World Rabbit Science Association
12th World Rabbit Congress - November 3-5 2021 - Nantes, France, Communication BG-10, 4 pp.

OPTIMAL CONTRIBUTION SELECTIONIN CLINEHYCOLE:
PROSPECT FOR GENETIC GAIN

Herbert C.}, Yviquel J.2 Flatres-Grall L.% Pong-Wong R.2, Lenoir G.2

'HYCOLE, Route de Villers Plouich, 59159 Marcoing, fca

2AXIOM, La Garenne, 37310 Azay-sur-Indre, France
®Roslin Institute, Easter Bush, Midlothian, EH25 9RGotBand, UK

*Corresponding author: caroline.herbert@hycole.com

ABSTRACT

One of the consequences of breeding programs ia¢hease in inbreeding. The control of inbreeding
avoids the occurrence of problems such as inbrgedi@pression or reproductive problems. Some
alternatives, as mating plans, can be used to lithieeding progression. However, these alternsitive
slow down the genetic progress and do not makessiple to anticipate with precision the increaise o
inbreeding. The Optimum Contribution Selection (Q@%thod maximizes the genetic gain while
limiting the increase in inbreeding via an optintiaa equation. This optimization is done when
selecting candidates at weaning and takes intouatdbeir degree of relationship, their contribatio
to the population, and their genetic value. The @@$hod has been tested for routine application on
the C line to measure the impact on genetic gath laestock management. A comparison of the
genetic gain was performed with the current trupncamethod of selection and the OCS method. A
genetic gain up to 10 times higher is obtained@€dS method with a decrease of inbreeding. The
implementation of this tool would not result in asignificant change in livestock management, and
would remove some constraints related to the manmageof inbreeding.
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INTRODUCTION

In breeding programs, the balance between genaiticamd inbreeding is a key point. Many practices
can be used to manage the evolution of the inbmgedite AF), but most of them cannot anticipate it
(Woolliams et al., 2015. For some selection schemes, as in rabbits, totution is difficult to
measure because the selection is generally manegexerlapping generations. Moreover, by
managing the inbreeding, genetic gain can be rasttaTo respond to these constraints, Meuwissen
(1997) and then Pong-Wong and Woolliams (2007)p@sed a method called Optimum Contribution
Selection (OCS), which optimizes the selection afididates by maximizing the genetic merit and
restricting the evolution of inbreeding to a fixéslrel. Nevertheless, these studies are based on
simulated populations. The aim of this study waagply the OCS method in the C line of rabbits. In
this line several empirical practices have beenléempnted for several years to ke#&p under an
acceptable value. However, these practices dollwt a precise management and the possibility to
anticipate the evolution okF. The OCS application at the selection of candglatould reduce the
constraints applied to manage inbreeding. Theafirgbreeding could be anticipated and genetic gain
could be improved.

MATERIALSAND METHODS

Data
The different characteristics of the C line arespréed in Table 1.
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Table 1: Presentation of the C line

Type Female line
Population Closed nucleus
Type of generations Overlapping generations
Pedigree 12 176 animals, no missing parents

Maternal qualities : litter weight and litter wetglange at 21 days, numbe
of teats, fertility, number of born alive

=

Selection criteria

Average number of animal per generation 1200
Number of females 210
Number of males 40
Main selection step of candidates At weaning - 28 days old

From dam and sire EBV

Calculation of candidates EBV at weaning Multi-trait index estimated by BLUP method

Number of farms 1
Batch Single group — Every 6 weeks
Cycles 8.7 lyear

Selected females produce their first young rabait24 weeks of age and are controlled, without
producing future breeders, during their first thegeles to collect reproductive performances, theor

to improve accuracy of maternal qualities EBV. 8tdd males produce their first young rabbits at 26
weeks. Each female produced an average of 10 pesgém the stage of first selection with a 50%
random allocation of gender. To control the evelutof inbreeding, mating groups and limitation of
siblings kept to renew the population have beemget

Estimation of inbreeding rate of the actual generation and deter mination of inbreeding limit for
the next generation

To fix the inbreeding limit of the next generatidhe actual inbreeding of the population, Fn, ningst
estimated. It has been calculated with the NumerBtationships Matrix (NRM) (Falconer and
Mackay, 1996), considering all matings made inldisé year:

a
223X 4 (el — 1)
~ number of matings
where @y is the additive genetic relationship coefficientteen animals A and X, andxa
corresponds to the additive genetic relationshigffament of an animal with itself. With the actual

managementAF for the C line is estimated around 0.5% per yeduere one generation represents
one year.

