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ABSTRACT. Bovine insulin-like growth factor 1 (IGFI), thyroglobulin (7G), diacylglycerol-O-acyltransferase 1
(DGATI) and myogenic factor 5 (MYF5) genes play an important role in the physiology of lipid and muscle metabolism
and are therefore considered as candidate genes for meat production traits in farm animals. The objectives of this study
were to investigate single nucleotide polymorphisms (SNPs) in IGF1, TG, DGATI and MYF5 genes and to evaluate
whether these polymorphisms affected meat colour, tenderness and cooking loss in Holstein cattle. Initially, the SNPs
were detected by polymerase chain reaction (PCR) and restriction fragment length polymorphism (RFLP) method. Meat
samples (N= 50) derived from M. longissimus thoracis et lumborum (LTL) were used in the current study. Significant
differences in variations of meat colour parameters were observed at 24 hours post-mortem. /GF'1 was associated with
colour parameters of a* and chroma values. In addition, effects of 7G were statistically significant on L* and a* values,
while, effects of MYF5 were significant on a* value. There was no association of the tested SNPs with meat pH, tender-
ness and cooking loss. The results presented here may give the valuable information for improving meat colour in cattle.
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INTRODUCTION

he trend of beef production in many countries

has gradually changed from meat yield to meat
quality (Safiudo et al., 2004; Li et al., 2013). Carcass
and meat quality traits, which are under the control
of polygenic inheritance, are economically import-
ant traits and because meat quality is defined by the
traits that consumer perceives as desirable (Warner
et al., 2010). Among the characteristics considered,
meat colour and tenderness influence the consum-
er’s satisfaction about the quality of a piece of meat
and determine the price accordingly (Grunert et al.,
2004; Mullen et al., 2006; Li et al., 2013). Several
factors have been identified when trying to evaluate
meat colour and tenderness such as breed of animal,
slaughter age, pre- and post slaughter conditions,
aging process, meat pH, amount of connective tissue
and packaging method (Priolo et al., 2001; Warner et
al., 2010; Li et al., 2013; Frylinck et al., 2015). Apart
from these environmental factors, many studies have
investigated genetic effects on the mentioned traits
and on the other hand, several genes associated with
meat quality have been identified and single nucleo-
tide polymorphisms (SNPs) of many candidate genes
have been determined to be highly effective markers
in beef production (Warner et al., 2010; Li et al.,
2013).

Bovine insulin-like growth factor 1 (/GF1) gene
is localized in chromosome 5 and consists of 6
exons (Bishop et al., 1991; Miller et al., 1992).
IGF1 has been shown to be a candidate gene for
growth rate and meat production traits due to its role
in regulation of cell proliferation and animal growth
(Siadkowska et al., 2006). A thymine/cytosine tran-
sition (T/C), also recognizable as RFLP-SnaBI,
at position 472 in the 5’-noncoding region of the
IGF1 gene (GenBank Acc. No: AF210383) has been
reported to be candidate marker for growth perfor-
mance and carcass traits (Li et al., 2004; Curi et
al., 2005b; Siadkowska et al., 2006). Thyroglobulin
(TG) gene is the molecular regulator for the thyroid
hormones including T3 and T4 which are known to
affect adipocyte differentiation and lipid metabolism
(Shin and Chung, 2007; Pannier et al., 2010). TG
gene has been mapped to the centromeric region
of bovine chromosome 14 (Casas et al., 2005) and
has been associated with lipid metabolism and meat

