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Outline

• Part I: Pedigrees

– Conventions and terminology

– QuickPed

• Part II: Measures of relatedness

– Identity by descent (IBD)

– Kinship/inbreeding coefficients

– IBD triangle

– A word of caution: Degree of relatedness

• Part III: Realised relatedness

– IBD segments

– Simulation tool: ibdsim2
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Part I: Pedigrees
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Conventions and terminology

=  male

=  female

=  unknown
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Conventions and terminology

=  male

=  female

=  unknown

Founders 
No parents included 

in the pedigree

Nonfounders 
Parents are included
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Conventions and terminology

=  male

=  female

=  unknown

Founders 
No parents included 

in the pedigree

Nonfounders 
Parents are included

Leaves
No children included 
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Conventions and terminology

Founders 
No parents included 

in the pedigree

Nonfounders 
Parents are included

Leaves
No children included 

Inbred
Children of related 

parents

=  male

=  female

=  unknown
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Alternative ways of drawing pedigrees

Standard

1

3

5

Simplified Directed acyclic graph
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Some common relationships

(and some less common...)
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Cousin relationships

Full siblings

First cousins

Second cousins
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Cousin relationships

First cousins 
once removed

Uncle - nephew
(avuncular)
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Cousin relationships

Great-uncle
(or sometimes: granduncle)
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Half cousin relationships

Half siblings

Half first cousins

Half second cousins
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Half cousin relationships
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Half first cousins 
once removed

Half-uncle - half-nephew
(half avuncular)



Double relationships

First cousins + half siblings = 3/4 siblings



Double first cousins

Double relationships
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Quadruple half first cousins!

The connoisseur's favourite
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What software 
exists to create 
pedigrees?

It depends!
• medical genetics
• forensic genetics
• animal pedigrees
• amateur genealogy

In this course:
• QuickPed
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https://magnusdv.shinyapps.io/quickped/
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4
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DEMO!



Part II: Measures of relatedness
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Possible answers

– being connected by family 

– having a common ancestor...

(not too far back)

– sharing DNA ... 

 (more than unrelated people)

To make this precise, we need 
some terminology!

What does it 
mean to be 

related?
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IBD and autozygosity

• identity by descent (IBD)
– when alleles have a common origin 

in the given pedigree

• autozygous
– homozygous; alleles are IBD

Inbreeding coefficient
𝑓 = 𝑃𝑟(𝑎𝑢𝑡𝑜𝑧𝑦𝑔𝑜𝑠𝑖𝑡𝑦)
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• Wright (1921): The kinship coefficient 𝜑

    𝜑𝑃,𝑄 = Pr( P and Q emit IBD alleles)

      = Pr( R is autozygous )

      = fR

Coefficient of kinship/inbreeding

Sewall Wright
(1889 - 1988)

P Q

Kinship of parents = inbreeding of child

R
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Example 1: Kinship coefficient of half siblings

Kinship coefficient

𝜑 = 𝑃  from both ∙ 2

 = 0.54 ∙ 2

 = 1/8
green
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Example 2: Inbreeding coefficient

In R
> library(pedsuite)

> x = cousinPed(1, child = T)

> inbreeding(x, ids = 9)

[1] 0.0625

Wright's path formula:

𝜑𝑃,𝑄 = ෍

𝐴

෍

𝑣

1

2

𝑣 +1

(1 + 𝑓𝐴)

By hand

𝑓 = 𝑃  autozygous ∙ 4

 = 0.56 ∙ 4

 = 1/16
other 
colors
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Unrelated MZ twins

0 1/21/41/81/16

• parent/child
• full siblings

• grandparent - ...
• half siblings
• uncle-niece (etc.)
• double first cousins

• great-grandparent - ...
• granduncle - ...
• half uncle - ...
• 1st cousins
• double half cousins
• double 1st cousins 1r
• +++

𝜑

Challenge:
Many relationships have 
the same kinship!



