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Abstract
The aim of this study was to characterize the bovine fatty acid binding protein (FABP4) gene 
3691G>A and 2834C>G polymorphisms and to evaluate interaction effects on the live weight, 
carcass characteristics and meat quality of Holstein bulls in the South Marmara region of Turkey. 
A total of 400 Holstein bulls grown on a private farm and slaughtered at 14–21 months of age, 
were randomly selected for use in this study. Initially, genotyping was performed by PCR-RFLP 
method and statistical analysis was carried out using least square methods of the GLM procedure. 
A SNP located in intron 1 (2834C>G) was associated with desirable increases in live weight, hot 
carcass weight and chilled carcass weight, and a SNP located in exon 3 (3691G>A) was associated 
with significant increases in marbling scores and first compressive stress point of the longissimus 
dorsi muscle (P<0.05). The interaction analysis of the 3691G>A and the 2834C>G polymorphisms 
revealed significant effects for hot carcass weight, chilled carcass weight and backfat thickness 
(P<0.05). There were no significant associations between the SNPs and carcass measurements. 
Results indicated that the FABP4 3691G>A and 2834C>G polymorphisms and the 3691G>A and 
2834C>G interactions can be used as selection parameters in breeding programmes to improve 
meat yield and carcass characteristics.

Key words: FABP4, gene polymorphism, carcass characteristics, meat quality, Holstein

Genetic modification in the desired direction is necessary to achieve permanent 
and continuous progress in improving qualitative and quantitative features that are 
economically important in meat cattle production. For this purpose, the use of ge-
netic markers to increase the frequency of desired genes in herds, based on selection 
in breeding programmes, can be used to determine properties that emerge in the 

*This project was supported by the Uludag University Scientific Research Projects Centre (UAPV-20).
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later stages of life, such as carcass characteristics and meat quality (Świtoński et al., 
2002). Determining the expected yield and quality of meat today can be facilitated 
increasingly by the use of molecular studies.

In many countries, meat production can be divided into two major categories: the 
first one comprises companies that produce a combination of dairy or meat products, 
and the second comprises production from specific beef herds (Kinghorn, 1998). 
Cattle farms in Turkey generally produce dairy cattle and dual-purpose breeds,  
and the number of beef breeds is limited (Sagsöz et al., 2005). Holstein breed com-
prises by far the most numerous cattle breed in Turkey (Turkvet-Turkish Ministry  
of Food, Agriculture and Livestock Database, 2015), and therefore, improvement 
of the potential of Holstein meat should be considered to increase beef produ- 
ction. 

Data concerning the quality of meat are often obtained after slaughter. Therefore, 
it is difficult to analyse meat quality-related properties in a living animal (Tait et al., 
2014). Marker-assisted selection for genetic improvement of meat quality has very 
high potential (Curi et al., 2005; Gill et al., 2009). In recent years, many genes as-
sociated with growth rate, carcass weight, lean meat, marbling and texture have been 
specifically determined (Li et al., 2013). One of the most important characteristics 
of beef cattle is fat deposition and its regulation in different tissues. The amount 
of fat stored in different tissues directly affects the quality of the meat and plays  
a very important role in consumer choice (Mannen, 2011; Warner et al., 2010). Fatty 
acid binding protein 4 (FABP4) gene belongs to the family of intracellular lipid-
binding proteins which has nine tissue-specific cytoplasmic FABP members (Cho 
et al., 2007) and has a very crucial role in regulating lipid and glucose homeostasis 
(Schultz et al., 2000; Tansy et al., 2003; Michal et al., 2006). Bovine FABP4 gene, 
located on chromosome 14 where the functional and positional genes related to fat 
metabolism are localized, was suggested as a genetic factor influencing lipid catabo-
lism (Casas et al., 2003; Fortes et al., 2009). Lipid hydrolysis and intracellular fatty 
acid transitions are carried out by the bovine FABP4 gene through its interactions 
with hormone sensitive lipase (Tansy et al., 2003). 