The OCS method

Optimization used in this study is based on the CfpBroach developed by Pong-Wong and
Woolliams (2007) and applied to a population madaigeoverlapping generation. This model uses
the optimization equation developed by Meuwisse®97) to maximize genetic gain with a fix
inbreeding evolution between 2 generations:

H = cTg —A0(cTAc-K) —(cTQ-0.5*1TH
where H is the optimization, T the transposed mat@ the incidence matrix, K the inbreeding
constraint, A0 andA Lagrangian multipliers, ¢ the contribution vectagsthe EBV and A the NRM
matrix.

In order to apply it to a population with overlapgigenerations, population is split in several gsou
defined by their physiological status. First, caladkes to selection and all animals younger than
candidates (here 28 days of age) are defined asrajen n+1 and all the older and active are
generation n. In the case of C line, only animalshie generation n+1 are the candidates from the
litters producing renewal. Then all animals notmiited to selection the day of optimization have a
fixed contribution. All the females have a fixechtrdbution equivalent to one litter in generatiofiln
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and the males have a fixed contribution equivalerihe number of litters born from them. The other

animals and the males with a fixed contribution &tilt active are optimized by the OCS program.

This approach is dynamic. At each optimization, €&dapted to the physiological status and one
part of the population is optimized.

Comparison between truncation method and OCS method

A comparison between the actual truncation selectiethod and OCS method has been done using 9
batches controlled during 2017. In each methodgthbal EBV is calculated on a 100 basis with a
standard deviation of 30. For the truncation mettsadected animals are the animals that have been
selected in reality, considering their genetic ealand inbreeding constraints (0.5 per year).
Reproductive animals in the C line are selectecedeing on their EBV and mating group affiliation.
The genetic gain is calculated with the selectidfeidntial between the EBV of selected animals by
truncation and the EBV of all the candidates, bypsising each animal has the same contribution and
a sex ratio of 0.5. OCS selected animals are chogdéme OCS method.

RESULTSAND DISCUSSION

AF evolution and genetic gain improvement
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Figure 1: Evolution of the maximum rate of inbreeding foreageneration of the year 2017

The evolution of the inbreeding for one generatminthe year 2017 is showed in Figure 1.
AF optained with OCS method is 0.45, which is lowertlie AF objective of the C line (0.5),
whereas the truncation method leads &Fa of 0.62, which is higher than 0.5. This means thatC
line population is responding as intended to theSQ@ethod. Figure 2 represents the selection
differential for the truncation and the OCS methfmseach batch.
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Figure 2: Selection differential (points of EBV) with trurtean and OCS methods

Truncation method applied with inbreeding constsagllows an average genetic gain of 1.4 point.
These constraints even lead to some batches witkgative genetic gain (batches 1 and 3). On the
other hand, the OCS method allows an average gegati of 14.6 points, with all batches realizing

progress. The maximum genetic gain is obtainedainhb5, with 30 points, whereas the truncation
method obtained 12 points in the same batch.
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Genetic gain with OCS method is higher than witln¢ation method, while keepin§F at its
objective, whereas inbreeding constraints were @etetic gain obtained in this study is lower than
the one obtained in the study of Avandaiial. (2003), who estimated an increase of 20% to 40% o
genetic gain. However, their study was based onmlsited populations of Angus cows and Meatlinc
sheep, with discrete generations, and with noicéisins on males use. In the present work males use
are limited to physiological and technical abiktiMoreover, thédF was 1% per year, which was
higher than theAF of C line. However, applying OCS selection allotesanticipate the rate of
inbreeding and to manage it to increase or decrgersetic gain.

This study has been realized with historical dai some breeding aspects were not considered, such
as sanitary restriction or cross-breeding. In faahitary conformity is an important factor, which
increases selection pressure. In this study, esengdidate was considered sanitary good for setectio
To apply OCS method efficiently in routine, it wile important to adjust to the needs and to adapt t
the zootechnical risks.

CONCLUSION

The OCS method is an interesting tool to maximimedenetic gain at a given inbreeding rate. Due to
a precise modeling of the C population, a geneéim gip to 10 times higher is obtained while
maintaining the objective inbreeding rate. It hasrbtested for routine application on the C lind an
its livestock management, and does not change tozhrthe management of this line. In fact, the
zootechnical risks were already well anticipatetiieen selection and the first artificial insemioati
OCS would even facilitate the management by rengpsome constraints related to the management
of inbreeding, such as mating groups, and allowanticipate the rate of inbreeding. The next step
will be to see the real genetic gain obtained atiken inbreeding rates by this method in a year.
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