line ID
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http://www.enfsi.org/

DNA Intelligence Databases

10

Friedrich v. Schiller (+1805)
Parson 2008

Rom anov fam ily (+1918)
Coble et al 2009

Wolfgang A. M ozart (+1791)
Parson 2006

King Richard III (+1485)
King et al 2014

Leopold III (+1136)
Bauer et al. 2013

HID of Historic Individuals
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http://www.enfsi.org/
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The Identification of the Romanov Family 

Tsar family (1913) 300th Anniversary of the Romanov Dynasty 

wikipedia.org

12

From the Sokolov collection (Harvard)

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

Nikolay Sokolov (1919)
Judge and Chief 

Investigator
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From the Sokolov collection (Harvard)

Basement room of the IpaZev House where the Russian Imperial family 
was murdered July 16-17 1918 by members by Bolsheviks
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x
Four Brother’s Mine (Ganina Yama)

Nikolay Sokolov (1919)
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x
Four Brother’s Mine (Ganina Yama)

x

Pig’s Meadow (Porosenkov Log)

Nikolay Sokolov (1919)

Alexander Avdonin (1932)
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Dr. Avdonin and his group discover the mass grave in Porosenkov Log

17
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Dr. Avdonin and his group planting bushes to hide their find
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1991 – Official discovery of the mass 
grave and excavation of the remains

19

Nature Genetics – Feb. 1994

20
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Alexei Trupp   Dr. Eugene BotkinIvan KharitinovAnna Demidova

21

Mitochondrial lineages of the Romanov Family

T sarin a
A lexan d ra
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Gill et al 1994 Nat Genet; Ivanov et al 1996 Nat Genet; Rogaev et al 2009 PNAS; Coble et al 2009 PLoS ONE

Tsar
T2a1a

16126C
16169T/C
16294T
16296T

73G
263G

315.1C

Sfiri/Duke
T2a1a

16126C
16169T
16294T
16296T

73G
263G

315.1C

Tsarina
H1af2

16111T
16357C
263G

315.1C

16169T/C

Georgii
T2a1a

16126C
16169T/C
16294T
16296T

73G
263G

315.1C

16169T/CTsar

Georgii
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Gill et al 1994 Nat Genet
700 < LR < 8.4x105

23
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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. 

http://www.foxnews.com/story/0,2933,294360,00.html

Prince Alexei, aged 8 or 9, in a detail from an 
official Russian royal-family photograph taken in 
1913. His sister Grand Duchess Anastasia's hand 
drapes over his shoulder. 

24
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DNA Analyses Innsbruck

26
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Bone preparation
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Kern DNA - Autosomen
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Mitochondriale DNA

x

o

Kern DNA Y-Chromosom

J. B u tle r, N IST
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The IdenAficaAon of the Romanov Family

Coble et al PLoS ONE (2008)

autosomal 
STRs

Y-STRs

mtDNA

29
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The IdenAficaAon of the Romanov Family

Coble et al PLoS ONE (2008)

146.1147

Tsar 
Nicholas II

Tsarina 
Alexandra

Olga Tatiana

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

CumulaJve LR = 4.36 Trillion

Maria

30

Confirmation of the Tsar’s STR profile 

Coble et al PLoS ONE (2008)

Nagasaki, 1891 blood stain on shirt

Full matches in Y-Chromosomal and autosomal STR profiles

31

The Imposters

Anna Anderson Manahan

32
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“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.

33

The Imposters
Total number of "Russian imperial children" claimants since 1918:

Olga:            28 claimants

Tatiana:       33 claimants

Maria:         53 claimants

Anastasia:   33 claimants

Alexei:          81 claimants

34
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Irren ist menschlich

Bestätigungsfehler (confirmation bias):
Menschen versuchen Informationen zu finden, die ihre Auffassung bestätigen. Im Gehirn werden – ohne dass

es bewusst wird – Informationen hochgradig selektiv verarbeitet, sodass individuelle Überzeugungen bei-
behalten werden. Suche nach Informationen, die gegen die eigentliche Überzeugung sprechen.

