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ABSTRACT: Three Sarda (S) x Lacaune (L) back-cross 
generations comprising 2,373 ewes from 10 F1 sires and 
Sarda ewes were used to investigate breed origins of SNP 
effects on economic traits. Ewes were measured for milk 
(yields and contents), udder morphology, mastitis (SCS) 
and nematode resistance (FEC). Ewes and sires were 
genotyped with the Illumina Inc. OvineSNP50Beadchip. F1 
phase and S or L haplotypes origins were determined from 
transmissions. A within-family linear regression was 
applied on the across years average of random performance 
deviations. Twenty-two among 52 significant locations at 
1% chromosome wise were significant at 1% genome wise 
threshold. QTLs affected milk yields (16), milk contents 
(17), udder morphology traits (10), SCS (3) and FEC (6). 
For milk yield traits, most of positive contrasts were in 
favor of L alleles. For the other traits, positive alleles were 
equally distributed between the two breeds. 
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Introduction 
 

Selection in dairy sheep is limited by several 
constraints, even for usual production traits, related to the 
cost of large scale phenotyping. In some breeds, appreciable 
results, mainly in terms of milk yield and contents, were 
obtained after selection based on the traditional quantitative 
approach (Barillet (2007); Carta et al. (2009)). However 
dairy sheep farming is based on local breeds whose 
selection schemes are specific and, even if some breeds 
such as Lacaune and Assaf spread all around the world, no 
across countries selection programs have been implemented 
up today. In this context, the potential advantage of 
applying linkage disequilibrium (LD) marker -assisted 
selection (Dekkers (2004)), either to speed selection of 
routinely measured traits or to implement selection for traits 
costly to record, is limited to specific breeds. On the 
contrary, gene assisted selection may permit to select the 
global dairy sheep population but at the extent of large 
experimental efforts to detect causal mutations. In this 
context, it could be useful to carry out multiple breeds 
experiments either to measure the variation of LD extent 
and phase between breeds or to detect causal mutations. 
Lacaune and Sarda are two of the most important dairy 
sheep breeds in Europe and, although similarly improved 
for milk production, have different selection histories 
(Barillet (2007); Carta et al. (2009)). In this work we 
exploited an experimental population generated from a 
back-cross between Sarda and Lacaune breeds to 

investigate SNP effects on the most important economic 
traits according to their Lacaune or Sarda origin. 

 
Materials and Methods 

 
Data. In 1999, 917 backcross ewes (G0) from 10 

Lacaune (L) x Sarda (S) F1 sires and Sarda dams were 
generated. Successively, 789 ewes (G1) were created from 
G0 and 18 Sarda sires and further 708 ewes (G2) were 
generated from G1 and 15 Sarda sires (Figure 1). Milk 
(yields and contents), udder morphology (two lnear traits), 
mastitis (somatic cell count) and gastro-intestinal nematode 
resistance (fecal egg count) traits were recorded yearly. All 
ewes and their sires were genotyped with the Illumina Inc. 
OvineSNP50 Beadchip. SNP editing was performed using 
call rate and MAF thresholds of 95% and 1%. Individuals 
with missing genotypes > 10% were excluded. The Ovine 
Genome Assembly v2.0 was used to define the genetic map 
assuming 1Mb=1cM. Not mapped and sexual chromosomes 
SNP were discarded. Finally 44,850 SNPs, 2,373 ewes, 10 
F1 sires and 33 Sarda sires were included in the analysis.  
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Figure 1 Experimental population  
Black: Lacaune chromosomes; White:Sarda chromosomes from the dams 
of F1 sires; Grey: Sarda chromosomes  

 
Statistical analysis. The F1 sires' chromosomes 

were sequentially phased from their beginning to end using 
the observed transmissions from F1 to G0 of informative 
heterozygous SNPs and the observed recombination rates 
between adjacent ones (Winding and Meuwissen, (2004)). 
G0 maternal haplotypes were also reconstructed from the 



resulting transmissions from F1 to G0. F1 chromosomes 
were then subdivided in segments of 6 SNPs (h6) 
overlapping by 3 SNPs. The probability of h61 (h62) being 
S was calculated as f(h61(2))/[f(h61)+f(h62)] where f(h61(2) ) 
was the frequency of h61(2) among the maternal G0 
chromosomes. Finally, the F1 chromosome with the highest 
across segments average probability was classified as S. 
The probability of a G0 inherited the S or L haplotype was 
calculated according to Elsen et al. (1999). The probability 
of G1 and G2 ewes inherited the S or L haplotype from F1 
was calculated after phasing the dams’ (G0 and G1 
respectively) chromosomes and calculating their 
transmission probabilities (from G0 to G1 and from G1 to 
G2 respectively). Performances were adjusted for specific 
environmental effects with repeated animal models. 
Random individual performance deviations (PD) were 
calculated for each year by ewe combination. The variable 
used for QTL detection was the across years average of PD 
(APD). A within-family linear regression (Knott et al. 
(1996)) was performed following the model: 

 
 yij=si+(PhsSij- PhsLij)ai+eij,  
 

where yij is the APD of descendant j of the F1 sire i; si is the 
fixed effect of the F1’s family i; PhsSij (PhsLij) is the 
probability of j inheriting the S (L) allele from i; ai is half 
the allelic substitution effect, and eij is the residual. Within 
family LRT was calculated at each SNP position. The 
across families LRT was the sum of the family 
contributions. The maximum LRT under H0 was derived 
from 10,000 within family by generation permutations 
(Churchill and Doerge (1994)). Chromosome-wide (CW) 
and genome-wide (GW) significance thresholds were 
defined by taking the corresponding LRT peak. A F1 sire 
was considered heterozygous at a significant location when 
the contribution to the overall LRT exceeded the critical 
value of 6.64 (=χ2

(1,0.01)).  
 

