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In genetic counselling the following problem 
is encountered frequently: Given a pedigree 
with known phenotypes for certain relatives 
of a specified propositus, what is the proba- 
bility distribution for the genotype of this 
propositus? Applying Bayesian methods it 
is, in principle, easy to solve many problems 
of this kind for given modes of inheritance, 
following, for instance, the approach sug- 
gested by Murphy & Mutalik (1969). How- 
ever, even with a slightly complicated pedi- 
gree the actual calculations tend to be 
lengthy, and mistakes are made easily. 
Because of this, information from distant 
relatives often is ignored. These practical 
problems can be avoided by the use of 
computer programs (Chase et al. 1971, p. 
143; Hilden 1970, p. 320). We have con- 
structed such a FORTRAN program PE- 
DIG, which to our knowledge is more 
general than any existing program of this 
kind. Starting with specified prior probabi- 
lity distributions for individuals included in 
the pedigree without ancestors, it derives the 

probabilities for all possible genotypes of 
the propositus, conditional on the known 
phenotypes for the relatives. 

An Example 

To illustrate the scope of the program, a 
pedigree with a certain amount of pheno- 
type information is given in Fig. l .  The 
couple 21/22 with two normal sons 26 and 
27 might want to know about the possibility 
for a future female child 25 to be affected 
by a hypothetical hereditary disease. PEDIG 
was run with this pedigree for three differ- 
ent modes of inheritance. 1) The affected 
state is due to homozygosity of a single 
autosomal allele a (with a corresponding 
dominant allele A ) ,  2) It is caused by either 
of the genotypes aa or Aa. In the latter case, 
however, the chance of manifestation is only 
0.5 (50 % penetrance), 3) The disorder is 
caused by a recessive X-linked allele a.  In all 
three cases it was assumed that the fre- 
quency of the allele a in the population 
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Fig. 1. Pedigree used in the example. Note that phenotype information is known from three generations only. 

was 5 %. This is used by the program for 
constructing the prior distribution for the 
genotypes of the individuals 1, 2, 3, 7, 9, 
10, 11, 12 and 13, whose parents are not 
included in the considerations. The output 
from PEDIG is given in Table 1. Except per- 
haps for case 3, the amount of work needed 
for performing the necessary calculations 
without a computer would be prohibitive. 

Table 1 

individual 25 
Probability distribution for the genotype of 

Case 1 Case 2 Case 3 

aa 0.031 0.001 0.000 
Aa 0.375 0.123 0.100 
AA 0.594 0.876 0.900 

Description of the Program 

PEDIG is general in the sense that it ac- 
cepts any probability distribution for the 
genotype of a child in given genotype com- 
binations for the parents. The present ver- 
sion of the program includes the possibilities 
of one autosomal locus and one sex-linked 
locus (in both cases with any number of 
alleles), but the appropriate genotype distri- 
bution for the offspring is furnished by a 
FORTRAN FUNCTION, and the user may 
easily substitute his own version of this 
FUNCTION for any desired distribution 
(other interesting situations might include 
linked loci or mutations). Any relationship 
between genotypes and a finite number of 
phenotypes may be specified, also allowing 
probability distributions for the phenotype 
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given a certain genotype (as for Au in case 
2 in the example). These distributions may 
vary from one individual to another. This is 
useful when the penetrance coefficient for a 
trait depends on the age of the individuals 
involved. 

The actual pedigree in each case is spe- 
cified by giving the parents for each indivi- 
dual (if they are included at all). Certain 
restrictions apply if a pedigree is to be ac- 
cepted by the program. It may not contain 
any loops, that is, no individuals may be 
produced by matings between related indivi- 
duals included in the pedigree. An error 
message is printed out if this rule is violated. 
Halfsibs are taken into account, but halfsibs 
of halfsibs are ignored. Apart from this the 
pedigree may have branches everywhere, 
directed upwards leading to ancestors, or 
directed downwards, leading to offspring. 