quality traits in various cattle breeds (Barendse,
1999; Barendse et al., 2004; Gan et al., 2008). A
cytosine/thymine (C/T) polymorphism at position
422 of the TG gene (GenBank Acc No: X05380)
has been associated with marbling score (Shin and
Chung, 2007) and back fat thickness (Moore et al.,
2003; Casas et al., 2005). The diacylglycerol-O-ac-
yltransferase 1 (DGATI) gene (Gen Bank Acc. No:
AY065621), maps to chromosome 14, encodes the
microsomal enzyme DGAT1 which is a catalyzer in
the triglyceride synthesis pathway (Li et al., 2013).
A lysine/alanine amino acid substitution in exon
8, at amino acid position 232 (K232A) of DGATI
gene has been demonstrated to be associated with
milk components (Banos et al., 2008; Hradecka et
al., 2008; Cerit et al., 2014) and higher levels of
intramuscular fat (IMF) content in semitendinosus
muscle (Thaller et al., 2003; Pannier et al., 2010;
Tait et al., 2014). The genes of the muscle regulato-
ry factors (MRF) gene family including myogenin
(MYOG), myogenic factor 5 (MYF5), myogenic
differentiation 1 (MYODI) and myogenic factor
6 (MYF6) also called MRF4 or herculin. All four
genes are composed of 3 exons and share homology
(Bhuiyan et al., 2009). Among them, MYF5, mapped
to bovine chromosome 5, was evaluated as a mus-
cle-specific factor and its expression was associated
with myoblast lineage (Kisacova et al., 2009). In
previous studies, polymorphisms in MYF5 gene
have been reported to be associated with growth
traits (Li et al., 2004; Chung and Kim, 2005; Zhang
et al., 2007; Bhuiyan et al., 2009).

The candidate genes were selected for this study
with the objectives to estimate the effects of poly-
morphisms at the /IGFI, TG, DGATI and MYF5
genes which were previously hypothesised to be
genetic factors influencing adipocyte and myoblast
differentiation, lipid metabolism, IMF deposition in
bovine muscle regulation that has noteworthy effects
on meat quality traits (Barendse, 1999; Thaller et al.,
2003; Siadkowska et al., 2006). In the literature there
is a limited information about the effects of the men-
tioned genes on meat colour and tenderness. Hence
the objective of the current study was to evaluate the
association of polymorphisms at four candidate genes
with meat colour, tenderness and cooking loss in
Holstein bulls.
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MATERIALS AND METHODS
Animals and sampling

All animals selected for this study belonged to the
Pedigree Project of the Turkish Ministry of Food,
Agriculture and Livestock, and Cattle Breeders
Association. Ethical approval was received from
Uludag University Local Ethical Committee of
Animal Experiments (Grant No: 2010-03/05). A total
of 50 meat samples derived from purebred Holstein
bulls that were grown on a private farm in the South
Marmara region with the same feeding conditions and
slaughtered at 15-17 months of age were used in the
present study. The mean pre-slaughter weight of the
animals was 469.04+7.65 kg. Previous to slaughter,
stunning method was applied with a captive bolt
stunner. After slaughter, all of the carcasses were
electrically stimulated for a duration of 30 s (60V),
suspended through the Achilles tendon. The carcass-
es were kept in a room at 4°C overnight. 5 cm-thick
meat samples were collected from the M. longissimus
thoracis et lumborum (LTL) at the 12-13" intercostal
area at 24 h after slaughter. The samples were vac-
uum-packed and exposed to ageing period for 6-7
days at 2°C. In addition, 4 mL blood samples were
collected in K,EDTA tubes (Vacutest Kima, SRL,
Italy) from the vena jugularis of each of the bulls for
genomic DNA extraction.

Meat quality evaluation

Meat colour parameters with the CIELAB colour
space system including L* (lightness), a* (redness)
and b* (yellowness) values were evaluated using
Minolta CR 400 colorimeter (Minolta Camera Co.,
Osaka, Japan) with illuminant D65 as the light
source. The device was set to make three measure-
ments and take their average after the calibration cor-
responding to the standard white plate. Colour mea-
surements were repeated 3 times on the meat samples
from a fat-free area and the average of these mea-
surements was evaluated as the final value. Chroma
value (C) was calculated as (a*?+b*?)V? and hue
angle (H) as arctan (b*/a*). Initial measurements of
colour parameters were performed 24 h after slaugh-
ter. Additionally, ultimate pH at 24 h postmortem
was measured using a digital pH meter (Testo 205,
Lenzkirch, Germany). After 6-7 days ageing period,
meat colour was measured immediately after cutting,

after 1 h storage and after 24 h storage on cut surface
of 2.5 cm thick samples from fat-free area (Ekiz et
al., 2009).

