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Abstract. The aim of the work was to study the traits of dairy 

productivity of Holstein heifers with different genotypes of the 

paraoxonase-1 (PON1) gene. The research was conducted in 148 animals 

of Integrated Agricultural Production Centre “Stud farm named after 

Lenin” of Atninsky district of the Republic of Tatarstan. Genotyping of 

cattle was carried out by the PCR-RFLP method at the laboratory of the 

Department of Agrobiological Research of Tatar Scientific Research 

Institute of Agriculture, FRC Kazan Scientific Center, Russian Academy 

of Sciences. The results of allele and genotype calling of the PON1 gene 

showed that the study population is polymorphic and differs in genetic 

biodiversity. During the analysis of daity productivity, qualitative 

composition of milk and lactational activity, it was found that cow-heifers 

with the GG genotype of the PON1 gene were superior to animals with 

other genotypes in all the test parameters. Thus, it follows that the GG 

genotype of the PON1 gene has a positive effect on the economic 

characters of cattle, which can be used in breeding in the future. 

1 Introduction 
The indicator of dairy productivity is expressed by a curvilinear pattern during lactation, 

which is called the lactation curve. The lactation curve of dairy cattle starts from the period 

of milking, increases from the beginning to the peak of lactation, and then decreases until 

the dry period comes. In order to develop an appropriate herd management strategy, it is 

necessary to know the milk yield, the lactation curve parameters and the factors that affect 

the lactation persistency. Increasing the lactation persistency in dairy cows has a significant 

positive effect on animal health, fertility and herd productivity. Since cows face negative 

energy balance and other health concerns during the peak of lactation, the total milk yield 

can be increased by improving the lactation persistency [1].  

Persistence is an important indicator that characterizes the lactation activity of cows, the 

value of which points to the ability of the animal to maintain dairy productivity at a high 

level for as long as possible after reaching the peak of lactation [2]. Milk yield, qualitative 

composition of milk, and lactation curve may vary depending on the genotype, and 

therefore stability may change positively or negatively. Animals with a stable lactation 

curve give milk with less stress of the body. They are more stress-resistant and differ in the 
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duration of economic use and high food convertion [3]. The level and nature of lactation 

activity, all other things being equal, are the determining factors of dairy productivity of 

cows per lactation.

Paraoxonase-1 (PON1) is a glycoprotein with a molecular weight of 38-45 kDa. It is a 

Ca+ - dependent esterase associated with apolipoprotein A-1 (apoA-1) in high-density 

lipoproteins (HDL) [4, 5]. PON1 is synthesized exclusively in the mammalian liver and is 

secreted into the blood [6]. PON1 protein can interact with insulin, steapsin, growth 

hormone, lipoprotein lipase and leptin [7, 8].

The bovine PON1 gene encoding the protein of the same name is located on 

chromosome 4 and has a length of 33168 bp. The replacement (Arg→Gln, A/G) at position 

221 in the 828 bp fragment of the PON1 gene promoter region is associated with an acute 

phase reaction, which makes this marker interesting for the selection of cows with the best 

response to inflammatory processes in the body [9, 10]. Identification of different 

genotypes will make it possible to assess the effect of the PON1 gene polymorphism on the 

economic characters of cattle, which can be used in breeding in the future.

The aim of the research was to study the effect of the PON1 gene polymorphism on the 

characters of dairy productivity of Holstein cattle.

2 Materials and methods

The research was carried out in 2019-2020 in Integrated Agricultural Production Centre 

“Stud farm named after Lenin” of Atninsky district of the Republic of Tatarstan. 148

Holstein cow-heifers were the object of the study. The biomaterial was collected into K3-

EDTA preservative tubes containing EDTA anticoagulant (APEXLAB, China). DNA 

extraction was carried out in the laboratory of Agrobiological Research of Tatar Scientific 

Research Institute of Agriculture, FRC Kazan Scientific Center, Russian Academy of 

Sciences using a ready-made “AmpliPrime DNA-sorb-B” kit (NextBio, Russia) according 

to the shop instruction. To detect the SNP of the PON1 gene (Arg→Gln) by the PCR-RFLP 

method, a reaction mixture containing purified DNA and primers with an oligonucleotide 

sequence (SibEnzyme, Russia):

Forward: 5' - CGGTAATCCCTGAAGAATGC -3' 

Reverse: 5' - GCACTTCCTACCCCTGCTTTG -3' [9]

was amplified in programmable thermal cyclers “T-100 Thermal Cycler” and “My Cycler” 

