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Relatedness
“Relatedness is a consequence of sharing 
identical alleles.  Alleles that have 
descended from a single ancestral allele are 
said to be Identical by Descent (IBD).”*
Alleles that are IBD will have the same base 
sequence.

However, alleles with the same base sequence 
are not necessarily IBD, they can be Identical 
By State and not originate from the same 
ancestral allele.  This may be true in an 
individual that is homozygous at a given locus.

* B.S. Weir, 1996. Genetic Data Analysis II. (p 204).



The genetic profile of a suspect matches 
the genetic profile of an evidentiary 

sample, therefore, the suspect cannot be 
excluded as a potential contributor of the 

biological evidentiary sample.

Popstats can then be used to calculate the 
frequency with which a person taken at 
random from a population of potential 

perpetrators has the profile in question?









Relatedness Statistics

Although, unrelated individuals 
have a very low probability of 

sharing the same genetic profile 
with a suspect, the probability 

increases for relatives. 



Relatedness Statistics

What is the probability of a 
person with a given degree of 

relatedness having the identical 
genotype as the known genotype 

of our suspect?



Relatedness Statistics

Calculations for related individuals 
are conditional probabilities.
They answer the question for a 

specific genotype 

In general, the closest relationship that has 
an impact on calculations is 

full-sibs



Click on Popstats Help Button (? icon) in order to 
equations used for relatedness calculations



Click on Popstats Calculations







Cr is the Coefficient of Kinship which is the 
probability that the two alleles between relatives are 

Identical By Descent



Coefficient of Kinship (F) definition:
definition:

- randomly select an allele from each of two 

individuals

- the probability that the two alleles are identical 

by descent (IBD) is called F, the coefficient of 

kinship

- the expected proportion of alleles that are IBD 

between two people is 2F

































Prob (Full-Sibs have same given genotype)

Relatedness Statistics
Brothers

Ai Ai (homozygous locus):  (1 + pi)2 / 4

Ai Aj (heterozygous locus): (1 + pi + pj + 2 pipj) / 4



Probability that a Brother would have the 
same profile is 1 in 352,334



Prob (Full-Sibs have same given genotype )

Relatedness Statistics
Brothers

Probability is approximately 1/4 per 
locus, Therefore, for “L” loci,

The Probability that two full-sibs would 
have the same given genotype is 

approximately
(1/4)L



Brothers 
(Full-Sibs)

Relatedness Statistics

L (1/4)L

4                           1 / 256
5                           1 / 1024
:                               :
9                           1 / 262,144
:                               :

13                          1 / 67,108,864



Prob (Parent-Child have same given genotype)

Relatedness Statistics
Father and Son

Ai Ai (homozygote):      pi

Ai Aj (heterozygote):    (pi + pj) / 2



Probability that a Father or Son would have the 
same profile is 1 in 1,050,718,457



Prob (Half-Sibs have same given genotype)

Relatedness Statistics
Half-Brothers

Ai Ai (homozygous locus):     pi (1 + pi) / 2

Ai Aj (heterozygous locus):   (pi + pj + 4 pipj) / 4



Probability that a Half Brother would have the 
same profile is 1 in 188,748,573,845



Relatedness Statistics
Uncle-Nephew

Prob (Uncle and Nephew have same given genotype)

Ai Ai (homozygous locus):       pi (1 + pi) / 2

Ai Aj (heterozygous locus):     (pi + pj + 4 pipj) / 4



Probability that a Uncle or a Nephew would have the 
same profile is 1 in 188,748,573,845



Prob (First Cousins have same given genotype)

Relatedness Statistics
First Cousins

Ai Ai (homozygous locus):       pi (1 + 3pi) / 4

Ai Aj (heterozygous locus):  (pi + pj + 12 pipj) / 8



Probability that a First Cousin would have the 
same profile is 1 in 8,171,074,738,912



Sexual Assault Case Processed by the Arizona 
Department of Public Safety, Southern Regional 
Crime Laboratory in Tucson for the Farmington, 

New Mexico Police Department

Sexual Assault Case in which the suspects 
DNA profile matched the DNA profile from 

the male fraction of the vaginal swab 
collected from victim







THE BROTHER DID IT?

Defense argued that suspects brother 
committed the crime. Defense called 

Dr. Dan Krane from Wright State 
University in Ohio to testify to 

probability of brother having the 
same profile.







The approximate frequency of this profile in 
Native Americans (Navajo) is

1 in 18.86 trillion (1.886 X 1013)

The probability that the brother of the suspect 
has the identical profile is 

9.387 X 10-6

It is 106,500 times more likely to these genetic 
results if the male fraction of the vaginal swab 
originated from the suspect as opposed to his 

untested brother



THE BROTHER DID IT?