In order to measure cooking loss (%), meat sam-
ples were firstly weighed (initial sample weight),
repacked in vacuum, cooked in a waterbath at 75°C
for 1 h and the samples were reweighed (cooked
sample weight). Mean initial weight of the sam-
ples was 300.204 + 9.14 g. Cooking loss (%) was
evaluated from the percentage of weight loss of the
cooked sample compared to initial sample weight by
using the formula of (initial sample weight - cooked
sample weight) / initial sample weight x 100 (Ekiz
et al., 2009). After the measurement of cooking loss,
cooked samples were used to determine shear force
value.

Six rectangular cross section (parallel to the
muscle fibres) subsamples (3 cm long and 1x1 cm
surface area) removed from cooked samples were
sheared across the widest dimension using an Instron
Universal Testing Machine (Model 3343, Norwood,
MA, USA) which was set to 150 mm/min crosshead
speed and 50 kg force applied to the meat. An aver-
age of the values for six sub-samples was accepted
as the Warner-Bratzler shear force (WBSF) value for
that sample (Ekiz et al., 2012).

DNA isolation and genotyping

DNA extraction was performed by a phenol-chloro-
form method as described by Green and Sambrook
(2012). The concentration range (ng/ul) and purity
(absorbance at 260—280 nm) of the DNA samples
was measured with a spectrophotometer (NanoDrop
2000c, Thermo Scientific, Wilmington, DE, USA).
In the current study, genotyping of the SNPs in the
IGF1, TG, DGATI and MYF5 genes was carried out
by PCR-RFLP. Primers used, PCR conditions and
corresponding restriction enzymes are shown in Table
1. The PCR amplification was performed in a total
volume of 50 uL containing 33.5 pL dH,O, 5 pL 10
x Buffer, 5 uL MgSO,, 1 pL dNTPs (2.5 mM), 2.5
U Tag DNA polymerase (Biomatik, A1003-500 U,
5 U/ul), 1 pL (0.025 uM) of each primer and 3 uL
of the DNA sample at a concentration of 100 ng/uL.
PCR amplicons of the IGF1, TG, DGATI and MYF5
genes were subjected to restriction enzyme digestion
with suitable restriction enzymes according to the

JHELLENIC VET MED SOC 2018, 69(3)
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Table 1. Primers used, PCR conditions and corresponding restriction enzymes in the present study

Gene P.C R amp- Forward primer Reverse primer PCR. . Restriction Reference
licon (bp) conditions enzyme
94°C5' (94°C 1, Siadkowska et
IGF1 249 5’ ATTACAAAGCTGCCTGCCCC3’ 5’ACCTTACCCGTATGAAAGGAATATACGT3”  64°C 1',72°C 1') 31 SnaBI al a(Z(;)(;g ae
cycles, 72°C 5’ :
94°C5' (94°C 1, Shin and
e 545 5'GGGGATGACTACGAGTATGACTG3'  5S'GTGAAAATCTTGTGGAGGCTGTA3' 55°C 1',72°C 1') 35 Ml
Chung (2007)
cycles, 72°C 7'
*94°C 4', 10 cycles
(94°C 60 s, 66°C 60s;
—1°C per cycle, 72°C Lacorte
DGATI 411 5’GCACCATCCTCTTCCTCAAG3’ 5’GGAAGCGCTTTCGGATG3’ > ono Cfil etal.
60s), 25 cycles (94°C (2006)
60s, 56 °C 120,
72°C 60s), 72°C 15’
94°C 4’ (94 °C 30s, Kisacova
MYF5 445 5’ACAGCGTCTACTGTCCTGATG3’ 5’CGTGGTATATACTAAGGACAC3’ 58°C 60s, 72°C 60s) Tagl etal. (2009)

38 cycles, 72°C 4

IGFI: insulin-like growth factor 1, TG: thyroglobulin, DGATI: diacylglycerol-O-acyltransferase 1, MYF5— myogenic factor

5 * Touch-down PCR protocol was performed.

suppliers instructions. Briefly, enzyme-buffer mix
was prepared by mixing 2 pL of restriction enzyme
with 8 pL of the respective buffer. Reaction mix
was prepared by mixing 10 uL PCR product with 2
pL of enzyme buffer mix. Volume was made up to
20 pL with autoclaved MilliQ water. Afterwards,
these reaction mixtures were incubated at 37°C for
16 h. The samples were put into the 3% agarose gel
(Sigma Aldrich, Steinheim, Germany) with 1 x TBE
buffer for electrophoretic separation. Ethidium bro-
mide (1 pg.mL") was used as an intercalated reagent.
Electrophoresis ran at voltage max. 90 V per 1 h.
Visualization of DNA fragments was made in using
of gel imaging system (DNR-Minilumi, DNR Bio-
Imaging Systems, Israel). As a reference to estimate
the size of fragments we applied DNA ladder (100—
1000 bp, Biomatik).

