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Abstract

A divergent selection experiment on within-litter homogeneity of birth weight in rabbits was carried out at the INRA
experimental farm at Auzeville. The two lines were created by selecting breeding does and bucks from the female strain AGP22
bred at the Grimaud Frères Sélection Company. This involved a new model incorporating a genotypic value for the mean of
individual birth weight and a genotypic value for the environmental variance. This new “trait” was modelled in the usual
infinitesimal framework, giving estimated breeding values for environmental variability. There was a favourable selection response
with a significant difference in within-litter standard deviation of birth weight between the lines selected for increasing (HOM) or
decreasing (HET) homogeneity. At the end of the third generation, 31 females from the HOM line and 33 from the HET line were
sacrificed to collect the uterine horns and measure their initial length (L1) and their length after elongation with a weight of 50 g
(L2) and then 70 g (L3). The length in the homogeneous line was significantly greater, whatever the weight (L1: +1.3 cm, P=0.02;
L2: +2.8 cm Pb0.001; L3: +4.2 cm, Pb0.001). The absolute and the relative elongations were significantly higher in the HOM
line. There was no significant effect of the line on the number of ova shed, the weight of the ovary, or the weight of the uterine
horns. It is concluded that the divergence between lines for the within-litter homogeneity of birth weight is at least partly due to the
characteristics of the genital tract, i.e. the length and capacity for elongation of the uterine horn.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Rabbit birth weight presents a great variability within
each litter (Bolet et al., 1996). Reducing this heteroge-
neity may be useful for the rabbit industry, since it induces
a high mortality, as a result of the loss of the weakest
⁎ Corresponding author. Tel.: +33 5 61 28 51 68; fax: +33 5 61 28 53 53.
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rabbits. In heterogeneous litters the weakest animals are
also more sensitive to disease and can contaminate the
whole litter (Poignier et al., 2000). Grading birth weight
and fostering methods have been shown to improve pre-
weaning survival (Perrier, 2003) but these methods are
stressful and can contribute to the spread of disease.

On the contrary, selection for reducing heterogeneity
would be a very convenient method. In quantitative
genetics, heteroscedastic models have been developed
with the hypothesis that in addition to the environmental
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factors, genetic factors can also modify the environ-
mental variability (San Cristobal-Gaudy et al., 1998,
2001; Sorensen and Waagpetersen, 2003). Several au-
thors have estimated genetic parameters of the variabil-
ity of a character in animal production, either for litter
size in sheep (San Cristobal-Gaudy et al., 2001), or for
pig birth weight (Damgaard et al., 2003; Huby et al.,
2003). These new methods lead to the estimation of the
additive genetic part of the environmental variance. It is
generally low, but it would allow a genetic response to
this selection named “canalising” (Bodin et al., 2002;
Hill, 2002). In order to study that possibility of selection
and to measure its effectiveness through the genetic
progress that could be obtained, a divergent selection
program for the within-litter homogeneity of rabbit birth
weight was initiated.

2. Material and methods

2.1. Selection of divergent lines for the within-litter
homogeneity of rabbit birth weight

The objective of selection was to decrease the
environmental variability of birth weight in one line
(HOM) and increase it in the other (HET). It is based on
the original hypothesis that, in addition to the classical
genetic effects acting on the mean production level, other
genetic factors may act on the residual variance and allow
modifying by selection for the environmental vari-
ability (San Cristobal-Gaudy et al., 1998; Sorensen and
Waagpetersen, 2003). This environmental variability was
reached in two steps: first a mixed model was fitted on
individual birth weight considered as a trait of the dam;
then log squared residuals were computed and considered
as ameasure of environmental variability. This new “trait”
wasmodelled in the usual infinitesimal framework, giving
estimated breeding values for environmental variability.

The two divergent lines were created for low (homo-
geneous line or HOM) and high (heterogeneous line or
HET) environmental variability of birth weight from
193 females and 108 males alive in the AGP22 strain
(Grimaud Frères Sélection company) at the beginning
of the experiment. Fifteen females and 4 males with
lowest genetic values for the within-litter homogeneity
of birth were chosen to constitute the G0 generation as
the base of the heterogenous line (HET). In the same
way, 14 females and 5 males with the highest genetic
values were chosen as the base for the homogenous
line (HOM). The females were housed in an INRA ex-
perimental farm of the Station d'Amélioration Géné-
tique des Animaux (SAGA) at Auzeville. The selected
males were kept in the nucleus and fresh semen was sent
to Auzeville in order to inseminate the does. Three series
of artificial inseminations (every 6 weeks) provided
50 litters (26 and 24, respectively, for the HOM and
HET lines). A new genetic evaluation was made after
the third kindling and 68 daughters from the HOM line
and 96 from the HET line were kept to constitute the G1
generation. Those females were inseminated 3 times
with sires of the nucleus (9 HOM and 7 HET sires) to
provide the phenotypes of that generation. The same
scheme was applied to the following generations.

