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A b s t r a c t  
 

Modern development of animal breeding is impossible without the implementation of mo-
lecular genetic methods, the use of which allows searching for reliable biomarkers of the desired 
development of economically useful traits in farm animals based on the analysis of hereditary infor-
mation. Thus, immunogenetic methods allowed significant reduction of errors in the control of pedi-
gree of breeders. Studies of the interrelationships of blood groups with economically useful signs of 
animals are in progress. Infertility and barrenness in cattle lead to huge economic losses. The pur-
pose of this work was to identify the relationship between antigenic similarity of blood groups in 
parents and reproduction indicators in cattle. The study was carried out from 2009 to 2014 in Sverd-
lovsk Region in the livestock farms Mezenskoe LLC (Beloyarsky Region), Pervouralsky Integrated 
Agricultural Production Center (Pervouralsk Town District) and Artemovsky Farming Company 
LLC (Artemovsky Region) using 1300 pairs of Ural-type black-and-white cattle. The mated animals 
were authentic in origin and certified for blood groups. For their certification, 54 monospecific sera 
to 11 blood group systems were used. In mated animals the index of antigenic similarity of blood 
groups, expressed as the ratio of similar antigens in bulls and cows to their total number, and homo-
zygosity on EAA, EAF, and EAZ blood group systems were calculated. These blood group systems 
were represented by several antigens which makes it possible to trace immune conflict in mated ani-
mals. By biometrical processing, it was identified that the pairs which were heterozygous in EAA and 
EAF antigens showed higher efficiency of conception and better survival of the offspring, though the 
twinning frequency decreased. The parents homozygous in EAA system produced the progeny in 
which the amount of aborted embryos was 2.5 % higher than that in the heterozygous pairs. The 
number of calves born dead from the EAF-homozygous pairs was twice as much as that of heterozy-
gous pairs. Apparently, the immune conflict, which leads to the extended period from delivery to 
productive insemination and higher offspring death, decreases in animals homozygous in EAZ sys-
tem. The number of calves born dead was 3.2 % for homozygous pairs and 4.7 % for heterozygous 
pairs. The index of antigenic similarity of parents varied from 0.1 to 0.8. If the antigenic similarity of 
the mated animals was 10 %, significant losses of calves were observed. If the antigenic similarity was 
20 %, such losses increased but not significantly. The similar patterns were observed for the twinning. 
If the index of antigenic similarity of the mated animals was from 0 to 0.1, the maximum twins were 
born, and if the index of similarity was 0.2 or more, the number of twins increased, but gradually. 
Thus, the antigenic similarity of mated animals influences the number and survival of born calves. 
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The most acute problem in modern cattle breeding industry is improve-
ment of reproduction indicators in cattle at preservation of high milk yields. One 
of ways to improve reproduction indicators is search of relationships between the 
antigen alleles and blood groups and economically useful traits. Determination 
of blood groups (protein antigens of erythrocyte plasma membrane) in cattle is 
widely used for validity check of origin, studying of the gene pool of cattle popu-
lations, studying of relations between the blood groups and economically useful 
traits, and selection of pairs by antigen similarity [1, 2]. Identification of genes 
polymorphism of which is associated with variability in performance of econom-
ically useful traits became possible due to progress of molecular genetics and 
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molecular biology [3, 4]. Studies and comparative analysis of blood groups are 
important for studying the evolution of agricultural animal breeds [5]. These 
studies enable revising the breed formation processes and forecasting of heterotic 
effects in crossbred animals [6]. 

One of reproduction indicators is fertility as an evolutional ability of 
each kind to give birth in natural conditions, thus, compensating death rates. 
Multiple pregnancies are an important reproduction indicator in animals which 
depends on fertility [7]. The bigger the animal, the longer its life span is, and the 
longer is the embryonic development, the lesser is multiple pregnancies' rates. 
Cattle refers to oligocarpous category, whereupon the effectiveness of reproduc-
tion in cattle acquires an important economic value [8]. Growth of milk yields 
in cows is often accompanied by decrease of its adaptive potential and decrease 
of reproduction effectiveness [9]. Moreover, animal genotypes have a great effect 
on reproduction indicators [10]. Spontaneous mutations occurring in the seed 
bulls may be widely spread across the breed in cattle of highly-specialized milk 
breeds, such as Holstein, which are under the intensive pressure of artificial se-
lection [11-13]. In particular, such mutations include BLAD (bovine leukocyte 
adhesion deficiency associated with death in calves aged under 1 year) and CVM 
(complex vertebral malformation) [14]. Reproduction indicators in cattle are not 
only influenced by physiological but also anthropogenic factors [15]. Thus, infer-
tility and dry stat of cows are negative consequences of improperly performed 
insemination [16]. 

