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Lecture 5: IBD segments and realised relatedness
or
Why are some siblings more alike than others?

Magnus Dehli Vigeland

Workshop - Alcala de Henares - 2026
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Meiotic recombination

O I I Crossc;ver J | Double crossover
o *  Genetic distance between two loci:

= gverage # 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
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Rule of thumb: One crossover per chromosome arm

l' or ‘i

XX (female) XY (male)

Sex Chromosomes
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Realised inbreeding
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} autozygous

fr = autozygous fraction of genome

500 sims | Expected value:
f=1/8
[ I T I 1
0.05 0.10 0.15 0.20 0.25

O Oslo
universitetssykehus

|

Autozygous segments
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Realised IBD coefficients

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

O

Of

BD =0

BD =1

BD=2
BD =1
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ibdsim2

Variation in realised IBD coefficients llozoll
[

1000 simulations
IE%%)

::i 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)
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Variation depends on the genome

«MZ Mz i ey Ny
Human: | Opossum:
* 22 autosomes * 8 autosomes
« 3000 cM « 800 cM
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Indistinguishable relationships?

MZ

ibdsim?2

lissoll
I

HalfSib Grandpar Uncle
KO —_ 05
Kl —_ 05
Kz — O
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Simulated IBD distributions

Relation
- = HalfSib
= Grandpar
== Uncle
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HalfSib

Grandpar Uncle

20 30 40

Segment count

In theory distinguishable
with linked markers!
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(Picture: Mail Online)  Ralph BOWES

(1480-1516)
of Streatlam, Co Durham
High Sheriff
GRANDCHILDREN
@ Sir George BOWES Bridget BOWES @
Loyal to Queen Elizabeth | Married John Hussey
during the rising of the North, 1596 of Dorking
GREAT-GRANDSON Captain Christopher HUSSEY @
@ Sir William BOWES MP (1598/9-1686)
. “6-57_'707;, A founder of Nantucket, Massachusetts
During reign of Charles Il I
Royalist Huldah HUSSEY @
| 1 64340
e Sir George RNWES MD Married Lisitanant fohn SMITH
O
O M
Married Jc rart
o P(any IBD) =0
Qo N , O
20 “\. 2
14th Earl of Strathn.. i Lee MERRILL
weorge David MERRILL a
e Lady Elizabeth BOWES LYON (1861-1924)
(1900-2001) I
HM Queen Elizabeth Gertrude May MERRILL e
The Queen Mother ) (1887-1938)
l Married Ffedend(I George SANDERS
G I oo @)
(1926- ) Married Gordon Arnold Markle
Iﬁ '_1
Lady Diana HRH Thomas Wayne Doria L. a
Spencer Prince of Wales Markle Ragland
(1961-1997) (1948- , ) (19441- ) (l95fl>- )
PRINCE HARRY (RACHEL) MEGHAN MARKLE

15th > ausins

= 13th cousins once removed



The probability of zero IBD

(‘\

Third cousins
Expected fraction with IBD = 1:
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N'th cousins
first
second
third
fourth
fifth

P(zero IBD)
0.0%
0.0 %
1.5%
28 %
67 %

Two individuals can have a
common ancestor without
being genetically related



Distant cousins share either nothing or quite a bit

(]
(1))
o Expected 97.3% zero
) _—A
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36 :
72.4% zero

5 _A
_ 33.2% zero

3

2

1
0.1 1 10 100 1000
Total length (Mb) of IBD segments
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Reversely:

Is 100 % inbreeding possible? 1 O
e Continuous full-sib mating
=0
| Ly,
e Easytoshow: 5
— inbreeding coefficient f — 1 5 W J2=0.25

e In finite pedigree: é} f3 = 0.375

— pedigree-based f will never reach 1

After ~30 generations,
But: the realised inbreeding
(5 fs=0.59
12

typically reaches 1

11
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The importance of sex

Genetic map of chromosome 1

— femal
e Rule of thumb: 3 | — ol
o0
1cM =1 Mb 3 -
[
S
3 o
e But: crossover rates vary 2
— across the genome S
— males vs. females o
o -
I I I I I I
0 50 100 150 200 250

Mb

Females have a much longer genome!

O Oslo ’ .
universitetssykehus )



Can we separate these??

HS paternal HS maternal

O O O
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Yes!
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IBD sharing by family members

Purpose: Estimate and visualise distributions of genomic segments shared identical-by-descent (IBD) between related individuals, or within inbred individuals (autozygosity). Recombination is simulated down through the pedigree, using detailed, sex-specific crossover
rates for the human genome (Halldorsson et al , 2019)

More information: This program is a frontend for the R package ibdsim2, which is part of the pedsuite ecosystem for pedigree analysis. Details about the simulations can be found in the package documentation, and in the book Pedigree analysis in R. Please cite this

book if you use the app in your work
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Analysis
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This is version 2.3.2.9000 of ibdsim2 (changelog). For bug reports, feature requests, or other comments, please file an issue at https //github.com/magnusdv/ibdsim2/issues.

Segments
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Statistical methods in genetic relatedness and pedigree analysis



Miguel de Cervantes

10 gen.
paternal line

you

P(some IBD) = 38%
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Isabella | of Castile

O
O

10 gen.
maternal line

you

P(some IBD) =51%



Summary of genetic relatedness

e Pedigree-based measures:
— the kinship/inbreeding coefficient ¢
— the kappa coefficients k = (x,, x,, k)

e Each coefficient is
— the probability of observing a certain IBD pattern in a random locus

— the expected proportion of the genome in this state

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

e Pedigree based definition: ¢ >0
potentially having alleles IBD

e Genomic definition (realised relatedness):

actually having alleles IBD
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Epilogue

e Which of these relationship are genetically different?

Iz

1 2 3 4 5

e Answer:1=2=5 and 3=4
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Theorem g
Two unilineal relationships have ) X8
identical IBD distributions X8
if and only if they have the same ... o
PPN
Henrik Nordtorp
A B C D

™\

oee

d=n+1 d=ny;+n,+2 d=n+2
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Type (A-D)
Degree

Anchor females/males
Free females/males

bE:
!

d=n;+n,+3




A B

£
i

%]
o
L

Pedigree
— 1

-—

=]
o
1

—

]
o
1

Number of segments
o

10 -

10 15 20 25 30
Mean segment length (cM)

D

Pedigree
201 —
— 2

— 3

151

101

Number of segments

c§
d

10 15 20 25
Mean segment length (cM)

c\ Oslo ' oo
universitetssykehus °



	Slide 1: Lecture 5: IBD segments and realised relatedness or Why are some siblings more alike than others?
	Slide 2: Meiotic recombination
	Slide 3: Rule of thumb: One crossover per chromosome arm
	Slide 4
	Slide 5
	Slide 6: Realised inbreeding
	Slide 7: Realised IBD coefficients
	Slide 8: Variation in realised IBD coefficients
	Slide 9: Variation depends on the genome
	Slide 10: Indistinguishable relationships?
	Slide 11: Simulated IBD distributions
	Slide 12
	Slide 13
	Slide 14: The probability of zero IBD
	Slide 15: Distant cousins share either nothing or quite a bit
	Slide 16: Reversely: Is 100 % inbreeding possible?
	Slide 17: The importance of sex
	Slide 18: Can we separate these??
	Slide 19: Yes!
	Slide 20
	Slide 21
	Slide 22: Summary of genetic relatedness
	Slide 23: So...what does it mean to be related?
	Slide 24: Epilogue
	Slide 25
	Slide 26

