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Abstract: Reflecting the quality of milk at the molecular level is a frontier technology. The aim of this study was to analyze the
polymorphisms of bovine insulin-like growth factor 2 (IGF2), signal transducer and activator of transcription 5A (STAT5A) and clusterin
(CLU) genes in the raw milk from 507 Chinese Holstein cow using polymerase chain reaction (PCR)-restriction fragment length
polymorphism techniques and to evaluate their correlations with the milk protein content (MPC), milk fat content (MFC), milk lactose
content (MLC) and milk total solids content (MTSC). In IGF2 gene, genotype GG was the most frequent genotype (51.68%) followed by
the genotype GT (38.03%) and TT (10.29%). And the genotype TT of IGF2 gene was superior to the other genotypes in MPC. In CLU gene,
genotype GG was the most common genotype (63.99%) followed by the genotype GA (34.45%) and AA (1.56%). And the genotype AA of
CLU gene had greater MFC and MLC, but lower MTSC than GA genotype individuals. For STAT5A gene, the frequency of genotype CC
and CT was similar (45.30% and 45.08%), while the genotype TT had lowest frequency (9.62%). And the genotype TT of STA5A gene had
highest MPC and lowest MLC. Thus, screening for the IGF2, CLU and STAT5A genes were available for evaluating milk quality and raw
milk samples were graded according to the different genotypes.
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1 Introduction

Milk is regarded as a high-quality food in the worldwide and
account for a large proportion in our daily diet, especially infants
and children [1]. Monitoring raw milk quality traits is the key to
produce high quality milk products. At present, phenomics is
becoming an increasingly important research field, which is most
frequently used to justify causal links between genotypes and
environmental factors and phenotypes through large-scale data
sets [2]. Recently, a growing number of studies on prediction and
improvement of the composition and physical traits of food
materials were performed using phenomics, which could be applied
to justify causal correlations between genotypes and phenotypes
through large-scale data sets [3,4]. Studies related to monitoring
and improving milk protein, fat, lactose, minerals, vitamins and
other traits through phenomics techniques have received extensive
attention [3,5]. In correlated studies for milk composition, several
bovine genes with multiple transcripts could be applied to select the
targeted traits of milk, including insulin-like growth factor 2 (IGF2)
gene, signal transducer and activator of transcription (STAT) gene
and clusterin (CLU) gene [6-8].

IGF2 is a 67 amino acid monomeric protein and plays a vital role
in somatotropic axis [9,10]. The IGF2 gene locates on the telomeric
end of the short arm of chromosome 29, and contains 10 exons and
3 promoters [11,12]. The IGF2 gene is critical for the synthesis of
milk. A number of mutant loci in the bovine IGF2 gene showed
significant correlations with milk quality indicators such as milk
protein content (MPC), milk fat content (MFC), somatic cell count
and milk total solids content (MTSC), and the IGF2 gene has been

identified as an important gene for total milk yield and quality
traits [13,14]. Bagnicka et al. [15] found IGF2/Bsrl and IGF2/Haelll
polymorphisms in the Polish Holstein-Friesian cattle IGF2 gene
relative to milk traits, and Flisikowski et al. [6] further
demonstrated that IGF2 gene could be associated with cattle
performance traits. Berkowicz et al. [16] examined four single
nucleotide polymorphisms (SNPs) in the bovine IGF2 gene located
on chromosome 29, where 1542196901 and IGF2.g-3815A>G SNPs
were associated with milk fat and milk protein rates, respectively,
and rs42196909 was associated with milk yield in Irish Holstein
cows. Hence, bovine IGF2 gene is an important candidate gene for
milk yield and quality evaluation, but how its mutations affect milk
quality traits in Chinese Holstein cows remains uncertain.