2.2. Estimation of genetic parameters

Estimation of genetic parameters and calculation of
breeding values were based on a mixed heteroscedastic
model. This model, associated with a single phenotypic
value, assumes that the mean production level depends
on classical fixed and random effects and that the
residual variance can be decomposed into a part under
genetic control and the usual unexplained variability
(San Cristobal-Gaudy et al., 1998).

2.3. Characteristics of the genital tract

After the weaning of their fourth litter in the G3 gen-
eration, 31 females from the HOM line and 33 females
from the HET line were sacrificed. They had been insemi-
nated 72 h before, after a superovulation treatment to get
embryos to be frozen for the national French cryobank.

After slaughtering, the genital tract was collected.
Each uterine horn was separated from the corresponding
oviduct. The connective tissue was removed to allow its
stretching. Each uterine horn was first perfused to
collect the embryos and weighed. Then, it was hung on a
support and measured immediately (length=L1). A 5 g
weight was added for the measurement of L1. Then a
50 g weight was added and the horns were measured
again 1 min later (length=L2). Finally, a 70 g weight
was added to measure length L3 1 min later
(length=L3). Some uterine horns broke during the
elongation test, so that the number of data is smaller for
L3 then for L2. For L1, some data were missing.

2.4. Statistical analysis

We analysed:

- the length of each uterine horn (L1, L2 and L3);
- its absolute elongation: Δ1=L2−L1, Δ2=L3−L2,
ΔT=L3−L1;

- its relative elongation: Δ%1=(L2−L1) /L1, Δ%2=
(L3−L2) /L2, Δ%T=(L3−L1) /L1;



Table 1
Results of the analysis of variance: number of data (n), overall mean, residual standard error (RSE), P values for independent variables1

n Mean RSE R2

(%)
P value

Line Side NV Group Treatment

Length of the uterine horn
Initial (with a weight of 5 g): L1 (cm) 93 13.8 2.6 19 0.02 0.16 0.01 0.36 0.74
With a weight of 50 g:L2 (cm) 97 20.2 3.9 24 b0.001 0.11 0.01 0.57 0.93
With a weight of 70 g: L3 (cm) 68 22.3 4.1 35 b0.001 0.07 0.03 0.78 0.24

Absolute elongation of the uterine horn
Δ1 (cm)=L2−L1 92 6.5 2.0 22 b0.001 0.08 0.21 0.48 0.52
Δ2 (cm)=L3−L2 68 2.5 1.2 21 0.02 0.69 0.09 0.41 0.22
ΔT (cm)=L3−L1 63 8.6 2.4 30 b0.001 0.15 0.26 0.73 0.57

Relative elongation of the uterine horn
Δ%1 (%)=(L2−L1) /L1 92 47.9 13.2 13 0.01 0.20 0.91 0.18 0.27
Δ%2 (%)=(L3−L2) /L2 63 12.6 6.40 14 0.18 0.79 0.25 0.33 0.09
Δ%T (%)=(L3−L1) /L1 63 64.9 17.6 14 0.01 0.66 0.66 0.39 0.42

Weight of the uterine horn (g) 98 9.74 2.11 4 0.32 0.54 0.24 0.84 0.71
Weight of the ovary (g) 96 0.51 0.14 6 0.43 0.64 0.17 0.28 0.66
Number of corpora lutea 98 14.5 6.3 7 0.08 0.66 0.81 0.90 0.07
1Line: HOM vs.HET (divergent lines selected for homogeneity or heterogeneity of the environmental variance of birth weight, respectively).
Side: left vs. right uterine horns.
NV: number of young born in the preceding litter (0, 1–8, 9–15).
Group: D1 vs D2 inseminations.
Treatment: Superovulation treatment at one or seven days after weaning the previous litter.

Fig. 1. Effect of the line (HOM: homogenous vs HET: heterogenous)
on the initial length (L1, 5 g added) and elongation (L2, 50 g added and
L3, 70 g added) of the uterine horn. ⁎Pb0.05 ⁎⁎⁎Pb0.001.
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- its weight; and the weight of each ovary and the
number of corpora lutea after superovulation.

We used a fixed effects model of analysis of variance
including the following effects:

- the line: HOM vs HET
- the number of young born in the preceding litter: 0
(no litter), or 1 to 8, or 9 to 15

- the side of the uterine horn (left or right, the data of
each uterine horn are analysed individually)

- the group: inseminations were made on two succes-
sive days (D1 and D2)

- the treatment: The superovulation treatment began one
day or oneweek after theweaning of the previous litter.

In a preliminary analysis of the data, no significant
interactions between the main effects were detected, so
interactions were removed from the statistical model.

