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ABSTRACT: The impact of the hypermuscularity GDF8 
gene on maternal traits in sheep has been tested following 2 
sheep designs, 1 at INRA experimental flock with cross 
Belgian Texel by Romanov and Romane, 1 at GID Lacaune 
flocks with introgressed GDF8 mutated sheep. Maternal 
traits tested were prolificacy, lamb mortality rate from birth 
up to 60 days of age, ewe suckling ability estimated from 
lamb 30-days liveweight. Flock-year-season effect has been 
tested as well as ewe physiological status effect, breed 
effect, lamb sex and birth or rearing modality together with 
GDF8 mutation effect. 
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Introduction 
 

Texel crossing improved significantly lamb con-
formation by increasing carcass width and reducing carcass 
length leading to increase carcass yield (Laville et al. 2004).  
A QTL detection based on Romanov x Belgian Texel lambs 
localized on OAR2 a 10 cM zone including GDF8 gene 
(Marcq et al. (2002)). No mutation was found in the coding 
zone of this gene which codes for myostatin. Muscular 
hypertrophy is due to the inhibition of myostatin synthesis 
at foetal stage allowing hyperplasy or  muscular cells pro-
liferation. The effect of the QTL was found moderate 
(about 20%) regarding the Texel breed effect (Laville et al. 
2004) but sufficiently consistent to improve carcass traits of 
other breeds without, if possible, decrease in maternal abili-
ties.   

 
Extending to non coding transcripts tips of GDF8 

gene, Clop et al. (2006) identified on the same animal de-
sign 2 mutations, one (g+6723G-A) of which leading to the 
appearance of a target of  2 micro-RNA which reduced 
mRNA to one third of that of reference sheep. Kijas et al. 
(2007) confirmed the effects of that mutation g+6723G-A 
in Australian sheep and estimated its frequency in Australi-
an Texel, White Suffolk, Poll Dorset and Lincoln breeds. 

 
GID Lacaune meat breeding nucleus started to in-

trogress this mutation in 2003 by crossing “GID Lacaune” 
ewes with Belgian Texel rams, then 3 times backcrossing 
Lacaune and finally intercross “15/16 Lacaune 1/16 Texel” 
males and females (Grasset et al. ( 2009)). Then breeding 

stock GDF8-mutation carriers were selected and mated in 
order to obtain homozygous carriers.    

 
GDF8 mutations in beef cattle (Dunner et al. 

(2003), Stamane (2006)) induced regression on maternal 
traits as fertility or ease of calving, on functional traits as 
cardiac disorders or defective feet. Sheep breeders were 
worried about the impact of the Texel mutation on the ma-
ternal traits of the GID Lacaune introgressed breeding 
stock. In order to answer this question before disseminate 
the mutation throughout the entire nucleus, two data sets 
have been implemented. One with the GID Lacaune breed-
ing stock and another one on the experimental farm of La 
Sapinière based on Romanov and Romane ewes crossed 
with Belgian Texel rams. The maternal traits studied were  
prolificacy, lamb survival, suckling ability estimated by 
lamb(s) 30-day-weight. 

 
Materials and Methods 

 
Flock facilities. The INRA experimental flock at 

la Sapinière is located in Central France, near Bourges. 
Romanov and Romane (ex-INRA 401 line, crossbred Ro-
manov x Berrichon) ewes  were inseminated by Belgian 
Texel ram semen from Centre d’Insémination et de Sélec-
tion Ovines de Faulx-les Tombes (CISO, Belgium) in 3 
batches in 2004, 2005 and 2006. F1 males and females were 
mated to procreate F2 generation. F2 females were geno-
typed for the g+6723G-A GDF8 mutation and both homo-
zygous carriers (mh/mh) and homozygous non carriers 
(+/+) were selected and raised through at least three years 
lambing period. The target of 100 carriers ewes vs 100 non 
carriers was obtained.  

 
The GID Lacaune introgressed breeding stock was 

implemented in 1, then 3 and now 7 private flocks. 343 ewe 
lambs were genotyped between 2009 and 2013. 39% were 
mh/mh, 49% were mh/+, 12% were +/+. All mh carriers 
ewes were mated with mh/mh rams and +/+ females were 
counterselected. Following the introgressed female breed-
ing stock is a mixture of homozygous and heterozygous mh 
ewes. Since the number of +/+ ewes was very low, the 
reference ewes for the studied introgressed GID Lacaune 
ewes were pure GID Lacaune ewes raised in the same 7 
flocks. 

  
Data. Data on maternal traits were recorded on 

ewes lambing between 2008 and 2013 at la Sapinière flock 
and between 2009 and 2013 at GID Lacaune flocks.  



About 1200 lambings concerning 250 ewes and 
1950 lambs at la Sapinière were recorded during the period 
through the INRA GEEDOC data base. In GID Lacaune 
flocks, 793 mh carriers lambings vs 14477 pure Lacaune 
lambings were recorded as the numbers of present ewes in 
2013 were 367 mh carriers vs 4273 pure ewes. These were 
recorded in OVALL the national sheep genetic data base.  

 
Recorded traits were prolificacy at birth including 

stillbirth lambs, lamb mortality rate from birth up to 60 
days of age, lamb liveweight recorded one time between 21 
and 42 days of age in order to estimate 30-days weight.  

 
Statistical analyses. The data were analyzed ac-

cording models including: flock-year-season (only year-
season at INRA due to single flock), ewe physiological 
status: parity, age at 1st lambing, number of lambings per 
year, lamb rearing modality (maternal vs artificial), number 
of lambs reared at the previous lambing; breed (Romanov 
vs Romane) and mh genotype for the INRA data set and 
line for the GID data set (GID introgressed vs pure La-
caune). That was for ewe specific trait as prolificacy. For 
traits including lambs, we added in the models sex and birth 
modality (single, twin or triplet) for mortality and sex and 
rearing modality for 30-days weight. 

