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ABSTRACT

Based on an extensive review of the literature,nlost common selection criteria used in selection
programs for maternal lines were related to lige at birth or at weaning, while in other cases
selection programs were practiced for litter sizdigth and weight at nine weeks, number of teats,
traits related to the ability of the doe to lactatel nourish the progeny (e.g., weight at wearitigr
weight at weaning or total milk production), and faw cases selection for hyperprolificacy and
longevity have been introduced recently. Select@novulation rate and uterine capacity using new
reproductive techniques has been successfully peeid, which can be used as an alternative to
improve litter size and prenatal survival. For pa#t lines, post-weaning daily gain or marketing
weight are commonly selected on individual basisswNtechniques, such as laparoscopy,
ovariectomization, cryopreservation of embryos as®inen, TOBEC (Total Body Electrical
Conductivity) and X-ray scanning computerized tomography (CWgre used as tools to assist in
selection programs. The application of moleculahtéques in selection of rabbits so far has had a
limited impact on farm animals. Major genes withgk effects on litter size components have been
identified. Family index or BLUP are the commongedures used to evaluate the animals genetically
in selection experiments. Canalization selectiordehavas recently used in evaluation of does and
bucks in selection experiments and this model ipo@ted the classical genetic effects acting on the
mean production level, in addition to the otheregeneffects acting on the residual variance. Saver
synthetic maternal, paternal and multi-purposeslimere developed using different criteria and
methods of selection. Selection responses wenma&stil commonly by regressing the estimates of the
breeding values on the generation's number, ordiyguthe control populations or the population
selected divergently, or by comparing the conterapes of two different generations using the frozen
embryos of the same line. Selection responsesnautain crossbred rabbits could be periodically
evaluated by estimating the crossbreeding param@tdhe cross (e.g., direct and maternal additive,
direct and maternal heterosis, recombination effesiic.), or by comparing heterosis values obtained
from an experiment with those of contemporary conemaé farms, or by evaluating the selection
responses at different stages of the programmeahyiog out contemporary comparisons among
purebred and crossbreds.

Studies that have compared selection responsa®sshreds with the responses in pure lines, have
observed slightly higher responses in the crossbr&irect selection responses per generation
estimated for litter size born or weaned were lowlghtly moderate and ranged from 0.081 to 0.180
rabbits, while the correlated responses ranged @@3 to 0.18 ova for ovulation rate, and 2.0 #98.

for prenatal survival. Depending on modified comgats of litter size, selection for uterine capacity
produced responses that were similar to that ofdaiim direct selection for litter size. Improvemant
litter size caused by selection for uterine cayaeds not greater than the improvement obtainem fro
direct selection for litter size (approximately @abbits per litter per generation). Does selefted
litter size at weaning presented significant respsnin feed intake (3%) and milk yiel@%). A
response of 62 g per litter was recorded when setetor litter weight at weaning, with a correldte
response of 0.17 rabbits for litter size born arehmed. Estimates of direct selection responses per
generation were moderate and ranged from 8.7 ®d.for weaning weight, 18 to 68 g for marketing
weight, 0.45 to 1.73 g/d for weight gain from weanto marketing, and 0.05 to 0.27 g feed per g gain
for feed conversion from weaning to marketing, whieas associated with an increase in correlated
responses in adult weight and feed consumptiornwithtdecreasing rate in feed conversion. Selection
for growth rate has little or somewhat moderateaf on carcass characteristics and meat quality
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when rabbits were selected at the same stage afritgatwhich was associated with increases in
intestinal content and decreases in dressing aeeptge and fat deposits, and ultimately in pH in
muscle and water holding capacity of the meat. Bele for litter weight at weaning achieved
considerable responses in growth rate with maiimtgihigh litter components and feed conversion.
By selection, total fleece weight increased sigaifitly associated with correlated improvements in
live body weight and fleece qualities (bristle lémgand diameter, follicle ratios, compression,
resilience, and fibre diametergelection responses estimated by different methesl® in good
agreement to most studies reviewed.

Key words: Selection, Methods, Criteria, Techniques, RespenSynthetic lines, Rabbit.

INTRODUCTION

Long-term selection experiments carried out in r@bfor more than 10 generations throughout the
world were few compared to the major species afdigck (Baselgat al.,1992; Rochambeaet al,
1994, 1998; Lukefahet al., 1996; Gome=t al., 2000; Garcia and Baselga, 2002a, 2002b, 2002c;
Blascoet al., 2005; Khalil et al., 2005). However, selection for productivity in résbhas been
performed in three directions: (1) to improve dicticy and lactation (maternal lines), (2) to imgo
growth rate and carcass and meat quality traite(pal lines) and (3) to improve total litter teaéind
growth traits together (multi-purpose lines). le irst case, selection was practiced mainly fivedi
size at birth or weaning, while in the second daseweight gain and/or carcass traits were regarded
as the most important selection criteria, and thel tcase dealing with selection for litter sizétgel
weight, milk yield, and post weaning growth traiés a result of selection, some synthetic maternal
lines were developed in France (INRA2066, INRA2666 INRA1777), in Spain (lines A, V, PRAT,

H and LP), in Saudi Arabia, (line Saudi-2), in Eg¢ine APRI) and in Uruguay (line NZW and V),
while the synthetic paternal lines developed ware R in Spain, Altex in USA, White Pannon in
Hungary, Alexandria in Egypt, and Saudi-3 in Safidhbia. But, the synthetic multi-purpose lines
developed were INRA1077 in France, Caldes in Sggatiicatu in Brazil and Moshtohor in Egypt.

In selection experiments, several methodologie lmaen proposed to estimate selection responses.
One of them was based on the estimates of the ingeedlues on generations and this approach
depends on the genetic parameters and the mod#l(Estanyet al., 1992; Sorensen and Johanson,
1992; Garreawet al., 2000; Géme=zt al., 2000; Mouraet al., 2001; Ibafiezt al., 2006). The other
methodologies do not depend on the genetic parasnatel the model itself, but are dependent on
another approach through use of a control populatishich could be an unselected population
(Rochambeawet al., 1989, 1994, 1998; Lukefalat al., 1996; Sancheet al., 2004b), or using the
population selected divergently (Mougtal.,1997; Gondreét al.,2002; Blascet al.,2005; Mocéet

al., 2005; Santacreet al.,2005; Rafaet al.,2007, 2008) or using the cryopreserved populatibas
are free of genetic drift to compare the contempesaof two different generations (Santacetial.,
2000; Baselga and Garcia, 2002; Garcia and Bas#dg2a, 2002b, 2002c; Blasebal.,2003; Piles
and Blasco, 2003; Gdt al.,2006).

Molecular technologies were recently used to idgrtie genetic diversity, gene mapping and DNA
fingerprinting (Boletet al.,2000; Van Haeringeet al.,2001, 2002; Korstanjet al.,2003; Sacharczuk
et al., 2005; Chantry-Darmoret al., 2006). But, the results of QTL analysis for prailee and
reproductive traits are not sufficiently availabdebe used in selection programs.

The main objectives of this article are concenttaite dealing with reviewing, generalising, and

evaluating the selection experiments carried outbbits in some parts of the world for productive

and reproductive traits in terms of: (1) method@sgused in selection; (2) criteria and techniques
assisted in selection programs; (3) applicatiomofecular techniques in selection; (4) estimatibn o

direct and correlated selection responses; (5)rpnog of selection performed in breeds and thosa use
to develop new synthetic lines.
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METHODOLOGIESUSED IN SELECTION
Methods applied in selection programs

Selection methods used to develop new synthetis lof rabbits are more complicated for maternal
lines than for paternal lines. This complexity isdo the fact that litter size traits are not esged in
both sexes and to the low values of heritabilifi@sreproductive traits (Baselga, 2004). So, it is
necessary to consider as many individual and velagcords as possible in the genetic evaluation of
does and bucks. In addition, the generation intdoraselection in maternal lines is longer than in
selection of paternal lines and, consequently,oiild be necessary to take into account some
environmental and physiological effects in the nisd# evaluation (Armeret al., 1995; Baselga
and Garcia, 2002; Garcia and Baselga, 2002a, 2Q02B¢).

The BLUP procedure was the most common procedued us evaluation of does and bucks in
selection experiments in rabbits (e.g. Estangl., 1989, 1992; Garcia-Ximenet al.,1996; GoOmeet

al., 1996, 2000, 2002b; Moust al., 1997; Rochambeaet al.,1998; Szendret al., 1998; Bolet and
Saleil, 2002; Garreau and Rochambeau, 2003, Kéaghil., 2005, 2007; El-Raffa 2007; Iraet al.,
2008; Sancheet al.,2008; Yousseét al.,2008). In the last decade, a canalization proeedas also
used in selection to reduce the sensitivity of @e for the environmental effects (Scheiner and
Lyman, 1991; Hill, 2002). To provide an evidence fbe control of environmental sensitivity, a
statistical model has been proposed by San Cristdlal. (1998) incorporating the classical genetic
effects acting on the mean production level in &ddito the other genetic effects acting on the
residual variance. A multiple-trait model has aagee risk in yielding biased estimates of the genet
parameters (i.e., heritabilities, genetic correlagiand selection responses) than a repeatabilityah
model, and, thus, all conclusions about the adgstaf multiple-trait models should be evaluated
with caution (Pile®t al.,2006).

Estimation of selection responses

Developing different reproductive techniques cdalcilitate the estimation of selection responses fo
productive traits in rabbits. Piles and Blasco @08uggested thaesponse to selection for increased
growth rate could be estimated in three ways: ¢hymaring the selected group with the control group
in a model without genetic effects, (2) comparihg selected group with the control group with a
model that also included the genetic values ofatlienals, and (3) estimating the genetic valuedlof a
animals of the selection process then estimatiagélection response as the average of the estimate
genetic values in each generation. However, thet mmmmon methods used to estimate selection
responses could be outlined as:

1) Using the control population that must be develogpadllel to the selected population but without
carrying out any selection (Rochambestual., 1989, 1994, 1998; Sorensen and Johanson, 1992;
Baselga, 2004; Sancheet al., 2004b) (i.e. the control population must be raised
contemporaneously and under the same environmetheaselected population). The control
population has the advantage of providing infororatindependent of the model used for the
analysis of selected data. The main problems imgushe control population in long-term
experiments are: (a) the genetic drift acts orctivérol populations (usually for small size) and th
estimate of the response to selection may be hiasetl(b) the need for experimental facilities to
be used in applying the selection program. PilesBlasco (2003) stated thasing frozen control
populations have better advantages in optimizirgexperimental facilities to reduce the genetic
drift. Some bio-techniques, such as cryopresematioembryos or semen, are used to avoid the
disadvantages of maintaining the control populatigthout selection. Cryopreserved control
populations eliminate the effects of unintende@&®n on related traits that often occur and also
decrease the effects of natural selection.

2) Comparing the contemporaries of two different gatiens by using frozen embryos of the same
line (Santacreet al.,2000; Garcia and Baselga, 2002a; Piles and BI2803; Gilet al.,2006).
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3) Using divergent selection to study the differenbesveen two lines selected contemporarily in
two directions, one direction to increase the teaitl the second direction to decrease it, then
contrasting both lines against the control popata{iMouraet al., 1997; Santacreat al., 2000,
2005; Gondreet al.,2002; Blascet al.,2005; Mocéet al, 2005; Rafaet al.,2007, 2008). In this
concept, for example, Santacret al. (2005) estimated the correlated responses after 10
generations of divergent selection for litter sied its components (ovulation rate, and embryo
survival and fetal survival) by contrasting bothels against a cryopreserved control population.

