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ABSTRACT: The major gene FecL controlling prolificacy 
and evidenced in the meat Lacaune population was 
routinely genotyped in the Ovi-Test selection nucleus on all 
serving sires since 2002 and all replacement ewes since 
2010. Litter size at lambing of these genotyped females 
have been collected and analysed. The population was 
composed of 71% homozygous ++, 27% heterozygous L+ 
and 2% mutated LL females. Analyses were performed 
with a threshold animal mixed model which showed an 
interaction between thresholds and genotypes. Polygenic 
heritability on the underlying scale was 0.11 and the gene 
accounted for 42% of the total additive genetic variance. On 
average L+ ewes produced 0.4 more lambs than ++ ewes. A 
new parameterization of the underlying variables and 
thresholds showed that the gene had an effect on the 
variability of the trait additionally to the direct variability 
increase induced by the mean change.  
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INTRODUCTION 
Although several papers have reported the fine 

localization, the putative causal mutation and the endocrine 
effects of the FecL gene (Drouilhet et al. (2010); Mansanet 
et al. (2012); Drouilhet et al. (2013)), some aspects of the 
effects of this gene on prolificacy still needed to be refined 
but required large amount of unselected data. Since 2002, 
all young sires used in the meat Lacaune population 
running the selection program designed by the cooperative 
Ovi-Test are genotyped. Since 2010, all replacement ewe 
lambs are also genotyped  making now a large data set 
available. The aim of this study is to estimate the effects of 
the FecL mutation on the mean and the variability of litter 
sizes (LS). 

 
MATERIALS AND METHODS 

Animals. The cooperative nucleus gathers 27 
flocks with 430 ewes per flock on average. Most of the 
flocks perform 3 lambing in 2 years. According to the 
cooperative rules, young males born from AI are selected 
on farm at about 45 days and genotyped for PrP gene before 
entering the central testing station where they are controlled 
for growth, fatness and conformation and genotyped for 
FecL gene. The 50% best males undergo a progeny test set 
up on farm by AI. The replacement females are chosen 
among the daughters of sires on progeny test and elite sires; 
their first mating occurs at about 11 months of age by 
natural mating. About 50% of the following matings are 
done after hormonal treatment and AI.  

Data. All the data about animals (pedigree, 
genotypes and performances: mating conditions, litter size 
at lambing, etc.) were extracted from the national genetic 
database. All females born after 2010 (start of consistent 

genotyping of replacement ewes) were retained for the 
study, however since too few LL ewes were available to 
obtain accurate estimates, they were removed in statistical 
analyses for comparisons of ++ and L+ genotypes.   

Genotyping. Since 2009 all FecL genotyping 
performed in the nucleus was based on DLX3:c.*803A>G 
(GenBank accession number FJ654646) which is a SNP in 
high linkage disequilibrium with the FecL mutation in the 
Lacaune population (Drouilhet et al. (2009)). Until recently, 
it was the most available marker for the commercial 
company which performs genotyping for the meat Lacaune 
breed.  

Statistical analyses. The potential changes of 
genotypic frequencies between years as well as the Hardy 
Weinberg equilibrium were tested with a Chi-squared test.  
Distribution of raw LS is displayed by genotype in Table 1. 
Since LS is a categorical trait, estimations of the fixed 
effects and variance components were obtained by running 
a threshold animal mixed model using ASReml software 
(Gilmour et al. (2009)). The environmental effects were 
selected among those included in the genetic evaluation and 
were: the flock, the year, the lambing month as well as the 
estrus type (natural vs hormonally induced) and a 
combination of the lambing interval, number of lamb reared 
at the previous lambing, age at first lambing and lambing 
rank. Three models which considered the same 
environmental fixed effects and the animal as a random 
effect were successively fitted: Model_1/ with one set of 
thresholds and no genotype effect, Model_2/ with a 
genotype effect and one common set of thresholds for ++ 
and L+ genotypes, Model_3/ with an interaction between 
thresholds and genotypes resulting in a set of thresholds for 
each genotype.  

