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Abstract: The aim of this study was to determine the effects of k-casein, p-lactoglobulin, prolactin, and DGAT1 (diacylglycerol
acyltransferasel) gene polymorphisms on milk yields in Holstein cows raised in Antalya province, Turkey. A total of 517 cows were
genotyped by the PCR-RFLP method to detect k-casein/Hinfl, B-lactoglobulin/Haelll, prolactin/Rsal, and DGAT1/Cfr1 polymorphisms.
In the study, two types of alleles were identified as A and B for k-casein, f-lactoglobulin, and prolactin loci, while K and A alleles were
detected for DGAT1 locus. The frequencies of A and B allele were calculated as 0.8279 and 0.1721 for k-casein, 0.4662 and 0.5338
for B-lactoglobulin, 0.8762 and 0.1238 for prolactin, respectively. The frequencies of the K and A allele were 0.6441 and 0.3559 for
DGAT1. The studied population was found to be in Hardy-Weinberg equilibrium for all of the loci. Association analysis revealed a
significant effect of prolactin-Rsal polymorphism on milk yield (p < 0.05) in which animals with the B allele showed superior value
than the A allele. On the other hand, no statistically significant relation effects of k-casein-Hinfl, p-lactoglobulin-Haelll, and DGAT1-
CfrI polymorphisms on milk yield were observed (p > 0.05). It would be beneficial to increase the number of studies that determine
the variation of existing genes and investigate the effects of these polymorphisms on milk yield characteristics in Holstein cattle. Thus,

obtained results can be used as a selection criterion in marker-assisted selection programs.
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1. Introduction

Animal products are an indispensable food source for
humans due to their biological properties. In this context,
animal production, which is the source of foods such
as meat, milk and eggs, has an important place in the
agricultural sector across the world. Turkey is suitable for
almost all kinds of animal breeding in which cattle breeding
is the most important part of livestock production in the
country. Cattle breeds in Turkey meet approximately 88%
of red meat and 90% of milk production’. Holstein breed,
which has the ability to adapt to a wide range of climatic
zones, is mainly preferred by farmers in Turkey as in
the world, therefore the number of pure and hybrid has
increased rapidly.

Milk proteins contain all of the nine essential amino
acids necessary for humans. Cow’s milk contains 3%-5%
proteins, which of casein consist of approximately 70%-
80% of this protein, whey protein makes up the remaining

20%-30%. Casein is composed of four different types
known as a -casein, a-casein, B-casein and k-casein.
Determination of milk protein variants in different cattle
breeds is an important application aiming to avoid the
increase of mutations that negatively affect specifically
cheese making.

Located on bovine chromosome 6, the k-casein gene?
encodes milk protein important for the structure and
stability of casein micelles. Additionally, k-casein is a very
important protein for cheese making. The rennin enzyme
necessary to make milk coagulate and curdle destabilizes
this protein. In the light of previous studies, the k-casein
gene is seen as a strong candidate gene for MAS in dairy
and beef cattle [1-13].

Whey proteins make up the soluble fraction and they are
composed of several different proteins, the most important
of which are a-lactoalbumin and p-lactoglobulin. Locating
on bovine chromosome 11°, B-lactoglobulin is one of the
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major whey proteins of ruminant species. The biological
functions of this protein are still unclear; however, it could
have a role in the metabolism of phosphate in the mammary
gland, on the transport of retinol and fatty acids within the
gut [14]. Because of its potential for use in genetic selection
of the B-lactoglobulin gene polymorphism, several studies
have been carried out to identify genetic variation and
frequencies of their variants in different cattle breeds [3-
6,9,10,15-18].

Prolactin, known as a lactogenic hormone, is essential
for the initiation and maintenance of lactation. It is mainly
responsible for promoting the synthesis and secretion
of milk proteins, lactose, lipids, and all other major
components of milk [19]. The bovine prolactin gene
is located on chromosome 23* Allelic variation in the
regulatory sequences of these genes could be of interest due
to their possible direct or indirect effects on milk production
and growth performance [19]. The prolactin gene, which
has an important regulatory function in milk production,
is an important candidate gene for QTL. Therefore, in many
studies, the relationships between prolactin polymorphism
and milk yield characteristics were studied [9-26].

