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Main topics
• Identity by 

descent (IBD)
• Realised 

relatedness



• IBD  = Identity by descent

 = identical alleles with a    

   common origin in the 

   given pedigree

Identity by descent



Recombination

• Genetic distance between two 
loci:
= average # crossovers/ meiosis

• Units: 
o 1 Morgan (M) = 1 crossover 

per meiosis
o 1 centiMorgan (cM) = 0.01 M

• The human genome: Ca 30 
Morgan



A B

1 1•• any any••

1 any•• 1 any••



A B

1 2•• 1 any••

2 1•• 2 any••



A B

•• ••

• IBD = 2:
 A and B always has the same genotype

• Hardy-Weinberg:
𝑃(𝐴 = 1/1) = 𝑝1

2

𝑃(𝐴 = 2/2) = 𝑝2
2

𝑃(𝐴 = 3/3) = 𝑝3
2



A B

• Full match means 𝒂/𝒃 = 𝒄/𝒅

• IBD = 1 implies that 𝒂 = 𝒄

• What about 𝒃 = 𝒅 ?

𝑃 𝒃 = 𝒅 = 1 =  𝑝1 ∙ 𝑝1

𝑃 𝒃 = 𝒅 = 2 =  𝑝2 ∙ 𝑝2

𝑃 𝒃 = 𝒅 = 3 =  𝑝3 ∙ 𝑝3

a b•• c d••



A B

Partial match if 𝒃 ≠ 𝒅

𝑃 𝒃 = 1, 𝒅 ≠ 1 = 𝑝1 1 − 𝑝1

𝑃 𝒃 = 2, 𝒅 ≠ 2 = 𝑝2 1 − 𝑝2

𝑃 𝒃 = 3, 𝒅 ≠ 3 = 𝑝3 1 − 𝑝3

a b•• a d••



Emma and Charles Darwin (1840)



𝐻5: 𝐻4 = 1/0.8889 ≈ 1.12



Shared IBD segments



Shared IBD segments

Total length = 145.7 cM

𝑘1 =
145.7

3391
≈ 0.043



𝑘1 =
145.7

3391
≈ 0.043

𝜅1 =
1

4
= 0.25 𝜅1 =

1

8
= 0.125 𝜅1 =

1

16
= 0.0625 𝜅1 =

1

64
= 0.0156 𝜅1 = 0

Kappas can be computed with QuickPed: https://magnusdv.shinyapps.io/quickped/



Total observed IBD 
= 145.7 cM



x

Emma & Carlos
• Number of segments: 7
• Average length: 147.5/7 = 20.8



A B C D



A B C D



A B C D

Father of C and D can be:
• father of A and B
• father of A, not B
• father of B, not A
• not father of A or B (half sibs)
• not father of A or B (full sibs)



𝑃 𝐻∗ 𝐸 =
𝑃 𝐸 𝐻∗ 𝑃(𝐻∗)

𝑃 𝐸 𝐻1 𝑃 𝐻1 + … + 𝑃 𝐸 𝐻∗ 𝑃(𝐻∗)

=
𝑃 𝐸 𝐻∗

𝑃 𝐸 𝐻1 + … + 𝑃 𝐸 𝐻∗

≈
1

0.014 + 1
≈ 0.986



IBD segments shared by A and B

Solution method
• Segment lengths: endCM - startCM
• Add lengths of all with IBD = 1
• Divide by 3391 cM → 0.596

sibs-ibd.txt



As in previous exercise: 

𝑘2 =
total length with 𝐼𝐵𝐷 = 2

3391
= 𝟎. 𝟏𝟒

𝑘0 = 1 − 𝑘1 − 𝑘2 = 𝟎. 𝟐𝟔

Hence the corresponding point is
(𝑘0, 𝑘2) = (0.14, 026)



𝜑𝑅 =
𝑘1

4
+

𝑘2

2
=

0.60

4
+

0.14

2
= 0.22



𝜑𝑅 = 0.22

Calculation in R

> pnorm(phi_R, mean = 0.25, sd = 0.018)
# 0.05367422



Statistics

4 labs with 
perfect or nearly 
perfect score
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