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Abstract

Determination of individual genotypes in DNA mixture remains a challenge in forensic science. Using an approach of mixture

of distributions, this article provides formula for calculation of paternity index (PI) in cases where only tissue mixture of the

mother and alleged father, the genotypes of the mother and child, but not that of the alleged father are available. The formula has

been used to solve a real case using mother’s vaginal tissue contaminated with semen from alleged father.
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1. Introduction

In forensic cases, DNA is often extracted from a stain that

contains body fluids or tissue from more than one individual.

It is usually difficult to separate individual’s DNA from each

other, mechanically. Given the genotypes of the mixture and

the suspect’s genotype [1], used likelihood ratio to evaluate

different hypothesis that the mixture came from the suspect

and another man, and the hypothesis that the mixture came

from two other men. Weir et al. [2] assumed that the mixture

came from some known number of contributors and known

profiles of contributors, and provided the formula for com-

puting the probabilities in both, the numerator and denomi-

nator of the usual likelihood ratio. Clayton et al. [3]

discussed the difficulties with the analysis of the mixed

forensic stains and suggested the interpretation of the mix-

ture profile should be independent of the reference samples.

Further, they suggested that similar to [1], all pairwise

combinations of allelic pairs are listed and their possibilities

are evaluated based on the peak areas in the mixture profile.

The problems raised and solutions suggested by [1–3], are

not specified to the paternity case.

In this article, we have developed methods to compute the

paternity index (PI) for cases where only the mixture of the

mother and alleged father, and the genotypes of the mother

and child, but not that of the alleged (known) father are

available, Table 1.

2. Results

Assuming the mixture comes from two persons, alleged

father and mother, and there are at the most four alleles

observed, we can determine all possible genotypes of the

alleged father. We combine all the possible cases of the

alleged father corresponding to the same genotypes for

mother (GM) and child (GC) and the same observed alleles

of the mixture (E). Let Hp denote the hypothesis that the

alleged person is the father. Let Hd be the hypothesis that the

alleged father is not the biological father. The PI (likelihood

ratio) is thus computed as [4]:

PI ¼ PrðEjHpÞ
PrðEjHdÞ

¼
P

A PrðGCjGM;GA;HpÞPrðGM;GAjHpÞP
A PrðGCjGM;GA;HdÞPrðGM;GAjHdÞ

¼
P

A PrðGCjGM;GA;HpÞPr GM;GAð Þ
P

A PrðGCjGM;GA;HdÞPrðGM;GAÞ
Notice that the sum is taken over all possible genotypes of

the alleged father, and the genotypes of mother and alleged
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father are independent of Hp and Hd. The probability

Pr(GM,GA) can be computed using Hardy-Weinberg equili-

brium and combinatorics.

Example 1. If the phenotype of the mixture is P, then the

genotype for both parent and the child must be PP. In this

case, the PI is given by:

PI ¼
P

A PrðGCjGM;GA;HpÞPrðGM;GAÞP
A PrðGCjGM;GA;HdÞPrðGM;GAÞ

¼
P

A PrðGM;GAÞP
A pPrðGM;GAÞ

¼ 1

p

Example 2. If the phenotype of the mixture is PQ, the

genotypes of mother and child is PQ and PP, respectively,

the PI of the alleged father of genotype PQ and PP are 0.5/p

and 1/p, respectively. The PI is given by:

PI ¼
P

A PrðGCjGM;GA;HpÞPrðGM;GAÞP
A PrðGCjGM;GA;HdÞPrðGM;GAÞ

¼ 0:5PrðPQ;PQÞ þ PrðPQ;PPÞ
pPrðPQ;PQÞ þ pPrðPQ;PPÞ

¼ 0:5ð2pq � 2pqÞ þ ð2pq � ppÞ
pð2pq � 2pqÞ þ pð2pq � ppÞ

¼ p þ q

pðp þ 2qÞ
Example 3. If the phenotype of the mixture is PQR and the

genotype of mother is PQ, while the genotypes of the child

are PR and QR, the possible genotypes of the alleged father

are PR, QR and RR. Their corresponding PIs are given by

0.5/r, 0.5/r and 1/r, respectively.

PI ¼
P

A PrðGCjGM;GA;HpÞPrðGM;GAÞP
A PrðGCjGM;GA;HdÞPrðGM;GAÞ

¼ 0:5PrðPQ; PRÞ þ 0:5PrðPQ;QRÞ þ PrðPQ;RRÞ
r PrðPQ; PRÞ þ PrðPQ;QRÞ þ PrðPQ;RRÞ½ �

¼ 0:5ð2pq � 2prÞ þ 0:5ð2pq � 2qrÞ þ ð2pq � rrÞ
r ð2pq � 2prÞ þ ð2pq � 2qrÞ þ ð2pq � rrÞ½ �

¼ p þ q þ r

rð2p þ 2q þ rÞ

3. Case

The following is a real case, we have recently solved. The

sample is mother’s vaginal tissue contaminated with semen

from alleged father. For a number of reasons, the alleged

father could not be genotyped while the genotypes of the

nine loci were determined for the mother and the child using

their buccal cells. The PI was computed to relate the alleged

father to the child.

Locus Mixture

genotype

Mother’s

genotype

Child’s

genotype

Paternity

index (PI)

THO1 7,9 9 9 1.14

TPOX 8,11 8,11 8 1.34

CSF1PO 10,11,12 10,11 11,12 1.75

D5S818 9,12,13 12,13 12,13 2.67

D13S317 8,9,10,12 10,12 8,10 1.63

D7S820 10,11,12 10,11 11,12 2.56

D3S1358 15,16,18 16,18 16 1.53

vWA 14,16,17,18 14,17 16,17 3.21

FGA 21,22.2,23 22.2,23 21,22.2 4.78

The combination of PI is therefore 699.22, providing the

prior probability is 0.5, the posterior probability of paternity

is 99.86%.

4. Discussion

In this communication, we have described mathematical

methods to calculate PI from the DNA mixture of the mother

and alleged father. The formula is also relevant to other cases

of similar circumstances; one of its potential applications is

to determine, with the available mixture stain, whether the

rapist is the father of the child of the victim.

The factor of mutation of STR markers should be con-

sidered and can be readily incorporated into PI calculation in

for an isolated single-locus mismatch between the DNA

mixture and the child [5,6].

Table 1

Provides the paternity index for cases when the genotype of the alleged father is not known

Phenotype (mixture) Mother’s genotype Child’s genotype Alleged father’s genotype Paternity index (PI)

P PP PP PP 1/p

PQ PQ PQ PP, PQ, QQ 1/(pþq)

PP PP, PQ (pþq)/p(pþ2q)

PP PQ PQ, QQ ( pþq)/q(2pþq)

PP PQ 0.5/p

PQR PP PQ QR 0.5/q

PQ PP PR 0.5/p

QQ QR 0.5/q

PQ PR, QR 0.5/(pþq)

PR PR, QR, RR ( p þ q þ r)/r (2p þ2q þ r)

PQRS PQ PR RS 0.5/r
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Population substructure and the possible involvement of

relatives are often the other major concern in human identi-

fication using the STR systems. We do not think these two

related issues will alter significantly the data from our system,

as the use of the large numbers of independent genetic loci

likely stabilises the possible fluctuations in the allele frequen-

cies among sub-populations [7] and the effect of relatives,

even in the case of siblings, would not change the conclusion,

regardless the magnitudes of PI [8]. Given the coancestry

coefficient [5], derived the likelihood ratios for relatedness

testing. Our results can be easily extended to cover the case.
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