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University of Ondokuz Mayis, 55139, Samsun, Turkey

Correspondence: Ozden Cobanoglu (ocobanoglu@uludag.edu.tr)

Received: 14 December 2020 – Revised: 5 July 2021 – Accepted: 6 September 2021 – Published: 23 September 2021

Abstract. This research was carried out to determine the effect of a specific single nucleotide polymorphism
(SNP) region in exon 10 of the growth hormone receptor (GHR) gene on milk production traits in Jersey and
Holstein cows raised in Turkey. Milk samples were recorded as a test day milk yield (TDMY) and an adjusted
based 305 d milk yield (305-DMY). Also, milk component traits were detected. Based on the scope of this study,
a total of 748 dairy cows, including 305 Holsteins raised in the Marmara Region and 163 Holstein and 280 Jersey
raised in the Black Sea Region, were genotyped for the GHR gene using the RFLP-PCR technique. Jersey cows
carrying the GG genotype (5.24 %) were associated with higher fat content (P < 0.05). Jersey cows with GG
and AG also had a higher protein content (3.44 % and 3.38 %, respectively) (P < 0.05). Similarly, the protein
content was the highest in Holstein cows with the GG genotype (3.46 %) (P < 0.01), whereas Holstein cows
having AA genotypes displayed higher TDMY (24.64 kg/d) (P < 0.05) and 305-DMY (8472.4 kg) (P < 0.01).
The estimated increase in milk protein and fat contents due to the G allele was 0.07 % and 0.22 % in the Jersey
breed, respectively. On the other hand, allele A was highly related to an increase in protein yield and 305-DMY
of 0.04 and about 675 kg in the Holstein breed, respectively. The GHR gene should be considered as a potential
candidate gene in marker-assisted selection programs to improve the performance of milk and related traits in
Turkey dairy cattle populations.

1 Introduction

In dairy cows, new selection strategies have focused on the
most important economic traits such as milk production and
milk composition traits. Thus many studies have been per-
formed to identify candidate genes associated with these
types of production traits. The association test as a method is
used for genetic dissection of quantitative traits based on in-
formation regarding biological, physiological, or functional
processes. The variation in allelic genes in structural and reg-
ulatory regions of these genes can affect the diversification
of the amount and composition of milk. Several genes have

been identified in different dairy cattle breeds. One of the
genes that affects these traits is the growth hormone receptor
gene (GHR) (Hartatik et al., 2015).

The growth hormone receptor gene contains many
metabolic and physiological actions and a well-known soma-
totropin (Rahbar et al., 2010). The growth hormone receptor
gene is a member of the cytokine/hematopoietin family with
three functional extracellular domains (Maj et al., 2006). The
gene encodes the protein which operates as a transmembrane
receptor for the growth hormone (GH). The growth hormone
receptor gene mediates GH to fulfill its biological role in
metabolic activity and growth on the target cell surface by
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transducing the signal through the cell membrane (Lincoln
et al., 1995). The bovine GHR gene is located on chromo-
some 20 and contains nine (numbered 2 to 10) exonic regions
in the translated part and a long 5′-noncoding region (Jiang
and Lucy, 2001; Maj et al., 2004). Several genetic polymor-
phisms were detected in the bovine GHR gene. These poly-
morphic sites are mainly reported in the 5′-noncoding re-
gion, exon 8, and exon 10 (Aggrey et al., 1999; Blott et al.,
2003; Maj et al., 2005; Viitala et al., 2006). The single nu-
cleotide polymorphisms (SNPs) in the GHR gene are associ-
ated with growth performance, carcass traits, milk yield and
milk composition traits, and cell differentiation. This gene
affects fertility, lactogenesis, and mammary gland develop-
ment in dairy cattle (Hadi et al., 2015; Maj et al., 2004; Olen-
ski et al., 2010).

Genetic association studies are a common approach to re-
veal the potential relationship between the genotypes and
phenotypic records, which were collected from economically
important yield traits in livestock species worldwide. Unfor-
tunately, it is challenging to find phenotypic data recorded,
especially in animals that are genotyped. Thus, many stud-
ies are conducted only to determine genotypic and allele
frequencies without taking phenotypic records in Turkey.
For these reasons, such studies need to become widespread
throughout the country to deal with shortages in this area.
Determining only the polymorphic site or a prominent ge-
netic variant generated by the causative mutation will not
be enough to understand the genetic relationship. Eventually,
the gene’s effect on the trait of interest has to be tested statis-
tically to reveal such an actual relationship. Such an associa-
tion study was needed in which genotyping and phenotyping
were performed together in dairy breeds, like Jersey and Hol-
stein, raised in Turkey.