 
RESULTS AND DISCUSSION 

Genotypic frequencies. The genotypic 
frequencies of the females genotyped since 2010 are shown 
in Table 2 by year of birth. The frequency of the mutation 
(L allele) in the replacement females was 15.3%. For these 
females the frequencies of the genotypes were very stable 
and did not depend on the year of birth (P (²) = 0.50); 
however they were not in Hardy-Weinberg equilibrium 
(P (²) < 0.01). This deviation comes from the mating rules 
imposed by the cooperative to increase the percentage of 
heterozygous L+ ewes and to avoid producing homozygous 
LL ewes. When AI is performed on genotyped ewes, carrier 
ewes (L+ and LL) have to be mated with ++ rams and ++ 
ewes with L+ rams. Furthermore, some breeders select their 
ewe lambs for replacement avoiding those born as multiple 
(quadruplets and more) mainly issued from carrier dams. 
This counter-selection together with the higher mortality of 



these smaller animals strengthens the deviation from the 
Hardy-Weinberg equilibrium. 

Genetic parameters. For the three models, the 
estimates of the environmental effects were in agreement 
with other studies on the same breed (Baelden et al. 
(2005)). The interaction between thresholds and genotypes 
in Model_3 was significant (P < 0.01). Furthermore the 
likelihood ratio test showed that a better data fit was 
achieved with this model which considered a set of 
thresholds for each genotype ({τ++ } and {τL+}) than with 
the Model_2 which included a common set of thresholds 
{τc} and an effect of the genotype on the mean of the 
underlying variable. The polygenic genetic variance was 
estimated with the best model at σ²a= 0.12 (SE=0.013) 
which resulted in a polygenic heritability on the underlying 
scale of h²=0.11 (SE=0.011). As expected, the additive 
genetic variance was higher with Model_1 which did not 
include the genotype (σ²a=0.17 ; SE=0.016) and the 
heritability of LS was also higher with this model (h²=0.14 ; 
SE=0.012) which ignored the presence of the major gene. 
Consequently, in this population, the FecL gene accounted 
for a very large part [(0.17-0.12)/0.12=42%] of the total 
additive genetic variance. 

Comparisons between ++ and L+ ewes. The 
Model_3 provided 2 sets of 3 thresholds which sliced the 
normal underlying variable N(0, 1) in estimated litter 
categories and resulted in estimated prolificacy of 1.70 and 
2.11 for the ++ and L+ genotypes respectively (Table 3). 
This interesting 0.4 prolificacy increase due to a single copy 
of the gene is lower than the effect of most of known major 
genes controlling litter size in sheep (Bodin et al. (2011)); 
but at the homozygous level the gene induces too high litter 
sizes (Table 1) and is not convenient for breeders. Indeed 
the percentage of lambs born as quadruplets or more is 
higher than 27% for LL ewes.  

The ratio of the gap between the 2 first thresholds 
∆=(τ2

++−τ1
++)/(τ2

L+−τ1
L+) allowed a new parameterization of 

the results with 1 unique set of thresholds and two 
underlying variables N(0, 1) and N(µL+, σ2 L+) for the ++ 
and L+ genotypes respectively. For this new 
parameterization, σ2 L+=∆2 and µL+=τ1

++−σL+ τ1
L+ (Table 3). 

Obviously this new parameterization did not change the 
outputs but permitted to totally separate the mean from the 

variance of the underlying variable while for the observed 
variable, these two terms are strongly related. The 
underlying variance was higher for L+ (σ2 L+=1.70) than for 
++ (arbitrarily fixed to 1). That contrasts with the 
observation that litter size distribution of sheep from a large 
range of prolificacy can be modeled by a set of thresholds 
unique to all breeds, and underlying variables having a 
breed specific mean but a common variance (Bodin and 
Elsen (1989)). According to this old model, the prolificacy 
increases correspond to simple shifts of the underlying 
variable. In this context, the increase of underlying variance 
observed here for L+ can be interpreted as an effect of the 
Lacaune gene for increasing the variability of LS 
additionally to the direct increase induced by the mean 
change. If the difference between prolificacy of ++ and L+ 
ewes resulted only to a simple shift of the underlying 
variable as it was observed between breeds by Bodin and 
Elsen (1989), it would have induced a much lower increase 
of the observed variability (Table 3); in particular, the 
percentage of twin lambing would have been increased by 
up to 60% (Figure 1). Because of the low number of LL 
ewes genotyped at the present time (n=116) it was not 
possible to estimate the further increase of variance when 

