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Abstract

The study was conducted on 50 Holstein cows of different ages and weights raised in Iraq at the Taj Al-
Nahrain cattle station in the Al-Qadisiyah governorate. The DNA was extracted, and its purity was
examined in the Molecular Genetics Laboratory at the College of Agriculture, University of Basrah. The
study was conducted from 12.03.2022 to 03.02.2022. Milk and blood samples were taken during this period,
and the DNA was extracted and sent to China. In order to know the genotypes of the CSN2 milk protein
gene and its relationship to the product characteristics and composition of milk. The study showed that when
a piece of the CSN2 gene was amplified, three genotypes were obtained and that the second pattern differs
from the first and third patterns by the nitrogenous base of sequence 88. The base shifted from A to C, and
the third pattern differs from the first and second patterns by changing the nitrogenous base of the sequence
52, as it shifted from C to T without changing the amino acid sequence of the gene, and the distribution of
the patterns among the study cows was 23 for the first pattern, 10 for the second pattern, and 17 for the third
pattern. There were significant differences (P<0.01) between the genotypes of the CSN2 gene in milk
production, where the first individual genotype was superior to the second and third in daily, weekly and
monthly milk production and the production of the first stage, as well as a significant effect (P<0.01) of the
genotypes of the CSN2 gene on the components of Milk (protein and fat), where the second and third
individual of the CSN2 gene outperformed the first individual.
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Introduction

All over the world, milk is an essential part of the components of human food, and the demand for dairy
products is increasing, especially since milk is an essential source of protein, as it ranges from 3-3.5% of
milk with an average of 3.11 (Caroli et al., 2009). The percentage of protein varies between strains
(Marangoni et al., 2018). Proteins have a high biological value because they contain many essential amino
acids. Milk protein consists of two proteins, casein and whey. Casein occupies 80% of milk proteins. It
includes four forms - alpha-casein S1, alpha-casein S2, beta-casein, and kappa-casein - and is encoded by
CSN1S1, CSN1S2, CSN2 and CSN3 genes, respectively. All of these genes are present on bovine
chromosome 6. Milk production and its components is a quantitative trait controlled by several alpha, beta,
and kappa casein genes related to casein proteins (Sebastiani et al. 2020).

One study showed that cattle raised in Irag have high genetic diversity, with more significant genetic
variation within breeds than between breeds (Faraj et al., 2020a). Studies have been conducted on
identifying the genes that control the formation of milk and the regulation of gene expression in the tissues
of cows because these genes are important regulators in the milk composition formed during the lactation
process (Bionaz and Loor, 2007). One of the studies showed that the different individual patterns of Genes
might be significantly associated with components of milk (Faraj et al., 2020b). The process of developing
the mammary gland is a complex process that is subject to the influence of hormonal factors, including
growth factors affecting the epithelium of the mammary gland during pregnancy and postpartum, as well as
the influence of genetic aspects in it through the expression of milk protein genes as well as the production
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of milk fat, which are concentrated sources of energy along with Essential fatty acids (Robinson et al.,
1995).

The study aimed to identify the genetic variation in the milk protein gene (CSNZ2) and its association with
the characteristics of milk production and the proportion of its components in the Holstein-Friesen strain
bred in Iraq.

Materials and Methods

The amount of milk was calculated, and its components were analyzed in laboratories of the Animal
Production Department in the College of Agriculture, University of Al-Muthanna. DNA was extracted in the
genetics laboratory of the Department of Animal Production, College of Agriculture, University of Basrah.
Study animals, milk analysis and DNA extraction:

Milk samples were collected from the morning paddock throughout the continuous study period for three
months from 50 cows (Holstein Friesian), and the proportions of its main components (non-fat solids,
lactose, protein and fat) were estimated. The components of milk were analyzed by the Dutch EKO Milk
laboratory analysis device established in the laboratories of the Production Department of the College of
Agriculture, Al-Muthanna University.

DNA extraction:

Blood samples were drawn from 50 cows (Holstein Friesian) (10 ml/cow) drawn from the jugular vein. The
extraction process was carried out in the Molecular Genetics Laboratory of the College of Agriculture at the
University of Basrah using the DNA extraction kit produced by (Geneaid) of Korean origin. The primers
were manufactured and supplied by (Yang ling tianrun aoka biotechnology co.; Itd) of China.

A fragment (121bp) in the P.1.1 promoter region of the CSN2 gene in cattle was amplified by using our
designed primer F: 5-CCTTCTTTCCAGGATGAACTCCAGG-3"and R: 5-
GAGTAAGAGGAGGGATGTTTTGTGGGAGGCTCT-3".

The PCR amplifications were conducted in a 50 ul volume containing 6 pl genomic DNA, 25 ul of Master
Mix, 4 ul both primer, and 15 pl free water. The amplification conditions were as follows: initial
denaturation at 95 °C for 5 min followed by 30 cycles of denaturation at 95 C for 40 sec, annealing at 58°C
for 1 min, and extension at 72°C for 1:30 min, followed by the final extension at 72°C for 10 min. The PCR
product was detected by 2% agarose gel electrophoresis, stained with Ethedium bromide and visualized by
ultraviolet light. The PCR product was sent to Yang ling Tianrun Aoka Biotechnology Company, China, for
sequencing.

Sequencing was performed for one strand of DNA (forward) as requested by the company to identify genetic
mutations.