4) Using statistical methods such as mixed-model nuetlogy and Bayesian approach that were used
to estimate the genetic trends or selection regsoasd that are dependent on the model has been
used (Garcia and Baselga, 2002a, 2002b; Blasad., 2005). Without the control population,
Sorensen and Kennedy (1986) used mixed-model melitgylto estimate the genetic response,
but the results obtained by this method were higldgendent on the genetic parameters and the
model used. Sorense al. (1994) provided a Bayesian way of estimating tHect®n response
that has the advantage of taking into account theemainty about the variance components.
Lukefahret al. (1996) using mixed-model methodology estimatedrésponses of selection from
regressing the breeding values (obtained from miredel analyses) or from regressing the
differences between selected line and control (inem Richardson’s method) on generation
number. They reported that correlated responsesliected line for weaning weight and daily
weight gain tended to be consistent between the pgvexedures. Both methods are model-
dependent, and their reliabilities are dependerthermodel proposed for the analysis. However,
some selection experiments were analysed at the siam using two types of methods, and in
most cases responses estimated by both types obamhyes were in good agreement, but not
always (Rochambeaet al., 1998; Garcia and Baselga, 2002a, 2002b, 2002ec8& al., 2003,
2005; Piles and Blasco, 2003; Tudetaal.,2003; Moceéet al.,2005; Santacreet al.,2005). Piles
and Blasco (2003) estimated the direct selecti@paeses in an experiment using the bio-
technique of the frozen embryo transfer or using $atistical Bayesian approach; but both
methods yielded similar estimates of responses.

Selection responses obtained from crossbred rabbits

In crossbreeding programmes followed by selectibris necessary to evaluate the response of
selection obtained in crossbred rabbits. Such aluation could be performed using one of the
following approaches:

1) Evaluating crossbreeding parameters in the crossdieally with the aim of estimating these
parameters (e.g., direct and maternal additivehaterosis, recombination effects) as performed in
France, Spain, Egypt, Saudi Arabia, Brazil, etc.

2) Comparing heterosis estimates obtained from anrampstal station with those of contemporary
experiments on commercial farms as stated by BnanSaleil (1994) who found that estimates of
heterosis were remarkably similar for total litteize and number born alive, but lower on
commercial farms than at experimental stationifterl size at weaning.

3) Evaluating the genetic selection responses atrdiffestages of the programme by conducting the
contemporary comparisons among purebred and cemslas performed by Tudeda al. (2003)
in France and Costt al. (2004) in Spain. In these comparisons, the malténes involved in the
French experiment were INRA1007 (rabbits of"3feneration of selection) and INRA9077
(control line), while in the Spanish experiment thaternal lines were A and V and line A with
two different generations of selection. In the Eterxperiment, both lines were crossed with
another French line and the difference in tot&lisize between both types of crossbred does was
1.43 rabbit, a little higher than expected fromestbn in INRA1077 (1.12 rabbit). In the Spanish
experiment, evaluation was performed on crossboes drom mating does of V line to bucks of
line A, while crossbred rabbits were the progemyrfrcrossing crossbred does with bucks of line
R. Results of this Spanish experiment could be samzed as follows: (a) all selection responses
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in litter size traits were in favour of crossbrediative to purebreds since differences in tot&ii
size, number born alive and number at weaning W@, 1.16 and 0.74 rabbit, respectively (i.e.,
responses in crossbred does were higher than exp&ocim the responses evaluated in the pure
lines), (b) responses in crossbred progenies vesverlthan expected, since the response in post-
weaning daily gain was 0.6 g/d, and (c) responsésdad conversion index improved.

APPLICATION OF MOLECULAR TECHNIQUESIN SELECTION
Major genes

Boszeet al.(2002) indicated that there was a major gene affgditter size and that this gene gives a
good evidence for a QTL mapping to be used in sele@xperiments. Argentet al. (2003a) and
Santacreuet al. (2005) performed a complex segregation analysisdédia of 10 generations of
selection and they reported that there was a ngggoe with a large effect on implanted embryos and
embryo survival and with a moderate effect on ovoifarate, foetal and prenatal survival and uterine
capacity. However, this complex segregation angligsimprecise, but these results agree with those
observed by Blascet al. (2005) in the first and second generation of $Eec Hence, uterine
capacity is highly genetically correlated with dittsize as suggested by Argemeteal. (2000), an
asymmetric response in litter size should occur.

QTL analysis

Fadiel et al. (2003) analyzed 160 genes of rabbits dependingesre bank by providing useful
information for designing more effective PCR prisian QTL analysis. Korstanjet al. (2003)
mapped the individual rabbit chromosomes and fabhatithe linkage group Xl linked to chromosome
3 and the linkage group VI linked to chromosomé& ey also constructed four new linkage groups
assigned to chromosomes 6, 7, 12 and 19. Chantmp@eet al. (2006) built up the first genetic map
for Angora and Albino rabbits using 111 markersY(Ificrosatellites markers and two phenotypic
markers). Van Haeringeat al. (2001, 2002) determined 226 polymorphisms betwgen inbred
strains of rabbits by using 15 primer combinatioh&\FLP markers. They reported for the first time
the first genetic male map in rabbits which hasséadce of 583 cM. They found four QTLs with a
LOD score (log of odds) larger than 1.9 and thentdied also the QTL for the hematocrit value and
for three parameters responsible for cholesteréhbmdism [basal serum total cholesterol level (mM),
serum total cholesterol response (AUC), and redarenal gland weight (mg/kg body weight)].

In divergent selection in rabbits for open-fieldigity (OFA), Sacharczulet al. (2005) reported that
selection has resulted in differences in DNA firgyatting pattern and genetic parameters of divgrsit
and also scanned DNA fingerprinting profiles; lewdto search for minisatellite alleles potentially
linked to genes determining the trait under sebdectUsing rabbits derived from th& §eneration of
the lines selected for high (H) or low (L) levels @FA, locomotors OFA were profiled for DNA
fingerprinting and the analysis of band patternsiridividual and pooled DNA fingerprints revealed
that a specific band in the L line at 15 kbp watedid, while in the H line specific bands were not
detected; providing evidence of a possible linkdggween minisatellites and OFA in rabbits,
demonstrating that studies on H and L lines mag gise to a new strategy in animal breeding and
selection.

Khalil et al. (2008) used RAPD markers to search for the linkagfeveen markers and quantitative
traits. They used 526 rabbits in this analysis fransire-granddaughters design in their selection
program. From a total of 40 primers (10-mer) usedhieir study, five primers (OPA12, OPA19,
OPA20, OPFQ9, and OPF12) were able to identify fisg/morphic fragments at molecular weights
of 1500, 1100, 1200, 700 and 900 bp, respectivahd only three markers of these markers
(OPF120, OPA19,0, and OPF0g, showed significant associations with phenotyp#its, which
indicated the presence of linkage between the timaers for litter weights at birth, 7 and 21 days
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and at weaning, litter gain at interval of 0-21 slgyre-weaning litter mortality, milk yield at |atton
intervals of 0-7 and 0-21days, and body weight ahd 8 weeks of age.

DIRECT AND INDIRECT SELECTION FOR DOE TRAITS
Selection criteria

The most common direct criteria used in selectimg@mms of maternal lines were related with litter
size at birth or at weaning (Estaet/al., 1989; Gome=zt al., 1996, 2002b; Rochambeatial., 1998;
Capraet al.,2000; El-Raffa, 2000; Baselga and Garcia, 2002¢ci@and Baselga, 2002a, 2002b). In
some cases, selection criteria included litter sizbirth and weight at nine weeks (Bolet and $alei
2002), number of teats (Rochambegtual., 1988), while in other cases selection programsewer
practiced for traits related with the ability oktdoe for lactating and nourishing the progenyhag
weight at weaning (Garreau and Rochambeau, 2068y, Weight at weaning or total milk production
(Khalil et al., 2002; Al-Saefet al., 2008; Iragiet al., 2008; Youssekt al., 2008). Fortun-Lamothe
(2003) and Quevedet al. (2006b) demonstrated that lactation is a prictigyt for selection of the
crossbred doe by taking into account competitiotwben foetal growth and lactation, which is
unfavourable for foetal growth. Selection for otida rate and uterine capacity has been succegsfull
performed as indirect ways for improving prenatadva/al and litter size in rabbits (Bennett and
Leymaster, 1989; Ibafiez al., 2004, 2006; Blascet al.,2005; Moceéet al., 2005; Santacreat al.,
2005). Rabbit birth weight presents a great valitgbivithin each litter (Boletet al., 1996, 2006,
2007) and reducing this heterogeneity might beulsef selection program since it induces a high
mortality as a result of losses in the weakestitabb

Selection for hyperprolificacy in maternal linessaa successful way to improve litter size in rabbit
(Cifre et al.,1998a; Santacreet al.,2000). Longevity has been introduced recenthalwbit selection
programs (Sancheet al., 2004a, 2008) although it is difficult to improvéigd trait through
conventional breeding methods because of the lovitabdity and the time needed to obtain
information. Sancheet al. (2004a) concluded that both longevity and litieesare not antagonistic
objectives in breeding programs because seleatioarfe does not influence the other.

Techniques assisted in selection programs

New techniques (laparoscopy, ovariectomizationprgservation of embryos and semen, etc.) were
used commonly as tools assisted in selection pnogia rabbits. Blascet al. (1994) and Bolett al.
(1994) reported that litter size in unilaterallyaoiectomized does could be used to estimate uterine
capacity in rabbits. Also, it is possible to obgetlie number of corpora lutea and implantatiorssite
by laparoscopy without impairing litter size asified by Santacreet al. (1994, 1996).

Selection methods and procedur es used

Rabbit litter size is mainly determined by the dmenponent, whereas the buck has a very small
effect; therefore, it seems unnecessary to inclbdduck component in selection models (Réeal.,
2006). In Spain, Estangt al. (1989) applied a family index including four soescof information
(doe, dam of doe, full sisters and paternal or malehalf-sisters) to evaluate does or bucks toeri
size at weaning of line A. Gomez al. (1996) and Rochambeati al. (1998) used a BLUP procedure
in evaluation of does and bucks since this proeeduquite different from a family index in thatnse
environmental and physiological effects are consideén the model. Response to selection would
probably be the same if selecting for litter singler a repeatability animal model or using a si&lact
index and this is because the accuracies of pestlisteeding values obtained under the two models
are nearly equal (Pilext al.,2006).

A selection experiment for ovulation rate was poatt in the second gestation by laparoscopy in
Spain where the animals were derived firstly fronsyathetic line selected for litter size for 12
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generations, then for uterine capacity for 11 gafems, and then 5 generations in which selection
was relaxed (lbafiezt al., 2004). A divergent selection experiment was cdrdet by Garreaet al.
(2004b) at the INRA experimental farm and a new ehaxcorporating the genotypic value for the
mean and the genotypic value for the residual maggcanalization procedure) was applied to select
for homogeneity of birth weight in the litter armléstimate the correlated responses in other aads

to provide new issues relevant to validate thi®uative statistical method.

Selection effect and direct responses

As presented in Table 1, genetic responses obtdinet long-term selection experiments for litter
size and other litter traits were found to be matkerSome responses in litter traits were estimated
exclusively by mixed-model methods (Estastyal., 1989; Rochambeaet al., 1994; Gomezt al.,
1996) where the estimates ranged from 0.05 to OraB®its born alive or weaned per litter and
generation.

Table 1: Direct and correlated selection response perrgépa obtained for doe traits in selection
experiments selected for litter size or ovulatiateror uterine capacity.

