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Motivating examples

• Kinship testing
– Inheritance 

– Immigration

– Historic cases

– …

• Medical genetics

• Plant and wildlife research

• 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

2



Genetics terminology

– Locus

– Allele

– Genotype

– Genetic markers

▪ SNPs

▪ microsatellites



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



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..



Mendelian inheritance: Autosomal (chromosomes 1-22)

A/A B/C

A/B A/B

B/C

A/C

Example: autosomal marker with 3 alleles: A, B, C

homozygous heterozygous

The Mendelian coin toss: 
Alleles are transmitted 
with 50% chance.



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



Software for pedigree likelihoods

• Familias

– GUI for forensic applications

– Elston-Stewart

– mutations, theta correction, ++

• MERLIN 

– command line program

– Lander-Green

– gold standard for cases with dense SNP markers (but not too large pedigrees)

– used by FamLink & pedsuite to handle linked markers

– not mutations, not theta correction

• R/pedsuite 

– Elston-Stewart

– mutations, theta correction, ++



The Likelihood Ratio (LR)
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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
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Example 2: Paternity case with mother
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• Observe

✓ LR < 1 if pa > 0.5 in right panel! Why?



Combined LR

• Assume pa = 0.05 for both markers:

– 𝐿𝑅1 =
1

𝑝𝑎
= 20

– 𝐿𝑅2 =
1

2𝑝𝑎
= 10

• Assuming independence:
– 𝐿𝑅 = 𝐿𝑅1 ∙ 𝐿𝑅2 = 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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Kinship testing in R with the pedsuite

• Create pedigrees representing the hypotheses.

• Attach the given genotype data to one of the pedigrees.

• Invoke the function kinshipLR() to calculate LRs.
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Create pedigrees. H1
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> library(pedsuite)

> H1 = nuclearPed(fa = "AF", mo = "MO", child = "CH", sex = 2)

> plot(H1, title = "H1")



Create pedigrees. H2
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> H2 = list(nuclearPed(fa = "NN", mo = "MO", child = "CH", sex = 2),

> singleton("AF"))

> plotPedList(H2)



Attach genotype data to one of the pedigrees
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> afr = c(a = 0.05, b = 0.95)

> H1 = addMarker(H1, AF = "a/a", CH = "a/a", afreq = afr)

> H1 = addMarker(H1, AF = "a/b", MO = "b/b", CH = "a/b", 

> afreq = afr)

> plot(H1, marker = 1:2)



kinshipLR() documentation
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Not discussed



Invoke the function kinshipLR() to calculate LRs
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> lr = kinshipLR(H1, H2, source = 1)

> lr$LRperMarker



Mutation?
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Mutations. Models
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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



Read data and compute LR

# Read data from Familias file, plot and find LR:

> filename = "http://familias.name/norbisRelatedness/paternityCase.fam"

> dat = readFam(filename)

> plotPedList(dat, hatched = typedMembers)

> lr1 <- kinshipLR(dat)

> lr1

> ?readFam

http://familias.name/norbisRelatedness/paternityCase.fam


Inspect each marker
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> lr1$LRperMarker



Mutation models
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> ?setMutmod



Recompute with mutation model
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> H2 = setMutmod(H2, model = "proportional", 

rate = 0.00001)

> lr2 = kinshipLR(H1, H2, ref = 2, source = 2)

> lr2



Inspect each marker again
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> lr2$LRperMarker



A closer look at the impact of mutation
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A Relationship Riddle. Exercise
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