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Objective: To estimate effect of single nucleotide polymorphisms on the intramuscular fat
content (IMF) of Hungarian Simmental bulls.

Methods: Genotypes were determined on high-density Illumina Bovine DNA Chip. After
slaughtering of animals, chemical percentage of intramuscular fat was determined from
longissimus dorsi muscle. A multi-locus mixed-model was applied for statistical analyses.
Results: Analyses revealed four loci (rs43284251, rs109210955, rs41630030, and rs41642251)
to be highly associated (-log,,P>12) with IMF located on chromosome 1, 6, 13, and 17, res-
pectively. The frequency of their minor alleles was 0.426, 0.221, 0.162, and 0.106.
Conclusion: The loci above can be useful in selection programs and gives the possibility to
assist selection by molecular tools.

Keywords: Cattle; Single Nucleotide Polymorphism; Genome-wide Association Study
(GWAS); Fat

INTRODUCTION

The main aim of modern livestock agriculture is to satisfy the growing demands of con-
sumers for high-quality, safe and delicious animal products. This trend is evident for the
beef industry as well. The proper breeding scheme in the past was very successful in in-
creasing of lean meat content, but resulted in reduced intramuscular fat content (IMF) and
changed muscle fibre types as well [1]. Nowadays, the main aim of numerous studies is im-
provement of IMF in beef [2] and investigation of relationship between beef quality and
muscle biochemical characteristics such as connective tissue and muscle fibres [3]. The
Association of Hungarian Simmental Cattle Breeders has been taking measures in the last
years to improve beef quality. For breeding purpose and market expectations, it was developed
a new dual purpose index where weighting of breeding values is quoted as follows: 40% for
milk, 30% for meat and 30% for fitness [4]. At present, there is considerable interest in the
application of genomic breeding value estimation to promote rapid and efficient selection
in farm animals. Some single nucleotide polymorphisms (SNPs) have been demonstrated
to affect IMF and meat quality traits in farm animals [5,6]. Genome-wide association study
(GWAS) based on typing of 777,000 SNPs by DNA chip technique is suitable for the improve-
ment of beef quality and IMF in different cattle breeds. Availability of genomic information
on a large number of animals has changed the dairy cattle breeding worldwide [7]. In case
of beef cattle [8,9] and dual purpose cattle, result of GWAS can also change the selection
progress, though the effective population number and the accuracy of estimated genomic
breeding value is lower compared to dairy cattle. Aim of present investigation was to esti-
mate the effect of SNP polymorphisms on IME
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MATERIALS AND METHODS

A total of 146 Hungarian Simmental muscle samples from
eleven farms were collected and were stored in liquid nitrogen
at —196°C until DNA extraction. Animals were kept in identical
conditions, fed the same diet and slaughtered at approximately
similar live weight (530.6+44.7 kg), under commercial con-
ditions using Hungarian standard procedure.

During slaughtering, rib samples have been taken from
longissimus dorsi muscle (LD) cut between the 11th to 13th
rib. Chemical percentage IMF was determined from LD. After
removing surface fat, lipid content of LD was determined gravi-
metrically by Soxhlet method, using petroleum ether as solvent
[10]. Lipid content (IMF values) ranged from 0.5% to 5.8%.

For isolation of genomic DNA from muscle, samples were
incubated in 5% Chelex suspension and 0.6 pg/pL Proteinase-
K solution at 56°C, overnight. Final treatment of the mixture
was an incubating step at 98°C for ten minutes. After DNA
extraction from LD, SNP typing was performed with high-
resolution SNP chips developed for cattle (Illumina Bovine
HD Chip, San Diego, CA, USA). Illumina Final Report file
was imported into SVS software (GoldenHelix, Bozeman, MT,
USA). Samples were excluded from analysis if call rate was
below 95%. Only SNPs having consistently high call rate
(>95%) were included in this study. Duplicated samples (IBD
>0.95) were excluded from dataset. After excluding monomor-
phic loci and loci with minor allele frequency <0.05, dataset
included 129 animals and 120,774 SNPs. Statistical analyses
were performed by SVS software (GoldenHelix, USA). For
visualising results, high resolution image has been produced
by R using qqman library [11].

For correction of population structure, genomic kinship
matrix has been used in multi-locus mixed-model [12]. Pheno-
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typic values have been left as they were, a continuous variable.
The used model was

y =XB+Zu+e

Where y is the IME X is the matrix of fixed effects com-
posed of SNPs and covariates (age and sex), Z is the matrix
of random animal effects. The e means the residual effects.
The  and u are vectors representing coefficients of fixed and
random effects, respectively.