Authors Breed or line Methodology Direct and/orretated selection responses
Selection for litter size:
GOmezet al. Line PRAT Genetic trend using BLUP LSW = 0.09 rabbit per year
(1996) methodology
Rochambeaet INRA1077 Genetic trend using a control LSW = 0.081 rabbit per generation
al. (1998) population and applying BLUP

methodology
Garciaet al. Line V Comparing contemporaries LSW = 0.088 rabbit per generation
(2000a), using cryopreservation No correlated responses were obtained for growth,
(2000b) (vitrification) population feed consumption and feed efficiency traits
Garcia and Line V « Genetic trend using Direct responses of LSW= 0.51 rabbit per litter or
Baselga cryopreservation control 0.085 rabbits per generation; with correlated
(2002a), population and mixed- responses of LSB= 0.62 rabbit per litter or 0.103
(2002b) model methodology rabbit per generation; NBA= 0.57 per litter; OR =

1.08 per litter or 0.18 ova per generation; IE=40.7
per litter; DF= 0.05 per litter; IR = - 0.14 pertdit;
FS = 2.18 per litter; PS = 0.34 per litter

» Contemporaries using Direct responses of 0.77 weaned rabbit per litter;
cryopreservation control with correlated responses of OR = 0.03 ova per
population and mixed- litter; IE = - 0.15 per litter; DF = - 0.63 pertéf;
model methodology IR=-1.44 % per litter; FS = 5.7 % per litter; PS=

3.7 % per litter; LSB = 0.78 rabbit per litter; NBA
= 0.74 rabbit per litter; Number at 63 d = 0.5
rabbit per litter

« Genetic trend using mixed- LSB = 0.161 rabbit per generation; NBA = 0.175

model methodology rabbit per generation; LSW = 0.175 rabbit per
generation; No at slaughter = 0.191 rabbit per
generation
Selection for uterine capacity:
Blascoet al. Synthetic Genetic trend in divergent Divergence rate = 1.5 rabbits per generation
(2005) population selection using Bayesian method
Mocéet al. derived from  Genetic trend in divergent Per litter: LSB = - 008 rabbits; NBA = 0.20
(2005) crossing NZW  selection using Bayesian methodrabbits; OR = - 0.009 ova; IE = - 0.60;
and ES =-0.05; FS = 0.08; PS = 0.02
Santacrelet al. Californian Genetic trend in divergent Per litter: LSB = 0.47 rabbits; NBA = 0.15
(2005) selection using Bayesian methodrabbits; OR = - 0.32 ova; IE = - 0.28; ES = 0.04;

FS =0.04; PS =0.05
Selection for ovulation rate:

Ibafiez et al. LineV Genetic trend in phenotypic Per litter: OR = 1.8 ova; IE =1.44; LS =0.49
(2006) selection using Bayesian methodrabbits; Prenatal survival = - 0.009; ES = 0.05;
in analysis FS =-0.09

LSB: litter size at birth; NBA: number born aliveSW: litter size at weaning; OR: ovulation rate; ilplanted embryos;
DF: number of dead foetus; ES: embryo survival;itRplantation rate; FS: foetus survival; PS: prahsatirvival.
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In other cases, Rochambeatial. (1998), Garcia and Baselga (2002a, 2002b), anc:l@wd al.
(2003) reported that direct responses ranged fr@® @ 0.14 rabbits for total number born, number
born alive or weaned per litter and generationpoaeses estimated as genetic trends or by mixed-
model were nearly similar. These responses wererlthan expected and this could be attributed to:
(1) additive genetic variance for litter size ataning was low, (2) heterogeneity between paritias w
high (Baselgaet al.,1992), (3) correlations between direct and matesfiacts were negative, and (4)
intensity of selection was low.

Mocé et al. (2004, 2005) and Blasaat al. (2005) found that direct response to selectioruferine
capacity was symmetric and they stated that seleckbr uterine capacity in rabbits leads to
modifications in embryonic and fetal survival. THizvergence rate between high and low lines in
such selection experiments were 1.01 rabbits fi@r Isize at birth, 0.88 rabbits for number boiaegl
0.16 ova for ovulation rate, 0.46 embryo for impéghembryos, 0.03 embryo for embryo survival,
0.09 fetus for fetal survival, and 0.08 for prehaarvival. Garreawet al. (2004b) reported that
selection for homogeneity of birth weight in thiedr had no significant influence on other littexits.

Selection effect and correlated responses

Rochambeaset al. (1988) found that number of teats increased iotliréen a population selected for
litter size at weaning respective to the contrgdyation. As shown in Table 1, selection for ovigat
rate was associated with a correlated increasttén size compared to direct selection for ligeze as
reported by Santacreat al. (2005) in Spain, while selection for uterine capjawas associated with
indirect response in number of teats as reporteddxéet al. (2000) in France.

Selection for litter size in rabbits showed that tmagnitudes of correlated responses in the
components of litter size were varied from one expent to another (Queveds al.,2006a, 2006b).
Garcia and Baselga (2002a, 2002b) showed thattissieor litter size was associated with an
increase in ovulation rate (0.18 more ova for otiofarate per generation) with non-significant
changes for prenatal survival. However, differenfioesembryo survival may be due to differences in
fertilization rate, embryo viability, or other facs related to the oviduct or/and uterine physiplof

the doe. Ibafieet al. (2004) reported that selection response for ovriatite was 0.97 ova, while the
correlated responses for implanted embryos aret Iffize were found to be 0.79 embryo and 0.32
rabbit, respectively. After 10 generations of dgemt selection, the correlated responses obtaiped b
Santacrelet al. (2005) for litter size and its components (ovaatiate, embryo survival, and fetal
survival) were asymmetric, divergence rate betwhigh and low lines was 2.35 rabbits, mainly
because of higher correlated response in the loav(li.88 rabbits).

Selection for uterine capacity for several generetihas been performed successfully in rabbitsjtand
produced a response that was similar to that fonrekperiments in which direct selection for litter
size was practiced (Argenét al., 1997; Blasceet al., 2000, 2005; Santacreat al., 2005) (Table 1).
The observed increase in litter size caused byctetefor uterine capacity was not greater than the
improvement obtained from direct selection forelitsize (approximately 0.1 rabbits per litter per
generation), while the correlated response in nurhben alive was asymmetric and less than that for
litter size (Rochambeaet al.,1998; Garcia and Baselga, 2002a, 2002b). Argatraé (2000) found a
large genetic correlation between litter size atatine capacity, which supports the non-asymmetric
response in uterine capacity as detected by Blased (2005). The correlated selection divergence
rate for uterine capacity between high and lowdineported by Santacreat al. (2005) were 2.35
rabbits in litter size at birth (reflecting the eadf a major gene affecting uterine capacity atterlsize

as stated as Boset al.,2002 and Argentet al.,2003a), associated with 1.84 rabbits for numben bo
alive, 0.43 ova for ovulation rate, 1.79 embryo fimplanted embryos, 0.10 embryo for embryo
survival, 0.13 fetus for fetal survival, and 0.1 prenatal survival, while the respective selectio
difference between high and control line were 0345, -0.32, -0.28, 0.0, 0.04, and 0.05.

Quevedcet al. (2005, 2006b) found that does selected for lgtee at weaning presented significantly
higher feed intake (3%) and milk yield (6%) durithe first 21 days of lactation, while the responses
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at late stages of lactation were not significaele&ion effects on weaning weight (28 days) regbrt
recently by Quevedet al.(2006) agrees with the results obtained by GaméhBaselga (2002c), who
found that the effects of selection for litter seweaning on weaning weight corrected for litize

at birth were limited. For data not corrected fdtet size, the individual weaning weight was
decreased by selection (Cogtaal., 2004). In contrast, Khaliet al. (2004) reported that selection
responses for litter weight at weaning was 62 gliper; associated with a correlated response of

about 0.17 rabbit per litter per generation fdelitsize born and weaned.

Selection programsin synthetic maternal lines developed

Summaries for maternal lines developed througltteleare presented in Table 2.

Table 2: Selection programs in synthetic maternal linegetlgped in some parts of the world

Synthetic line and Founder breeds  Selection Selection Number Selection response per
authors criteria methodology (interval) of generation+
generations
French selection experiments:
INRA2066, Bolet Californian, Birth litter BLUP procedure More than 34LSB= 0.12 rabbit per
and Saleil (2002) Giant size generation litter; LSW=0.07
Himalayan rabbit per litter;
LWW= 34 g per litter;
WW=-4.4 g per rabbit
INRA2666, Bolet INRA2066 and Litter size BLUP procedure
and Saleil (2002) V-Line
INRAL777, INRA1077 Birth litter size BLUP procedure More than
Garreau and + weaning five
Rochambeau weight + generations
(2003) longevity
Spanish selection experiments:
Line A, Estanyet NZW Weaning Family index More than 33 LSW= 0.1 rabbit
al. (1989) litter size including litter size at generation (9
weaning of doe, dam, months)
full-sisters and half-
sisters
Line V, Estanyet Four Weaning BLUP procedure More than 30 LSW= 0.03 rabbit
al. (1989) specialized litter size under an animal- generation (9
maternal lines repeatability model months)
Line PRAT, A closed Weaning BLUP procedure
Gomezet al. population litter size under an animal-
(1996), (2002b) with crossbred repeatability model
animals
Line H, Garcia- Hyper-prolific Birth litter BLUP with applying More than 11
Ximenezet al. V line does size embryo cryo- generation (9
(1996) preservation technique months)
Line LP, Sanchez Line H Hyper- BLUP procedure
et al (2008) longevity +

Birth litter size

Selection experimentsin developing countries:

Saudi-2, Saudi V line and Weaning litter BLUP procedure More than 10 LSB= 0.18 rabbit per

Arabia, Khalilet Saudi Gabali weight + 84-d under an animal- generations (9litter; LSW=0.16

al. (2005) weight repeatability model months) rabbit per litter;
LWW= 62 g per litter;
WW-= 8.6 g per rabbit

APRI, Egypt, V line, Baladi Weaning BLUP procedure More than 5

Youssefet al. Red litter weight ~ under an animal- generations

(2008) repeatability model

Uruguay NZW, NzZW Weaning BLUP procedure More than 5

Capraet al.(2000) litter size generations

Uruguay V, Capra V line Weaning BLUP procedure More than 5

et al (2000) litter size generations

LSB: litter size at birth; NBA: Number born alive;SWV: litter size at weaning; LWW: litter weight ateaning; WW:

weaning weight.



9™ World Rabbit Congress — June 10-13, 2008 — Verohaly

In France, a maternal line of INRA2066 was direstiyected for litter size at birth and this lineswa
used to produce the most common parental femaldRAL1077 x INRA2066 (Rochambeau, 1998;
Bolet and Saleil, 2002; Garreat al., 2004a). A new selection experiment was starte?0d3 to
develop the line INRA1777 through selection fatelitsize at birth, together with individual weaning
weight (Garreau and Rochambeau, 2003); longevityadaled later as a new criterion (Garregal.,
2001, 2004a).

In Spain, long-term selection experiments wereiedrout to produce synthetic lines to be used on
commercial farms. Details concerning these newslimere presented by Baselga (2004). In 1976, the
Spanish line A was developed from NZW rabbits agléction was practiced using a family index
including litter size at weaning of the doe, daail-$isters and half-sisters. The Spanish line \6 wa
founded in 1981 as a synthetic line and this limes welected for litter size at weaning using a BLUP
procedure under an animal-repeatability model (Bstt al., 1989). In 1992, the PRAT line was
developed in Barcelona from a closed populationh(\ii78 crossbred animals). In this line, selection
was practiced for litter size at weaning using a&JBLprocedure under an animal-repeatability model
(Gomezet al.,1996). The foundation of line H was based on ttection of hyperprolific does and
this line is selected for litter size at birth. Ratly, a new maternal line in Spain named LP was
established following a scheme similar to that eggplin selection for hyperprolificacy taking
hyperlongevity and litter size as selection créebetails concerning constitution and evaluatibn o
such a long-lived productive line of rabbits weregented by Sanchez al. (2008).

In Saudi Arabia, Saudi 2 was synthesized from dingsSaudi Gabali with V-line rabbits (75% from
V line and 25% from Saudi Gabali) and selectediftar weight at weaning and individual weight at
84 d. Details concerning the development of thiz tiee were presented by Khakit al. (2002,
2005) and Al-Saeét al. (2008).

In Egypt, Baladi Red bucks (B) were mated with Melidoes to produce a new synthetic line named
APRI with genetic structure of ((*2B¥%%j. This line was selected for litter weight at weaniln
Uruguay, two lines were developed through selectiwriitter size at weaning, where the first line
named Uruguay NZW and the second line named Urugdie (Capraet al.,2000).

DIRECT AND INDIRECT SELECTION FOR GROWTH, CARCASS
AND MEAT QUALITY TRAITS

Selection criteria

Selection for rapid growth rate has been largeisoduced to develop sire lines to modify the whole
pattern of growth, feed efficiency, and tissue cosifon, thus affecting carcass and meat quality
traits. Current programs of rabbit selection notynadclude terminal sires produced from selection
schemes commonly practiced for post-weaning daiy gRochambeaet al., 1989; Estanet al.,
1992; Hernandegt al., 1997, 2004; Mourat al.,1997; Pilest al.,2000, 2004; Gomeet al.,2002a;
Sanchezt al., 2004b; El-Raffa, 2007) or for body weight at tharket age (Lukefahet al., 1996;
Gondretet al., 2002; Khalilet al.,2002, 2005; Larzukt al., 2005; Al-Saefet al.,2008). In practice,
criterion of post-weaning growth is effective irnesgion programs because it is very easy to record
and it has a negative and favourable genetic @airoel with feed conversion index, and therefors thi
trait is very important for an efficient rabbit phaction (Mouraet al.,1997; Pilest al.,2004).