The gene of acylCoA-diacylglycerol acyltransferasel
(DGAT1)® is located in the centromeric region of bovine
chromosome 14 and the locus of DGAT1 was identified
as that underlying the quantitative trait locus for milk
production parameters. The DGAT1 is a positional
candidate gene for milk fat percentage with K232A
substitution associated with the higher fat percentage in
Bos taurus [27]. DGAT1 gene polymorphism and the effect
of this polymorphism on milk yield characteristics were
investigated in many studies [21,27-33].

It is normal to observe different variants in the genome
due to genetic variations within and between various species.
It is possible that the presence and frequencies of alleles
encoding milk protein are different among individuals
belonging to different cattle breeds. Their polymorphisms
partly explain the genetic variance and improve the
estimated breeding value. Therefore, milk protein genes
could be useful as genetic markers for additional selection
criteria in dairy cattle breeding.

The aim of this study was to determine polymorphisms
in k-casein, B-lactoglobulin, prolactin, and DGAT1 loci and
their effects on milk yields in Holstein cows registered to the
Cattle Breeders” Association of Turkey in Antalya province.

2. Materials and methods
A total of 517 blood samples were randomly collected from
seven different herds of Holstein cows raised in Antalya

province, Turkey. According to rules of the law approving
ethical handling of animals, the blood samples were taken
from jugular vena into tubes with 5% EDTA and stored
at 4 °C until DNA extraction was performed. Genomic
DNA was extracted from blood using the GenElute Blood
Genomic DNA kit (Sigma Aldrich, St. Louis, MO, USA).
Agarose gel electrophoresis and spectrophotometric
methods were used to determine DNA quality and quantity.
The purified DNA solution containing 50 ng/uL of DNA
was used for all the further analyses. In addition, milk
yield records of 432 cows were obtained from the Cattle
Breeders’ Association of Turkey. According to Akman and
Kumlu [34], cows with consecutive lactations and calving
intervals of 300-650 days were taken into account for the
variance analysis. Additionally, in the records of the cows
to be included in the analysis, attention has been paid that
the lactation period should not be shorter than 220 days
and the milk yield should not be less than 2000 kg [34].

Allele discriminations were based on size differentiation
of k-casein, B-lactoglobulin, prolactin, and DGAT1 genetic
markers. Identification of these genotypes was performed
by the PCR-RFLP method. Extracted DNA samples were
amplified by PCR technique, using the primers are given in
Table 1. PCR amplifications were prepared ina 50 uL volume
containing 0.2 uM of each primer, 4 uL 10X buffer, 25 mM
MgCl, 10 mM dNTPs, 1 U Taq DNA polymerase, and
100 ng template DNA. PCR reaction steps were optimized
for each locus considering the annealing temperatures of
the used primers. Amplified PCR products were digested
with specific restriction enzymes (Table 1) and then these
digested products were separated by electrophoresis on 3%
agarose gel and were visualized under ultraviolet light after
staining with ethidium bromide.

Descriptive and dispersion of allele frequencies were
performed by direct counting from the genotype identified
in the photo documentation of electrophoresis of the PCR-
RFLP. Direct counting was used to estimate phenotype and
allele frequencies of P-lactoglobulin, k-casein, prolactin,
and DGAT1 genetic variants [35]. The probability of
Hardy-Weinberg equilibrium associated with the observed
genotypic frequencies was calculated using the chi-square
(x?) test for the population. The POPGENE [36] package
program was used to determine the observed and expected
heterozygosity values. After standardizing the data, the
relationships between genotypes and milk yield were
analyzed using the SAS statistical package program [37]
according to the model below.

Y =u+a+b+c +Page, +e,,
where Yijkl represents the record of 305 days milk yield,
W is overall the mean, a, is the effect of the i-th farm, b,is
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Table 1. The primer sequences and restriction enzyme of each locus.

Gene Sequences 5-3’ Enzyme Reference

. F: ATCATTTATGGCCATTCCACCAAAG i Patel etal. (4)
frcasen R: GCCCATTTCGCCTTCTCTGTAACAGA infl aetetal

. F: TGTGCTGGACACCGACTACAAAAA
B-lactoglobulin R: GCTCCCGGTATATGACCACCCTCT Haelll Patel et al. (4)
. F: CGGAAGTCCTTATGAGCTTGATTCTT
Prolactin R: GCCTTCCAGAAGTCGTTTGTTTTC Rsal Dybus etal. (20)
F: GCACCATCCTCTTCCTCAAG

DGATI R: GGAAGCGCTTTCGGATG il Kaupe et al. (30)

the effect of the j-th lactation number, ¢, is the effect of the
k-th genotype, {3 is the regression coefficient, age,, is the
effect of age, € is random residual effects.

