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The aim of the study was to investigate associations between SLC2741 genotypes and estimated
breeding value of milk production traits (milk, fat and protein yield, kg; fat and protein content, %)
in the Polish Holstein-Friesian cows’ herd. Three single nucleotide polymorphisms were genotyped,
the g.14996C>G. in the exon 3, g.14791C>T in exon 4 and g.14589A4>G in exon 5 of SLC27A1 gene.
The genotype and allele frequencies for each polymorphism and the SLC27A41 haplotype frequencies
were estimated in the examined herd. Significant relations between the SLC2741 g.14791C>T
SNP and breeding value for protein content were found. The results indicate that selection for the
SLC27A1-CC individuals might contribute to increased protein content of milk in Polish Holstein-
Friesian cows. Further studies are needed to confirm these results.
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SLC27A1 (solute carrier family 27 member 1) is a member of the fatty acid
transport protein family. It is the transmembrane protein that facilitates long chain
fatty acid (LCFA) transport across the cytoplasmic membrane. The study conducted
on mice purified SLC27A1 protein revealed its long-chain and very long-chain
acyl-CoA synthetase activity [Hall et al. 2003]. SLC27A1, translocated to the cell
membrane from intracellular sites, participates in the insulin-stimulated LCFA influx.
It also plays a role as the regulator of Krebs’ cycle activity and therefore assists in
mitochondrial function [Wiczer and Bernlohr 2009]. SLC27A1 is expressed in
various tissues, predominantly in those, which are characterised by rapid fatty acids
metabolism. In human and in mice, the highest SLC27A1 mRNA level was found
in the adipose tissue, heart, skeletal muscle and brain [Martin et al. 2000]. This
expression profile was confirmed in the bovine tissues, except for adipose tissue,
where SLC27A1 mRNA levels are low [Ordovas et al. 2006]. Transcription of the
SLC27A1 is controlled by insulin and PPARs (peroxisome proliferators-activated
receptors) [ Wiczer and Bernlohr 2009]. Some studies in humans and mice suggest that
SLC27A1 is involved in the control of energy homeostasis and may play a role e.g. in
the pathophysiology of type 2 diabetes [Wu et al. 2006]. Moreover an association is
suggested between the intronic polymorphism and changes in triglyceride metabolism
[Meirhaeghe et al. 2000, Gertow et al. 2003].

SLC27A1 encoding gene was mapped to bovine chromosome 7, where QTLs
for milk production traits have been identified [Ordovés et al. 2005, Ogorevc et al.
2009]. SNPs were identified within the bovine SLC2741, one of them significantly
associated with milk fat yield in Chinese Holstein cattle [Ordovas et al. 2008, Lv et
al. 2011].

There are few reports on SLC27A41 polymorphisms and their association with
economically important traits of cattle. Therefore, the aim of this study was to establish
possible associations between the SLC2741 genotypes and breeding values for milk
production traits in Polish Holstein-Friesian cows.

Material and methods

The study covered 975 Polish Holstein-Friesian (Black and White strain) cows
belonging to a herd kept on a farm located in the western region in Poland. Animals
were maintained in identical environmental conditions and were fed a standard
diet. Genomic DNA was extracted from blood using MasterPure™ Genomic DNA
Purification Kit (EPICENTRE® BIOTECHNOLOGIES).

The three SNPs described by Ordovas et al. [2008] were analysed: g./4996C>G
in exon 3, g.714791C>Tin exon 4 and g. /45894>G in the exon 5 (GeneBank acc. no.
AAFCO03051286). Genotypes were determined by PCR-RFLP method and primers
were designed on the basis of the respective sequences shown in Table 1.

Afterwards, the restriction enzymes for SNP identification were matched using
the NEBcutter (version 2.0) software tool. The Sacll, BsaHI and Aval restriction
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Table 1. Outline for amplification the SLC2741 gene fragments

SNP Primer pairs Amplicon size

bp
5’-CTGCTCAACGTGAACCTGCG-3’
g14996C>G 5, A\ CCAGGCTCTTGCCCAACTC-3’ 261

5-CCATCTTCAACCACGACGTG-3"
gH7IC>T 5, G OTGTGGAGGTCTCCTTCAG-3 160
S"-CGACTCTTCTACATCTACACCIC3®

5’-CACAGGATCCTCAACAAGAGCTG-3’

g.145894>G 143

endonucleases were chosen for g.74996C>G, g.14791C>T and g.145894>G
genotyping, respectively. One of the primers was mismatched (mismatch base shown
in Table 1 as underlined) in order to create an Aval restriction endonuclease recognition
site. Restriction fragments were separated on 3% agarose gels and described using the
software for photo-documentation of electrophoretic separation and image storage
(VILBER LOURMAT). Haplotypes were predicted for the cows” herd in this study by
a PHASE (v2.1) programme. Estimation of frequency for SLC27A1 haplotypes was
carried out using HAPLOVIEW software.