The FABP4 gene encoding fatty acid binding proteins has an important function 
in fatty acid intake, transport and metabolism; is primarily expressed in adipose tis-
sue; and participates in intracellular fatty acids (Gerbens et al., 1998; Matarese and 
Bernlohr, 1988). Because of these effects, the FABP4 is defined as a functional and 
positional candidate gene for lipid synthesis, obesity (Ogino et al., 2003; Thompson, 
2004), and fat distribution rate in muscle (Thaller et al., 2003; Michal et al., 2006; 
Barendse et al., 2009) as it is located within a quantitiative traits loci (QTL) region 
(Cattle QTL Database, 2009). To the best of our knowledge, there is no information 
about the FABP4 3691G>A and 2834C>G polymorphisms in Holsteins. 

Determination of possible associations between gene polymorphisms and carcass 
characteristics may be useful in improving meat yield and quality. Therefore, the 
aim of this study was to investigate the bovine FABP4 gene 3691G>A and 2834C>G 
polymorphisms and interaction effects that are associated with live weight, carcass 
characteristics and meat quality in Holstein bulls in the South Marmara region of 
Turkey. 
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Material and methods

Animals 
A total of 400 Holstein bulls that were grown on a private farm in the South Mar-

mara region and slaughtered at 14–21 months of age were selected randomly for the 
collection of genotype and carcass traits. All animals (Turkish origin) 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 
(05.09.2012/74). Animals were fasted for 12 hours, and pre-slaughter body weights 
were recorded by precision balance to within 100 grams. Previous to slaughter, stun-
ning method was applied with a captive bolt stunner.

Carcass characteristics
For the study, live weight (LW), hot carcass weight (HCW) and chilled carcass 

weight (CCW) of all animals were recorded. CCW was measured after 24 hours at 
4°C. The dressing percentage (DP) was calculated based on HCW. After slaughter, 
carcass length (CL), rump length (RL), rump width (RW), chest width (CW) and 
inner chest depth (ICD) dimensions were measured with a caliper, cane and ruler. 
CL is the distance from the os pubis to the tip of the 1st rib, and RL is the distance 
from the os calcaneus to the median point of the os pubis. RW was measured (n=365) 
from the rump circumference starting from the point opposite the meat section to 
the line connecting the center of the os pubis and the os calcaneus. CW is the outer 
side of the half carcass section from the 6th rib tip to the 6th vertebrae, and ICD was 
measured from the 6th rib tip to the 6th vertebrae on the inner side of the half carcass 
section. Backfat thickness (BFT) was measured from the lateral side of the musculus 
longissimus dorsi corresponding to ¾ of the 12th rib alignment (Sagsöz et al., 2005). 
The 12th rib surface of the musculus longissimus dorsi (MLD) area was copied to 
acetate paper after the 12th intercostal region had been cut, and the surface area was 
calculated by using a planimeter (Ushikata X-Plan 380d III). 

Meat quality traits
Meat quality traits evaluated were marbling score (MS), pH, colour (L*, a* and 

b*) parameters, Warner-Bratzler shear force (WBSF), first compressive stress point 
(FCS), cooking loss (CL) and water holding capacity (WHC) in the present study.

The marbling score was evaluated by using a scale (visual evaluation) according 
to the USDA standards to represent 9 degrees of marbling (practically devoid, traces, 
slight, small, modest, moderate, slightly abundant, moderately abundant, abundant) 
for determining the fat distribution between the muscle fibres (Hilton et al., 1998). 
The pH was measured in the musculus longissimus dorsi between the 12th and 13th 
ribs with an electronic pH meter (Testo 205 pH meter). Meat colour measurements 
were performed with a spectrocolorimeter (Konica Minolta CM508d) that uses the 
coordinate system of L* (lightness), a* (redness) and b* (yellowness). The D65 light 
source was selected. The device was calibrated with the standard white plate before 
measurements. The spectrocolorimeter was set to make 3 measurements and take 
their average. Measurements were repeated 3 times on the meat samples of musculus 
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longissimus dorsi that had been chilled for 24 hours at 4°C after slaughter, and the 
average of these measurements was evaluated as the final value. 

Five-centimetre-thick meat samples from the musculus longissimus dorsi (12th-
13th intercostal area) were taken from 50 bulls randomly selected to determine the 
parameters of tenderness, CL and WHC. The samples derived from musculus longis-
simus dorsi vacuum-packed and aged for 8–10 days at 2°C. This procedure of aging 
was only used in order to provide a wider range in tenderness. Thus, ageing length 
was not considered in the statistical analysis (Destefanis et al., 2008). At the end of 
the pre-established ageing period, each sample was stored at –20°C until utilization. 