Statistical analysis

The genotype and allele frequencies of each SNP
were calculated by the standard procedure (Falconer
and Mackay, 1996). The Hardy—Weinberg equilib-
rium (HWE) was tested for all alleles by using the
POPGENE software v1.32 (Yeh et al., 2000). The
population genetic indexes including gene heterozy-
gosity (He), effective allele numbers (Ne) and poly-
morphism information content (PIC) were estimated
by using the following formulas as described by Nei
and Roychoudhury (1974) and Botstein et al. (1980):

n
He=1- ZPE

i=1
Ne = 1/ZP§

i=1

L0 n-1 n
PIC=1- (ZPE‘) - Z Z 2P? P}
i=1 i=1 j=i+1

Where:
P_was the frequency of the i allele,
n was the number of alleles.

Statistical analyses were carried out using SPSS
v23.0 (IBM, Armonk, NY, USA). Levene’s test was
used to test for homogeneity of the variances. Meat
colour parameters were considered as repeated mea-
sures and analyzed by using the Repeated Measures
of General Linear Model (RM-GLM) procedures.
Orthogonal polynomial contrasts were used to esti-
mate the linear, quadratic and cubic effects of meat
colour variation and time as well as their interactions.
The mix models in the present study, as shown below,
were selected by evaluating the adjusted R? to com-
pare the explanatory power of models with different
numbers of predictors.

s
Yijkimno = i+ IGHF1, + TG; + DGAT1 + MYF5, + LWy, + 5, + Z By Xoypmn + €ijkimno

o=1

Where:
Y = the studied traits; u = the overall mean;

ijklmno
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IGF1,= the fixed effect of the /GFI genotype; Tt Gj
= the fixed effect of the 7G genotype; DGATI, =
the fixed effect of the DGATI genotype;, MYF5,=
the fixed effect of the MYF5 genotype; LW = the
fixed effect of pre-slaughter live weight (m = <430,
431-490, 491<); S, = the fixed effect of season at
the slaughter (» = winter, spring, summer); b =
regression coefficient; X = meat colour parame-
ters measured at different times (o = 1: meat colour
parameters at 24h post-mortem, 2: Oh after ageing, 3:
1h after ageing, 4: 24h after ageing). In addition, the
model for the independent variables (meat pH at 24h
post-mortem, shear force values and cooking loss) is

as follows:
Yijklmno =pu+IGHF1; + TGJ- + DGAT1, + MYFSJ + LWy, + 5, + €ijkimno

When significant associations were identified, the
mean values for each effect were contrasted using
Tukey’s test.

RESULTS

We have amplified the 249 bp fragment in the 5’-non-
coding region of the /GF1I gene. Digestion of the
PCR product with the SraBI nuclease resulted in
two bands (223 bp and 26 bp) for homozygote TT
and three bands (249 bp, 223 bp and 26 bp) for the
heterozygote genotype. The DNA amplified from CC
animals remained undigested with the corresponding
restriction enzyme (Fig 1). The amplified fragment
of the C422T polymorphism (545 bp) in 7G gene
showed three genotypes including CC, CT and TT by
digestion with the restriction enzyme Mfll and the C
allele was cleaved into three bands of 72 bp, 178 bp
and 259 bp, while T allele showed two bands of 72 bp
and 473 bp (Fig 2). However, TT genotype was not

Figure 1. The electrophoresis pattern of C472T
polymorphism within the bovine /GFI gene (M:
Marker; Lanes 2 and 7: CC; Lanes 1,3,4,6,8 and 9:
CT; Lane 5: TT).

400bp.

200bp

Figure 2. The electrophoresis pattern of C422T
polymorphism within the bovine 7G gene (M:
Marker; Lane 5: CT; Lanes 1-4 and lanes 6-8: CC;
Note: TT genotype was not present).

