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SUMMARY

The method to predict genetic change in a population with long-term selection are 
extended to apply with a population having overlapped generations. The genetic drift affected 
more on the population with overlapped generations than one without overlapping, if the size o 
population are the same. The existence of rearing period divides the population to 
sub-populations, though it is not clear. This breeding structure acts as if it is the rotation cross 

between sub—population, and be able to keep the genetic variability.

INTRODUCTION

We have studied the method to predict the genetic change with long-term selection in an 
animal population(Takeda etal. 1988,1989,1991). We have assumed in these studies that all of the 
reproductive animals are replaced by the next generation simultaneously. It means, no animal can 
mate with one of another generation.

It is common, however, that each individual reproduce several times in an ordinary 
population of livestock. That makes us impossible to discriminate between generations clearly.

Now, we consider the population with overlapped generations as follows. The animals bom 
in the population are selected based on their phenotype after some years of rearing period. Then 
the selected animals are used several years as breeding stock to be mated randomly for all ages. 
The oldest animals are replaced by the newly selected ones every year. . , .

The term ’year’ refers to the period of reproduction cycle in this paper, and the unit of age is 
the ’year1 of this meaning. The ’year’ for cattle would be about the same as the calendar year, while 
the ’year’ for swine would be 5 or 6 months.

We assume the following assumptions as in previous papers. There are two sort of alleles 
on each locus that affect the trait only additive. The environmental effects are independent of the 

genetic effect and have normal distribution.

PROCEDURES

Let the rearing period, the breeding period and the total life be yr, yb and ya years respectively 
The breeding stock be nb animals selected from nr animals bom m the population for each 

age. Subscript m and f distinguish these symbols for male or female, if the period or the number of 
animals are different between both sexes. Fig.l shows this breeding structure.

Takeda etal.(1989) have proposed a prediction model for small population without overlapping 
generation. The model predicts the genetic change as the gene frequency of each locus, and

it includes the procedure to obtain the probability distribution of gene frequency m the
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offspring population after selection. We will describe 
only the outline of this procedure.

The possible combinations of the 3 genotypes in nr 
animals are restricted. The probability for a certain 
combination is the sampling probability from a infinite 
random mated population. Then, we can obtain 
the possibility for all combinations of 3 genotypes in nr 
animals. The genotypic value of the 3 genotypes and the 
environmental distribution and the genetic variance for 
other lod lead us to the distribution of the phenotypic 
values for each genotype. The selected nb animals are 
ones having higher phenotypic value of nr sampling from 
phenotypic distribution for each genotype, and, 
accumulation of these sampling probability for each 
combination of genotypes leads us to the distribution of 
gene frequency in nb selected animals. The 

in this step in order to obtain the correlation between the 
alleles on this locus and the genetic values for other lod of which we take account when we obtain 
phenotypic distribution in the next generation.

The breeding population is consist of yb ages in the situation of this paper. The genotypes 
of newly bom animals are, however, the random combination of the male and the female gamete, 

since the breeding animals are mated randomly for all ages of breeding period. The genotypes of 
the animals bom in the population are decided by the average gene frequency of the male and 
female through breeding ages. Therefore, we can use the procedure described above to obtain 
the distribution of gene frequency in the selected animals bom in the population and reared yr 
years, if the average gene frequency of breeding population are given.

Now, let the (yrm+yrf) dimensional distribution

f (m . m ,..., m __ , m ,..., m , f f )t 1 2 yrm yim+1 yam 1 yaf
denote the possibility that the gene frequency in males of age 1 is ml, the one in males of age 
yrm is myim, ..... and the one in females of oldest age is fyaf, after t-years. Where the gene 
frequency of rearing period are also that of selected yb animals, since the result is the same whether 
the selection is forced on age yr or on age 0 in respect to the probability.

The average gene frequency in males of breeding ages simply

(m +m n -i-...+m )/ybm yrm+1 yrm+2 yam
and one in females is

Fig.l The breeding structure 
of this study

phenotypic values are also accumulated

(f , . +f , +...+fyrf+1 yrf+2 yaf )/ybf.