Initially, the meat samples were thawed in a cooler at 2°C for 24 hours. In order to 
measure CL (%), meat samples were firstly weighed, and then cooked in a 75°C wa-
ter bath for 60 minutes and cooled for 60 minutes under water. After being removed 
from their package and dried, the samples were weighed. CL (%) was evaluated 
from the before and after cooking weights: the formula of (weight before cooking – 
weight after cooking)/weight before cooking × 100 was used (Juszczuk-Kubiak et 
al., 2004). After the measurement of cooking loss, cooked samples were used to 
determine shear force value. 

 Shear force values of sub-samples were determined using an Instron Universal 
Testing Machine (Model 3343) equipped with a Warner-Bratzler (WB) shear force 
apparatus. The force applied to the meat was set to 50 kg, and blade speed was ad-
justed to 150 mm/min. To determine the peak shear force, 6 meat samples, 3 cm long 
and with 1×1 cm sections, were prepared, the maximum force was applied during 
cutting of the blade (kg/cm2), and the force × time graphics were recorded. WBSF 
value and FCS of each sample were determined by taking the average of the meas-
urements obtained from the 6 samples (Thompson, 2004). A ‘modified Grau and 
Hamm’ method was applied to determine the WHC (Grau and Hamm, 1953). 

Genomic DNA isolation
For this study, 4 ml blood samples were collected in EDTA tubes from the vena 

jugularis of each of the bulls. The blood samples were stored at 4°C and sent to 
Uludag University Faculty of Veterinary Medicine, Laboratory of Genetics. DNA 
isolation was performed by a phenol-chloroform method. The amount and purity of 
the DNA samples was measured with a spectrophotometer (NanoDrop 2000c). DNA 
samples were stored at –80°C until the PCR-RFLP was performed.

PCR-RFLP analysis
In this study, the 3691G>A polymorphism located in exon 3 and the 2834C>G 

polymorphism located in intron 1 of the FABP4 gene were examined by the PCR-
RFLP method. A nucleotide position at 3691 revealed an amino acid substitution 
(Valine to Methionine) in FABP4 3691G>A SNP. PCR was performed with appropri-
ate primers on the obtained DNA samples as described by Shin et al. (2012).

(a) FABP4 3691G>A (565 bp- identified with Nla III)
F: 5’ ACCCCTATGATGCTATTCCACA 3’
R: 5’ ATACGGTTCACATTGAGAGGGA 3’
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(b) FABP4 2834C>G (590 bp- identified with Hpy188I) 
F: 5’ GCTGCTCTCTCATGGTTAAGATGG 3’ 
R: 5’ CCTTGACTTTCCTGTCATCTGG 3’ 

The PCR amplification was performed in a total volume of 50 μl containing 33.5 μl 
dH2O, 5 μl 10× Buffer, 5 μl MgSO4, 1 μl dNTPs (2.5 mM), 2.5 U Taq DNA polymer-
ase (Biomatik, A1003–500U, 5U/μl), 1 μl (0.025 μM) of each primer, and 3 μl of the 
DNA sample at a concentration of 100 ng/μl. The DNA amplification reactions were 
performed in a Thermal Cycler (Palm Cycler GC1-96, Corbett Reseach) with ther-
mal conditions as follows: 95°C for 4 min, followed by 35 cycles of 94°C for 1 min, 
60°C for 1 min, and 72°C for 1.5 min, followed by a final extension step at 72°C for 
5 min. After amplification, 15 µl of the PCR product with each SNP was digested in 
15 units of the corresponding restriction enzyme. These reactions were incubated at 
37°C for 16 hours. The digestion products were then electrophoresed in 3% agarose 
gel (Sigma Aldrich, Steinheim, Germany) at 85–90 v for 1 hour after incubation and 
photographed with a gel imaging system (DNr-Minilumi).

Statistical analysis
The Hardy-Weinberg equilibrium (HWE) was tested for all alleles by using the 

Court Lab HWE Calculator. The effects of single and combined genotypes on the 
traits studied were analysed by the least-squares method as applied in a general linear 
model (GLM) procedure of Minitab (MINITAB®, USA, v17.1.0) according to the 
following listed statistical models. 

