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Common features: Problem, Data
(DNA), Weight of evidence
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 Thomas Jefferson og Sally Hemings

— “In September 1802, political journalist James T.
Callender, a disappointed office-seeker who had
once been an ally of Jefferson, wrote in a
Richmond newspaper that Jefferson had for many
years "kept, as his concubine, one of his own
slaves." "Her name is Sally," Callender continued,
adding that Jefferson had "several children” by

7

her.

— “In January 2000, the committee reported its
finding that the weight of all known evidence -
from the DNA study, original documents, written
and oral historical accounts, and statistical data -
indicated a high probability that Thomas Jefferson

was the father of Eston ...

— “Since then, a committee commissioned by the
Thomas Jefferson Heritage Society, after
reviewing essentially the same material, reached
different conclusions, ...".

— DNA (Y-chromosome) cannot exclude (Randolph)
or his sons
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Haplotypes

Y-chromosome
— Example: Jefferson paternity

MtDNA

— Example: Romanovs

X-chromosome
— Deficient paternity cases

Other haplotypic data
— HLA
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Still need for new methods Il
e e

« Association analyses R
— Are individuals unrelated? IO RON

 Linkage UTe
— Are founders unrelated? 0 B0 O
— Correct pedigree? B O

[ ]
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Methods

Institute of Eorensic Medicine Erik Essen-Maller portratterad av Brita af Klercker.
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Summary

In cases of disputed parentage the biostatistical information is contained in the fre-
quencies X and Y (as defined by Essen-Moller); X denotes the hypothesis “paternity’’,
Y the hypothesis “non-paternity’’. Essen-Moller proposed a probability of paternity
which includes both values: W = X/(X + Y) (where X + Y becomes 1). Giirtler recom-
mends the ratio X/Y as a “Paternity Index’ (=PI). Both W and PI are based on a neutral
prior probability (=0.5 in normal triplet cases) and contain the same information, though
differing in form. It is this difference which can lead to different results in forensic practice.
W% is the common form for expressing probabilities, and each range of W values has an
appropriate, easily understood verbal predicate. By contrast, the PI value is more abstract
and can be interpreted as providing fixed decision limits, a possibility increased by the lack
of distinct subdivisions with verbal predicates. Tables and computer programs are available
for calculating W values even in complex cases, If one chooses to use PI values instead of
W they must be calculated by the following formula:

Institute of Forensic Medicine 8
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Genetic terminology

Female: AA ‘

Marker 1
Allele Frequency
A 0.9
a 0.1

Institute of Forensic Medicine

Man: aa

Child: Aa

Mendel




Bayesian framework

* Find a set of “possible” pedigrees HR.....B €

e Set up prior probabilities 7 (R),....7(Fy)
based on non-DNA information.

e Compute 7(DNA—data|P) for each pedigree P

e Make inferences from the posterior distribution:

7(P | DNA — data) — — (ONA—data | F)7 (R)

> 7(DNA-data|P,)z(P;)

j=1

Institute of Forensic Medicine 1 O
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Prior

« Sample space {R,...R}

. z(P)=const] [MPPTT R+
=1

j k=1
P

Global features [ gcal features;
parent-child

Institute of Forensic Medicine
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Prior. Parameters and exponents

Calculated from pedigree

]

7(P) = constHI\/Ib(P)H RO ()
i };tkkl l

User specified parameters

Institute of Forensic Medicine 1 2
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Prior. Global part

« Example: One global feature, inbreeding.
— Calculated from pedigree

b(P) =1 if inbreeding, O otherwise
— User specified prior belief of inbreeding:

M =0 no inbreeding
M<1 downweigths
M=1 flat
M>1 upweights

7(P) = const. M)

Institute of Forensic Medicine




Prior. Local part added
0, (B)=11IfJ parent of k, 0 otherwise

R; =0 J not parent of k

R; <1 downweigths parent-child relationship
R; =1 flat

R;>1 upweights parent-child relationship

7(P) = constH b(P)H o3 ()

k=1
j=k

. b(P) O (R)
= const. M RjkJ

Institute of Forensic Medicine
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Wine example from
Sheehan and Egeland.
Ann. Hum. Gen. (2007)
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Table 5 Data from Bowers ef al. (1999) giving the genotypes
of Chardonnay, C, and its assumed parents Pinot, P, and Gouais
blane, G, at four loci. The estimated allele frequencies relate to
the progeny alleles and so the frequency of 221 atlocus VVMID23
is 0.057637 (or 0.06 as reported by Bowers ef al. (1999).