3. Results

Target fragments of cattle k-casein, B-lactoglobulin,
prolactin, and DGAT1 genes were amplified from the
genomic DNA of 517 Holstein cows registered to the Cattle
Breeders’ Association of Turkey in Antalya province. After
the PCR products obtained for each locus were treated
with the appropriate RE enzymes, target RFLP fragments
were visualized under ultraviolet light (Figure 1).

In the present cows, the k-casein gene was amplified
as a 350 bp fragment comprising a part of exon V of the
genomic DNA. Digestion of the PCR products with Hinfl
enzyme revealed three genotypes as AA (134/132 and 84
bp), AB (266, 134/132, and 84 bp) and BB (266 and 84 bp)
(Picture 1a). In the p-lactoglobulin gene located in exon IV,
digestion of the 247 bp PCR products with HaellIl enzyme
revealed three genotypes as AA (148 and 99 bp), AB (148,
99 and 74 bp), and BB (99 and 74 bp) (Picture 1b). The
prolactin gene located in exon V, digestion of the 156 bp
PCR products with Rsal enzyme revealed three genotypes
as AA (156 bp), AB (156 and 82/74 bp), and BB (82/74 bp)
(Picture 1c). Digestion of the 411 bp PCR products with
Cfrl enzyme revealed three genotypes as AA (208/205 bp),
AK (411 and 208/205 bp), and KK (411 bp) for the DGAT1
gene located in exon VIII (Picture 1d). It is noteworthy that
an unexpected fragment (411 bp) was observed for AA
genotype in the DGAT1/CfrI polymorphism. This could
be attributed to different reasons such as higher volume of
PCR products and/or lower volume of restriction enzyme.

Gene and genotype frequencies were calculated using
the gene counting method of Nei [35] by taking into
consideration the genotypes obtained after the PCR-
RFLP method (Table 2). The calculated chi-square (x?)
values showed that the current population was in Hardy-
Weinberg equilibrium for all loci.

Although a total of 517 cows were genotyped for
k-casein-Hinfl, P-lactoglobulin-Haelll, prolactin-Rsal,
and DGAT1-Cfrl polymorphisms, milk yield records of
only 432 cows were accessible. Therefore, both genotype
and milk yield data of 432 cows were utilized for association
analysis using SAS MIXED procedure (37). Table 3 presents
the mean milk yields according to genotypes obtained
from Holstein cows for 305 days of milking. While the
highest milk yield was found in cows with homozygous
BB genotype in the prolactin gene region, the lowest milk
yield was detected in cows with homozygous BB genotype
in the k-casein gene region. (Table 3).

The results of association analysis showed that the
genotype differences of k-casein, B-lactoglobulin, and
DGAT1 loci had no effect on milk yield, whereas Rsal
polymorphism of the prolactin gene has a significant effect
on milk yield (p < 0.05) (Table 4). In addition to the results
above, it was seen that the differences between farms
and lactations and lactation x farm and age x lactation
interactions in terms of milk yield in existing all loci were
significant (p < 0.05) (Table 4).

According to analysis via the POPGENE software
package program, it can be said that the differences
between the observed and expected genotype frequency
values are not significant in the studied population (Table
5). It is seen that the heterozygosity observed in all loci in
the current population in Hardy-Weinberg equilibrium is
higher than the expected heterozygosity. This situation can
be explained by the use of bulls with different genotypes in
artificial insemination for the current population.

4. Discussion

When k-casein gene Hinfl polymorphism is examined
within the scope of the study, it is seen that the A allele
(0.8279) is quite common compared to the B allele (0.1721)
in the current population. Similar results were reported in
previous studies conducted on Holstein-Friesian and its
crossbreds [1-10,13]. Similarly, in most studies performed
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Marker AA AB AA AB AA AB AA BB

Marker  AA AR AA AB  AB AB BB BB BB PCR
b

Marker AA AA BB AB PCR
c

Marker AA AA A4 A4 KA AA KA A4 A4 AA KK
d

Figure 1. Agarose gel electrophoresis showing PCR-RFLP products (a) Hinfl polymorphism of k-casein gene, AA genotype; 134/132:84
bp, BB genotype; 266:84 bp, AB genotype; 266:134/132:84 bp, (b) Haelll polymorphism of B-lactoglobulin gene, AA genotype; 148:99
bp, BB genotype; 99:74 bp, AB genotype; 148:99:74 bp, (c) Rsal polymorphism of prolactin gene, AA genotype; 156 bp, BB genotype;
82:74 bp, AB genotype; 156:82:74 bp, (d) CftI polymorphism of DGAT1 gene, AA genotype; 208/205 bp, KK genotype; 411 bp. AK
genotype; 411: 208/205 bp.
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Table 2. Genotype and allele frequencies for studied loci.