The model for the slaughter and carcass traits is as follows:

Yijklm = µ + Si + Wj + AGk + CGl + Ikl+ eijklmn

where:
Yijklm = the studied traits;
µ = the overall mean;
Si = the fixed effect of season at the slaughter (i = winter,…, summer);
Wj = the fixed effect of age at slaughter (j = ≤14, 15, …, 20, ≤21);
AGk = the fixed effect of the FABP4 genotype for the 3691 G>A (k = GG, GA, 

AA);
CGl = the fixed effect of the FABP4 genotype for the 2834C>G (k = CC, CG, 

GG);
Ikl = the fixed effect of the interaction of the 2834G>A and the 2834C>G geno-

types;
eijklmn = the random residual effect.

The model for the meat quality traits is as follows:

Yijklm = µ + Si + Wj + AGk + CGl + β (Xim– Xm) + eijklmn
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where:
Yijklm = the studied traits;
µ = the overall mean; 
Si = the fixed effect of season at the slaughter (i = winter,…, summer); 
Wj = the fixed effect of live body weight at slaughter (j = <429, 430-479, 480-529, 

530<); 
AGk = the fixed effect of the FABP4 genotype for 3691G>A (k = GG, GA, AA);
CGl = the fixed effect of the FABP4 genotype for 2834C>G (k = CC, CG, GG); 
β (Xim – Xm ) = the regression effect of slaughter age on the WBSF, FCS, CL or 

WHC (m=381 to 786);
eijklmn = the random residual effect.

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

Results

Polymorphism in the FABP4 gene
We investigated two SNP located in exon 3 and intron 1 of the FABP4 gene, as 

reported by Shin et al. (2012). The gene frequencies, population genetic indices (He, 
PIC) and compatibility with the Hardy-Weinberg equilibrium are shown in Table 1. 
Results show that the population was determined not to be compatible for either gen-
otype in the Hardy-Weinberg equilibrium (P<0.001). The 3691G>A showed the low 
frequency of allele A (27%) while the 2834C>G showed the low frequency of allele 
C (39%) in the present study. For the polymorphism of 3691G>A, even though the 
GG genotype frequency is close to the GA frequency, the AA genotype frequency is 
rather low compared to the other two genotypes (4%). Besides, the frequency of the 
GC genotype in the 2834C>G polymorphism is high compared to that of the other 
two genotypes, the frequency of the CC genotype is relatively low (9%).

Table 1. FABP4 3691G>A and 2834C>G gene frequencies, population genetic indices and HWE test 
for genotypes in Holstein population

3691 G>A Genotype 2834 C>G Genotype

AA GA GG CC GC GG

N 16 183 201 36 243 121

% 4.00 45.75 50.25 9.00 60.75 30.25

MAF 0.27 0.39

He 0.3942 0.4758

PIC 0.3165 0.3626

χ2(HWE)* 10.75 29.69

χ2(HWE): Hardy-Weinberg equilibrium; χ2 value; *P<0.001.
N: number of experimental bulls; MAF: minor allele frequency; He: heterozygosity; PIC: polymorphism 

information content; HWE: Hardy-Weinberg equilibrium.
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In this study, the minor allele frequencies for 3691G>A and 2834C>G markers 
were 0.27 and 0.39 respectively (Table 1). According to the classification reported by 
Menezes et al. (2006), which considered a polymorphic locus when the frequency of 
the most common allele was lower than 0.95, both markers in the present study were 
polymorphic. The 2834C>G marker indicated a higher value of heterozygosity (He) 
compared with 3691G>A polymorphism. The polymorphism information content 
(PIC) values were 0.3165 for 3691G>A and 0.3626 for 2834C>G. According to the 
classification reported by Botstein et al. (1980), a marker with a PIC value higher 
than 0.5 is considered to be very informative, whereas values between 0.25 and 0.5 
are mildly informative, and values lower than 0.25 are not informative. The PIC 
values found for 3691G>A and 2834C>G, indicated that the markers were mildly 
informative in the present study.

