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– By IBD sharing

The relatedness triangle
Adapted from Thompson (1975)



Defining relatedness

• Dictionary:
Connected by common ancestry or sometimes by marriage

Merriam-Webster
• Legal:

Associated through birth, adoption, marriage or common-law agreement
https://www.lawinsider.com/dictionary/legally-related

• Anthropology:
Those who see themselves as related 

Anthropological perspectives on kinship, L Holy, University of Alberta
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What does it mean to be genetically related?

5



Key concept: Identical By Descent (IBD)

• Red alleles are IBD, originate from grandmother
• Definitions are with respect to a given pedigree
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Kinship coefficient
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• Definition:
𝜑𝜑 = P (Random allele from A and        

random allele from B are IBD)

• Half siblings A and B
𝜑𝜑= 1
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IBD coefficients
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• Definition:

• Half siblings A and B:
𝜅𝜅0= 0.5, 𝜅𝜅1= 0.5, 𝜅𝜅2= 0



The relatedness triangle
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Realised sharing between siblings
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k'th
cousins   P(no IBD)

1 0.000

2 0.000

3 0.029

4 0.332

5 0.724

5th cousins: 
Usually no sharing!

The probability of zero IBD
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May have common 
ancestor without IBD

sharing



Example: 𝑃𝑃(𝑁𝑁𝑁𝑁 IBD 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 3𝑟𝑟𝑟𝑟 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)

Result: 𝑃𝑃 = 0.029 (𝑠𝑠𝑠𝑠 = 0.005)

Simulations in R (package: ibdsim2)

• Genetic map
– Decode (2019): Fine-scale recombination map

• Recombination model
– χ2 waiting times between crossovers
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Distant cousins share either nothing or quite a bit
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Realised relatedness, full siblings
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Realised kinship coefficients
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So... what does it mean to be related?

• Pedigree relatedness: Kinship coefficient 
– Potentially having alleles IBD
– Relevance

• Forensics
• Pedigree based comparisons
• Expected relatedness

• Genomic relatedness: Realised kinship coefficient 𝝋𝝋𝑹𝑹 > 0
– Actually having alleles IBD
– Relevance

• Animal genetics, breeding
• Clinical genetics
• Observed relatedness
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Genomic relatedness implies Pedigree relatedness
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Pedigree relatedness

Genomic relatedness



And what does it mean to be inbred?

• Pedigree inbreeding: Inbreeding coefficient f > 0
– Individual potentially having alleles IBD
– Relevance:

• Legal contexts
• Define incest
• Expected inbreeding

• Genomic inbreeding: Realised inbreeding coefficient fR > 0
– Individual actually having alleles IBD
– Relevance:

• Clinical genetics, e.g., recessive diseases
• Breeding programs
• Observed inbreeding
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Genomic relatedness vs mode of inheritance
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Paternal half sibs genomically unrelated for X, Y and mtDNA!



Inferring relatedness
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where??
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(Picture: Mail Online)

13th cousins once removed

P(any IBD) ≈ 0
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Inferring relatedness: two approaches

1. Maximum likelihood estimation from marker data

2. Classification based on IBD segments
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• Thompson (1975)
– Given: marker genotypes for two individuals
– The likelihood function

• Find the point which maximizes L!
– Called the maximum likelihood estimate (MLE)

• Assumptions:
– known allele freqs
– HWE
– no inbreeding

1. Maximum likelihood estimation of κ = (κ0 , κ1 , κ2)

L(κ) = P(genotypes | κ)
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What are we estimating?

1000 sibling simulations

Answer: The realised coefficients!
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Can we recover the pedigree?

x
x

Estimate �𝜅𝜅𝑅𝑅

True 𝜅𝜅𝑅𝑅 True 𝜅𝜅

x

True pedigree

In practice
• PO usually ok
• Sibs if good data
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2. IBD segments

# segments: 17
Total length: 334 cM

Individual lengths:
14.2, 67.6, 46.6, 13.9, 0.3, 
4.7, 19.0, 59.6, 3.1, 2.9, 
24.0, 1.9, 1.3, 20.1, 41.6, 
1.7, 11.7
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2. Classification based on IBD segments
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334 cM
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The importance of sex
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Maternal and paternal half sibs
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Summary

• Pedigree definition: φ > 0
– Potentially having alleles IBD

• Genomic definition (realised relatedness): 𝜑𝜑𝑅𝑅 > 0
– Actually having alleles IBD
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