The average daily gain is the preferred trait flestion during post-weaning period, suggesting tha
individual selection could be used successfullimprove this trait because this trait is less a#dc

by common litter effects than the individual wemglat specific ages and it has moderate or high
heritabilities that vary in magnitude from 0.130t@8 (Rochambeaet al.,1989; Estant al.,1992;
Ferraz and Eler, 1996; Krogmeiet al., 1994; Lukefahret al., 1996; McNitt and Lukefahr, 1996;
Mouraet al., 1997; Garcia and Baselga, 2002c; Pédesl., 2004). Mouraet al. (1997) stated that
selection based on an index including both grovette and feed conversion ratio would be more
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efficient for improving feed efficiency than seliexgf solely for growth rate. Although feed conversio
ratio is the most important trait in meat rabbioguction (Armero and Blasco, 1992; Pilesal.,
2004), this criterion was not considered commonhsélection programs. Baselga (2004) reported
that feed conversion index is not used directlyatection because it is expensive to record anddvou
need electronic devices to enable recording ofviddal feed intake. Since feeding costs represent
about 70% of the rabbit meat production costs, fesaversion (g feed per g gain) could be an
economic trait in direct selection (Mougtal.,1997; Larzul and Rochambeau, 2005).

Techniques assisted in selection programs

Applying the technique of TOBEC (Total Body Elecai Conductivity), Milisits and Levai (2002)
demonstrated that selection for TOBEC value wasdated with indirect improvement in carcass
composition, observing a difference of 22.6% betwagimals selected for low and high fat content.
A technique of X-ray computerized tomography (CBswtilized to assess in vivo body composition
in selection of rabbits (Naggt al., 2006) and this technique of selection was usedesstully in
sheep in UK, Australia and New Zealand (Simm, 198dnheset al., 2002, 2004). Using such
technique in rabbit research are summarised by Radraval. (1996) and the results of using CT as
an aid of selection in Pannon White rabbits wepored by Szendret al. (1996) and Naggt al.
(2006) taking into account the genetic correlatidietween average cross-sectional areanof
Longissimus dorsimeasured by CT) and a carcass trait (SZemdral., 1992). However, high
scanning costs in evaluating the animals by CT didnd a limiting factor to use such technique in
selection program.

Szend§ et al. (1996, 2004) selected indirectly for daily gairdasarcass quality in Pannon White
breed by measuring the average surfacmotongissimus dorgL value) at 10.5 weeks of age by
using a computerized tomography technique and amplBLUP for L-value to select growing
rabbits. A two-step procedure of selection was ushdre the first step was for daily weight gain
between 5 and 10 weeks of age, and the next ondowrdke L-value obtained from CT scanning.
Results demonstrated that rabbits with higher luegalinm. Longissimus dorsiere associated with
higher meat weight of the hind legs (Szénel al,, 1992). The effectiveness of selection for cascas
traits was confirmed by Metzgat al. (2004) and Szendret al. (2004) using CT technique to
compare between different genotypes (Pannon WHigplus, and their crosses). In this experiment,
BLUP for L-values measured for the scanned aninslewed that selection based on CT
measurement could be effective to improve carcass in rabbits.

Selection methods

In general, individual mass selection was usedh@sdmmon methodology to select for growth traits
in paternal lines of rabbits and this is becaugertiethod is the simplest procedure to be appled f
heritable traits expressed in both sexes. By tlaig, Wme, labour and resources can be reducechand t
generation interval could be shortened to abouto6(Baselga, 2004). Since average daily gain in
weight and feed conversion are moderately to hidigyitable, having high and negative genetic
correlations between them, applying mass selectionaverage daily gain was associated with
favorable correlated selection responses (Eeki., 1996; Mouraet al.,1997). Lukefahet al. (1996)
concluded that individual selection was effective fncreasing marketing weight following five
generations of selection.

A two-way selection experiment for improving averatnily gain and feed conversion was performed
by Mouraet al. (1997) who reported that this program could befgoered at least in the first
generations of selection without difficulties in aseiring feed consumption. Another divergent
selection experiment was performed by Larzul andghRmbeau (2005) in order to estimate the
consequences of selection for feed efficiency (80 on growth, feed efficiency, and carcass
composition (fatness of the males was estimateagusie technique of TOBEC at 65 days of age).
Pileset al. (2004) concluded that growth rate and feed comwenstio should be used in an index in
order to improve the selection response for feet/exsion ratio, which is the most important trait i
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rabbit production (i.e., feed conversion ratio wbilde improved by more than 77% if an index
including growth rate and feed conversion ratio wssd compared to indirect selection using growth
rate).

Progeny testing was practiced to select directly dmessing out percentage (Nagy al., 2006),
although the costs of this method are high andrigthens the generation interval. This method was
practiced previously by Varewyek al.(1986) and Szendret al. (1988).

Selection effect and direct responses

Selection experiments for growth rate in rabbifsoréing successful responses in most experiments
(Table 3). In this concept, direct selection reggenfor average daily gain or for body weight at
market time were verified (Mgheni and Christens@@85; Lukefahret al., 1996; McNitt and
Lukefahr, 1996; Mourat al., 1997; Blasccet al., 2003; Piles and Blasco, 2003; Nagjyal., 2006),
while in some cases the responses were less tipattex] (Rochambeart al., 1989; Estanet al.,
1992; Gondretet al., 2002; Sanchezt al., 2004b). Such contradictions in results of selectio
responses may be due to the overlapping of genasatespecially when a control population was not
used in the same generation of the selected papulair may be due to the appearance of a disease
such as enterocilitis.

Table 3: Direct and/or correlated selection response peegtion obtained for growth and carcass
traits in selection experiments

Authors Breed or line Selection Methodology Direct and/ or correlated selection
criteria responses
Rochambeau INRA1077 Growth rate Genetic trend for ADG= 0.83 g/d per year
et al.(1989) (4-11 wks)  phenotypic selection using
mixed-model
Lukefahret F, population of  70-day Genetic trend for Per generation: W70=29.4 g; WW =9.5
al. (1996) % Flemish Giant, weight phenotypic selection usingg; ADG (28-70 d) = 0.47 g/d,;
Y, Californian, ¥4 (market mixed-model CY =-0.24%; PL = -0.04%; MBR =0.1
Champagne weight)
Garreawet al.  White Pannon Growth rate Annual genetic trends ~ ADG = 0.64 g/d per year; W10 =18.5¢
(2000) (6-10 wks)  using BLUP in multiple- per year.
trait model.
Garcia and Line V Litter size at Contemporaries using  Per generation: WW = 1.4 g/d;
Baselga weaning control cryopreserved ADG (28-63 d) = 0.11 g/d; W63 = 1.5 g/d;
(2002c) population and mixed-  FC =-3.3 g/d feed; FCI = 0.01; For all
model methodology traits, the responses were less than 0.3% of
the population mean.
Piles and Synthetic line Growth rate Phenotype selection usingGrowth rate = 7% relative to the
Blasco (2003) selected for (4-9 wks) control population and  population mean before selection
growth rate Bayesian inferences
Hernandezt Line R Growth rate Contemporaries using  Per generation: SW =118 g; CCW =53 g;
al. (2004) (9-13 wks)  control population DP =-0.22%; PL = 0.23%; KP = 0.04%;
(differences between LHP =0.02%; RCW = 46 g; FP =-0.3%;
selected and control LP =0.6%; MBR =0.42
groups)
Sancheztal. LineR Daily gain  Contemporaries using  Per generation: ADG= 0.18 g/d;
(2004b) (28-63 d) cryopreserved population WW= 8.7 g; W63=94.6 g; FC=0.05 g
(as control) and an animalfeed per g gain
model

"WW: weaning weight; W10: weight at 10 weeks; W6Zight at 63 d; SW: slaughter weight; W70: marketivejght at
70-d; ADG: average daily gain; CY: carcass yieldcpatages (hot carcass weight/preslaughter weighesti100); PL:
percent of liver; LP: loin percent; MBR: meat to koratio; FC: feed consumption; FCI: feed conversiatex; CCW:
chilled carcass weight; DP: dressing percent; Kéhdy percent; LHP: set of organs percent (thymtreighea + esophagus
+ lungs +heart); RCW: reference carcass weight; FBedtible fat percent.

The rate of genetic progress in marketing weight generation (29.4 g or 1.3% per generation)

obtained by Lukefahet al. (1996) was similar to the annual genetic improveinodten reported for
this trait in other livestock species (i.e., proelgcwilling to select for increased 70-day bodyghei
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may have genetic improvement in weaning weightsiaayerage daily gains and also in lean-to-bone
ratio). Using a control line or mixed-model methlmdyy, direct responses obtained for growth rate
from weaning to marketing age were moderate andechrirom 0.45 to 1.73 grams per day per
generation for daily weight gain, while the respenfor weight at market age ranged between 18 and
68 g per generation (Rochambesial., 1989, 1994; Estangt al.,1992; Lukefahet al.,1996; Moura

et al., 1997; Szendr et al., 1998; Garreaet al., 2000; Khalilet al., 2002, 2005; Hernandes al.,
2004; Sancheet al.,2004b). At commercial slaughter age (9 wk), Blastal (2003) and Piles and
Blasco (2003) found that selected animals had hehnigrowth rate of 7% relative to the population
mean before selection and the slaughter weight alss higher in the selected group. However,
weaning weight remained practically the same whiseedwo methods used in estimating the selection
response (control population vs. Bayesian inferegietded similar results, thus validating the miode
used for the analysis. Gondedtal. (2002) and Larzugt al. (2005) found that body weights have been
increased by selection, while carcass and musalts tdid not differ significantly between highly
selected animals and the animals of a cryopresexwetlol population.

Selection effect and correlated responses

The estimates of correlated selection responsagdavth, feed conversion and carcass traits availab

in literature are limited and the only availabl¢ireates are presented in Table 3. However, selgctin
at a fixed slaughter weight was associated witheiases in feed consumption and decreases in feed
conversion (Fekét al.,1996); intestinal content increased, and dregsémgentage decreased (Gémez
et al.,1998; Plaet al.,1998), fat deposits reduced, ultimately pH in nieisnd water holding capacity

of the meat diminished (Pileg al.,2000; Gondre¢t al.,2003).

With regards to correlated selection responseseknl efficiency, resulting from direct selection fo
growth rate, some investigators (Toredsal., 1992; Fekiet al., 1996; Mouraet al.,1997; Larzul and
Rochambeau, 2005) found that selection for groatl was associated with an improvement in feed
efficiency. Heritability values for growth rate afekd conversion ratio were moderate or high aed th
correlations between both traits were also modenakégh (-0.82 as cited by Moued al.,1997; from
-0.4 to -0.49 as cited by Piles al.,2004). In two elliptical selection experimentsieBet al. (2004)
indicated that selection for growth rate was expedb yield a similar correlated response for feed
conversion ratio in sire Caldes and R lines of it@blin contrast, the effects of selection for giow
rate on post-weaning feed intake were not signifi¢@ostaet al.,2004; Pileset al.,2004; Sancheet

al., 2004b).

Few experiments have assessed the consequencekeatfan for growth rate on carcass and meat
quality traits in rabbits. In this respect, Lukefadt al. (1996) reported that selection for marketing
weight was associated with favorable correlatedarses in daily weight gain and lean to bone ratio.
However, the correlated responses were not sigmifig different from zero for growth traits, buith
correlated responses for carcass traits were altipe and significant (Table 3). Comparing
Richardson’s procedure with mixed-model procedsmilar correlated responses of 0.1 and 0.21
units per generation of selection were observeterselected line for lean to bone ratio. Hernaratez
al. (2004) indicated that selection for growth rates little effect on carcass characteristics when
rabbits were measured at the same stage of mabaduse there was no increase in fat conteneof th
carcass and there was an improvement in the mdsirte ratio, while meat quality at the same stage
of maturity was affected a little by selection, ymroducing a decrease in water holding capacity
(Table 3).