Figure 3 The electrophoresis pattern of K232A
polymorphism within the bovine DGATI gene (M:
Marker; Lanesl1, 5-7, 9,11: AA; Lanes 2 and 8: KA;
Lanes 3, 4 and 10: KK).

Figure 4 The electrophoresis pattern of g.1911A>G
polymorphism within the bovine MYF5 gene (M:
Marker; Lanes 4,6 and 9: Genotype ‘22’; Lanes
1,2,5,7 and 8: Genotype ‘12°; Lane 3: Genotype
‘11°).

present in the current study. The cleavage of a 411 bp
PCR product by Cfrl yielded two fragments of 203
bp and 208 bp and was diagnostic for the AA geno-
type in the DGATI assay. These two bands (203 bp
and 208 bp) were observed as a single band (203 bp
+ 208 bp) in gel electrophoresis pattern. Heterozygote
genotype was cleaved into three bands of 411 bp, 208
bp and 203 bp. Besides the DNA amplified from KK
animals remained undigested with the Cfil nuclease
(Fig 3). Typing MYF5 allelic variation by PCR-RFLP

JHELLENIC VET MED SOC 2018, 69(3)
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Table 2. Allele and genotype frequencies of polymorphisms in /GFI, TG, DGATI and MYF5 genes, population genetic
indices (He, Ne, PIC) and compatibility with the Hardy-Weinberg equilibrium.

SNP IGF1 TG DGATI1 MYF5
Genotypes CC CT TT CC CT TT AA KA KK 11 12 22
N 4 40 6 45 5 0 7 36 7 3 26 21
% 8 80 12 90 10 0 14 72 14 52 42
MAF 0.48 0.05 0.50 0.32
He 0.4992 0.0950 0.5000 0.4352
Ne 1.9968 1.1049 2.0000 1.7705
PIC 0.3745 0.0904 0.3750 0.3405
Y(HWE)* 18.15* 26.36* 9.68%* 1.89

Y’ (HWE): Hardy-Weinberg equilibrium ¥*value, * P<0.001: not consistent with HWE, N: number of experimental bulls,
MAF: minor allele frequency, He: heterozygozity, Ne: effective allele number, PIC: polymorphism information content

bp when digested with Tagl restriction enzyme, while

Table 3. Significant probability values obtained in the

for allele 1, the 445 bp band was diagnostic. The ANOVA
presence of b(.)th alleles (heterozygote genotype: 12) Meat colour parameters
was characterized by fragment sizes 445 bp, 352 bp Effects L e b C T
and 93 bp (Fig 4). Time

The genotypic and allelic frequencies, popula- Linear 0.000 0.028 0.000 0.000
tion genetic indices including He, Ne and PIC and Quadratic 0.005 0.000  0.000 0.000
compatibility with the Hardy-Weinberg equilibrium Cubic 0.020 0.000 0.000
(HWE) are shown in Table 2. Two alleles and three T1rn§ xIGF]

. hS found in th Linear 0.038 0.003 0.044
genotypes in each SNP were found in the current Quadratic 0.000 0.002
study, except for TG because TT genotype was not Cubic
present. Results indicated that the population were Time x 7G
determined not to be compatible for /GFI, TG and Linear 0.050 0.023
DGATI genotypes in the Hardy-Weinberg equilibri- QuaFlratic 0.032 0.014 0.050
um (P<0.001). The minor allele frequencies ranged Cubic
. Time x DGATI
from 0.05 to 0.50 were observed and all markers in Linear
the present study were polymorphic except for 7G, Quadratic
according to the classification reported by Menezes Cubic
et al. (2006). In addition to this, He values ranged Time x MYF5
from 0.0950 to 0.5000, PIC values ranged from Linear 0.027
0.0904 to 0.3750 and Ne values ranged from 1.1049 Quadratic
to 2.0000 were observed in the chi-square statistics. ,Cublc
o L ] Time x Season

In Table 3, significant probability values obtained Linear
in the present study are given for linear, quadratic Quadratic 0.049
and cubic effects. Results indicated that, time effect Cubic
on meat colour parameters was statistically signifi- Tirpe x Live
cant except for linear effect on L* value, quadratic Wil,ght
and cubic effects on a* value and cubic effect on Qllrlfcailrratic
chroma value. Time x /GFI interaction revealed Cubic

; * g% <
linear effect on L*, a* and chroma value (P<0.05). L*: lightness, a*: redness, b*: yellowness, C:chroma, H: hue angle.