There were not enough studies to demonstrate the relation-
ship between polymorphic sites of the GHR gene and milk-
related traits in Turkish dairy populations. Therefore, using
the PCR-RFLP assay, this study aimed to detect a potential
association between GHR/AluI polymorphism and milk yield
and milk composition traits in dairy cows raised in commer-
cial herds.

2 Material and methods

The study was conducted on a total of 748 heads of Turk-
ish dairy cattle from three different populations. Specifically,
305 of the Holstein cattle were randomly selected from a pri-
vate farm in the Marmara Region, especially from among the
animals that started lactation at the beginning of the study.
The remaining 163 Holstein cattle and 280 Jersey cattle were
randomly selected from two different private holdings in the
Black Sea Region, especially from among the animals that
started lactation at the beginning of the study.

The number of Jersey and Holstein cows in this study with
up to five parities (from 1 to ≥ 5) was 30, 54, 47, 52, and

97 and 279, 137, 30, 14, and 8, respectively. Holstein is the
most widely raised and well-recorded dairy animal through-
out the country. On the other hand, Jersey is well adapted and
grown mostly in the northern part of the country because of
optimal environmental conditions for this small dairy cow.
All Holstein cows were housed in free-stall barns in similar
feeding conditions with free access to water sources. The ani-
mals were milked twice a day. Cows were mainly fed by total
mixed ration, including alfalfa, barley grain, corn silage, corn
flakes, soybean and cottonseed meals, wheat straw, sodium
bicarbonate, salt, and feed additives.

Similarly, the Jersey cows were also kept in free-stall barns
with open access to water sources for the whole year. How-
ever, the management feeding regime and milking were quite
different compared to the Holstein herds. The Jersey cows
were fed with a total mixed ration containing corn and vetch
silage, concentrated feed, grass, and wheat straw. They were
also able to graze for about 8–10 h on pasture during the dry
season after the morning milking. The feeding management
of the farms was not altered during the sampling. The Jer-
sey cows were milked twice a day. Test day milk records and
milk samples were collected once a month from 30 to 300 d
of lactation and taken 10 times from each cow during the
lactation periods. Some of the milk composition traits (milk
protein and fat content (%), abbreviated as PC and FC, re-
spectively) were detected with an ultrasonic milk analyzer
(MilkoScan™ FT1, Foss, Hillerod, Denmark). Moreover,
protein and fat yields (abbreviated as PY and FY, respec-
tively) were calculated based on milk-related trait records.
Cows with low or fairly high body condition scores (BCSs)
were excluded from the study. Cows with blind quarters were
excluded from the study as well.

The collection of 10 mL blood samples from an external
jugular vein were collected into vacuum tubes coated with
K2EDTA. DNA samples for molecular analyses were ex-
tracted using the standard phenol/chloroform method (Sam-
brook et al., 1989). DNA samples were evaluated in terms
of quantity (ng/µL) and purity using the NanoDrop Spec-
trophotometer (Thermo Fisher Scientific Inc., USA). The
PCR-RFLP method was used to genotype animals for a can-
didate region of the GHR gene (GenBank accession num-
ber: AF140284), as described in the previous study by
Cobanoglu (2018). To obtain a 342 bp fragment from 158th
to 499th nucleotides in exon 10 of the GHR gene contain-
ing a polymorphic site, the primers were designed as for-
ward (5′-GCTAACTTCATCGTGGACAAC-3′) and reverse
(5′-CTATGGCATGATTTTGTTCAG-3′) (Di Stasio et al.,
2005). The thermal cycle protocol was also implemented,
as mentioned in the previous study. In following PCR, the
product was digested with a 10 U/µL restriction enzyme
of AluI (Thermo Fisher Scientific Inc., USA) at 37 ◦C for
about 4 h to distinguish between alleles A and G. Three
bands of 191, 101, and 50 bp indicated the A allele, whereas
the allele G was indicated by two bands of 191 and 151 bp.
DNA sequence analyses were performed to confirm the ac-
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curacy of genotyping related to the SNP region of GHR by
purchasing the service. The confirmation of the genotyping
was checked by performing double-sided DNA sequencing,
both forward and reverse, for 100 samples representing all
cows used in this study.

