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SUMMARY

Simulation was used in investigating the effect of different mating systems 
and heritabilities on genetic progress, inbreeding and genetic variance in 
adult nucleus breeding schemes using multiple ovulation and embryo transfer 
(MOET) in dairy cattle. The simulated results were compared with analytical 
predictions.

INTRODUCTION

Over the last two decades non-surgical embryo flushing and transfer methods 
together with freezing, splitting and sexing techniques have become a norm in 
countries with advanced cattle production. These and other related routines 
can make a significant contribution to genetic improvement programs. The most 
promising scheme to use multiple ovulation and embryo transfer (MOET) in dairy 
cattle has been given by Nicholas and Smith (1983). They suggested nucleus 
breeding with two possible alternatives, an adult scheme whereby selection is 
based on first lactation records and a juvenile scheme in which selection is 
on pedigree indices. Both of them aim at improved genetic progress from 
shorter generation intervals. Stimulated by the startling results, namely 
responses from 30 to 89 % higher than in the conventional progeny testing 
schemes, lots of verifying analytical and simulation investigations have been 
carried out.

Initially the estimates of genetic progress were derived for infinite
populations with some amendments about the effect of finite size on selection 
intensity. In a particular case this correction reduced the annual progress 
by 10 % (Nicholas and Smith, 1983). Juga and Maki-Tanila (1987) checked the 
analytical results of some adult MOET schemes in a simulation study. The 
nucleus involved 32 selected cows mated to a varying number of bulls. A
substantially (30 - 40 % ) smaller responses than predicted were obtained, even 
though the selection was based on BLUP of breeding values instead of somewhat 
less accurate selection indices used by Nicholas and Smith (1983). The
discrepancies were attributed by Juga and Maki-Tanila (1987) to reduced 
selection differentials due to finite size and high intra-class correlation 
amongst predicted breeding values of family members (Hill, 1976) and to
reduced genetic variation due to linkage disequilibrium generated by selection 
under the infinitesimal genetic model (Bulmer, 1971). The offspring values 
were generated without taking into account the inbreeding in parents, and 
likewise no inbreeding was assumed in constructing the inverse of additive 
relationship matrix (A~i). Therefore the lower responses cannot be accounted 
for by inbreeding.

Small downward corrections to the initial analytical results were given by 
Woolliams and Smith (1988) with the discrepancy between analytical and 
simulation results remaining substantial. Subsequent simulation studies (Toro 
and Sili6, 1989; Ruane and Thompson, 1989) agree with the results obtained by
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Juga and MSLki-Tanila (1987). In investigating the effect of various mating 
systems Woolliams (1989) showed with a combination of analysis and simulation 
that accounting for finite size and for the correlation of index values lowers 
the progress by 15 % from that of very large schemes. He predicted also the 
rate of inbreeding (or effective population size) under selection, but did not 
correct the genetic variance for that at subsequent generations. Heuwissen 
(1989a; 1990) has incorporated the linkage disequilibrium effect into 
predictions and also approximated the reduced selectiop intensities for 
hierarchical family structures typical to nOET schemes. Applying these two he 
(Heuwissen, 1989b) arrived at the results obtained by simulation.

The present paper is an extension of the earlier simulation study (Juga and 
Maki-Tanila, 1987) with particular interest in the outcome of HOET adult 
schemes under different mating systems and different heritibilities.

SIMULATION

The simulated population was planned to allow straightforward comparisons with 
the predictions of response obtained by Woolliams (1989). 36 females were 
mated to 4 males and each female produced 8 (4 male and 4 female) offspring. 
Three alternative mating designs were considered: (I) each males mated to 9 
females, (II) each male mated to 18 females and each female to 2 males, (III) 
each male mated to each female. In all the cases the proportion selected was 
1/8 in females and 1/36 in males. One or two males per selected full(I, II)- 
or half(Ill)-sib brother group was used.

The males did not have any records. The female record was generated as the 
sum of the breeding value and the environmental effect, the concept of 
permanent environmental effect had to be considered with selected females 
staying longer in the population. The base animals were selected on the index 
of three repeated records and males on the index of 150 daughter records. The 
intensities of initial selection in males and females were 2.0 and 1.2, 
respectively. The case with no initial selection was also considered.

The offspring breeding value was sampled from a normal distribution with mean 
equal to mid-parent_ breeding value and variance l*cr2a(l-F) (o2a, additive 
genetic variance and F, mean inbreeding coefficient of parents). Most of the 
cases were done with heritability .25, but a range of them was also 
considered: .1, .25, .5, and .7. In all the cases the repeatability of 
1.4 h2 was used.

The selection was carried out after first record was made. The evaluation was 
based on BLUP using a repeatability animal model. In constructing A-* 
allowance for inbreeding was made. Generations were discrete with an interval 
of 3.83 years. Each simulation was replicated 50 times.

RESULTS AND DISCUSSION

Results for the annual rate of genetic progress and inbreeding are presented 
over the period of 1 - 8 generations for h2=.25 in Table 1. The best response 
was obtained when each female was mated to two males, however, some selection 
intensity was lost when this principle was extended up to diallelic mating.
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There was a clear advantage of using also more than one member from a selected 
full-brother group. The responses and rates of inbreeding were considerably 
lower than predictions by Woolliams (1989), although the results between 
mating systems followed the predictions fairly well. Similar discrepancies 
were found for different heritabilities under the mating system I, again the 
overall picture was as predicted (Table 2.).

Simulation was also used to investigate the effect of selection at the base 
and subsequent generations on the overall genetic variance (fig. 1) If initial 
selection was followed by random mating, part of the linkage disequilibrium 
disappeared quickly and the only factor causing reduction in the variance was 
genetic drift, therefore the same amount of variance was left also in the 
case of no initial selection. Under subsequent selection the same equilibrium 
variance was reached within few generations whether there was initial 
selection or not, i.e. the further reduction in variance was caused mainly by 
inbreeding. These results can be used as indicators of mid-term variance 
changes in MOET schemes due to linkage disequilibrium and inbreeding.
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Table 1 Simulation results on genetic progress (AG/y) and inbreeding (AF/y) 
under different mating systems.

AG/y (x 103) AF/y
(phenotypic s.d.) (%)

System lcf/FS 2cT/FS lcf/FS 2cf/FS

I 79 i 80 1.27 i .96

II 81 2 85 1.21 2 .87

II 73 - 1.14 -

1 8 males selected
2 9 males selected
Standard errors between replicates were 9-10 for AG/y and .07-.12 for AF/y.
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Table 2 Simulation results on annual rates of genetic progress (AG/y) and 
inbreeding (AF/y) in adult schemes for different heritabilities under mating 
system I.

AG/y (x 103) AF/y
h2 (phenotypic s.d.) (%)

10 43 1.39

25 79 1.27

50 117 1.18

70 155 1.13

Figure 1. The changes in genetic variance for different cases of initial 
selection (is) and subsequent selection (s) over 8 generations for h2=.5 under 
mating system I.
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