Infertility in both sexes is a loss of animal ability to reproduce because of a 
dysfunction in mature organism. Temporary (reversal) and persistent (irreversal) 
infertility is distinguished in cows [17]. At that, genetic infertility happens quiet 
rarely since from the biological point of view there are no animals with genet-
ically limited reproduction indicators [18, 19]. Annually, each infertile cow pro-
duces less milk products (nearly 3 kg of milk per each day of infertility). Signs of 
infertility in cows and young cows are manifested in longstanding lack of estrum, 
availability of infertile inseminations [20]. Usually, 17-23 % of animals are in-
volved in estrum during the month 1, 48-55 % during month 2, and 18-22 % dur-
ing month 3 after calving. Interval from calving to the first estrum is 2 months. 
Therefore, each cow failing to be fertilized during 60 days after calving should be 
deemed infertile.  

Effective prevention of infertility and dryness are important to increase 
cattle livestock, milking capacity, and to optimize reproduction [20, 21]. Dryness 
is an economic parameter applied to cattle females only [22, 23]. Dryness is 
mainly caused by innate infertility, false identification of estrum and untimely 
insemination, lack of motion, low quality of feed, infringement of insemination 
technology, and use of pure quality sperm. Infertility and dryness may be also 
caused by infection diseases [24, 25] and genetically determined disorders of re-
productive health [26]. High yieldness in stud stock results in production of less 
milk, calves, and causes significant economic damage. In breeding farms allow-
ing for 10 % infertility in cows at milk yield of 2500-3000 kg, milk yield is re-
duced by 5 % and consumption of feed per unit of produced milk increases. 
Increased duration of infertility in cows by 1 day decreases the annual milk in 
cows by 6 kg. For preservation of the high calving it is required to optimize the 
insemination terms and animal selection for mating [27], to use vitamin and 
mineral additives improving the reproduction indicators [28]. 

At embryo formation in humans, antigens of mother and father blood 
groups affect the immunologic balance [29, 30]. Similar tests were conducted in 
animals. It was noted that several loci and blood group antigens in cattle also 
affect fertilization and gestation courses [31]. S.L. Gridina et al. [32] had estab-
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lished that fertilization in cows depends on antigen combination. Fertility is in-
creased at absence of J antigen, homozygosity of parents by antigens Y2 and G2, 
and heterozygosity by antigens A2 and S2. Presence of А1, В2, G3, I2, O2, AI

2, 
GI, R2, W, X2, and S antigens in blood of bulls and absence thereof in cows 
promotes growth of fruitful insemination frequency. S.L. Gridina et al. [33] and 
V.F. Gridin et al. [34] had found alleles (cohesively inherited antigens) of cattle 
blood groups controlling the economically useful traits. Studies of I.M. Starodu-
mov et al. [35] and L.V. Kerro [36] had shown that blood groups may be used 
for selection and breeding, as well as for improvement of economically useful 
traits in cattle.  

The present paper for the first time shows correlation between the anti-
gen similarities in cattle pairs of Ural breed and reproduction properties, and 
also indicates that the animal blood groups are unequally associated with differ-
ent traits. 

Purpose of our paper is studying the relationship between the inheritance 
of blood antigens and reproductive indicators in groups of Ural Holstein Black 
Pied cattle.  

Techniques. Study was conducted from 2009 to 2014 in Sverdlov Region 
in Mezenskoye LLC (Beloyarskiy Region), Agricultural Breeding Cooperative 
Pervouralsky (Pervouralsk urban district), and Agrofirm Artyemovsky LLC 
(Artyemovsky Region) in 1300 pairs of Black Pied Holsteins of Ural type. Tie-up 
housing of cattle with milking through milk line is used by the above enterprises. 
Cattle were fed according to standard diets. Cattle groups included cows from the 
1st to 2nd calving and servicing bulls. These were 200 cows and 10 bulls in Me-
zenskoye LLC, 400 cows and 11 bulls in Agricultural Breeding Cooperative 
Pervouralsky, and 900 cows and 15 bulls in Agrofirm Artyemovsky LLC. Pairs 
for artificial insemination were formed out of these animal groups. 