CLU is a glycoprotein in physiological fluids including plasma,
milk, urine, cerebrospinal fluid and semen, and is ubiquitously
expressed in almost all mammalian tissues, and has been proposed
to be a secreted mammalian chaperone [17,18]. Its predominant
form is a secreted heterodimeric glycoprotein of 75-80 kDa [19].
CLU is also one of the most abundant proteins in buffalo milk [20].
In addition, CLU has a tendency to interact with a variety of
molecules, including itself, lipids, amyloid proteins, components
of the complement membrane attack complex, and
immunoglobulins [21]. Wang et al. [22] analyzed the association
between the genotype of the G15781A mutation locus on the cow
CLU gene and milk quality indicators and found a significant
correlation between it and MFC and somatic cell count. Besides, the
expression of the bovine CLU gene is dramatically increased
in cows with mastitis, and bovine CLU induces reactive

© Beijing Academy of Food Sciences 2023. Food Science of Animal Products published by Tsinghua University Press. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Sci@®pen | hitps:/iwww.sciopen.com/joumal/2958-4124

https://doi.org/10.26599/FSAP.2023.9240011


mailto:yufang.liu@snnu.edu.cn
mailto:yongfeng200@126.com
https://doi.org/10.26599/FSAP.2023.9240011
http://creativecommons.org/licenses/by-nc-nd/4.0/

Fu et al.

Food Sci. Anim. Prod. 1 (2023) 9240011

oxygen species-dependent apoptosis during mammary gland
degeneration [23,24]. Therefore, CLU gene has become an
important gene for milk quality evaluation.

STATs are a family of cytoplasmic proteins containing 7
structurally and functionally related proteins, which are activated in
response to a large number of cytokines, growth factors and
hormones, and are involved in cell proliferation, differentiation and
apoptosis [25,26]. Among them, STAT5 exists in two isoforms
(A and B), which differ by a few amino acids in the carboxylic end
of the protein molecule. In cattle, STAT5A and STAT5B genes
locate close to each other (within 40 kb) at chromosome 19 [27].
STAT5A was originally found in the mammary gland of goats
that was involved in transducing prolactin (PRL) signalling in
mammary epithelial cells and regulating promoter activity in the
B-casein gene [28,29]. Miyoshi et al. [30] found that female mice
with STAT5A deficiency fail to produce milk. Selvaggi et al. [29]
assessed the association among STAT5A/Aval polymorphism and
some milk production traits in Jersey cows and found milk from
TT animals had higher fat content than that of TC animals. Selvaggi
et al. [31] also detected the effect of STAT5A gene variants on milk
composition in Agerolese cattle, and found that TT genotype had a
positive effect on milk fat and protein content. The STAT5A gene is
at the core of the lactation related gene network in dairy cows,
which can regulate the content of protein, fat, lactose and other
nutritional indicators in milk. It can be concluded that the STAT5A
gene is a vital candidate for regulating milk composition and is an
important gene for assessing milk quality.

In this context, the present study extracted DNA from raw milk
of Chinese Holstein cows, amplified IGF2, STAT5A and CLU genes
with specific primers, obtained gene mutation site information by
enzyme digestion and database search, and determined MPC,
MFC, milk lactose content (MLC) and MTSC of raw milk. The
relationship between IGF2, STAT5A and CLU genes and milk
quality were investigated. The aim of this study was to reveal the
association between STAT5A, CLU and IGF2 genes and milk
quality at the molecular level, thereby providing a theoretical basis
for marker-assisted selection of dairy cows for milk production
traits.

2 Materials and methods

2.1 Milk sampling and composition analysis

Milk samples were collected from 507 Chinese Holstein cows (all
about 3 years old in a single herd) in Huayin Dairy Cattle Breeding
Base of Modern Agricultural Comprehensive Development
Corporation (Xi'an, Shaanxi, China). All Chinese Holstein cows
were healthy and bovine milk was collected in the second or third
month of lactation. Prior to the milk collection, the udder surface of
each cow was cleaned with sterile water and rinsed with 70%
ethanol. After the disposal of the first three drops, milk samples
were put into a sterile tube, transported on ice packs to the
laboratory, and stored at -80 °C until use. Milk composition,
including milk protein, fat, lactose and total solids, was determined
using a milk composition analyzer (Lactoscan LA, MCC, Bulgaria).
The detection of main components was conducted in triplicates.