The problem was that the suspects 
brother was deceased and not 

available for testing

The Trial ended with a hung jury



Relatedness Statistics

We can calculate a Likelihood Ratio (for any given 
profile) in which the probability that the suspect is 

the contributor of the evidence is compared with the 
probability that a specified relative is the contributor 

of the evidence

In the following example the profile at a given 
locus is either homozygous or heterozygous and 

the allele frequency is 0.1 

Formulas:  B.S. Weir, 1996. Genetic Data Analysis II. Table 5.7 (p 221).



Relationship       Homozygous      Heterozygous
Locus Locus 

25.0030.76First Cousins

16.6718.18Uncle-Nephew

16.6718.18Half-Sibs

10.0010.00Parent-Child

3.283.31Full-Sibs

50.00100.00Unrelated



Kinship Determination From 
Genotype Data On Two Individuals

Currently Popstats does not have the 
capability of calculating the most likely 

kinship relationship between two individuals 
whose genotypes are known. 









Kinship Determination From 
Genotype Data On Two Individuals

There are a number of programs that are 
available to provide statistical support 

for the kinship relationship between two 
individuals with observed genotypes.  

Currently the FBI has released a contract 
to develop the appropriate software 
which would be included in future 

versions of Popstats.



Kinship Determination From 
Genotype Data On Two Individuals
The programs that are available to provide 

statistical support for the kinship relationship 
between two individuals with observed genotypes 

essentially make use of the same algorithm.  

Let Gx(l) and Gy(l) be the genotypes of two 
individuals X and Y, the algorithm finds the best 
support for the kinship relationship between 
individuals X and Y based upon genotypes Gx(l) 
and Gy(l) for L loci (l = 1,2,....,L)



Kinship Determination From 
Genotype Data On Two Individuals

The algorithm requires two sets of information.

First, the kinship of two individuals dictate with what 
probabilities the genotypes of two individuals will 
have two, one or zero alleles IBD. These three 
quantities are denoted by: 

φ2, φ1, and φ0, (0 ≤ φi ≤ 1, φ2 + φ1 + φ0 = 1),

IBD status 2, 1, and 0 are called as events I, T, and O.



Kinship Determination From 
Genotype Data On Two Individuals

The algorithm requires two sets of information.

Second, the probabilities of Gy(l) given Gx(l) at the 
l-th locus, under the scenarios of I, T, and O (i.e., 
under the scenario that Gx(l) and Gy(l) have 2, 1, or 
0 alleles IBD)
The three conditional probabilities are:

P2(xy) = probability of Gy(l) given Gx(l) with 2 of their alleles IBD
P1(xy) = probability of Gy(l) given Gx(l) with 1 of their alleles IBD
P0(xy) = probability of Gy(l) given Gx(l) with 0 of their alleles IBD



Kinship Determination From 
Genotype Data On Two Individuals

The three conditional probabilities are:
P2(xy) = probability of Gy(l) given Gx(l) with 2 of 

their alleles IBD
P1(xy) = probability of Gy(l) given Gx(l) with 1 of 

their alleles IBD
P0(xy) = probability of Gy(l) given Gx(l) with 0 of 

their alleles IBD
The likelihood of observing Gy(l) given Gx(l) for a 
given kinship (i.e., for a given set of φ2, φ1, and φ0 is 
computed by

[P2(xy) x φ2] + [P1(xy) x φ1] + [P0(xy) x φ0]



Kinship Determination From 
Genotype Data On Two Individuals

[P2(xy) x φ2] +  [P1(xy) x φ1] +  [P0(xy) x φ0] 

The likelihoods that are computed for each locus can be 
multiplied over all L loci to compute the combined likelihood 

under a specified kinship relationship.  The kinship that 
provides the maximum likelihood is the best-supported 

kinship relationship for the observed genotype profiles of 
individuals X and Y.  



At a Single Locus, Two Individuals Can 
Have the Following Genotypes

#1

AB

AA

AA

AB

AB

AA

AA

#2

AB

AA 

AB

AC

CD

BB

BC

2 alleles shared

1 allele shared

0 alleles shared



Identity By Descent (IBD) Coefficients:

φ2 φ1 φ0

• Full sibs 1/4 1/2 1/4

• Parent-child 0 1 0

• Half-sibs 0 1/2 1/2

• Cousins 0 1/4 3/4

• Unrelated 0 0 1



How Are The Identity By Descent 
(IBD) Coefficients Determined:

Full sibs 1/4 1/2 1/4

φ2 φ1 φ0

Lets say we have two parents AB and CD, 
their offspring are either AC, AD, BC, or BD

AC  AD  BC  BD

2

2

2

2

1

1

1 1

1

1

1

10

0

0

0AC

AD

BC

BD

2 alleles IBD = 4/16 or ¼

1 alleles IBD = 8/16 or ½

0 alleles IBD = 4/16 or ¼



How Are The Identity By Descent 
(IBD) Coefficients Determined:

Parent - Child 0 1 0

φ2 φ1 φ0

Lets say we have two parents AB and CD, 
their offspring are either AC, AD, BC, or BD

