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ABSTRACT

A divergent selection experiment on within littesrhogeneity of birth weight in rabbits was carried
out at INRA. The two lines have been created bgdiglg breeding does and bucks from the female
strain AGP22 bred at the Grimaud Fréres Sélectiamgany. This involved a new model
incorporating a genotypic value for the mean argeotypic value for the environmental variance.
There was a favourable selection response withgaifgiant difference in within-litter standard
deviation of birth weight between the lines selddiar increasing (HOM) or decreasing (HET) the
homogeneity. In generation 7, the difference betwe®s reached 1.6 g, i.e. 19% of the mean of this
standard deviation. The standard deviation of weameight diverged in generation 7 by 9 g, i.e.
12% of the mean standard deviation. There was aufable correlated response for the young
survival from birth to weaning and litter size aéaming, and no effect of selection for variabitity
individual weight of the young at birth. At the eatithe 3! and the 6 generation, after the weaning
of their last litter, females were sacrificed tdlect the uterine horns and measure their inigalgith
and their length after elongation with a weight6fg and then 70 g. The length and the elongation i
the homogeneous line were significantly higher, teter the weight added. It is the first time that a
positive response to a canalising selection, adaimgariability and not on the mean of a trait, was
observed in domestic mammals. Given this significasult, the breeding company associated with
this work implemented this method of selection ineoof its selected strains. At INRA, this
experiment continues for better understanding Hysiplogical mechanisms and looking for the genes
implied in this response.
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INTRODUCTION

The birth weight of young rabbits is very heterogmus (Boletet al, 1996). The lightest ones are
likely to die very quickly or, if they survive, the more sensitive to diseases (Poigeieal, 2000).
So, a selection to reduce the within litter vafigpiof the weight at birth would be an attractive
challenge, provided that it does not contributeetduce the average weight. The objective is thus to
act by selection on the variability of a characed not on its average. It is what is called the
"canalising” selection (Hill, 2002). In quantitagivgenetics, models were developed with the
assumption that, in addition to the environmentfalots, genetic effects can modify the environmenta
variability of a character (San Cristobat al, 1998). The additive genetic determinism of this
variability is generally low (Bodiret al, 2002), and the effectiveness of this method wagen
checked in experiments. This is why a divergergctan experiment on the homogeneity of the birth
weight of the young rabbits was undertaken in 2BQUNRA and Grimaud Fréres Selection. We
present here the results after 7 generations dérgint selection. In addition, we compared the
characteristics of the uterus of the does, to cifdbtley had evolved differently in the divergeimtds.
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MATERIALS AND METHODS
Animals and selection of the divergent lines

The two divergent lines were created starting frb@8 females and 108 males of line AGP22
(Grimaud Freres Selection). To constitute the fiesteration (GO) of the "homogeneous" line (HOM),
the 15 females and 4 males having the lowest genaliies for the variability of the birth weight ree
retained. In the same way, 14 females and 5 malgadnthe strongest genetic values were retained to
constitute the GO of the "heterogeneous” line (HEMHe females were transferred to an INRA
experimental unit (Auzeville), while the males réneal in the farm of origin and were used through
artificial insemination. At each generation, thegic values of the males and females (approximatel
60 per line) were estimated after 3 series of insations to select within each line the following
generation.

Estimation of the genetic values

We used the model developed by San Cristobal-Gatdi (1998) introducing a genetic value for the
mean and a genetic value for the environmentahbdity, both associated with the phenotypic value.
The analysed character, measured in the base piopulaas the individual weight of the alive young
rabbits at birth, considered as a trait of the dém first estimated the genetic parameters of thamm

of the trait. We then estimated the genetic pararsedf a function of the residual, which contains
information relating to environmental variabilitysing another model introducing environmental and
genetic effects. For these 2 analyses the REML odetias applied to an animal model, using VCE
software (Neumaier and Groeneveld, 1998). Thesetweparameters made it possible to calculate for
each animal a BLUP genetic value of the variancthefweight at birth, by using the PEST software
(Groeneveld and Kovac, 1990).

Characteristics of the genital tract of the females

After the weaning of their'8litter, the females of G3 (31 in line HOM and 8dine HET) underwent

a superovulation treatment and were sacrificed d@dhafter being inseminated. We recorded the
number of corpora lutea and the weight of eachyov@ach uterine horn was separated from its
conjunctive tissue, perfused to collect the embitod weighed. Then, it was hung on a support and
measured, after being ballasted for 1 minute withn&ial weight of 5 g to ensure its tension, tren
weight of 50 g, and finally a weight of 70 g. Thijective was to measure its initial length and its
elongation. The same measurements were made am@des at the end of G6 (33 in line HOM and
31in line HET), 72 hours after insemination, witlh any superovulation treatment.

Statistical analyses
Response to the selection

The traits analyzed were: the within litter stamddeviation of the weight of the young rabbits iathb
and at weaning, the number of young rabbits bothve@aned by litter, the individual weight of the
young rabbits at birth, the stillbirth rate and tmertality rate from birth to weaning. Analyses of
variance were carried out with the SAS softward.thAé models included the fixed effects of the
generation, batch and line within generation amitypd-or individual birth and weaning weights, the
random effect of the dam within line x generaticasvadded, using the MIXED procedure of SAS.