2.2 DNA extraction

The extraction of bovine genomic DNA from raw milk was
performed according to our previous study [32]. Briefly, 50
microliters cryopreserved milk samples were centrifuged at
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2 415 x g for 20 min at 4 °C and the upper and middle layers were
removed carefully. The sediment was suspended in 600 pL of
phosphate buffered saline (PBS, pH 7.4) and centrifuged at
9 660 x g for 10 min at 4 °C. The sediment was washed with PBS
for three times. Then the sediment was mixed with 350 pL of
extraction buffer (NaCl 1 mol/L, Tris-HCI 0.5 mol/L, EDTA-Na
0.5 mol/L, pH 8.0), 50 pL of 20 g/100 mL sodium dodecyl sulfate
(SDS), and 10 pL of 20 mg/mL proteinase K, and was incubated at
56 °C for 4 h. The mixture was centrifuged at 9 660 x g for 10 min
at 4 °C, and the supernatant was collected and mixed with an equal
volume of phenol-chloroform-isoamyl alcohol mixture (volume
ratio of 25:24:1). The mixture was inverted repeatedly to dissolve
precipitation for 10 min and centrifuged at 9 660 x g for 10 min at
4 °C. The supernatant was transferred to a 1.5 mL plastic tube with
an equal volume of chloroform-isoamyl alcohol mixture (volume
ratio of 24:1), inverted repeatedly to dissolve the precipitate and
centrifuged at 9 660 x g for 10 min at 4 °C. The supernatant was
mixed with 0.8 mL ice-cold anhydrous ethanol, gently shaking, and
the mixture was incubated for 30 min at -20 °C. Then, the mixture
was centrifuged at 9 660 x g for 10 min at 4 °C. After the removal of
upper ethanol layer, the sediment was washed with 70% ice-cold
ethanol and centrifuged at 9 660 x g for 10 min at 4 °C. The upper
ethanol layer was carefully removed and 25 uL Tris-EDTA (pH 8.0)
was added to dissolve DNA. The mixture was stored at —20 °C
before the use.

2.3 Assessment of DNA quality

The purity and concentration of extracted DNA were detected by
determining the optical density at 160 nm and 280 nm using a
NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific,
Waltham, MA, USA). DNA quality and size were evaluated by 2%
agarose gel electrophoresis at a voltage of 80 V for 40 min. The
genomic DNA was diluted in sterile distilled water to 1 ng/uL as the
template of polymerase chain reaction (PCR) experiment.

24 PCR-restriction fragment length polymorphism (PCR-
RFLP) amplification and genotype

PCR amplification for the STAT5A and CLU genes were performed
in triplicate with a reaction mixture containing 1.5 mmol/L MgCl,,
50 umol/L dNTP mix, 0.3 umol/L of each primer, 1 x PCR buffer,
2 U Tagq polymerase and 50 ng of genomic DNA template. PCR
reaction for IGF2 gene was carried out in 10 pL reaction mixture,
which contained 1 pL template DNA, 0.4 umol/L of assay-specific
primer, 3.4 pL 2 x TagMan Universal PCR Master Mix (CWBIO,
Beijing, China) and DNase-/DNA-free water (CWBIO). The
primers for STAT5A, CLU and IGF2 genes were shown in Table 1.
The PCR protocol was 94 °C for 5 min followed by 35 cycles of
94 °C for 30 s, 59 °C annealing for 30 s, and 72 °C for 30 s, and a
final extension at 72 °C for 8 min.

Table1 Primers used for PCR amplification and sequencing of the bovine
IGF2, STAT5A4 and CLU genes.