All cows were phenotyped and genotyped in terms of the
traits of interest according to the daughter’s design. The di-
rect counting method was used to determine the genotypic
and allelic frequencies of the GHR gene variant. The chi-
square test (χ2) was performed to check if the populations
were in Hardy–Weinberg equilibrium using PopGene32 (Yeh
et al., 1999). The normality assumption of the data was ex-
amined with the Kolmogorov Smirnov test, and it was de-
termined that the data were normally distributed (P > 0.05).
Also, the following model was used to examine the factors
affecting some milk-related traits examined in the study.

Yijklm = µ+αi +βj + γk + δl + b(Xijklm−X)+ eijklm

Yijklm is the observation values, µ the population means, αi
the effect of the i genotype, βj the effect of j region (for
only Holstein Friesian), γk the effect of k lactation order, δl
the effect of l calving season, b the constant regression coef-
ficient for days in milk, Xijkl the ijkl subgroup, m the cow
milking time, X the average milking time of the population
except 305-DMY (305 d milk yield), and eijklm the random
error. The effect of sire was not added to the statistical model
due to missing or lacking information about the sire’s status.
The Bonferroni test was used to determine group differences
for TDMY, FC (%), FY, PC (%) and PY. However, Duncan’s
multiple comparison tests were used for 305-DMY. All sta-
tistical analyses were performed using IBM SPSS 21.0 (IBM
Corp., 2012).

The additive (a), dominant (d), and allele substitution (α)
effects of GHR/AluI polymorphism on milk-related traits
were also calculated for both dairy breeds. The following
re-parameterized equations were applied: a = (AA−GG)/2,
d = AG− (AA+GG)/2, and α = a+ d(q−p), where q and
p represent the frequencies of alternative alleles. While the
same capital letters used together represent the homozygous
genotypes, the use of different letters stands for the heterozy-
gous genotype in based on Falconer and Mackay (1996).

3 Results

PCR-RFLP results revealed that there are three different pat-
terns of DNA fragments existing for the GHR gene as the
result of the digestion reaction with a restriction enzyme
of AluI. All genotypes were precisely scored based on the
banding pattern at gel electrophoresis. DNA fragments were
identified as intact 191, 101, and 50 bp for AA, a fragment
of 191, 151, 101, and 50 bp for AG, and 191 and 151 bp
for GG genotypes. The DNA banding pattern in gel elec-
trophoresis for the GHR/AluI polymorphism based on PCR-
RFLP is given in Fig. 1. A part of the DNA sequence

Figure 1. Electrophoretic separation of PCR products digested with
AluI for the GHR gene.

concerning the polymorphic site for each genotype was
shown in Fig. 2. The banding results from gel electrophore-
sis were confirmed by DNA sequence analysis. Moreover,
the A and G alleles of the GHR gene were identified based
on the amplification of a 342 bp fragment. The result of
chi-square test indicated that none of the herds were more
likely to follow the Hardy–Weinberg equilibrium, due to the
breeder selection criteria for milk production.

As given in Table 1, the effect of genotype on FC (P :
0.008) and PC (P : 0.002) in the present study was signifi-
cantly important, while TDMY, 305-DMY, FY, and PY were
not affected by genotype in Jersey cows. The effect of par-
ity and calving season on milk yield and milk components
in Jersey cows has already been reported in a previous study
(Kul et al., 2018). According to the results, there is a sig-
nificant effect of parity on TDMY, 305-DMY, PC, and PY,
but FC and FY did not differ significantly among the par-
ity groups. Also, neither the milk yield nor the milk com-
ponents were significantly affected by the calving season.
Genotype had a significant effect on TDMY (P : 0.004), 305-
DMY (P : 0.004), FY (P : 0.092), PC (P : 0.010), and PY (P :
0.037) in Holstein cows, but no significant effect on FC was
observed. Parity had an important effect on FY (P : 0.046),
while TDMY, 305-DMY, FC, PC, and PY were not affected
by parity. Overall, none of the milk yield and milk compo-
nent traits were significantly influenced by the calving sea-
sons. However, the effect of the herd on TDMY, 305-DMY,
FC, FY, and PY (P < 0.001), except for PC, was also statis-
tically significant in Holstein cows.