Genotype frequencies Allele frequencies oA)*
Locus
AA AB BB AK KK A B K
K-casein 0.6925 0.2708 0.0367 - - 0.8279 0.1721 - 1.2875™
B-lactoglobulin 0.2302 0.4720 0.2978 - - 0.4662 0.5338 - 1.3857™
Prolactin 0.7621 0.2282 0.0097 - - 0.8762 0.1238 - 1.4022™
DGAT1 0.1374 - - 0.4371 0.4255 0.3559 - 0.6441 1.1174™
" Chi-square values, ns: Not significant p > 0.005
Table 3. Milk yield obtained from Holstein cows for 305 days of milking according to loci and genotypes.
Locus
K-casein B-lactoglobulin Prolactin DGAT1
MY N SD MY N SD MY N SD MY N SD
AA 6296 303 52.56 6223 106 91.16 6261 333 50.35 - - -
AB 6239 113 103.84 | 6323 202 66.21 6282 96 107.32 |- - -
BB 6111 16 180.82 | 6242 124 90.25 8311 3 1270.71 | - - -
KK - - - - - - - - 6318 188 73.54
é’: KA |- - - - - - - - 6218 203 |62.74
S AA - - - - - - - - 6376 41 169.90
S |aA |- - - - - - - - 6376 |41 169.90

MY: Milk yield (kg), N: Number of animals (head), SD: Standard deviation

on native (Turkish gray, East Anatolian Red, South
Anatolian Red, Anatolian Black) and other European
(Brown Swiss) cattle breeds raised in Turkey, the A allele
frequency of k-casein gene has been reported to be high
[6,8,10,12]. On the other hand, Akyiiz et al. [8] reported
that the A and B allele frequencies are close to each other
for Anatolian Black and Brown Swiss cattle breeds.

The k-casein B allele was found to be one of the most
well-known alleles related to cheese quality [1]. Previous
studies reported that cows with the AA genotype have
higher milk yield [4,9], but they have a negative relationship
with protein yield and protein percentage [2,4]. On the
other hand, Hristov et al. [11] found that cows with the BB
genotype have a 15% higher milk yield than cows with the
AB genotype. It has been reported that the k-casein gene
B variant is associated with the increase in milk protein
and fat content, which are important in cheese production
[2,9]. However, Bartonova et al. [7] put forward that there
are no effects of the Hinfl polymorphism of the k-casein
gene on the fat and protein yield.

In our study, the effect of the k-casein gene
polymorphism on milk yield is not statistically significant.
Similar results were also found in some studies performed
on breeds in Turkey [6]. The A allele of k-casein gene was
found to be associated with high milk yield and low protein
content, while the B allele was associated with high protein
content and milk quality, but low milk yield [1,2,4,9,12].
In the light of previous studies, it is thought that it will be
useful to consider the positive effect of the k-casein gene,
especially the B allele, on cheese production for selection
studies.

In the present population, the B allele frequency
(0.5338) was relatively higher than the A allele frequency
(0.4662), while the AA and BB genotype frequencies were
almost the same distribution for the p-lactoglobulin/
Haelll polymorphism. These results were similar to many
studies conducted especially on Holstein Friesian and
its crossbreds [4,6,9,10,16,17]. In some other studies on
Holstein cattle, the B-lactoglobulin B allele was found quite
higher compared to the A allele [3,5]. Different results
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Table 4. Variance analysis results of loci.

K-casein B-lactoglobulin | Prolactin DGAT1

Fixed effects DF |Pr>F Pr>F Pr>F Pr>F

Age 1 0.1939 0.1837 0.2484 0.1999

Lactation 2 0.0047* 0.0058* 0.0012* 0.0084*

Farm 5 <.0001* <.0001* <.0001* <.0001*

Genotype 2 0.6539 0.5341 0.0311* 0.9139

Lactation x farm 9 0.0006* 0.0011* 0.0020* 0.0005*

Age x lactation 2 0.0196* 0.0207* 0.0387* 0.0349*

Lactation x genotype 4 0.9862 0.5803 0.2496 0.5436

* Significant, p < 0.05, DF: Degree of freedom.
Table 5. Results of heterozygosity and homozygosity statistics of loci.

