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m Since 2010: Research in statistics for forensic genetics (PhD in 2014)
m Since 2021: Subject-matter expert in evaluating DNA evidence in court cases
m Since 2022: “Expert” in media about DNA’s role in solving crime

Henrik Stgvring on May 4, 2026 (paraphrased?):

“If peop/e s:mply provided the data
required...’
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Forensic statistics

1. Evidence: thief has blue eyes
2. Suspect has brown eyes

1. Evidence: thief has blue eyes
2. Suspect has blue eyes

Image source: “lIrisPlex: A sensitive DNA tool for accurate prediction of
blue and brown eye colour in the absence of ancestry information”,
10.1016/j.fsigen.2010.02.004
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https://doi.org/10.1016/j.fsigen.2010.02.004
https://doi.org/10.1016/j.fsigen.2010.02.004
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Evidential weight

m H,: prosecutor’s hypotesis: Person of interest (Pol) is donor
m H,: alternative hypotesis: A random man is the donor of the crime-scene stain
m E: Evidence

P(H,|E) PE|H, P(H)

p
= 1
P, |E) P(E|HA, P, @
Posterior odds LR (BF) Prior odds

LR (BF): Factor (weight) that perception of donorship must be increased when E'is
taken into account
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Forensic genetics

m Trace sample left by perpetrator
m Reference sample from suspect (?7)
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DNA
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Source: Wikipedia, https://www.wikipedia.org/

&2
vl‘ﬁw‘lﬁ" \ Types of DNA profiles
m Short tandem repeat (STR)
m Single nucleotide polymorphism
(SNP)

..from:

m Autosomes (chrl-22)
ATGACGGATCAGCCGCAAGCGGAATTGGCGACATAACAAG n Y—chromosome (males)

TACTGCCTAGTCGGCGTTCGCCTTAACCGCTGTATTGTTC
= mtDNA

Source: National Human Genome Research Institute, https://www.genome.gov/
Research, courtroom, and media: a forensic statistician’s perspective MM Andersen 6 /39



https://www.genome.gov/
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Short tandem repeat (STR) DNA profiles

D1S1656:

Allele 10 (total length 164 bp):

.. .GTGTTGCTCAAGGGTCAACT. .. [TAGA]_10 [TG]_5 ...GAGAAATAGAATCACTAGGGAACC.. .
20 bp 40 bp 10 bp 25 bp

Allele 11 (total length 168 bp):

.. .GTGTTGCTCAAGGGTCAACT... [TAGA]_11 [TG]_5 ...GAGAAATAGAATCACTAGGGAACC...
20 bp 44 bp 10 bp 25 bp

Alleles 10-18 (7)

STR fragment lengths 100-400 bp
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Trace sample quality

OL Meyer et. al (2025) Nationwide study on forensic genetic analyses in criminal cases

in Denmark:
“In 2016-2022, 50 % of the samples were deemed unsuitable for standard PCR-
CE analyses due to insufficient DNA quantity or quality.”

E.g. hair.
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Single nucleotide polymorphism (SNP) DNA profiles

rs1490413 (chrl:4.307.263 out of 249 mio.):

Human hg38 UCSC Genome - Chromium 2 @@

v (B Humanhg3s chri:4307. x | +

« G = genome.ucscedu/

UCSC Genome Browser on Human (GRCh38/hg38)
Move[<<< << < | > >> >»>Zoomin|15x 3x 10x Base  Zoomout|15x 3x  10x 100x

Multregion | chr1:4,307,252-4,307,273 22 bp. [g . help pages, see examples Search

Scale t 1 hg3s
chri: 4307.052| 4,307259| 4307,254| 4,307,255 4.007,256] 4,307,257| 4307258 4307.256] 4207,260 4307.261] 4307262 4307.260| 4307,264| 4307.265| 4307.266| 4307,267| 4307.208] 4307260] 4007270 4307271| 4007272
s [16 G T T c T T T [ c A G A A ) T G G c T G G
Common (1000 Genomes. Phase 3 WAF »= 1%) Short Genetic Vartants from dbSNP Release 155
Common (1000 Genomes Phasg 3 MAF »= 17%) Shod Genelic Variants from dbSNP Release 153

