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Program. Exercises/demos for all sessions 
http://arken.umb.no/~theg/Copenhagen2013/ 
Day 1: Monday 7 Oct 14:00-17:00 Preliminaries (Thore Egeland) 
Principles, paternity index, LR, W, Bayes theorem on odds form. 
 
Day 2: 09:00-12:30 Kinship cases (Thore Egeland) 
Theta correction, mutation, silent alleles, complex pedigrees. Familias 2.0. 
13:30-17:00 Familias extensions (Daniel Kling) 
Simulations, DVI module and new mutation model. Familias 3.0. 
 
Day 3: 09:00-12:30 Linkage and linkage equilibrium (Daniel Kling) 
Linked markers, X chromosomal markers. FamLink and FamLinkX. 
13:30-17:00 DNA mixtures.  (Guro Dørum and Oskar Hansson) 
Introduction to R, forensim and LRmix  
 
Day 4: 09:00-12:00 More on forensim and LRmix.  
(Oskar Hansson and Guro Doerum) 
12:00-12:30 Final discussion and summary (Thore Egeland) 
12:30-14:00 Lunch and departure. 
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Oct 7. 14:00-17:00 Preliminaries 
Oct 8. 09:00-12:30 Kinship cases 

 

 

 Objectives: Learn, discuss 

– Statistical evaluation of evidence. Principles 

– Paternity cases 

• Complex cases 

– practical approach based on Familias 2 exercises: 
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Motivating example 1 
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??? 

‘Red wine, paternity and disaster’ 

Motivating example 2 
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Contents 

 Part I. Review of basic forensic genetics 

 Part II. Introduction to Familias 2. Demo. 

 Part III. Non-standard cases. 

– Complex pedigrees 

– Exercises Familias 2 

– Theta correction, mutation, silent alleles 

 Part IV.  

– Exercises Familias 2 

– Discussion 
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Part I 

Review of basic forensic genetics 
 
 
 
 
 
 

 “DNA typing as a model for a scientifically defensible 
approach to questions of shared identity, are driving the 
older forensic sciences toward a new scientific 
paradigm.”    

            Saks, Koehler, Science, 2005 
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1. To evaluate the uncertainty of any given proposition it is 

necessary to consider at least one alternative proposition. 
2. Scientific interpretation is based on  questions of the kind: 

“What is the probability of the evidence given the 
proposition?” 

3. Scientific evidence is conditioned not only by the competing 
propositions, but also by the framework of circumstances 
within which they are to be evaluated 

General principles 
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Exercise S1. Standard paternity case 
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 H1: The alleged father (AF) is the real father 

 H2: AF and the child are unrelated. 
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11 

 

 

probability of data   father
probability of data   unrelated

( | , ) 1 1 20.
( | ) 0.05A

given AFLR
given AF

P child mother AF
P child mother p

=

= = = =

• Interpretation: The data is 20 times more likely assuming  
AF to be the father compared to the alternative  that some  
unknown man is the father. 

AF
A/A

mother
B/B

child
A/B

Standard paternity   
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12 

 

 
( | , ) 0.5 0.5 10.

( | ) 0.5 0.5*0.1a

P child mother AFLR
P child mother p

= = = =

AF
a/a

mother
b/c

child
a/c

Standard paternity c   
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 20*10 200.LR = =
• Interpretation: The data is 200 times more likely 
assuming AF to be the father compared to the alternative  
that some unknown man is the father”. 
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Part II.  

15 

 Introduction to Familias. Demo. 

 Videos  in English and Spanish available from course 
page http://arken.umb.no/~theg/Copenhagen2013/ 

 http:// familias.name 

– Reference: Egeland, Mostad et al. (2000) 

– Validation: J. Drábek (2008) 

http://arken.umb.no/%7Etheg/Copenhagen2013/
http://arken.umb.no/%7Etheg/alcala/Familiasvideos.pdf
http://arken.umb.no/%7Etheg/alcala/Familiasvideos.pdf
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 Part III.  
  

 

 

 

Non-standard cases. 