Measurements of the genital tract

An analysis of variance with the fixed effects lo¢ fine (HOM and HET), the side (right and leftdan
other fixed effects (batch, physiological stategf the preceding litter) was performed (see Betle
al., 2007). The traits analyzed were the number opaar lutea, the weight of the ovary and the
uterine horn, the length at each measurement aneldngation.
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RESULTS
Responses to selection

For all traits, there was a significant effectlod line within generation, and thus significanedtrand
indirect responses to selection. The within ligeandard deviation of birth weight diverged between
the two lines as soon as GO (Figure 1a). The lifferdnce in standard deviation units was then
approximately 0.6 g. In G7, the difference betwdiaes reached 1.6 g, i.e. 19% of the standard
deviation mean (7.7 g in G7).
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Figure 1: Difference between the “homogeneous” and theéitogieneous” lines from generation 0 to
7 for the within litter standard deviation of biniteight (1a), of weaning weight (1b), for individua
birth weight (1c) and for the mortality rate fronntb to weaning (1d)

There was a significant correlated response fonnttlin-litter standard deviation of the weight at
weaning, since the difference between lines wamfb g in GO to 9 g in G7 (12% of the mean of this
standard deviation) (Figure 1b). Selection had fieceon the mean weight of the young rabbits at
birth, which did not diverge between lines (Figl). We also observed a correlated response on the
mortality of the young rabbits: the rate of stitthiwas lower in the homogeneous line, the diffeeen
appearing as soon as GO and varying from 1,4 ®& 9¢xcept in G7. The birth to weaning mortality
rate was also significantly lower in the HOM limemost generations (Figure 1d). This explained the
favourable effect of selection for homogeneity ditel size at weaning, whereas there was no
significant effect on litter size at birth.

Characteristics of the genital tract

For the two generations (G3 and G6), there wadgmficant effect of the side on the traits anatyse
There was no significant effect of the line on thenber of ova shed (counted by the number of
corpora lutea). There was a significant effecthef line on the length and extensibility of the uter
horns. Whatever the generation and the elongabiawhich it was subjected, the uterine horn of line
HOM was longer and more extensible in HOM line (fFegy2).
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Figure 2: Length of the uterine horn in the “homogeneocu®W) and in the “heterogeneous”(HET)
line in generation 3 (2a) and 6 (2b) accordinghweight added (LO: + 5 g, L1: +50 g, L2: +70 @)

DISCUSSION

The aim of the canalising selection is to modifg thariability and not the mean of the selecteddrai
Its theoretical effectiveness had already been sh@aedinet al, 2002), but it is the first time that a
positive response is evidenced in domestic mammltsough the selection was not directly based on
the standard deviation of the weight, but on a nmomplex criterion (Garreaat al, 2004), the
difference between lines reaches 19% of the stdndeviation mean after 7 generations. It should
however be noted that a large part of the lineediffice was established as soon as the first gemerat
because the selection intensity was much more i@pbin GO, the two lines having been made up
starting from a large population, than in the fallog generations. Although the correlations between
the direct and indirect responses could not benestid, a certain number of points deserve to be
underlined:

- the trend observed for the variability of the gidiat weaning was similar to that observed ahbirt
tends to indicate that the correlation betweenetles parameters is positive.

- the lack of trend for the mean weight at birtiowsh that it is possible to modify the variabilitf @
character independently from its mean. The basigraption of the method employed is that there are
genes acting on the variability of a trait and ttieg#se genes are, at least partially, independent f
those acting on the mean. Our results would contiisiassumption, although it is not very likelath
there is a total genetic independence between gazanrand the variance. Indeed, in pigs, Damgefard
al.. (2003) showed a positive genetic correlation ketwthe mean and the standard deviation of birth
weight. Roset al. (2004) provided a strong indication of a positiyenetic correlation between
additive genetic values affecting the mean andetadtecting environmental variation of adult body
weight in the snaiHelix Aspersa

- an indirect response was observed on the viglolitthe young rabbits at birth and from birth to
weaning, in favour of the line selected for an éased homogeneity. This result is in agreement with
the genetic correlations calculated in pigs by Daandet al. (2003). In pigs, Milligaret al. (2002)
observed that a strong variability of the weightbath is associated with a low survival rate,
independently from the size of the litter.

Our results show that the length and the exteiitsilof the uterine horns are significantly largerthe
homogeneous line. This observation was made invémg first days of gestation, but affects the
continuation of gestation. Bolett al. (1996) highlighted that the elongation of therusemade it
possible to compensate for the overcrowding ofeaing horn without major effect on the average
weight of the young rabbits. Argergeal. (2003, 2004) compared the characteristics andrigation

of the horns uterine in two lines diverging for ithaterine capacity, and did not highlight importan
differences. In pigs, Chen and Dziuk (1993) obsgthait average space available had more influence
on prenatal survival than on the weight or the flerad the foetuses. Lebas (1982) showed that tke si
of the foetus in the uterine horn had an effeciterweight, those located at the ends being heavier
Did the divergent selection act by reducing thigmdmenon in the homogeneous line, or by other
mechanisms relating to the metabolism of the ugehiorn?
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CONCLUSIONS

It is the first time that a positive response twaaalising selection, acting on variability and aptthe
mean of a trait, was observed in domestic mammiais. significant reduction in the variability ofeh
weight of young rabbits at birth was accompanieddwpurable correlated responses on the viability
of the young rabbits, litter size at weaning anthinilitter variability of weight at weaning. Thissult

is sufficiently significant so that this method s#lection was implemented by the breeding company
associated with this work in one of its selectediss. At INRA, this experiment continues for bette
understanding the physiological mechanisms andigdior genes implied in this response.
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