Results and Discussion 
 

Table 1 reports the QTLs found according to the analyzed 
trait. Fifty-two locations significant at 1% CW threshold 
were detected. Twenty-two out of them were significant at 
1% GW threshold. Most of QTLs affect milk yields (16), 
milk contents (17) and the two analyzed udder morphology 
traits (10). For somatic cell score (SCS) and nematode 
resistance measured by the fecal egg count (FEC) the 
number of segregating QTLs was quite low (3 and 6 
respectively). The maximum number of segregating 
families per location was 4. As a whole, this result suggests 
that no location showed alternative alleles fixed in the two 
breeds. For milk yield traits, most of positive alleles (25 out 
of 35) were of L origin. This result agrees with the 
phenotypic superiority in terms of milk yield of L breed. 
However, in most locations in at least one family the 
favorable allele was of S origin, suggesting that positive 
alleles are segregating in both breeds although with 
different frequencies. In significant QTLs for milk contents, 
positive alleles were equally distributed between the two 
breeds (21 S and 19 L). It is important to underline that L 

breed is phenotypically superior to S breed also for milk 
contents. Actually, L breed has implemented direct 
selection for contents since 1986. Thus, the involved elite L 
rams were submitted to approximately ten years of selection 
for contents. On the contrary, milk contents in S breed have 
been likely submitted to the unfavorable correlated 
response of selection for milk yield that still remains the 
main economic goal. These results suggest that different set 
of loci are responsible at different extent of the within breed 
genetic variation. As far as udder morphology is concerned, 
the two breeds have only started recently similar selection 
programs even if at different intensities. Traditionally, S 
breed has been selected for hand-milking and this selection 
is likely to have affected the morphology of the udder. 
Twelve out of 23 within family contrasts were due to 
positive alleles of S origin. As previously described, few 
QTLs were found for SCC and no breed shows prevalence 
of positive alleles. This result is quite surprising since L 
breed shows much lower SCC and leads to conclude that 
the between breeds variation is mainly due to the different 
farming systems. Finally, positive alleles of QTLs for 
nematode resistance are equally distributed between the two 
breeds.  
 
Table 1. OAR, position (bp), CW p_value,number of  
families with positive Lacaune (L+) and Sarda (S+) alleles 
of significant QTL for milk yield (MY), fat yield (FY), 
protein yield (PY), fat content (FC); protein content (PC); 
teat position (TP); udder depth (UD); somatic cells score 
(SCS); fecal egg count (FEC) 

Trait OAR POS(Mb) p_cw L+ S+ 
MY 3 131.46 <0.0001* 3 1 
MY 13 76.57 0.0017* 1 1 
MY 16 29.07 0.0061 2 0 
MY 19 58.80 0.0042 2 0 
MY 26 25.56 0.0007* 1 2 
FY 3 131.31 <0.0001* 3 1 
FY 7 95.27 0.0043 1 0 
FY 9 80.78 0.0053 1 1 
FY 13 77.59 0.0059 1 0 
FY 20 25.12 0.0045 1 0 
FY 25 30.12 0.0045 1 0 
PY 3 131.31 <0.0001* 3 1 
PY 7 95.27 0.0043 1 0 
PY 13 76.57 <0.0001* 1 2 
PY 17 23.04 0.008 2 0 
PY 26 25.08 0.0021 1 1 
FC 1 225.27 <0.0001* 2 0 
FC 2 222.60 0.0052 1 2 
FC 3 143.04 <0.0001* 1 3 
FC 7 73.92 0.0005* 1 1 
FC 9 67.66 0.0027 1 3 
FC 15 2.53 0.0034 2 0 
FC 20 31.92 <0.0001* 1 2 
PC 1 95.60 <0.0001* 2 1 
PC 1 253.81 0.0061 1 2 
PC 3 141.52 0.0033* 1 0 
PC 3 180.63 0.0044 1 1 
PC 11 10.06 0.0022 0 2 
PC 12 54.66 0.0079 2 0 



PC 17 18.84 0.006 0 2 
PC 20 41.66 0.0082 1 0 
PC 21 25.31 0.0033 1 0 
PC 23 51.90 0.001* 1 2 
TP 1 80.92 <0.0001* 2 1 
TP 9 24.76 0.0066 1 1 
TP 25 8.53 0.0013* 1 1 

UD 3 129.98 0.0037* 0 3 
UD 8 18.31 0.0035 2 0 
UD 11 51.80 0.0039 1 1 
UD 12 75.00 0.0026 2 0 
UD 19 57.16 <0.0001* 1 2 
UD 22 8.14 <0.0001* 1 1 
UD 26 11.64 0.0003* 0 2 

SCS 3 127.45 0.0003* 1 1 
SCS 15 62.47 0.0049 1 1 
SCS 19 37.27 0.0026 0 1 
FEC 1 90.10 0.0009* 1 1 
FEC 13 10.93 0.0094 1 0 
FEC 15 41.08 <0.0001* 2 0 
FEC 16 58.42 0.0018 0 2 
FEC 24 0.10 0.0015 0 1 
FEC 26 3.65 0.0031 1 1 
*significant at 1% genome wide threshold 

 
 

Conclusion 
 
This work allowed to detect highly significant locations 
affecting economic traits in an experimental population 
derived from a back-cross between the Sarda and the 
Lacaune breed. Discussion of results according to the origin 
of SNP effects showed that most locations segregate in both 
breeds. A more consistent interpretation of results will be 
possible when results of QTL detection studies within the 
two breeds will be available. 
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