Table 1. Distribution of observed litter size by genotype.  
Geno. 1 2 3 4 5 6 n µ 

++ 37.2 52.7 8.7 1.2 ε ε 6277 1.74 
L+ 21.3 47.1 24.8 5.7 1.1 ε 2216 2.18 
LL 21.8 38.3 24.8 11.3 2.3 1.5 133 2.38 

 

Table 2: Genotypic frequencies for the 6117 genotyped 
females between 2010 and 2012, overall and by year of 
birth (in percentages). 

Geno. n Overall 
frequency 

Frequencies for ewes born in: 
2010 

(n=2064) 
2011 

(n=2030) 
2012  

(n=2023) 
++ 4363 71.3 71.2 72.8 70.0 
L+ 1638 26.8 26.8 25.4 28.2 
LL 116 1.9 2.0 1.8 1.8 

 

Table 3. Parameters of the threshold models according 
to the new parameterization of the underlying variables 
and the corresponding estimated litter size on the 
observed scale.  

Geno. 
Underlying scale 

(thresholds, mean and variance) 
Observed 

scale 
τ1 τ2 τ3 µ  σ2 µ σ2 

++ 
−0.29 1.43 2.79 

0 1 1.70 0.38 
L+ 0.69 1.70 2.11 0.66 

  L+*§ 0.69 1 2.08 0.44 
§ L+* corresponds to a theoretical L+ population with a simple shift of the 
underlying variable but the same underlying variance as for ++ ewes. 

Figure 1: Distribution of underlying normal variables, a 
common set {τc

i} of thresholds and estimated litter sizes. 
The purple line represents the underlying variable y++~N(0,1) providing 
the estimated proportions of LS in ++ ewes. The blue line represents the 
transformed underlying variable yL+~N(µL+, σ2L+) for L+ ewes providing 
the estimated proportions of LS in L+ ewes. The green-dotted line 
represents a theoretical underlying variable yL+*~N(µL+,1), with the same 
variance as for ++ ewes and the same shift of the mean as for L+ ewes  



adding another copy of the gene and if the whole situation 
would be changed by adding a new LS class.  

At our knowledge, it is the first time that a major 
gene is reported to have an effect on the variability of a 
trait. Obviously this effect is negative for the breeders who 
would prefer to minimize the percentage of singles as well 
as quadruplets and higher multiple born lambs.  

 
Conclusion 

The amount of data accumulated since 2011 
permitted to better estimate the effect of the gene on 
prolificacy. It is noticeable that even more than 15 years 
after the evidencing of a major gene (Bodin et al. (1998); 
Bodin et al. (2000)) its effects are not accurately estimated; 
even for the main trait concerned by the mutation. Several 
causes have to be pointed out: -discovering the final causal 
mutation or a very efficient genomic marker for performing 
accurate phenotype comparisons can be a very long 
process, -the trait is selected in the population which makes 
difficult sampling animals without systematic biases, -
although the frequency of the mutation is not very low 
(~15%), the percentage of homozygous carrier remains low 
(~2.3%) and the few extreme animals are obviously 
submitted to selection biases. Our results show that in this 
population selected for prolificacy since 1975, the effect of 
the gene on the litter size mean is moderate at the 
heterozygous level but too high at the homozygous one. 
That confirms the previous observations which permitted to 
decide on the wide gene dissemination. These results are 
essential to take account of this gene in the genetic 
evaluation of prolificacy for Ovi-Test selection nucleus. 
They also show that the FecL gene modifies the mean of 
the litter sizes but also their variance. The joint analysis of 
the mean and the variance is particularly difficult for 
categorical traits but it is perhaps for this kind of traits that 
canalization is essential. Actually breeders want to control 
this feature either finding breeding methods or conditions 
which minimize the trait variability or selecting animals 
genetically less variable around an optimum value.  
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