Repeating Elements by RepeatMasker
RepeaiMasker

Danes: C (51%) / T (49%)
Humans are diploid (one allele from mother and one from father)

E.g. shotgun sequencing (whole-genome sequencing with massively parallel sequencing)
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DNA profiles from SNPs

Simple model (2024) handling low quality trace samples; collaborators: ML
Kampmann, AH Jepsen, N Morling, PS Eriksen, C Bgrsting & JD Andersen

Binary SNPs:

m 0: Reference allele (e.g. using reference sequence GRCh38)
m 1: Alternative allele

Genotypes are denoted by the number of alternative alleles:

= 0 (0/0) with probability p,
= 1(0/1 or 1/0) with probability p,
® 2 (1/1) with probability p,

Pot+ptpy=1
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Errors not possible: LR for a single SNP marker

m X: Observed genotype (0, 1, or 2) from trace donor Errors not possible:
(crime scene trace)
m Xpg: Observed genotype (0, 1, or 2) from refererence Xr Xgr LR
donor (person of interest) 0 0 L
Po
0 1 0
P(E | H 0 2 0
Lp_ PELH,)
P(E|H,) 1 0 0
1
m F = {Xy,Xg}: The evidence, the observed genotypes ! L5
m H: The Pol is the donor of the crime-scene stain 1 2.0
m H,: A random man is the donor of the crime-scene 2 0 O
stain 2 1 0
2 2 X
P2
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Shotgun sequencing data from real samples

Buccal swap from same individual in duplicate

8,596,131 positions:

0 1 2
0 8,580,543 400 61
1 671 8,317 96
2 79 61 5,903
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Modelling errors in sequencing process

w = P(genotyping error)

e.g. error in sequencing, genotype calling, ..

m Z € {0,1,2} is the true, unobserved, genotype
m X € {0,1,2} is the observed genotype (potentially with error)
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Singular sample from one individual (excerpt for Z = 0/0)

m w = P(genotyping error)
m Z: true, unobserved, genotype
m X: observed genotype (potentially with error)

| P(X=1/0)=w(1-w)]

P(X=0/1)=w(1-w)]

|P(X=0/0)=(1-w)?|

Extend to two samples from same individual (H,,) and
one sample for each of two different individuals (H,)
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Duplicate sample from one individual (/)

P(X7=1/1,Xg=1/1)=w* P(Xr=1/1,Xg=1/1)=(1 —w)2w2]

[POX=1/1Xe=1/0)=(1 —w)w® POXr=1/1Xa=1/0)=(1 ~w)w)
[P(XT=1/1 Xa=0/1)=(1 —w)w® P(X7=1/1,Xa=0/1)=(1 fW)SWI
[P(XT:1 /1,Xg=0/0)=(1 — w)?w? P(X7=1/1,Xg=0/0)=(1 7w)2w2}
[POG=1/0XR=1/1)=(1 ~w)w? P(Xr=1/0Xp=1/1)=(1 ~w)w?
(POXr=1/0.Xe=1/0)=(1 ~w)?w? P(Xr=1/0.Xa=1/0)=w"
[POX=1/0. X0/ 1)=(1 —w)Pw? ‘ , P(Xr=1/0.Xa=0/1)=(1 ~w)"w?|
[POXo=1/0Xe=0/0)=(1 —w)°w} {P(Xr=1/0.Xa=0/0)=(1 —w)w’]
[POX=0/1Xe=1/1)=(1 —w)w® ; POX=0/1Xn=1/1)=(1—w)"w]
(POXr=0/1,Xe=1/0)=(1 ~w)?? P(Xr=0/1Xn=1/0)=(1 ~w)™?]
[P(XT=0/1 Xa=0/1)=(1 —w)2w? P(X7=0/1,Xa=0/1)=(1 —w)4J
[POX=0/1XR=0/0)=(1 ~w)’w P(Xr=0/1Xn=0/0)=(1 ~w)*w]
[POXr=0/0.Xe=1/1)=(1 —w)w? POXr=0/0Xe=1/1)=(1 ~w)w?]
[POX=0/0Xe=1/0)=(1 ~w)’w P(Xr=0/0.Xn=1/0)=(1—w)w?
[P(XT:O/O,XR:O/U:U —w)’w P(X7=0/0,Xg=0/1)=(1 —w)3w}
[P(XT=0/0,XH=0/O)=(1 —w)* P(X7=0/0,Xa=0/0)=(1 —w)zwz]
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Singular samples from two individuals (H,)

