Lecture 2: Statistical tools for kinship and DVI

Magnus Dehli Vigeland GHEP-ISFG 2026, Mexico
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Tool 1: Pedigrees

Tool 2: Measures of relatedness

Tool 3: The relatedness triangle

Tool 4: Estimating relatedness
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It depends:

* medical genetics

* forensic genetics

* animal pedigrees

e amateur genealogy

What software
exists to create
pedigrees?

In this course:
e QuickPed
* DIVIANA
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https://magnusdv.shinyapps.io/quickped/

QuickPed: An Interactive Pedigree Creator

Purpose: QuickPed lets you rapidly create attractive pedigree plots, save them as images or text files, and analyse the relationships within them.

New app design!

Discover the new features
Or stay with the old version: QuickPed3

Instructions: Choose a suitable start pedigree and madify it by clicking on individuals and using appropriate buttons. For example, to add a male child, select the parent(s) and press the |::| icon. Check out the
online user manual for various tips and tricks, including an introduction to relatedness coefficients.
Citation: If you use QuickPed in a publication, please cite this paper: Vigeland MD (2022). QuickPed: an online tool for drawing pedigrees and analysing relatedness. BMC Bicinformatics, 23.
DOI:10.1186/512859-022-04759-y.
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Tool 2: Measures of relatedness
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Possible answers

— being connected by family

What does it
mean to be
related?

— having a common ancestor...

(not too far back)

— sharing DNA ...

(more than unrelated people)

To make this precise, we need
some terminology!
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IBD and autozygosity

e identity by descent (IBD) ©0 Oee
— when alleles have a common origin |
in the given pedigree O
o ©
Q) @
e autozygous
> ON©)

— homozygous; alleles are IBD

Inbreeding coefficient
f = Pr(autozygosity)

C Oslo ' se0
universitetssykehus )



Coefficient of kinship/inbreeding

______
——————————————————————

Sewall Wright
(1889 - 1988)

e Wright (1921): The kinship coefficient ¢
®p,o = Pr( P and Q emit IBD alleles)

= Pr( R is autozygous )

= fe [ Kinship of parents = inbreeding of child }
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Example 1: Kinship coefficient of half siblings
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Kinship coefficient

@ = P(Q from both) - 2

= 0.5%-2
=1/8

!
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Example 2: Inbreeding coefficient

ON©),
O
By hand
f = P(@® autozygous) - 4
= 0564 !
other
= 1/16 colors

Wright's path formula:

Ppq = Z Z (%)lvlﬂ (1+1a)
A v
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e great-grandparent - ...
* granduncle - ...

* halfuncle-...

* 1st cousins

* double half cousins

* double 1st cousins 1r

* parent/child

° 4+ e full siblings
Unrelated v @ MZ twins
——— | | >
0 1/16  1/8 1/4 1/2 4

it

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

Challenge:
Many relationships have
the same kinship!
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Charles Cotterman
(1914-1989)

K2

Elisabeth Thompson
(1949 -)
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IBD coefficients

e Summary so far:
— Related individuals share alleles by descent (IBD)
— Kinship coefficient meassures the overall amount of IBD sharing

e Natural generalisation:
— How many alleles are IBD in each locus?

X () eo o
Definition
| * K,=Pr(0 alleles IBD)

* ;= Pr(1alleles IBD)
* k,=Pr(2 alleles IBD)

‘ O . O no IBD sharing (at random autosomal locus)

@O0 @O share ®
@O @O share@® and O
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Three trivial relationships

Monozygotic
twins (MZ)

(ko K1, K,) = (0,0,1) Always share 2

Always share 0

Q Unrelated (UN)

Parent-offspring (PO)

® O © @ O O

(Ko, K1, ;) = (0,1,0) (Ko K1, ;) = (1,0,0)

O Oslo ' .
universitetssykehus )




The relatedness triangle

A 2D representation of (x, k1, K,)

1 MZ
* Notethatx,+x,+x,=1
* Anytwo are sufficient
© (Ko K1, Kp) = (K, i)
K2
¢ >
PO
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Full siblings: (x,, k1, k) = (0.25,0.5,0.25)
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Quirks of the relatedness triangle: 1

K2

MZ

.\‘o,_‘S

Inadmissible region!
All relationships satisfy
K2 2 4dKykK,
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Quirks of the relatedness triangle: 2

MZ

11

2’2’0)

All have (xy, k1, K3) = (
Some K2

relationships

coincide!
\
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PEDIGREE
ANALYSIS

A word of caution INR

()
o/

%

O

\F R NAS
e N »
.u.’!g Z}f.*“:'u,: -

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

Albert Jacquard
(1925 - 2013)
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Another word of caution: Degree of relatedness

deg=1 deg =2 deg=3
7 O Y0 O
O O
O
% 2 ]
deg=" deg="?
O O O -
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Another word of caution: Degree of relatedness

Degree of relationship

Roman Canon Relationship $
Genetics - law ¢ aw ¢
0 0 0 self
0
1 1
1 3
1 2
2 2 ghter / grandson
2 3
2 2
2 4
3 4
. . Miather / great-granddaughter /
3 4 3 grarams geerauncle / grandniece / grandnephew
3 3 2 half-aunt / half-uncle / half-niece / half-nephew
3 5 3 double-first cousin once removed
3 4] 3 quadruple-second cousin

Source: Wikipedia Coefficient of relationship
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Tool 4: Estimating relatedness
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Pairwise inference: Main approaches

More about
this tomorrow!

A. Based on IBD coefficients

— Typically with STR markers

— Maximum-likelihood estim.
— Assumes independence

— Complexity: Easy
— Accuracy: Poor (except PO/MZ)
— Scope: Close relationships

OLD SCHOOL

B. Based on IBD segments

— Requires lots of SNPs

— Two steps:
1) SNPs - IBD segments
2) IBD segments - relatedness

— Complexity: Medium/high
— Accuracy: Better
— Scope: Close + distant

MODERN
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Approach A

where??

24

O Oslo ' .
universitetssykehus )



Maximum likelihood estimation of ¥ = (k,, x, k)

e Thompson (1975)

. . Implementations:
— Given: marker genotypes for two individuals

* R/pedsuite
— The likelihood function  DIVIANA
* Familias

L(x) = P(genotypes [ k) MZ * + many others

e Find the point x which maximizes L(x)!

e Assumptions:

— known allele freqs
— HWE
— no inbreeding
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What are we estimating?

Points in the "forbidden"
area are ok!

Answer: The realised relatedness

PO HUG LN
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Application 1: Pedigree error detection

e For each pair of individuals, compute: MZ According to pedigree

A Parent-offspring
Full siblings

X Half/Uncle/Grand
First cousins/etc
Unrelated

1) pedigree-based kappa
2) marker-based kappa estimate

GLR > 1000

o Compare them with an LR (actually: generalised LR") Ko

e Color-coded plot:

\“oxS
— Position shows estimate & T
— Color/shape shows pedigree claim ﬁ ><x .................. ,
VaX __(Q_.‘_';;-;~ /]
PO H,U.G FC UN

*Egeland & Vigeland (FSl:Genetics, 2025): Kinship cases with partially specified hypotheses.
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Application 2: Pedigree reconstruction

parent/child parent/child

Step 1: Genders é
Step 2: Use pairwise estimates 1

* Connect parent-child
* Exploit siblings
Step 3: Solve the puzzle!
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Your turn: Exercises!
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