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INTRODUCTION 
Several methods of measuring genetic distance between populations have been developed (e.g. 
Nei, 1972; Sanghvi, 1953). Nagamine and Higuchi (2001) compared eight different measures 
of genetic distances available and found high correlations among them in classifying 
populations. They found that all eight measures of genetic distance had close relative value but 
Nei’s standard genetic distance ranked first among them.  
Most available measures of genetic distance compare populations based on allelic frequencies 
at marker loci with the exception of the method proposed by Reynolds et al. (1983) which uses 
coefficient of coancestry.  
Nei’s standard genetic distance is widely used and  performs well in most situations. However, 
this measure gives a genetic distance of zero for the distance of a  population with itself 
regardless of the average level of homozygosity of that population. Principles of measuring 
coefficient of relationship of Wright (1922)  results in different measures of relationship of an 
individual with itself. If the individual is inbred then   its coefficient of relationship with itself 
is greater than 1 compared to the value of 1 for average individuals in outbred populations. 
Collective genotypes of a population may be regarded as a single genotype and, therefor, 
measures of genetic distance should be able to yield different measures for a population with 
itself based on average amount of inbreeding in individuals of that population. This is not the 
case with available methods of measuring genetic distance. These methods rely on allelic 
frequencies in marker loci assuming Hardy-Weinberg equilibrium for  genotypic frequencies. 
The assumption of HW equilibrium does not always hold as most of the time we are dealing 
with populations of small size with different levels of inbreeding. Inbreeding decreases amount  
of heterozygosity  while increasing amount  of homozygosity. This very fact is ignored, 
specially in small populations,  in measures of genetic distance traditionally used. Two 
populations may have same allelic frequencies at marker loci while their genotypic frequencies 
may differ due to different levels of inbreeding and departure from HW equilibrium. Using 
available methods like Nei’s genetic distance would not distinguish this kind of genetic 
differences among populations. 
It has long been recognized that Wright’s measure of coefficient of relationship is an average 
value and like any other average value has some variation around the mean. For example Weir 
et al. (1980) found that average measures of inbreeding can be associated with substantial 
variances.  Nejati-Javaremi et al. (1994) developed a method of measuring coefficient of 
relationship among individuals based on genotypes of individuals at marker loci. This method 
of measuring relationship among individuals takes into account the variation around average 
relationship. If we regard collective genotypes of individuals of a population as one single 
genotype then the same principle may also be used in measuring degrees of genetic similarity 
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among populations.  By using this approach inbred populations will be more similar to 
themselves, a concept similar to the widely used term of inbreeding coefficient. 
In this study property of allelic relationship (Nejati-Javaremi et al., 1994) to measure genetic 
similarity among populations is studied and comparison is made with Nei’s standard genetic 
distance. Other methods of measuring genetic distance are left out in this study as 
comprehensive comparison between them was  made elsewhere (Nagamine and Higuchi 2001). 
 
MATERIAL AND METHODS 
Populations have been produced by simulating polymorphic genetic marker loci.  Same 
numbers of alleles were assigned to each locus in all populations. Allelic frequencies for each 
locus in each population were randomly drawn from a uniform distribution and sum of allelic 
frequencies at each locus was forced to be equal to one. However, by chance, some loci were 
assigned fewer alleles due to very low or zero frequency assigned to them. Individual 
genotypes in each population were randomly drawn from a conceptually large population with 
assigned allelic frequencies. Therefor, genetic property of each population differed, randomly, 
from those of other populations under study but all individuals within each population were 
sampled from a single set of allelic frequencies assigned to marker loci of that specific 
population. 
Nei’s (1972) genetic distance between populations was measured as following: 
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Where xij and  yij are the frequencies of the ith allele at jth   locus in population x and y, 
respectively. mj  is the number of alleles at the locus j and r is the number of loci. 
Average allelic relationship between individuals  was measured as following (Nejati-Javaremi 
et al., 1997): 
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Where Iij is the identity of the ith allele of the first individual with the jth allele of the second (Iij 
take the value of 1 if two alleles are identical and zero if they are not); TA is the total allelic 
relationship averaged over L loci. TA’s of all pairs of individuals in  pairs of populations were 
averaged over the total number of pairs of individuals in two populations. 
Different numbers of population, individuals per population, number of marker loci per 
individual and number of alleles per locus were simulated.  For each run of the simulation, both 
genetic similarity based on average allelic relationship among populations and Nei’s genetic 
distance among populations were measured. 
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With n different populations a total of n(n+1)/2 measures of genetic similarities and the same 
number of genetic distances are obtained.  Coefficients of correlation between pairs of these 
two sets of measures were also calculated.  
 
