IDENTITY BY DESCENT
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Consanguinité

entre deux individus reliés, on copte sur I'identité de haplotypes par descente

an
g) N g) :
Half-siblings:
Chroamgfsorlggs‘l |IBD
IBD
. Fifth-cousins:
Chromosome 1
IBD
IF _______________ K--------T-C-TC-CZCCC LC .
|

Browning & Browning (2012)
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Segments IBD

centiMorgan : distance sur laquelle 0.01 recombinaisons occurrent en une génération

génome humain : 10° pb ~ 1 cM

distance de m générations : proportion de génome partagée 1/ om—1

longueur de segment : 100/m cM

= cousins de 5e degré : partage %(Bll\/lb ~ 1.5CM en moyenne venant de

chaque grand5parent, de longueur 8.3 CM en moyenne ; aucun segment en com-

mun avec > 65% probabilité :

2-15
3.5

= 0.35
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Reine Victoria et Prince Albert
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Csuros (2014)
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Mode d’identité (Jacquard)

A x/x x/x Aq
B

A x/x x/y A3
B

A x/y x/x As
B

N

5 x/y x/zZ Ag
A x/y x/y A~
B

-D * IFT6299 H2014 x UdeM x Miklos Csliros
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IBD — IBS

(identity-by-descent et identity-by-state)

Table 2 | Joint genotypic probabilities

7

Genotypes

AA,AA

[

[

AALAA
AAAA;

i

AA.

i AjAm
AAAA,
AAAA,

AALALA

Genotypic
state
Hom/hom
Hom/hom
Hom/het
Hom/het
Het/het

Het/het

Het/het

Number of
shared alleles

2

0

General

AP+ (A) + Az + Ag + A7)P2 + (A4 + Ag + Ag)P;3 + AgP#
A PiP; + A4PP2 + AgPi2P; + AgP;2P}2

AsPiP; + (2A4 + Ag)P2P; + 2AgP3P;

2A4PiPiPy + 2AgP2P;P,

2A;PiP; + AgPiPi(P; + P;) + 4AqP2P2

AgPiPiPm + 4AgP2P;P,

4APPPPy

Non-inbred

koPi? + kPP + koPi?

koPi2P;2

k1Pi2P; + 2koP3P;

2koPi2PiPp,

2kyPiP; + k PiPy(P; + P)) + 4koPi2P;2
k1PiPPp + 4koPi2P;Pp,

4koPPPPy

The table shows seven distinct patterns of genotypes that are possible for two unordered individuals, and the probabilities of these pairs of genotypes in general, or
assuming no inbreeding. Two genotypes could be homozygous (hom) for the same or different alleles (rows 1 and 2), one could be homozygous and the other
heterozygous (het) with one or zero shared alleles with the homozygote (rows 3 and 4), or both individuals could be heterozygous with two, one or zero shared
alleles (rows 5-7). There are nine pairs of genotypes if the ordering of individuals is important (not shown), as the genotypes in rows 3 and 4 (one homozygote and
one heterozygote) each have two orders. k, the probability of sharing i number of alleles that are identical-by-descent (where i = 0-2; see also FIG. 1); P, allele
frequency; A, , Jacquard coefficients, which are measures of identity-by-descent status (BOX 1; FIG. 1).

— probabilité d’émission pour HMM avec états A\

IBD * IFT6299 H2014 x UdeM x Miklos Csiros

Weir & al. (2012)
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Détecter les segments IBD

Problémes

[. On a 2 individus — on veut identifier le niveau exact de parenté :
kcoefts, CARROT

[1. Identifier des liens de parenté dans une population : on a i génomes (diploides)

— on veut identifier les paires d’individus avec segments IBD :

fastiIBD, GERMLINE, ...

IBD x IFT6299 H2014 x UdeM % Miklos Csliros vii



Quantification

coefficient de consanguinité «y (inbreeding coefticient) :

probabilité d'IBD entre les 2 alleles du méme individu

modele iid (allele A avec p, a avec ¢ = 1 —p) + consanguinité : proba de génotypes

non-ordonnés
cb(Aa) = 2(1 —v)pg
_ .2 q
6(AR) = p?(1+17)

8(a3) = (1 +v§)

avec v = O : coefficients de Cotterman pour fréquences de IBDO, IBD1, IBD2

IBD * IFT6299 H2014 x UdeM x Miklos Csiros



Methode de Lee

homozygotes discordantes (D) : (AA,aa) ou (aa, AA)
hétérozygotes concordantes (C) : (Aa, Aa)

probabilités sans IBD : d = PD = 2p2q2, c=PC = 4p2q2

compter seulement les sites C ou D : X1, Xp,...,Xpn € {0,1} ou X; = 1

dénote des hétérozygotes concordantes

définir le compte Ng = > 1 X;;ona
2 2
ENe, = ~%;  VarNy = -"
3 9

= test d’hypothese : % ~ N (2 /3, g—g) si indépendents

si IBD, alors ENg > 2n/3;
si populations différentes (aucun IBD, p différentes), ENp < 2n/3

