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ABSTRACT

Meat is a source of proteins and minerals. However, red meats have high levels of saturated fatty acids (SFA) and a low
proportion of monounsaturated fatty acids (MUFA), a combination which has been linked to cancer and cardiovascular
diseases. In ruminants, there are several genes that regulate the proportions of MUFA in tissues, but the most important
is SCD (Stearoyl-CoA desaturase). The polymorphism g.31C >A has been described in the promoter region of the SCD
gene, which is associated with changes in the gene expression and MUFA levels in the meat. The aim of this study was
to detect the presence of polymorphism ¢g.31C >A in a population of Araucano creole sheep using PCR-RFLP
(polymerase chain reaction-restriction fragment length polymorphism). Genomic DNA was obtained from 157 Araucano
creole sheep. The SCD promoter region was amplified using PCR and the amplicons were digested with restriction
enzyme Mnll. The allelic frequency was 0.98 for the C allele and 0.02 for the A allele. The in silico analysis showed that
the A allele could alter the expression of SCD. This is the first report of the presence of polymorphism ¢.31C >A in
Chilean sheep, and its association with SCD expression levels and the proportion of MUFA in the meat will require
further investigation.
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INTRODUCTION et al.,, 2012). In goats four polymorphisms have been
identified in the SCD gene, three in the intronic region

The consumption of red meats from ruminants is ~ (SCD3 172, SCD3 181, and SCD3 231) and one in exon
Very important for human nutrition because they are a 2 |dent|f|ed as SCDZ, aSSOCIated Wlth hlgh IeVeIS Of CLA

source of proteins and minerals (McNeill and Van  inmeat(Avilesetal, 2016).
Elswyk, 2012). However, the red meats are characterized In sheep the presence of the 9.878T>C SNP has
as having a SFA profile, which has been linked to cancer ot been described, nor the polymorphisms reported in
and cardiovascular diseases (Givens, 2010). goats, _but_ a QTL (quantitative trait loci) has been
The fatty acid profile of meat is regulated by |de_nt|f|ed in chro_mosome 22 (the chromosome where the
several genes of lipid metabolism, which encode enzymes ~ OVvine SCD gene is located) related to the amount of CLA
responsible for fatty acid synthesis, elongation and in milk from the Churra breed (Garci_a—Fernéndez et aI_.,
desaturation that will be incorporated into cell ~ 2010). In another study, an evaluation of the genetic
membranes and various tissues (Gonzales-Calvo et al., variability of SCD revealed the absence of variations in
2015; Ling et al., 2015). the gene coding region. However, four SNPs were
In ruminants the SCD gene encodes for |dent|f|ed two pl’esent in intron 2 (gl473A>G and

Stearoyl-CoA desaturase, an enzyme that regulates the ~ 9.2011T>C); one (g.2893G>A) located in intron 3 and
proportions of monounsaturated fatty acids (MUFA),  another present in the promoter region (g. 31C>A); the

considered healthy fatty acids, through the desaturation of ~1ast one is polymorphic in ovine species than those found
palmitic acid (C16:0) to palmitoleic acid (C16:1) and the ~ in the other intronic region (Garcia-Fernandez et al.,
desaturation of stearic acid (C18:0) to oleic acid (C18:1)  2009).

(1zadi et al., 2014). A recent study on the Rasa Aragonesa breed

It has been shown in cattle that SCD is showed that the A allele of the g.31C>A polymorphism is

polymorphic in encoding regions; it is a SNP (single  Significantly associated with the increase in gene
nucleotide polymorphism) identified as g.878T>C which ~ expression and the proportion of MUFA in the meat
has been linked to changes in the proportion of  compared to the C allele (Gonzalez Calvo et al., 2014).
conjugated linoleic acid (CLA) and MUFA in meat and ~ Consequently, the g.31C>A SNP is the main genetic
milk (Taniguchi et al., 2004, Mele et al., 2007, Inostroza ~ Marker of the MUFA variation in this breed’s meat.
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The Araucano creole sheep is a local ecotype
from southern Chile, bred by small and medium farmers,
highly adaptable to its surroundings and it has shown
high genetic variability by DNA-microsatellites, which is
why the existence of polymorphisms in genes of
productive importance such as SCD is likely (Bravo et
al., 2015; Paz et al., 2015).

In this light, the aim of this study was to detect
the presence of the g.31C>A SNP in a population of
Araucano creole sheep using the PCR-RFLP technique.

MATERIALS AND METHODS

Study animals: This study was conducted at the Sheep
Genetic Nucleus of the Universidad de La Frontera,
located in the commune of Freire, Region of La
Araucania, Chile (38°50°27""south, 72°41°45 " west). 157
blood samples were drawn by jugular vein puncture from
a population of Araucano creole sheep composed of adult
males, adult females, lambs and yearlings from the 2015
season.

Genomic DNA extraction: Genomic DNA was obtained
from the blood samples using the ULTRA CLEAN
extraction kit (MO BIO Laboratories Inc., USA). Sample
integrity was assessed by 1% agarose gel electrophoresis
and stained with SYBR® Safe (Thermo Fisher Scientific
Inc., USA). The genomic DNA was quantified by
spectrophotometry using the Gen5™ software (BioTek
Instruments, Inc., USA). Finally, the DNA samples were
diluted to 10ng/ul for use.

Detection of polymorphisms in the SCD promoter
region using PCR-RFLP: A sequence of 527 bp
corresponding to the promoter region of the SCD gene
was amplified (Genbank: FJ513370.1). For this, the Taq
Polymerase enzyme was used (Biotools B&M Labs S.A.,
Spain) as well as the primers described by Aali et al.
(2014): Forward: 5" AAATTCCCTTCGGCCAATGAC'3
and Reverse: 5TCTCACCTCCTCTTGCAGCA'3.

