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A b s t r a c t  

 

A r t i c l e  I n f o  

Leukemia is one of the most common infectious diseases of cattle in Russia and 

Kazakhstan. The study is devoted to the analysis of genetic resistance to leukemia by 

PCR-RFLP in 716 cows (including 75 RID+ cows and 27 cows with hematological 

changes) and 81 Black Pied and Holstein stud bulls from the Bryansk and Leningrad 

regions (Russia), Kazakhstan and Belarus. To this end, we have examined the allele 

frequencies of BoLA-DRB3 gene related to the resistance (R) and susceptibility (S) to 

leukemia in various groups of animals. Cows from the breeding farms have 44.1-55.2% of 

S alleles, associated with susceptibility to leukemia, in the commercial farms they make 

up 20.1-29.4%. The total number of susceptibility S alleles in stud bulls ranges from 

49.9% to 70.9%. In cows of all groups, the number of resistance alleles R to leukemia is 

far greater than in the bulls of all groups. It was shown that the number of S allele carriers 

is greater among RID+ cows. Analysis of 2 groups of sick cows has revealed that they 

include no animal units with RR genotype and only by 11-12% of cows with genotype 

R/S and R/N. The findings suggest the accumulation of S alleles to leukemia under 

holsteinization of the Black Pied breed, with increased risk of developing leukemia in 

animals.  
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Introduction 

 

One of the major issues of present-day animal 

husbandry in Russia and Kazakhstan is wide spread 

occurrence of leukemia virus in cattle herds. Leukemia 

causes great damage to animal husbandry, especially the 

breeding farms, yielding on the whole losses running 

into billions by reducing the dairy productivity of the 

cows, culling sick animals and virus carriers, reducing 

sales of pedigree youngsters, and fixed expenses for the 

veterinary measures.  Virus carrier animals are revealed 

in the majority of these Russian regions both in the 
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breeding and commercial farms. The Bryansk region is 

relatively prosperous as compared with other regions of 

Russia; in 2013, 6.3% of seropositive animals were 

detected, the virus carrying was recorded in 162 farms 

of the region. In some commercial farms there is a high 

level of the cattle viral affection - up to 80% (Smaznova, 

2015).  

 

According to monitoring conducted in 2015 in 

Kazakhstan, the overall level of BLV affection in cows 

is about 4.4%, the maximum amount of virus carrier  

cows was found in the North-Kazakhstan region 

(21.4%), 2 regions of 16 are free from leukemia, and in 

another 9 regions the number of RID-positive cows is 

below 5% (Mamanova et al., 2015).  

 

It is known that a number of certain dangerous diseases 

in cows are transmitted genetically, for example, CVM 

and BLAD; in various European countries 6-40% of 

these latent carriers of genetic abnormalities were found 

among the stud bulls (Satsuk, 2009a).  

 

Previously it was established that polymorphism in the 

BoLA-DRB3 exon 2 correlates with resistance to 

persistent lymphocytosis caused by bovine leukemia 

virus (Lewin and Bernoco, 1986; Xu et al., 1993; 

Zanotti et al., 1996; Takeshima and Aida, 2006; Behl et 

al., 2012). Genetic mechanisms of resistance and 

susceptibility to leukemia in Ayrshire and Black Pied 

cattle breeds were determined by allelic distribution of 

the BoLA-DRB3 gene.   

 

It has been established that the animals carrying alleles 

*22, *24, *16, *8 are susceptible to leukemia (S), and 

they more often than others appear in the sample of 

hematological patients. Individuals with alleles *11, 

*23, *28 are resistant to leukemia (R) (Sulimova et al., 

1995; Mirsky et al., 1998; Udina et al., 2003; Nam et al., 

2015). Resistance alleles are dominant, and the animals 

carrying them in the heterozygous state, do not develop 

leukemia. Neutral alleles are not associated with 

resistance or susceptibility to persistent lymphocytosis 

(Licursi et al., 2002; Aida et al., 2011).   

 

Black Pied cattle is the most common breed in Russia, 

Belarus and Kazakhstan, therefore the study on genetic 

resistance/susceptibility to leukemia in Black Pied cows 

is of great importance for the livestock husbandry in 

these countries (Kovalyuk, 2008; Satsuk, 2009b). 

