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Inbreed and Relatedness
IBD identical by descent
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Figure 6.1 [ is offspring of full sibs X, Y
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Descent relationship among alleles for two individuals
X and Y with alleles for two individuals a,band

c,d.

Table 6.1.
Probability
Alleles ibd* General Full sibs®
none 0, 1/4
a=b o, 0
c=d 5cd 0
a=c 0, 1/4
a=d 0. 0
b=c 0y, 0
b=d Oy 1/4
a=b=c O ube 0
a=b=d O v 0
a=c=d O e 0
b=c=d Opea 0
a=b,c=d 0. e 0
a=c,b=d 0 b 1/4
a=d,b=c 0.t he 0
asb=c=d Oped 0

*  Alleles not specified are not ibd.
S a,cfrom mother: b,d from father



Table 6.2  Joint genotypic probabilities for two individuals X (a,b) and Y (c, d)

X Y Probability

AA  AA 6ubc:dpA + (‘5abc + Oabad + ﬁacd + "5de)1}31
+(5ub.cd + 6ac.bd "_ 6ad.bc)p?q + (d,;b -+ 6@: + aad +_f5bc + éb.d + 5cd}pi + 50;”%

N - P a

A

AA  Aa (ape + 6abci)p;pa + (Qié.;a + 5ac + Bbe '1:“5;101 + 8pa j'P?a.Pa + iﬁﬂjﬂif’a

Aa  AA  (Bacd + Obed)PaPa + (28cd + buc + bbc + Bad + Bba)P%Pa + 260p% Pa

AA  aa  bapeapapa + bapDaP2 + ScapiiPa + Sopipl

aa  AA  Sap.caPaPe + caPAPE + BaspiPa + Sopip?

Ao Aa 2(Bacbd + Bad.be)PaPa + (Sac + bad + e + Bba)(PaP? + Phpa) + 460p%p?
aa  Aa  (babe + baba)PaPa + (26ab + Sac + Ope + Sad + Spa)pipa + 200p2pa

Aa  aa  (Sacd + Obed)PAPa + (26cd + ac + pe + ad + Oba)PEpa + 260p3p 4

aa aa 5¢bcdpu + (6ubc + 6abd + 6&::0.‘ + "Sbcd )Pﬁ
+(6ab.-:d + 6ac.bd + ﬁad.bc}pz + (6ab + 'Sa.c + Sad + Sbc + 51!:{ + 5(:&)?2 + éﬂpi

Anexample: X and Y are sibs.



Conditional genotypic frequencies

Pr(X = A44,,Y = 44,)

PriX =A44,|Y=44;) = Pr(Y = 4,4))
— A4

6,y,0and A.

0, = 1-60+8y+3A-60

S, == 8, =5, = 0-27-A+25
5uhc =...= 5acd = 5hcd = 7/ - 5

Oupea = Oupca A-6

5abcd 5

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 Prob.! Type Probability.? Genotype Probability®

A A, P} A, A, P, A A, w,x#u @-Pr)°
A,A, P, A, A ,w,x#v @1-Pr)?

A A, 2P, P, A A, P12 A A, w,x#u @-P)°

u#v A A, P12 A A wx#v  (1-P)?
A, A, (P,+P)I2 A, A, ,wx#u,v (1-P, -P)°
A4, P, 12 A A, w,x#y a-r)?
A A, P 12 A A, w,x#y @-P)?

'Probability of mother’s genotype

? Probability of child’s genotype given mother’s genotype
*Probability of excluded’s genotype

*y U,V

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

1

0 = Zpu(l—pu)z—EZprpf(4—3pu—3pv)

and will be maximized when all 7 alleles at the
locus have frequency %/

Overall probability for / loci,
0 =1-]]@-9)
!



Paternity exclusion probabilities with dominant loci:
For ABO system,

0 = pOQ-p)* +q@1-p)* + pgr’(3-r)

Table 6.4 Paternity exclusion arrangements for the three-allele ABO system

Mother
Excluded Men A g \ AB O
A None B,O None B
B A,0 None None A
Child
AB A,0 B,O 0 Impossible
0 AB  AB = Impossible AB




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

Pr(manisfather|E) ~ Pr(E|manis father) y Pr(man is father)
Pr( man is not father | E) Pr(E | man is not father) Pr(man is not father)

Pr(C|E) _ Iy Pr(C)
Pr(C|E) Pr(C)
PH(C | E) = LxPr(C)

LPr(C) + (1— Pr(c))

Discussion of paternity indices is quite valid, but debate
begins when particular values are given to the
prior probabilities.

Example M=AA; O=AA,, AF=AA,
PI(E|C) = Pr(O,M,AF |C) = Pr(O| M, AF,C)Pr(M, AF | C)

= 1><l>< Pr(M, AF)
2 2

Pr(E|C) = Pr(O,M,AF | C) Pr(O| M, AF,C)Pr(M,AF|C)

= Pr(O|M)Pr(M, AF)
Pr(E|C) = Pr(O,M,AF |C) = Pr(O|M,AF,C)Pr(M,AF|C)

%x po xPr(M, AF)

— PI(O | M)PI(M, AF) = %x p, xPr(M, AF)

1
2p,

L =




Table 6.5 Paternity index calculations for a two-allele
locus (Elston 1986).