Next, a statistical analysis of associations between genotypes and the estimated
breeding value (EBV) for milk yield — MY (kg milk), fat yield — FY (kg fat), fat
content — FC (% fat), protein yield — PY (kg protein), protein content — PC (% protein)
and index — In (kg) as a fat yield and the doubled protein yield breeding value (kg).
The breeding values for cows are expressed as lactation breeding values obtained by
summing up breeding values for day 5 to 305. Variances of second and third lactations
were standardized to the first lactation variance, and then the mean lactation breeding
values are calculated. EBV data came from official electronic documentation of the
herd. Evaluations were performed by The National Research Institute of Animal
Production in Balice near Crakov (Poland).

An association analysis was carried out as a regression of EBV on MY, FY, FC,
PY, PC and In of SLC27A41 genotypes using MIXED procedure implemented in SAS
(SAS v. 9.3). Procedure was also used to check association between the mentioned
productive traits and SLC27A41 haplotype combinations. The following linear model
was applied:

Y, = BEb T
where:
y,— predicted breeding value of a cow;

p— overall mean;

b — the fixed effect of SNP i-th genotype for g./4996C>G),
2.14791C>T), g.145894>G (1 = 1,2,3) or i-th haplotype
combinations for SLC2741 (i=1, 2, 3, ..., 10);

€, — CITOor.
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The associations were tested by the t- test with the Bonferroni correction for
multiple testing. Differences between the means were compared by the Duncan’s
multiple range tests with the Least Squares Means for MIXED statement.

Results and discussion

The g.14996C>G PCR product digestion with Sacll enzyme resulted in non-
cutting fragment (allele G) and the 169 and 92 bp restriction fragments (allele C). In
case of g.14791C>T polymorphism, the PCR product digested with BsaHI enzyme
revealed a non-cutting fragment (allele 7) and cutting fragments of 106 and 54 bp
(allele C). The g.145894>G PCR product digestion with Aval enzyme resulted in non-
cutting fragment (allele 4) and the 122 and 21 bp restriction fragments (allele G).

Table 2. The genotype and allele frequencies of the studied SNPs

SNP Genotype frequencies Allele frequencies

GG 0.63

2 14996C>G (G 0.35 G o
cc 0.02 )
T 0.36

g.14791C>T CcT 0.56 g 8?2
cc 0.08 ’
GG 0.44

@145894>G  AG 0.52 “ o
AA 0.04 )

In the studied herd, all possible SLC27A41 genotypes were identified. The
frequencies of the analysed genotypes and alleles are presented in Table 2. Nineteen
SLC27A41 haplotype combinations were detected in the herd (Tab. 3).

Statistical analysis revealed that the SLC2741-2 genotypes were associated
with breeding value for milk protein content which was confirmed after Bonferroni
correction (Tab. 4). The 7T cows showed a significantly lower breeding value for
protein percentage in milk compared to the CC (P < 0.01) individuals, the difference
amounting to 0.04. As regards the other SLC27A41 polymorphisms, no significant
differences were found between genotypes and analysed milk production traits of
the cows studied. Moreover, no associations were found in this study between the
SLC27A41 haplotype combination and the traits analysed (data not shown).

Genetic polymorphisms significantly associated with economically important
traits of cattle are useful in explaining the mechanisms underlying their genetic
variation. They may be very helpful in improving the accuracy and efficiency of
traditional selection methods. Therefore, association studies are still continued.
Studies reporting analysis of variants of genes participating in fatty acids binding,
transport, and metabolism in relation to production traits in cattle include FASN
(fatty acid synthase), DGATI (diacylglycerol O-acyltransferase 1), SCDI (stearoyl-
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Table 3. The SLC27A1 haplotype and haplotype combination frequencies

