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Contents 09:15–10:00 and 10:15–11:30

I Basic forensic genetics very briefly:

Mendelian inheritance
Markers: autosomal, X, Y, mtDNA, STR-s.

I Weight of evidence. Likelihood Ratio (LR). Assumptions.

I Combining information. Bayes theorem
I Complications:

Mutation.
Theta correction.
Silent alleles.

I Introduction to Familias
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Pedigree
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. Genetic markers III. Example: Fusion 6C
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Hypotheses

AF
17/18

8/8

MO
−/−
−/−

CH
17/17

8/8

I H1: AF biological father of CH.

I H2: AF and CH unrelated.

I Notation. Sometimes:

I H1 = HP :
“prosecution hypothesis”,

I H2 = HD :
“defence hypothesis”.
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Likelihood ratio. Definition

Forensic framework

LR = LRH1,H2(E ) =
P(E | H1)

P(E | H2)

is the likelihood ratio for evidence E with respect to the two
hypotheses H1 and H2. The LR measures how much better H1

explains the evidence E than H2.
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Likelihood Ratio. Example

AF
17/18

8/8

MO
−/−
−/−

CH
17/17

8/8

LR =
P(E | H1)

P(E | H2)
= · · · =

P(gCH | gAF )

P(gCH)

LR1 =
1
2p17

p217
=

1

2× 0.204
= 2.45

LR2 =
p8
p28

=
1

0.554
= 1.81

LR = LR1 × LR2 = 2.45× 1.81 = 4.4.
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Likelihood Ratio. Interpretation and assumptions

AF
17/18

8/8

MO
−/−
−/−

CH
17/17

8/8

I Interpretation LR=4.4: The
data is 4.4 times more likely
if AF is assumed to be the
father compared to the
unrelated alternative.

I Assumptions

Hardy–Weinberg
Equilibrium (HWE).
Independent markers.
No artefacts:
(no mutation, no silent
alleles, no drop–out/in,
no error).

16 / 39



Basic forensic genetics
Weight of evidence. Likelihood Ratio (LR)

Combining information. Bayes theorem
Complications: theta-correction, mutation, silent–alleles

Realistic number of markers

Marker CH AF LR LR(mut)

D3S1358 17/17 17/18 2.45 2.45
TPOX 8/8 8/8 1.81 1.80

D6S474 16/17 14/15 0.000 0.001
. . . . . . . . . . . . . . .

D19S433 12/15 12/14 3.34 3.34

Total 0 25070642
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W = Posterior probability of paternity

I Assume prior probabilities P(HP) = P(HD) = 0.5
(reasonable?)

I Prior odds P(HP)
P(HD)

= 1.

Then

W = P(HP | E ) =
LR

LR + 1
=

25070642

25070642 + 1

= 0.99999996 = ”Probability of HP given evidence”
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Bayes theorem on odds form
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Adding evidence I
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Theta correction. Dispute laid to rest
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Hardy Weinberg
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I Fraction homozygotes increases with θ
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Previous example

AF
17/18

8/8

MO
−/−
−/−

CH
17/17

8/8

LR1 =
1
2p17

p217
=

1

2× 0.204
= 2.45

LR2 =
p8
p28

=
1

0.554
= 1.81

LR = LR1 × LR2 = 2.45× 1.81 = 4.4.
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Fst=Theta=0.01. Input: Pedigrees > Parameters

I LR = 2.298 · 1.764 = 4.1 when θ = 0.01

I LR = 2.45 · 1.81 = 4.4 when θ = 0.00.
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Mutation: Exercise 2.2, 2.7

AF
14/15

Mother
−/−

Child
16/17
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Mutation: Results, simillar to Exercise 2.9

System Child AF LR LR(mut)

D3S1358 17/17 17/18 2.450 2.449
TPOX 8/8 8/8 1.805 1.804

D6S474 16/17 14/15 0.000 0.001

3 markers 0.000 0.0044

. . . . . . . . . . . .

22 (1 mut) 0.000 25070642

Table 1: Genotype data for a Child and alleged father (AF) along with
LR-s. The rightmost column is based on a stepwise unstationary
mutation model (expained below) with mutation rate 0.001 and range
0.5 for all markers.
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Equal model

I P(no mutation) = 0.999

I Problem: P(14→ 17) = P(15→ 16) = 0.0002.
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Mutation: Biology

I Mutation rates:
http://www.cstl.nist.gov/strbase/mutation.htm
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Mutation: Input
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Mutation Matrix. Range

Range =
15→ 17

15→ 16
=

0.00015385

0.00030769
= 0.5
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Extended stepwise model:
Generally recommended, consistent for microvariants

I Rate Integer mutations:
9→ 10, 9.3→ 10.3

I Range: As before.
1 step 1/0.1 = 10 times
more likely than two steps,
etc.

I Rate2 Fractional Mutations:
9.3→ 10, 9→ 9.3
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Extended stepwise model: Example

I Recall: Rate = 0.001, Range = 0.1, Rate2 = 0.000005.

I Note: P(“no mut”) = 1− (0.001 + 0.000005) = 0.998995.

P(9→ 10) = 0.0009 >

P(9→ 9.3) = 2.5e − 006 = 0.0000025

P(9→ 11)

P(9→ 10)
=

0.00009

0.0009
= 0.1
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Silent alleles. Input: General DNA data > . . . > Options
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Exercise 2.11

AF
B/−

mother
A/−

child
A/−

I Enter genotypes as homozygous.
I pB = 0.1, pS = P(“Silent allele”) = 0.05. Now e.g.
I P(B/−) = p2B + 2 · pBpS = 0.02.
I Statistics for silent alleles:

http://www.cstl.nist.gov/strbase/NullAlleles.htm
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