Product
size (bp)

Gene Primer sequence (5’ to 3')

G2 Forward: AATCCCTGTACCGTCCTGTC 273
Reverse: TTTGCTTTTCTGGTGTTGCT

Forward: CTGCAGGGCTGTTCTGAGAG
STATSA  peverse: TGGTACCAGGACTGTACACAT 215

CLU Forward: CTGCCTCCCTCAAGGTGCCCCTC 260
Reverse: AGTTCTTGGCTAAATGTCTTAGGGGG
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Typing of mutant loci in genes using PCR-RFLP. The 215 bp
PCR products of STAT5A gene were purified using a Wizard Prep
PCR purification kit (Shanghai Bioasia Biotechnology, Shanghai,
China) and then digested at 37 °C for 8 h by Ava I restriction
endonuclease (10 U, MBI Fermentas, Lithuania). The amplified
260 bp PCR products of CLU gene were also purified with Wizard
Prep PCR purification kit and then digested for 6 h at 37 °C with
the Hinf 1 restriction endonuclease (10 U, MBI Fermentas,
Lithuania). The PCR products of IGF2 gene were purified with
Wizard Prep PCR purification kit and then digested with 5 U Hae III
(Promega) at 37 °C for 8 h following the manufacturer’s manual.
The concentration of digested products was detected by 3.0%
agarose gel electrophoresis.

2.5 Statistical analyses

According to our previous report [33], the genotype frequency,
allele frequency, gene heterozygosity and polymorphism
information content (PIC) were calculated by formulae (1)-(7):

M
TT (GG) genotype frequency (%) = = X 100 (1)
N
TC (GA) genotype frequency (%) = 7 X 100 (2)
K
CC (AA) genotype frequency (%) = 7 X 100 (3)
Mx2+4+N
T (G) allele frequency (%) = M2+l x 100 (4)
Zx2
Kx2+N
C (A) allele frequency (%) = B2t N 100 (5)
Zx2
Gene heterozygosity (%) =1-XxX—-YxY (6)
PIC (%) =1-XXxX—YxXY—-2XXXXYXY (7)

Where M is the number of TT (GG) milk samples, N is the
number of TC (GA) milk samples, K is the number of CC (AA)
milk samples, Z is the total number of milk samples, X is the
frequency of the T (G) allele, Y'is the frequency of the C (A) allele.

The general linear model program of SPSS 17.0 statistical
software was used to analyze the relationship between IGF2,
STAT5A and CLU genes polymorphisms and milk quality traits
(MFC, MPC, MLC and MTSC) in Chinese Holstein cows using
least-squares method.

A value of P < 0.05 was considered to be statistically significant.
Results were expressed as mean =+ standard error of the mean (SEM).

3 Results

3.1 Genotyping of IGF2, STAT5A and CLU genes

DNA samples from bovine milk were extracted and analyzed for
polymorphisms of nucleotide sequence using the PCR technique.
The PCR amplified a 233 bp fragment at 24 507 G>T on exon 10 of
the IGF2 gene. As shown in Figure 1, this fragment could be
digested into three genotypes by the restriction endonucleases
(Ava I enzyme): TT, GT and GG. The genotype TT had fragment
size of 233 and 43 bp, GT had fragments of 233, 190 and 43 bp, and
GG had fragments of 190 and 43 bp.
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Marker CT GG GT GG GG GG GG GG GT GG GG TT

~233bp
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+190 bp

200 bp—~
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100 bp

50 bp |
P <43 bp
Figure1 Electrophoretic patterns of polymorphic loci in the bovine IGF2 gene
at 24 507 G>T mutation site. GG genotype demonstrates two fragments (190 and
43 bp), GT genotype shows three fragments (233, 190 and 43 bp) and TT

genotype shows two fragments (233 and 43 bp).

For CLU gene, the 260 bp fragment at mutant site 15 781 G>A
on exon 7 was amplified by PCR and digested using the restriction
endonucleases (Hinf I enzyme) into three genotypes: AA, GG and
GA. The genotype AA had fragment size of 260 bp, GG had
fragments of 149 and 111 bp, and GA had fragments of 260, 149
and 111 bp (Figure 2).

