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ABSTRACT 
This paper discusses a computerized algorithm to derive the formula for the likelihood ratio for a 

kinship problem with  any arbitrarily defined relationships based on genetic evidence. The ordinary 
paternity case  with the familiar likelihood formula l/pq is the commonest example. More generally, any 
miscellaneous collection of people can be  genetically tested to help settle some argument  about how 
they are  related, what one might call a “kinship” case.  Examples that geneticists and DNA identification 
laboratories run into include sibship, incest, twin, inheritance, motherless, and corpse identification 
cases. The strength of the genetic evidence is  always described by a likelihood ratio. The general method 
is described by which the  computer program finds the formulas appropriate to these various situations. 
The benefits and the interest of the program are discussed using many examples, including analyses 
that have  previously been published, some practical problems, and simple and useful rules for dealing 
with scenarios in which ancestral or fraternal types substitute for those of the alleged father. 

A computer  program, called the Kinship Program, 
calculates symbolic likelihood ratios, based on ge- 

netic evidence, for  a  general class  of problems of  which 
the ordinary paternity trio problem is the prototype. 
Examples include  the following: 

motherless case: Is this man the  father of this child, 
based on genetic types from just the two of them? 

incest case: Do the genetic types suggest that two peo- 
ple are doubly related? 

sibling p o b h s :  Are two given people full siblings? 
half-siblings? unrelated? 

inheritance  poblem: Are two people related as claimed? 
twin problem: Are two siblings  (whose parents  are not 

tested) identical twins? 
cmpse  identzjication: Is this corpse the same person who 

was reported missing by some family? 
The inspiration for  the Kinship Program was an ear- 

lier program developed by IHM (1975) and CONRADT 
(1983) that gives numerical answers to such problems. 
The novelty offered by the  current  program is that it 
produces explicit algebraic formulas. Naturally, once 
the  formula is obtained  a  numeric answer can quickly 
and trivially be computed, so the  formula is clearly  as 
good as a  number.  In  addition,  the  formula is a power- 
ful tool that provides such advantages as  verifiability, 
insight, and modeling. 

In principle the formula may be an arbitrarily compli- 
cated rational function,  a ratio of  polynomials  in the 
allele frequencies, and the time to derive it arbitrarily 
long  depending on the complexity of the  problem. 
However, the satisfymg fact is that  formula complexity 
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grows  only slowly  with the complexity of the problem. 
All practical problems that have arisen required only 
seconds on  an ordinary desktop computer, and even 
more fanciful problems took at most a few minutes. 

Background, paternity trios: As a  foundation  for  the 
principles of analysis for  the general case, we begin by 
reviewing the most familiar situation: the paternity test 
with mother, child, and  an alleged father (whose pater- 
nity is to be decided) in a collection of genetic systems. 
Suppose that in some codominant system, such as a 
DNA test, the  mother has genotype rp, child pq, and 
alleged father qs. 

Let p,  q, . . . represent  the allelic frequencies corre- 
sponding to the alleles p ,  q, . . . , so that 2rp is the 
proportion of rp individuals in the  population for exam- 
ple.’ Then 2rp2qs is the  proportion of rp, qs woman- 
man couples, and since ’/2 - ‘/2 of such a couple’s chil- 
dren  are pq, the  chance  that  a  mother + child + father 
trio (“true  trio”) would  have  types rp, pq, qs is 2rp2qs. 
1/2 ‘/2. That is, 

X = Atypes as observed I true trio] = 2 9 2 q s -  % - %. 
On the other  hand,  the  chance  that  a “false trio” 
(woman + child + unrelated  man) would  have such 
types  is 

Y = qtypes so observed 1 false trio] = 292qs -  %q, 

so the likelihood ratio X / Y  = 1/2q, which is  well known 

The above  analysis  is idealized: the possibilities  of 
mutation and of laboratory error are not included. 
Hardy-Weinberg equilibrium is not  an essential assump 

(WALKER 1983). 

Nonstandard  typography is necessitated to distinguish numeric 
variables from genes. 
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