The means and standard deviation values (SD) for milk
production and milk composition traits are given in Table 2
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Figure 2. DNA sequence analyses (reverse sequences) for AA, AG, and GG genotypes for the GHR gene.

Table 1. Variance analysis for milk yield and milk components according to genotype, parity, calving season and herd.

Breeds Factors TDMY (kg/d) 305-DMY (kg) FC (%) ∗FY (kg/d) PC (%) ∗PY (kg/d)

Jersey Genotype 0.117 0.152 0.008 0.682 0.002 0.263
Parity 0.013 0.001 0.349 0.069 0.028 0.037
Calving season 0.266 0.315 0.668 0.930 0.957 0.265
b −0.009 – 0.002 < 0.001 < 0.001 < 0.001
p < 0.001 – 0.001 0.158 0.039 < 0.001

Holstein Genotype 0.004 0.004 0.198 0.092 0.010 0.037
Parity 0.255 0.888 0.650 0.046 0.338 0.346
Calving season 0.338 0.192 0.833 0.294 0.239 0.415
Herd < 0.001 < 0.001 < 0.001 < 0.001 0.164 < 0.001
b −0.006 – < 0.001 < 0.001 < 0.001 < 0.001
p 0.009 – 0.889 0.009 0.020 0.068

TDMY: test day milk yield; 305-DMY: 305 d milk yield; FC: milk fat content; FY: fat yield; PC: milk protein content; PY: protein yield. ∗ FY and PY
(kg/d) were calculated based on TDMY. b: correction coefficients; p: significance.

based on GHR/AluI genotyping for the Jersey breed raised
in the Black Sea Region. The statistical analysis has shown
that there was a significant difference for test day FC and
PC (P < 0.05), but TDMY, 305-DMY, test day FY, and PY
were similar to each other among Jersey cows based on three
genotypic groups. The highest FC (5.24 %) was observed in
Jersey cows with the GG genotype, but the lowest one was
in animals with AA (4.80 %) and AG genotypes (4.97 %)
(P < 0.05). On the other hand, cows with GG (3.44 %)
and AG genotypes (3.38 %) had a higher PC than cows
with the AA genotype (3.30 %).

The same parameters for all milk-related traits
for GHR/AluI polymorphism are given in Table 3 for
all Holstein cows raised in the Black Sea and Marmara
regions. There were also significant differences between the
three genotypic groups of Holstein cows for some of the
milk traits. Holstein cows were significantly different for
TDMY (P < 0.05) and 305-DMY and milk PC at P < 0.01.
The Holstein cows bearing the AA genotype were observed
to be importantly higher for TDMY (24.64 kg/d) than
animals carrying the GG genotype (19.40 kg). Similarly,
cows with AA were significantly higher (8472.4 kg) than
animals with the GG genotype (7032 kg) for 305-DMY.

By contrast, Holstein cows with the GG geno-
type were significantly higher (3.46 %) than animals
with AA and AG genotypes with 3.78 % and 3.87 %, re-
spectively, for test day PC within whole milk. In contrast,
the differences between all other traits (FC, FY, and PY)
were not significantly important. Yet, animals with the AA
genotype showed higher values for all of these essential
yield traits than cows with AG and GG genotypes. Overall,
the associations of GHR/AluI with FC and PC were revealed
to be significant in Jersey cows at P < 0.05. On the other
hand, TDMY at P < 0.05, 305-DMY, and PC at P < 0.01
were significantly related to GHR/AluI polymorphism in
Holstein cows. Specifically, it is worth noting that animals
carrying AA and AG genotypes were associated with higher
TDMY and 305-DMY but a lower PC than the animals
having the GG genotype.

The estimated effects of GHR/AluI on milk production
traits in Jersey and Holstein cows are shown in Tables 4 and
5, respectively. Additive and dominant gene actions and al-
lele substitution effects were tested in two different dairy
breeds for a given gene locus. Significant additive effects
of GHR on FC and PC (P < 0.05) and dominant effects on
TDMY, 305-DMY, and PY (P < 0.05) were observed in the
Jersey herd. On the other hand, highly important additive ef-
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Table 2. Comparison results for the milk-related traits examined in Jersey cattle based on GHR/AluI genotypes (mean±SD).

