
Proceedings, 10th World Congress of Genetics Applied to Livestock Production 
 

Investigating a Highly Significant QTL for Milk Protein Content Segregating  
in Sarda Sheep Breed Close to the Caseins Cluster Region by Whole Genome Re-sequencing of Target Animals 

 
S. Casu1, T. Sechi, MG. Usai, S. Miari1, M. Casula1, G. Mulas1, B. Lazzari2, R. Giannico2, A. Stella2,3, A. Carta1,  

1 Research Unit: Genetics and Biotechnology, AGRIS Sardinia, Sassari, Italy; 
 2 Fondazione Parco Tecnologico Padano, Lodi, Italy; 3 IBBA CNR, Lodi, Italy. 

 
 

ABSTRACT: The aim of this work was to investigate 
by whole genome re-sequencing of target animals a 
significant QTL for milk protein content segregating 
in the Sarda sheep breed. The QTL mapped 85.34 Mb 
on OAR6, close to the caseins cluster. Two animals 
with high probability to be alternative homozygous 
and one heterozygous at the causal mutation, were re-
sequenced with Illumina HiSeq sequencer. Sequences 
were mapped to the Ovis aries v3.1 reference genome. 
The average coverage ranged from 9.41 and 17.20. 
SnpEff variants classification according to Ensembl 
annotation mapped 2,434 SNPs on 25 annotated genes 
in the focused region. Twenty non-synonymous SNPs were 
identified in 13 annotated genes. Three non-synonymous 
SNPs were in the coding regions of CSN1S1 (85102965, 
C/T), CSN1S2 (85117333, T/C) and CSN2 (85194568, 
C/G). 
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Introduction 

Sheep milk is exclusively destined to cheese 
production and milk content traits affect either cheese yield 
or the typical taste of labeled cheeses. Classical selection 
for fat and protein contents in many sheep breeds is 
difficult, due to the costs of accurate phenotyping (Carta et 
al. (2009)). In this context, the availability of LD-markers 
or causal mutations to be used for selection purposes may 
be crucial. Polymorphisms at the casein genes are used in 
dairy goat (Sanchez et al. (2005); Barillet (2007)) and cattle 
(Ghiroldi et al. (2005)) to genetically modify milk protein 
content according to the final destination - direct 
consumption or cheese - of milk. Knowledge of milk 
protein genetic variants is still more fragmentary in ovine 
(Ferranti et al. (1995); Amigo et al., (2000); Moioli et al. 
(2007); Giambra et al (2010ab); Chessa et al. (2010)). In the 
nineties, several studies failed to identify milk protein 
polymorphisms as a potential breeding tool (Barillet et al., 
(2005)). However, most of those studies were carried out on 
small populations and using just molecular or phenotypic 
information from the coding parts of proteins genes. Even 
more recent researches (Steiner et al. (2010); Calvo et al. 
(2013)) were not conclusive in elucidating the function of 
identified genetic variants on milk protein content and their 
application for selection. In this sense the exploitation of 
preexisting experimental populations created for QTL 
detection purposes and the availability of high density 
single nucleotide polymorphism arrays and whole genome 
sequence data may increase the detection power of specific 
polymorphisms that contribute to protein content variation.  

The aim of this work was to investigate by whole genome 
re-sequencing of target animals a significant QTL for milk 
protein content segregating in the Sarda breed. 
 

Materials and Methods 
A genome wide association study (GWA) on the 

Sarda breed found numerous significant locations affecting 
milk protein content (Usai et al. (2014)). Among the 
identified QTLs, one significant at the 0.0001 genome-wise 
threshold located at 85.34 Mb on OAR6 and close to the 
caseins cluster region was chosen for further investigations. 
The implemented strategy was the whole genome re-
sequencing of 2 animals with high probability to be 
homozygous at the favourable and unfavourable mutation 
respectively. A further animal with high probability to be 
heterozygous was re-sequenced as control. Finally, 
candidate SNPs resulting alternatively homozygous were 
extracted from sequence data.  

Identification of target animals: The GWA analysis 
had been performed by regressing phenotypes on 18 
principal components (PC) at the QTL location extracted 
from the identity-by-descent probability (IBD) matrix 
between 76 base haplotypes (BH). Thus, the available data 
were the estimated effects of the PCs at the QTL location. 
The first step was to identify the two (H+ and H-) BH 
whose contrast explained the largest portion of the QTL 
variation The two BHs showing the highest correlations 
with the two PCs that had the most significant contrast were 
selected. The independence between them (IBD=0) as well 
as their frequency among BHs were verified. Moreover, the 

haplotypes’ effect was calculated as ∑
=

=
ncp

j
jiji v

1

βα , where 

βj is the estimated effect of the PC j, and vij are the weights 
of the haplotype i in the PC j, and ncp is the number of PC 
at the QTL position. 