Pileset al. (2000, 2006), Gondradt al. (2002), Ramirezt al. (2004) and Gikt al. (2006) reported
that genetic selection for growth rate did not etffiearcass traits, muscle traits, protein degradaif
longissimugnuscle, and meat texture properties. In contRikset al. (2004) reported that selection
for growth rate was associated with decreases &d f@onversion rate, but may have also been
associated with decreases in carcass and meatyqlicomparing two lines selected for live body
weight at 63 days of age, and using a cryopresaggatiol population raised contemporaneously with
selected rabbits of "5generation, Larzukt al. (2005) attained considerable correlated selection
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responses in growth rate, carcass, and muscls.tRdachambeaet al. (1994) and Quevedet al.
(2005) reported that selection for increased ligige resulted in a decrease in individual weight a
weaning, although total weight of the litter at wig increased. Modifications in the selection
objective for maternal lines were attempted by Roabeau (1998) by including the weight at 63 days
in addition to litter size to increase simultandpliter size and individual weight.

As presented in Table 3, when the comparisons weree at a constant litter size at birth, the
correlated responses in growth traits obtained femhection for litter size at weaning did not show
any significant responses for weaning weight, weaghmarket time, post-weaning daily gain, daily
feed intake and feed conversion index (Baselga@ardia, 2002; Garcia and Baselga, 2002c).
Selection programsin synthetic paternal lines developed

The paternal lines developed for use on small argelcommercial scales are presented in Table 4.

Table 4: Selection programs for synthetic paternal lineedi@oment

Synthetic line  Authors Founder Selection Selection Number Selection responses per
and country of breeds criteria methodology (interval) of  generatiofi
work generations
Line R, Spain Estangt  Californian, Growth rate Individual 12 ADG= 0.5 g/d
al. (1992) specialized (28-63 d) selection generation,
paternal using BLUP (6 mo)
line
Altex, USA Lukefahr Californian,  70-day market Individual More than W70=29.4 g;
et al. Champagne weight selection eight WW = 9.5 g; ADG
(1996) d' Argent, using mixed- generations (28-70d)=0.47g
Flemish model
Giant
White Pannon, Szendé NZW, Growth rate Individual Since 1992 ADG= 0.6 g/d per year
Hungary et al. Californian  (6-10 wks) selection
(1998) using BLUP
Alexandria, El-Raffa Line V, Daily body Individual More than
Egypt (2007) Baladi weight gain selection five
Black (28-63d) using BLUP generations,
(10 mo)
Saudi-3, Saudi Khalil et Line V and Weaning litter  Individual More than W12= 38 g; ADG= 0.6
Arabia al. Saudi weight + 84-d  selection eight g/d; LSB= 0.14 rabbits
(2002), Gabali weight using BLUP generations  per litter; LSW= 0.12
(2005) (9 mo) rabbits per litter;

LWW= 35 g per litter

*ADG: average daily gain; WW: weaning weight; W7Qight at 10 weeks; W12: weight at 12 weeks; LSBelisize at

birth; LSW: litter size at weaning; LWW: litter wggit at weaning

In Hungary, White Pannon rabbits were created sirti®¥l by crossing New Zealand White rabbits
with Californian and then selection was practicedgrowth rate between 6-10 weeks of age (Szendr
et al., 1998). In Spain, line R was individually selecfed daily gain between 28-63 days and the
main objective of selection was directed to impréeed efficiency; this line was developed for use o
commercial farms (Estarst al.,1992). In USA, Lukefahet al. (1996) described the development of
a large terminal-sire breed, known as the ALTEXeded for 70-day market weight, which has a
breed foundation of ¥ Californian, % Champagne rdieAit, and % Flemish Giant. In Saudi Arabia,
Saudi-3 was established from %2 V line and % SawdigB and selected for litter weight at weaning
and individual weight at 84 d. The details conaegrthe development of this new line were presented
by Khalil et al. (2002, 2005) and Al-Saeft al. (2008). In Egypt, a synthetic paternal line of
Alexandria originated at Alexandria University froonossing V line with the Baladi Black, and
selection was practiced for daily weight gain dgr@8-63 days of age (El-Raffa, 2007).
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DIRECT AND INDIRECT SELECTION FOR TOTAL OBJECTIVES
Criteria and methods of selection

Ramonet al. (1992) and Utrillaset al. (1992) proposed demographic and phenotypic analysa
synthetic population of rabbits selected for tatdfectives of litter weight at 60 days through
overlapping generations. However, multi-purposedinvere developed as a total objective through
simultaneous selection for litter size and growthits. This selection strategy was successfully
developed in Spain, France, Brazil, and Egypt.gai, a two-stage selection program was practiced
using two criteria (litter size at weaning and inidual daily weight gain) and applying the methdd o
independent culling level of selection (Gonetzal., 2000a), while the French program of selection
was practiced for litter size at birth and indivédlweight at 63 days (Rochambeau, 1998; Garreau and
Rochambeau, 2003). In Brazil, a selection indetuifiag litter size at weaning, individual weaning
weight, weaning litter weight and individual weigitt 70 days of age was used (Moatal.,2001),
while in Egypt, selection was practiced for litteeight at weaning and individual weight at 56 days
(Youssefet al,2008).

Multi-pur pose synthetic lines developed
Table 5 shows multi-purpose synthetic lines devadiop some parts of the world.

Table5: Selection programs for the development of multigpse synthetic lines

Synthetic line  Authors Founder breeds Selection criteria Selection Direct response per
and country methodology generatiofi
of work
INRA1077, Bolet and NZW, Bouscat Weaning litter size Individual LSB= 0.11 rabbits per
France Saleil (2002) then birth litter size + selection applying litter; LSW= 0.08
63 d weight BLUP rabbits per litter;
LWW= 47 g;
WW=-3.4g¢
Botucatu, Mouraetal.  Norfolk English line  Weaning litter size  Selection index
Brazil (2001) and weight + growth
rate (28-70 d)
Caldes, Spain GOmex# al. Six lines in Caldes Litter weight at 56-d Two-stage LWW=30.7 g;
(2002a) de Montbui, weight + growth rate selection applying ADG= 1.1 g/d
Barcelona (32-60 d) BLUP
Giant de Lépez and Flemish Giant, Weaning litter size + Independent
Espafia, Sierra (2002) Lebrel Espafiol growth rate during  culling levels
Spain fattening selection
Moshtohor, Iragi et al. Sinai Gabali, line V  Litter weight+ 56-d Two-stage
Egypt (2008) weight selection using
BLUP

*LSB: litter size at birth; LSW: litter size at waag; LWW: litter weight at weaning; WW: weaning wéit; ADG: average
daily gain.

In France, a multi-purpose line of INRA1077 wasealeped by selecting for litter size at birth and fo
individual weight at 63 days to produce the moshiemn parental females of INRA1077x INRA2066
(Bolet and Saleil, 2002; Garreau and RochambedlB)26rom 1983 to 1992, the Caldes line in Spain
was formed by selecting for litter weight at weanin the first stage, while in the second stage the
individuals were chosen for post-weaning growtncgi 1992, animals of this line are selected for
growth rate between 32 and 60 days. Details comgethe foundation breeds and selection methods
used in developing the Caldes line were descrilyeRdfelet al. (1988) and Utrillagt al. (1992). In
Brazil, a multi-purpose selection program was a&téd in 1992 to develop a multi-purpose line using
selection index, including litter size and weightweeaning and post-weaning growth traits and this
line was named the Botucatu (Mowtal., 2001). In Egypt, a multi-purpose selection prograas
started in March 2003 to produce a synthetic lm&r(ed Moshtohor), resulting from crossing Sinai
Gabali with V-line and selection was practiced Ifder weight at weaning and live weight at 56 days
(Iragi et al.,2007, 2008).
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Direct and correlated selection responses

Estimates of direct and correlated selection respenobtained from selection experiments are
presented in Table 6. Lines selected based orreliff@bjectives showed that selection for growth ra
have a better feed efficiency than selection f@raductive traits (Torrest al., 1992; Fekiet al.,
1996).

Table 6: Direct and/or correlated selection response paregation obtained from multi-purpose
selection experiments

Authors Breed or Selection Methodology Direct and/or correlated selection
line criteria responses per generation
Mouraet al. Composite Daily gain + Genetic trend in ADG = 1.23 g per d; FCI =-0.20 g feed
(2997) population feed conversion divergent selection per g gain
(28-70 d) program using BLUP
Gomezet al. Caldes line LWW + ADG Annual genetic trends  LSB = 0.0 rabbits per litter; LSW = 0.03
(2000) (32-60 d) using BLUP rabbits per litter; LWW=30.7 g per

litter; ADG = 1.06 g/d; WW = 11 g per
rabbit; W60 = 38 g per rabbit

Mouraet al. Botucato LSW, WW, Genetic trend in NBA = 0.034 rabbits per litter; LSW =
(2001) LWwW, 70-d multiple-trait selection  0.039 rabbits per litter; LWW =35.2 g
weight using mixed-model per litter; WW= 6.74 g per rabbit; W70

methodology =17.2 g per rabbit

*LSB: litter size at birth; NBA: number born aliveSW: litter size at weaning; LWW: litter weight ateaning; WW:
weaning weight; W60: weight at 60 days; W70: weigh?0 days; ADG: average daily gain; FCI: feed @sn index.

In Spain, selection responses obtained from salpfbir litter size at weaning and daily weight gain
the Caldes line (Gome al.,2000) are summarized in Table 6 that indicatesdif®ct response for
litter size at weaning was 0.03 rabbits per litvehjle indirect responses for litter weight at wiea,
and individual weight at weaning were 30.7 g petediand 11 g per rabbit per year, respectively; (2
direct response for daily gain was around 1.06rgdjpg, with an indirect response of 38 g per rabbit
per year for individual weight at 60 days; (3) @pibf the doe to raise her litter was also impmbve
because genetic response for litter size at weamasghigher than the response for litter size rhpi

(4) selection for litter weight at 60 days achiepeditive responses for growth rate, while mainteajn
high reproductive performances; (5) selection footal objective has achieved responses for growth
traits without impairment of litter size at weaning

Salairet al. (2001) in France stated that annual genetic gaisdlecting litter weight at weaning was
342 g, which was equal to 1.7% of the phenotypiamar 3.2% of the phenotypic standard deviation.
In Brazil, Mouraet al. (2001) reported that the annual genetic gainif@risize at weaning, weaning
litter weight and 70-d market weight in multi-puggoselection program were 0.04 rabbits per litter,
35.2 g per litter, and 17.2 g per rabbit, respetyiv

DIRECT AND INDIRECT SELECTION FOR WOOL TRAITS

In the literature, results dealing with selectioqp@riments for wool traits in Angora rabbits areye
limited (Rafatet al.,2007).

Selection criteria and methods

Selection for total fleece weight was successfoiyfformed in French Angora rabbits (Rochambetau
al., 2000; Allainet al., 2004; Rafatet al., 2007, 2008). However, it is unclear whether or imgh
fleece weight is associated with an increase irerottieece characteristics (length, diameter,
compression and secondary to primary follicle paticAngora rabbits. Nonetheless, selection faaltot
fleece weight is a simple and easy criterion tosues and it is very efficient to improve weight1df
class quality wool, which is an important econoingt in French Angora wool production.
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Direct and correlated selection responses

In order to estimate direct and correlated selactEsponses for wool production and other wool
quality traits, an 8-year divergent selection expent was carried out on French Angora rabbits
based on selection for total fleece weight (Radttal., 2007, 2008). Results obtained in this
experiment indicated that: (1) response in totakede weight was substantial with an annual
divergence rate between the high and low lineseambreeding values to be 80.95 g or 3.04 genetic
standard deviations; (2) correlated responses herotfleece quality traits were significant with
divergence rates of 2.96, 2.78 and 1.21 geneticlata deviations for weight of'tlass quality wool
(W1), weight of 2 class quality wool (W2), and wool homogeneity (thdo of W1 to total fleece
weight), respectively; (3) live body weight incredssignificantly by selection for total fleece weig

(4) a positive divergence rate of 0.92 geneticddiath deviations between the two selection lines was
observed for bristle length, while negative diverge rates of 1.00, 1.31, 0.38 and 0.50 genetic
standard deviations were observed for compressasiljence, bristle diameter and fiber diameter,
respectively.