JHELLENIC VET MED SOC 2018, 69(3)
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Table 4. Least squares means (xstandard errors) for IGF1, TG, DGATI and MYF5 genotype effects on meat colour pa-

rameters.
Genotype

Parametes I6F1 T DGATI MYFS

CC (N=4) T (N=40) MG (N5 TR M) KAN36 KKORD 110D 12 04-26) 2021)
(L 380 210 3153 137 3421 198 3593 114 3043 197 3250 185 3366 142 3338 197 3418 250 3383 117 3153 128
(L 2594 207 3083 135 2891 194 2862 103 2850 193 2821 182 2853 140 2893 193 20.07 246 2954 115 2907 126
Ly 2647 238 3197 155 2988 224 2943 130 2945 223 2903 209 2924 161 3006 222 2806 283 3000 133 3006 145
P* 2839 227 288 148 3031 214 3085 124 3020 212 3003 199 3080 154 3075 212 2899 270 3160 127 3098 138
@) 15.90 115 11074 075 1147 108 1160 063 1403 108 1335 101 1291 078 1219 108 1225 131 1222 064 139 070"
@ 1459 085 1542 055 1547 081 1520 047 1502 080 1474 075 1556 058 1519 080 1550 102 1502 048 1486 052
@) 1744 126 1808 082 1860 119 1841 069 1773 118 1798 111 1849 085 1775 118 1863 150 1797 070 1761 076
@ 233 155 2055 101 2128 146 2153 084 2124 145 2167 136 2133 105 2116 145 2324 185 2087 087 2005 095
(o) 890 206 922 135 983 194 907 112 957 193 873 18 1036 140 887 193 1023 246 913 115 860 126
(e 38 076 224 049 288 072 298 041 298 071 305 067 288 052 300 071 -353 091 256 043 285 046
(b)" 076 167 241 109 183 15T 13 091 100 156 112 147 133 113 103 156 051 199 159 093 137 102
(e 291 142 453 093 351 134 347 078 343 133 322 125 401 097 372 133 318 170 419 079 358 087
(0 1875 131 1472 08 1528 129% 1504 075 1746 128 1643 120 1697 093 1536 128 1616 163 1569 077 1688 084
g 1509 079 1566 051 1581 074 1555 043 1549 074 1516 0.69 1585 053 1555 074 1591 094 1543 044 1522 048
(o 1750 139 1851 091 1883 131 1864 076 1791 131 1827 123 1865 095 1792 131 1875 166 1824 078 1785 0.5
(P 254 175 2105 L4 2165 164 2196 095 2160 164 2199 153 2176 118 2160 163 2349 208 2138 098 2048 107
(H 052 014 069 008 071 013 066 007 06 013 059 012 068 009 065 013 071 016 06 007 056 008
(H 026 005 015 004 019 005 019 003 021 005 021 005 019 004 009 005 -023 007 017 003 019 003
(Hy" 005 009 011 006 008 008 006 005 004 008 004 007 006 006 005 008 001 011 007 005 006 005
(e 001 006 020 004 015 005 017 003 014 005 012 005 017 004 016 005 011 007 019 003 016 004

L*: lightness, a*: redness, b*: yellowness, C: chroma, H: hue angle

S: represents colour parameters measured at 24h post-slaughter, Oh, 1h, 24h: represents colour parameters measured at Oh, 1h and

24h after ageing period
b Different superscripts within a raw indicate significant difference

significantly affected the linear and quadratic terms
of fitted meat colour development curves. Time x
MYF5 interaction revealed a significant effect on the
linear term of the a* value (P<0.05). Besides, pheno-
typic interactions including time x season and time
x live weight were evaluated in the current study.
However, only quadratic term of the time x season
interaction was observed (P<0.05).