Genotype n TDMY (kg/d) 305-DMY (kg) FC (%) ∗FY (kg/d) PC (%) ∗PY (kg/d)

AA 22 16.18± 3.6 5155.3± 1206.5 4.80± 0.4b 0.78± 0.18 3.30± 0.10b 0.50± 0.11
AG 204 16.03± 3.3 5166.1± 1408.1 4.97± 0.6b 0.79± 0.16 3.38± 0.16a 0.54± 0.11
GG 54 14.96± 3.1 4873.9± 1301.7 5.24± 0.7a 0.77± 0.14 3.44± 0.20a 0.51± 0.10

a, b Different exponents in a column indicate a significant difference with P < 0.05. TDMY: test day milk yield; 305-DMY: 305 d milk yield; FC: milk
fat content; FY: fat yield; PC: milk protein content; PY: protein yield. ∗ FY and PY (kg/d) were calculated based on TDMY.

Table 3. Comparison results for the milk-related traits examined in Holstein cattle based on GHR/AluI genotypes (mean±SD).

Genotype n TDMY (kg/d) 305-DMY (kg) FC (%) ∗FY (kg/d) PC (%) ∗PY (kg/d)

AA 239 24.64± 6.39a 8472.4± 2238.9A 3.78± 0.61 0.91± 0.22 3.16± 0.27B 0.77± 0.19
AG 223 23.45± 6.13ab 7842.7± 2170.8AB 3.87± 0.61 0.89± 0.22 3.21± 0.25B 0.74± 0.18
GG 6 19.40± 5.29b 7032.0± 1854.7B 4.04± 0.55 0.78± 0.24 3.46± 0.28A 0.67± 0.20

a, b Different exponents within a column indicate a significant difference with P < 0.05. A, B Different superscripts within a column indicate significant
difference with P < 0.01. TDMY: test day milk yield; 305-DMY: 305 d milk yield; FC: milk fat content; FY: fat yield; PC: milk protein content; PY: protein
yield. ∗ FY and PY (kg/d) were calculated based on TDMY.

Table 4. Genetic effects of GHR/AluI polymorphism on milk-
related traits in the Jersey breed.

Locus Traits Additive Dominant Allele substitution
effect (a) effect (d) effect (α)

GHR/AluI TDMY (kg/d) 0.61 0.46a 0.6652
305-DMY (kg) 140 151.5a 158.88
FC % −0.22a

−0.05 −0.226a
∗FY (kg/d) 0.005 0.015a 0.0068
PC % −0.07a 0.01 −0.0688a
∗PY (kg/d) −0.005 0.035a

−0.0008

a Significant at P < 0.05. TDMY: test day milk yield; 305-DMY: 305 d milk yield;
FC: milk fat content; FY: fat yield; PC: milk protein content; PY: protein yield.
∗ FY and PY (kg/d) were calculated based on TDMY.

fects for 305-DMY (P < 0.05), FC, and PY (P < 0.05) and
dominant effects for TDMY (P < 0.05), PC (P < 0.05), and
FY (P < 0.01) were detected in Holstein herds. For both
breeds, it is worth noting that the allele A of this marker
was significantly associated with TDMY, 305-DMY, and PY,
whereas the allele G was highly associated with FC and PC.
The estimated increase in milk FC and PC of the G allele
was 0.07 % and 0.22 % compared to the alleleA in the Jersey
breed, respectively. At the same time as the favorable allele,
the allele A was highly related to an increase in PY and 305-
DMY of 0.04 kg/d and about 675 kg, respectively, compared
with the allele G at this marker in the Holstein breed.

4 Discussion

Many studies have been conducted to detect the effect of ge-
netic polymorphism of GHR on milk yield and related traits
in different cow breeds (Dario et al., 2008; Komisarek et al.,
2011; Li-Juan et al., 2009; Kiyici et al., 2019). In this study,
we described the use of the SNP marker identified in the

Table 5. Genetic effects of GHR/AluI polymorphism on milk-
related traits in Holstein breed.