(Bio-Rad, USA). The temperature-time regimes were as follows: denaturation – 5 min. at 

94 °C; annealing (40 cycles) – 60 sec. at 94 °C, 60 sec. at 58 °C, 60 sec. at 72 °C; 

elongation – 10 min. at 72 °C. Further cleavage of PCR samples was carried out in the 

presence of restriction endonuclease Bsc4 I (Bacillus schlegelii 4) (SibEnzyme, Russia) 

[11], BSA and buffer W (SibEnzyme, Russia) for 16 h at 55 °C. Electrophoretic separation 

was performed in a horizontal chamber in 2.6% agarose gel in the presence of ethidium 

bromide (10%). The identified polymorphism was visualized and documented in the 

"Gel&Doc" system (Bio-Rad, USA). The identified polymorphism was visualized and 

documented in the “Gel&Doc” system (Bio-Rad, USA).

The frequency of occurrence of allelic variants and genotypes was calculated according 

to the guidelines [12]. The significance of the variability between the expected and 

observed distribution of genotypes of the PON1 gene was tested by Pearson's chi-squared 

test (χ2) and for compliance with the Hardy-Weinberg law of genetic equilibrium in the 

population. Experimental groups were formed from the animals in accordance with the 

established genotypes and association studies with the economic characters of cattle were 

conducted.

Data on milk yield and lactation activity were taken from the research and information 

system “SELEX. Dairy cattle w.6.1.0.0.” (AWS Plinor, Russia). The analysis of the 
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qualitative composition of milk was carried out on CombiFoss™ 7, MilkoScan™ 7 RM, 

Fossomatic™ 7 in JSC “Elite” of  Vysokogorsky district of the Republic of Tatarstan.

Comparison of milk yield was carried out by the ratio of milk yield of the second phase

of lactation to the first one. This coefficient of lactation stability is used to assess the level 

of milk yield decline during the productive period. The coefficient of lactation stability in 

high-producing cows with pronounced high milk yields reaches 90-99 %, and in cows with 

decreasing milk yield – 70-80 %.

The coefficient of usefulness of lactation was also calculated. The coefficient of 

usefulness is 70 % and more in cows with leveled lactation, and 50 % and less in cows with 

declining one. The results obtained in the course of scientific research are processed by the 

biometric method.

3 Results and discussion

As a result of DNA testing, all alleles and genotypes of the paraoxonase-1 gene were 

detected (table 1). The allele frequency was A – 0.564 and G – 0.436. The genotypes had 

the following distribution: AA – 31.8% (47 animals), AG – 49.3% (73 animals), GG –

18.9% (28 animals). The chi-square test (χ²) showed that the genetic equilibrium in the 

population according to the Hardy-Weinberg law is not upset.

Table 1. The occurrence of alleles and genotypes of the PON1 gene in cattle stock

Frequency

Genotype frequency Allele 

frequency χ²AA GA GG

n % n % n % A G

Observed 47 31.8 73 49.3 28 18.9
0.564 0.436 0.001

Expected 47 31.8 72 49.2 29 19.0

Previously published data from researchers of the PON1 gene polymorphism are also 

indicative of the dominance of the A allele over the G allele in various cattle breeds [9, 11, 

13]. Animals of the heterozygous GA genotype typically prevailed in number – over 50.0% 

of the livestock. However, according to other scientists, the AA genotype was practically 

absent in the population of crossbred Simmental cows. The GG genotype reached 84.0 %, 

the allele frequency was G – 0.920 and A – 0.080 [14].

Our further research was aimed at studying the relationship of polymorphic forms of the 

PON1 gene with the signs of milk productivity in Holstein cow-heifers. The groups were 

formed according to the identified genotype.

The analysis of dairy productivity and qualitative composition of milk (table 2) showed 

that cows with the GG genotype had the highest milk yield for the first standard lactation 

(305 days). The significant difference with the AA genotype was 1025.5 kg (13.2%), and 

with the GA genotype – 1370.9 kg (17.7%). 