P(Xr=1/1Xp=1/1)=w" P(Xr=1/1Xe=1/1)=(1 ~w)w’

[P(XT=1/1 Xp=1/0)=(1 -w)w® P(Xr=1/1,Xg=1/0)=(1 -w)zwz]
[P(XT=1/1 Xa=0/1)=(1-w)w® P(Xr=1/1Xg=0/1)=(1 7w)2w2]
[POXr=1/1 Xa=0/0)=(1 ~w)? P(Xr=1/1Xa=0/0)=(1 ~w)’w]
[POG=1/0Xp=1/1)=(1 —w)w? P(Xr=1/0,Xr=1/1)=w*
[P(XT=1/O,XR=1/0)=(1 —w)2w? P(Xr=1/0,Xg=1/0)=(1 —w)ws]
[P(XT=1/O,XR=0/1)=(1 —w)2w? P(Xr=1/0,Xg=0/1)=(1 —w)w3]
[POXr=1/0.Xa=0/0)=(1 ~w)°w} 27=0/0,Z5=0/0 Z:=0/1,2=0/0 {P(xr=1/0Xa=0/0)=(1 - w)’w?]
[POG=0/ T X1/ )= —ww? 7 P(Xr=0/1 Xn=1/1)=(1 ~w)*?]
[P(XT=0/1 Xg=1/0)=(1-w)>w? P(Xr=0/1,Xg=1/0)=(1 -w)aw}
[P(XT=0/1 Xg=0/1)=(1-w)>w? P(Xr=0/1,Xg=0/1)=(1 —w)aw]
[P(XT=0/1 Xr=0/0)=(1-w)’w P(Xr=0/1,Xr=0/0)=(1 -w)*
[POx=0/0.Xp=1/1)=(1 ~w)*w? P(Xr=0/0.X=1/1)=(1 ~w)w’)
[POx=0/0.Xp=1/0)=(1 ~w)*w P(Xr=0/0.Xg=1/0)=(1 - w)?w?]
[P(XT=0/0,XR=0/1)=(1 —w)’w P(X7=0/0,Xg=0/1)=(1 -w)zwz]
P(X1=0/0,Xg=0/0)=(1 —w)* P(Xr=0/0,Xg=0/0)=(1 —w)aw}
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LR for a single SNP marker

No errors: w = P(genotyping error):
Xr Xgp LR Xt Xg LR
0 0 % o 0 - Spoklfw)4+171 11’2(21*w)2+p2 w -
0 1 0 p(1—w)*+2pgp1 w(1-w) +2pgpow? (1-w)*+pF w2 (1-w) 3+2p1p2w3(1—w)+p§w4 s
0 2 0 0 1 5 - - - 2pgw(1-w) +p1w3(1*w)+p1‘1§(1—w) f2p2w3(1,
2pw(l-w)>+3pgp1 w2(1-w)? +pop1 (1-w)* +2pg po w3 (1-w)+2pg Po w(l-w)° +pF w3 (1-w)+pF w
1 0 0 0 2 pow2(1—w)?4p w2 (1-w)?+pyw(1-w)?
1 1 ﬁ pgw2(1—w)2+p0p1w3(1—w)+pop1w(1—'w)3+p0p2w4+p0p2(1—w)4+p%'wQ(lfw)2+p1p2'w3(:1—w
1 2 0 . 0 ; . - 2 . 2p0‘u)(1;1'u)3+p11113(17111)#»;711;(172'11))2#»2])21113(217
> 0 0 2pgw(l-w)”+3pgp w=(1-w)"+pgp1 (1-w) +2p20p2w 2(1—u1)+jp0p2wélfw) 2+p1w~ (1—1:1))+p1w
5 1 0 L L - ; 4p0;)u (1—w) +2p1‘u.) +22p12w 4(1711;2) #»2171(171;1) +24p2‘u
> > 1 4pw2(1-w)? +4pgp1 w3 (1-w)+4pgpy w(l-w)> +8pg po w2 (1-w)* +pFwh+2pF w2 (1-w)? +pF (1-u
P2 1 2 2p0w3(1—'w)+p1'w3(1—w)+p1'w(lf'w)3+2p2w(l—u
Zp%w?’(l—w)ﬁ»poplw4+3p0p1'w2(1—w)2+2p0p2w3('1—w)+2p0p2w(1—w)3+p%w3(1—w)+p%w(1—1
) o pow2(1—w)?+py w2 (1-w)?+pyw(1-w)?
png(l—w)2+p0p1w3(1—w‘)+p0plw(lfw)?”rpopgw4+p0p2(1—w)4+p%w2(1—w)2+p1p2w3(lfw
) L 2pg w3 (1—w)+py w3 (1—w)+pj wl—w)>+2pyw(1—u
2p2 w3 (1-w)tpop1 wht3pgpy w2(1-w)? +2pg pow3(1—w)+2pg Py w(l—w)3 +p2 w3 (1-w)+pFw(l—
2 2 Pow4+:D1wz(l—wi)2+p2(1—w)4