Least squares means (+standard errors) for
IGF1, TG, DGATI and MYF5 genotype effects on
meat colour parameters are shown in Table 4. The
results indicated that /GFI was associated with
colour parameters of a* and chroma value at 24 h
post-slaughter (P<0.05). Meat derived from CC ani-
mals had higher values of mentioned colour parame-
ters compared to alternative genotypes. In the present
study the effects of TG was statistically significant on

L* and a* values (P<0.05). In this respect, on the one
hand meat from CC animals seemed to be brighter
in colour; on the other hand meat from heterozy-
gous animals was redder. In addition, a significant
association was observed between the MYF5 marker
and a* value at 24h post-mortem. The ‘22’ genotype
seemed to be associated with redder meat compared
to alternative variants of the polymorphism (P<0.05).
There was no association between any of the tested
SNPs with meat colour parameters after ageing peri-
od, nor was there any association with variation in
pH, tenderness and cooking loss, as shown in Table 5
(P>0.05).

DISCUSSION

In this work, the result of Hardy-Weinberg disequilib-
rium (P<0.001) in IGFI, TG and DGATIgenotypes
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Table 5. Least squares means (+standard errors) for IGF'1, TG, DGATI and MYF5 genotype effects on pH at 24h post-mor-

tem, shear force and cooking loss.colour parameters.

Parameters

Genotype

GF1 16

CC (N=4) CT (N=40) 1T (N=6) CC(N=45)  CT(N=D)

pH (24h) 594 014 588 009 576 014 574 007 598 (.14
WBSF (kgf/cm2)  3.75  1.31 616 085 422 123 492 071 45 01.22
(L (%) 21.01

336 2492 220 220 0316 23.00 1.83 22.29

MN=7)
582 013 583 011 593 014 591 018
415 115 5.26

3.15 21.84

DGATT MYFS

KA (N=36) KK (N=7) 11(N=3) 12 (N=26) 22 (N=21)

590 0.08 578 0.09
088 471 122 67 15 372 073 369 0.79

296 2560 228 2049 315 2439 401 2178 188 2077 2.05

WBSEF: Warner-Braztler shear force, CL: cooking loss

may have been due to limited sample sizes from the
population and artificial selection of parents for the
milk production traits that should be considered for
Holstein breed. According to the classification of PIC
values (PIC<0.25= low informative polymorphism;
0.25<PIC <0.50= intermediate/mildly informative
polymorphism; PIC>0.50= high informative poly-
morphism), population had intermediate levels of
genetic diversity (Botstein et al., 1980). However, TG
may not be included to the mentioned classification
because of the T allele with low frequency (0.05)
resulting in low genetic variabilities of He, Ne and
PIC.

Meat colour is an extremely influential trait for
commercial markets. Although colour is only slightly
correlated with the eating characteristics of meat, it is
very important for the consumer’s choice (Priolo et
al., 2001; Modika et al., 2015). Recently, many stud-
ies have investigated genetic effects on meat colour,
however, testing of the SNPs in candidate genes may
provide novel aspects to genetic background of meat
quality. Based hereupon, we aimed to assess novel
associations between IGF1, TG, DGATI and MYF5
genes and meat colour at pre- and post ageing pro-
cess. Among them, the polymorphism in /GFI was
significantly associated with colour parameters of a*
and chroma values at 24 h post-mortem (P<0.05).
The CC genotype seemed to be favourable in the
present study. However, there was no association
between the /GFI and any of the colour parameters
after 6-7 days of ageing period. Curi et al. (2005a)
observed significant associations of /GFI genotypes
with body weight and subcutaneous back fat, and the

effects of these genotypes on M. longissimus thoracis
et lumborum area tended to be significant in different
genetic groups of beef cattle.

Moreover, Li et al. (2004) reported that, CC gen-
otype of IGF1 was associated with higher live body
weight at weaning in commercial lines of Bos taurus.
As shown by Siadkowska et al. (2006) the CC geno-
type was found favourable also for feed consumption
and conversion. In the literature, there is insufficient
information about the association between the /GF'1
C472T marker and variation in meat colour to draw
conclusions. Previous studies indicated that, effective
quantitive trait loci (QTL) for meat production traits
(Casas et al., 2000; MacNeil and Grosz, 2002) were
assigned to bovine chromosome 5 (BTAS), where the
IGF1 gene is located. Our results suggest that focus-
ing on this genomic region may be useful in improv-
ing not only growth traits but also meat colour.