Lee Annals of Human Genetics, 67 :618 (2003)
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percent informative SNPs

kcoetf

. . . .. * . _ NC
distribution jointe de IBS2™ ratio = No+Np N7
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Stevens & al PLoS Genetics, 7 :¢1002287 (2011)



Segments a fine échelle

HMM avec état [() consanguinité]

comme vecteurs de 8 indicateurs :

me € {0,1} : E1 et Fy héritent le méme haplotype du
parent C'; mp

mp € {0,1} : E5 recoit 'allele de C'; mp (regoit de D)
dg =0si F1 — Fy--- — Ep

pA : phase de A/ FEgen,

A B
Transitions : par coordonnées, indépendamment !

Kyriazopoulou-Panagiotopoulou & al ISMB 2011
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CARROT

Variable Pr(0—0) Pr(1—0)
mc 07 +(1—6;)° 20r(1—61)
mg, 1—6k Ok
_ eny—1fgeny —1 1 _

da (1—;)ena~! <Z§:? ( . )9;;(1 — G )gena! n) /(2801 1)
PA l-w ®

* émissions selon qualité des bases de sequencage

* classification de segments (fenétre) par proba-

bilité postérieure d’'IBD

Degree Relationship (mrcas, geny, geng)

Full siblings (2,0, 0) Rel. 202 21,1 220 1,-12 1,01 LI, 1,2,-1

! Parent—child (1, -1,0)

Half siblings (1,0,0) 2,0,2 88 - - 5 5 2 -

2 Aunt-niece (2,0, 1) 2.1,1 — 84 1 — 7 8 —
Avuncular 2,0, 1)or (2, 1,0) 2.2.0 _ 1 88 _ 2 4 5
Grandparent—grandchild 1, -1, 1) 1’_’1 2 2 _ _ 9% 1 1 _

First cousins 2 LD 1,0 1’ - 11 - - 68 21 -
Great grandparent—grandchild 1, -1,2) 7

3 Great aunt—niece (2,0,2) 11,0 N N - 24 68 N
Half aunt-niece (1,0, 1) 1,2-1 - - 3 - 1 1 95

4 Half first cousins 1, 1,1

IBD * IFT6299 H2014 x UdeM x Miklos Csiros

The value at row i and column j is the percentage of pairs of relationship i that were
predicted to be of relationship j. (2, 0, 2): great aunt—niece; (2, 1, 1): first cousins; (2, 2,
0): great niece—aunt; (1, —1, 2): great grandparent—grandchild, (1, 0, 1): half aunt-niece;
(1, 1, 0): great niece—aunt; (1, 2, —1): great grandchild—grandparent.

Kyriazopoulou-Panagiotopoulou & al ISMB 2011
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Segments IBD dans une population

(méthode de GERMLINE : segments longues)

On a des haplotypes [phases!] : matrice binaire H[1..2n][1..s] avec haplotypes

sur s sites dans 1 génomes

segment IBD : H[7][5..7'] = H[][7..5']

But : identifier les segments IBD les plus longs

1. groupage de haplotypes identiques (tableau de hachage) dans bloc

2. tfusion de paires dans blocs consécutifs ; maintenir debut de segment pour la paire

paires de haplotypes (7,4’) avec bloc (k — 1) IBD : soit extension a bloc k (avec

erreurs permises), soit tester longueur (dépasse Lmin ?
p g p min

Gusev & al Genome Research 19 :318 (2009)
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Segments IBD dans une population 2

Beagle et fastIBD : modele LD (linkage disequilibrium) pour haplotypes

HMM : états = allele 0/1 dans le haplotype; transitions par fréquence dans les

haplotypes ;

Individual 1: Four
sampled haplotype
pairs

Individual 2: Four
sampled haplotype
pairs

Shared haplotype
tracts

Merged IBD tract

émissions incluent erreur de séquencage

;m

. NN

.

NN AN AN

IBD x IFT6299 H2014 x UdeM % Miklos Csliros

Figure 1. Example of an LD Model on Four SNPs

SNP 1 is represented by edges e, and eg; SNP 2 by edges ec, ep, eg;
SNP 3 by edges ey, eg, ey; and SNP 4 by edges ey, e, e, eL. For
each SNP, allele 1 is represented by a solid line, whereas allele 2
is represented by a dashed line. Haplotype H1 (1 1 1 1) follows
the orange path (ea, ec, ep ep), and haplotye H2 (2 1 1 1) follows
the blue path (e, eg, ey, ey).

