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Motivating examples

• Kinship testing
– Close (paternity) or distant (second cousins)
– Disaster victim identification (DVI)
– Pedigree reconstruction
– …

• We distinguish between 
– kinship testing, current topic, where a specific set of alternatives are compared, and
– relatedness inference aiming to find the most probable relationship without restrictions
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Genetics terminology

 
– Locus
– Allele
– Genotype
– Genetic markers

• SNPs
•  microsatellites
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Locus, allele, genotype

M F

BA locus

alleles

Homologous chromosomes

• LOCUS = a specific place in the genome

• ALLELE = any of the alternative forms of a locus

• GENOTYPE = the set (usually: pair) of alleles carried at a given locus

genotype: A/B
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Genetic markers

• Small parts of the genome which ...
– have known position
– vary in the population
– are easy to genotype

• SNPs (single nucleotide polymorphisms)
– two alleles
– usual requirement: MAF > 1%
– very common in the genome (millions!)
– used in medical genetics +++

• STRs (short tandem repeats)
– consecutive repeats of typically 2-5 bases 
– multiallelic: typically 5 - 50 alleles
– allele names:  # repeats
– used in forensics

...CCGTTATATGGGC...

...CCGTTAGATGGGC...

...CCGTTATATGGGC...

...CCGTTATATGGGC...

...CCGTTAGATGGGC...

= minor allele frequency

...ACG TTAG TTAG TTAG TTAG AAC..     

...ACG TTAG TTAG AAC..              

...ACG TTAG TTAG TTAG TTAG TTAG AAC..
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Pedigree likelihoods

• Many applications involve probabilities of the following form

• Often referred to as a pedigree likelihood:

P( genotypes |  pedigree, inheritance model, allele freqs, ... )
        

L( pedigree | data ) = P( data | pedigree, Θ )
        

data Θ
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Three principles of interpretation

1. It is necessary to consider at least one alternative proposition

2. Interpretation is based on questions like:
«What is the probability of the evidence given the proposition» 

3. We condition on proposition and known circumstances

• These principles lead to the likelihood ratio (LR):
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The Likelihood Ratio
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• data: available genotypes
•     :  fixed model parameters, common to both hypotheses
• Interpretation: 

• The LR measures how well H1 explains the data compared to H2

• Default assumptions: 
 Hardy Weinberg Equilibrium
 No mutations
 No artefacts (drop out, drop in, genotyping error)
 Independence between markers
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Example 1: Paternity case



10

Mother genotyped



Combined LR

• Assume pa = 0.05 for both markers:
– 𝐿𝐿𝐿𝐿1 = 1

𝑝𝑝𝑎𝑎
 = 20

– 𝐿𝐿𝐿𝐿2 = 1
2𝑝𝑝𝑎𝑎

 = 10

• Assuming independence:
– 𝐿𝐿𝐿𝐿 = 𝐿𝐿𝐿𝐿1 � 𝐿𝐿𝐿𝐿2 = 20 · 10 = 200

• Interpretation:
The data is 200 times more likely if we assume H1 to be true rather than H2
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Mutation?
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Mutation models
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2024 AABB Relationship Testing Technical Report

https://www.aabb.org/docs/default-source/default-document-library/accreditation/2024-technical-report-summary.pdf?sfvrsn=c24ff5d4_3
https://www.aabb.org/docs/default-source/default-document-library/accreditation/2024-technical-report-summary.pdf?sfvrsn=c24ff5d4_3
https://www.aabb.org/docs/default-source/default-document-library/accreditation/2024-technical-report-summary.pdf?sfvrsn=c24ff5d4_3


Dealing with mutations
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Strategies for handling mutations
• Exclude inconsistent markers from the analysis. Not recommended
• Apply mutation modelling only to inconsistent markers 
• Apply mutation modelling to all markers. Recommended



Kinship testing with linked markers
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vWA – D12S391

PowerPlex® Fusion 6C

• 27 autosomal STR markers
• 1 close pair (< 25 cM)
• 4 linkage groups
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PowerPlex® Fusion 6C

• 27 autosomal STR markers
• 1 close pair (< 25 cM)
• 4 linkage groups

Fusion  6C + SureID® 27

• 49 markers

• 6 close pairs (< 25 cM)

• 16 linkage groups
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Meiotic recombination

• Genetic distance between two loci:
= average crossovers per meiosis

• Units: 
o 1 Morgan (M) = 1 crossover per meiosis
o 1 centiMorgan (cM) = 0.01 M

• The human genome: Ca 30 Morgan
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Why do we care about linkage?

8/11
13/17

8
17

8
17!??

• Linkage → dependent inheritance

• Irrelevant in paternity cases (duo/trio)

• Relevant if ≥ 2 informative, 
non-independent meioses

(unless phased data)
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FamLink2

Pros
- Designed for forensics
- Good with SNPs
- GUI + many features
- Quick analysis mode

Cons
- No mut. models in QA

(No linkage)

.fam 

Software handling linked markers

MERLIN

Pros
- Gold standard for linkage
- Arbitrary linkage

Cons
- Command-line based
- Max 30 alleles
- No mutation modelling

KLINK

Pros
- Designed for kinship STRs
- GUI with visualisations
- Any mutation models
- Tailor-made Excel reports

Cons
- Only pairwise linkage
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Home page: https://magnusdv.github.io/pedsuite
Source code: https://github.com/magnusdv

The pedsuite: 
A collection of packages for pedigree analysis in R

KLINK is available in two ways:
• From R:  KLINK::launchApp()
• Online:   https://magnusdv.shinyapps.io/klink/
• Input. Familias file:

Siv 
Gilfillan
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https://magnusdv.github.io/pedsuite
https://github.com/magnusdv
https://magnusdv.shinyapps.io/klink/


Familias
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• New homepage merging familias.name into 
https://familias.no/

• New maintainer, developer: Franco Marsico

Petter Mostad

https://familias.no/
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Mutation modelling:
• "Original" = use models in the .fam file (if any)
• "Simple" = Equal model with rate 0.001 (all markers)

Most options can be left untouched

Click on question marks to see explanations
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