Thyroid hormones play an important role in reg-
ulating adipocyte growth and differentiation, fat
depots and homeostasis of the entire lipid metab-
olism. TG is the molecular precursor for thyroid
hormones (Casas et al., 2005). Hence, 7G is con-
sidered as a functional candidate gene as well as a
positional candidate and is widely used in marker
assisted selection programs to improve meat quality
(Shin and Chung, 2007). In the literature, 7G C422T
polymorphism was considered as an effective marker
for marbling scores (Barendse et al., 2001; Grisart
et al., 2002; Burrell et al., 2004; Shin and Chung,
2007), longissimus muscle area (Casas et al., 2005),
intramuscular fat content in M. longissimus thoracis
et lumborum (Thaller et al., 2003) and back fat thick-
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ness (Casas et al., 2005) in various cattle popula-
tions. We report herein the results of a study in which
we evaluated how appropriately 7G C422T polymor-
phism influenced meat colour parameters (linear and
quadratic terms). Meat samples derived from animals
with genotype CC had significantly higher L* values,
but lower a* values at 24h post-mortem compared to
those with heterozygous genotype (P<0.05). Visual
appraisal of meat colour may also be affected by
marbling and a large amount of intramuscular fat can
increase lightness (Fiems et al., 2000). One possible
explanation about the existence of the association
between 7G and meat colour parameters observed in
the current study may be through intramuscular lipid
deposition. The relatively small number of meat sam-
ples involved in the present study does not allow to
draw final conclusions about the effects of 7G C422T
polymorphism on meat colour. However, it would be
particularly interesting to evaluate the novel associa-
tions at the corresponding locus in future studies.
MYF5, which is included in the MYOD gene
family, was considered as a candidate gene for meat
production traits due to its potential roles in prolifer-
ation through muscle fiber development (Bhuiyan et
al., 2009). Results of the gene-specific SNP marker
association analysis for the MYF5 reported by Li et
al. (2004) and Bhuiyan et al. (2009) indicated that,
g2.1911A>G SNP genotypes of MYF5 gene had sig-
nificant effect on average daily gain in Canadian
beef cattle and Korean cattle (Hanwoo) respectively.
Moreover, similar results were observed in the stud-
ies performed by Chung and Kim (2005) and Zhang
et al. (2007). To the best of our knowledge, there
is no information about the association of MYF5
g.1911A>G polymorphism with meat colour param-
eters. Our results revealed that the genotype ‘22’ was
significantly associated with redder meat (higher
values of a*) and seemed to be favourable (P<0.05).
Nevertheless, no significant difference was obtained
for the quadratic and cubic nonlinear terms. MYF5
was mapped to BTAS including considerable overlap
of QTLs regulating not only growth traits but also
meat quality (Casas et al., 2000). Moreover, mus-
cle fibre characteristics may influence meat colour
characteristics, although a few reports exist in cat-
tle (Vestergaard et al., 2000). In this respect, the

results of the current study may provide an alterna-
tive aspect for future studies.

DGATI gene, mapped to BTA14, is functional
and positional candidate gene for traits related to fat
synthesis in both dairy and beef cattle (Curi et al.,
2011). However, there was no association between
the DGATI K232A polymorphism and any of the
phenotypic traits evaluated in the current study. In
addition, there was no association of the tested SNPs
with meat pH at 24h post-mortem, WBSF values and
cooking loss (P>0.05). Meat quality traits such as
tenderness and cooking loss are regulated by many
genes and affected by interactions among them, and
thus, a candidate gene associated with a trait in one
population may have a different effect, or show no
effect at all, in another population due to negative
effects of other genes and epistatic interactions of
the candidate gene with other genes in the population
(Ge et al., 2003). Hence, inconsistent results about
the associations between the same genetic markers
and the mentioned traits can be evaluated as a com-
mon circumstance. On the other hand, indirect selec-
tion of the mentioned loci from the selection for milk
production should be considered for Holstein breed.

CONCLUDING REMARKS

This study focused on the associations of markers in
the IGF1, TG, DGATI and MYF5 genes with meat
colour, tenderness and cooking loss. Novel associ-
ations between the IGFI, TG and MYF5 genotypes
and meat colour parameters traits were observed.
The present results could therefore be indicative for
future studies on meat quality, especially colour eval-
uation, in livestock.
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