Relationship between the FABP4 genotypes and carcass traits and meat 
quality 

The results of the association analysis between polymorphisms and carcass traits 
and meat quality parameters are shown in Tables 2–4. Table 2 shows least square 
means of LW, HCW, CCW, DP, BFT, MLD area, MS and carcass pH for FABP4 
3691G>A and 2834C>G genotypes. The results indicated that bulls with the GG 
genotype for 3691G>A had a significantly greater MS (P<0.05). The polymorphism 
2834C>G was significantly associated with the following traits: LW, HCW and CCW 
(Table 2). In addition, significant associations (P<0.05) were found between FABP4 
3691G>A / 2834C>G interaction and HCW, CCW and BFT.

Table 4. Least square means for FABP4 3691G>A and 2834C>G genotype effects on WBSF, FCS, CL 
and WHC (N=50)

Genotype N WBSF
(kg/cm2)

FCS
(kgf/cm2)

CL
(%)

WHC
(%)

3691 G>A

AA 5 10.36 110.36 a 34.80 15.25

GA 21 4.68  45.31 b 24.73 13.08

GG 24 5.44 53.78 b 24.77 12.52

NS P<0.05 NS NS

2834 C>G

CC 9 6.80 68.85 27.09 13.48

GC 25 6.51 67.27 28.52 13.81

GG 16 7.17 73.33 28.69 13.57

NS NS NS NS

PSE 4.30 44.18 11.28 4.94

N: number of animals; WBSF: Warner-Bratzler shear force; FCS: first compressive stress; CL: cooking loss; 
WHC: water holding capacity; PSE: pooled standard error; NS: non-significant.

a, b – different letters within a column indicate significant difference (P<0.05).
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Table 3 shows that non-significant differences among FABP4 genotypes were 
found for carcass measurement and meat colour parameters (L*, a* and b*). Interac-
tion analysis revealed similar results, and these were found to be statistically non-
significant (P>0.05). However, the association between FABP4 3691G>A/2834C>G 
and a* value tends to be significant (P=0.059). 

Least square means, shown in Table 4, indicated that bulls with AA genotype for 
FABP4 3691G>A had a significantly greater FCS in the longissimus dorsi muscle 
(P<0.05), while no difference was observed in WBSF. Besides, the association of the 
FABP4 genotypes with CL (%) and WHC was found to be non-significant.

Discussion

Polymorphism in the FABP4 gene
The present results showed a lower frequency of allele A (27%) of the 3691G>A 

polymorphism in Holstein breed, resulting in low genetic variabilities of He and PIC 
compared with the 2834C>G polymorphism. A similar frequency (21%) has been 
reported by Shin et al. (2012) in Hanwoo cattle. With respect to the 2834C>G poly-
morphism, allele G was more frequent (61%). However, Shin et al. (2012) reported 
that the frequency of allele C was higher (59%) than that of allele G. Nevertheless, 
the allele and genotype frequencies are known to vary between breeds and even be-
tween different populations of the same breed. Evaluating the existence of epistasis, 
genetic linkage and pleiotropy is important to consider different combinations of the 
polymorphisms (Carvalho et al., 2012). 