Haplotype Haplotype Percent of haplotype
Haplotype frequency combination combination
1(GTG) 0.564 1/1(GGTTGG) 26.36
2(CCA) 0.162 2/1(CGCTAG) 24.10
3(GCG) 0.117 3/1(GGCTGG) 14.46
4(GCA) 0.075 4/1(GGCTAG) 13.95
5(GTA) 0.051 5/1(GGTTAG) 6.87
6(CTG) 0.015 2/3(CGCCAG) 451
7(CTA) 0.010 6/1(CGTTGG) 1.64
8(CCG) 0.006 7/1(CGTTAG) 1.13
8/1(CGCTGG) 1.03
2/4(CGCCAA) 1.03
2/5(CGCTAA) 0.92
4/3(GGCCAG) 0.82
2/2(CCCCAA) 0.72
2/7(CCCTAA) 0.72
3/3(GGCCGQG) 0.62
2/6(CCCTAG) 0.51
4/5(GGCTAA) 0.31
2/8(CCCCAG) 0.21
8/3(CGCCGG) 0.10

Table 4. Means with standard errors of estimated breeding values for milk production
traits in cows of different g./4791C>T genotypes

Trait Genotype Significance
TT(n=351) CT(n=546) CC(n=78) P-value P-value Bonf

MY 295.75 (20.24) 310.21 (16.23) 233.82(42.93)  0.25 0.75
FY 9.31(0.67)  10.08 (0.54) 9.54 (1.43) 0.66 1

FC -0.04 (0.01)  -0.04 (0.01) 0.00 (0.02) 0.21 0.63
PY 9.39(0.61)  10.84 (0.49) 9.70 (1.29) 0.17 0.51
PC -0.01 (0.0D®  0.01 (0.0D)*®  0.03 (0.01)* 0.00 0.01
In 28.09 (1.78)  31.75(1.43)  28.93 (3.78) 0.26 0.78

MY — milk yield (kg); FY — fat yield (kg); FC — fat content (%); PY — protein yield
(kg); PC —protein content (%); In — index (kg). “®Means in row marked with different
superscripts differs significantly at P<0.01.

CoA desaturase 1), ACACA (acetyl-CoA carboxylase alpha). Significant associations
between polymorphisms in some of these genes and milk production traits as well as
milk fat related traits have already been found [Zhang et al. 2009, Komisarek et al.
2011, Mao et al. 2012, Matsumoto et al. 2012].

The SLC27A1 could be proposed as candidate gene for milk fat traits in cattle. It
is supported by their chromosomal localisation and by the physiological function of
their protein products [Ordovas et al. 2008, Ogorevc et al. 2009].
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Ordovas et al. [2008] identified SNPs within the bovine SLC2741 gene, one of
them located in the promoter region, six in coding exons and seven in introns. In
case of three exonic SNPs, the g./4996C>G, g.14791C>T and g.145894>G, the G,
T and G alleles, respectively, were most frequent in the Holstein-Friesian, Asturiana
de los Valles and Menorguina breeds. It was comparable to the data of the Polish
Holstein-Friesian herd presented here. Although all identified by Ordovas et al. [2008]
exonic SNPs were synonymous, it is considered, that type of mutation can effect gene
function, e.g. by modulating splicing, translation efficacy [Woolfe et al. 2010].

Results obtained in this study demonstrate that there are significant associations
between the g. /4791C>T polymorphism and EBV for milk protein content in Polish
Holstein-Friesian cows. It is worth mentioning that the SLC274 1 gene is located within
a region containing QTLs for milk protein content [Mosig et al. 2001], so the SNPs
analysed might be linked to the functional polymorphisms for this trait. Ordovas et
al. [2008] analysed the potential association with estimated breeding value for milk
fat content, but they found no associations between the SNPs and this trait in the
Holstein-Friesian population. Associations between SLC27A41 gene polymorphisms
and milk production traits were analysed in Chinese Holstein cattle. In that study,
Lv et al. [2011] found associations between g./4791C>T SNP (named by authors as
112T7>C according to GeneBank acc. no. NM_001033625.2) and EBV for milk yield.
The CC animals were characterized by significantly higher (P < 0.05) value of milk
compared with the CT and 77 individuals.

SNPs were also identified in the chicken SLC2741 gene and some of them (as
diplotypes) have been associated with carcass traits, such as live weight, carcass
weight, and semi-eviscerated weight [Wang et al. 2010]. Moreover, there was a report
on the porcine SLC27A41 gene polymorphism.

The results of this study suggest that the SLC2741-CC genotype animals might be
useful in selection toward increasing protein content in milk of the Polish Holstein-
Friesian cattle. Nevertheless, further studies are needed to confirm this.
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