Allain et al. (2004) reported that direct selection for fleeceight in long Angora rabbits was
associated by positive divergence rates of 3.0,add 0.9 genetic standard deviations for fleece
weight, fleece homogeneity and bristle length, eetigely, while negative divergence rates of 0.9,
0.9, 1.1 and 0.4 genetic standard deviations wieserwed for lock structure, compression, resilience
and live body weight, respectively. No other resulh correlated selection responses for total deec
weight or for fleece characteristics in Angora ligblhave been published. Similar to the results of
Angora rabbits, Bakt al. (2006) suggested that selection for cashmere wéiglhjoats was very
effective, which has led to slow genetic progresBlre length due to its negative genetic corretat
with cashmere weight. In another study, Redeeal. (2005) concluded that selection for increased
cashmere weight results in a reduction in quality @alue of the fleece.

CONCLUSIONS AND FUTURE PROSPECTS

1) In developed countries, specialized maternal oerpat lines were mostly developed for use on
commercial farms, while in developing countries $slyathesis of multi-purpose lines are necessary
for use in national breeding programmes for théitabdustry.

2) Spanish V-line rabbits genetically selected for entiran 35 generations have been introduced in
various countries (as live animals or as frozenrgod) using recent bio-techniques and applying
selection and/or crossbreeding with local linesisTime has been widely distributed in some
countries of the world, such as France, Egypt, Batabia, Turkey, and Uruguay.

3) Direct selection has had little or moderate effectditter size, prenatal litter components, anéime
quality traits, while it has had major effects oospweaning growth and carcass traits, feed
conversion, and fleece weight in Angora rabbitseBti selection for feed efficiency is less effidien
than selection for growth rate for improving feedheersion ratio.

4) Selection for increasing total fleece weight hasulted in beneficial effects on other fleece gyalit
traits and on live body weights in Angora rabbdgtecting QTL and major genes for hair follicle
production are considered to be a valuable toolsfdection programs of selection in Angora
rabbits (Allain et al., 2004).

5) New techniques, such as laparoscopy, ovariectomizatryopreservation of embryos and semen,
TOBEC (Total Body Electrical Conductivity), and ¥y scanning computerized tomography (CT),
have been introduced successfully as tools totassselection programs. Selection based on the
X-ray computerized tomography measurement couldefbective to improve carcass traits in
rabbits.
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6) Results of available molecular techniques are mesemtly of sufficient accuracy to be used in
selection programs in rabbits; although the SpaaighFrench teams have verified the hypothesis
that there are major genes affecting componeritgerfsize, uterine capacity and ovulation rate. A
genetic map with microsatellite markers distribuésery 10 to 20 cM along the rabbit genome is
available as stated by Chantry-Darm@inal. (2004). This breakthrough will help to efficiently
construct linkage maps, based on molecular mafkersse in selection programs. Simultaneously,
the corresponding cytogenetic maps were establishedler to provide the chromosomal position
of all the genetic markers.

7) To date, marker-assisted selection (MAS) is notegaly used in current rabbit selection
programs, and the recent molecular technologies weed only to identify genetic diversity, gene
mapping and DNA fingerprinting in different breeafsrabbits.

8) As to future prospects, localizing loci of geneseobnomic interest are necessary to identify the
candidate animals in selection programs and toiddte the molecular nature of the few already
verified major genes.

REFERENCES

Allain D., Bonnet M., Picoulet S., Thébault R.G., Ractibeau H. de 2004. Genetic and phenotypic resparsagool
production and fleece components in two divergemsl selected for total fleece weight in Angorabitsh In Proc. &"
World Rabbit Congress, 2004 September, Puebla, MeX&:31.

Al-Saef A.M., Khalil M.H., Al-Homidan A.H., Al-Dob# S.N., Al-Sobayil K.A., Garcia M.L, Baselga M. 200
Crossbreeding effects for litter and lactation &ait a Saudi project to develop new lines of rabBititable for hot
climates.Livestock Science, 110 (In press).

Argente M.J., Santacreu M.A., Climent A., Bolet G.a8lo A. 1997. Divergent selection for uterine cépan rabbits.J.
Anim. Sci., 75, 2350-2354.

Argente M.J., Santacreu M.A., Climent A., Blasco A0Q. Genetic correlations between litter size atedine capacityln
Proc. 7" World Rabbit Congress, 2000 July, Valencia, Spda, A, 333-338.

Argente M.J., Blasco A., Ortega J.A., Haley C.S. stiex P.M. 2003a. Analyses for the presence of amgane affecting
uterine capacity in unilaterally ovariectomizedb#b. Genetics, 163, 1061-1068.

Argente M.J., Santacreu M.A., Climent A., Blasco A02b. Relationships between uterine and foetalstraitrabbits
selected on uterine capacify.Anim. Sci., 81, 1265-1273.

Armero E., Blasco. A. 1992. Economic weights fortriaselection indicesl. Appl. Rabbit Res., 15, 637-642.

Armero E., Baselga M., Cifre J. 1995. Selectingiitize in rabbits. Analysis of different strategi##orld Rabbit Sci., 3,
179-186.

Baselga M. 2004. Genetic improvement of meat rabBitegrammes and diffusiom Proc. 8" World Rabbit Congress,
2004 September, Puebla, Mexico, 1-13.

Baselga M., Garcia M.L. 2002. Evaluating the respotusselection in meat rabbit programmbs.Proc. 3¢ Scientific
Conference of Rabbit Production in Hot Climates, 2@@2ober, Hurghada, Egypt, 1-10.

Baselga M., Gémez E., Cifre P., Camacho J. 1992. @edigtrsity of litter size traits between pariti@srabbits.In Proc.
5N World Rabbit Congress, 1992 July, Oregon, USA, Xp198-205.

Bennett G.L., Leymaster K.A. 1989. Integration ofilation rate, potential embryonic viability and uie capacity into a
model of litter size in swinel. Anim. Sci., 67, 1230-1241.

Blasco A., Argente M.J., Haley C.S., Santacreu M.294L Relationships between components of litter wizenilaterally
ovariectomized and intact rabbit dodsAnim. Sci., 72, 3066- 3072.

Blasco A., Oortega J.A., Santacreu M.A. 2000. Seledor uterine capacity: |. Genetic trends andrelated response in
components of litter sizén Proc. 7" World Rabbit Congress, 2000 July, Valencia, Spdai, A, 347-352.

Blasco A., Piles M., Varona L. 2003. A Bayesian asialyof the effect of selection for growth rate aowgth curves in
rabbits.Genet. Sel. Evol., 35, 21-41.

Blasco A., Ortega J.A., Climent A., Santacreu M.AD20Divergent selection for uterine capacity inhith 1. Genetic
parameters and response to selectiodnim. Sci., 83, 2297-2302.

Bolet G., Saleil G. 2002. Strain INRA 1077 (Frande). Khalil M.H., Baselga M. (Eds.). Rabbit genetiesources in
Mediterranean countries. Options mediterraneenBe&tudes et recherches, CIHEAM, Zaragoza, Spaifl; 115.

Bolet G., Santacreu M.A., Argente M.J., Climent A.aflo A. 1994. Divergent selection for uterine éfficy in
unilaterally ovariectomized rabbits. |. Phenotypicd genetic parametersn Proc. 8" World Congress on Genetics
Applied to Livestock Production, Guelph, Ontarion@da, 19, 261-264.

Bolet G., Esparbie J., Falieres J. 1996. Relatiotre ém nombre de foetus par corne utérine, laetdiél portée a la naissance
et la croissance pondérale des lapereAor. Zootech., 45, 185-200.

Bolet G., Brun J.M., Monnerot M., Abeni F., Arnal @rnold J., Bell D., Bergoglio G., Besenfelder U., Besz., Boucher
S., Chanteloup N., Ducourouble M.C., Durand-Tardif Esteves P.J., Ferrand N., Gautier A., Haas C.,itd&x Jehl
N., Joly T., Koehl P.F., Laube T., Lechevestrierl®pez M., Masoero G., Menigoz J.J., Piccinin Ruefey G., Saleil

18



Genetics

G., Surridge A., van der Loow W., Vicente J.S., 848 de Castro M.P., Virag J.S., Zimmermann J.M. 289@luation
and conservation of European rabifryctolagus cuniculys Genetic resources, first results and inference®roc. 7"
World Rabbit Congress, 2000 July, Valencia, Spaat, &, 281-316.

Bolet G., Garreau H., Joly T., Theau-Clément M., éfak J., Hurtaud J., Bodin L. 2007. Genetic homisgdion of birth
weight in rabbits: Indirect selection responseutarine horn characteristidsivestock Sci., 111, 28-32

Bosze Z.S., Bolet G., Meszar Z., Virag G.Y., Deviiy2002. Relationship between litter size and kaggs®in genotype in
INRA rabbit lines.In Proc. 7" World Congress on Genetics Applied to LivestoadBction. 2002 August, Montpellier,
France, Communication n. 08-10.

Brun J.M., Saleil G. 1994. Une estimation, en fernaes| heterosis sur les performances de repramfuetitre les souches
de de lapin INRA A2066 et A107Th Proc. 6™ Journées Recherche Cunicole, 1994 December, LaeReckrance,
Vol. 1, 203-210.

Capra G., Blumetto O., Elizalde E. 2000. Meat raphitluction in Uruguayin Proc. 7' World Rabbit Congress, 2000 July,
Valencia, Spain, Vol. B, 51-58.

Chantry-Darmon C., Hayes H., Rochambeau H. de, Rog#hfBaC. 2004. Construction of an integrated geneticl
cytogenetic map in the rabbit Proc. 8" World Rabbit Congress, 2004 September, Puebla,dde3B-42.

Chantry-Darmon C., Urien C., Rochambeau H., AallianRena B., Hayes H., Grohs C., Cribiu E.P., Deretpiét S.,
Larzul C., Save J.C., Neau A., Chardon P., Rogell&BdilC. 2006. A first-generation microsatellite-béhsetegrated
genetic and cytogenetic map for the European ral@yctolagus cuniculysand localization of angora and albino.
Animal Genetics, 37, 335-341

Cifre J., Baselga M., Garcia-Ximenez F., Vicente 1998a. Performance of a hyperprolific rabbit linkitter size traits.J.
Anim. Breed. Genet., 115(2), 131-138.

Cifre J., Baselga M., Garcia-Ximenez F., Vicente 188b. Performance of a hyperprolific rabbit liheMaternal and
growth performancesl. Anim. Breed. Genet., 115(2), 139-147.

Costa C., Baselga M., Lobera J., Cervera C. Pascu&QDd4. Evaluating response to selection and muati needs in a
three way cross in rabbit$. Animal Breeding and Genetics, 121, 186-196.

El-Raffa A.M. 2000. Animal model evaluation of V larRabbits raised under Egyptian conditioBgypt. Poult. Sci., 20,
1003-1016.

El-Raffa A.M. 2007. Formation of a rabbit syntheliice (Alexandria Line) and primary analysis of jisoductive and
reproductive performanc&gyptian Poultry Sci., 27(2), 321-334.

Estany J., Baselga M., Blasco A., Camacho J. 1989edvirodel methodology for the estimation of genetgponse to
selection in litter size of rabbitkivest. Prod. Sci., 21, 67-76.

Estany J., Camacho J., Baselga M., Blasco A. 1992ct8m response of growth rate in rabbit for meatduction.Genet.
Sel. Evol., 24, 527-537.

Fadiel A., Ganji G., Farouk A., Marai I.F.M. 200@enome analysis of genbank known rabkityctolagus cuniculys
genesWorld Rabbit Sci., 11, 117-136.

Feki S., Baselga M., Blas E., Cervera C., Gbmez E.A61Zomparison of growth and feed efficiency amacaigpit lines
selected for different objectivesivest. Prod. Sci., 45, 87-92.

Ferraz J.B.S., Eler J.P. 1996. Use of different ahimodels for estimation of (co)variance componestsl genetic
parameters of reproductive, growth and slaughtstrof Californian and New Zealand White rabbitsed under
Tropics and suggestion of selection critetiaProc. 6" World Rabbit Congress, 1996 July, Toulouse, Frans, 2,
279-284.