The second step was to identify the three animals 
for re-sequencing: one homozygous H+ H+, one 
homozygous H-H- and one H+ H-. They were selected from 
the genotyped population (2,368 ewes and 33 sires) on the 
basis of their IBD at the QTL location with the selected 
BHs. Among the selected individuals, those showing 
performance ranking in agreement with the expected value 
of the carried genotype were retained for re-sequencing.  

The same strategy was followed to investigate 
other 7 regions significantly associated with further 
economic traits resulting in the whole genome re-
sequencing of 24 individuals. 

Re-sequencing: Genomic re-sequencing with 12X 
coverage was performed with an Illumina HiSeq sequencer. A 



bioinformatics pipeline was prepared to analyse sequences 
data. The pipeline includes public software integrated by in 
custom scripts that grant data flow from the sequencer to the 
final output. Quality controls were performed with fastqc 
(www.bioinformatics.babraham.ac.uk/projects/fastqc), then 
sequences were mapped to the sheep reference genome 
(Ovis aries v3.1, Archibald 2010), with the Burrows-
Wheeler Aligner (BWA, Li (2009)). Variant call was 
performed with the Genome Analysis Toolkit (GATK, 
McKenna (2010)), with a minimum base quality cutoff of 
30 for bases to be considered for calling. The obtained 
average variant quality was above 50. 

Variants classification: The region to focus on 
was chosen on the basis of IBD around the most likely QTL 
location. The region was the one where segment with 
IBD=1 between the 3 H+ chromosomes overlapped the 
segment showing IBD=1 between the 3 H- ones. SNPs 
identified in that region were filtered for concordance with 
the expected genotypes (alternative homozygous). The 
Ensemble sheep annotation (release 74) was used to 
perform variant annotation using the snpEff software 
(Cingolani et al. (2012)). Variants were classified according 
to their function as synonymous, non-synonymous, 
nonsense, missense and splice variations. Then, the Variant 
Effect Predictor (VEP) Web tool 
(www.ensembl.org/tools.html; McLaren et al. 2010) was 
used to predict the effects of non-synonymous variants on 
overlapping transcripts and regulatory regions annotated in 
Ensembl. 

 
Results and Discussion 

Identification of target animals: The most 
significant contrast between PC estimated effects (nominal 
P-value < 10-20) concerned the first 2 PCs, which explained 
15.6% and 14% of the total genomic variation at the QTL 
location. Two haplotypes highly correlated (> 0.98) with 
the selected PCs showed high frequency among BHs (0.12 
each), null IBD and a contrast of 0.516 sdu. The animals to 
sequence were: one ram with the 2 chromosome segments 
surrounding the QTL location presenting IBD=1 with H+ ; 
one ewe with both segments surrounding the QTL location 
showing IBD=1 with H-; one ram with one chromosome 
with IBD=1 with H+ and the alternative with IBD =1 with 
H-. According to the 50kBeadChip genotypes, H+H+ and 
H-H- individuals had a 47.33 and 14.4 Mb homozygous 
segment in that position. The region to focus on spanned 
2.6 Mb. 

Re-sequencing results: Alignment of the 
sequences onto the Oar_v3.1 reference genome resulted in 
an average coverage of 9.41, 11.56 and 17.20 for the H+H-, 
H-H- and H+H+ animal respectively. Within the selected 
interval, 26,156 polymorphisms were identified in the 24 
sequenced individuals. Among them, 9,139 SNPs 
polymorphic in the trio of interest were retained. 
Distribution of combinations of SNP genotypes in the trio is 
shown in Table 1. 8,096 SNPs were retained for 
concordance with the expected genotypes. Even 
homozygous SNPs in the H+H- individual were retained for 
snpEff analysis considering the observed low coverage 
which may affect heterozygous genotype assignment.  
 

Table1: SNP genotypes (0 and 2 =opposite homozygous, 
1= heterozygous) combination frequency in the trio 
according to the carried haplotypes  

G-comb n  G-comb n 
0/1/2 7,360  0/1/1-1/1/2 324 

0/0/2-0/2/2 736  1/1/1 161 
0/1/0-2/1/2 153  0/2/1 21 

0/2/0 7  1/0/1 49 
0/0/1-1/2/2 328  tot 9,139 
H+H+, H+H-, H-H- individuals are indicated by their position. 
 