Lod N }Cl)eliZi(r)‘;;Zosity (Ho) }?:Iile;;,;;osity Ezgf(f;gosity E:‘E:erf)tzeigosity (He) Mean He
K-casein 517 |0.5280 0.4720 0.5018 0.4982 0.4977
B-lactoglobulin 517  |0.7292 0.2708 0.7147 0.2853 0.2850
Prolactin 517 0.7718 0.2282 0.7829 0.2171 0.2169
DGAT1 517 0.5416 0.4584 0.5657 0.4343 0.4407
Mean 517 0.6475 0.3525 0.6396 0.3604 0.3601
Standard Deviation 0.1209 0.1209 0.1312 0.1312 0.1311

N: Number of animals (head)

were found in studies investigated on other cattle breeds
raised in Turkey. The A and B allele frequencies were
found to be close to each other in Brown Swiss and Gray
breeds [18]. While the B allele was found to be higher in
South Anatolian Red [10,18], Brown Swiss [17], Anatolian
Black [10], and East Anatolian Red [10] breeds, the A allele
was detected at a higher frequency in Simmental cattle [6].

Similar to our study, it was found that the
genotypes obtained by the Haelll polymorphism of the
B-lactoglobulin gene had no effect on milk yield in the
studies conducted by Ahmadi et al. [4] and Mohammadi et
al [9]. In addition, it was reported that the effect of genotype
differences of the p-lactoglobulin gene on fat content was
not significant. It was reported that the protein content
in the milk of animals with the BB genotype in terms of
the B-lactoglobulin gene was higher than that of animals
with other genotypes in Holstein cattle [4,9]. At the same
time, Karimi et al. [15] reported that the difference in milk
protein content among genotypes of the p-lactoglobulin
gene was not statistically significant. Additionally, it was
reported that the effect of the B-lactoglobulin AB and AA
genotype had an effect on milk yield, but this effect was not
statistically significant [15].

14

The present study showed that in terms of the prolactin/
Rsal polymorphism, the A allele (0.8762) is quite common
in Holstein cows compared to the B allele (0.1238). This
result was similar to previous studies on Holstein and its
crossbreds [8,19-26]. Similarly, the A allele was detected at
high frequencies in cattle breeds raised in Turkey (0.6617-
0.8610), except for Anatolian Black (A and B frequencies
are close to each other) [8,21,38].

After analyses made by the SAS program, it was
determined that the effect of the Rsal polymorphism of
the prolactin gene on milk yield was significant (p < 0.05).
In particular, it was detected that the milk yield of animals
with the B allele was higher (Table 4). However, it should
not be overlooked that animals with the BB genotype are
very few. It is thought that it will be useful to evaluate this
information obtained in selection studies in dairy cattle
breeding. Similarly, in some studies, it has been determined
that the BB genotype has a significant effect on milk yield
or has a tendency to affect it positively [22,26]. On the
other hand, Khatami et al. [20] and Kepenek [21] reported
that the BB genotype formed by the Rsal polymorphism
of the prolactin gene has a negative relationship with milk
yield, but this relationship is not statistically significant.
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In some studies, it has been stated that the milk yield of
Holstein cows with the AA genotype is higher than that of
cows with other genotypes [21,23,26]. In other studies, it
has been reported that the milk yield of Holstein cows with
the AB genotype is higher than the milk yield of cows with
other genotypes [20,25]. However, there are also studies
reporting that the Rsal polymorphism of the prolactin
gene has no statistically significant effect on milk yield
[19,20,24].

The significant effect of the prolactin/Rsal
polymorphism on milk fat content was reported in
previous studies [19,25]. Dybus et al. [19] found that the
effect of the prolactin gene on fat yield and fat percentage
in milk was lower in animals with the AA genotype than
animals with the AB and BB genotype, and this difference
was statistically significant. Alipanah et al. [22] found that
the milk of animals with the BB genotype had a higher
fat yield compared to the others (BB > AA > AB), and
the milk of animals with the AB genotype was higher in
terms of fat content, but these results were not statistically
significant. However, in some studies, it has been reported
that the milk of animals with the AA genotype has higher
fat content [20,25].