The Ensemble cow UMD3.1 and gene ontology (GO) [13]
databases were used to look for surrounding of most signifi-
cant SNPs and for functional categories.

RESULTS AND DISCUSSION

Four loci have been identified to be highly associated with IMF
(Figure 1). These loci (-log;,P>12) seem to be useful in selec-
tion programs and are located on chromosome 1, 6, 13, and
17, their minor allele frequencies are 0.426, 0.221, 0.162, and
0.106, respectively (Table 1). IMF values—extracted from the
database consisting of recorded values for different metabo-
lites and for carcass parts—ranged from 0.5% to 5.8%.

On chromosome 1 there are several protein coding se-
quences in near vicinity of the locus rs43284251, including
polypeptide N-acetylgalactosaminyltransferase 15 (GALNTI5),
diphthamide biosynthesis 3 (DPH3), and serine/threonine-
protein phosphatase 6 regulatory ankyrin repeat subunit A
(ANKRD2S).

GALNTI5 (GO:0030133, 0000139, 0016021, 0006486,
0030246, 0016757)—also known as GALNTL2, pp-GalNAc-
T15, or GALNT7—is part of glycoproteome playing role in
cell interactions with environment [14]. GALNTS are localised
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Figure 1. Manhattan plot of single nucleotide polymorphisms regarding intramuscular fat content (IMF). Loci on chromosome 1, 6, 13, and 17 display the highest —log,,P
values (see dots >12), which are associated with the intramuscular fat content in Hungarian Simmental cattle.
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Table 1. List of loci associated with intramuscular fat content (IMF), their genomic location and nearest genes

Marker ss ID

(variant type) Chr  Position  —log,,P

—log,,P after
Bonferroni correction

Nearest genes

(their distance from the marker in bp) MAF FDR

rs43284251 intergenic 1

rs109210955 intergenic 6

rs41630030 intronic 13

rs41642251 intergenic 17

154894091 12.2 7.1

39358026 16.3 1.2

54540476 15.5 10.4

26689850 21.7 16.7

GALNT15 (29068), 0426  2.6e-8
DPH3 (110416),

ANKRD28 (325755)

LAP3 (757999), 0.221  2.4e-12
MED28 (749185),

FAM184B (685720),

DCAF16 (603129),

NCAPG (545975),

LCORL (365914)

ARFRP1 (14722), 0.162  1.3e-11
TNFRSF6B (12525),

ENSBTAT00000045108,

ENSBTAT00000052120

PRAME (1567997), 0.106  2.6e-17
U1(251068),

MAF, minor allele frequency; FDR, false discovery rate; GALNT15, polypeptide N-acetylgalactosaminyltransferase 15; LAP3, leucine aminopeptidase; MED28, mediator of RNA
polymerase Il transcription subunit 28; FAM184B, family with sequence similarity 184 member B; DCAF16, DDB1 and CUL4 associated factor 16; NCAPG, non-SMC condensin
| complex subunit G; LCORL, ligand-dependent nuclear receptor corepressor-like protein; ARFRP1, ADP-ribosylation factor-related protein 1; TNFRSF6B, TNF receptor super-
family member 6b; PRAME, preferentially expressed antigen in melanoma; U7, splicesomal RNA.

in Golgi and endoplasmatic reticulum (ER). Their traffic from
Golgi to ER often activated in human malignant tumors. In
human, nonhuman primates and rodents, loss of function of
GALNT?2 has been shown to lower high-density lipoproteins
and species specific glycosylation targets has been identified
[15]. An allele of GALNT13 in human has been found to be
overrepresented in elite sprinters [16] suggesting involvement
in energy pathways. Functions of GALNTSs are not fully un-
derstood, but their targets [17,18] may affect lipoprotein
metabolism and fat deposition in intramuscular space.

DPH3 (G0:0046872, 0017183, 0051099, 0050709, 0005829,
0005654) is essential in the synthesis of diphtamide post-
translationally modificate histidine elongation factor 2 [19].
Down-regulation increases extracellular release of proteo-
glycans, indicating a possible role in the secretion process.

ANKRD?2S8 is related to pathways (http://pathcards.gene-
cards.org/) like Vesicle-mediated transport and Transport to
the Golgi and subsequent modification.

