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BMS (Chr. 19, TMEM95, 

rs378652941, C/A) 

Figure 1. Immunohistochemical localisation
of TMEM95. In spermatozoa of wt/wt animals,
TMEM95 is located at the plasma membrane of
the acrosome, on the equatorial segment and at
the neck (A). Spermatozoa of wt/mt animals
show the same fluorescence pattern as
spermatozoa of wt/wt animals (B).
Transmembrane protein 95 is absent in
spermatozoa of mt/mt animals (C). Note that all
spermatozoa exhibit weak fluorescence at the
midpiece of the tail due to the autofluorescence
of the mitochondria.(H. Pausch at all, 2014)
doi:10.1371/journal.pgen.1004044.g004

Fleckvieh Haplotype 4
(Chr. 12, SUGT1, 

rs110793536, A/G)

Thrombopathia (Chr. 29, 

RASGRP2, rs385444696, A/G )

Figure 2. Demonstration of thrombopathia

The FH4 haplotype is
associated with embryonic
mortality and death of
offspring in the first
weeks of life, while the G
allele is undesirable.

The general condition of these animals is 
normal, but they suffer after injuries, 
injections or surgical interventions from 
incessant bleeding from damaged skin, 
mucous membranes associated with blood 
clotting disorders. May cause death

Manifestation: homozygous sires are 
infertile (sterile), heterozygous sires 
and carrier cows have impaired 
reproductive ability. This mutation is 
associated with abnormal sperm 
development.



It is characterized by a 
violation in the metabolism of 
cholesterol, which leads to 
weight loss, appetite loss, 
physical weakness, diarrhea, 
not amenable to medication. 
The result is the death of 
calves in the first weeks or 
months of life. Heterozygous 
animals have a low level of 
cholesterol in the blood, while 
homozygous animals have no 
cholesterol in the blood (S.D. 
Kipp at al., Interbull Bulletin, 
49, 49-53 (2015)

The HH3 haplotype is 
associated with fetal mortality 
in carrier calves before the 60 
day of pregnancy. It is localized 
to BTA8 in the SMC2 gene and 
occurs as a result of replacing 
T→C at position 95410507 in 
exon 24 of the SMC2 gene 
(UMD 3.1). This polymorphism 
causes the amino acid 
substitution of Phe→Ser at 
position 1135, localized within 
the HTPase domain of the 
encoded protein (B. Hayes, at al. 
The 1000 Bull Genomes project –
toward genomic selection from 
whole genome sequence data in 
dairy and beef cattle, Proc. Plant 
Anim. Genome XXI Conf., (San 
Diego, USA. Poster W150, 
2013);
M.C. McClure, at al., PLoS ONE, 
9, e92769 (2014))

The HH5 is a recessive inherited 
genetic defect which homozygous 
carriers die in the early stages of 
embryonic development. Since the 
dimethyladenosine transferase1 
protein is necessary for the synthesis 
and functioning of ribosomes, a 
mutation in the TFB1M gene in the 
case of sires mating (hidden carriers) 
with cows (hidden carriers) leads to 
various malformations of the embryo 
and early death before the 60 day of 
pregnancy (E. Schütz, et al., PLoS ONE, 
11(4), e0154602 (2016) 
doi:10.1371/journal.pone.0154602)

Figure 3. Brachyspina sindrom of 
Holstein cattle
A mutation in this gene in cattle 
causes disorders of embryonic 
development, manifested in a 
decrease in fetal weight, growth 
disorders, vertebral deformities in 
the form of shortening of the 
vertebral column and lengthening of 
the limbs. In addition, there are 
abnormalities in the development of 
internal organs, in particular heart, 
kidneys, and gonads (P.M. Van Raden
at al., J. Dairy Sci., 94, 6153-6161 (2011) 
doi: 10.3168/jds.2011-4624



The objective of the work was to analyze the frequency of occurrence 
of animals carrying genetic defects BMS, thrombopathia and fertility 
haplotypes FH4, HH0, HCD, HH3 and HH5 in the Smolensk population 
of animals of the Sychevskaya breed.
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Fig. 4. Detection of animal genotyping results in real time by the nature of subfertility fluorescence 
curves (BMS) (on the left – CC genotype (homozygote); on the right – AC genotype (carrier 
heterozygote).

Fig. 5. Detection of the results of animal genotyping in real time by the nature of the fluorescence
curves for thrombopathia (TP) (on the left – the AA genotype (homozygote); on the right – the AG
genotype (carrier heterozygote).

Fig. 6. Gel electrophoresis of PCR analysis products of the APOB gene 
associated with hereditary cholesterol deficiency (HCD). Note: path M -
marker of "steps" length of the marker in base pairs (BP) indicated to the left 
of the photograph; 2, 3, 6, - not HCD carrier; 1, 4, 5 - hidden HCD carrier 
(length of amplified fragments in base pairs is shown on the right from the 
pictures: 327 BP  - fragment corresponding to the normal allele, 215 BP -
fragment corresponding to the mutant allele).



Mutations under 
study

Group
Cows (n=150) Sires (n=34)

Healthy Carriers Healthy Carriers
FH4 150 0 34 0
BMS 138

(92%)
12

(8%)±0.022
34 0

TP 148
(98.6%)

2
(1.4%)±0.009

32
(94.1%)

2
(5.9%)±0.040

HH0 150 0 34 0
HCD 144

(96%)
6

(4%)±0.016
34 0

HH3 150 0 34 0
HH5 150 0 34 0

Table 1. Results of genotyping of Sychevsky cattle of the Smolensk region for carriers 
of     genetic mutations.



1. The results obtained give an idea of the frequency of occurrence of
animals carrying genetic defects of Simmental and Holstein breeds in the
population of Sychevsky cattle. According to the RASGRP2 gene
polymorphism, the frequency of occurrence in the group of cows and sires
was 1.4%±0.009 and 5.9%±0.04. The frequency of subfertility and
cholesterol deficiency in the group of cows was 8%±0.022 and 4%±0.016;
2. The frequencies of undesirable alleles for the genes TMEM95,
RASGRP2, APOB in the group of cows were equal to 0.040; 0.067; 0.020,
in the group of sires for the RASGRP2 gene - 0.030;
3. Obtained data on the frequency of occurrence of genetic defects
indicate the need for molecular genetic control of both Sychevsky cattle
and breeding material of improving breeds;
4. Test systems developed at the Center for Biotechnology and Molecular
Diagnostics of Animals are a reliable and inexpensive tool for detecting
animals that carry hereditary defects. This will allow to control the
process of their distribution in the breed and avoid possible economic
losses and problems with the gene pool in the future.
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