Dybus et al. [19] conclude that the effect of the prolactin
gene Rsal polymorphism on the protein content of milk is
important, on the other hand, Alipanah et al. [22] argue that
the effect of these genotypic differences is not statistically
significant. Singh et al. [26] reported that the prolactin
gene was associated with the number of somatic cells. They
reported that the somatic cell count in the milk of cows
with the AA and AB genotypes was lower than those with
the BB genotype, depending on this result, cows with the
BB genotype would have higher resistance to mastitis [26].

As a result of the Cfrl polymorphism of the DGAT1
gene, 3 genotypes (KK, KA, and AA) could be determined
in this study where the K allele (0.6441), known as the
lysine variant, was quite common in Holstein cattle breed
compared to the A allele (0.3559) known as the alanine
variant. This result was similar to some studies performed
on Holstein Friesian breed [28,30]. On the other hand,
there are many studies in which the A allele is quite high

References

1. Strzalkowska N, Krzyzewski ], Ryniewicz Z. Effects of k-casein
and p-lactoglobulin loci polymorphism, cow’s age, stage
of lactation and somatic cell count on daily milk yield and
milk composition in Polish Black-and-White cattle. Animal
Sciences Paper Reports 2002; 20: 21-35.

2. Tsiaras AM, Bargouli GG, Banos G, Boscos CM. Effect of
kappa-casein and beta-lactoglobulin loci on milk production
traits and reproductive performance of Holstein cows. Journal
of Dairy Science 2005; 88: 327-334.

compared to the K allele for this breed [27,32,33,39]. In
other studies, it has been reported that the K and A allele
frequencies are close to each other in Holstein cattle breeds
[21,23]. After analyses made by the SAS program, any effect
of genotype differences of the DGAT1 gene on milk yield
could not be determined (p > 0.05).

According to the study of Bal and Akyiiz [39], A allele
was detected at higher frequencies in Anatolian Black. On
the other hand, the K allele was higher frequencies (0.7000-
0.9250) in other native cattle [21,38,39].

In previous studies, it was concluded that the milk of
animals with the K allele encoding lysine has a particularly
high fat yield, but low protein and milk yield [21,28,30-32].
In addition, while the effects of the K allele on milk yield
characteristics were found to be statistically significant,
Nowacka-Woszuk et al. [30] and Bobbo et al. [33] reported
that the effect of the K allele on fat yield and Spelman et
al. [28] on protein yield was not statistically significant.
It was reported that the A allele had a significant effect
on milk and protein yield, while the fat content was low
[27,29,30,32].

5. Conclusion

It is thought that polymorphisms in «x-casein,
B-lactoglobulin, prolactin, and DGAT1 genes can be
used as markers to improve milk yield characteristics in
cattle breeds. Also, it was determined that the effect of the
prolactin gene BB genotype on milk yield was significant.
This result can be used as a selection criterion and it
would also be beneficial to increase the number of studies
investigating the effects of milk protein gene polymorphism
on milk yield characteristics. In this context, it will be
able to make significant contributions to milk processing
technology by predetermining of the genetic structure of
cows and candidate bulls to be used in breeding in terms
of the gene regions in said and accordingly selecting them.

Acknowledgment
Akdeniz ~ University  Scientific ~ Research  Projects
Coordination Unit supported this study with project no.
2008.03.0121.011.

3. Patel RK, Chauhan JB, Singh KM, Soni KJ. Allelic frequency of
kappa-casein and beta-lactoglobulin in Indian crossbred (Bos
taurus x Bos indicus) dairy bulls. Turkish Journal Veterinary
Animal Sciences 2007; 31: 399-402.

4. Ahmadi M, Mohammadi Y, Darmani KH, Osfoori R, Qanbari
S. Association of milk protein genotypes with production traits
and somatic cell count of Holstein cows. Journal of Biological
Sciences 2008; 8: 1231-1235.

15



10.

11.

12.

13.

14.

15.

16.

17.

18.

16

SAHIN SEMERCI and BALCIOGLU / Turk ] Vet Anim Sci

Ren D, Miao S, Chen Y, Zou C, Liang X et al. Genotyping of the
k-casein and B-lactoglobulin genes in Chinese Holstein, Jersey
and Water buffalo by PCR-RFLP. Journal of Genetics 2011; 90:
1-4.

Giircan EK. Association between milk protein polymorphism
and milk production traits in black and white dairy cattle in
Turkey. African Journal of Biotechnology 2011; 10: 1044-1048.