The temperature conditions for the PCR reaction
were as follows: initial temperature of 94°C for 3 min,
then 35 cycles of 94°C for 50 s, 58°C for 50 s, 72°C for
50s and then a final period of 72°C for 10 min. The PCR-
RFLP was done by incubating the PCR product all night
at 37°C with the restriction enzyme MnL1 (Bioengland
Biolabs, USA). The PCR-RFLP patterns were checked
using 3% agarose gel and stained with SYBR® Safe
(Thermo Fisher Scientific Inc., USA). The g. 31 C/C
genotype showed a pattern of 3 restriction fragments: one
fragment of 269 bp, one of 94 bp and one of 64 bp. The
g. 31 C/A genotype showed a restriction fragment pattern
identical to g. 31 C/C, but a fragment of 76 bp was also
observed, given that the A allele produces a new
recognition site for the restriction enzyme Mnll. The g.
31 AJA genotype revealed a fragment of 269 bp, a second
76 bp, and a fragment of 64 bp. All fragments were
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identified by NEBcutter (New England Biolabs, USA).
Transcription factor recognition sequences were
predicted using the AliBaba 2.1 software (BIOBASE,
Germany).

RESULTS AND DISCUSSION

Our results show that the A allele of the
0.31C>A SNP is present in the Araucano creole sheep as
detected using PCR-RFLP.

The Araucano showed a genotypic frequency of
93% for the g. 31 C/C genotype. The g. 31 C/A genotype
had a genotypic frequency of 7%. The A/A genotype was
not detected in the study population (Figure 1). Likewise,
a low frequency of the A allele was observed (0.02).
However, this frequency is similar to that described by
Aali et al. (2014) in Lori-Bakhtiari sheep (0.014). It is
interesting that a low frequency of the A allele is present
mainly in meat sheep breeds like the Araucano, with a
much higher frequency of the A allele being observed in
milk breeds (Table 1). We believe that the loss of the A
allele over time in the Araucano population could occur
due to the selection of heavier animals and therefore a
higher fat infiltration, a trait more closely related to the C
allele (Costa et al., 2013).

It is known that in cattle a greater SCD
expression influences the increase in oleic acid levels
(C18:1) and MUFA in fatty tissue as well as the total
lipid levels in meat (Da Costa et al., 2013).

The in silico analysis using the AliBaba 2.1
software established that the C allele of the SNP has an
affinity for transcription factors Sp1, WT1, NF-1 and AP-
2 a, whereas the sequence of the A allele has an affinity
for Spl and CCAAT/enhancer-binding protein (C/EBP
alpha) (Figure 2).

The mechanisms by which the A allele acts as a
regulator are unknown. However, this could be explained
by the in silico analysis of the SCD sequence, which
indicates that the C allele is found in a region of high
affinity to nuclear proteins such as WT1 and AP-2 q.
Both transcription factors may be involved in lipid
metabolism proliferation and regulation processes
(Bakhtiarizadeh et al., 2014)

The A allele causes the loss of affinity sites for
WT1, AP-2 o, having exclusive affinity with C/EBP
alpha, a transcription factor that serves as a co-activator,
binding to the promoter regions of several lipid
metabolism genes, including SCD, and is associated with
lipid deposition in the adipocyte proliferation and growth
processes (Reardon el al., 2010; Hirwa et al., 2011).
Nevertheless, there are reports in cattle that consider
C/EBP as not directly related to the regulation of SCD
(Ohsaki et al., 2007).

Garcia—Fernandez et al. (2009), however, report
that the ¢.31C>A SNP is the most important
polymorphism in the SCD gene in sheep given its
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polymorphic nature in various breeds and because of its
position in the promoter region attached to gene
expression; therefore, it is necessary to delve more deeply
into this study for a better understanding of the factors
related to healthier fatty acid synthesis in animals of
productive interest.

Table 1. Comparison of frequencies of the A allele of
the g.31C>A SNP in the promoter region of
the SCD gene present in meat and milk sheep

breeds.

Breed Specialization  Frequency of
the A allele

Lacaune milk 0.45
Churra milk 0.37
Castellana milk 0.15
Assaf milk 0.4
Ojalada meat 0.2
Lori bakhtiari meat 0.014
Ossimi meat 0,05
Araucana meat 0.02
Berrichon Du Cher meat 0

Table adapted from the results shown by: Garcia Fernandez et
al., 2009; Aali et al., 2014
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Fig 1. Genotypes present in the Araucano creole from
the polymorphism ¢.31C>A. PCR-RFLP
performed with MnL1 (Bioengland Biolabs,
USA), visualized in 3% agarose gel, stained
with SYBR® Safe (Thermo Fisher Scientific

Inc, USA). The genotypes C/C and C/A can

be observed compared to the 100 bp marker.
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Fig 2. In silico analysis of transcription factor binding using AliBaba 2.1. Effect of the C allele and A allele of the
polymorphism g.31A>C in the promoter region of the SCD gene of the Araucano creole sheep. The A
allele eliminates the WT1 and NF-1 recognition sites and replaces the recognition site of the factor AP-2

alpha for that of the C/EBP alpha protein.

Conclusions: This preliminary study is the first report of
the presence of the g.31C>A SNP in Chilean creole
sheep, this new molecular marker present in the SCD
gene could be used in improvement programs to increase
the proportions of MUFA in sheep meat. We agree that
there are still few studies related to the effect of the
g.31C>A SNP, which is why the continuation of this
study will focus on increasing the sample population and
studying the effect of the presence of the A allele on the
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expression of the SCD gene and the composition of fatty
acids in sheep tissue.
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