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ABSTRACT

A Bayesian analysis was performed in order to egnthe genetic parameters of a binary trait based
on the observed signs of enteropathy, 63-day boelght, carcass yield and perirenal fat percentage
in a commercial paternal line. There were 53,22sbita inspected for signs of disease and 2,646
slaughtered rabbits for carcass traits from 1998utg 2007. The incidence of digestive disorder was
8% of the population and 66% of these rabbits gieol to 63-day weighing. Estimated heritabilities
were equal to 0.08, 0.36, 0.24 and 0.64 for theadis trait, 63-day body weight, carcass yield and
perirenal fat percentage, respectively. The germaticelations between the disease trait, on ond,han
and the 63-d body weight and the carcass yieldhenother hand, were negative (-0.19 and -0.34,
respectively) and so favorable. The genetic caimglebetween the disease score and the perirehal fa
percentage was close to zero (-0.07). Thereforgyoitld be possible to reduce the incidence of
enteropathy by including this binary trait in adxang program, if its relative economic value ighhi
enough to warrant its inclusion.
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INTRODUCTION

Intestinal pathology is one of the most importambtems encountered in rabbit production and
occurs mainly in young rabbits after weaning (Marlet al., 2003). Digestive disorders are
responsible for significant mortality and morbid{gepression of growth and poor feed conversion).
Virus, bacteria and intestinal parasites can indecgeropathy. Since 1996 epizootic rabbit
enterocolitis has emerged as the major cause bftri@sses and is associated with a specific @inic
pattern that can be defined but the pathogens megge for this disease have not yet been idedtifie
In commercial populations clinical symptoms of ditjge disorders (diarrhoea, bloated abdomen) can
be routinely observed and recorded without ideimtgfyany clear pathogenic origin.

The major challenge in breeding for any diseade find measures of resistance that are practical t
undertake and have a genetic component. Due te tifficulties much of the research into disease
resistance is focused on identifying gene mark&igh studies are a major investment for any
livestock industry, and for small industries suchraeat rabbits, are less feasible. An alternative
approach is to observe signs of disease and igaestthe utility of using relatively easy and cheap
guantitative measures to improve resistance (Eady,2007).

For a meat rabbit breeding program to improve tasie to disease, we need to identify a measurable
and heritable trait related to disease incidencktarestimate the genetic correlations of thig tratih

the other traits of economic importance in the 8meg objective, in order to set up an adequate
selection strategy. The goal of this study wasstovete genetic parameters for a binary trait based
the observed signs of enteropathy and productéts tin a commercial paternal line.

MATERIALSAND METHODS
Animals and data

The study was undertaken in the AGP39 paternal (Bemaud Fréres Sélection, La Corbiére,
Roussay, France), which is widely used in termitraisses in French rabbit production. Matings
involved approximately 120 bucks and 270 does gaein. The population is reared in overlapping
generations and divided in 14 family groups. Afteraning at 31 days of age, rabbits were placed in
collective cages with 5 individuals each and fetbemercial pelleted food until 63 days of age. The
food was restricted to approximately 80 % of averady libitumintake from day 31 to 58 of age and
for the final 4 days the rabbits were fad libitum.

Each rabbit was weighed and inspected for genealth and well-being at 63 days of age. Rabbits
dying before 63 days were also inspected for sigriisease that may have contributed to their death
If multiple signs of disease were observed for labita(e.g. snuffles and diarrhea), a judgement was
made as to the major cause of death and this signv@s recorded.

In addition to the information “live” or “dead bef 63 day weighing”, 2 classes of symptoms

describing digestive disorders were used: diardreh“various digestive disorders”. Rabbits dead or
alive with no comment or a comment unrelated tesliye disorders were given a score of 1. Rabbits
dead or alive with a comment indicating the preeesfca digestive disorder were given a score of 2.
There were 53,222 rabbits measured for the studsn 1999 to July 2007. The incidence of digestive

disorder was 8% of the population (alive or deaiinafts until 63 days with a score equal to 2) and

66% of these rabbits died prior to 63 day weighing.

For each dam, 2 to 4 healthy offspring of the filitter were slaughtered in a commercial
slaughterhouse, after the 63 day weighing at teeding farm. The rabbits were weighed again just
before slaughter, and after 24 hours of chilling tlold carcasses were weighed. The perirenal fat wa
removed from the carcass and weighed. Carcass(gigillted carcass weight/live weight at slaughter),
and perirenal fat percentage (weight/chilled cazeasight) were calculated.
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Model and statistical analysis

Preliminary univariate analyses using a genereblirmodel (GLM) procedure were performed first to
determine the significance of the fixed effectdhe form of the ANOVA method, using ASREML
(Gilmour et al., 2006). An animal model was used for 63 day weightcass yield and perirenal fat
percentage. A threshold sire model using a proaitsformation was used for the binary trait disease
score. For 63-d body weight and disease scoreft@et®retained in the final model were sex, batch
(88 classes), parity of dam (5 classes) as fixéetesd, and common litter environement as a random
effect. The fixed effects of age at weighing (3ssks) and litter size at weaning (8 classes) wesee a
included in the model for weight at 63 days. Facaas yield and perirenal fat percentage, the model
included the fixed effect of slaughter batch.