– Complex pedigrees 

Demo, exercise: 

17 
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Full sibs                                Half sibs 

19 

The father AF is not typed but included in the 
full sibs alternative to the left to define  
Bone and AS to be full sisters.  
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Example: Complex pedigrees I. Exercise S6 
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Pedigree in Familias 
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Exercises Day 1 

 Exercises, input files and solutions available from course 
homepage, Day 1 
http://arken.umb.no/~theg/Copenhagen2013 

Do S1 a-g, S3, S4, S5, S6 (as time permits) 

 

 

 Exercise S6: 

 

22 

http://arken.umb.no/%7Etheg/Copenhagen2013
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AF
1/2 -/-

-/-
mother
1/3

child
1/2

H2:Unrelated

AF
1/2 -/-

brother
-/-

mother
1/3

child
1/2

H3: Brother
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Highlight denominator 

Click: “Relative or ...” 
0.615 10

0.0615
=
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Complications 

 

 

  Non-standard cases.  

– Complications: 

1. Theta-correction 

2. Mutations 

3. Silent alleles 

 

 
25 
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Problem: Unrelated people not unrelated! 
Solution: Theta-correction 
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Hardy-Weinberg (HW) equilibrium 

2

2

Two alleles , .
0.4, 0.6. 

Fraction A/A: 0.4          = 0.160
Fraction A/B: 2*0.4*0.6 0.480
Fraction B/B: 0.6          0.360
Sum                                 = 1.000

A B

A B
p p= =

=

=

Problem: Above requires HW, not valid if   
‘unrelated people’ are slightly related 
Solution: theta-correction 
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Theta - correction  

2

2

   , :  (1 ),
   , : 2 (1 ).

0.1 (extreme case)
Fraction A/A: 0.1*0.4 0.4 *(1- 0.1) 0.184 0.160
Fraction A/B: 2*0.4*0.6*(1- 0.1)      0.432 0.480
Fraction B/B: 0.1*0.6

A A

A B

Homozygous A A p p
Heterozygous A B p p

θ θ
θ

θ

+ −
−

=

+ = >
= <

+ 20.6 *(1 0.1) = 0.384 0.360

                                                           1.000   1.000                        Sum

− >
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General case: Sampling formula 

 If x alleles are of type A of a total n alleles sampled from 
the subpopulation, the next will be of type A with 
probability 

(1 )
1 ( 1)

Ax p
n

θ θ
θ

+ −
+ −
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AF
A/A

mother
B/B

child
-/B

2, 4
(1 )(child gets | not father)

1 ( 1)
2 (1 ) 1 3 11.91

1 3 2 (1 )

A

A

A

x n
x pP A

n
p LR

p

θ θ
θ

θ θ θ
θ θ θ

= =
+ −

=
+ −

+ − +
= ⇒ = =

+ + −

1
(child gets | not father)

LR
P A

=
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AF
A/A

mother
B/B

child
-/B

4, 6
(1 )(child gets | not father)

1 ( 1)
4 (1 ) 1 5 8.53

1 5 4 (1 )

A

A

A

x n
x pP A

n
p LR

p

θ θ
θ

θ θ θ
θ θ θ

= =
+ −

=
+ −

+ − +
= ⇒ = =

+ + −

A/A Slightly related by ;
 changesLR

θ
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θ

Exercise S1h 
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Modelling mutations 
 
• Mutation rate varies with  

– Sex of parent and locus. 
Alleles tend to mutate to close alleles: 

– Several models  

33 
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Key concept: Mutation matrix 

34 

11 12

21 22

0.99 0.01
0.01 0.99

m m
M

m m
   

= =   
  

• Two alleles 1 and 2 
• Probability of mutating from 1 to 2=0.01 
• Probability of mutating from 2 to 1=0.01 
•Resulting mutation matrix: 
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Three alleles: Different models possible 

Sum
0,990 0,005 0,005 1,000

M1= 0,005 0,990 0,005 1,000
0,005 0,005 0,990 1,000

0,990 0,009 0,001 1,000
M2= 0,005 0,990 0,005 1,000

0,001 0,009 0,990 1,000

What's the best model? 
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Mutation models in Familias 

Exercise S2, S7 

37 

Next page 
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Mutation range 

Mutation range 0.1:  

– mutation probability decreases by one tenth for each 
additional unit length difference 
 
 

 Alleles must be named to preserver order! 

