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Summary

The objective of this study was to compare optimum contribution selection (OCS) and mate
selection (MS) in aquaculture breeding, regarding short and long-term genetic progress and
inbreeding, using simulated data. Twenty discrete generations were simulated, considering 50
families and 2,000 offspring per generation, and a trait with heritability of 0.3. OCS and MS
were applied using a differential evolution algorithm, under an objective function that
accounted for genetic merit and inbreeding of the future progeny and co-ancestry among
selection candidates. For OCS, the optimization process corresponded to selection based on
optimum contribution followed by minimum inbreeding mating. Objective functions using
different weights on coancestry were tested. For each application, 20 replicates were
simulated and the results were compared based on their average. Our results showed that, in
the short-term, MS was more efficient than OCS in controlling inbreeding under the same
genetic gain. In the long-term, OCS and MS resulted in similar genetic progress and average
inbreeding, under the same weight (emphasis) on coancestry.

Keywords: coancestry, differential evolution, inbreeding

Introduction

In most fish species, the high fecundity facilitates the high selection intensity and accuracy,
which enables relatively high annual genetic gain. However, this can also potentially lead to
very few families dominating the genetic contributions to the next generation and,
consequently, the rate of inbreeding can easily become increased to undesirable levels. High
levels of inbreeding may increase the manifestation of deleterious alleles, cause inbreeding
depression, reduce genetic variation and, consequently, reduce genetic progress of subsequent
generations (Falconer & Mackay, 1996).

Different strategies and methods have been proposed to control the inbreeding rate in
breeding programs, being optimum contribution selection (OCS) (Woolliams & Thompson,
1994; Meuwissen, 1997) and mate selection (MS) (Kinghorn, 1998; Shepherd & Kinghorn,
1999) amongst the most effective strategies. Using real Nile tilapia and coho salmon datasets,
Yoshida et al. (2017) observed evidence that MS outperformed OCS in controlling inbreeding
under the same expected genetic gain. However, the authors compared OCS and MS results
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only in the short-term. This study aimed to compare OCS and MS, with respect to the short
and long-term genetic response and level of inbreeding, using simulated data.

Material and methods

The simulation process mimicked an aquaculture breeding program. Initially, a base
population (G0) was generated with 25 males and 50 females. Their breeding values (gi) were

sampled from the distribution N(0, ), where is the genetic variance at G0, and their

phenotypes were calculated as yi=gi+ei, where ei are the residuals sampled from N(0, ) and

is the residual variance. A heritability of 0.3 ( =0.30 and =0.7) was assumed for G0.
Phenotypic values of the offspring in later generations were generated as:
yi=0.5gs+0.5gd+mi+ei, where: gs and gd are the breeding values of the sire and dam,

respectively; mi is the Mendelian sampling effect, sampled from N(0, 0.5(1−(Fs+Fd)/2) ),
with Fs and Fd being the inbreeding coefficients of the sire and dam, respectively; and ei the
residuals as described before.

Twenty discrete generations were simulated (G0 + 19 generations of selection) with 50
families and 2,000 offspring (half from each sex) per generation. The selection and mates
were defined according to the optimization of the following objective function (OF):

, where, x’EBV is the expected merit of the future progeny;

x’Ax is the weighted mean coancestry of selected parents; is the expected average
inbreeding coefficient of the future progeny; w1 to w3 are the corresponding weightings and x
is the vector to be optimized of genetic contributions for each selection candidate (the symbol
’ denotes a transposed vector). Although not explicitly described in the OF, the mate

allocations were determined by , following the problem representation suggested by
Gondro & Kinghorn (2008). The above OF was optimized using a differential evolutionary
algorithm (Storn & Price, 1995) developed in FORTRAN language (Carvalheiro et al., 2010).