On chromosome 6 there are several protein coding se-
quences in near vicinity of the locus rs109210955, including
leucine aminopeptidase (LAP3), mediator of RNA polymerase
IT transcription subunit 28 (MED28), family with sequence
similarity 184 member B (FAM184B), DDB1 and CUL4 as-
sociated factor 16 (DCAF16), non-SMC condensin I complex
subunit G (NCAPG), ligand-dependent nuclear receptor co-
repressor-like protein (LCORL). Haplotypes of LAP3 (GO:
0008235, 0004177, 0030145, 0008233, 0097718, 0006508,
0070062, 0005925, 0005737, 0005739, 0005829, 0030496,
0005654) gene is reported [20] to be used as molecular marker
in association with milk production and other performance
related traits. MED28 (GO:0019827, 0051151, 0016592,
0030864) has negative regulation effect on smooth muscle cell

differentiation. In vivo fate mapping showed, that a set of adi-
pocytes arose from smooth muscle-like origin [21]. DCAFI6
(GO:0016567, 0080008) is associated with average daily gain
in cattle [22].

NCAPG (GO: 0007076, 0000793, 0005737, 0000779, 0000796)
is a major player in cellular maintenance processes and a
major contributor to genetic variability in bovine feed effi-
ciency [23]. Expression of NCAPG together with LCORL
(GO:0003677, 0006366, 0006357) measured in adipose and
muscle tissue are associated with cattle feed intake and weight
gain [24]. NCAPG affects arginine metabolism having influ-
ence on body-mass gain and lipid deposition.

Locus rs41630030 on Chr 13 is located close to ADP-ri-
bosylation factor-related protein 1 (ARFRPI), TNF receptor
superfamily member 6b (TNFRSF6B ENSBTAG00000027407).
ARFRP1 (GO:0005525, 0007264, 0034067, 0043001, 0042147,
0007369, 0005802, 0016020, 0005829) is required for the lip-
idation of chylomicrons in the intestine and required for very
low density lipoprotein (VLDL) lipidation in the liver [25],
TNFRSF6B might have role in response to lipopolysaccha-
ride according to one of the GO annotations (GO:0032496).
Its expression has been detected in bovine ovarian follicles [26].
There are also two transcripts overlapping rs41630030; ENS-
BTAT00000045108. 3 (GO:0005524, 0004003, 0032508) and
ENSBTAT00000052120.2. (GO:0003677, 0005524, 0004003,
0032508, 0006139, 0005634). GO annotation number 0006139
suggests this transcript is involved in nucleobase-containing
compound metabolic process.

Nearby locus 1541642251 on Chr 17 preferentially expressed
antigen in melanoma (PRAME) and splicesomal RNA (U1)
loci are located. PRAME (GO:0045892, 0045596, 0043066,
0008284) were shown that lipopolysaccharide together with
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type 2 interferon has increased its expression [27]. Literature
on Ul was not available, however lack of activity of splicing
factor SRSF10 affected development of adipose tissue [28] in
cell culture. Contribution of different splicing events to the
adipose tissue thermogenesis is involved in development of
diet-induced obesity in mice [29].

Fatty acid binding protein 4 (FABP4) alleles in Japanese
Black [30] and in Holstein cattle [31] have effect on IME where-
as in Korean cattle [32] it affects backfat thickness. In Fleckvieh
cattle [33] looked for genomic regions showing associations
with IME analysing diacylglycerol o-acyltransferase 1 (DGAT1),
FABP4, fatty acid synthase (FASN) and peroxisome proliferator
activated receptor gamma coactivator 1 alpha (PPARGCIA)
genes on chromosome 14, 14, 19, and 6, respectively. In our
study, none of them was significantly associated with IMF
content. However in previous studies we demonstrated the
effect of leptin (Chr 4), DGAT1 (Chr 14) and thyroglobulin
(Chr 14) gene polymorphisms on the IMF of Angus cattle [34].

The IMF or marbling represents a valuable beef quality trait
and is important determinant of palatability due to its con-
tribution to juiciness and flavour. Meat with low IMF may be
dry and flavourless. Higher levels of IMF have been associ-
ated with increased tenderness, juiciness and flavour of beef
[35,36]. Molecular tests can provide facilities for direct selec-
tion among variants. However, benefits of different alleles
depend on economic reasons given in the breeding programs.
Herewith we propose to follow up segregation of alleles of
the found loci in the Simmental population, and to continue
phenotypic characterisations in the upcoming generations.
After successful validation, selection for favourable alleles at
reported loci on chromosomes mentioned above (Chr 1, 6,
13, and 17) could be utilised, if increased IMF is desirable.
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