Variants classification: snpEff variants classification 
according to Ensembl annotation is reported in tables 2 to 4. 
2,434 SNP mapped on 25 annotated genes and 20 non-
synonymous point mutations were identified in 13 
annotated genes (Table 5). Three non-synonymous SNPs 
were in the coding regions of CSN1S1, CSN1S2 and CSN2. 
Polymorphism (C/T) in codon 209 of CSN1S1 exon 16 
(oar3_OAR6_85102965) was identified as a missense 
mutation determining the substitution of a Threonine with 
Isoleucine in the protein. The latter was classified as 
“deleterious” and “probably damaging” by Sift 
(http://sift.jcvi.org/) and PolyPhen-2 
(http://genetics.bwh.harvard.edu/pph2/), respectively. This 
SNP has already been described by several authors (Calvo 
et al. (2013); Ceriotti et al. (2004)), who suggested potential 
damage for the CSN1S1 protein on the basis of in silico 
prediction analyses. However, Calvo et al. (2013) did not 
find any significant association with milk protein content. 
The further 2 SNPs (6_85117333_T/C and 
6_85194568_C/G in CSN2 exon 6 and in CSN1S2 exon 15 
respectively) were only predicted to determine “benign” or 
“tolerated” consequences to the transcripts.  
 
Table 2: Number of effects by impact 
Type count percent 
High 1 0.01% 
Low 60 0.604% 
Moderate 66 0.664% 
Modifier 9089 98.722% 
 
Table 3: Number of effects by functional class 
Type count percent 
Missense 66 53.226% 
Silent 58 46.774% 
 
Table 4: Number of effects by type and region 
Effect Type Region 
 n % n % 
Downstream 733 7.377   
Exon 1 0.01 125 1.258 
Intergenic 5473 55.083 5473 55.083 
Intron 2762 27.789 2762 27.789 
Non_syn_cod 66 0.664   
Splice_site_acc 1 0.01 1 0.01 
Start_gained 2 0.02   
Syn_cod 58 0.584   
Upstream 766 7.709 766 7.709 
UTR_3_Prim 70 0.705 70 0.705 
UTR_5_Prim 4 0.04 6 0.06 



Table 5 Missense variants* identified in the Ensemble 
annotated genes 

Gene 
name 

Location 
(Mb) 

Codon 
change 

AA 
change Consequence 

UGT2B7 84150051 Ctc/Atc L/I toler  (0.81) 

UGT2A3 
84811678 Gtt/Att V/I toler  (0.14) 
84811699 Gta/Ata V/I toler  (0.17) 
84812057 gaT/gaA D/E toler  (0.91) 

SULT1B1 84893972 Ata/Gta I/V toler  (0.34) 
SULT1E1 85001884 gCg/gTg A/V toler  (1.00) 
CSN1S1 85102965 aCt/aTt T/I delet (0.02) 
CSN2 85117333 Atg/Gtg M/V toler  (0.4) 
CSN1S2 85194568 aaC/aaG N/K toler (0.17) 
C4orf40* 85214832 cAg/cGg Q/R   
ODAM 85260616 cGt/cAt R/H delet (0.00) 

85260622 aGt/aAt S/N toler  (1.00) 

FDCSP 
85287965 Cca/Aca P/T  
85287968 Ctt/Ttt L/F  
85289821 Caa/Gaa Q/E  
85291348 Acc/Gcc T/A  

CABS1 85422693 aAt/aGt N/S toler  (0.68) 
85422805 ttC/ttA F/L toler  (0.37) 

AMTN 85562920 Gcc/Acc A/T toler  (0.18) 
UTP3 85712003 aGa/aAa R/K toler  (0.78) 
*also splice_region_variant. 

 
Conclusion 

This first study did not provide any likely 
candidate causal mutation affecting protein content 
variation in sheep milk. Further analyses of the sequence 
data is in process to detect insertion-deletion, differential 
splicing patterns in the transcription units as well as 
mutations in the promoter regions or in the regulatory 
sequences. Indeed some of these mechanisms, known to 
affect the transcription rate of caseins genes in other 
ruminant species (Persuy et al. 1999; Cosenza et al. 2003; 
Ramunno et al. 2005), should be investigated by taking into 
account either additional genetic variants or  more update 
annotations. 
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