Bartonova P, Vrtkova I, Kaplanova K, Urban T. Association
between CSN3 and BCO2 gene polymorphisms and milk
performance traits in the Czech Fleckvieh cattle breed. Genetics
and Molecular Research 2012; 11: 1058-1063.

Akytiz B, Agaoglu OK and Ertugrul O. Genetic polymorphism
of kappa-casein, growth hormone and prolactin genes in Turkish
native cattle breeds. International Journal of Dairy Technology
20125 65:38-44.

Mohammadi Y, Aslaminejad AA, Nassiri M, Koshkoieh AE. Allelic
polymorphism of k-casein, p-lactoglobulin and leptin genes and
their association with milk production traits in Iranian Holstein
cattle. Journal of Cell and Molecular Research 2013; 5: 75-80.

Din¢ H, Ozkan E, Koban E, Togan I. Beta-casein A1l/A2,
kappacasein and beta-lactoglobulin polymorphisms in Turkish
cattle breeds. Archiv Tierzucht 2013; 56: 650-657.

Hristov P, Neov B, Sbirkova H, Teofanova D, Radoslavov G et
all. Genetic polymorphism of kappa casein and casein micelle
size in the Bulgarian Rhodopean cattle breed. Biotechnology in
Animal Husbandry 2014; 30: 561-570.

Kabasakal A, Diindar E, Un C, Seyrek K. Analysis of kappa-
casein (k-casein) gene of associated with milk yield on Turkish
Grey cattle breed. Van Veterinary Journal 2015; 26: 87-91.

Demirel AF, Investigation of the effect of alpha-casein, beta-
casein and kappa-casein gene polymorphism on milk production
and milk component in Holstein cattle with PCR-RFLP method.
PhD, Van Yiiziincii Yil University, Van, Turkey, 2019.

Hill JP, Thresher WC, Boland MJ, Creamer LK, Anema SG et al.
The polymorphism of the milk protein p-lactoglobulin. In: Ras
W, editor. Milk Composition, Production and Biotechnology.
CAB International, Wallingford, UK; 1997. pp. 173-213.

Karimi K, Nassiri MTB, Mirzadeh K, Ashayerizadeh A,
Roushanfekr H et al. Polymorphism of the 3-lactoglobulin gene
and its association with milk production traits in Iranian Najdi
cattle. Iranian Journal of Biotechnology 2009; 7: 82-85.

Oner Y and Elmaci C. Milk protein polymorphisms in Holstein
cattle. Journal of Dairy Technology 2006; 59: 180-182.

Oner Y, Pullu M, Akin O and Elmaci C. Investigation of beta-
lactoglobulin (B-lg) and bovine growth hormone (bGH) genes
polymorphisms by using Haelll and Mspl restriction enzymes
in Brown Swiss and Holstein breeds reared in Bursa region.
Journal of the Faculty of Veterinary Medicine, Kafkas University,
2011;17: 371-376.

Demirci N and Akyiiz B. Detection of beta-lactoglobulin gene
polymorphism by PCR-RFLP in Simmental, Brown Swiss, South
Anatolian Red and Turkish Grey cattle breeds reared privately.
Atatiirk University Journal of Veterinary Sciences 2014; 9: 23-29.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Dybus A, Grzesiak W, Kamieniecki H, Szatkowska I, Sobek Z
et all. Association of genetic variants of bovine prolactin with
milk production traits of Black-and-White and Jersey cattle.
Archiv Tierzucht, Dummerstorf 2005; 2: 149-156.

Khatami SR, Lazebny OE, Maksimenko VEF Sulimova GE.
Association of DNA polymorphisms of the growth hormone
and prolactin genes with milk productivity in Yaroslavl and
Black-and-White cattle. Russian Journal of Genetics 2005; 41:
167-173.

Kepenek ES. Polymorphism of prolactin (PRL), diacylglycerol
acyltransferase (DGAT-1) and bovine solute carrier family
35 member 3 (SLC35A3) genes in native cattle breeds and
its implication for Turkish cattle breeding. MSc, Middle East
Technical University, Ankara, Turkey, 2007.

Alipanah M, Kalashnikova LA, Rodionov GV. Kappa-casein
and PRL-Rsal genotypic frequencies in two Russian cattle
breeds. Archivos Zootecnia 2008; 57: 131-138.

Ghasemi N, Zadehrahmani M, Rahimi G, Hafezian SH.
Associations between prolactin gene polymorphism and milk
production in Montebeliard cows. International Journal of
Genetics and Molecular Biology 2009; 1: 48-51.