Blood groups were assayed as per P.F. Sorokov [37]. Material for analy-
sis was collected once from the tail vein by single-use vacuum blood collection 
system in animals aged over 6 months. Blood antigens were found by hemolysis 
test (dissolution of erythrocytes under the effect of specific antiserum at presence 
of complement). Antiserums were produced at immunization of recipient ani-
mals by donor blood; complement was collected from the rabbit blood serum. 
Total 54 monospecific serums were used for identification of 11 blood groups 
systems. 

Index of antigen similarity of cows with mated bulls was the main cow 
grouping criteria based on the aggregate of blood antigens. Index of antigen simi-
larity Cas was calculated by formula of S.I. Shadmanov [38]:  

Cas = (Abi + Aci)/(Ab + Ac),  
where Abi and Aci are the amounts of similar mother and father antigens, Ab is the 
number of identified father antigens, Ac is the number of identified mother antigens. 

Homozygosity in parent pairs was accounted by blood group systems 
ЕАА, ЕАF, and EAZ. 

The following values were accounted for at assessment of the reproductive 
properties in cows: period from calving to successful insemination, fertilization 
index, number of abortions, survivability of calves, and multiple pregnancies.  

Software packages Snedecor V3.5 and Microsoft Excel were used for bi-
ometrical processing. Mean values of reproduction indicators by samples (M), 
standard errors of the mean (±SEM) were used, statistical significance was as-
sessed at р  0.05; р  0.01, and р  0.001, and correlation coefficients between 
the studied reproduction indicators and antigen similarity of pairs were calculated. 

Results. Fertility is genetically transmitted, whilst propensity for abortions 
and dead-born calves is also conditioned upon the genetic and immunologic fac-
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tors [10, 17, 18, 29]. Total 3 % of dead-born calves and 2 % of abortions were 
registered in population of Agricultural Breeding Cooperative Pervouralsky 
amongst the calves, 5 and 2 % were registered in Mezenskoye LLC, and 2 % 
and 0.2 % were registered in Agrofirm Artyemovsky LLC. Abortions and dead-
born calves, even in such insignificant quantities, decrease the calf yield due to 
which breeding enterprises suffer economic losses. Simultaneous birth of two and 
more female calves results in growth of the number of calves by 100 cows and is 
a desired sign.  

We have revealed weak positive relations between the antigen similarity 
in pairs and abortions (r = 0.2, р  0.05), as well as dead-born calves (r = 0.1, 
р  0.05) and negative correlation between antigen similarity in pairs and birth 
of twins (r = 0.14, р  0.05). Loss of calves may be slightly reduced and birth 
of twins may be slightly increased at mating of bulls and cows with high anti-
gen similarity [35]. An observed effect of the antigen similarity on survivability 
of calves is 1-4 %. 

 

 

Reproductive indicators in of Black Pied Holstein Ural cattle depending on antigen similarity of parent 
pairs: А — abortions, B — dead-born calves, C — birth of twins (Sverdlov Region, 2009-2014).  

 

Figure (А) displays the dynamic changes in survivability of calves depend-
ing on antigenic similarity of mated animals. Change of function from 0.00 to 
1.00 shows the growth in abortion probability. Number of abortions had sharply 
increased at index of antigen similarity in pairs of up to 10 %. With increase of 
the antigen similarity indicator (> 20 %), survivability of calves was growing in 
stepwise manner. At the same time, probability of dead-born calve had increased 
with increasing of the antigen similarity (see Fig., B). Significant growth in dead 
birth frequencies is established at antigen similarity of up to 10 %, whereas at fur-
ther growth of Cas dead birth frequency is slightly growing. Calf loss trend at 
close antigen similarity is, apparently, due to the fact that recessive parent al-
leles with unfavorable phenotype effects merge into homozygotous state as it 
occurs, for instance, in case of BLAD and CVM [14]. Increase of antigen simi-
larity in bull and cow pairs had also resulted in decrease of twin birth frequen-
cy (see Fig., C) (0.00 at graph means absence of multiple pregnancies, 1.00 
means birth of twins). At similarity index of < 0.1, number of twins was maxi-
mum. At increase of antigen similarity in parents to values of over 10 %, proba-
bility of twin birth slightly reduces. 