Marker GG GG GG GA GA GA GG AA

Figure2 Electrophoretic patterns of polymorphic loci in the bovine CLU gene at
15 781 G>A mutation site. GG genotype demonstrates two fragment (149 and
111 bp), GA genotype shows three fragments (260, 149 and 111 bp) and AA
genotype shows one fragments (260 bp).

For STAT5A gene, the amplified fragment with 215 bp located
on mutant site 6 853 C>T of exon 7. The fragments after Ava I
enzyme digestion of 215 bp PCR product were 215 bp for TT
genotype, 181 and 34 bp for CC genotype, and 215, 181 and 34 bp
for CT genotype (Figure 3).

Marker GG GT TT CC CT CT CT

500 bp —

250 bp —

~215bp
200 bp — - 181bp
150 bp —
100 bp —

-—34bp

Figure 3 Electrophoretic patterns of polymorphic loci in the bovine STAT5A
gene at 6 853 C>T mutation site. CC genotype demonstrates two fragment (181
and 34 bp), CT genotype shows three fragments (215, 181 and 34 bp) and TT
genotype shows one fragments (215 bp).

3.2 Gene frequency
The data set in this study included 507 Chinese Holstein cows. In
IGF2 gene of the Holstein cows, genotype GG was the most

https://doi.org/10.26599/FSAP.2023.9240011



Fu et al.

Food Sci. Anim. Prod. 1 (2023) 9240011

Table2 Proportion of genotypes, allele frequencies and PIC of /GF2 gene for the 24 507 G>T mutation, STAT5A gene for the 6 853 C>T mutation, and CLU gene for

the 15 781 G>A mutation in milk samples of Chinese Holstein cows.

Gene Mutation sites Proportion of genotypes (%) (number) Total Allelic frequencies (%) PIC
IGF2 24 507 G>T GG: 51.68 (231) GT:38.03 (170) TT: 10.29 (46) 507 G: 71 T:29 0.33
STAT5A 6 853 C>T CC: 45.30 (212) CT:45.08 (211) TT:9.62 (24) 457 C: 68 T: 32 0.34
CLU 15 781 G>A GG: 63.99 (247) GA:34.45(133)  AA: 1.56 (6) 386 G: 81 A: 19 0.29

Table3 Association of gene mutation with milk quality traits in the population of milk.

Proportion of genotypes (%)

Gene Mutation sites Position Milk quality P value
GG GT TT
MEC 4.06 +0.08 414 +0.09 417 £0.15 0.83
MPC 2.98 0.02° 2.99 £ 0.03° 329 1 0.05° 0.04
[GF2 24507 G>T Exon 10 MLC 5.07 +0.02 5.03 +0.03 5.07 +0.08 0.69
MTSC 12.12 £ 0.16 1232 £0.15 12.48 + 0.38 0.65
MEC 411+0.08 4.08 +0.08 403 +0.17 2.70
MPC 2.99 £ 0.02° 3.00 0.02° 321+0.04° 0.04
STATSA 683 C>T Exon7 MLC 5.06 £ 0.02° 5.07 £ 0.03* 455 +0.06" 0.03
MTSC 1232 +0.16 12.03 +0.14 1249 +0.29 0.65
MEC 4.05 £ 0.09° 4.09 +0.18 439 £0.18" 0.03
MPC 2.96 + 0.03 3.01 £ 0.06 3.09 £ 0.07 2.04
cLu 13 781 G>A Exon’7 MLC 5.10 +0.02* 496 +0.07" 512 +0.05 0.04
MTSC 1222 +0.12% 12.67 + 0.42° 11.57 + 0.30° 0.04

Note: a, b within a same row with different superscript letters are significantly different (P < 0.05).

frequent genotype (51.68%), followed by the genotype GT (38.03%),
while the genotype TT had the lowest frequency (10.29%). The
frequency of the G and T alleles was 71% and 29%, respectively. In
CLU gene, genotype GG was the most common genotype (63.99%),
followed by the genotype GA (34.45%) and AA (1.56%). The
frequency of the G and A alleles in CLU gene was 81% and 19%,
respectively. For STAT5A gene, the frequency of genotype CC and
CT was similar with the value of 45.30% and 45.08%, respectively,
while the genotype TT had lowest frequency (9.62%) (Table 2).