Evaluation of Holstein stud bulls is particularly 

important, because they are used to increase milk 

production, and may affect the cow resistance to 

leukemia. We have previously examined allelic 

polymorphism of the BoLA-DRB3 gene in Black Pied 

and Simmental cows from breeding farms of the 

Bryansk region, free of virus carriers, and their genetic 

resistance to leukemia (Smaznova et al., 2010; Kozlov et 

al., 2011). Genetic resistance to leukemia was studied in 

Holstein stud bulls from Russia and Belarus by the 

frequency of resistance and susceptibility alleles (Nam 

et al., 2014; Smaznova, 2015). 

 

The aim of this work is to study the allelic polymorphism 

of the BoLA-DRB3 gene in Black Pied cows and Black 

Pied and Holstein   stud bulls from Russia, Belarus and 

Kazakhstan and compare these groups of animals in their 

resistance and susceptibility to leukemia. 

 

Materials and methods 

 

The blood samples of Black Pied cows from Bryansk 

(590 heads) and Kazakhstan (126 heads) and sperm 

samples of Holstein stud bulls from the Bryansk (29 

bulls) and Leningrad regions (29 bulls), Belarus (12 

bulls) and Kazakhstan (11 bulls) were examined in this 

work.   

 

DNA from leukocytes and bull sperm was isolated using 

the standard procedure. To identify the BoLA-DRB3 

gene polymorphism by PCR-RFLP, the gene fragment 

of 284 bp length was amplified using the HLO30 and 

HLO32 primers. 284 bp fragment was hydrolyzed by 

restriction endonucleases Rsa I, Hae III and Bst IY 

(Smaznova, 2015). Electrophoresis of restricted DNA 

fragments was carried out at a current strength of 50-100 

mA, electric field strength of 100-150 V, the DNA 

fragment separation lasted 1.5-2 hrs. Ethidium bromide 

was added to agarose gel to visualize the DNA 

fragments. 

 

Results and discussion 

 

The BoLA-DRB3 gene allelic polymorphism was 

studied using PCR-RFLP method in 7 groups of Black 

Pied cows from Russia and 1 group from Kazakhstan, as 

well as in Black Pied and Holstein stud bulls from 

Russia (Bryansk and Leningrad regions), Belarus and 

Kazakhstan; the total number of examined animals is 

shown in Table 1.   

 

The highest holsteinization grade is observed in the 

group Cows - Breeding farm 1, which is one of the best 
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farms in the Bryansk region. Holsteinization grade in the 

group Cows - Breeding farm 2 is lower; the group Cows 

- Commercial farm 3 is a commercial dairy farm, and 

the group Individual herd 4 comprises the cows that 

belong to various hosts, it is a random sample of 

animals.   

 
Table 1. Groups of cows and stud bulls from various regions for analysis of BoLA-DRB3 gene alleles. 

S.No. Cattle group Symbolic representation  Number of animals  

1 Cows – Breeding farm 1 К-Br -1 52 

2 Cows – Breeding farm 2 К-Br -2 185 

3 Cows – Commercial farm 3 К-Br -3 63 

4 Cows – Individual herd 4 К-Br -4 81 

5 Cows - Kazakhstan K-Kaz 126 

6 Bulls – Leningrad region B-Len 29 

7 Bulls - Belarus B-Bel 12 

8 Bulls – Bryansk region B-Br 29 

9 Bulls - Kazakhstan B-Kaz 11 

10 Cow – RID- K-R- 107 

11 Cows – RID+ K-R+ 75 

12 Sick cows, group 1  SK-1 8 

13 Sick cows, group 2 SK-2 19 

 Total   797 

 

The groups of stud bulls include all Holstein and Black 

Pied bulls from the breeding station of the Bryansk region 

and Holstein bulls from the Leningrad region, Belarus 

(Minsk region) and Kazakhstan (Almaty region).   