Index of antigen similarity in the mated animals not exceeding 0.10 is 
optimal to decrease the calf loss and to promote twin birth. Regardless of weak 
correlation, the entire sample shows trend towards the better survivability of 
calves at antigen similarity index in bull and cow of 10 %. The use of cattle pairs 
with 11-20 % similar antigens gives a noticeable loss of calves. 



 

313 

An increase of propensity for spontaneous abortions and dead-burn 
calves is characteristic of some cows [20, 39]. It is necessary to identify and 
withdraw them from the population to increase the calf yield by 100 cows. Con-
versely, animals propensive for birth twins are selected for breeding. Daughters 
of such cows are also more propensive for birth twins [22]. This approach pro-
motes health care and growth of cattle population at exception of free mar-
tinisme cases (different sex twins). Besides, it is required to select cows with sig-
nificant milk yields for production of breeds with the highest milk yield. Such 
indicator is affected by genetic and feeding factors. It should be noted that sensi-
tivity in cows to environment factors growth with increase of the genetic produc-
tivity potential in cows [40].  

Antigen similarity, surely, affects the reproduction and production indi-
cators in animals. At that, separate antigens or blood group systems often control 
certain traits significantly more than others [31]. Similarity in parents in one sys-
tem may result in improvement of indicators, whereas may result in deteriora-
tion in the other one. We have analyzed the relationships between homo- and 
heterozygosity by A, F/V, Z blood group systems and duration of the period 
from calving to successful insemination by fertilization index and calf survivabil-
ity index. These systems consist of one-two antigens. This enables us to track 
presence or absence of immunological conflict between the mother cow and calf 
by certain antigens.  

Among the studied animals we revealed А1 and А2 antigens of EAA 
blood group. The following mother and father antigen combinations are found: 
homozygotes А1/А1, А2/А2, А1А2/А1А2, no antigens (/); heterozygotes А1/А2, 
А1А2/А2, А1А2/А1, А1А2/, А1/, А2/. Period from calving to successful in-
semination for EAA homozygous animals from Agricultural Breeding Coopera-
tive Pervouralskiy and Argofirm Artyemovskiy LLC is longer compared to that 
for heterozygous ones (see Table). Abortions and dead-born calves amongst ho-
mozygous pairs are more frequent (by 2.5 and 0.3 %, respectively) than amongst 
heterozygotes, that is due to a greater genetic similarity of EAA system parent 
antigens. At the same time, number of twins from homozygous pairs is signifi-
cantly higher (3.3 %). 

EAF system in the sample consists of F and V antigens. Antigen F is 
practically found in all animals of the sample, while antigen V is present only 
in few animals. Both blood antigens are rarely found. The sample contains 
homozygotes F/F, V/V, FV/FV, / and heterozygotes F/V, FV/F, 
FV/V, FV/. As to EAF system, the homozygous pairs in all studied enterprises 
are more numerous than heterozygous pairs (see Table). Survivability of calves 
from homozygous pairs was less than from heterozygous. Frequencies of abor-
tions, dead-born calves and multiple pregnancies in homozygous pairs are 1.9; 
4.8, and 2.9 %, respectively. That is, selection of EAF heterozygous pairs leads 
to better survivability of calves. However, frequency of twin births was 0.7 % 
lower. Most healthy calf was produced in combination of F or F/V antigens 
from bull and V antigen from cow. Insufficient heterogeneity of blood groups 
results in calf loss. High frequency of twin birth was at mating bulls and cows 
with the same EAF system antigens. 

EAZ blood system antigen groups among the studied animal populations 
were heterozygotes Z/ and homozygotes Z/Z, /. Total number of pairs ho-
mozygous for EAZ blood system antigens in all populations was 442, that is 102 
more compared to heterozygous pairs (see Table). Period from calving to suc-
cessful insemination among homozygous pairs from Argofirm Artyemovskiy LLC 
is 90 days that is 3 days shorter compared to heterozygous ones. In ABC 
Pervouralskiy, this period in heterozygous pairs was also longer than in homozy-
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gous pairs by 6 days. That is, we have revealed the trend towards a decrease in 
the interval from calving to successful insemination in mating animals homoge-
nous for EAZ system. According to V.K. Milovanov at al. [39], immunologic 
conflict occurring due to lack of Z antigen in one parent and presence in the 
other parent results in insemination problem. There are cases when at insemina-
tion embryo is lost in the first months of pregnancy. Among the studied popula-
tions, abortions and dead births are more often from EAZ-heterozygous pairs. 