3.3 Association of the gene polymorphisms with milk
production traits in Chinese Holstein cows

Data reported in Table 3 displayed the effect of three gene
polymorphisms (IGF2, CLU and STAT5A genes) on milk
production traits. The result from association analysis showed that
MPC was significantly correlated with the gene polymorphism at
the mutant site 24 507 G>A on exon 10 of IGF2 gene. Compared
with GG (2.96%-3.00%) and GT (2.97%-3.01%) cows, TT
(3.24%-3.34%) individuals produced the milk with a higher content
of protein significantly (P < 0.05). Milk from TT cows also had
higher fat, lactose and solid content than those from GG and GT
cows, but not statistically significant. No correlation was displayed
between the genotypes at 24 507 G>A and MFC, MLC and MTSC.

Three genotypes (GG, GA, and AA) were detected for CLU gene
and GG was the most frequent genotype (63.99%). The
relationships among CLU gene polymorphism and MFC, MLC and
MTSC were found to be significant (P < 0.05). The AA genotyped
cows had greater MFC and MLC, but lower MTSC than GA
genotyped individuals. Relationships of CLU gene polymorphism
with MPC were not detected to be significant.

https://doi.org/10.26599/FSAP.2023.9240011

For STAT5A gene, gene polymorphism had significant
relationships with MPC, MLC and MTSC. The TT genotyped
individuals produced bovine milk with highest MPC and lowest
MLC and MTSC. Significant relationship was not found between
STAT5A gene polymorphism and MFC.

4 Discussion

In this study, we identified the polymorphisms and genotype
frequency of three genes (IGF2, CLU, and STAT5A genes) and
analyzed the relationship among the polymorphism of IGF2, CLU,
and STAT5A genes and milk production traits in Chinese Holstein
cows. Milk production traits highly depend on the genotype and
environment, such as feeding conditions and feedstuff [31]. It was
reported that these milk traits were controlled by quantitative trait
loci, multiple genotypes and scattered throughout the genome [3].
The selection of superior genotypes could be expected to provide
offspring with a greater frequency of the relevant alleles and as a
result, increased production traits as compared with the average
population. Hence, identification of the genes that determine these
traits and the polymorphism in these genes that influent the
phenotypic amplification of these traits play an important role on
the improvement in the production traits of nutritional importance
during the selection of animals.

IGF2, a 67-amino-acid monomeric protein, has been reported as
a local regulator of lactogenesis and mammogenesis [15]. In dairy
goat, local infusion of IGF2 could enhance milk synthesis. In a
previous study, Hovey et al. [34] demonstrated that the influence of
prolactin on the mammary gland was regulated by endogenously
secreted IGF2 and IGF2 also could stimulate alveolar growth in
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mammary gland of mice and prolactin could induce the expression
of IGF2 in mammary gland explants. Hence, IGF2 was considered
as a candidate gene for the determination of molecular marker
correlated with milk characteristics. Ramadan et al. [35] reported
that the AA genotype of IGF2 gene displayed the superiority over
the other genotype for milk yield in Sinai Gabali rabbits. Flisikowski
et al. [6] detected a single nucleotide C deletion/insertion
polymorphism in Bos taurus and Bos indicus cattle and this mutant
site was significantly associated with MPC. In the present study,
there was a significant relationship between 24 507 G>T mutation
of IGF2 gene and MPC according to association analysis, and MPC
in milk samples with genotype TT ((3.29 + 0.05)%) was higher than
that with genotype GG and GT ((2.98 + 0.02)% and (2.99 £ 0.03)%).
This result was consistent with the findings of Bagnicka
et al. [15]. However, their study also found that the genotype of the
24 507 G>T mutation locus also exhibited some correlation with
MEFC [15]. In addition, the frequencies of the alleles G and T of the
24 507 G>T mutation in cow in this study were 71% and 29%,
respectively. And the frequency of the GG genotype was 51.68%,
the GT type was 38.03%, and the TT type was 10.29%. The above
trend was generally consistent with the study of Bagnicka et al. [15]
in which the allele frequencies for G and T were 84% and 16%,
respectively, with 69% for the GG genotype, 30% for the GT
genotype and 1% for the TT genotype. The differences between the
results of this study and those of Bagnicka et al. [15] might be
related to factors such as the source of the milk samples and the
season in which the milk samples were collected [36]. Overall, the
results of this study indicated the potential role of the 24 507 G>T
polymorphic locus of the IGF2 gene in predicting MPC and that
the TT genotype had a positive effect on MPC in Chinese Holstein
COWS.