Fortun-Lamothe L. 2003. Bilan énergétique et gesties réserves corporelles de la lapine: mécanisactian et stratégies
pour améliorer la fertilité et la longévité en ége cunicoleln Proc. 16™*J. Rech. Cunicole, 2003 November, Paris,
France, 89-103.

Garcia M.L., Baselga M. 2002a. Estimation of genetisponse to selection in litter size of rabb&sg a cryopreserved
control populationLivest. Prod. Sci., 74, 45-53.

Garcia M.L., Baselga M. 2002b. Genetic responssetection for reproductive performance in a matelina of rabbits.
World Rabbit Sci., 10, 71-76.

Garcia M.L., Baselga M. 2002c. Estimation of cometlaresponse on growth traits to selection inrlgiee of rabbits using a
cryopreserved control population and genetic trebidgst. Prod. Sci., 78, 91-98.

Garcia M.L., Baselga M., Vicente J.S., Lavara R.@0Belection response on reproductive characteasmaternal line of
rabbits.In Proc. 7" World Rabbit Congress, 2000 July, Valencia, Spdat, A, 381-387.

Garcia M.L., Baselga M., Peir6 R. 2000b. Correla=ghonse on growth traits in A line selected faellisize at weaningn
Proc. 7" World Rabbit Congress, 2000 July, Valencia, Spdol, A, 389-396.

Garcia-Ximenez F., Vicente J.S., Cifre P., Baselgal®8®6. Foundation of a maternal rabbit line usiggtérectomy and
embryo cryopreservatiom Proc. 6" World Rabbit Congress, 1996 July, Toulouse, Frah@. 2, 285-288. )

Garreau H., Rochambeau H. 2003. La sélection dektémianaternelles pour la croissance du lapemauwProc. 16™°
Journées Recherche Cunicole, 2003 November, PaascE, 61-64.

Garreau H., SzendrZs., Larzul C., Rochambeau H. 2000. Genetic parameted genetic trends of growth and litter size
traits in the White Pannon bredd.Proc. 7" World Rabbit Congress, 2000 July, Valencia, Speai, A, 403-408.

Garreau H., Larzul C., Ducrocq V. 2001. Analyse alggévité de la souche de lapins INRA 10[/Proc. $m**Journées
Recherche Cunicole, 2001 November, Paris, France, 2207

Garreau H., Piles M., Larzul C., Baselga M., Rochamb¢a2004a. Selection of maternal lines: Last itssaihd prospects.
In Proc. 8" World Rabbit Congress, 2004 September, Pueblaiddek4-25.

Garreau H., San Cristobal M., Hurtaud J., BodinRos M., Robert-Granie C., Saleil G., Bolet G. 2003An we select on
within litter homogeneity in rabbit birth weight: divergent selection experimeni. Proc. 8" World Rabbit Congress,
2004 September, Puebla, Mexico, 63-68.

19



9™ World Rabbit Congress — June 10-13, 2008 — Verohaly

Gil M., Ramirez J.A., Pla M., Arino B., Hernandez Pascual M., Blasco A., Guerrero L., Hajos G., Saketlyi E.N.,
Oliver M.A. 2006. Effect of selection for growthteaon the ageing of myofibrils, meat texture préipsrand the muscle
proteolytic potential ofm. Longissimus rabbits.Meat Science, 72, 121-129.

Gomez E.A., Rafel O., Ramon J., Baselga M. 1996. Atiestudy of a line selected on litter size at mieg. In Proc. 6"
World Rabbit Congress, 1996 July, Toulouse, Fra@g8;292.

Gomez E.A., Baselga M., Rafel O. Ramon J. 1998. Cosgarof carcass characteristics in five strains ehnrabbit
selected on different traitsivest. Prod. Sci., 55, 53-64.

GoOmez E.A., Rafel O., Ramon J. 2000. Preliminary tieranalysis of Caldes line: a selection experimienta global
objective.In Proc. 7" World Rabbit Congress, 2000 July, Valencia, Spdal, A, 417-424.

GOmez E.A., Rafel O., Ramon J. 2002a. The CaldessfRaibbit genetic resources in Mediterranean casitri: Khalil
M.H., Baselga M. (Eds.). Options mediterraneenBe&tudes et recherches, CIHEAM, Zaragoza, Spaifi; 1198.

Gomez E.A., Rafel O., Ramon J. 2002b. The Prat stRabit genetic resources in Mediterranean cowmntime Khalil
M.H., Baselga M. (Eds.). Options mediterraneenBe&tudes et recherches, CIHEAM, Zaragoza, Spaifi; 208B.

Gondret F., Combes S., Larzul C., Rochambeau H. @2. Fffects of divergent selection for body weight fixed age on
histological, chemical and rheological charactersof rabbit muscled.ivest. Prod. Sci., 76, 81-89.

Gondret F., Combes S., Larzul C. 2003. Sélectimerdente sur le poids a 63 jours: conséquencekesuaractéristiques
musculaires a méme age ou a méme pdidBroc. 160™**Journées Recherche Cunicole, 2003 November, Fadsce,
153-156.

Hernandez P., Pla M., Blasco A. 1997. Relationshipeeat characteristics of two lines of rabbits stld for litter size and
growth rateJ. Anim. Sci., 75, 2936-2941.

Hernandez P., Aliaga S., Pla M., Blasco A. 2004. &ffect of selection for growth rate and slaugtage on carcass
composition and meat quality traits in rabbitsAnim. Sci., 2, 3138-3143.

Hill W.G. 2002. Direct effects of selection on pbéypic variability of quantitative traitdn Proc. 7" World Congress on
Genetics Applied to Livestock Production, 2002 AaguMontpellier, France, Communication No. 19-02.

Ibafiez N., Santacreu M.A., Climent A., Blasco A. 208dlection for ovulation rate in rabbits. Preliaiy resultsin Proc.
8" World Rabbit Congress, 2004 September, Puebla,ddeX5-81.

Ibafiez N., Santacreu M.A., Martinez M., Climent Blasco A. 2006. Selection for ovulation rate in riédlbivest. Sci., 101,
126-133.

Iragi M.M., Shenana M.E., Baselga M. 2007. Someofactffecting productive and milk composition clwaess in a
crossbreeding experiment involving Gabali and \&liabbits in EgypMWorld Rabbit Sci., 15, 151-159.

Iragi M.M., Afifi E.A., Baselga M., Khalil M.H., Gaiia M.L. 2008. Additive and heterotic components gost-weaning
growth traits in a crossing project of V-line wiBabali rabbits in Egyptn Proc. 9" World Rabbit Congress, 2008 June,
Verona, Italy, 131-136.

Jones H.E., Lewis R.M., Young M.J., Wolf B.T. 2002€Tuse of X-ray computer tomography for measuftiggrbuscularity
of live sheepAnim. Sci., 75, 387-399.

Jones H.E., Lewis R.M., Young M.J., Simm G. 2004n&ie parameters for carcass composition and masguin sheep
measured by X-ray computer tomography, ultrasoumtddéssectionLivest. Prod. Sci., 90, 167- 179.

Khalil M.H., Al-Sobayel K., Hermes I.H., Al-Homidafi.H. 2002. Crossbreeding effects for post-weanimmyvth, rectal and
ears temperatures and respiration rates in croSgindi Gabali with Spanish V-Line rabbits.Proc. 7" World Congress
on Genetics Applied to LivestoBkoduction, 2002 August, Montpellier, France, Comination n. 04-12.

Khalil M.H., Mehaia M.A., Al-Homidan A.H., Al-SobayK.A. 2004. Genetic analysis for milk yield andnesponents and
milk conversion ratio in crossing of Saudi rabhitth V-line. In Proc. 8" World Rabbit Congress, 2004 September,
Puebla, Mexico, 82-89.

Khalil M.H., Garcia M.L., Al-Dobaib S.N., AL-Homida A.H., Baselga M. 2005. Genetic evaluation of doossding
project involving Saudi and Spanish V-line rablitssynthesize new maternal lines in Saudi Arahi@re-weaning
litter, lactation traits and feeding parameténsProc. 4" International Conference of Rabbit Production intHClimate,
2005 February, Sharm EI-Sheikh, Egypt, 89-99.

Khalil M.H., Al-Sobayl K.A., Al-Saef A.M., Garcia M., Baselga M. 2007. Genetic evaluation for senf@aracteristics in a
crossbreeding project involving Saudi and Spanidn¥ rabbits.Animal, International Journal of Animal Bio-Science
1, 923-928.

Khalil M.H., Motawei M.l., AL-Saef A.M., Al-SobayiK.A., El-Zarei M.F. 2008. RAPD markers linked tdtdr, lactation
and growth traits in rabbitin Proc. 9" World Rabbit Congress, 2008 June, Verona, Ital-148.

Korstanje R., Gillissen G.F., Versteeg S.A., Vant@®#é\., Bosma A.A., Rogel-Gaillard C., Van Zutphen IMF. Van Lith
H.A. 2003. Mapping of rabbit microsatellite markersing chromosome-specific librariekurnal of Heredity, 94(2),
161-169.

Krogmeier D., Dzapo V., Mao |.L. 1994. Additive ggit and maternal effects on postweaning growthaardass traits in
rabbits.J. Anim. Breed. Genet., 111, 420-431.

Larzul C., Rochambeau H. 2005. Selection for resitked consumption in the rabHitivest. Prod. Sci., 95, 67-72.

Larzul C., Baillot C., Pena-Arnaud B., Ruesche J.,€laudr., Rochambeau H. 2004. Selection for feedieffay in rabbits.
In Proc. 8" World Rabbit Congress, 2004 September, Pueblajce90-95.

Larzul C., Florence G., Sylvie C., Rochambeau H. 2@%ergent selection on 63-day body weight in thbhit: response
on growth, carcass and muscle tra@snet. Sel. Evol., 37, 105-122.

Levai A., Milisits G. 2002. Effect of selection drody fat content by means of the TOBEC method on sapeductive
traits of rabbit does and on the body compositibgrowing rabbitsArchiv Tierzucht., 45, 403- 411.

Lopez M., Sierra I. 2002. The Gigante de Espafiadree Khalil M.H., Baselga M. (Eds.). Rabbit genetisources in
Mediterranean countries. Options mediterraneenBe&tudes et recherches, CIHEAM, Zaragoza, Spai;220.

20



Genetics

Lukefahr S.D., Odi H.B., Atakora J.K.A. 1996. Masdestion for 70-day body weight in rabbits. Anim. Sci., 74, 1481-
1489.

McNitt J.1., Lukefahr S.D. 1996. Genetic and enmimental parameters for postweaning growth traitsabbits using an
animal modelln Proc. 6" World Rabbit Congress, 1996 July, Toulouse, Fraf2e-329.

Metzger S.Z., Odermatt M., SzetidZs., Mohaupt M., Romvari R., Makai A., Bir6-Némeih, Radnai I., Sipos L. 2004.
Comparison of carcass traits of Hyplus, Pannon Wdrit crossbred rabbits Proc. 8" World Rabbit Congress, 2004
September, Puebla, Mexico, 1422-1428.

Mgheni M., Christensen K. 1985. Selection experin@ngrowth and litter size in rabbits. II. Two-waglection response
for body weight at 112 dayécta Agric. Scand., 35, 287-294.

Milisits G., Levai A. 2002. Effect of selection dine body fat content of rabbits by mean of the ToB&&thod on the body
composition and slaughter traits of their offspriAgta Agric. Kaposvariensis, 6, 269-275.

Mocé M.L., Piles, M., Santacreu M.A., Blasco A. 20Q@rrelated response to selection for uterine @gpan teat number
and effect of teat number on survival rdteProc. 7" World Rabbit Congress, 2000 July, Valencia, Spdol, A, 469-
473.

Mocé M.L., Santacreu M.A., Climent A. 2002. Effedtdivergent selection for uterine capacity on psigeone, estradiol
and cholesterol levels around implantation timeaiobits.World Rabbit Sci., 10, 89-97.

Mocé M.L., Santacreu M.A., Climent A., Blasco A. 2004e effect of divergent selection for uterine agfy on prenatal
survival in rabbits: Maternal and embryonic geneffects.J. Anim. Sci., 82, 68-73.