 
The models were applied with Analysis of Vari-

ance for prolificacy and lamb 30-days weight traits and 
with logistic regression for mortality rate trait.  

 
Results and Discussion  

 
Prolificacy. Regarding the prolificacy trait, results 

show (Table 1) that the mean level at la Sapinière flock was 
quite high (232%). The year-season effect was highly sig-
nificant as well as the physiological status effect and the 
breed effect. A contrario the mh gene effect was not signifi-
cant.  

 
At GID, the prolificacy level was lower (169%). In 

the introgressed group, there are few mh/mh rams, they are 
all stocked at the artificial insemination centre of “Le Bour-
guet” (Saint Affrique, Aveyron, France). As matings were 
mainly with induced estrus and artificial insemination,  only 
induced matings of the reference group were considered. 
The flock-year-season was highly significant but the physi-
ological status effect was not as well as the line effect. 

 
Lamb mortality. Table 1 shows that the mean 

level at la Sapinière was quite high (16.8%). The year-
season effect was not significant as well as the physiologi-
cal status effect, the breed effect, the lamb sex effect, the 
lamb birth modality effect. The mh gene effect was not 
significant.  
 

At GID, the mortality mean was lower (11%). The 
flock-year-season was highly significant as well as the 
physiological status and the lamb sex effect, the lamb birth 
modality effect. The line effect was not significant. 

Table 1. Maternal traits and muscular hypertrophy  
effect  

trait n mean R² 
mh   

effect 
Prolificacy(%)α 1194 232 0.22 NS 

Lamb mortality (%)α 1948 16.8 0.19 NS 
Lamb W30d (kg) α 1930 10.3 0.29 NS 

       
Prolificacy (%)β 1612 169 0.09 NS 

Lamb mortality (%)β 25333 11 0.21 NS 
Lamb W30d (kg) β 11381 11.6 0.33 0.021 

       
α: INRA La Sapinière data set 
β: GID Lacaune data set 

 
 
30-days Weight. Results show (Table 1) that the 

mean level at la Sapinière was moderate (10.3 kg). The 
year-season effect was highly significant as well as the ewe 
physiological status effect, the breed effect, the lamb sex 
effect, the lamb rearing modality effect. The mh gene effect 
was not significant.  

 
At GID, the mean weight mean was higher (11.6 

kg). The flock-year-season was highly significant as well as 
the physiological status effect, the lamb sex effect, the lamb 
rearing modality effect. The line effect was significant (P-
value=0.021).  

 
Discussion. For prolificacy trait, results in term of 

model (R²=0.22) and of significants effects were in agree-
ment with the zootechny of this trait at INRA flock. At GID 
data set, absence of physiological status effect can be due to 
the fact that the model was unbalanced with ewes age 
(R²=0.09), most of the introgressed ewes being younger 
than pure Lacaune data set. Analysing separately ewe lambs 
gave a better explanation power of the model (R²=0.24).  

 
For lamb mortality, at INRA flock all the classical 

variation factors were not significant. It may be  due to 
highly controlled breeding environment. At GID flocks they 
were significant as expected. 

 
For 30-days weight trait, all the classical variation 

factors were significant in both data sets. Lamb effects were 
prominent to the year-season effect and the breed effect at 
INRA flock (17.6% of explained variance vs respectively 
12.4% and 13%) and to flock-year-season effect and physi-
ological status at GID flocks (25.6% vs respectively 4% and 
12.5%).  

 
For mh gene effect at INRA or line effect at GID, 

the main result is that it remains in all cases not significant, 
except for 30-days weight at GID. Concerning this latter 
result, first the line effect is not purely a gene effect since 
this population is a mixture of homozygous and heterozy-
gous mh carriers. Second, lambs of the introgressed line 
seem to be lighter at birth than pure Lacaune ones since the 
Belgian Texel breed is a small adult size breed and that 



rams founders have been selected by GID as the smaller 
sized rams from CISO in order to ensure lambing ease. This 
smaller size at birth may reduce the birthweight and follow-
ing the 30-days weight. The real impact of mh mutation on 
birthweight has been tested in the INRA data set since 
birthweights are recorded in this experimental flock. The 
effect of the mh mutation was not significant (P-
value=0.475).   

 

 
                                                                                 ® CISO 
Figure 1. Belgian Texel ram  

 
 
 

 
                                                                                                                       ® GID 
Figure 2.   ¾ Lacaune ¼ Texel ram 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Conclusion 
 
Results obtained in this analysis show that the 

muscular hypertrophy GDF8 sheep gene did not impact 
negatively maternal abilities traits. The panel of traits stud-
ied as reproduction trait (prolificacy), survival trait (lamb 
mortality), suckling trait (30-days liveweight) tends towards 
absence of deleterious effect of GDF8 gene and enforces 
GID brain storming about the decision to enlarge the intro-
gressed line to the whole GID Lacaune nucleus. Other 
French sheep breeding schemes could be tempted to intro-
gress GDF8 mh mutation in their population. 

 
Different genes or QTL also increase sheep mus-

cularity  as	   c.960delG in GDF8 gene described in 
Norvegian White Sheep by Boman et al. (2009), or Calli-
pyge gene on OAR18 in American Dorset (Freking et al. 
(2002)), or Loin-Max QTL (Mac Ewan et al. (2000) in 
Australian Poll Dorset on OAR 18 too. The study of their 
impact on maternal traits would be fruitful to help dissemi-
nation of these hypermuscularity genes or QTL.  
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