Relationship between the FABP4 genotypes and carcass traits and meat 
quality

Our results indicated that polymorphism within FABP4 gene may be associated 
with meat yield and quality. In the association analyses, the polymorphism 2834C>G 
significantly affected the LW, HCW and CCW (P<0.05). Among the factors con-
sidered, animals with CC genotype had higher rates of corresponding traits com-
pared to the other two genotypes in the present study. Conversely, Shin et al. (2012) 
found no association of 2834C>G with CW in Hanwoo cattle. Breed type and the 
production environment of the animals determine the slaughter weight and carcass 
traits (Sanudo et al., 2004). Besides, studies on the association of the FABP4 gene 
with meat and carcass yield in Holstein are insufficient (Narukami et al., 2011). The 
3691G>A did not directly influence the carcass weights in the present study. How-
ever, the FABP4 3691G>A / 2834C>G interaction analysis showed that animals with 
AACC and GACC genotypes were significantly different compared to those with 
other genotypes (P<0.05). These results indicated that evaluation of the CC genotype  
in the 2834C>G polymorphism and the GA genotypes in the 3691G>A polymor-
phism may provide valuable benefits for LW, HCW and CCW. Further studies in-
vestigating these markers need to be performed before using them in marker-assisted 
selection.
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Our results suggested that the individual effects of these SNPs were not statisti-
cally significant for BFT. Shin et al. (2012) also found no significant association 
between the FABP4 polymorphisms and BFT in Hanwoo cattle. Interestingly, the 
combined effects of the 3691G>A and the 2834C>G polymorphisms indicated a sta-
tistically significant interaction (P<0.05) in our study. Animals with the AAGG geno-
type exhibited both low fat and low body weight. Moreover, the decrease in body 
weight in animals with the AAGG genotype might be caused by the low fat storage 
capacity of these animals, as these animals also had lower values for carcass length, 
rump height and width, chest width, and inner chest depth compared to the other 
genotypes. These results demonstrated that a portion of the differences in live weight 
and carcass weight is dependent on the overall fat content of the individual. Michal et 
al. (2006) reported significant associations of the FABP4 g.7516 G>C polymorphism 
with subcutaneous fat depth and deposition in F2 Wagyu × Limousin cattle. SNP 
g.7516 G>C contained a restriction site of Msp A1I that was 20 bp away from the 
identified SNP of the FABP4 3691G>A in our study. In the literature there is limited 
information about the association of 3691G>A and 2834C>G markers with carcass 
characteristics and our results suggest that focusing on this genomic region may be 
useful in improving these traits. 

Marbling is an important meat quality trait in that it contributes directly to the 
value of meat on customers choice, but information about the genetic basis of this 
trait is limited (Harper et al., 2004). FABP4 is known as an important gene regulating 
the fat content among muscle fibres, thus influencing the marble appearance (Ma-
harani et al., 2012). Therefore, information of the SNPs in FABP4 is very important 
to provide clues about the genetic variations of meat quality which are determining 
factors in cattle industry and commercial lines. In the present study, 3691G>A poly-
morphism of the FABP4 gene was significantly associated with MS (P<0.05). The 
statistical analysis revealed that the effects of the GG genotypes in the 3691G>A 
SNP were significantly greater than the AA and heterozygote genotypes for MS. The 
results may imply that animals with allele G have a great impact to commercial mar-
kets. Accordingly, the present study supports the findings of Shin et al. (2012) and 
suggests 3691G>A locus as an important genetic marker in breeding programmes for 
the improvement of meat quality traits. In this respect, evaluations of the associations 
between bovine FABP4 and meat quality traits may provide tremendous economic 
benefits.

The statistical analysis revealed that the effects by the AA genotype for the 
3691G>A SNP were significantly associated with an increase in FCS (P<0.05), but 
showed no detectable effects of FABP4 polymorphisms on WBSF. Studies performed 
with larger populations may be needed to confirm these associations.

A number of potential candidate genes containing genetic variants have been 
evaluated to identify novel associations with economically important traits. It is also 
important to consider how genotypic interactions influence the phenotypic varia-
tions. The functional significance of the genes with the substitution of amino ac-
ids by SNPs may change protein structures, resulting in altered mRNA translation 
and protein synthesis mechanisms. However, presence or absence of an intron can 
dictate the mechanism of mRNA export. The export pathway used might depend 
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on alternate promoter usage and could influence gene expression on several levels. 
Therefore evaluating the exon-intron mechanisms plays a key role to understand the 
genetic background of quantitative traits (Le Hir et al., 2003). Our results indicate 
that the interactions between the 3691G>A (exon 3) and 2834C>G (intron 1) poly-
morphisms for HCW, CCW and BFT may be evaluated as a selection parameter. 
Thus, the results suggest that significant economic benefits can be achieved from 
selecting for these SNPs. 

Conclusions
Our study showed that FABP4 gene polymorphisms may have potential for meat 

yield and quality. Besides, this study is the only report investigating the FABP4 
3691G>A and 2834C>G polymorphisms in Holstein populations to evaluate the car-
cass characteristics and meat quality. Focusing on these possible associations and 
characterization of FABP4 is highly relevant for elucidating the influence of this 
genomic region on observed carcass characteristics and meat quality traits such as 
weight gain, fat deposition, marbling score and body-fat mass in marker-assisted 
selection programmes. Moreover, the results could therefore be indicative for future 
studies on lipid and glucose homeostasis in livestock.
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