RESULTS AND DISCUSSION 
Table 1 indicates correlations between two measures in given sets of  simulation.  The negative 
sign of the coefficients of correlation  between the two methods is due to the fact that  genetic 
similarity would translate into 1 minus genetic distance as the two methods  are measuring two 
opposite quantities. High correlation between two methods show that both methods may be 
used for classifying populations very accurately. However, it should be noted that many 
populations of interest are  small in size and, therefor, subject to high levels of inbreeding. The 
genetic similarity approach has the ability to take inbreeding into account while accurately 
classifying populations. 
This is specially important when we are dealing with populations in danger of extinction due to 
very small size and  when not  enough information is available on allelic frequencies of genetic 
markers. To measure genetic similarity we do not need accurate estimates of allelic frequencies 
as actual genotypes of available individuals are directly used. Also one important advantage of 
the method proposed here is its ability to measure genetic similarity of single individuals with 
populations. This is not possible in  other methods of measuring genetic distance which work 
based on the allelic frequencies of marker loci in populations not single genotypes.  
Table 2 and Table 3 each represent a sample genetic similarity and Nei’s genetic distance, 
respectively, among five populations of size 200. Each individual in these populations was 
assigned 30 marker loci with two alleles per locus. Diagonal values in Table 2 show that 
individuals of  these populations are inbred. Increasing the number of allele per locus cause the 
diagonal values to decrease but still diagonal valuse would always be larger than off diagonal 
values. As may be seen in Table 3, diagonal values in Nei’s genetic distance shows zero 
distance of each population with itself regardless of the level of inbreeding. 
Nei’s genetic distance is a reliable measure for classifying outbred populations but it lacks the 
ability of distinguishing outbred populations from populations with above average amounts of 
inbreeding. Also available measures of genetic distance are dependent on the allelic 
frequencies of marker loci. In many situations such estimates are associated with variation due 
to limited amount of information used in their  estimation. The method presented here does not 
need allelic frequencies of marker loci to be known and uses genotypic information of 
individuals directly. Therefore, even limited numbers of individual may be compared and 
classified. Also, in this method a single individual may be compared with a population while 
other methods can only compare two populations. 
As an example we can consider two populations with exactly equal allelic frequencies at all 
loci but very different in their level  of inbreeding. Nei’s method would measure a distance of 
zero between them  while the method presented here would reveal the actual difference 
between the two populations. This is because this method is based on genotypic similarity but 
Nei’s method is based on similarity in gene frequency. Populations of same genotypic 
frequency have equal gene frequency too but the opposite is not always true. 
Impact of using total allelic relationship on accuracy of genetic evaluation was already shown  
(Nejati-Javaremi et al., 1997). In this study another potential use for allelic relationship is 
presented.  
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Table 1. Correlation coefficients of Nei’s genetic distance with the measure of genetic 
similarity in 5 populations of size 500 

 
No. ofmarker loci No of allelesper locus CorrletionCoefficient 

30 2 -0.94 
10 2 -0.85 
30 3 -0.99 
10 3 -0.92 
30 5 -0.99 

 
Table 2. Measures of genetic similarity among five simulated population of size 200 with 
each individual having 10 marker loci and 2 alleles per locus 

 
Populations p1 p2 P3 p4 p5 

P1 1.42 0.883 1.083 0.972 0.907 
P2 0.883 1.17 0.969 0.895 0.913 
P3 1.083 0.969 1.093 1.027 0.927 
P4 0.972 0.895 1.027 1.313 0.996 
P5 0.907 0.913 0.927 0.996 1.362 

 
Table 3. Nei’s genetic distance among five simulated population of size 200 with each 
individual having 10 marker loci and 2 alleles per locus 
 

Populations p1 p2 p3 p4 p5 
P1 0 0.362 0.154 0.334 0.421 
P2 0.362 0 0.139 0.319 0.322 
P3 0.154 0.139 0 0.156 0.268 
P4 0.334 0.319 0.156 0 0.3 
P5 0.421 0.322 0.268 0.3 0 

 
CONCLUSION 
Genetic markers are not only useful for measuring genetic distances between populations but 
they may also be used in measuring the similarity of individual genotypes with populations.  
Genetic similarity is a useful method of classifying individuals and populations based on 
marker genotype information.  Further investigation is needed to study the exact properties of 
this new approach in populations of common origin and inbred lines over generations. 
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