Mahajan V, Parmar SNS, Thakur MS, Sharma G. Association
of prolactin gene polymorphism with milk production traits in
Frieswal cattle. Journal of Animal Research 2012; 2: 173-177.

Khaizaran ZA, Al-Razem F. Analysis of selected milk traits
in Palestinian Holstein-Friesian cattle in relation to genetic
polymorphism. Journal of Cell and Animal Biology 2014; 8:
74-85.

Singh U, Deb R, Kumar S, Singh R, Sengar G et al. Association
of prolactin and beta-lactoglobulin genes with milk production
traits and somatic cell count among Indian Frieswal (HF X
Sahiwal) cows. Biomarkers and Genomic Medicine 2015; 7:
38-42.

Winter A, Kramer W, Werner E Kollers S, Kata S et all.
Association of a lysine-232/alanine polymorphism in a
bovine gene encoding acyl-coa: diacylglycerol acyltransferase
(DGAT1) with variation at a quantitative trait locus for milk
fat content. Proceedings of the National Academy of Sciences
of the United States of America 2002; 99: 9300-9305.

Spelman RJ, Ford CA, McElhinney P, Gregory GC, Snell RG.
Characterization of the DGAT1 gene in the New Zealand dairy
population. Journal of Dairy Science 2002; 85: 3514-3517.

Kaupe B, Winter A, Fries R, Erhardt G. DGAT1 polymorphism
in bos indicus and bos taurus cattle breeds. Journal of Dairy
Research 2004; 71: 182-187.

Nowacka-Woszuk J, Noskowiak A, Strabel T, Jankowski T,
Switonski M. An effect of the DGAT1 gene polymorphism
on breeding value of Polish Holstein-Friesian sires. Animal
Science Papers and Reports 2008; 26: 17-23.

Barbosa da Silva MVG, Sonstegard TS, Thallman RM, Connor
EE, Schnabel RD et all. Characterization of DGAT1 allelic
effects in a sample of North American Holstein cattle. Animal
Biotechnology 2010; 21: 88-99.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Winter A%5BAuthor%5D&cauthor=true&cauthor_uid=12077321
https://www.ncbi.nlm.nih.gov/pubmed/?term=Werner FA%5BAuthor%5D&cauthor=true&cauthor_uid=12077321

32.

33.

34.

35.

SAHIN SEMERCI and BALCIOGLU / Turk ] Vet Anim Sci

Pirzad M, Ansari-Mahyari S, Edriss MA. Influence of the
bovine acyl-CoA: diacylglycerol acyltransferasel (DGAT1)
K232A on milk production and somatic cell score Holstein
cows. International Journal of Advanced Biological and
Biomedical Research 2014; 2: 1300-1306.

Bobbo T, Tiezzi F Penasa M, De Marchi M, Cassandro M.
Short communication: Association analysis of diacylglycerol
acyltransferase (DGAT1) mutation on chromosome 14 for
milk yield and composition traits, somatic cell score, and
coagulation properties in Holstein bulls. Journal Dairy Science
2018; 101:8087-8091.

Akman N, Kumlu S. Genetic and Phenotypic Parameters for
305-Day Milk Yield of Turkish Holstein Population. Tarim
Bilimleri Dergisi 2004; 10: 281-286 (in Turkish with an abstract
in English).

Nei M. Molecular evolutionary genetics. Columbia University
Press, New York. 1987.

36.

37.

38.

39.

Yeh FC, Yang RC, Boyle TBJ, Ye ZH, Mao JX. POPGENE,
the user-friendly shareware for population genetic analysis.
Molecular Biology and Biotechnology Center, University of
Alberta, Edmonton, Alberta, Canada. 1997.

SAS, Institute Inc. 2009. SAS/STAT User’s guide, version 9.2.
SAS Institute Inc., Cary, NC.

Unal EO, Kepenek ES, Ding H, Ozer E Sénmez G et al.
Growth hormone (GH), prolactin (PRL), and diacylglycerol
acyltransferase (DGAT1) gene polymorphisms in Turkish
native cattle breeds. Turkish Journal of Zoology 2015; 39: 1-15.

Bal O, Akyiiz B. Detection of diacyglycerol o-acyltransferase
1 (DGAT1) gene polymorphism by PCR-RFLP method in
East Anatolian Red and Native Black cattle breeds at villages.
Journal of Faculty of Veterinary Medicine, Erciyes University
2014; 11: 7-13.

17