 

Earlier, when examining these animals, we have shown 

that 16 to 25 out of 54 possible alleles were revealed in 

different groups of cows, the total number of identified 

alleles is 37. Groups of cows differ considerably from 

each other in occurring alleles, the allele distribution 

within each group is uneven - alleles sharply differ in 

the frequency of occurrence - 0.3% to 23.4%. Analysis 

of allelic diversity in groups of the Bryansk, Leningrad 

and Byelorussian bulls showed that 9-10 alleles were 

identified in the Holstein stud bulls from Leningrad 

region, Belarus and Kazakhstan, 15 alleles in the 

Bryansk holsteinizated Black Pied bulls. In general, it 

was concluded that the maximum number of alleles is 

observed in the Black Pied cows from the commercial 

dairy farms with low milk yields, the lowest number of 

alleles is observed in the Holstein bulls from Belarus, 

Kazakhstan and Leningrad region, purchased abroad and 

having high potential for milk production (Smaznova, 

2015).  

 

In the present study, we have compared alleles *8, *16, 

*22, *24 which determine susceptibility to leukemia in 

different groups of cows and bulls (Table 2).   

 
Table 2. Distribution of BoLA-DRB3 alleles associated with susceptibility to leukemia in different groups of cows and bulls. 

Animal group 
Frequency of leukemia susceptibility alleles  of BoLA-DRB3 gene, %   

*8 *16 *22 *24 Total 

Cows 

Cows - Kultura 9.6 5.3 16.0 23.4  54.3 

Cows - Novy Put 10.2 9.9 10.2 13.8 44.1 

Cows - Snezhka 9.0 1.6 5.7 13.1 29.4 

Cows - Zhiryatino 7.7 5.6 3.1 3.7 20.1 

Cows - Kazakhstan 4.8 19.4 16.7 14.3 55.2 

Bulls 

Bulls - Leningrad   1.7 25.9 13.7 25.9 67.2 

Bulls - Bryansk 6.9 12.0 19.0 22.4 70.8 

Bulls - Belarus 12.5 16.7 8.3 33.3 60.3 

Bulls - Kazakhstan 22.7 13.6 - 13.6 49.9 

 

As shown in Table 2, the cows from the Breeding farms 

1, 2 and the Kazakhstan susceptibility alleles ranged 

from 44.1% to 54.3%, while in the less holsteinizated 

Commercial farm 3 and Individual herd 4 their number 
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ranged within 20.1% - 29.4%. Alleles *22 and *24 were 

prevalent in the Breeding farms 1, while in the 

Individual herd 4 the leukemia susceptibility alleles 

were less common - 7.7% or below. Alleles *16 and *22 

are of frequent occurrence in cows from Kazakhstan, 

while *16 is the predominant allele. 

 

In groups of bulls the total content of the leukemia 

susceptibility alleles is represented as follows (Table 2): 

60.3% in the Bryansk herd, 67.2% in the Leningrad region, 

70.9% in the bulls from Belarus, with the predominance of 

*16, *22, *24 alleles, while *24 is the most frequent allele. 

In the Kazakh Holstein bulls, there are less of them - 

49.9%, at that *8 is the most frequent allele, *16 and *24 

alleles by 13.0%, *22 allele is unavailable, which 

distinguishes the Kazakh bulls from the cows.   

 

Frequency of occurrence for *11, *23, *28 alleles, 

determining resistance to leukemia, is shown in the table 

(Table 3).   

 
Table 3. Distribution of BoLA-DRB3 alleles associated with resistance to leukemia in different groups of cows and bulls. 

Animal group 
Frequency of leukemia resistance alleles  of BoLA-DRB3 gene, %    

*11 *23 *28 Total 

Cows 

Cows - Kultura 16.0 3.2 3.2 22.4 

Cows - Novy Put 9.7 8.8 2.8 21.3 

Cows - Snezhka 13.9 16.4 4.1 34.4 

Cows - Zhiryatino 8.0 9.3 4.9 22.2 

Cows - Kazakhstan 6.0 14.3 2.8 23.1 

Bulls 

Bulls - Leningrad   1.7 6.9 3.5 12.1 

Bulls - Bryansk 8.6 8.6 1.7 8.4 

Bulls - Belarus 4.2 0 4.2 18.9 

Bulls - Kazakhstan 4.5 0 0 4.5 

 

In cows from different groups, the total frequency of 

leukemia resistance alleles ranges from 21.3% to 34.4%; 

*11 and *23 alleles are the most frequent. In the stud bull 

groups, there are much less resistance alleles, most of 

them are observed in the Bryansk bulls (19.1%), 12.1% in 

the Leningrad animals, and 8.4% in the Belarusian bulls. 