pZwt2pgpg w3 (1-w)t2popg w2 (1-w)? +p2w?(1-w)? +2p1 pow(l-w)3+p3(1-w)?
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LR for a single SNP marker

A numerical example: w=20 w = 1: 100,000

m p, = 0.0625

= py =0.5625 0 0 16 0 0 16
0 1 0 0 1 0.0002133
0 2 0 0 2  2.844e-09
1 0 0 1 0 0.0002133
1 1 267 1 1 2.666
1 2 0 1 2 7.111e-05
2 0 0 2 0 2.844e-09
2 1 0 2 1 7.111e-05
2 2 1.78 2 2 1.778
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Multiple SNP markers

Independent markers chosen to enable multiplying the individual LR's (e.g. 100-200
SNP markers)

Without error model: single mismatch gives LR = 0
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Estimating w

Buccal swap from same individual in duplicate w/ 8,596,131 positions:

0 1 2
0 8,580,543 400 61
1 671 8,317 96
2 79 61 5,903

m Duplicate samples from same individual (H,) - no dependence on genotype

P
probabilities (py, Py, Ps)
® Trinomial distribution (diagonal, off-diagonal, and corners)

m Use MLE/Bayesian handling uncertainty in genotype probabilities (p,, p1, Ps)
w = 1: 20,000
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Asymmetric error rates

m Forensic genetics:
Different trace sample error rate (wy) and reference sample error rate (wp)

®m wp: known
®m wp: unknown

Extended model with parameters wy and wy (instead of just w)
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Example with 100 SNP markers

m Simulated under H,
m wp =1:100 (assumed known)
m True (unknown) wp =1:10

XR
Xy 0 1 2
0 2 2 .
1 1 37 11
2 5 42

Research, courtroom, and media: a forensic statistician’s perspective

MM Andersen

22 /39



Example with 100 SNP markers

£ r 1 ___
© 1
2 WOoE = 13.8 .
o —_ 1
> 10 I
o 5 1
= \6 1
3 & ! -
c O 1 =1- True wt
o — 1 1
.-9 Il 54 1
3 '8 .
5 = I
< |
Ry 1
@) 01 1
; T T T :

-4 -3 -2 -1

Trace sample genotyping error probability (logiq scale)
log1o(wr)
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Handling unknown w

Marginalising out w;- according to a prior distribution with density p(w;) of wy:

P(E| H) = / P(E | H, wp)p(wy) dwy 2)

P(E | Hp) . fP<E | HpawT)p(wT)dwT

P(E ’ Ha) B fP<E ‘ chwT)p(wT) dfwT

LR (BF) =

Alternatively: Maximise likelihoods in numerator and/or denominator
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Example

= Beta on (0,3)
m Prior mean p=1:20 10+

95% CDR
m Prior variance 02 = p?/2 =1 : 800 z
m 95% central density region (CDR) S 5. P