CLU is a heterodimeric 80 kDa glycoprotein and secreted by ram
Sertoli cells. French et al. [37] analyzed the expression of clusterin in
mammary gland and the result showed that clusterin mRNA was
increased during pregnancy and significantly down-regulated
during lactation. CLU has a tendency to interact with a variety of
molecules, including itself, lipids, amyloid proteins, components of
the complement membrane attack complex, and immunoglobulins.
In recent years, CLU gene has become an important gene for milk
quality evaluation because its single nucleotide polymorphisms
associate with milk production traits including milk yield, fat, and
protein contents in Chinese Holstein cows. Thus, it is of
significance to evaluate the influence of CLU gene on milk
characteristics for improving the milk quality in Chinese Holstein
cows. It was found in this study that the 15 781 G>A mutation in
the CLU gene could be used for assessment of MFC, MLC and
MTSC. The MFC and MLC of the AA genotype milk reach the
highest levels, which are (4.39 + 0.18)% and (5.12 + 0.05)%,
respectively. Wang et al. [22] also found that the MFC of AA
genotype cows was higher than that of GG genotype in the CLU
G+15781A polymorphism. Therefore, A allele at 15 781 G>A
mutation tended to have increased MFC and MLC. Meanwhile, it
reduced MTSC, which in AA genotype milk is the lowest among
the three genotypes. Thus, milk with AA genotype would seem
particularly suited for producing high-fat and high-lactose dairy
products.

Transcription factors STAT5 have been considered as members
of the somatotropic axis, which may contribute to progress in
genetic selection of farm animals. In fact, the STAT5A gene is the
first found to be associated with both milk production and
fertility [38]. We found that the 6 853 C>T mutation in STAT5A
gene could be applied to evaluate milk quality. The sequence of
MPC in the three genotypes of milk was TT ((3.21 + 0.04)%), CT
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((3.00 £ 0.02)%), CC ((2.99 £ 0.02)%), while MLC with genotype
TT ((4.55 + 0.06)%) was lower than the other genotypes (CT for
(5.07 + 0.03)%, and CC for (5.06 + 0.02)%). Sadeghi et al. [39]
found a significantly higher quantity of protein yielded by CT
animals when compared with CC individuals. Therefore, we
inferred that the T allele had a positive impact on milk protein but a
negative influence on lactose in milk. Although the TT genotype
produced lower lactose, the protein content was the highest in three
genotypes. The 15 781 G>A transition was a synonymous mutation
located at coding regions (1 036 bp) in exon 7, which may affect
gene mRNA splicing or transcription process.

In the present study, we detected the polymorphisms of IGF2,
CLU and STAT5A genes in raw milk from Chinese Holstein cows
and assessed their correlations with milk characteristics. The TT
genotype of IGF2 gene displayed the superiority over the other
genotypes in MPC. The AA genotype of CLU gene had greater
MEC and MLC, but lower MTSC than GA genotyped individuals.
For STA5A gene, the TT genotype individuals yielded bovine milk
with highest MPC and lowest MLC. Although further research
should be performed to confirm these results, the correlation of
genetic markers with better milk characteristics is a significant
finding that could be applied to improve milk quality.
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