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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



Rule of thumb: One crossover per chromosome arm



Identical by descent



Half first cousins, expected sharing:

κ1 = 2 ∙ 1
2

4
=

1

8
= 12.5%

This realisation
k1 = 12.1%



Realised inbreeding

𝑓𝑅 = autozygous fraction of genome 

Expected value:
𝑓 = 1/8

autozygous

500 sims



Realised IBD coefficients

Realised IBD coefficients: 
Proportions of genome with IBD = 0, 1, 2

x



Variation in realised IBD coefficients

1000 simulations

Some siblings 
are more alike 
than others!

> library(pedsuite)

> library(ibdsim2)

> x = nuclearPed(2)

> s = ibdsim(x, N = 1000)

> k = realisedKappa(s, ids = 3:4)

> showInTriangle(k)



Variation depends on the genome

Human: 
• 22 autosomes
• 3000 cM

Opossum: 
• 8 autosomes
• 800 cM

Shorter genome = more variation!



Indistinguishable relationships?

𝜅0 = 0.5
𝜅1 = 0.5
𝜅2 = 0



Simulated IBD distributions

ϕ = 1/8
In theory distinguishable 

with linked markers!
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(Picture: Mail Online)

13th cousins once removed

P(any IBD) ≈ 0



The probability of zero IBD

Third cousins 
Expected fraction with IBD = 1:

𝑘1 =
1

64

N'th cousins P(zero IBD)

first 0.0 %

second 0.0 %

third 1.5 %

fourth 28 %

fifth 67 %

Two individuals can have a 
common ancestor without 
being genetically related



Distant cousins share either nothing or quite a bit



Reversely:
Is 100 % inbreeding possible?

• Continuous full-sib mating

• Easy to show:

– inbreeding coefficient 𝑓 →  1

• In finite pedigree:

– pedigree-based 𝑓 will never reach 1

𝑓1 = 0

𝑓2 = 0.25

𝑓3 = 0.375

𝑓4 = 0.5

𝑓5 = 0.59

After ~30 generations, 
the realised inbreeding 

typically reaches 1
But:



The importance of sex

• Rule of thumb: 

1 cM ≈ 1 Mb

• But: crossover rates vary

– across the genome

– males vs. females

Females have a much longer genome!



Can we separate these??



Yes!



Napoleon Bonaparte (1769 - 1821) Jane Austen  (1775 - 1817)

10 gen.
paternal line

you you

10 gen.
maternal line

Exercise!



Summary of genetic relatedness

• Pedigree-based measures:

– the kinship/inbreeding coefficient φ

– the kappa coefficients κ = (κ0, κ1, κ2)

• Each coefficient is

– the probability of observing a certain IBD pattern in a random locus

– the expected proportion of the genome in this state

• Realised relatedness:

– IBD segments determined by meiotic recombination

– females recombine more than males

– may separate relationships with equal kappa's

– 0% and 100% realised identity is possible!



So...what does it mean to be related?

• Pedigree based definition: φ > 0

 potentially having alleles IBD

• Genomic definition (realised relatedness):

 actually having alleles IBD
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