The probability f(mO) that the gene frequency in the new bom selected ybm males and the 
probability f(fO) in females for these parents are given by the procedures mentioned above. 
The distribution in space with two more dimension, for new bom animals of both sexes, are 
obtained as multiplication of these probabilities,
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f (m , m m , t  , f. f ( ) t O  1 yam 0 1 yaf

= f t (m l ’- ’ myam ’ f l .... fyaf }*f (n& }*f (f> 1

The gene frequency of the oldest age for both sexes, myam and fyaf, have no meaning in next 
year, since they are culled. Then, accumulation for all values of myam and fyaf,

f ,(m ., m, m , ,  f f, t+1 0 1 yam-1 0 1 ,f )

m  ’ f  ^yam 0 1 yaf

yaf-1
= Z Z f (m , m ,. y y <t 0 1•'am-y af

is the distribution in the next year. Notice that the subscripts for ages represent one older ages in 
distribution for year t+1.

The iteration of this cycle from the base population where probability for one 
combination of gene frequencies would be 1 gives us the prediction after many years.

EXAMPLES AND DISCUSSION

The first example compared the genetic change in three populations in order to show the 
effect of generation overlap. The breeding stock of 4 males and 4 females are replaced by the next 
generation simultaneously in one population(l), one half are replaced every year in another

Fig.2 Expected mean of genetic value in 
population(l): replaced all of breeding 
animals, population®: replaced 1/2 and 
population(3):replaced 1/4.

population®, only one fourth are replaced 
in the other population®. The rearing 
period is set to be 0 in this example. The 
assumptions are as follows: 30 lod with 
equal effect contribute to the trait, each 
locus have initial gene frequency of 0.5, 
initial heritability is 0.5, and the selection 
ratio is 0.5.

Fig.2 shows the change of expected 
average of genetic value in these 
populations. The unit of the horizontal axis 
is the average generation interval in order 
to make comparison between the 
different breeding structure. The 
asymptotic line is lower as the rate of 
overlapping become higher, although the 
size of breeding population are the same. It 
means that the genetic change in 
population with overlapped generation 
resembles to the change in population 
with smaller size.

The sizes of breeding populations 
yb*nb are constant, while the breeding 
period yb’s are different between 3
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expected population mean

populations. It means that the number of 
selected animals nb’s are different and 
so are nr’s to make the selection ratio 
constant. The drift becomes greater as 
the numbers of sampling, nr and nb, 
become smaller. The selected animals is, 
therefore, more affected by the drift in 
population 3, Further, the drift of animals 
in population 3 directly affect the next age 

which is partly in the same generation.
The next example compared between 

the population with and without rearing 
period. Both population are consist of 4 
males and 4 females, and one fourth of 
them are replaced by the next
generation. All animals are used as 
breeding stock in one population(l), 
while the other population© has rearing 
period of younger two ages and animals of 
older two ages are mated.

Fig.3 shows the change of expected 
average of genetic value in these
populations. The unit of the horizontal 
axis is the average generation interval. The 
expected average of population 1 is 

higher than that of population 2 in the earlier generations, but soon turned to be lower in latter 
generations. The asymptotic line of population is lower in population 1, after all.

The lower average of population 2 reflect to the small size of breeding stock at one time of 
mating. The rearing period, however, divided the population to sub—populations of age group, 
though the division is not dear. The breeding structure of population 2 acts as if the rotation cross 
between sub-population, and keep the genetic variability.

The smallness of population size would make these examples sensitive to the difference of 
breeding structures. It is , however, obvious that not only the size of population but the breeding 
structure also affect the genetic change in small population. It is necessary to take the breeding 
structure into account in order to make effective scheme for progress in livestock performance and for 
conservation of genetic resources.

Fig.3 Expected mean of genetic value in 
population(l): without rearing period and 
population©: with rearing period.
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