Browning & Browning American Journal of Human Genetics (2010,2011)
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Groupage de haplotypes localisés

Fig. 1. Initial steps in procedure for creating localized haplotype clusters. (A) Starting with all haplotypes in a single node, the node
is split by the alleles at the first marker (a diallelic marker is shown here, however the method can be used with multiallelic markers).
The resulting nodes may be merged if the merging criterion is met (for this example the nodes are not merged). (B) The nodes are split
by the alleles at the second marker. The four nodes represent the four possible haplotypes when considering the first two markers.
(O) Pairs of nodes may be merged. In this example, the first and third nodes are merged. The resulting merged node corresponds to
all haplotypes with allele 1 at the second marker. (D) The three nodes are split by the third marker. The process continues by
considering merging the resulting nodes, then splitting by the fourth marker and so on.

(fusionner les haplotypes les plus proches selon quelques criteres)

Browning & Browning Genetic Epidemiology 31 :365 (2007)
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Détection de segments IBD
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Figure 1 Empirical power of fastIBD. Empirical power of fastIBD to detect an IBD segment as a function of the number of SNPs within a
segment in the simulation study. Each plot presents different lengths of IBD segments examined. The power of each dataset is represented by
different colored circles and plotted against the number of SNPs contained within a given region.

WTCCC : puce avec SNPs éparses ; Hapmap : puce dense ;
1000G : Illumina ; Complete Genomics

Su & al BCM Bioinformatics 13 :121 (2012)
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Fins points de simulation

3cM

'n‘

@) )
Q Q
T .
«Vrai» haplotypes artificiels apres mixage (pas de rélations
non-détectées)

IBD par copiage au hasard

Su & al BCM Bioinformatics 13 :121 (2012)
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Fausses positives. . .
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Figure 4 Empirical false positive rate of Germline. Empirical false positive rate of Germline to detect an IBD segment as a function of the
number of SNPs within a segment in the simulation study. Each plot presents different lengths of IBD segments examined. The error rate of each
dataset is represented by different colored circles and plotted against the number of SNPs contained within a given region.
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Su & al BCM Bioinformatics 13 :121 (2012)
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Distribution de segments IBD dans la po-

pulation

A ! = i B N

croissance/
contraction
exponentie

taille constante

fondateur + .
croissance

la distribution de segments IBD dépend de I’histoire de la population
Palamara & al American Journal of Human Genetics 91 :809 (2012)
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Segments IBD et parametres
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Palamara & al American Journal of Human Genetics 91 :809 (2012)
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Démographie des Ashkenazim

2x107 < i i
O i ' —Ashkenazi Jewish population
~ 1
\\E i ——Expansion
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Segment length (cM)

meilleur fit pour données d’Ashkenazim (n = 500 génotypés, £ = 750 K sites) :
EFE avec N = 2300 (-200 générations), /* 45 K (-34 générations) \, 270
4.3 M

Palamara & al American Journal of Human Genetics 91 :809 (2012)
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Deémographie des Maasai

1.2x10°
——Maasai population
— Exponential contraction
----Village 95% CI
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Segment length (cM)

meilleur fit pour données de Maasai (n = 78 génotypés, £ = 1.5 M sites) : EFE
avec Ne = 23500 (-23 générations) , / 500

explication : villages avec migration de taux bas (= ancétres communs sont plus

anciens)

Palamara & al American Journal of Human Genetics 91 :809 (2012)
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Population des Amériques

] Colombians from Medellin (CLM)
1

0.5

Mexican Ancestry in Los Angeles (MXL)

m Parakan2

.Jamarnadi
A Karitiana

Puerto Ricans from Puerto Rico (PUR)

{9 )
Quechuaas

)
e Kogi
A Embera e Guahibo ©® Maya ® Jamamad
) Individual ancestry proportions m Waunana A Pj A Zapotec A Karitiana
West African estimated by ADMIXTURE Piapoco P
+ Wayuu ® Ticuna B Mixe ® Parakana
CLTRRE * Inga e Chane ¢+ Mixtec * Arara

Gravel & al PLoS Genetics 9 :e1004023 (2013)
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Fondateurs et diversion

PUR CLM
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Tract Length (cM) Tract Length (cM)
Magnitude and origin of migrations Magnitude and origin of migrations
=5 ~51
<390 < 4o
15 GA Time » today 14 GA Time » today

Gravel & al PLoS Genetics 9 :e1004023 (2013)
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Population des Amériques 2

1.8F {_*~ + © * ¥ T+ ' 1 I =
— -1 Lowest plausible
_ -, founding time
o 1.6+ i
(o)) L
Tc:. i
214 Allowed parameter range .
o [ ]
o 12 )
©
c o
-% 100 _,_____________ _ .| =& o=
= - Lowest mutation rate estimate
= S
0.8+ : ]
16 18 20 22 24
Founding time (kya)

arrivée : 16000 ans, MXL 12200 ans, PUR/CLM 11700 ans, migrations

Gravel & al PLoS Genetics 9 :e1004023 (2013)
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