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Summary

Animal physiological functions involve enzymes and cofactors. Many of these substances can
not be synthesized by the body, but derive from the diet. An example are micronutrients, that
strongly affect production performance, whose requirements are often met by the farmers by
adding supplements to the diet. The aim of this study was to investigate the genetic
variability of Italian sheep breeds searching for possible selective sweeps that harbor genes
involved in the metabolism of micronutrients in. SNP A sample of 496 sheep belonging to 20
breeds farmed in Italy were genotyped with the Illumina Ovine 50K beadchip. Data were
analysed by canonical discriminant analysis (CDA). Forty SNP located in regions of the
genome containing loci involved in the metabolism of vitamins and minerals were detected.
in particular, genes linked to the metabolism of vitamins and minerals such as Selenocysteine
Lyase (SCLY), calcium sensing receptor (CASR), Solute Carrier Family 23 Member 1
(SLC23A1) and Thiamine Triphosphatase (THTPA) were highlighted.
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Introduction

Nutritional status is of particular importance for productive performances in
livestock. Growth, milk production, reproduction depend on a wide range of essential
nutrients such as amino acids, fatty acids, vitamins and minerals. Frequently, micronutrient
concentration of feeds are not adequate to meet animal requirements and therefore farmer
have to add specific supplements to the diet. he identification of individuals carrying the
positive nucleotide variants for genes controlling the metabolism of vitamins and minerals
could be therefore economically advantageous. In this work, the genome of 20 different
Italian sheep breeds was scanned in order to search for selection signatures that harbor genes
involved in micronutrients .

Material and methods

A total of 496 animals belonging to 20 different Italian sheep breeds were sampled
from different flocks according to their production purpose (Table 1). Genomic DNA was
extracted from blood samples, and processed for genotyping using the OvineSNP50
BeadChip (Illumina, Inc.) (http://www.illumina.com) following standard protocols. Genotype
data were originated from the Italian Sheep Consortium (BIOVITA). Animals with call rate
<90% were discarded. SNP were discarded if call rate >2..5% and if minor allele frequency
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>2%. A total of 49,034 SNP were retained for the analysis.
Animals were divided into four groups according to their production aptitude (Table

1). The four groups were then compared using the Canonical Discriminant Analysis (CDA)
(Sorbolini et al., 2016). CDA was carried out on the matrix of single nucleotide
polymorphisms (SNP) genotyping data, separately for each chromosome. In order to have
full rank SNP matrices for each chromosome (i.e. the number of SNP should not exceed the
number of animals) a preliminary screening was performed using a stepwise discriminant
analysis (SDA) (Dimauro et al., 2015). A total of 8,950 SNP were selected and further used
for CDA. SNPs for which the correlation with the canonical variable was in the 99th
percentile for a specific chromosome were considered to be significantly associated with that
variable. Analyses were carried out using proc STEPDISC and CANDISC of SAS
(SAS/STAT® software version 9.2, SAS Institute, Inc., Cary)

Annotated genes within the genomic regions that contained the relevant SNPs were
obtained from the ncbi http://www.ensembl.org/index.html using the Ovis aries OAR v3.1
release. Intervals of 500 kb (250 kb upstream and 250 downstream of the significant SNP)
were considered in gene discovery. Genecards (http://www.genecards.org/) and Search Tool
for the Retrieval of Interacting Genes/Proteins (STRING v10) interaction network
(http://string-db.org/cgi/network.) databases were used for the putative candidate gene
functional associations analysis.

Table 1. Description of the analyzed sample.
Breed Productive aptitude Sample size
Alpagota, Bergamasca, Biellese, Sambucana,
Appenninica, Fabrianese

Meat 141

delle Langhe, Massese, Leccese, Comisana, Pinzirita,
Sardinian White, Sardinian Black, Valle del Belice

Milk 189

Gentile di Puglia, Sopravissana wool 48
Istrian Pramenka, Altamurana, Bagnolese, Laticauda dual 118

Results and Discussion

The ability of the CDA in separating different groups is depicted in Figure 1, that
reports scores for the three canonical variables of OAR1 for the 496 considered sheep plotted
in the canonical space. The first canonical canonical variable separates three clusters: milk
breeds, wool breeds and the third composed of meat and dual breeds. The third canonical
variable distinguishes wool breeds from the other production aptitudes.

Among the SNP found to be significantly associated to the extracted canonical
variables, 40 were located in genomic regions where map genes controlling micronutrients
metabolism. The highest number of significant SNP (7) was detected on the OAR1, followed
by the OAR13 (6) and OARs 3, 7, 12 and 19 with four significant SNPs.

Figure 1. Plot of scores of 496 animals for the three canonical variables extracted from
OAR1. Blue triangle=milk breeds, black flower= wool breeds, green cube= dual breeds and
red circle= meat breeds.
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Table 2 reports the list of putative candidate genes found in the selection signatures
highlighted by significant SNP and involved in the micronutrient metabolism. A total of 26
loci were identified as putative candidate genes. Six loci were located on OAR1.

Table 2. List of putative candidate genes highlighted using CDA procedure in 20 Italian
sheep breeds.
OAR Gene name and symbol
1 Selenocysteine Lyase (SCLY), Methylmalonic Aciduria (Cobalamin Deficiency)

CblC Type, With Homocystinuria (MMACHC), Selenium Binding Protein 1
(SELENBP1), calcium sensing receptor (CASR), claudin 1 (CLDN1).

2 Methylmalonic Aciduria And Homocystinuria, CblD Type With Homocystinuria
(MMADHC)

3 Vitamin D Receptor (VDR)
5 Solute Carrier Family 12 Member 2 (SLC12A2), Solute carrier family 23 member

1 (SLC23A1), Gluthatione peroxidase 3 (GPX3)
6 Solute Carrier Family 39 Member 8 (SLC39A8), stromal interaction molecule 2

(STIM2)
7 Thiamine Triphosphatase (THTPA), Solute carrier family 39 member 9 (SLC39a9)
9 Alpha Tocopherol Transfer Protein (TTPA), LMBR1 domain containing 1

(LMBRD1)
12 Solute Carrier Family 26 Member 9 (SLC26A9), Solute carrier family 30 member1

(SLC30A1)
13 Cubilin (CUBN), solute carrier family 23 member 2 (SLC23A2), solute carrier

family 52 member 3 (SLC52A3)
18 Glutaredoxin 5 (GLRX5)
19 Solute Carrier Family 4 Member 7 (SLC4A7)

To detect protein functions and protein-protein interactions, putative candidate genes
were analyzed using the genecards and genes/proteins interaction network (STRINGv10)
databases. Among found putative candidate genes several showed biological interactions
(Figure 2).

Figure 2. The STRING network view. Colored lines between proteins indicated the various
types of interaction evidence. Protein nodes dimension indicate the availability of 3D protein



structure information.

Evident signals of selection between breeds were detected in genomic regions genes
involved micronutrient metabolism. Among these loci worthy of note were the (MMACHC),
the (MMADHC) and the (LMBRD1). These genes encode for proteins (mitochondrial and
lysosomal) that are involved in the transport and metabolism of cobalamin. Vitamin B12 is
essential for normal development and survival in mammals. In adult sheep cobalt and vitamin
B12 is necessary for energy production and vital for wool and body growth (Hannam et
al.,1980, Smith and Martson 1970). Cobalt intake is necessary for an optimal milk production
from ewes and to meet the maternal vitamin B12 requirements of lambs in the later stages of
lactation (Quirik et al, 1987).
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