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INTRODUCTION 
Germplasm preservation programs seek to conserve the broadest possible set of alleles from a 
population by maximizing the genetic diversity of the animals identified for sampling. Three 
possible approaches to achieving this goal are: 1) to genotype animals at a number of loci and 
identify for sampling those most likely to contribute rare alleles (Lamberson, 1998); 2) to use a 
modified sequencing classification of quantitative traits (Wang and Sheng, 1998); or 3) to 
utilize a probabilistic approach to identify for sampling animals with least relationship. Breed 
associations record and maintain extensive pedigree databases for a wide variety of livestock 
populations. Utilizing these existing pedigrees to facilitate calculation of coefficients of 
relationship (R) to be used in a probabilistic procedure is likely to have lower up-front cost and 
can be achieved more quickly than a procedure requiring the genotyping of a large number of 
animals. The objective of this research was to develop and test the effectiveness of a method 
for identifying subpopulations with minimal within population relationship; subpopulations 
consisting of genetically diverse animals for germplasm preservation.  
 
MATERIALS AND METHODS 
Applying appropriate criteria for availability, health, etc. can initially be used to identify 
candidates for germplasm preservation. Given the pedigrees of animals in a population, the R 
among the candidates can be calculated. The proposed algorithm identifies a subpopulation 
with low cumulative R. Cumulative R is defined as the sum of the R among all possible pairs 
of animals in the subpopulation. The algorithm is programmed in C++. It can be initiated with 
an arbitrary seed animal or with a set of preselected animals (perhaps ones that already have 
pools of semen available). The cumulative R of the seed with each unselected candidate animal 
is calculated. If a single animal is used as the seed, its R with all other candidates is calculated. 
The animal least related to the seed is selected. Subsequently, the R of each unselected 
candidate with all selected candidates is calculated and the unselected candidate with the 
lowest R to the selected group is identified for selection. The process is continued by adding 
the animal with the lowest cumulative relationship to the previously selected set until a desired 
complement is attained. 
 
This procedure was tested on a set of 100 animals with simulated R. The R were generated 
with a γ-distribution having α = 4 and λ = .025 resulting in a mean R of .10 with positive 
skewness. Repeated sets of 25 animals were drawn from the distribution by three methods: 1) 
random sampling (RANDOM); 2) use of the algorithm initiated with a random seed animal 
(SELECTED); and 3) use of the algorithm initiated with a set of 10 random seed animals 
(PRESELECTED). Twenty-five replicates were conducted for each method. The mean and 
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variance of R among selected animals was calculated. Effect of method on mean R was tested 
by using analysis of variance. Effect of method on the variance among relationships was tested 
by comparing the ratio of the higher to lower variance to the critical F. 
 
RESULTS AND DISCUSSION 
The means of the relationships were 0.101, 0.080 and 0.086, for RANDOM, SELECTED and 
PRESELECTED, respectively. As expected SELECTED resulted in a significantly lower mean 
R than RANDOM. The algorithm used with multiple seed animals (PRESELECTED) yielded a 
mean relationship that was intermediate to the other methods and significantly different from 
both. Variation across replicates was significantly lower for SELECTED than for the other 
methods (standard deviations were 0.001 for SELECTED and 0.003 for both RANDOM and 
PRESELECTED). The lowest mean for any individual replicate was 0.078 from SELECTED. 
No replicate mean from RANDOM was as small as the highest mean from SELECTED or 
PRESELECTED. Likewise, there was no overlap of individual replicate means between 
SELECTED and PRESELECTED. 
 
Do the differences in mean relationship have practical implications for preservation of genetic 
variation in germplasm preservation programs? One recommendation has been made for 
sampling semen from 25 sires, with each sample sufficient for 200 to 500 inseminations (NRC, 
1993). This size of sample is expected to reduce the loss of genetic variation to less than one 
percent. The effectiveness of a sample of that size depends on how the animals are chosen for 
sampling. A truly random sample of that size may well adequately capture most alleles present 
in the population. It is likely in most livestock breeds that the distribution of relationships is not 
uniform. A few influential animals may be related to a disproportionate number of animals. 
Obviously, they are likely to make up a large proportion of a random sample. These animals or 
their descendants may have semen more readily available than less popular animals in the 
population. If sampling is not truly random, but animals are chosen in part based on their 
availability, a sample of 25 may not adequately capture the variation present in the breed.  
 
The best sample of 25 that could be selected on a pedigree-based approach would be that 
subpopulation with the least cumulative or lowest mean relationship. If this set could be 
identified, it should have the greatest diversity possible of any a set selected by a relationship-
based approach. It would be of interest to know the minimum mean relationship possible from 
a set of 25 animals taken from a population of 100. The subpopulation of 25 with the least 
cumulative or lowest mean relationship is one of 2.43 x 1023 possible subsets. If subpopulations 
could be tested at a rate of one billion per second, it would require more than 7 billion years to 
test all possible subsets of this relatively small population. Like a traveling salesman problem, 
there is no obvious way of finding the best solution.  
 
The proposed method is an approximation to finding the minimum. How closely it approaches 
that is unknown. An advantage of the proposed method is that it will capture the most distantly 
related animals within the breed, those most likely to have the greatest diversity of alleles. If 
used to select the entire subpopulation for sampling it would be expected to capture greater 
diversity of alleles than a random sample of equal size. Results from the PRESELECTED 
method in the current evaluation suggest that if some animals were preselected, the algorithm 
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could identify a broad sample of animals by filling in candidates from families not closely 
related to the preselected animals. 
 
Alternative methods may be preferred under certain circumstances. If resources are available 
for genotyping large numbers of animals a direct approach to preserving alleles can be utilized. 
Lamberson (1998) described a method utilizing an index designed to weight the rarity of 
genotypes in selecting animals. If no pedigree records or genotypes are available, but 
phenotypes can be measured a modification of the procedure of Wang and Sheng (1998) could 
be used to select animals with diverse phenotypes. 
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