Statistical analysis:

A completely random design (CRD) was used using the SPSS (2016) Version 24 statistical program, and the
means were compared using the modified least significant difference test.

Results and discussion

SNP genotypes:

A segment of the csn2 gene is amplified to the size of 121 bp. When analyzing three (SNP1-SNP3) SNPs in
the bovine csn2 gene, three haplotypes were obtained. The second haplotype (Hap2) differed from the first
and third haplotypes by the nitrogenous base of sequence 88 and shifted from base A to base (A>C) C. In
contrast, the third haplotype (Hap3) differed from the first and second haplotypes by the nitrogenous base of
sequence 52, as The nitrogenous base, C, was transformed into the base (C>T) T (Fig. 1). As the number of
individuals representing the first haplotype was 23 with a frequency of 0.46 (Table 1), the number of cows
representing the second haplotype was 10 with a frequency of 0.20. In contrast, the number of animals
representing the third haplotype was 17, with a frequency of 0.34. The sequencing results showed no change
in the amino acid sequence of the csn2 gene due to changes in SNPs identified in the CSN2 exon-7 region
while comparing it to the reference sequence (GenBank: EF628290.1). At the same time, the three
polymorphisms were identical to what was stated in GenBank, the SNP1 located in the intron VII and
registered under accession number rs450367767 in NCBI and two SNP2 and SNP3 belonging to the eighth
intron were previously registered under accession number rs135724333 and rs435192135, respectively.
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Figure (1) the conformlty of the DNA sequence of the studied cows with the reference DNA sequence of the
csn2 gene, and it shows all the substitution mutations according to their position in the PCR product, and the
“ref” symbol refers to the sequence that is attributed to NCBI.

Table (1) The number and frequencies of haplotypes of the CSN2 gene in the cows under study

Gene haplotype Number Repetition chi-square value Significant
beta casein (hapl) 23 0.46
Csn2 (hap2) 10 0.20 5.0 ns
(hap3) 17 0.34

Genotypes of the CSN2 gene and its relationship to milk production

Table (2) shows that there are significant differences (P<0.01) between the haplotypes of the CSN2 beta-
casein gene, as the first haplotype was superior to the second and third haplotypes in daily milk production
(22.76 £ 0.46, 19.17 + 0.27 and 19.00 + 0.19 kg for the haplotypes). Individual, respectively), weekly
(159.31 + 3.23, 134.22 + 1.88 and 133.01 + 1.31 kg for haplotypes, respectively), monthly (637.25 + 12.93,
536.88 + 7.53 and 532.05 + 5.25 kg for haplotypes, respectively) and production in the first stage (1911.76 +
38.79, 1610.63 + 22.58 and 1596.15 + 15.76 kg for haplotypes, respectively) The result of these differences
makes this gene a candidate gene for use as a marker in selection, and this is consistent with what was found
by Marko et al. (2020) and Nilsen et al. (2009) and Olenski et al. (2012).

There are statistically significant differences in milk production between cows of different beta-casein
genotypes for the genotype A1Al- vs. A2A2 and A1A2 (P < 0.01), indicating that the Al allele was
associated with decreased milk production in the tested cows, whereas Miluchova et al. (2023) No
differences between the genotypes of the beta-casein gene for daily milk production in Slovak Holstein
COWS.

Table (2) Effect of polymorphisms of the CSN2 gene on the quantities of milk production in kilograms of
cows bred in Irag

dail milk | weeki milk Milk production for
haplotypes Number o y monthly production | beginning stage of
production production .
production
first ” 22.76a+0.46 159.31a+3.23 637.25a+12.93 1911.76a+38.79
second 10 19.17b+0.27 134.22b+1.88 536.88b+7.53 1610.63b+22.58
third 17 19.00b+0.19 133.01b+1.31 532.05b+5.25 1596.15b+15.76

*Means with different letters within one column for each gene are significantly different* (P<0.01).
Genotypes of the CSN2 gene and its relationship to milk component proportions
Table (3) shows that there is a significant effect (P<0.01) of the haplotypes of the CSN2 gene in the fat and
protein components of milk, the superiority of the second and third haplotypes over the first haplotype of the
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beta-casein gene (CSN2) in both percentages of fat (3.86 + 0.11, 3.91 + 0.08 and 3.33 £ 0.04% for
haplotypes, respectively) and protein (3.09 + 0.03, 3.11 + 0.02 and 2.93 = 0.01% for haplotypes,
respectively) Table No. (3) while the results agreed with what was found by Albarella et al. (2020), Who got
three genotypes that the milk of cows with the genotype A2A2 contains a higher percentage of protein and
total solids when compared to the milk of cows AL1Al A group of researchers found that the genotype
affected the high percentage of protein and fat in the milk (Kucerova et al., 2006).

Table (3) effect of polymorphism of the CSN2 gene on the percentage of milk components in cows bred in

Iraqg

haplotypes Number féj;[ prote(i)/r; |aCtO§/((§) o gsr;!;’:il?g
%

first 23 0.04+h3.33 0.012b2.93 0.04:4.35 0.067.90
second 10 0.11+a3.86 0.03+a3.09 0.05+4.39 0.117+7.95
third 17 0.084a3.91 0.02+a3.11 0.04+4.39 0.09+7.94

Means that different letters within one column for each gene are significantly different among themselves*
(P<0.01).
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