AB  CD

1

11

1

1

11

1

AC

AD

BC

BD

2 alleles IBD = 0/8 or 0

1 alleles IBD = 8/8 or 1

0 alleles IBD = 0/8 or 0



How Are The Identity By Descent (IBD) 
Coefficients Determined:

Half-sibs 0 1/2 1/2
φ2 φ1 φ0

Lets say we have three parents AB (m), CD (af1), and EF (af2) 
their offspring are either AC, AD, BC, BD or AE, AF, BE, BF

AC

AD

BC

BD

AE      AF      BE     BF

1100

1100

0011

0011
2 alleles IBD = 0/16 or 0

1 alleles IBD = 8/16 or 1/2

0 alleles IBD = 8/16 or 1/2



The Identity By Descent (IBD) 
Coefficients

φ2 φ1 φ0

Half-Sibs 0 1/2               1/2

Uncle/Aunt/Nephew/Niece     0 1/2               1/2

Grandparent-Grandchild         0 1/2               1/2

IBD Coefficients are the same for these 
kinship relationships



Kinship Formula:
C.C. Li and L.Sachs, 1954. 

Method of ITO stochastic matrices

Transition matrix for 2 alleles IBD

A1A1         A1A2          A2A2

A1A1 1 0 0

A1A2 0 1 0

A1A2 0 0 1

I =



Kinship Formula

Transition matrix for 1 allele IBD

A1A1 A1A2 A2A2

A1A1 p1 p2 0

A1A2 0.5p1 0.5(p1+ p2)          0.5p2

A2A2 0 p1 p2

T =



Kinship Formula:

Transition matrix for 0 alleles IBD

A1A1 A1A2 A2A2

A1A1 p1
2 2p1p2 p2

2

A1A2 p1
2 2p1p2 p2

2

A2A2 p1
2 2p1p2 p2

2

O =



Kinship Formulas:
[P2(xy) x φ2] +  [P1(xy) x φ1] +  [P0(xy) x φ0]

frequency
φ2 + 0.5φ1(pA + pB) + 2φ0pApB

φ2 + φ1pA + φ0pA
2

φ1pB + 2φ0pApB

0.5φ1pC + 2φ0pApC

2φ0pCpD

φ0pB
2

2φ0pBpC

#2

AB

AA

AB 

AC

CD

BB

BC

#1

AB

AA

AA

AB

AB

AA

AA



Likelihood Ratios for Full- & Half-Sibs

full-sib     :   half-sib  :  unrelated

AB

AA

AA

AB

AB

AA

AA

AB

AA

AB

AC

CD

BB

BC

(1+p+q+2pq) : (p+q+4pq)    :  8pq

(1+p)2 :   2p(1+p) : (2p)2 

(1+p)       :   (1+2p) :   4p

(1+2p)     :   (1+4p) :   8p

1 :       2 :    4

1 :       2 :    4

1 :       2 :    4



KinTest Program Created by 
George Carmody, 

Carleton University, Canada







0.001

Residual CPI = 4.3E+9 X 0.001 = 4.3E+6





Kinship Determination For Genotype Data 
On Two Individuals in Case P-61692

Full – Sibs 3.3E+9

Half – Sibs 5.0E+6

Parent – Child 4.3E+6

First Cousins 4.8E+4
The likelihood ratio comparing Full-Sib to Half-Sib is

3.3E+9 / 5.0E+6 = 660

It is 660 times more likely given the genotype of 
individual one, and the genotype of individual two, 
that the two individuals are Full-Sibs as opposed to 

Half-Sibs 



Kinship Analysis P-61692 
at the D5S818 Locus

0.14621313
0.012888

Allele FreqIndividual 2Individual 1

0.750.250First Cousins
010Parent - Child

0.50.50Half - Sib
0.250.50.25Full - Sib
φ2φ1φ2

Unrelated                  1                     0              0

φ2 + 0.5φ1(pA + pB) + 2φ0pApB



Kinship Analysis P-61692 
at the D5S818 Locus

φ2 + 0.5φ1(pA + pB) + 2φ0pApB

Full – Sibs = 0.25 + (0.5*0.5(0.0128+0.1462)) + (2*0.25*0.0128*0.1462)

Half – Sibs = (0.5*0.5(0.0128+0.1462)) + (2*0.5*0.0128*0.1462)

Parent – Child = (0.5*(0.0128+0.1462))

First Cousins = (0.5*0.25(0.0128+0.1462)) + (2*0.75*0.0128*0.1462) 

Unrelated = 2*0.0128*0.1462



Kinship Analysis P-61692 
at the D5S818 Locus

Full – Sibs 0.291

Half – Sibs 0.042

Parent – Child 0.080

First Cousins 0.023

Unrelated 0.004

Divide each of the kinship likelihood by the 
likelihood for Unrelated



Kinship Analysis P-61692 
at the D5S818 Locus

Full – Sibs 77.67

Half – Sibs 11.12

Parent – Child 21.24

First Cousins 6.06

Unrelated 1



Thank you!
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