– use 09,10,11,12, not 

– 9,10,11,12 as standard (alphabetical) sorting is  
"10","11","12","9“ 

 

38 



N
O

RW
EG

IAN
 U

N
IVERSITY O

F LIFE SCIEN
CES 

www.umb.no 

39 

Example revisited 

0,990 0,009 0,001
M2= 0,005 0,990 0,005

0,001 0,009 0,990

Mutation range =0.001/0.009=0.1111 
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Example: Three mutations, 21 markers 
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STRs
Alleged 
Father Mother Daughter

D8S1179 11/13 13/14 13
... ... ... ...

VWA 18 16/18 16/19
TPOX 8/11 7/9 7/8

D18S51 14/17 14/17 16/17
D5S818 11 9/13 9/11

FGA 24/28 19/22 22/27
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• Caveat. Not relevant database 
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Several improvements in Familias 3:   
Daniel’s lecture 

44 
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Silent alleles I. Exercise S11 
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Silent alleles II. Familias 
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Silent  
allele  
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Silent alleles III. Exercises S11 (S12 theoretical) 

47 

( )
( ) ( ) ( )2

2

2 2
0.05 0.15 1.36.

0.15 0.2 0.05 0.1 0.2

s A s

A s B s s A B s

p p p
LR

p p p p p p p p

+
=

+ + + +

⋅
= =

⋅ + ⋅ ⋅
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Part IV.  
Exercises as time permits 
 Familias exercises:  S7, S9, S10, S11 

 Theoretical exercises S8, S12 
 

 Simpler input/output 

– Exercise S14 

– GeneMapperToFamilias 

• http://familias.name/examples.html 

48 

http://familias.name/examples.html
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Discussion. Mutation models 

 

Mutations: 

– Exercise S2,S7,S8 discussed, see solutions 

– Two challenges: 

• Unstable models 

• LR may differ depending on whether a minimum 
database (i.e., only alleles appearing for marker are 
named) is used or not 

49 
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Unstable (non-stationary) models 

 Exercise S7f Comment:  

– Model 1, Probability decreasing with  range is stable 

– Model 3,  Probability proportional to frequency stable 

 Stable: introducing a new untyped person, say the father 
of the  alleged father, does not change the LR. 

– This is a reasonable property of a model as introducing 
irrelevant information should not change the result. 

Other models not stable 

 I recommend model 1! 

Note extension in Familias 3 for microvariants 

 

 

 

50 
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References 
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Our work, projects: arken.umb.no/~theg 
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Discussion 

 ?? 

 Input/output 

– GeneMapperToFamilias 
http://familias.name/examples.html 

– Exercise S14 
http://arken.umb.no/~theg/Copenhagen2013/familiasExercises.pdf 

 Familias on facebook 

 Verbal equivalents to LR 

Mutation rates 

 (RMNE: Guro) 
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http://familias.name/examples.html
http://arken.umb.no/%7Etheg/Copenhagen2013/familiasExercises.pdf
http://arken.umb.no/%7Etheg/Copenhagen2013/familiasExercises.pdf
https://www.facebook.com/groups/470789193020264/
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Verbal equivalents 

53 

LR Verbal Wording Support for
1000000 Extremely strong Prosecution
100000 Very strong Prosecution
10000 Strong Prosecution
1000 Moderately strong Prosecution
100 Moderate Prosecution

1-10 Limited Prosecution
1 Inconclusive

0.1 Limited Defence
0.01 Moderate Defence

0.001 Moderately strong Defence
0.0001 Strong Defence

0.00001 Very strong Defence
0.000001 Extremely strong Defence
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Mutation rate  

56 

Probability of a specific mutation 0.001 
Mutation rate=7*0.001=0.007 
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Exercise S2 

57 

Formula confirmation: 
> m=R/7 
> p16=0.212 
> p17=0.292 
> LR=m*(p16+p17)/(2*p16*p17) 
> LR 
[1] 0.004070819 
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