For each discrete generation, it was considered as selection and mate candidates the best
female (50 animals) and the best five males (250 animals) per family. The males were
allowed to be mated with a maximum of four females and each female was mated once, i.e.
the contribution of each female was not optimized. Four different OF were optimized,
characterizing 2 applications of OCS (OCS1 and OCS2) and 2 of MS (MS1 and MS2). They
differed according to the weights used for coancestry (w2) and inbreeding (w3). OCS1 and
MS1 used a w2 of -10. A higher emphasis on coancestry was given on OCS2 and MS2 (w2=-
20). For OCS1 and OCS2, a w3 equal to -0.00001 was used, corresponding to the application
of OCS followed by minimum inbreeding mating. For MS1 and MS2, a w3 equal to -1 was
used, so selection and mating were performed simultaneously. All OF used the same weight
for the expected merit of the future progeny (w1=1). In summary, the following weights were
used for each application: OCS1 (w1=1, w2=-10, w3=-0.00001); OCS2 (w1=1, w2=-20, w3=-
0.00001); MS1 (w1=1, w2=-10, w3=-1); and MS2 (w1=1, w2=-20, w3=-1). These weights were
determined empirically, based on results from previous studies (Carvalheiro et al., 2010;
Yoshida et al., 2017). For each application, 20 replicates (constituted by different
populations) were simulated and their results were averaged for the comparisons. The results
were compared based on genetic gain and inbreeding provided by OCS1, OCS2, MS1 and
MS2 strategies.

Results and discussion
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The strategy OCS1 presented a genetic gain equivalent to MS1 and the genetic gain of OCS2
was similar to MS2, in the short and long term (Figure 1). So, the contrasts between OCS1 vs
MS1 and OCS2 vs MS2 allow reasonable comparisons. In the short-term, MS was more
efficient in controlling inbreeding than OCS under the same genetic gain (Figure 1). At
generation 4, for example, the average inbreeding of the different strategies was equal to
1.61% and 0.89% for OCS1 and MS1, and equal to 0.88% and 0.36% for OCS2 and MS2,
respectively. As previously stated, this result is in agreement with Yoshida et al. (2017), who
also observed evidence that MS outperformed OCS in controlling inbreeding under the same
expected genetic gain in the short-term, in a real Nile tilapia and coho salmon datasets. This
result highlights that accounting for inbreeding also in selection decisions (MS), and not only
on mating allocations (OCS), allows a better control of inbreeding in the short-term.

However, in the long-term, MS and OCS presented similar genetic gain and inbreeding
(Figure 1). This result evidences that what ultimately control inbreeding in the long-term is
the constraint on coancestry. In fact, MS and OCS (strategies accounting for coancestry) were
very efficient in controlling inbreeding compared to truncation selection followed by mating
minimizing inbreeding (OF using: w1=1, w2=0, w3=-0.00001), which resulted on an average
inbreeding of 41.1% at generation 20 (results not shown). This shows that mating designs
obviously affect inbreeding in the next generation, but in general they are less important than
the selection criterion in controlling long-term response and just a direct constraint on
inbreeding cannot effectively control rates of inbreeding (Wray & Goddard, 1994).

Giving more emphasis on coancestry (OCS1 and MS1 vs OCS2 and MS2) resulted in a
better control of inbreeding along the generations, with a small reduction on genetic response
(Figure 1). Unfortunately, the optimal weights to be used for the different components of the
OF cannot be analytically determined in the evolutionary algorithm implemented. They need
to be determined empirically as stressed by Yoshida et al. (2017). To overcome this
drawback, Yoshida et al. (2017) recommended to run the algorithm several times varying the
weights for the different components, explore the potential outcomes and choose the set of
weights that would result in a better balance among the different components, according to
the goal of the breeding program.

Figure 1. Average genetic gain (left) and inbreeding (right) by generation of simulated
aquaculture populations under optimum contribution selection (OCS) and mate selection
(MS), putting a lower (OCS1 and MS1) or higher (OCS2 and MS2) emphasis on coancestry.

Conclusions
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Under the same genetic gain, the MS strategy was more efficient in controlling inbreeding in
the short-term than the OCS followed by minimum inbreeding mating. However, in the long-
term, MS and OCS presented almost the same results regarding the genetic gain and level of
inbreeding.
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