Reproductive indicators depending on combinations of parents by blood group sys-
tems in Black Pied Holsteins of Ural type (M±SEM, Sverdlov Region, 2009-2014) 

Indicator 
Mezensko-
ye LLC 

ABC Pervour-
alskiy” 

Agrofirm Arty-
emovskiy LLC 

Total, mean 
value 

E A A  s y s t e m  
Homozygous pairs 

Number of pairs 26 40 113 179 
Period from calving to successful insemination, days 87.0±2.0 106,0±3,0* 93,0±2,0 95,0±1,0 
Fertilization index 1.30±0.10 1,17±0,30 1,20±0,20** 1,22±0,30 
Number (%) of abortions 6 (3.3 %) 
Number (%) of dead-born calves 7 (3.9 %) 
Multiple pregnancy (twins), number (%) 6 (3.3 %) 

Heterozygous pairs 
Number of pairs 95 88 421 604 
Period from calving to successful insemination, days 90.6±2.0 82,9±3,0 90,9±1,0 88,1±3,0 
Fertilization index 1.32±0.10 1,13±0,20 1,14±0,10 1,19±0,10 
Number (%) of abortions 5 (0.8 %) 
Number (%) of dead-born calves 22 (3.6 %) 
Multiple pregnancy (twins), number (%) 17 (2.8 %) 

E A F  s y s t e m  
Homozygotous pairs 

Number of pairs 67 81 269 417 
Period from calving to successful insemination, days 83.0±1.0 95,0±3,0** 92,0±2,0 90,0±2,0 
Fertilization index 1.32±0.20 1,13±0,20 1,14±0,20 1,19±0,10 
Number (%) of abortions 8 (1.90 %) 
Number (%) of dead-born calves 21 (4.80 %) 
Multiple pregnancy (twins), number (%) 12 (2.90 %) 

Heterozygous pairs 
Number of pairs 54 47 262 363 
Period from calving to successful insemination, days 94.0±3.0 70,0±2,0 92,0±3,0 85,5±2,0 
Fertilization index 1.43±0.10*** 1,12±0,10 1,12±0,20 1,22±0,30 
Number (%) of abortions 2 (0.55 %) 
Number (%) of dead-born calves 8 (2.20 %) 
Multiple pregnancy (twins), number (%) 8 (2.20 %) 

E A Z  s y s t e m  
Homozygotous pairs 

Number of pairs 67 72 303 442 
Period from calving to successful insemination, days 88.0±2.0 80,0±1,0 90,0±3,0 86,0±3,0 
Fertilization index 1.34±0.30 1,22±0,10 1,10±0,20 1,22±0,20 
Number (%) of abortions 6 (1.4 %) 
Number (%) of dead-born calves 14 (3.2 %) 
Multiple pregnancy (twins), number (%) 6 (1.4 %) 

Heterozygous pairs 
Number of pairs 54 56 230 340 
Period from calving to successful insemination, days 87.0±3.0 84,0±2,0 93,0±2,0 88,0±3,0 
Fertilization index 1.34±0.10 1,19±0,10 1,18±0,30 1,37±0,20 
Number (%) of abortions 5 (1.5 %) 
Number (%) of dead-born calves 16 (4.7 %) 
Multiple pregnancy (twins), number (%) 6 (1.8 %) 
**, **, *** Differences between the heterozygous and homozygous pairs are statistically significant at р  0.05; 
р  0.01 and р  0.001, respectively. 

 

Thus, reproductive properties of Holstein Black Pied cattle depend on 
blood group similarities of the parents. Association of blood group system anti-
gens with a certain trait can be more pronounced compared to other traits. At 
similarity of the parents, one blood antigen system can be associated with im-
proved reproduction, whereas the other one have negative effects. There is a 
trend towards better survivability of calves from heterozygous pairs for EAZ system 
(i.e. a 2.5-2.7 % reduced number of dead-born calves and 0.3-1.4 % less abor-
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tions). Apparently, it is an immunologic conflict that results in death of calves. 
We also have discovered trend towards improved survivability of the calves and 
an increase in animal populations at 10 % antigenic similarity of parents. 
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