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???

Common features: Problem,  Data 
(DNA), Weight of evidence
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Still need for new methods I
• 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 
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



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 II

• Association analyses
– Are individuals unrelated?

• Linkage
– Are founders unrelated?
– Correct pedigree?

• …



Institute of Forensic Medicine

Methods
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Genetic terminology

Allele Frequency
A 0.9
a 0.1

Marker 1

Mendel

Man: aa

Child: Aa

Female: AA
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Bayesian framework

• Find a set of “possible” pedigrees 

• Set up prior probabilities               
based on non-DNA information. 

• Compute                           for each pedigree

• Make inferences from the posterior distribution: 
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Prior

• Sample space

•
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Prior. Parameters and exponents
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Calculated from pedigree

User specified parameters
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Prior. Global part

• Example: One global feature, inbreeding.
– Calculated from pedigree

– User specified prior belief of inbreeding:

( ) 1 if inbreeding, 0 otherwiseib P =

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

M =

( )( ) . ib P
iP const Mπ =
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0 j not parent of k

<1 downweigths parent-child relationship

=1 flat

>1 upweights parent-child relationship
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Prior. Local part added
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Wine example from 
Sheehan and Egeland. 

Ann.  Hum. Gen. (2007)
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Generalised paternity example



How many markers and should they 
be linked or unlinked? 

Likelihoods



A,B

A,C A,C A,D B,C

C,D

IBD=2 IBD=1 IBD=0

Prob
IBD=2 0,25
IBD=1 0,50
IBD=0 0,25

Identical By Descent (IBD)
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uncle-niece
A

B

A B

half-sibs

Problem (Thompson, 1986): 

•A and B share no, one or two 
alleles with probabilities 
0.5, 0.5, 0. 
• Identical likelihoods.

grand parent-grand child
A

B
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Linked markers needed

L1 L2

cM
0 r

r: recombination fraction
0: completely linked
0.5: unlinked

Classical linkage analysis:
L1: disease mutation
L2: genetic marker
Objective: determine L1-location
We, however, only need null-
likelihood
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Likelihoods for two linked 
markers

11( | . i)= ( )iL data ped ak r b+

a and b depend only on allele frequencies



Linked markers

11( )ik r
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Extension: independent pairs

22
chr j j=1

( | . i)= L(data | . i)L data ped ped∏



X1
X2 XMGenotypes

IBD1 IBD2 IBDM

P(X1|IBD1) P(X2|IBD2) P(XM|IBDM)

P(IBD2|IBD1)

Lander-Green:Hidden markov model for IBD 
process along chromosome



Software for linked markers

• Software: 
– Merlin, Allegro, Genehunter,…

• Lander-Green
– FEST
– Morgan. Complex pedigrees

• MCMC

• Recall:
– Only null-likelihood needed for relationship estimation
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A B

Third cousins (sibling-4)

A

B

Second cousins twice removed (sibling-5-3

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