E
Mother Child Alleged Father Pr(E|C) Pr(ElC‘] L h)F {,';,'f_ ~ = Pa
— 7 @8 '
AA AA AA P P / 1/pa @
Aa PiPa_ 20%pa  1/2pa
aa 0 pipg t g
' 7 =(Pa ) C2Paba) My PG 22
Aa AA 0 P?qpa
Aa p;.;pg 21321132 1/2pq
aa Paba PaPa 1/Pa
Aa AA AA PPa P4pa 1/pa
: Aa Para  2p%pa  1/2pa
aa 0 PaPi 0
Aa AA PhPa P Pa 1
Aa 2p%p: 29542 1
an PA'PZ F’APE 1
aa AA 0 s 0
Aa pPar: 2053 1/2pa
aa pAPY pars  1/pa
aa Aa AA PQA?% 'pipﬁ 1/pa
Aa papy  204P3  1/2pa
aa 0 paPS 0
feta) AA 0 Pii’g 0
Aa PAD: 2papy  1/2pa

aa Pa o 1/pa




Paternity index for relatives:

C the alleged father (AF) with genotype AjA; is the true
father.
C his brother (B) is the true father.
Pr(E|C) o Pr(AF— A, | AF = 4,4,)
1

2

Pr(E|C) o Pr(B— A |AF = 4,4,)
= Pr(B—> A, AF = A4,A,)Pr(AF = 4,4,)

= {Pr(B=A,A.,AF=A.A}.)+1Pr(B=A.A.,AF=A.A.)
1“7 i°7 2 [ [

1
s D Pr(B=A4,4, AF=A4,4,) || Pr(AF = 4,4,)

k+#i,j

1 1
= Zpi(l+pi)+§(1+pi +p; +2pipj)

1
+§(l_pi _p_/)(1+2pi)

_1+2p,
4

The paternity index is

_ Wy 2
(1+2p,)/4 1+2p,




Forensic Testing

the suspect provided the crime scene material
someone else provided the material
perpetrator

suspect

m u» oo

S and P are the same person
Pr(S=4,P=4|C)
Pr(S=4,P=A4|C)

Suspect-anchored

Pr(P=4|C=4,C) Pr(s= 4| C)

Pr(P=4|S=4,C) Pr(S=4|C)

Pr(P=A4|S=4,C)

Pr(P=A4|S=4,C)

I =

If prior probabilities are introduced,
Pr(C| E) Pr(C)
Pr(C | E) Pr(C)
If experimental error is ignored,

1
Pr(P=4|S=4,C)

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

1

YT hp=a)



Estimation of profile frequency:
S 2

Pli R L=1,
2B B, ., L#l,

Likelihood ratio for members of the same

Population:
[pi + 0(2 4 )][pi + 0(3_ P )]

el a) - [1+6][1+26]
s =, [p=a) = A0 )

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.

Table 6.7 Probability that the perpetrator P has a genotype given that a suspect
S has that genotype, when they are related. Likelihood ratio (L) assumes allele

freq uencies of 0.1.

Genotype A Relationship

. Ax } L]
) diffored 1171
Pr(P = A|S = A) L b3)

A A Full brothers (1 +pi +p; + 2pip;) /4 3.3
Father and son (pi +p;i)/2 10.0
Half brothers (pi +p; +4pip;) /4 16.7
Uncle and nephew (pi + pj + 4pip;) /4 16.7
First cousins (pi +p; + 12pip;)/8 25.0
Unrelated 2pip; 50.0
A A; Full brothers (1+p:)?/4 3.3
Father and son s 10.0
Half brothers pi(l+pi)/2 18.2
Uncle and nephew pi(l+p)/2 18.2
First cousins pill+ 3p;)/4 30.8
Unrelated p? 100.0




Mixed Samples
General situation:
Evidentiary samples sometimes contain DNA from more
than one person.

{e}:asetof allelesin the sample.

{ k }:asetof allelesfrom known contributors.

{u }:asetof allelescontaining unknown contributors.
P, : probability of no unknown contributor.

Calculating probabilities:

Profiles with one allele:
Pl(a‘ a) = P’ Px(a‘ a) = P*

a a

P(®|a) = P*

a

Profiles with two alleles: The probability that one
unknown contributor has allele «, and no allele other
than a or b, is

B(a|ab) = P’ +2P,P, = (P, +B) - P/
Px(a‘ ab) = (P, +Pb)2x _szx
P(®|ab) = (P, +B)"
If there are no known contributiors,
P(ab|ab) = (P, +P)* —P* - P
Profiles with three alleles and four alleles (pg 223):



Example:
{e}=abcd and V =ab, S =cd
Under C, P, =1 or P](cd‘ abcd)
Under C
@ Blcd|abed) = 2PP,
P, !
P(cd|abed) — 2P.P,
() Py(abed | abed) = 24P,P,P.P,
- P, - 1
 Py(abcd|abed) — 24P,P,P.P,
@) For C = B(cd | abed)
P,(abcd | abed) = 24P,P,P.P,
Pl(cd ‘ abcd 2P.P, 1

)
P,(abcd | abed) — 24P,P,P.P, ~ 12P,P,

A more complex example: Sample E has only
three alleles abc and includes contributions from a
victim and a perpetrator. If a victim has genotype ab
and a suspect has profile aa, then the explanation C
including the suspect still requires another contributor
for allele ¢. C may still include the victim but
exclude the suspect, and includes some unknown
contributors. For example, if C supposes two known
contributors

, _ Alclabe)
By(c| abc)
1

(P +Pp+1.)° = (p. +P,)°




Error Rates

Homework: (1)Derive O 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 F',
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Fig. 5.3
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