Table 2. Association of the PON1 gene polymorphism and traits 

of milk productivity of Holstein cows

Traits
Genotype

AA (n=47) GA (n=73) GG (n=28)

Milk yield, kg 6715.3±126.9 6369.9±132.9 7740.8±225.8***

Fat, % 3.74±0.06 3.78±0.05 3.76±0.08

Protein, % 3.29±0.04 3.35±0.02 3.29±0.04

Milk fat yield, kg 251.2±4.9 240.8±6.1 291.1±10.1***
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Milk protein yield, 

kg
220.9±4.2 213.4±4.8 254.6±8.6***

*** – p˂0.001, a difference between the highest and the given indicator

The same group of homozygous individuals with the GG genotype was characterized by 

a high yield of milk fat and milk protein. The advantage in these parameters over other 

genotypes was 39.9 kg (13.7%) and 33.7 kg (13.2%) over the AA genotype and 50.3 kg 

(17.3%) and 41.2 kg (16.2%) over the GA genotype, respectively.

No significant differences were found between groups with different genotypes of the 

PON1 gene in terms of fat and protein content.

The lactation curve is one of the additional characteristics of dairy productivity. Figure 

1 shows curves representing standard 305 day lactation of cow-heifers with different PON1 

genotypes that have individual changes in milk yields depending on the lactation period.

The analysis revealed that depending on the genotype, the parameter of average 

monthly milk yield and the nature of lactation curves change. All the animals under study 

are characterized by smooth lactation curves without jumps. On this basis, the cow-heifers 

of all genotypes of the paraoxonase-1 gene can be attributed to the first type according to 

A.S. Yemelyanov (1953) [15].
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Fig. 1. Lactation curves of the milk productivity of heifers with different PON1 genotypes (* –

p˂0.05; ** – p˂0.01; *** – p˂0.001 a difference between the highest and the given indicator)

Consequently, the study population of Holstein cattle has a strong constitution and 

consistency of dairy productivity. Animals with the homozygous GG genotype show high 

milk yield throughout lactation, the peak occurs at 4 and 5 months after calving (833.3 and

836.08 kg). The average monthly milk yields of animals with AA and GA genotypes do not 

have statistically significant differences except for the 3rd month of lactation, which is the 

peak of productivity in both groups. It is worth noting that the population under study is 

characterized by stable milk yields and high productivity throughout the first lactation, 

which is illustrative of the usefulness of the diet and good preparation for calving.

It was recorded that throughout lactation stable superiority in dairy productivity was 

assigned to cow-heifers with the GG genotype, the worst indicators were established in

animals with the GA genotype. Individuals with the AA genotype distinguished themselves 

with average results as evidenced by the coefficient of lactation decline, indicating a 

relatively low level of average monthly milk yields showed in Table 3. This indicator is 

significantly lower in the group of individuals with the GG genotype of the PON1 gene 

than in the GA and AA groups by 3.46 and 2.73%, respectively.
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The stability and usefulness coefficients of lactation were calculated for each group to 

fully assess the persistence of milk yield of cow-heifers with different PON1 genotypes.

Table 3. Characteristics of lactation curves of the dairy

productivity of heifers with different PON1 genotypes

Indicator of lactation
Genotypes

AA GA GG

Coefficient of decline, % 5.83±0.02 6.56±0.02 3.10±0.01***

Coefficient of stability, % 84.2±2.58 84.5±1.78 93.6±1.76***

Coefficient of usefulness, % 77.0±1.20 76.0±1.05 78.4±1.47

*** – p˂0.001, a difference between the highest and the given indicator

During the experiment it was found that cow-heifers with the GG genotype had high 

stability coefficients of lactation usefulness – 93.6 and 78.4 %. However, the same 

indicators of animals with AA and GA genotypes, despite the fact that they were lower than 

those of GG, are considered high by physiological standards and show a minimum level of 

productivity decline throughout lactation.

4 Conclusion

The results of the SNP study of the PON1 gene showed that the population under study is 

characterized by genetic biodiversity and is represented by all alleles and genotypes. The 

genetic equilibrium according to the Hardy-Weinberg law is not upset. The maximum 

number of individuals is represented by the heterozygous GA genotype – 49.3%. The 

distribution of alleles is dominated by the A allele – 0.564. Cow-heifers with the GG 

genotype outperformed cows with other genotypes of the PON1 gene in dairy productivity. 
Milk yield for lactation of 305 days was 7740.8 kg. The maximum yield of milk fat and 

milk protein was recorded in the same group of animals - 291.1 and 254.6 kg, respectively. 
Following the results of lactation activity, it may be concluded that cows with the GG 

genotype are characterized by high average monthly milk yields, high lactation stability and 

a low lactation decline coefficient. All the animals under study are characterized by smooth 

lactation schedules without jumps and have high expressed milk yields.

Thus, it follows that the GG genotype of the PON1 gene has a positive effect on the 

economic characters of cattle, which can be used in breeding in the future.
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