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SUMMARY

Increasing Hvestock production efficiency and improving product quality through marker assisted 
selection (MAS) require successful association of phenotypic differences with informative genetic 
markers. Optimum resource populations with minimum total progeny required to insure power of 95% 
depend on the heterozygosity and effect of loci (ETL) that influence economically important traits. 
The optimum number of sires decreases as heterozygosity increases and is insensitive to the 
magnitude of the ETL effect. The optimum number of progeny per sire increases as the magnitude 
of the ETL effect decreases and is insensitive to ETL heterozygosity. The minimum total number of 
progeny required to insure a power of 95% decreases as ETL heterozygosity and effect increase.

INTRODUCTION

Recent reports (Bishop etal., 1994; Rohreret al., 1994) describe genetic linkage maps covering 
85 to 90/o of the genomes of cattle and pigs with informative DNA or protein markers. Hence most
EfRs are within 1010 20 ^  from informative markers. Markers near ETLs can be used to increase 
the rate of genetic improvement through MAS (Lande and Thompson, 1990). Identification of ETLs 
requires genotyping markers across the progeny of parents heterozygous for ETLs and markers 
Sufficient numbers of resource animals must be evaluated so that real associations between markers 
1 030 66 d,stin9uished from those resulting from chance alone (Lander and Botstein
1989). With the current rate of progress in genetic linkage mapping, the availability of informative 
markers for most regions of the genome is unlikely to be limiting in the near future. Therefore 
increased emphasis must be placed on the development of quality resource populations to make 
maximal use of genetic maps to increase the efficiency of livestock production and improve meat

Several workers (Lander and Botstein, 1989; Soller and Genizi, 1978; Weller et al. 1990- 
Knapp andBridges, 1990) have evaluated the power of different resource population desiqns for 
identifying ETLs . Weller et al. (1990) have emphasized the adequacy of existing dairy pedigrees for 
detecting ETLs influencing milk production and disease resistence. However little emphasis has 
been placed on the design of resource populations for beef cattle, pigs and sheep. Similarly the 
impact of ETL heterozygosity on the power of detecting ETLs has not been evaluated.

An objective of the current work was to identify the numbers of sires and progeny per sire that 
minimize the total number of progeny required to insure a power of 95%. A second objective was 
to evaluate the influence of ETL effects and heterozygosity on the structure of optimum half-sib 
resource populations.

MATERIALS AND METHODS

The power for detecting an ETL was obtained by
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where s is number of resource sires, n is number of progeny per sire and H is heterozygosity. 
F(x,s,s(n-2),A) is the integral of the noncentral F distribution from 0 to x with s and s(n-2) numerator 
and denominator degrees of freedom, respectively, and noncentrality parameter equal to A. The 
effect of the ETL (a) is computed as the difference between homozygotes divided by 2. The critical 
F value (xa) is chosen so that the integral of the central F distritution (numerator and denominator 
degrees of freedom, respectively, are s and s(n-2), and A = 0) from xa to infinity is equal to a.

In order to control the overall rate of false postives at 5% or less a  was set at .000167 or .05 
/ 300 based on a Bonferroni inequality. A vlaue of 300 was used for the denominator to allow for 
testing 300 intervals of 10 cM each in a 3,000 cM genome.

RESULTS AND DISCUSSION

Economically important lod (ETL) must be heterozygous for at least some of the resource sires 
to detect and locate them relative to informative markers (Lander and Botstein, 1989; Weller et al.,
1990). If heterozygosity is low, many sires need to be sampled to insure that some of the sires are 
heterozygous. However, if heterozygosity is high, only a small number of sires need to be sampled. 
Heterozygosity is a function of the allele frequencies of the sire ( p ^ )  and dam (pdam) populations 
as follows: H = pare (1 - pdam) + pdam (1 - p ^ )  (Table 1). When the allele frequencies of the sire 
and dam populations are equal (diagonals of Table 1) as would be the case for within breed matings 
(without selection) then heterozygosity is maximum when the allele frequency is .5 and minimum 
when the allele frequency is 0 or 1. When the allele frequency of the sire or dam population is .5, 
heterozygosity is 50% regardless of the allele frequency of the mate’s population (Table 1). For 
example, setting pdam = .5, H=  Psjre (1 - .5) + .5 (1 - Psjre) = .5 Psjre + .5 - .5 Psire = .5. Likewise, 
setting p ^  -  .5, H -  .5 (1 - p ^ )  + pdam (1  - .5) = .5 - .5 pdam + .5 pdam = .5. Heterozygosities 
between 50 and 100% occur when allele frequencies of sire and dam populations are not equal 
(lower-left and upper-right quadrants of Table 1). This would be the case for an F, cross in which 
the predominate allele of the sire's breed (i.e., p ^  > .5) is infrequent in the dam's population (i.e., 
Pdam < -5)> or vice versa (i e., p ^  < .5 and p ^  > .5). Heterozygosity is 100% for a locus with 
breed specific alleles ( p ^  = 1 and pdam = 0 or vice versa). In this case, only one resource sire is 
required, and in fact more than one resource sire is counter-productive (Table 2). If an allele is rare, 
regardless of breed, then heterozygotes carrying the rare allele are also relatively rare. For this 
reason, identification of ETL with rare valuable alleles will require sampling of large numbers of 
resource sires.

Table 1. Heterozygosity (%) as influenced by allele frequencies for sire and dam populations

Allele
frequency of Allele frequency of the dam's population
sire's
population 0 .25 .50 .75 1.00

0 0 25 50 75 100
.25 25 38 50 63 75
.50 50 50 50 50 50
.75 75 63 50 38 25

1.00 100 75 50 25 0
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Table 2. Number of sires and progeny per sire that minimize the total number of progeny 
required to insure power of 95%

Effect (SD)
Heterozygosity--------- Number of Sires

'  (%) Sires Progeny per sire Total progeny
.5 25 32 179 5728

50 13 159 2067
75 6 179 1074

100 1 476 476
1.0 25 31 47 1457

50 13 41 533
75 7 40 280

100 1 125 125
2.0 25 28 14 392

50 10 15 150
75 5 16 80

100 1 37 37
3.0 25 22 9 198

50 10 8 80
75 4 11 44

100 1 21 21

The optimum number of resource sires that minimizes the total number of progeny required to insure 
power of 95% or greater decreases with level of heterozygosity and is insensitive to the magnitude 
of the ETL effect (Table 2). To see this, consider the minimum number of sires required to achieve 
a power of 95%. This is the minimum number of sires required to make the probability of at least one 
heterozygous sire equal to .95 or greater. The probability of at least one heterozygous sire is 1 - (1 - 
H) . Hence, the minimum number of sires required is int[log(1-.95) / log(1 - H)] + 1, where int(.) is 
the largest integer less than or equal to the argument and log(.) is the natural logrithm. The 
minumum number of sires required to insure a power of 95% is 11 if H = 25% 5 if H = 50% 3 if H 
= 75% and 1 i fW= 100%.

The optimum number of progeny per sire increases as the effect of the ETL decreases and is 
relatively insensitive to level of heterozygosity. The optimum number of progeny per sire is roughly 
proportional to the square of the inverse of the ETL effect. The minimum total number of progeny 
required to insure of power of 95% increases as heterozygosity and the effect of the ETL decrease.
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