Locus Traits Additive Dominant Allele substitution
effect (a) effect (d) effect (α)

GHR/AluI TDMY (kg/d) 2.62 1.43a 1.905
305-DMY (kg) 720.2b 90.5 674.95b

FC % −0.13a
−0.04 −0.11a

∗FY (kg/d) 0.065 0.045b 0.0425
PC % −0.15 −0.1a

−0.1
∗PY (kg/d) 0.05a 0.02 0.04a

a Significant at P < 0.05. b Significant at P < 0.01. TDMY: test day milk yield;
305-DMY: 305 d milk yield; FC: milk fat content; FY: fat yield; PC: milk protein
content; PY: protein yield. ∗ FY and PY (kg/d) were calculated based
on TDMY.

GHR gene in two dairy cow breeds – Jersey and Holstein
cows – to determine if this marker might be used for selec-
tion purposes to improve milk yield and milk quality levels
in these populations.

According to the least square analyses in Jersey
cows, there were significant relationships between the
GHR/AluI polymorphism and FC and PC (P < 0.05) but no
association had been found with TDMY, 305-DMY, FY, and
PY in the same breed. Jersey cows with the GG genotype had
a higher FC than cows with AA and AG genotypes. More-
over, PC was higher in cows with the AG and GG genotypes
than the ones with the AA genotype. However, the TDMY
and 305-DMY were higher in cows with AA and AG geno-
types in comparison with the GG genotype, but they were
non-significant. Therefore, based on the available findings,
this SNP polymorphism detected only in GHR would not be
expected to increase significantly in marker-assisted selec-
tion for milk yield, fat, and protein yield traits in Jersey cows.
Therefore, it would be necessary to employ other polymor-
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phic loci that have a statistically greater effect in increasing
the activity of this candidate gene. On the other hand, the re-
sults of the present study are in agreement with previous ob-
servations achieved by Dario et al. (2008), who reported that
GHR causes a significant increase in the milk yield perfor-
mance of Jersey cows. In general, when evaluating the causes
of different results in Jersey cows, the geographical and envi-
ronmental differences in which studies are conducted, varia-
tions in the genetic background of the sires, and differences
between the genetic regions genotyped in the studies must be
taken into account to make an accurate and unbiased assess-
ment.

In contrast to the present study, Komisarek et al. (2011)
reported a strong relationship between the SNP marker and
milk yield, FY, and PY. The findings may be assessed as the
SNP locus in the GHR gene was not polymorphic enough
to detect a strong association for milk yield traits in Jersey
cows. Thus, the different regions in the GHR gene might be
associated with the milk yield and its components in Jersey
cows.

The impact of GHR/AluI polymorphism on TDMY, 305-
DMY, and PC in Holstein cows was significant in the current
study. However, FC and FY do not appear to be significantly
affected by the different genotypes. One of the reasons for
this may be that herd size is not sufficient to reach statis-
tical power to determine the genotypic effect on milk yield
and protein performance. However, the effect of genes that
are effective regarding traits with economic importance is
evaluated by haplotype analysis, and the expected progress
can be achieved through molecular genetic breeding. De-
spite this, some authors (Aggrey et al., 1999; Banos et al.,
2008; Li-Juan et al., 2009; Kiyici et al., 2019) observed that
GHR/AluI polymorphisms had a significant effect on milk
yield traits in Holstein cows. The results were also in the
study conducted by El-Nahas et al. (2018), who stated that
there was a significant relationship between GHR/AluI and
PC. By contrast, in a study about a gene related to GHR,
Hartatik et al. (2015) determined the association between
GH gene polymorphism on FC (%) in Friesian Holstein cow
groups from New Zealand and Australia. The results ob-
tained in the current study were different from the other
studies conducted by Lechniak et al. (2002) and Arslan et
al. (2016), who found that no statistically significant differ-
ence was determined between GHR gene polymorphism and
lactation and daily milk yields. As shown in Table 1, the rea-
sons for the differences in the quantitative characteristics of
Holstein cows raised in two different herds can be attributed
to the fact that they were raised in different regional con-
ditions of Turkey and have different management feeding
regimes and different environmental conditions. Moreover,
El-Nahas et al. (2018) stated that the impact of GH genes
on 305-DMY and FC in Holstein cows was not signifi-
cantly important. Kiyici et al. (2019) reported that no signifi-
cant relationships were observed between GH/TaqI polymor-
phism and milk fat and protein content. However, Li-Juan

et al. (2009) detected significant associations between GHR
genotypes and milk performance traits in Chinese Holstein
cows, as outlined in this current study. The inconsistencies
among the research results are mostly due to the differences
in SNP marker locations, breed differences, the number of
animals employed in this research, unbalanced genotypes be-
tween cows, and the reliability of collected milk data.