The IBD triangle

Elisabeth Thompson
(1949 - )

Charles Cotterman
(1914-1989)
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IBD coefficients

• Summary so far: 

– Related individuals share alleles by descent (IBD)

– Kinship coefficient meassures the overall amount of IBD sharing 

• Natural generalisation:

– How many alleles are IBD in each locus?

no IBD sharing

share  

share        and 

Definition
• κ0 = Pr(0 alleles IBD)
• κ1 = Pr(1 allele IBD)
• κ2 = Pr(2 alleles IBD)

(at random autosomal locus)
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Three trivial relationships

(𝜅0, 𝜅1, 𝜅2) = (0,1,0)

Parent-offspring (PO)

(𝜅0, 𝜅1, 𝜅2) = (1,0,0)

Unrelated (UN)

(𝜅0, 𝜅1, 𝜅2) = (0,0,1)

Monozygotic
twins (MZ)
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Always share 2

Always share 1

Always share 0



The relatedness triangle

1

1
A 2D representation of (𝜅0, 𝜅1, 𝜅2)

• Note that κ0 + κ1 + κ2 = 1
• Any two are sufficient
• (𝜅0, 𝜅1, 𝜅2) → (𝜅0, 𝜅2)
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Kappa coefficients of full sibs

= (0.25, 0.25)
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1/2   1/2
𝜅2 = 0.25

1/2   1/2
𝜅0 = 0.25

𝜅1 = 1 − 𝜅0 − 𝜅2 = 0.5



Quirks of the relatedness triangle: 1

Inadmissible region!
All relationships satisfy 

κ1
2 ≥  4κ0 κ2
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Quirks of the relatedness triangle: 2

All have (𝜅0, 𝜅1, 𝜅2) = (
1

2
,

1

2
, 0)

Some
 relationships 

coincide!
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Jacquard's identity coefficients

Albert Jacquard
(1925 - 2013)

𝜅 is only defined for non-inbred individuals.
For the whole story, we need 9 coefficients!

A word of caution
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Another word of caution: Degree of relatedness
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deg = 1 deg = 2 deg = 3

deg = ? deg = ? deg = ?



Another word of caution: Degree of relatedness
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Source: Wikipedia Coefficient of relationship



Moral

• If you use the word degree, make it very clear what you mean. 

• Give examples!

• Here is a good example from Wikipedia  
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Prohibited degree of kinship for marriage

Source: Wikipedia, Prohibited degree of kinship



Part III: Realised relatedness
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Why are some siblings 
more alike than others?



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 = 1/8 = 12.5%

This realisation:
• 20 segments
• Covers 10.9%

Actual IBD sharing

500 simulations



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)



The variation depends on genome length

Human: 
• 22 autosomes
• 3000 cM

Opossum: 
• 8 autosomes
• 800 cM

Shorter genome = more variation!



Recall these "indistinguishable" relationships

𝜅0 = 0.5
𝜅1 = 0.5
𝜅2 = 0



Different IBD segment distributions!

ϕ = 1/8
Therefore:

In theory distinguishable 
with linked markers!



The importance of sex

females 
recombine 

more!



48% (32 segments)  55% (50 segments)  



https://magnusdv.shinyapps.io/ibdsim2-shiny/



Summary of genetic relatedness

• Pedigree-based measures of relatedness:

– 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 stat

• Realised relatedness:

– IBD segments resulting from recombination

– females recombine more than males

– useful variables: segment count & lengths

QuickPed 
https://magnusdv.shinyapps.io/quickped

ibdsim2 
https://magnusdv.shinyapps.io/ibdsim2-shiny
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Your turn: Exercises!
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  f   =   P r ( a u t o z y g o s i t y )


  𝜑


   𝜑  P , Q


  𝜑 = P  (             from   both ) ∙ 2


          =   0 . 5 4 ∙ 2


          = 1 / 8


   𝜑  P , Q =   ∑ A    ∑ v     (  1 2 )   | v | + 1 ( 1 +  f A )


  f = P  (             autozygous ) ∙ 4


          =   0 . 5 6 ∙ 4


          = 1 / 16


  𝜑


  ( 𝜅 0 ,  𝜅 1 , 𝜅 2 ) = ( 0 , 1 , 0 )


  ( 𝜅 0 ,  𝜅 1 , 𝜅 2 ) = ( 1 , 0 , 0 )


  ( 𝜅 0 ,  𝜅 1 , 𝜅 2 ) = ( 0 , 0 , 1 )


  ( 𝜅 0 ,  𝜅 1 , 𝜅 2 )


  ( 𝜅 0 ,  𝜅 1 , 𝜅 2 ) → ( 𝜅 0 ,   𝜅 2 )


   𝜅 2 = 0 . 25


   𝜅 0 = 0 . 25


   𝜅 1 = 1 −  𝜅 0 −  𝜅 2 = 0 . 5


  ( 𝜅 0 ,    𝜅 1 ,  𝜅 2 ) = (  1 2 ,  1 2 ,   0 )


  𝜅


   κ 1 = 1 / 8 = 12 . 5 %


    10 . 9 %


   f R =


  f = 1 / 8


   𝜅 0 = 0 . 5


   𝜅 1 = 0 . 5


   𝜅 2 = 0