® (0.0099331;0.2756009)
® (1:100.67;1 : 3.63) 0-

0.0 0.1 0.2 03
Trace sample genotyping error probability
wr

o 2= SEELEE WoE by marginalisation = 13.22

'
] WOoE = 13.8 \
e~ .
gg " :
=< '
8 5 ! — Marginalisation
c o 1
S 5 1 =1- True wr
Ty ' '
5 = '
-E, '
£ =

4 3 _
Trace sample genotyping error probability (logyq scale)
log1o(wr)
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Norwegian case: Birgitte Tengs (1978-1995)

AANN1608NL

Tesbas postive |

Photos from 1) udeoghjemme.dk;

Norsk Politi via

2) nettavisen.no
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Norwegian case: Birgitte Tengs (1978-1995)

® VG (my translation), Sep 8, 2021:
Stength of DNA evidence is moderate, it has a probability rate of a bit less

than 400. How is that calculate and what does it mean?

® Research with David Balding (2017, 2019)
m Norwegian Police, Sep 29, 2021: written report:
® Y-profile in question is rare
° P(IQ <79) > 95%
® Matching males are closely related (< 20 meioses)

m VG contact meanwhile - avoid writing something wrong

m Second written report, mutation discovered

® Y-profile in question is very rare
* P(IQ| <3)>95%
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Norwegian case: Birgitte Tengs (1978-1995)

AANN1608NL

Photos from 1) udeoghjemme.dk;

Norsk Politi via
2) nettavisen.no and
4) tv2.no; and

5) Stavanger Aftenblad
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Hierarchy of propositions

m H,: prosecutor’s hypotesis: Person of interest (Pol) is donor
m H,: alternative hypotesis: A random man is the donor of the crime-scene stain

m F: Evidence
P(H,|E) P(E|H,) . PUHy) )
PH,|E) P(E|H, P(H,)
————
Posterior odds LR Prior odds
Level Example of H,

Crime The defendant raped the victim.

Activity The defendant had sex with the victim.

Source  The semen at the crime scene originates from the defendant.

Profile ~ The DNA profile from the trace sample originates from the defendant.
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Norwegian case: Birgitte Tengs (1978-1995)

AANN1608NL

Photos from 1) udeoghjemme.dk;

Norsk Politi via
2) nettavisen.no and
4) tv2.no; and

5) Stavanger Aftenblad
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Warning

Amateur opinions incoming - nothing
authoritative...
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Being a researcher in 2026

Aim
m Discovering new
knowledge?
m Fundamental research?
m Applied research?

“Product”

Research (publications -
what journals?)
Teaching

Dissemination (U's
obligation at
organisation level)
Citations?

Funding?

Impact?

Research, courtroom, and media: a forensic statistician’s perspective

Catalysts?

m "Good" (?) journals
m Citations
m Funding
m Dissemination
® Media
® Talks
® Online presence
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Me as a researcher

m Do what’s fun and interesting!
m Aim: Applied research, “help” society
m Product
® Scientific publications
® |nformation for the general public
® Research/math is useful - examples
m Dissemination, for fun and for implications
® Improve - better at explaining concepts for the general public (family gatherings...)
® “Sell” math/stats
® Maybe improve chances of citations/funding
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Ter er dansken som har hjulpet
Tengs-etterforskern

AYMAIT

FORBUDT

Dna-gennembrud: Sadan fik de
ham

fandt frem til syvérig piges
formodede drabsmand

Folkeuniversitetet

{

\

DNA-slegtsforskning
i drabssager




Benefits

For me:

m FUN!
m Improving dissemination skills
m Help me do better (e.g. relevant) research
m Visibility / “branding” (reseachers anno 2026..)
® Journalists (Google search, ..), colleagues, bosses
Feedback loop between the media and science (method developed and used, 3
times)

For my department, faculty, and university

® Recruitment (students / researchers)
m “Knowledge for the world”
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Drawbacks

m Takes time

m Cringe? People think less of you as a researcher?

m Cannot control agenda (Norwegian appeal)

m Does it “work”? (What is the objective function...?)
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My dissimination take-aways

Build a foundation (research + written popular science articles)
Public talks

Pick up the phone when journalists call...

Do it, accept errors

“l undervalue my contribution relative to others”

Do it!
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