The program has been tested on an IBM 
1130 computer (model 2C, 16K 16-bit 
words), but it can easily be adapted to any 
other system with a FORTRAN compiler. 
It does not make use of disks or tapes 
during execution. PEDIG itself, with sub- 
programs, requires 7214 core locations in 
our IBM version. The amount of core 
storage needed for data will vary with the 
tasks assigned to it. The total execution time 
on IBM 1130 was for each case in the 
example approximately 45 seconds, but most 
of this time was used for writing out the 
input information, and only 10 seconds were 
necessary for the actual calculations. Print- 
ing of all prior and conditional probabilities 
during calculations is optional. If incon- 
sistencies are found in the input data, an 
error message is produced. 

Method 

The method applied for going through the 
pedigree and utilizing all phenotype infor- 
mation is similar to the one described in 
Murphy & Mutalik (1969), and also in 

Murphy (1970) and Chase et al. (1971), al- 
though PEDIG does not transform the pro- 
babilities to other units. The calculations are 
performed recursively in a manner equiva- 
lent to using two procedures UP and 
DOWN, each of which is able to call itself 
and also the other one. The procedure UP 
will, for a specified individual, give the 
prior genotype distribution, using anterior 
information from the ancestors. DOWN 
will, for a specified parent combination, 
produce conditional probabilities for pos- 
terior phenotype information in the off- 
spring (and, in some cases, in the parents 
themselves), given the possible genotypes 
in the parents. In fact, UP will use the ap- 
propriate input prior distribution if the 
specified individual has no parents. Other- 
wise it will call UP for both parents, then 
DOWN for these parents and their other 
children, convert the prior probabilities 
from U P  to posterior probabilities by means 
of Bayes’ theorem using the conditional pro- 
babilities from DOWN, and finally derive 
the prior distribution for the individual ori- 
ginally specified in  the call to UP. If any 
one of the parents has children with other 
individuals, information from that part of 
the pedigree also is included in the final 
prior distribution. DOWN will go through 
the children in the given parent combination. 
For each such child it finds all combinations 
where the child itself is a parent, calls 
DOWN in every combination of this kind, 
calls UP for the spouse, and then constructs 
the conditional probabilities given the pos- 
sible genotypes of the original child in ques- 
tion. These conditional probabilities for all 
children are combined in the output from 
the call to DOWN. 

The execution starts with a call to UP 
for the propositus. Then calls are made to 
DOWN in each combination, if any, where 
the propositus is a parent. UP is called for 
each of the spouses of the propositus, and 
taking the marginals for the propositus’ 
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gerrotypes, the program converts the prior 
distribution for  the propositus into a pos- 
terior one, which gives the final result. For 
using the method outlined, certain basic 
assumptions are necessary, for  instance that 
genotypes of sibs are stochastically inde- 
pendent, given the genotypes of their par- 
ents. 

Applicability 

The possible fields of application for  the 
program are somewhat restricted by the 
fact that the mode of inheritance must be 
completely specified numerically. This ex- 
cludes some practical cases in genetic coun- 
selling, where complete knowledge of the 
disease is lacking. I t  is also difficult to treat 
situations where theoretical considerations 
might reveal connections between the di- 
stributions that must be specified beforehand 
as, for instance, when individuals without 
ancestors can be considered as samples from 
a population where an equilibrium state 
exists between mutation pressure and selec- 
tion (this is, for  example, the basis for  the 
treatment in  Binet e t  al. (1958)). But in a 
number of situations, PEDIG should make 
i t  considerably easier to  handle information 
from large pedigrees. I t  might also be of use 
outside genetic counselling, as in  animal 
breeding, where it is often necessary to 
estimate the genotype of a given animal 

from the phenotypes among its offspring. 
However, the requirement of no matings 
between related individuals will reduce the 
usefulness in  such areas too. 

The program listing and instructions for 
preparation of data cards are available 
from the authors on  request. The construc- 
tion of a program which is able to handle 
pedigrees with loops is now in progress. 
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