The growth hormone and its receptor gene polymorphisms
and their associations with milk yield and milk composition
in other cattle breeds have also been documented in many re-
ports. In the current study, we reported significantly higher
TDMY and 305-DMY in cows with the AA genotype, but the
lowest in cows with the GG genotype in Holstein breed. Sim-
ilar conclusions were consistent with the results presented by
Lucy et al. (1993), who reported that Holstein cows with the
LL genotype of GH release more milk than the VV genotypes.
Similarly, Dybus (2002) reported that cows with the LL geno-
type at the GH gene had a higher milk yield and PY in Ger-
man Black-and-White cattle. Grochowska et al. (2001) deter-
mined that the milk yield in Simmental cattle was positively
related to the LV genotype at the GH/AluI site. Moreover, El-
Nahas et al. (2018) reported that GHR/Msp1 was associated
with the different milk composition characteristics in Baladi
cattle. In a recent study, Kiyici et al. (2019) also reported that
the cows with the LL genotype had higher milk yields than
Turkish Holstein cows with the LV genotype in agreement
with our findings. However, Khatami et al. (2005) reported
that GH1/AluI polymorphisms were not associated with milk
yield traits in the Holstein and Yaroslavl breeds.

We also reported the results about milk component traits
in which cows carrying the GG genotype had the highest PC
than those of alternative genotype carriers. However, no sig-
nificant relationships were observed between GHR/AluI and
FC, FY, and PY in Holstein cows. Viitala et al. (2006) con-
cluded somewhat similar results in different SNP polymor-
phic sites at the GHR gene that GHR/F279Y had the most
significant influence on PC and FC in Finnish Ayrshire cows.
Contrary to the current results, Li-Juan et al. (2009) reported
that cows carrying the TT genotype had a higher FC than
Holstein cows having AA at different polymorphic sites of
the GHR gene. One of the studies conducted with indige-
nous cattle breeds of Turkey, Yardibi et al. (2009) found
that both South Anatolian and East Anatolian Red cattle in
Turkey with the VV genotype in the GH gene had a higher
FC than other genotypes, which is verified in our results in
the Jersey breed. Although Holstein and Jersey cows are both
dairy animals, one of the main reasons why the detected SNP
marker, which has an effect on some milk-yield-related traits
in one breed, may not have the same type of effect in the other
breed is that there are some fundamental differences in pro-
duction performance between them in terms of general breed
characteristics. Furthermore, the difference between results
from Holsteins and Jerseys could also be the result of a link-
age disequilibrium between GHR/AluI and the real causative
mutation. In other words, the GHR/AluI could be linked to
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the real causative mutation but in a different phase between
breeds. General reasons for the observed differences among
the studies about the effect of GHR on milk-yield-related
traits are mainly the different allele frequencies of the ani-
mals in the herds, differences in the applied statistical model,
genetic backgrounds of animals, and differences between en-
vironmental factors. For these reasons, further studies are
needed to employ more cow breeds and many more animals
within breeds raised in different conditions in Turkey. Taken
together, appropriate studies on the association of SNP mark-
ers at GH and its receptor genes in different cattle breeds
prove that there are potential polymorphic regions in these
genes which substantially affect the variations in milk pro-
duction and milk component traits.

5 Conclusion

The present study demonstrated that the SNP polymorphism
of the GHR gene had a great effect on fat content and pro-
tein content in the Jersey population. Based on our findings,
there was a strong probability of associations between the
GG genotype with fat content and also GG and AG geno-
types with protein content in Jersey cows. The association
between the AA genotype with milk yield traits in Holstein
cows was more robust than the GG genotype. Also, we pre-
sented a strong association between GG genotypes and pro-
tein content of milk among Holstein cows. Thus, the current
results may provide a novel aspect for evaluating probable
genetic markers in this genomic region. But it has yet to
be checked if the detected SNP marker in the GHR gene is
the actual causative mutation for milk-yield-related traits or
whether the SNP location is in linkage disequilibrium with
other candidate genes for production traits in further studies.
Consequently, it may be suggested that the GHR/AluI vari-
ants should be considered as markers in molecular-based
selection programs to improve the amount and the ratio of
milk-related traits in the dairy cattle populations of Turkey.
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