Genotype
Locus P G C Frequency
VVMD25 221 231 221 0.057637
239 249 231 0.115274
VW52 137 133 137 0.040346
151 143 143 017147
VVMD31 216 212 214 0.086455
216 214 216 0.214697
VIZAGTY 239 237 243 0.0946597

245 2453 245 0108696

Institute of Forensic Medicine
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Figure 6 Eight aleernative pedigrees for the relanonship of
Chardonnay with Pinot and Gouais blanc wwhere we make no
distinction between male and female plants.
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Pedigree Prior 1 Prior 2 Likelihood Posterior 1 Posterior 2
1 (0.125 0.085470085 1.00994E-17 0000012 0.000101
2 (0.125 0.008547009 5.62162E-13 0660551 0.564966
3 (0.125 0.854700855 1.45349E-15 0001708 0.146074
4 (0.125 0.008547009 2.44133E-16 0000287 0.000245
5 (0.125 0.008547009 H.09692E-14 0.095140 0081373
6 0.125 0.008547009 H.09692E-14 0.095140 0.081373
7 0.125 0.008547009 6.26209E-14 0.073581 0.062933
8 (0.125 0008547009 6.26209E-14 0073581 0062933

Institute of Forensic Medicine
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Generalised paternity example
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Figure 2 The twelve possible pedigree structures involving an
adult male, an adult female and a juvenile. As is consistent with
tradition, males are depicted by squares, females by circles and
children by diamonds. A parent-offspring relationship is depicted
by an arrow directed from the parent to the offspring individual.
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How many markers and should they
be linked or unlinked?

Likelihoods




ldentical By Descent (IBD)
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A,B C,D
A,C A,C A.D B.C
Prob
IBD=2 0,25
IBD=1 0,50
\/ \/ \/ IBD=0 0,25

IBD=2

IBD=1

IBD=0



Table 1. Probabilities for ordered autosomal genotypes as a function of there

being 0. 1 or 2 IBD alleles. This table 1s used to perform exact calculation
for a pairwise family relation by means of Equation 2. Genotypes with no
common alleles are omaitted.

Genotypes for pair  No IBD alleles One IBD allele Two IBD alleles

(’1':- "1']:- {ﬂ: ﬂ'} -pﬁ PE ?-_"g,
(a,a),(a,b) 2p;3 e paph 0
(’1':- H‘] ] {br b} Pﬁpg 0 0
(H'r b) ; {ﬂr b} 4?3,?% PalPb 2papy

L (data| pedigree) = L(data|IBD = 0)P(IBD = 0)
+L(data] IBD = 1)P(IBD = 1)
+L(data|IBD = 2)P
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@é (D

A B

half-sibs \ grand parent-grand child

%

Problem (Thompson, 1986):

A

B *A and B share no, one or two
alleles with probabilities
A 0.5, 0.5, 0.
uncle-niece * Identical likelihoods.

Institute of Forensic Medicine 2 3




Linked markers needed

S 47% UNIVERSITETET
t0P s 10sL0

L1 L2 r: recombination fraction
| | 0: completely linked
| | cM  0.5: unlinked
0 r
Classical linkage analysis: LT @
L1: disease mutation il = A
L2: genetic marker
Objective: determine L 1-location ;%

We, however, only need null-
likelithood

Institute of Forensic Medicine
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Likelihoods for two linked
markers

L(data | ped. i)=ak;,(r) +b

a and b depend only on allele frequencies

Institute of Forensic Medicine 25
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Linked markers

|BD probabilities for two markers

1_ —
3
— grandparent
---  half-gib
o uncle
o2
| T T | T |
0.0 0.1 0.2 0.3 0.4 0.5

r

Fig. 2. The probability that two individuals are IBD ateach of two loci 1s shown
for the pedigrees of Fig. 1.




Extension: independent pairs

L (data | ped. i):l_[?:z1 L(data,,; | ped. i)
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Lander-Green:Hidden markov model for IBD
process along chromosome

Genotypes ‘ ‘

| P(X,[IBD,) | P(X,|IBD,) T P(Xy,

P(IBD,|IBD,)
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Software for linked markers

o Software:
— Merlin, Allegro, Genehunter,...
 Lander-Green
— FEST
— Morgan. Complex pedigrees
e« MCMC

* Recall:
— Only null-likelihood needed for relationship estimation
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Third coysins (sibling-4) Second cousins twice removed (sibling-5-3

]
:
:
.

A

A

Likelihoods coincide also for linked autosomal markers
KP Donnelly (1983)
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