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Baye's Theorem 
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Inbreed and Relatedness 

IBD：identical by descent 
F and θ:  
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Descent relationship among alleles for two individuals 
 and  with alleles for two individuals and 

.  
X Y ba ,

dc ,
                 Table 6.1. 

  Probability 

Alleles ibd* General Full sibs §

none 0δ  1/4 

ba ≡  abδ  0 

dc ≡  cdδ  0 

ca ≡  acδ  1/4 

da ≡  adδ  0 

cb ≡  bcδ  0 

db ≡  bdδ  1/4 

cba ≡≡  abcδ  0 

dba ≡≡  abdδ  0 

dca ≡≡  acdδ  0 

dcb ≡≡  bcdδ  0 

dcba ≡≡ ,  cdab.δ  0 

dbca ≡≡ ,  bdac.δ  1/4 

cbda ≡≡ ,  bcad .δ  0 

dcba ≡≡≡  abcdδ  0 

*  Alleles not specified are not ibd. 
§   from mother: from father ca, db,

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
An example:  and Y  are sibs. X
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Conditional genotypic frequencies 
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.  and ,, ∆δγθ  

 
δγθδ 6-386-1      0 ∆++=  

δγθδδδ 2-2-               +∆==== cdbdab K  
δγδδδ -               ==== bcdacdabc K  

δδδ −∆===             .. cdabcdab K  
δδ       =abcd  

 
Paternity Testing 

In Paternity disputes it is necessary to determine whether a 
particular man is the father of a particular child. 
Classical considerations of such questions were limited 
to excluding a man from paternity of a child if the man 
did not have the child’s paternal allele at some loci, or, 
if the paternal allele can not be determined, if the man 
has neither of the child’s alleles. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Paternity exclusion probability with codominant loci: 
 

Exclusion Probabilities of possible fathers for all possible 
mother-child combinations are shown in Table 6.3. 

 
Mother  Child Excluded Man 

Type 1.Prob  Type 2.yProbabilit  Genotype 3yProbabilit

uu AA  2
uP  uu AA  uP  uxwAA xw ≠,,  2)1( uP−  

  
vu AA  vP  vxwAA xw ≠,,  2)1( vP−  

vu AA  vu PP2  uu AA  2/uP  uxwAA xw ≠,,  2)1( uP−  

vu ≠   vv AA  2/vP  vxwAA xw ≠,,  2)1( vP−  

  vu AA  2/)( vv PP +  vuxwAA xw ,,, ≠  2)1( vu PP −−

  *
yu AA  2/yP  yxwAA xw ≠,,  2)1( yP−  

  *
yv AA  2/yP  yxwAA xw ≠,,  2)1( yP−  

1 Probability of mother’s genotype 
2 Probability of child’s genotype given mother’s genotype 
3 Probability of excluded’s genotype 

vuy ,* ≠  
 
        An assessment of how good this locus is for being able 

to exclude a random man from paternity, assuming that 
he is not the father of the child, is given by summing the 
joint probabilities of all the mother-child-excluded man 
combinations shown in the Table. For one locus, the 
exclusion probability  
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     and will be maximized when all V  alleles at the 
locus have frequency V

1 . 
Overall probability for  loci, l
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Paternity exclusion probabilities with dominant loci: 
For ABO system, 
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Paternity index: 
   Unlike the exclusion probability, the paternal index is 
based on the actual genotypes of the mother, child and 
alleged father. Bayes’ theorem provides 
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Discussion of paternity indices is quite valid, but debate 

begins when particular values are given to the 
prior probabilities. 

 
Example：M=A1A3, O=A1A2, AF= A2A4 
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Table 6.5：  Paternity index calculations for a two-allele  
locus (Elston 1986). 

 

 
 
 
 
 
 
 
 
 
 
 



Paternity index for relatives: 
C：the alleged father (AF) with genotype AiAj is the true 

father. 
C：his brother (B) is the true father. 
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        The paternity index is 
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Forensic Testing 
C：the suspect provided the crime scene material 
C：someone else provided the material  
P：perpetrator 
S：suspect 

E：S and P are the same person 
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If prior probabilities are introduced, 
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If experimental error is ignored, 
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The simplest thing is to assume the probabilities of S  and 
P  and S having profile A are independent when they are 
different people. Then 

( ) Pr
1       

AP
L

=
=  

 
 

 
 



Estimation of profile frequency: 
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Likelihood ratio for members of the same  
Population: 
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The above expressions are exact for populations at 

equilibrium under evolutionary forces, and as 
approximations they often perform well before 
equilibrium. 

Table 6.6 
 
 
 
 
 
 
 



Likelihood ratio for relatives: 
Unrelated individuals have a very low probability of 

sharing the same genetic profile, but the probability 
increases for relatives. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Mixed Samples 
General situation: 

Evidentiary samples sometimes contain DNA from more 
than one person. 
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r.contributounknown  no ofy probabilit:P  
rs.contributounknown  containing alleles ofset  a:  

rs.contributoknown  from alleles ofset  a:  
sample. in the alleles ofset  a:  
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     Calculating probabilities: 
Profiles with one allele: 

( ) 2
1           aPaaP = .   ( ) x

ax PaaP 2          =  

( )           2x
ax PaP =Φ  

Profiles with two alleles: The probability that one 
unknown contributor has allele , and no allele other 
than  or b , is 
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    Profiles with three alleles and four alleles (pg 223): 
 
 
 
 
 
 
 
 
 



   Example : 
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A more complex example: Sample  has only 

three alleles  and includes contributions from a 
victim and a perpetrator. If a victim has genotype  
and a suspect has profile , then the explanation  
including the suspect still requires another contributor 
for allele . 

E
abc

ab
aa C

c C  may still include the victim but 
exclude the suspect, and includes some unknown 
contributors. For example, if C  supposes two known 
contributors 
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Error Rates 
 
Homework: (1)DeriveQ for ABO blood-type system on page 211 using 

Table 6.4. (2) Determine the coefficients for the uncle and niece, parent and offspring, 
grandparent and grand-offspring, and first cousins. Assume all individuals are 
nonibred. (3) Calculate XF  
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