In the Kazakh bulls only *11 of 3 resistance alleles is 

available in a minimum number of 4.5%, that is, only one 

bull has it in the heterozygous state. It is possible that the 

other alleles are associated with resistance to leukemia in 

the Kazakh bulls, by analogy with the Ayrshire breed, in 

which *7 allele is responsible for resistance to leukemia 

(Kovalyuk, 2008; Sazuk, 2009b).   

 

Comparison of animal groups by the total number of 

susceptibility and resistance alleles is pictured in Fig. 1. 
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Fig. 1: Frequency of occurrence of susceptibility and resistance alleles to leukemia. 
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As shown in Fig. 1, there is a clear general tendency to 

changes in the frequency of susceptibility and resistance 

alleles by the groups: with increasing holsteinization grade 

of Black Pied animals the number of susceptibility alleles 

increases and the number of resistance alleles reduces.   

 

We have examined the distribution of susceptibility and 

resistance alleles to leukemia in healthy, RID+ and 2 

groups of sick cows (with hematological changes), the 

data are pictured in Fig. 2.   

 

The data given in Fig. 2 maintain the conclusion that the 

bovine leukemia virus more often affects the cows with 

susceptibility alleles, the maximum number of resistance 

alleles was identified in the group of healthy cows 

(Zanotti et al., 1996; Udina et al., 2003). 
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Fig. 2: Frequency of susceptibility and resistance alleles in groups of healthy, virus carrier and sick cows. 

 

It is known that the resistance alleles take the dominant 

position, therefore the animals carrying them in the 

heterozygous state, do not develop leukemia. We have 

compared the genotypic structure of the BoLA-DRB3 

gene in groups of cows and stud bulls. Fig. 3 shows the 

frequency distribution of cows and bulls in all 9 groups 

by the genotypes: resistant to leukemia (RR + RN + 

RS), homozygous for the leukemia susceptibility alleles 

(SS), homozygous for the neutral genes (NN), and 

heterozygous (NS). 
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Fig. 3: Distribution of animal genotypes by resistance to leukemia in groups of Black Pied cows and bulls. 

 

The study data suggest the following conclusions: most 

of genotypes resistant to leukemia were found in the 

commercial dairy herd - 53%, in the three other groups 

of the Bryansk region their number reached 30% -38%, 

in the Kazakh herd of cows - 27%.  

 

Most of genotypes resistant to leukemia are observed in 

the Bryansk bull group - 34%, the minimal number of 
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9.1% - in the Kazakh group. In all 4 groups there are no 

bulls with RR genotype carrying the resistance alleles in 

the homozygous state. The data indicate the 

predominance of bulls carrying susceptibility alleles in 

the homozygous state: 50% in the Belarusian, 44.8% in 

the Leningrad, 41.35% in the Bryansk, and 36.4% in the 

Kazakh bulls, i.e., there is a clear trend towards increase 

in this parameter with improvement in milk production.  

 

Conclusion 
 

Therefore, the study on allelic polymorphism of the 

BoLA-DRB3 gene showed a significant difference in the 

groups of Black Pied and Holstein cows and stud bulls 

from Russia, Belarus and Kazakhstan. The findings 

allow us to conclude that under holsteinization of Black 

Pied cattle the accumulation of leukemia susceptibility 

alleles is observed, inhibiting the formation of protective 

reactions, and associated with the spread of leukemia in 

populations. In the absence of animals - BLV carriers, 

this fact will not affect the epizootic situation, as is the 

case in Belarus, the Leningrad region and advanced 

countries of Europe.    

 

However, in the presence of BLV infectious background 

in the farms (most of the Russian and Kazakhstan 

regions, some large farms in USA, Canada, South Korea 

and other countries) it will lead to a permanent increase 

in virus carrying and appearance of sick animals. 

Therefore, in order to protect the cattle stock in breeding 

and commercial farms against leukemia, it is necessary 

to develop a system of measures that take into account 

the genetic resistance of the breeding stock to leukemia, 

which is inherited from the highly productive stud bulls.  
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