Mocé M.L., Santacreu M.A., Climent A., Blasco A. 20@vergent selection for uterine capacity in rabbill. Responses
in uterine capacity and its components estimatéll avcryopreserved control populatiod1Anim. Sci., 83, 2308-2312.

Moura A.S.A.M.T., Kaps M., Vogt D.W., Lamberson W.R97. Two-Way Selection for Daily Gain and Feed wsion
in a Composite Rabbit Populatioh.Anim. Sci., 75, 2344-2349.

Moura A.S.A.M.T., Costa A.R.C., Polastre R. 2001. ®iace components and response to selection fordegtige litter
and growth traits through a multi-purpose indééarld Rabbit Sci., 9, 77-86.

Nagy I., Ibafiez N., Romvari R., Mekkawy W., Metz&FE., Horn P., SzendiZs. 2006. Genetic parameters of growth and
in vivo computerized tomography based carcasstimiPannon White rabbitkivest. Sci., 104, 46-52.

Piles M., Blasco A. 2003. Response to selection fomwth rate in rabbits estimated by using a contmybpreserved
population World Rabbit Sci., 11, 53-62.

Piles M., Blasco A., Pla M. 2000. The effect of séten for growth rate on carcass composition andtrabaracteristics of
rabbits.Meat Sci., 54, 347-355.

Piles M., Gémez E.A., Rafel O., Ramon J., Blasco A2 Elliptical selection experiment for the estimatof genetic
parameters of the growth rate and feed conversitio in rabbitsJ. Anim. Sci., 82, 654-660.

Piles M., Garcia M.L., Rafel O., Ramon J., Baselga2®06. Genetics of litter size in three maternaédirof rabbits:
Repeatability versus multiple-trait models Anim. Sci., 84, 2309-2315.

Pla M., Guerrero L., Guardia D., Oliver M.A., Blaséo 1998. Carcass characteristics and meat qualifalabit lines
selected for different objectives. |. Between lisemparisonLivest. Prod. Sci., 54, 115-123.

Quevedo F., Cervera C., Blas E., Baselga M., Costa GcuBhJ.J. 2005. Effect of selection for litteresend feeding
programme on the performance of young rabbit fesdiging rearing and first pregnanéynim. Sci., 80, 161-168.

Quevedo F., Cervera C., Baselga M., Pascual J.J. 2006g-term effect for litter size and feeding prmmme on the
performance of reproductive rabbit does. 1. Pregnahmultiparous doe#nim. Sci., 82, 739-750.

Quevedo F., Cervera C., Blas E., Baselga B., Pascua0D8b. Long-term effect of selection for littézes and feeding
programme on the performance of reproductive radd®s 2. Lactation and growing peridaim. Sci., 82, 751-762.
Rafat S.A., Allain D., Thébault R.G., Rochambeau H.2067. Divergent selection for fleece weight in riate Angora

rabbits: Non-genetic effects, genetic parametetdsrasponse to selectionivest. Sci., 106, 169-175.

Rafat S.A., Rochambeau H. de, Thébault R.G., DaviDdretz S., Bonnet M., Pena-Arnaud B., Allain DO20Divergent
selection for total fleece weight in Angora rabb@®rrelated responses in wool characteristiogest. Sci., 113, 8-13.

Rafel O., Tran G., Ramon J., Bosch A., Valls R., Dgrdt 1988. Selection for litter weight at 56 dayghwoverlapping
generation in a White synthetic strain of rabHitsProc. 4" World Rabbit Congress, 1988 October, Budapest, Hynga
Vol. 2, 79-86.

Ramirez J.A., Oliver M.A., Pla M., Guerrero L., Aoif8., Blasco A., Pascual M., Gil M. 2004. Effectsgflection for growth
rate on biochemical, quality and texture charasties of meat from rabbiMeat Sci., 67, 617-624.

Ramon J., Rafel O., Perucho O., Utrillas M. 1992. Bgraphic analysis of a synthetic population of rglaelected for the
global objective of litter weight at 60 days olddhgh overlapping generationsi Proc. 8" World Rabbit Congress,
1992 July, Corvallis, Oregon, USA, Vol. A, 224-239.

Rochambeau H. de 1998. La femelle parentale isssesdeches expérimentales de I'INRA: évolutions tgnés et
perspectivesn Proc. 7™**Journées Recherche Cunicole, 1998 May, Lyon, Fra3dd.

Rochambeau H. de, Trang G., Vrillon J.L. 1988. Diesion of a selection experiment for total litteeight per doe and per
year in two rabbit straingn Proc. 4" World Rabbit Congress, 1988 October, Budapestgdnn Vol. 2, 87-95.

Rochambeau H. de, De La Fuente L.F., Rouvier R. 188fction sur la vitesse de croissance post-sewhgz le lapin.
Genet. Sel. Evol., 21, 527-546.

Rochambeau H. de, Bolet G., Tudela F. 1994. Long-tetection. Comparison of two rabbit straitrs.Proc. 8" World
Congress Genetics Applied Livestock Production, @uyeDntario, Canada, 19, 257-260.

Rochambeau H. de, Duzert R., Tudela F. 1998. Long-g&dection experiment in rabbit. Estimation of g@progress on
litter size at weaningn Proc. 6" world Congress Genetics Applied Livestock Prodacthomidale, Australia, 26, 112-
115.

Romvari R., Milisits G., SzendrZs., Sorensen P. 1996. Non invasive method to/shelbody composition of rabbits by X-
ray computerized tomographyorld Rabbit Sci., 4, 219-224.

21



9™ World Rabbit Congress — June 10-13, 2008 — Verohaly

Sacharczuk M., Jezierski T., Daniewski W., GoreBkaParada R.Swiergiel A.H., Jaszczak K. 2005. DNA fingerprinting
analysis of rabbits from lines divergently selecfed high and low open-field activityAnimal Science Papers and
Reports, 23(2), 107-117.

Salaiin J.M., Garreau H., Thébault R. G., Allain Rochambeau H. de 2001. Sélection pour le poids detéhpereaux par
femelle et par an dans une souche de lapins CastorliRBroc. $m**Journées Recherche Cunicole, 2001 November,
Paris, France, 221-224.

San Cristobal-Gaudy M., Elsen J.M., Bodin L., Chev@le1998. Prediction of the response to a seleétipnanalisation of
a continuous trait in animal breedir@enet. Sel. Evol., 30, 423-451.

Sanchez J.P., Baselga M., Ducrocq V. 2004a. Estmaif the correlation between longevity and litséze. In Proc. &"
World Rabbit Congress, 2004 September, Puebla, Mek&3-168.

Sanchez J.P., Baselga M., Silvestre M.A., Sahuquil®004b. Direct and correlated responses totsmiefor daily gain in
rabbits.In Proc. 8" World Rabbit Congress, 2004 September, Puebla,dde%69-174.

Séanchez J.P., Theilgaard C., Minuez C., Baselga M8.200nstitution and evaluation of a long-lived praiike rabbit line.
J. Animal Sci., 86, 515-525.

Santacreu M.A., Argente M.J., Climent A., Blasco Bglet G. 1994. Divergent selection for uterine efficy in
unilaterally ovariectomized rabbits. Il. ResponseetectionIn Proc. 8" World Congress Genetics Applied to Livestock
Production, Guelph, Ontario, Canada, 19, 265-267.

Santacreu M.A,, Climent A., Gallego M., Fayos L., f8la A. 1996. Fertilization rate and early embrygali@ment in two
rabbit lines selected on uterine capadityProc. 6" World Rabbit Congress, 1996 July, Toulouse, Frai®, 2, 355-
357.

Santacreu M.A., Argente M.J., Mocé M.L., Blasco A0Q. Selection for uterine capacity. |l responseetiection estimated
with a cryopreserved control population.Proc. 7" World Rabbit Congress, 2000 July, Valencia, Sp#i-495.

Santacreu M.A., Mocé M.L., Climent A., Blasco A. 20@vergent selection for uterine capacity in rabbil. Correlated
response on litter size and its components estimatth a cryopreserved control populatian.Anim. Sci., 83, 2303-
2307.

Scheiner S. M., Lyman R.F. 1991. The genetics ohptypic plasticity. Il. Response to selectidournal of Evolutionary
Biology, 4, 23-50.

Simm G. 1987. Carcass evaluation in sheep breedomygmmesin: Marai I.F.M., Owen J.B. (Eds.). New Techniques in
Sheep Production, Butterworths, London, 125-144.

Sorensen D.A., Johanson K. 1992. Estimation ofctimed correlated responses to selection usingatiate animal models.
J. Anim. Sci., 70, 2038-2044.

Sorensen D.A., Kennedy B.W. 1986. Analysis of s@ecexperiments using mixed model methodolapyAnim. Sci., 63,
245-258.

Sorensen D.A., Wang C.S., Jensen J., Gianola. Di.1B&yesian analysis of genetic change due to smbeasing Gibbs
sampling.Genet. Sel. Evol., 23, 333-360.

Szendé Zs., Ballay A., Raczkevy S., Bird E. 1988. Progéest on station in Hungarin Proc. 4" World Rabbit Congress,
1988 October, Budapest, Hungary, 289-293.

Szendé Zs., Horn P., Kover GY., Berenyi E., Radnai I.r@Németh E. 1992. In vivo measurement of the ar¢eits of
meat type rabbits by X-ray computerised tomograghpppl. Rabbit Res., 15,799-809.

Szendé Zs., Romvari R., Horn P., Radnai I., Bir6-Németh Milisits G. 1996. Two-way selection for carcasaits by
computerized tomographin Proc. 8" World Rabbit Congress, 1996 July, Toulouse, Frakhg. 2, 371- 375.

Szendé Zs., Bir6-Németh E., Radnai I. 1998. Developmenthaf Pannon White rabbit breed and changes in sefait
production between 1988 and 198metijstvo, 30, 125-130.

Szendé Zs., Romvari R., Nagy |., Andrassy-Baka G., Metzg§¢t., Radnay |., Bir6-Németh E., Szabé A., Vigh.Ztorn
P. 2004. Selection of Pannon White rabbits basedomnputerised tomographin Proc. 8" World Rabbit Congress,
2004 September, Puebla, Mexico, 175-180.

Tixier-Boichard M., Bordas A., Renand G., Bidand?.J2002. Residual food consumption as a tool towahrgenetic
components of food intakén Proc. 7" World Congress on Genetics Applied to LivestockdBetion, 2002 August,
Montpellier, France, 10-18.

Torres C., Baselga M., Gomez E.A. 1992. The effeaveifght daily gain selection on gross feed efficiein rabbit.In
Proc. 5" World Rabbit Congress, 1992 July, Corvallis, OreddB8A, Vol. B, 884-888.

Tudela F., Hurtaud J., Garreau H., Rochambeau H088. Comparaison des performances zootechniquesedelles
parentales issues d’une souche témoin et d’unéde@édectionnée pour la productivité numérigueProc. 1™
Journées Recherche Cunicole, 2003 November, Paascg, 53-56.

Utrillas M., Rafel O., Perucho O., Ramon J. 1992.rmkyic analysis of a synthetic population of rapbelected for the
global objective of litter weight at 60 days olddhgh overlapping generations. Proc. 5" World Rabbit Congress,
1992 July, Corvallis, Oregon, USA, Vol. A, 213-223.

van Haeringen W.A., Den Bieman M.G., Gillissen GlRnkhorst /., Kuiper M.T.R., van Zutphen L.F.M.nVath H.A.
2001. Mapping of a QTL for serum HDL cholesteroltie rabbit using AFLP technologyournal of Heredity, 92(4),
322-326.

van Haeringen W.A., Den Bieman M.G., Lankhorst Aan \ith H.A., van Zutphen L.F.M. 2002. Applicatiai AFLP
markers for QTL mapping in the rabbBenome, 45, 914-921.

Varewyck H., Bouquet Y., Van Zeveren A. 1986. Ageay test for carcass quality in meat rabbeh. Geflu. Gelkd., 50,
26-31.

Youssef Y.K., Iragi M.M., El-Raffa A.M., Afifi E. A Khalil M.H., Garcia M.L., Baselga M. 2008. A jbiproject to
synthesize new lines of rabbits in Egypt and Saudbia: Emphasis for results and prospeketsProc. 9" World Rabbit
Congress, 2008 June, Verona, Italy, 1637-1642.

22