Dunning-Kruger-Effekt:
Menschen neigen dazu, ihr eigenes Wissen und Können regelmäßig zu überschätzen. Wenn wir von einem

Themengebiet keine Ahnung haben, ist uns oft nicht bewusst, wie unwissend wir wirklich sind. Die
Selbstüberschätzung ist sogar besonders groß, je weniger wir wissen (auch Journalisten,
Wissenschaftler,…).

“Gesunder Menschenverstand“ (gut feeling error):
Jede Behauptung muss mit Beweisen belegt und eine Argumentation widerspruchsfrei sein. Man wird leicht

manipulierbar, wenn vernünftiges Denken hinter dem emotionalen Effekt einer Behauptung zurücktritt.
Bauchentscheidungen sind anfällig für eine Vielzahl irrationaler Denkmechanismen. Insbesondere Angst
ist ein starkes Gefühl, von dem sich Menschen sehr stark leiten lassen.

mod von Markus Knauff (Kognitivforscher)

37
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National Portrait Gallery

Mitochondrial DNA analysis

Ed w ard  III
(1 3 1 2 -1 3 7 7 )

R ich ard  P lan tage n e t, D u ke  o f Yo rk (1 4 1 1 -1 4 6 0 ) m . C e cily  N e ville  (1 4 1 5 -1 4 9 5 )

Jo h n  o f G au n t (1 3 4 0 -1 3 9 9 )

H e n ry So m e rse t, 5 th D u ke  o f B e au fo rt (1 7 4 4 -1 8 0 3 )

4 1

2 32
| | |||

Som erset 1

4 3

Som erset 2 Som erset 3 Som erset 4 Som erset 5

13

Male line relatives

Richard III
(1452-1485)

|
R ich ard  P lan tage n e t, Earl o f C am b rid ge  (1 3 7 5 -1 4 1 5 )

Ed m u n d , D u ke  o f Yo rk (1 3 4 1 -1 4 0 2 )

|

Wendy Duldig

Female line relatives

Eve rh ild a  C o n stab le  (c .1 5 3 5 -?)

15

A n n e  o f Yo rk (1 4 3 9 -1 4 6 7 )

A n n e  St Le ge r (1 4 7 6 -1 5 2 6 )

C ath e rin e  M an n e rs (c .1 5 1 1 -1 5 4 7 )

B arb ara  C o n stab le  (c .1 5 3 1 -1 5 6 1 )

|

|

| |

||

M ichael Ibsen

13

Y chromosome analysis

King et al Nature Comm (2014 )

39

King et al Nature Comm (2014 )

40

King et al Nature Comm (2014 )

41
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Statistical evaluation

42

> 400 bp 100-400 bp < 100 bp

UV

Time

DNA-Degradation

43

PowerPlex Fusion 27 loci, Promega; Ensenberger et al (2016) FSIG

75bp 500 bp

44
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Berger and Parson 2009

“midi”

“mini”

Sanger CE protocols for mtDNA

300 - 500 bp

150 - 200 bp

45

Precision-ID (TFS) 
CR/mtG ca. 175 bp

Parson et al 2015
CR/mtG ca. 300 bp

Eduardoff et al 2017
PEC CR/mtG < 70 bp

mtDNA amplification/enrichment strategies

“midi” “mini” “micro”“maxi”
Fendt et al 2009
mtG ca. 8.5 kbp

GMI modified
mtG ca.2 kbp

Ion Chef/Ion S5 MiSeq FGx®PGM
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Briggs et al Science (2009)

Primer Extension Capture mtDNA CR MPS

47
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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

SEPTEMBER 26, 2014, IGUALA, MEXICO

48

Conventional DNA analysis

17 samples cleaned and DNA extracted 
(Phenol/Chloroform)
qPCR nDNA (Niederstätter et al 2007) 
brought promising quants in only 1 
sample
This sample gave a full aSTR profile 
matching 1 of the 43 families
qPCR mtDNA (Niederstätter et al 2007) 
brought no quants in the remaining 16 
samples (143 bp)