Genetic parameters were estimated in a BayesianeWark using Gibbs sampling, by the TM
software developed by the authors (available onest). A threshold (probit) model was used for the
disease score, using data augmentation (e.g. ®oresl Gianola, 2002). Flat priors were used for
variance components and fixed effects. Statisiiti@rences were derived from the samples of the
marginal posterior distribution, using two chairis1060,000 iterations. The first 10,000 iteratioris o
each chain were discarded, and samples of the psresnof interest were saved for each of 20
iterations. Statistics of marginal posterior diafitions were calculated directly from the samples.
Convergence was assessed by visual inspectior ahthins.

RESULTSAND DISCUSSION

Means, standard deviations and coefficients ofatian of 63-d body weight, carcass yield, perirenal
fat percentage and disease score are given in Table

Table 1: Number of recordsN), means, standard deviations of the means (SD)caafficients of
variation (CV) of 63-d body weight, carcass yigddrirenal fat percentage and disease score

N Mean SD CcVv
63-d body weight (g) 45023 2622 287 10.9
Carcass yield % 2646 56.6 1.6 2.8
Perirenal fat % 2646 1.8 0.4 22.2
Disease score 50579 1.08 0.27 25.0

Table 2 shows posterior averages and standardtesaor heritabilities, genetic and phenotypic
correlations. Heritabilities of 63-d body weightdanarcass yield were moderate (0.36 and 0.24,
respectively). Heritability of perirenal fat pert¢age was larger (0.64). These results are consisten
with the values reported in the literature (Lukefahal., 1996; Suet al., 1999; Larzulet al., 2005).
The positive genetic correlation between 63-d bagyght and perirenal fat percentage (0.24) was
equal to the value estimated by Laretlal. (2005) but the negative genetic correlation betwg@-d
body weight and dressing yield (-0.24) is incomsistwith the positive value reported by the same
authors. Nevertheless Sat al. (1999) reported also a negative genetic correlatietween post-
weaning daily gain and dressing yield (-0.22).

Table 2: Posterior averages and standard deviations théaitabilities (on the diagonal), genetic
correlations (above the diagonal), phenotypic datiens (below the diagonal) for production traits
and disease score

63-d body weight Carcass yield % Perirenal fat % seBse score
63-d body weight 0.36 £0.02 -0.24 +0.08 0.24660. -0.19 +0.10
Carcass yield % 0.10 £0.03 0.24 £0.06 0.01+0.11 -0.34 +0.17
Perirenal fat % 0.25+0.02 0.10 £0.02 0.64 £0.04 -0.07 £0.12
Disease score -0.42 £0.01 -0.10 £ 0.09 0.06 £0.07 0.08 £0.02

The heritability of disease score (0.08+0.02) was tompared to the estimate of 0.21+0.16 for a
similar trait (Garreatet al., 2006) in experimental rabbits. However, the expental rabbits were
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inoculated with ERE and mortality and morbidity wemuch higher, in excess of 50% and 80%
respectively. These results suggest that the bédityaof ERE may vary with disease incidence and
care should be taken in the choice of which estntatuse in a commercial breeding program as
predicted gain and genetic trends may be over agtahif the incidence of the disease is low.

Using the same scoring system in the same popul&aalyet al. (2004) estimated the heritability of
incidence of bacterial infection: the reported e3l(0.04+0.01 with linear model and 0.13+0.04 with
probit threshold model) were close to the presstitnated heritability for resistance to ERE. Tlast!
study and the present one confirm that routine rebsienal signs of disease can be used as heritable
indicator traits for resistance to disease. Thatired economic value (REV) given to these traits ha
now to be defined, so that their merit for use ibre@eding program can be assessed. An initial REV
for resistance to ERE is reported by Eady and @ar(2008). A similar approach was used by Eady
and Garreau (2007) to investigate the relative econ values of functional traits in rabbit prodocti

in Australian conditions.

The genetic correlations between disease scorfieoone hand, and the 63-d body weight and carcass
yield, on the other hand, were negative and sorédle. The genetic correlation between disease
score and perirenal fat percentage was close toTderse correlations make possible the introduction
of this criterion into the breeding objective withaunduely compromising genetic progress for the
other characters. Estimates of genetic correlatimt&een production traits and disease resistance i
rabbits are scarce in the literature, especialtwbeen carcass traits and disease resistance fahwabi
results have yet been reported. Eadyal. (2004) found also a negative genetic correlati@l@)
between 70-d body weight and bacterial diseas@eéncie in an other commercial population of the
same breeding company. These correlations couldvieeestimated if phenotypes interact among
themseleves. If disease affects growth but grovasdnot affect disease, the relationship is called
recursive. Legarra and Granié (2006) demonstrated th fit simple recursive models with animal
breeding tools and demonstrated that ignoring tbsesipility of recursive models can lead to
overestimated genetic correlations. The value ofgusuch models should be investigated in further
studies, in order to better understand the biokdgielationships between disease resistance and
production traits.

CONCLUSIONS

This study demonstrates that routine observatia@h on non-specific digestive disorders in a
commercial line can be a useful indicator of resise to disease, the trait appearing to have a
significant genetic component. Genetic correlatibatveen disease score, on the one hand, and 63-
day body weight and carcass yield on the other ©iamdre favourable, suggesting a possible
introduction of the disease trait into the breeddbgective without compromising the genetic gain fo
other traits of economic importance. An accuratimedion of the economic value of the trait is
required and more work is needed to take into aucthe possible recursive relations between the
disease trait and the production traits. This stydgvided also some new estimated genetic
parameters among production traits using BayesidrnGibbs sampling methodology.
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