3. Results

3.1. Effect of the line

There was a significant effect of the line on most of
the characteristics of the uterine horn (Table 1 and
Fig. 1). Its length was significantly higher in the ho-
mogeneous line, whatever the moment (L1: +1.3 cm,
P=0.02; L2: +2.8 cm Pb0.001; L3: +4.2 cm, Pb0.001).

The absolute elongation was significantly higher in
the HOM line between T1 and T2 (+1.6 cm, Pb0.001),
between T1 and T2 (+0.8 cm, P=0.02) and globally
between T1 and T3 (+2.5 cm, Pb0.001).

The relative elongation was significantly higher
in the HOM line between T1 and T2 (+7.7 points,
Pb0.01) and globally between T1 and T3 (+12 points,
P=0.01) but not between T2 and T3.



Fig. 2. Effect of the number of young in the preceding litter (0, from 1
to 8 or from 9 to 15) on the initial length (L1, 5 g added) and elongation
(L2, 50 g added and L3, 70 g added) of the uterine horn.

31G. Bolet et al. / Livestock Science 111 (2007) 28–32
3.2. Effect of the previous litter

This experiment took place at the end of the 3rd
generation, at the time of weaning of the 4th litter, but
some of these females had not been lactating at this time.
There was a significant effect of the previous litter on
the length of the uterine horn. It was significantly longer
when a litter was born in the preceding 40 days, and
when this litter had more than 8 young, whatever the
stage of elongation (L1, L2 or L3), but there was no
significant effect on the absolute or relative elongation
(Table 1 and Fig. 2).

3.3. Other effects

The other effects used in the statistical model were
not significant, whatever the trait. There were no dif-
ferences between the right and the left uterine horn.
Neither the time elapsed between weaning and the time
of the superovulation treatment nor the group affected
the measured traits.

The number of ova shed, the weight of the ovary and
the weight of the uterine horn were also measured but
none of these traits was affected by the line or other
effects of the model (Table 1).

4. Discussion

In spite of the significant response to selection,
neither the average weight of young nor the litter size at
birth differ between the HOM and HET lines (Garreau
et al., 2004 and unpublished data). It could have hap-
pened because of the negative correlation between litter
size and average young weight, or because the presence
of more runts in large litters increases the variance
of birth weight. This result can be explained by the
statistical method used to select the divergent lines,
which avoids bias due to correlations between mean and
variance.

On the other hand, the divergence between lines for
the characteristics of the uterine horns can be considered
as an important component of the efficiency of selection.

It has already been shown that there is a great hete-
rogeneity of foetus weight (Bolet et al., 1996), which
may be influenced by its location in the uterine horn
(Lebas, 1982). In this experiment, the litter weight at
birth is considered as a trait of the rabbit doe. Since the
divergent selection for the heterogeneity of young
weight at birth within litter has been efficient (Garreau
et al., 2004), we can suppose that it is due to a response
on some anatomical or physiological characteristics of
the genital tract. The results of this experiment confirm
this hypothesis.

In pigs, Chen and Dziuk (1993) examined the
influence of the initial length of uterus per embryo on
prenatal survival and development. Their conclusion was
that therewas some influence of available space per foetus
on prenatal survival when this space was reduced (less
than 25 cm per corpus luteum), but no significant effect of
space restriction on either foetal length or weight.

In the rabbit, Bolet et al. (1996) compared the weight
of young rabbits from does either unilaterally ovariecto-
mised or normal. There was a significant effect of litter
size on young weight, but a very limited effect of
available uterine space on weight. They concluded that
the difference of weight according to litter size is es-
sentially due to nutritional competition. Argente et al.
(2003, 2004) compared the characteristics and the
irrigation of the uterine horns in two lines differing in
their uterine capacity. Their results suggest that each
embryo requires a minimum space in the uterus to attach,
survive, and grow. They found that the available space in
the uterus seems to affect especially the development of
maternal placenta, and to a lesser extent the development
of the foetus and its foetal placenta. Thus, it seems that
the initial length and available uterine space has a rather
small effect on foetal growth and foetus weight.

Our results do not include data on foetus weight, but
only on uterus characteristics in these two lines. The
initial length (L1) differs less significantly (P=0.02)
than the length after elongation (L2 and L3,Pb0.001)
between the two lines. The capacity for elongation
of the uterus seems to be a major component of its
efficiency.

5. Conclusion

This experiment shows a significant difference
between the two divergent lines for the characteristics
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of the uterine horns, i.e. their length and capacity of
elongation, in favour of the line selected for a better
homogeneity of young birth weight.

Under the influence of at least oestrogen and proges-
terone, the myometrium undergoes hyperplasia and
hypertrophy during pregnancy (Gilloteaux and Szcze-
panski, 2000). It would be interesting to compare the
characteristics of the uterine smooth muscle between
the two lines. However, the method we used is rather
rudimentary and could be improved by measuring the
compliance, i.e. the inverse of stiffness, of the uterine
horns.
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