49

Update in Bauer et al 2013

Modular system (Niederstätter et al 2007)
 parallel determination of nDNA (Alu Yb8) and mtDNA

 or nDNA/mtDNA quantitation with internal PCR control (IPC)
 inhibition and degradation sensitive

QuanAtaAon of mtDNA

50
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qPCR values of DNase-degraded mtDNA
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ApplicaDon of the PEC method to Mexican remains

Rationale for approaching the case at all:
Unknown samples expected to belong to 
Native American phylogeny (hgs A2, B2, 
C1, D1, D4 and sublineages)
Our lab is exposed to mtDNA lineages 
from West Eurasia (hgs H, JT, UK, R*, N*, 
I, X, W and sublineages)
If contamination occurred, it would be 
easier to distinguish from authentic 
result

53
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9 of 16 “hopeless” samples brought PEC results

https://www.genengnews.com/

54
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Smith pedigree

Lyon pedigree
Aaron C. 
Lyon Roxanne 

Palmer

Joseph Smith III

M288692

M912556

M703645

M652395

Alexander Hale Smith 
Joseph Smith Jr.

Emma Hale

M406973 M626847

Joseph Smith Sr. Lucy MackHyrum Smith

Jerusha 
Barden

Mary Fielding 

M534660

Joseph F. Smith

M087347

M023478

M649903

M206045
M214018 M288877

M885071
Thomas Fisher

T177361

Josephine 
Lyon

Sylvia Session

M844782M177470 M175684

M298807

M205743

M385512

John Smith

M307597 M427697

M862713

M309701

M683437 M806952

M265410

2

Windsor Lyon
Ethiel
Lyon

M186496

Sylvia Session

John Fisher Charles William 
Lyon Sr.

Suzanne E.
Gee

M958130

Ezekiel Clark

Phoebe Jane Clark 

A004825

M277648M267975M535447

Rosetta F. Hanson Irvin Fisher
Horton 
FisherPerry C. 

Fisher
Erastus 
Fisher

M477183 A479012M798210 M369031

M885071

M338915M819905

M032500

M672512

M164532

M754500

M035925

M370495
M376930 M498236M157517M627809

M765786
M700418M474845 M246659 M877227A281469

Thomas 
Fisher

Josephine 
Lyon

Perego et al 2019 FSIG

Josephine Lyon

Joseph Smith

Data produced by 23andMe on Illumina 600k Chips

Windsor Lyon

56
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hVps://9gag.com/gag/aLD1ddg

IBD - Identical by Descent
IBS - Identical by State

Gummy bears Genetics

57

http://www.genie1.com.au/blog/62-atdna

Genetic Genealogy

58

Perego et al 2019 FSIG

Figure S1. Proportion of IBD. IBD proportions shared between 
M885071 and subjects belonging to Lyon and Smith families (B). 
Mean values are shown in the top panel (A).

Fig. 3. UPGM A 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.
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?

60

61
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63

64

The future of Forensic Genetics

adapted from Butler JM Phil. Trans. R. Soc. B (2015)

1985-1995 Exploration
1995-2005 Harmonization
2005-2015 Growth
2015- Sophistication

65
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Paradigm Shift in Forensic Genetics

Identification - Prediction
Genetics - Genomics

66

Cases without suspects

Provide investigative leads through DNA

67

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

68
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Kayser et al AJHG 2008

Forensic DNA Phenotyping

Kayser et al FSIG 2015

OCA2/HERC2

69

Slide kindly provided by C. Phillips, USC Spain

Ancestry InformaAve DNA Markers

70

Age estimation

Heidegger et al 2022

71
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Forensic Genomics VU1 (planned June 2024)

Sample A

Appearance
HIrisplex-S

Erasmus MC Genedc Idendficadon
Indiana Purdue University Walsh Lab Genedc Tools

Ancestry
University Santiago Compostela (Spain), PCA, SNIPPER

STRUCTURE/CLUMPAC, mtDNA

Age
Somatic panel and model for blood

Marker b-value Marker b-value 

1 96,05 1 93.50

2 58,32 2 57.19

3 45,30 3 45.06

4 0,43 4 0.71

5 30,59 5 29.39

6 17,56 6 19.39
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